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LITERATURE

To order Intel Literature or obtain literature pricing information in the U.S. and Canada call or write Intel
Literature Sales. In Europe and other international locations, please contact your local sales office or
distributor.

INTEL LITERATURE SALES Iin the U.S. and Canada
P.0. BOX 7641 call toli free
Mt. Prospect, IL 60056-7641 (800) 548-4725

CURRENT HANDBOOKS

Product line handbooks contain data sheets, application notes, article reprints and other design
information. All handbooks can be ordered individually, and most are available in a pre-packaged set in the
U.S. and Canada.

INTEL
TITLE ORDER NUMBER ISBN
SET OF THIRTEEN HANDBOOKS 231003 N/A

(Available in U.S. and Canada)

CONTENTS LISTED BELOW FOR INDIVIDUAL ORDERING:

COMPONENTS QUALITY/RELIABILITY 210997 1-55512-132-2
EMBEDDED APPLICATIONS 270648 1-55512-123-3
8-BIT EMBEDDED CONTROLLERS 270645 1-55512-121-7
16-BIT EMBEDDED CONTROLLERS 270646 1-55512-120-9
16/32-BIT EMBEDDED PROCESSORS 270647 1-55512-122-5
MEMORY PRODUCTS 210830 1-55512-117-9
MICROCOMMUNICATIONS 231658 1-55512-119-5
MICROCOMPUTER PRODUCTS 280407 1-55512-118-7
MICROPROCESSORS 230843 1-55512-115-2
PACKAGING 240800 1-55512-128-4
PERIPHERAL COMPONENTS 296467 1-55512-127-6
PRODUCT GUIDE 210846 1-55512-116-0
(Overview of Intel's complete product lines)

PROGRAMMABLE LOGIC 296083 1-55512-124-1

ADDITIONAL LITERATURE:
(Not included in handbook set)

AUTOMOTIVE HANDBOOK 231792 1-55512-125-x
INTERNATIONAL LITERATURE GUIDE E00029 N/A

(Available in Europe only)

CUSTOMER LITERATURE GUIDE 210620 N/A
MILITARY HANDBOOK 210461 1-55512-126-8
(2 volume set)

SYSTEMS QUALITY/RELIABILITY 231762 1-55512-046-6
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Intel Corporation is a leading supplier of microcomputer components,

moadules and systems. When Intel invented the microprocessorin 1971, it
created the era of the microcomputer. Today, Intel architectures are considered
world standards. Whether used in embedded applications such as automobiles,
printers and microwave ovens, or as the CPU in personal computers, client
servers or supercomputers, Intel delivers leading-edge technology.

MICROPROCESSORS
VOLUME |

1991

' About Our Cover:

Thinkers, inventors, and artists throughout history have breathed

life into their ideas by converting them into rough working sketches, models,
and products. This series of covers shows a few of these creations, along
with the applications and products created by Intel customers.



Intel Corporation makes no warranty for the use of its'products and assumes no responsibility for any errors which may
appear in this document nor does it make a commitment to update the information contained herein.

Intel retains the right to make changes to these specifications at any time, without notice.
Contact your local sales office to obtain the latest specifications before placing your order.
The following are trademarks of Intel Corporation and may only be used to identify Intel products:

287, 376, 386, 387, 486, 4-SITE, Above, ACE51, ACE96, ACE186, ACE196, ACE960,
ActionMedia, BITBUS, COMMputer, CREDIT, Data Pipeline, DVI, ETOX, FaxBACK,
Genius, i, 1, 1486, i750, i860, ICE, iCEL, ICEVIEW, iCS, iDBP, iDIS, I2ICE, iLBX, iMDDX,
iMMX, Inboard, Insite, Intel, intgl, Intel386, intgIBOS, Intel Certified, Intelevision, intgligent
Identifier, intgligent Programming, Intellec, Intellink, iOSP, iPAT, iPDS, iPSC, iRMK, iRMX,
iSBC, iSBX, iSDM, iSXM, Library Manager, MAPNET, MCS, Megachassis,
MICROMAINFRAME,  MULTICHANNEL, MULTIMODULE, MultiSERVER, ONCE,
OpenNET, OTP, Pro750, PROMPT, Promware, QUEST, QueX, Quick-Erase, Quick-Pulse
Programming, READY LAN, RMX/80, RUPI, Seamless, SLD, SugarCube, SX, TooITALK,
UPI, VAP, Visual Edge, VLSIiCEL, and ZapCode, and the combination of ICE, iCS, iRMX,
iSBC, iSBX, iSXM, MCS, or UPI and a numerical suffix.

MDS is an ordering code only and is not used as a product name or trademark. MDS® is a registered trademark of Mohawk
Data Sciences Corporation.

CHMOS and HMOS are patented processes of Intel Corp.

Intel Corporation and Intel's FASTPATH are not affiliated with Kinetics, a division of Excelan, Inc. or its FASTPATH trade-
mark or products.

Additional copies of this manual or other Intel literature may be obtained from:
Intel Corporation
Literature Sales
P.O. Box 7641
Mt. Prospect, IL 60056-7641
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- CUSTOMER SUPPORT

INTEL’S COMPLETE SUPPORT SOLUTION WORLDWIDE

Customer Support is -Intel’s complete support service that provides Intel customers with hardware support,
software support, customer training, consulting services and network management services. For detailed infor-
mation contact your local sales offices.

After a customer purchases any system hardware or software product, service and support become major
factors in determining whether that product will continue to meet a customer’s expectations. Such support
requires an international support organization and a breadth of programs to meet a variety of customer. needs.
As you might expect, Intel’s customer support is extensive. It can start with assistance during your development
effort to network management. 100 Intel sales and service offices are located worldwide —in the U.S., Canada,

. Eur?lpe and ‘the Far East. So wherever you’re using Intel technology, our professional staff is within close
reach. ~

HARDWARE SUPPORT SERVICES

Intel’s hardware maintenance service, starting with complete on-site installation will boost your productivity
from the start and keep you running at maximum efficiency. Support for system or board level products can be
tailored to match your needs, from complete on-site repair and maintenance support to economical carry-in or
mail-in factory service. i

Intel can provide support service for not only Intel systems and emulators, but.also support for equipment in
your development lab or provide service on your product to your end-user/customer.

SOFTWARE SUPPORT SERVICES

Software products are supported by our Technical Information Service (TIPS) that has a special toll free
number to provide you with direct, ready information on known, documented problems and deficiencies, as
well as work-arounds, patches and other solutions.

Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Infor-
nmation Phone Service), updates and subscription service (product-specific troubleshooting guides and;
COMMENTS Magazine). Basic support consists of updates and the subscription service. Contracts are sold in
environments which represent prmﬁlct groupings (e.g., iIRMX® environment).

NETWORK SERVICE AND SUPPORT

Today’s broad spectrum of powerful networking capabilities are only as good as the customer support provided
by the vendor. Intel offers network services and support structured to meet a wide variety of end-user comput-
ing needs. From a ground up design of your network’s physical and logical design to implementation, installa-
tion and network wide maintenance. From software products to turn-key system solutions; Intel offers the
customer a complete networked solution. With over 10 years of network experience in both the commercial
and Government arena; network products, services and support from Intel provide you the most optimized
network offering in the industry.

CONSULTING SERVICES

Intel provides field system engineering consulting services for any phase of your development or application
effort. You can use our system engineers in a variety of ways ranging from assistance in using a new product,
developing an application, personalizing training and customizing an Intel product to providing technical and
management consulting. Systems Engineers are well versed in technical areas such as microcommunications,
real-time applications, embedded microcontrollers, and network services. You know your application needs;
we know our products. Working together we can help you get a successful product to market in the least
possible time. :

CUSTOMER TRAINING /

. Intel offers a wide range of instructional programs covering various aspects of system design and implementa-
tion. In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of
self-study. For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we
can take our workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course
categories include: architecture and assembly language, programming and operating systems, BITBUS™ and
LAN applications.
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DATA SHEET DESIGNATIONS

Intel uses various data sheet markings to designate each phase of the document as it
relates to the product. The marking appears in the upper, right-hand corner of the data
sheet. The following is the definition of these markings:

Data Sheet Marking Description

Product Preview Contains information on products in the design phase of
development. Do not finalize a design with this
information. Revised information will be published when
the product becomes available.

Advanced Information Contains information on products being sampled or in
the initial production phase of development.*

Preliminary Contains preliminary information on new products in
production.*

No Marking Contains information on products in full production.*

*Specifications within these data sheets are subject to change without notice. Verify with your local Intel sales
office that you have the latest data sheet before finalizing a design.
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OVERVIEW

INTRODUCTION

Intel microprocessors and peripherals provide a complete so-
lution in increasingly complex application environments. Quite
often, a single peripheral device will replace anywhere from
20 to 100 TTL devices (and the associated design time that
goes with them).

Built-in functions and standard Intel microprocessor/periph-

eral interface deliver very real time and performance advan-
tages to the designer of microprocessor-based systems.

REDUCED TIME TO MARKET

When you can purchase an off-the-shelf solution that replaces

a number of discrete devices, you’re also replacing all the de-
sign, testing, and debug time that goes with them.

INCREASED RELIABILITY

At Intel, the rate of failure for devices is carefully tracked.
Highest reliability is a tangible goal that translates to higher
reliability for your product, reduced downtime, and reduced

repair costs. And as more and more functions are integrated
on a single VLSI device, the resulting system requires less
power, produces less heat, and requires fewer mechanical con-
nections — again resulting in greater system reliability.

LOWER PRODUCTION COST

By minimizing design time, increasing reliability, and replac-
ing numerous parts, microprocessor and peripheral solutions
can contribute dramatically to lower product costs.

HIGHER SYSTEM PERFORMANCE

Intel microprocessors and peripherals provide the highest sys-
tem performance for the demands of today’s (and tomorrow’s)
microprocessor-based applications. For example, the Intel386/
i486™ Microprocessor Family offers 32-bit performance for
multitasking, multiuser systems. Intel’s peripheral products
have been designed with the future in mind. They support all
of Intel’s 8, 16 and 32-bit processors.

The Intel microprocessor and peripherals family provides
a broad range of time-saving, high performance solutions.

SYSTEM SUPPORT

TIMER/COUNTERS
PARALLEL PORT

COPROCESSORS
MATH COPROCESSORS
1/0 PROCESSORS
GRAPHIC PROCESSORS

BUS SUPPORT
DMA CONTROL

INTERRUPT CONTROL
CLOCKS
BUS CONTROL

SYSTEM PERIPHERALS
FLOPPY DISKS
HARD DISKS

PROGRAMMABLE LOGIC

MICROPROCESSORS

MEMORY CONTROLLERS
64K RAM CONTROL
256K RAM CONTROL
ERROR CORRECTION

LOCAL DATA
COMMUNICATION
ETHERNET,
STARLAN,
BIT BUS,
. GPIB

GLOBAL DATA
COMMUNICATION

ASYC, BISYNC
SDLC, HDLC,
DATA ENCRYPTION

UNIVERSAL
PERIPHERALS/SLAVE
PROCESSORS

CUSTOM
PERIPHERALS
(KEYBOARD, PRINTERS)
MATH PROCESSORS

141




intel Get Your Kit Together!

Intel’s Microsystem Components Kit Solution

MICRO-
| PROCESSORS ggn?;&“ ‘
| 8oss/soces 0 0 E—
- | 8os6/80C86 | uPm 80szi8742 O
80186 ; - %
80188 2 T
80286
| 386™SX/DX/SLu
L 486™u : KEYBOARD
0 82795 0 =
SUPER CHIP SETS T a2/742 ) -
| 82311
| 8223031
823355X
82340DX/340SX
82341
| 8235035007 0 LopPY DISK 0 H
MATH ) j ’
COPROCESSORS
8087 0
80287XL/287XLT
387™DX HARD DISK
387MSX CONTROL
J 82064
CPU SUPPORT
8231A
8253
8254/82C54
GLOBAL
8255A/82C55A 0
TION:
a256AH COMMUNICATIONS
8279 8251A
82389 82050
82370 82510
8273
8274
8291A/92/94A
PROGRAMMABLE ooa50
Loaic 8044/8344/8744
85C060/090
85C220
85C224
85C508/509
850960
5AC312/324 LOCAL AREA
50032 NETWORKING
5C060/090
82C501AD
SC180 82504TA
82505TA
‘ 0 ‘| 82506TB |
DMA 82521TB
8253 82285 0 82586
8237 82380 82588
- 82590
82596CA/DX & SX
CACHE CONTROL
ﬁ‘éﬁgfw 0 82385/3855X 0
82395DX/3955X
82485
E INSTRUMENTATION
- i BUS (GPIB)
MEMORY 0 8291 !
DYNAMIC RAM 0 SUPPORT 0 | 5201
| 8208 8208
| 8207
. TELE-
PERIPHERAL : . ,
CONTROL COMMUNICATIONS
| UPI™ 8041A/8741A 89024
| UPI™ 8042/8742 89C024LT
| UPI™ 80/83/87C452 | 89C024FT E E

! August 1990
© Intel Corporation 1990 Order Number: 230664-009



8086 Microprocessor Family 2







intel

8086
16-BIT HMOS MICROPROCESSOR
8086/8086-2/8086-1

Direct Addressing Capability 1 MByte B Range of Clock Rates:

of Memory 5 MHz for 8086,

Architecture Designed for Powerful 18 m:z :0’ gggg’f’

Assembly Language and Efficient High Z for -

Level Languages H MULTIBUS® System Compatible
14 Word, by 16-Bit Register Set with Interface

Symmetrical Operations B Available in EXPRESS

24 Operand Addressing Modes — Standard Temperature Range

Bit, Byte. Word. and Block O ti — Extended Temperature Range
S OPSBEL oGk Bpert tons B Available in 40-Lead Cerdip and Plast|c

8 and 16-Bit Signed and Unsigned Package
Arithmetic in Binary or Decimal ) (See Packaging Spec. Order #231369) 2
Including Mulitiply and Divide ‘

The Intel 8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is
implemented in N-Channel, depletion load, silicon ‘gate technology (HMOS-IIl), and packaged in a 40-pin
CERDIP or plastic package. The 8086 operates in both single processor and multiple processor configurations
to achieve high performance levels.

EXECUTION UNIT * BUS INTERFACE UNIT
mosTghrE || OSSRk |
secment o (o }
DATA. REGISTERS Ny
POINTER. AND AND GND Ot 40V
R aonos INSTRUCTION AD14C]2 3834015
(5 WORDS) AD130Q3 38 A16/S3
AD1204 373A17/54
AD11C]5 36[A18/55
- ADIOd 6 353A19/56
|— &REss, v = ks 34| BRE/S7
16817 ALY i Argse asc]s 33 AMN/WX
— AvgS; 174 = LR ] = | @ -
FLAGS mr:e:ssncz Ao,, ADg : ) Ap6CJ10 cPu 31 :E/T (HoOLD)
UNIT ADSCJ11 30[3IRQ/GT1  (HLDA)
z>m.1,r aoaci2 Q6K (W)
AD3CJ13 28152 (m/i0)
iowﬁ.ﬂ.ue o214 =N (©1/R)
i} ADICY15 26150 (DEN)
AboC}16 25[30s0 (ALE)
6-BYTE NMIC]17 24[30Qs1 (INTA)
| INSTRuCHION INTRC]18 23] TEST
ck e 22 AREADY
\} GND ] 20 21[RESET
rf::_——._. ocw ’ 231455-2
Nmt N os.0s 40 Lead
ﬁlﬁﬁ@ CONTROL & TIMING ::> 0,08,
voLp ANess Figure 2. 8086 Pin
HLDA ~— ' Configuration

3

CLK  RESET READY MN/MX GND
Vee

Figure 1. 8086 CPU Block Diagram 2314851

September 1990
2-1 Order Number: 231455-005



Inter 8086

Table 1. Pin Description

The following pin function desrriptions are for 8086 systems in either minimum or maximum mode. The “Local
Bus” in these cescriptions is the direct multiplexed bus interface connection to the 8086 (without regard to
additional bus buffers).

Symbol Pin No. Type Name and Function

AD¢5-ADg | 2-16,39 I/0 | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/IO address (T+1), and data (To, T3, Tw; T4) bus. Ag is
analogous to BHE for the lower byte of the data bus, pins D7-Dg. Itis
LOW during T1 when a byte is to be transferred on the lower portion
of the bus in memory or 1/0 operations. Eight-bit oriented devices tied
to the lower half would normally use Ag to condition chip select
functions. (See BHE.) These lines are active HIGH and float to 3-state
OFF during interrupt acknowledge and local bus “hold acknowledge”.

A19/Se, 35-38 O ADDRESS/STATUS: During T4 these are the four most significant
A1g/Ss, address lines for memory operations. During 1/0 operations these
A17/Sa4, lines are LOW. During memory and I/O operations, status information
A16/S3 is available on these lines during To, T3, Ty, T4. The status of the

interrupt enable FLAG bit (Ss) is updated at the beginning of each
CLK cycle. A17/S4 and A1g/Sg are encoded as shown.

This information indicates which relocation register is presently being
used for data accessing.

These lines float to 3-state OFF during local bus “hold acknowledge.”

A17/S4 A46/S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
Sgis 0
(LOW)
BHE/S7 34 O BUS HIGH ENABLE/STATUS: During T4 the bus high enable signal

(BHE) should be used to enable data onto the most significant half of
the data bus, pins D15—Dg. Eight-bit oriented devices tied to the upper
half of the bus would normally use BHE to condition chip select
functions. BHE is LOW during T4 for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the high
portion of the bus. The S7 status information is available during To,
Ta, and Ty4. The signal is active LOW, and floats to 3-state OFF in
“hold”. It is LOW during T4 for the first interrupt acknowledge cycle.

BHE Ag Characteristics
0 0 Whole-word
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None
RD 32 (@) READ: Read strobe indicates that the processor is performing a

memory or I/0 read cycle, depending on the state of the Sy pin. This_
signal is used to read devices which reside on the 8086 local bus. RD
is active LOW during T, T3 and Tyy of any read cycle, and is
guaranteed to remain HIGH in T2 until the 8086 local bus has floated.
This signal floats to 3-state OFF in “hold acknowledge”.
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Table 1. Pin Description (Continued)

Symbol Pin No. Type Name and Function

READY 22 | READY: is the acknowledgement from the addressed memory or 170
device that it will complete the data transfer. The READY signal from
memory/I0 is synchronized by the 8284A Clock Generator to form
READY. This signal is active HIGH. The 8086 READY input is not
synchronized. Correct operation is not guaranteed if the setup and hold
times are not met.

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled

i during the last clock cycle of each instruction to determine if the

- processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by ‘software resetting the
interrupt enable bit. INTR is internally synchronized. This signal is
active HIGH.

TEST 23 | TEST: input is examined by the “Wait” instruction. If the TEST input is
LOW execution continues, otherwise the processor waits in an “Idle”
state. This input is synchronized internally during each clock cycle on

_the leading edge of CLK.

NMI 17 | NON-MASKABLE INTERRUPT: an edge triggered input which causes
a type 2 interrupt. A subroutine is vectored to via an interrupt vector
lookup table located in system memory. NMI is not maskable internally
by software. A transition from LOW to HIGH initiates the interrupt at the
end of the current instruction. This input is internally synchronized.

RESET 21 | RESET: causes the processor to immediately terminate its present
activity. The signal must be active HIGH for at least four clock cycles. It
restarts execution, as described in the Instruction Set description, when

' RESET returns LOW. RESET is internally synchronized.

CLK 19 | CLOCK: provides the basic timing for the processor and bus controller.
It is asymmetric with a:33% duty cycle to provide optimized internal
timing. .

Vee 40 Vce: +5V power supply pin.

GND 1,20 GROUND

MN/MX 33 | MINIMUM/MAXIMUM: indicates what mode the processor is to

operate in. The two modes are discussed in the following sections.

The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = Vsg).
Only the pin functions which are unique to maximum mode are described; all other pin functions are as
described above.

2,51,Sp | 26-28 | O | STATUS: active during T4, T, and To and.is returned to the passive state
(1, 1, 1) during T3 or during Ty when READY is HIGH. This status is used
by the 8288 Bus Controller to generate all memory and 1/0 access control
signals. Any change by Sp, Sy, or. Sg during T4 is used to indicate the
beginning of a bus cycle, and the return to the passive state in Tg or Ty is
used to indicate the end of a bus cycle.
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

52,51,
(Continued)

26-28

These signals float to 3-state OFF in “‘hold acknowledge”. These status
lines are encoded as shown.

S, Characteristics

o

0 (LOW)
0
0
0
1 (HIGH)
1

Interrupt Acknowledge
Read 1/0 Port

Write I/0 Port

Halt

Code Access

Read Memory

1 Write Memory

1 Passive

AL OO0 200

-

30, 31

170

REQUEST/GRANT: pins are used by other local bus masters to force
the processor to release the local bus at the end of the processor’s
current bus cycle. Each pin is bidirectional with RQ/GTy having higher
priority than RQ/GT4. RQ/GT pins have internal pull-up resistors and
may be left unconnected. The request/grant sequence is as follows
(see Page 2-24):

1. A pulse of 1 CLK wide from another local bus master indicates a local
bus request (“‘hold”) to the 8086 (pulse 1).

2. During a T4 or T4 clock cycle, a pulse 1 CLK wide from the 8086 to
the requesting master (pulse 2), indicates that the 8086 has allowed the
local bus to float and that it will enter the “hold acknowledge” state at
the next CLK. The CPU’s bus interface unit is disconnected logically
from the local bus during “hold acknowledge”.

3. A pulse 1 CLK wide from the requesting master indicates to the 8086
(pulse 3) that the “hold” request is about to end and that the 8086 can
reclaim the local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus exchange.
Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it
will release the local bus during T4 of the cycle when all the following
conditions are met:

1. Request occurs on or before Ta.

2. Current cycle is not the low byte of a word (on an odd address).

3. Current cycle is not the first acknowledge of an interrupt acknowledge
sequence. ‘

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events
will follow: .

1. Local bus will be released dunng the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1 already
satisfied.

- LOCK

29

LOCK: output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK signal
is activated by the “LOCK” prefix instruction and remains active until the
completion of the next instruction. This signal is active LOW, and floats
to 3-state OFF in “hold acknowledge”.

24
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type Name and Function

QS4,QSy

24,25

(0] QUEUE STATUS: The queue status is valid during the CLK cycle after
which the queue operation is performed.

QS and QSg provide status to allow external tracking of the internal
8086 instruction queue.

QS, Qsy *  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 descr/ptlons are for the 8086 in minimum mode (i.e., MN/MX = Vg). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as.described above.

M/10

28

0]

STATUS LINE: logically equivalent to S, in the maximum mode. It is used to
distinguish a memory access from an 1/0 access. M/1O becomes valid in
the T4 preceding a bus cycle and remains valid until the final T4 of the cycle
(M = HIGH, 10 = LOW). M/IO floats to 3-state OFF in local bus “hold
acknowledge”.

29

WRITE: indicates that the processor is performing a write memory or write
1/0 cycle, depending on the state of the M/10 signal. WR is active for Tp, T3
and Ty of any write cycle. It is active LOW, and floats to 3-state OFF in
local bus “hold acknowledge”.

24

INTA: is used as a read strobe for interrupt acknowledge cycles. Itis active
LOW during T, T3 and Ty of each interrupt acknowledge cycle.

25

ADDRESS LATCH ENABLE: provided by the processor to latch the
address into the 8282/8283 address latch. It is a HIGH pulse active during
T4 of any bus cycle. Note that ALE is never floated.

DT/R

27

' DATA TRANSMIT/RECEIVE: needed in minimum system that desires to
use an 8286/8287 data bus transceiver. It is used to control the direction of
data flow through the transceiver. Logically DT/R is equivalent to Siinthe
maximum mode, and its timing is the same as for M/10. (T = HIGH, R =
LOW.) This signal floats to 3-state OFF in local bus “hold acknowledge”.

g
m
2

26

DATA ENABLE: provided as an output enable for the 8286/8287 in a
minimum system which uses the transceiver. DEN is active LOW during:
each memory and I/0 access and for INTA cycles. For a read or INTA cycle
it is active from the middle of T until the middle of T4, while for a write cycle
it is active from the beginning of T2 until the middle of T4. DEN floats to 3-
state OFF in local bus ‘““hold acknowledge”.

HOLD,
HLDA

31,30

110

HOLD: indicates that another master is requesting a local bus “hold.” To be
acknowledged, HOLD must be active HIGH. The processor receiving the
“hold” request will issue HLDA (HIGH) as an acknowledgement in the
middle of a T4 or T; clock cycle. Simultaneous with the issuance of HLDA
the processor will float the local bus and control lines. After HOLD is
detected as being LOW, the processor will LOWer the HLDA, and when the
processor needs to run another cycle, it will again drive the local bus and
control lines. Hold acknowledge (HLDA) and HOLD have internal pull-up
resistors.
The same rules as for RQ/GT apply regarding when the locai bus will be

. released. )
HOLD is not an asynchronous input. External synchronization should be
provided if the system cannot otherwise guarantee the setup time.
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FUNCTIONAL DESCRIPTION

General Operation

The internal functions of the 8086 processor are
" partitioned logically into two processing units. The
first is the Bus interface Unit (BIU) and the second is
the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

These units can interact directly but for the most
part perform as separate asynchronous operational
processors. The bus interface unit provides the func-
tions related to instruction fetching and queuing, op-
erand fetch and store, and address relocation. This
unit also provides the basic bus control. The overlap
of instruction pre-fetching provided by this unit
serves to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces “dead time” on the
memory bus. The queue acts as a First-In-First-Out
(FIFOQ) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU.

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated oper-
and addresses to the BIU. Memory operands are
passed through the BIU for processing by the EU,
which passes results to the BIU for storage. See the
Instruction Set description for further register set
and architectural descriptions.

MEMORY ORGANIZATION
The processor provides a 20-bit address to memory

which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million

bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.)

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally. selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located  on even or
odd address boundaries and are thus not con-
strained to even boundaries as is the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the
lower valued address location and the most signifi-
cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on an odd byte
boundary. Except for the performance penalty, this
double access is transparent to the software. This
performance penalty does not occur for instruction
fetches, only word operands. ‘

Physically, the memory is organized as a high bank
(D15-Dg) and a low bank (D7-Dg) of 512K 8-bit
bytes addressed in parallel by the processor’s ad-
dress lines A1g—-A4. Byte data with even addresses
is transferred on the D7-Dg bus lines while odd ad-
dressed byte data (Ag HIGH) is transferred on the
D15-Dg bus lines. The processor provides two en-
able signals, BHE and Ag, to selectively allow read-
ing from or writing into either an odd byte location,
even byte location, or both. The instruction stream is
fetched from memory as words and is addressed
internally by the processor to the byte level as nec-
essary.

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 string

operation, or explicitly overridden.

External (Global) Data | EXTRA (ES)

Destination of string operations: explicitly selected using a
segment override.
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FFFFFH
£ B

64'KB CODE SEGMENT

3. XXXXOH

STACK SEGMENT
+ OFFSET

REGISTER FILE

DATA SEGMENT

SEGMENT | ‘l

J -
T I

}EXYRA DATA SEGMENT

T "00000H

231455-3

Figure 3a. Memory Organization

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the
starting byte of the word is on an even or odd ad-
dress, respectively. Consequently, in referencing
word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt pro-
cessing or task multiplexing.

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP

FFFFOH

3FFH

INTERRUPT POINTER
FOR TYPE 255

3FCH

.

INTERRUPT POINTER

FOR TYPE 1 aH

3H

INTERRUPT POINTER
FORTYPEOD

OH

231455-4

Figure 3b. Reserved Memory Locations

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b). Locations from

address FFFFOH through FFFFFH are reserved for
operations including a jump to the initial program
loading routine. Following RESET, the CPU will al-
ways begin execution at location FFFFOH where the
jump must be. Locations 00000H through 003FFH
are reserved for interrupt operations. Each of the
256 possible interrupt types has its service routine
pointed to by a 4-byte pointer element consisting of
a 16-bit segment address and a 16-bit offset ad-
dress. The pointer elements are assumed to have
been stored at the respective places in reserved
memory prior to occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 8086 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 8086 is equipped with
a strap pin (MN/MX) which defines the system con-
figuration. The definition of a certain subset of the
pins changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
8086 treats pins 24 through 31 in maximum mode.
An 8288 bus controller interprets status information
coded into Sp, Sp, Sy to generate bus timing and
control signals compatible with the MULTIBUS® ar-
chitecture. When the MN/MX pin is strapped to Vgc,
the 8086 generates bus control signals itself on pins
24 through 31, as shown in parentheses in Figure 2.
Examples of minimum mode and maximum mode
systems are shown in Figure 4.

BUS OPERATION

. The 8086 has a combined address and data bus

commonly referred to as a time multiplexed bus.
This technique provides the most efficient use of
pins on the processor while permitting the use of a
standard 40-lead package. This “local bus” can be
buffered directly and used throughout the system
with address latching provided on memory and I/0
modules. In addition, the bus can also be demulti-
plexed at the processor with a single set of address
latches if a standard non-multiplexed bus is desired
for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T4, To, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T4 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “Wait” states (Ty) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
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Figure 4a. Minimum Mode 8086 Typical Configuration
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Figure 4b. Maximum Mode 8086 Typical Configuration
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can occur between 8086 bus cycles. These are re- 3, s | 5 ch istics
ferred to as “Idle” states (T;) or inactive CLK cycles. 2 1] S0 aracteristics
The processor uses these cycles for internal house- 0 (LOW). 0 0 | Interrupt Acknowledge
keepin .

ping. 0 0 | 1 | Readl/O
During T4 of any bus cycle the ALE (Address Latch 0 1 0. | Write I/0
Enable) signal is emitted (by either the processor or
the 8288 bus controller, depending on the MN/MX 0 | 1 | 1 | Halt
strap). At the trailing edge of this pulse, a valid ad- 1(HIGH) | © 0 | Instruction Fetch
dress and certain status information for the cycle
may be latched. 1 0 1 Read Data from Memory
Status bits Sp, S1; and S5 are used, in maximum 1 A O | Write Data to Memory
mode, by the bus controller to identify the type of 1 1 1 Passive (no bus cycle)
bus transaction according to ‘the following table:

| (4 + NwAIT) = TCY | 4+ Nwaim) = Tey
TN I T I S AL (R | ol o m | twr | T

\ iy \ g\
sTaTus iu‘e‘.ﬂ.sX ’ e Xaﬁ...r..x ot X

ADDR/DATA Ars-Ao )--{'}‘g,";}ﬂﬁ") DigDo Yy e < Ars-Ao x DATA OUT (D15-Do) >- - <£

5

&

READY READY

READY ;S;SS\;S ’ ’

WAIT WAIT

mr | / | \_

[<«¢—— MEMORY ACCESS TIME ———

231455-8

Figure 5. Basic System Timing
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Status bits S3 through S7 are multiplexed with high-
order address bits and the BHE signal, and are
therefore valid during T2 through T4. Sg and S4 indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the
address, 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

Ss is a reflection of the PSW interrupt enable bit.
Se = 0 and Sy is a spare status bit.

1/0 ADDRESSING

In the 8086, 1/O operations can address up to a
maximum of 64K [/0 byte registers or 32K I/0 word
registers. The /0O address appears in the same for-
mat as the memory address on bus lines A15-Aq.
The address lines A1g—A1¢ are zero in 1/0 opera-
tions. The variable /0 instructions which use regis-
ter DX as a pointer have full address capability while
the direct 1/0 instructions directly address one or
two of the 256 1/0 byte locations in page 0 of the
1/0 address space.

1/0 ports are addressed in the same manner as
memory locations. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15—Dg. Care must be taken to assure that
each register within an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

External interface

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The 8086
RESET is required to be HIGH for greater than 4
CLK cycles. The 8086 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-
“quence for approximately 10 CLK cycles. After this
interval the 8086 operates normally beginning with
the instruction in absolute location FFFFOH (see Fig-
ure 3b). The details of this operation are specified in
the Instruction Set description of the MCS-86 Family
User's Manual. The RESET input is internally syn-
chronized to the processor clock. At initialization the
HIGH-to-LOW transition of RESET must occur no
sooner than 50 us after power-up, to allow complete
initialization of the 8086.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internai reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch. :

All 3-state outputs float to 3-state OFF during
RESET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF. ALE and HLDA are driven low.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiaied. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(see Figure 3b), which are reserved for this purpose.
Each element in the table is 4 bytes in size and
corresponds to an interrupt “type”. An interrupting
device supplies an 8-bit type number, during the in-
terrupt acknowledge sequence, which is used to
“vector” through the appropriate element to the new
interrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin (NMI) which has higher priority than the
maskable interrupt request pin (INTR). A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW-to-HIGH transition. -
The activation of this pin causes a type 2 interrupt.

- (See Instruction Set description.)

NMI is required to have a duration in the HIGH state
of greater than two CLK cycles, but is not required to
be synchronized to the clock. Any high-going.tran-
sition of NMl is latched on-chip and will be serviced
at the end of the current instruction or between
whole moves of a block-type instruction. Worst case
response to NMI would be for multiply, divide, and
variable shift instructions. There is no specification
on the occurrence of the low-going edge; it may oc-
cur before, during, or after the servicing of NMI. An-
other high-going edge triggers another response if it
occurs after the start of the NMI procedure. The sig-

“nal must be free of logical spikes in general and be
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MASKABLE INTERRUPT (INTR)

The 8086 provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction.

During the response sequence (Figure 6) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 8086 emits the LOCK
signal from Ty of the first bus cycle until Ty of the
second. A local bus “hold” request will not be hon-
ored until the end of the second-bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 8259A PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
whan it ractarac tha Fi AGS_

WIS 1L 1OSWITS Ui 1 Ly

HALT

When a software “HALT" instruction is executed the
processor indicates that. it is entering the: “HALT”
state in one of two ways depending upon which
mode is strapped. In- minimum mode, the processor
issues one ALE with no qualifying bus control sig-
nals. In"‘maximum mode, the processor issues ap-
propriate HALT status on Sp, S4, and Sp; and the
8288 bus controller issues one ALE. The 8086 will
not leave the “HALT"” state when a local bus “hold”
is entered while in “HALT”". In this case, the proces-
sor reissues-the HALT indicator. An interrupt request
or RESET will force the 8086 out of the “HALT”
state. : :

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
‘required ' during the execution of an- instruc-
tion. This provides the processor with the capability
of performing read/modify/write operations on
memory (via. the Exchange Register With Memory
instruction, for example) without the possibility of an-
other system bus master receiving intervening mem-
ory cycles. This is useful in_multi-processor system
configurations to accomplish “test and set lock” op-
erations. The LOCK signal is activated (forced LOW)
in the clock cycle following the one in which the soft-
ware “LOCK” prefix instruction is decoded by the
EU. It is deactivated at the end of the last bus cycle
of the instruction following the “LOCK” prefix in-
struction. While LOCK is active a request on a RQ/
GT pin will be recorded and then honored at the end
of the LOCK.

T3 ‘ Ta

RN m | T2 T3 Ta

| T | T
ALE _/__\
LOCK \

1

\ FLOAT
ADg-ADss )3

< TYPEVECTOR >'_

231455-9

Figure 6. Interrupt Acknowledge Séquence
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EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to'the ‘interrupts and general I/0
capabilities, the 8086 provides a single software-
testable input known as the TEST signal. At any time
the program may execute a WAIT instruction. If at
that time the TEST signal is inactive (HIGH), pro-
gram execution becomes suspended while the proc-
essor waits for TEST to become active. It must
remain active for at least 5 CLK cycles. The WAIT
instruction is re-executed repeatedly until that time.
This activity - does not consume bus cycles. The
processor remains in an idle state while waiting. All
8086 drivers go to 3-state OFF if bus “Hold” is en-
tered. If interrupts are enabled, they may occur while
the processor is waiting. When this occurs the proc-
essor fetches the WAIT instruction one extra time,
processes the interrupt, and then re-fetches and re-
executes the WAIT instruction upon returning from
the interrupt. :

Basic System Timing

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a_and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to Vcc and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-
ed status information which the 8288 bus controller
uses to generate MULTIBUS compatible bus control
signals. Figure 5 illustrates the signal timing relation-
ships.

AL
BL
CL
DL

AX
B8X
CcX
Dx

AH
BH
CH
DH

ACCUMULATOR
BASE

COUNT

DATA

SP
BP
SI
DI

STACK POINTER
BASE POINTER
SOURCE INDEX
DESTINATION INDEX

INSTRUCTION POINTER
STATUS FLAGS

FLAGSH |

cs
DS
ss
ES

FLAGS,

CODE SEGMENT
DATA SEGMENT

' STACK SEGMENT
EXTRA SEGMENT

231455-10

Figure 7. 8086 Register Model
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SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T4 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into the address latch. The BHE and Ag
signals address the low, high, or both bytes. From T
to T4 the M/IO signal indicates a memory or 1/0
operation. At T the address is removed from the
local bus and the bus goes to a high impedance
state. The read control signal is also asserted at To.
The read (RD) signal causes the addressed device
to enable its data bus drivers to the local bus. Some
time later valid data will be available on the bus and
the addressed device will drive the READY line
HIGH. When the processor returns the read signal to
a HIGH level, the addressed device will again 3-
state its bus drivers. If a transceiver is required to
buffer the 8086 local bus, signals DT/R and DEN
are provided by the 8086.

A write cycle also begins with the assertion of ALE
and the emission of the address. The M/IO signal is
again asserted to indicate a memory or 1/0O write
operation. In the T> immediately following the ad-
dress emission the processor emits the data to be
written into the addressed location. This data re-
mains valid until the middle of T4. During T, T3, and
Tw the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2 as opposed to the read which is delayed
somewhat into T» to provide time for the bus to float.

The BHE and Ag signals are used to select the prop-
er byte(s) of the memory/IO word to be read or writ-
ten according to the following table:

A0

0
1

E Characteristics

Whole word

Upper byte from/to
odd address

Lower byte from/to
even address
None

H
0
0

1 0

1 1

I/0 ports are addressed in the same manner as
memory location. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15-Dsg.

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge signal (INTA) is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 6.) In the second of two successive
INTA cycles, a byte of information is read from bus
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lines D7-Dg as supplied by the inerrupt system logic
(i.e., 8259A Priority Interrupt Controller). This byte
identifies the source (type) of the interrupt. It is multi-
plied by four and used as a pointer into an interrupt
vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgs and the 8288 Bus Controller is added
to the system as well as a latch for latching the sys-
tem address, and a transceiver to allow for bus load-
ing greater than the 8086 is capable of handling.
Signals ALE, DEN, and DT/R are generated by the
8288 instead of the processor in this configuration
although their timing remains relatively the same.

The 8086 status outputs (Ss, Sq, and Sg) provide -

type-of-cycle information and become 8288 inputs.
This bus cycle information specifies read (code,
data, or 1/0), write (data or 1/0), interrupt

2-13

acknowledge, or software halt. The 8288 thus issues
control signals specifying memory read or write, 1/0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
vanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write.
The advanced write strobes have the same timing
as read strobes, and hence data isn’t valid at the
leading edge of write. The transceiver receives the
usual DIR and G inputs from the 8288’s DT/R and
DEN. .

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 8259A located on either the local bus or the
system bus. If the master 8259A Priority Interrupt
Controller is positioned on the local bus, a TTL gate
is required to disable the transceiver when reading
from the master 8259A during the interrupt acknowl-
edge sequence and software “poll”.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ... .. 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin. with .
Respectto Ground.............. —-1.0Vto +7V
Power Dissipation. ... ...........oiiiiiiia., 2.5W

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS (8086: T = 0°Cto070°C, Voo = 5V £10%)
(8086-1: Tp = 0°C to 70°C, Vg = 5V +£5%)
(8086-2: Tp = 0°C to 70°C, Vg = 5V +5%)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 v (Note 1)
ViH Input High Voltage 20 | Vg + 05 v (Notes 1, 2)
VoL Output Low Voltage 0.45 vV loL = 25mA
VoH Output High Voltage 24 ) \" lon = — 400 pA
lcc Power Supply Current: 8086 340
8086-1 360 mA Ta = 25°C
8086-2 350
I Input Leakage Current +10 RA 0V < V|N < Ve (Note 3)
ILo Output Leakage Current +10 BA 0.45V < Vourt < Vo
VoL Clock Input Low Voltage -0.5 +0.6 Vv
VcH Clock Input High Voltage 3.9 Ve + 1.0 \
Cin Capacitance of Input Buffer 15 pF fc = 1 MHz
(All input except )
ADg-AD4s, RQ/GT)
Cio Capacitance of 1/0 Buffer 15 pF fc = 1 MHz
(ADg-AD15, RQ/GT)

NOTES:

1. V|_ tested with MN/MX Pin = OV. V| tested with MN/MX Pin = 5V. MN/MX Pin is a Strap Pin.

2. Not applicab'e to RQ/GTO and R
3. HOLD and HLDA Iy min = 30 pA, max = 500 pA.

Q/GTT (Pins 30 and 31).

2-14
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A.C. CHARACTERISTICS (8086: Ta = 0°Cto70°C, Vog = 5V + .10%)
(8086-1: Tp = 0°C to 70°C, Vg = 5V * 5%)
(8086-2: Tp = 0°C t0 70°C, Vo = 5V + 5%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter 8086 8o86-1 8086-2 Units .| Test Conditions
Min | Max | Min | Max | Min | Max
TCLCL CLK:Cycle Period 200 | 500 | 100 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 53 68 ns
TCHCL CLK High Time 69 39 44 ns
TCH1CH2 | CLK Rise Time 10 10 10 ns . | From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time | 30 ' 5 20 ns
TCLDX DatainHold Time | 10 | 10 10 ns
TR1VCL | RDY Setup Time 35 35 35 ns
into 8284A (See ’
Notes 1, 2)
TCLR1X RDY Hold Time 0 0 0 ns
" | into 8284A (See
Notes 1, 2)
TRYHCH | READY Setup 118 53 | 68 ns
Time into 8086 ‘
TCHRYX READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY Inactive to —8 —10 -8 ns
CLK (See Note 3)
THVCH HOLD Setup Time 35 20 20 ns
TINVCH INTR, NMI, TEST | 30 15 15 ns
Setup Time (See
Note 2) .
TILIH Input Rise Time 20 20 20 ns From 0.8V to 2.0V
(Except CLK) o g
TIHIL Input Fall Time 12 12 ‘ 12 ns From 2.0V to 0.8V
(Except CLK)
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter 8086 ickacal 8086-2 Units Test
Min  |Max| Min - [Max| Min |Max Conditions
TCLAV |Address Valid Delay 10 110 10 50 10 60 | ns
TCLAX |Address Hold Time 10 10 10 ns
TCLAZ |Address Float TCLAX 80 10 40 TCLAX 50 | ns
Delay
TLHLL |ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns
TCLLH | ALE Active Delay 80 40 50| ns
TCHLL |ALE Inactive Delay 85 45 55| ns
TLLAX |Address Hold Time | TCHCL-10 TCHCL-10 | . TCHCL-10 ns
TCLDV |Data Valid Delay 10 110 10 50 10 60 [ ns |*C_ = 20-100 pF
TCHDX |Data Hold Time 10 10 10 ns |forall 8086
Outputs (In
TWHDX |Data Hold Time TCLCH-30 TCLCH-25 TCLCH-30 ns |addition to 8086
After WR selfload)
TCVCTV | Control Active 10 110 10 50 10 70 | ns
Delay 1
TCHCTV | Control Active 10 110 10 45 10 60 | ns
Delay 2
TCVCTX | Control Inactive 10 110 10 50 10 70 | ns
Delay
TAZRL |Address Float to 0 0 0 ns
READ Active
TCLRL |RD Active Delay 10 165 10 70 10 100 | ns
TCLRH |RD Inactive Delay 10 150 10 60 10 80 | ns
TRHAV | RD Inactive to Next | TCLCL-45 TCLCL-35 TCLCL-40 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 60 10 100|{ ns
TRLRH |RD Width 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns
TWLWH |WR Width 2TCLCL-60 2TCLCL-35 2TCLCL-40 ns
TAVAL |Address Valid to TCLCH-60 TCLCH-35 TCLCH-40 ns
ALE Low
TOLOH |Output Rise Time 20 20 20 | ns |[From0.8Vto 2.0V
TOHOL |Output Fall Time 12 12 12 | ns |From 2.0V to 0.8V
NOTES:

1. Signal at 8284A 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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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
wE
1.5 <—— TEST POINTS — 1.5
TEST
C_ = 100 pF
0.45
23145511 L
A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V 231455-12
for a Logic “0”. Timing measurements are made at 1.5V for both i ‘
a Logic “1” and “0”. Cy Includes Jig Capacitance

WAVEFORMS

MINIMUM MODE

T T2 ' STy Tw Ta
i TCLCL TCH1CH2 H TCL2CLY /
Veu
CLK (8284A Output) V')t 5\ ;‘ "\ j‘ "\ }V_\____
<t renety TCHCL ‘ le— TCLCH —] :
WS - X
—{ TCLDV
TCLAV-~| =~ | reiax—] TCHDX =,
BHE/S7, A1p/Se-A10/S3 )( BHE, A19-Ate $7-Sa
TCLLH | —+ TLHLL— LA
\ Vo
ALE R
/.
—~»| TAVAL | F ; (R,
TCHLL—=| [t < TRIVCL
Viy =i
RDY (8284A Input) \k
SEE NOTE 4 L v — -
—{ JeTCLRIX
. TRYLCL—>| -
READY (8086 input) | ) < TcHRYX
TAVAL  |et __{r—— <—TRYHCH
TLLAX—>] f—
TCLAV—] ] l-TCLAZ TDVCL ——+{+—TCLDX |
= l+TCLAX
AD5-ADg A1s-ADg AT DATA IN AT
TAZRL—>| |« TCLRH—>| TRHAV
READ CYCLE :
— TCHCTV TCLRL } TRLRH ~—TCHCTV
(NOTE 1) -

(WR, INTA =Von)

TCVCTV—|

TCVCTX —=| ‘

3
ﬁ\“k

231455-13
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WAVEFORMS (Continued)

MINIMUM MODE (Continued)

T T2 T3 Tw Ta
«+—— TCLCL ———={TCHICH2 TcL2cLt /
Vewu
CLK (8284A Output) vj' \ )‘ "\ f 5\ )F \
<l remnerv TCHCL . |+ TCLCH —»|
MO X
—=| TCLD'
TCLAV-~| ToLAX~] TCHDX
BHEIS7, Are/Se-Are/Ss BHE, Aqe-Ate $7-83
TCLLH -+ HLL TLLAX
/_ -
ALE
TAVAL |=F R
TCHLL—! L
rcmv’ .
TCLAV ] TCL X~ TCHOX |
AD15-ADo ADu-ADn DATA OUT
i
< TWHDX
ToveTV~| I"‘V“ T cvc1'x
WRITE CYCLE LLAX |- —j
_(NOTE D) oEN
(m},R TNTA,
DT/ =Von)
TCVCTV—+|  |=— L TwiwH
- WR ]l
TCVCTX—* -—
- TCLAZ
}—/:Tovm.——
AD15-AD, POINTER
e / FLOAT
— —TCHCTV
INTA CYCLE DR
(NOTES 1 & 3)
AD, Wh=Von TCVCTV —» -——
BAE=Vo)
INTA
TCVCTV— TCVCTX—
DEN
* INVALID ADDRESS SOFTWARE HALT
TCLAV—| j—

231455-14
SOFTWARE HALT—
RD, WR, INTA = Voy
DT/R = INDETERMINATE

NOTES:

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

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

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control
signals shown for second INTA cycle.

4. Signals at 8284A are shown for reference only

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

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Symbol Parameter £0s6 8086-1 80862 | ypits Test
Min | Max | Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 | 100 | 500 | 125 | 500 ns
TCLCH | CLK Low Time 118 53 68 ‘ns
TCHCL CLK High Time 69 39 44 ns
TCH1CH2 | CLK Rise Time 10 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data in Hold Time 10 10 10 ns.
TR1VCL RDY Setup Time | 35 35 35 ns
into 8284A
(Notes 1,2)
TCLR1X RDY Hold Time 0 : 0 0 ns
into 8284A ‘
(Notes 1, 2)
TRYHCH | READY Setup 118 53 68 ns
Time into 8086 o
TCHRYX | READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY Inactive to —8 -10 -8 ns
CLK (Note 4)
| TINVCH | Setup Timefor | 30 15 15 ns
Recognition (iNTR,
NMI, TEST)
L (Note 2)
TGVCH RQ/GT Setup Time | 30 15 15 ‘ns .
. (Note 5)
TCHGX RQ Hold Time into 40 20 30 ns
8086 . .
TILIH Input Rise Time 20 20 20 ns From 0.8V to 2.0V
(Except CLK) .
TIHIL Input Fall Time 12 12 12 ns From 2.0V to0.0.8V
(Except CLK) :
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter 8086 8086-1 8086-2 Units Test
: Min | Max | Min | Max | Min | Max Conditions
TCLML Command Active 10 35 | 10 | 35 10 35 ns
Delay (See Note 1)
TCLMH Command Inactive 10 35 | 10 | 35 10 35 ns
Delay (See Note 1)
TRYHSH | READY Active to 110 - 45 65 | ns
Status Passive (See
Note 3)
TCHSV Status Active Delay 10 110 | 10 | 45 10 60 ns
TCLSH Status Inactive 10 130 | 10 | 55 10 70 ns
Delay
TCLAV Address Valid Delay 10 110 | 10 | 50 10 60 ns
TCLAX Address Hold Time 10 10 10 ns
| TCLAZ Address Float Delay | TCLAX | 80 | 10 | 40 | TCLAX | 50 ns
TSVLH Status Valid to ALE 16 15 15 ns
High (See Note 1)
TSVMCH | Status Valid to 15 15 15 ns
MCE High (See
Note 1)
TCLLH CLK Low to ALE 15 15 15 ns | C_ = 20-100 pF
Valid (See Note 1) for all 8086
- Outputs (I
TGLMGH | CLK Low to MCE 15 15 15 | ns | ogisln e
High (See Note 1) self-load)
TCHLL ALE Inactive Delay 15 15 15 ns
(See Note 1)
TCLMCL | MCE Inactive Delay 15 15 15 ns
(See Note 1)
TCLDV Data Valid Delay 10 110 | 10 | 50 10 60 ns
TCHDX | Data Hold Time 10 10 10 ns
TCVNV Control Active 5 45 5 45 5 45 ns
Delay (See Note 1)
TCVNX Control Inactive 10 45 10 | 45 10 45 ns
Delay (See Note 1)
TAZRL Address Float to 0 0 0 ns
READ Active
TCLRL RD Active Delay 10 165 | 10 | 70 10 100 ns
TCLRH RD Inactive Delay 10 150 | 10 | 60 10 80 ns
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES (Continued)
Symbol |  Parameter 8086 8086-1 8086-2 Units Test
Min-  |Max| Min = [Max| Min |Max Conditions

TRHAV |RD Inactive to Next| TCLCL-45 TCLCL-35 | ToLcL-40 ns

Address Active
TCHDTL |Direction Control 50 50 50 | ns |CL = 20-100 pF

Active Delay for all 8086

(Note 1) ) Outputs (In

— addition to 8086

TCHDTH |Direction Control 30 30 30 | ns |self-load)

Inactive Delay

(Note 1)
TCLGL |GT Active Delay 0 85 0 38 0 50 | ns
TCLGH |GT Inactive Delay 0 85 0 45 0 50 | . ns
TRLRH |RD Width 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns
TOLOH |Output Rise Time 20 20 20 | ns |From0.8V to 2.0V
TOHOL |Output Fall Time 12 12 12 | ns |From 2.0V to 0.8V
NOTES:

1. Signal at 8284A or 8288 shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to. T3 and wait states.

4. Applies only to T2 state (8 ns into T3).
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MAXIMUM MODE
Ty | T2 Ts Ta
TeLéL TCH1CH2 TeLct q,
Vi [ \
o Y X y / \ 7(_—\
VCLJ
TCLAV-+| TCHCL f«—TCLCH —
Q80,08 X ) C
TCHSV —»|  |=TCLSH
555 y / (SEE NOTE 8) Y\_--__—
251,50 (EXCEPT HALT) )
N_ / ' e
— TCLAV TcLov TCHDX ]
TCLAX —|
T
BHEIS7, Avo/Se-A1e/Sa BHE, A1o-A1s 1.y
TSVLH—|
TCLLH= = TCHLL o
r
ALE (8288 OUTPUT) ,/
SEE NOTE 5 le—TRIVCL
RDY (8284A INPUT) \L \
— TCLR1X
TRYLCL. —
READY (8086 INPUT) — [+— TCHRYX
—
—
READ CYCLE TCLAV—| — TOVCL———=}= TCLDX —>|
ADq5-Al A15-ADo DATA IN )
15-ADo 15 FLOAT
TA TCLRH TRHAV
RD
+ TRLRH ;
TCHDTL —», ~— TCLAL F TCHDTH
DTR
TCLML | \ TCLMH—» -
8288 OUTPUTS | ____
MRDC OR IORC
SEE NOTES 5,6
TCUNV—>|  |j=—
DEN
TCVNX — —

231455-15
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WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

T T2 T Ta
. Tw
ok YoM / ,{ \ /_—\‘ / '—\
veL \____/ N/
— TCHSV el [e—TCLSH
\ - v ~
§2.51,50 (EXCEPT HALT) R }[ ///////// {see note 8) \\
 ——
WRITE CYCLE TCLAV =+ — TCLDV TCHDX—>|
ADy5-ADy AD15-ADo DATA
TCVNV—| TCVNX—
DEN
‘ —{ |—TeLML TCLMH =~ - ‘
8288 OUTPUTS J\ .
SEE NOTES 56 | AMWC OR AIOWC

: coef e TomL o] e TCLMH
. R —
MWTC OR IOWC ‘ ’\——_

INTA CYCLE
ADy5-ADg FLoATl /' RESERVED FOR \ {
(SEE NOTES 3 & 4) CASCADE ADDR / FLOAT FLOAT \
— \|.rc LAZ \ I;: TOVCL—= TCLoX
- 0 : POINTI
A15-ADo " ‘FLOAT /\ ER -FEAY_—C
TCLMCL—~|  |~— '
TSVMCH.
MCE/ P
FOER TCLMCH—=| |— —|  |—TcHDTL.
OT/R ————4\
8288 OUTPUTS TCLML—| |~
SEE NOTES 5,6 | INTA
—=|\ j—TcVnV 1
DEN
SOFTWARE HALY — TCVNX—|

(DEN = VoKD, MRDC,IORC, MWTC, AMWC,IOWC,ATOWC,INTA, = Von)

ADy5-ADy INVALID ADDRESS
TCLAV —+

N/ A
2515 \ .

231455-16

NOTES:

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

2. RDY is sampled near the end of Ty, T3, Tw to determine if Ty 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 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Signals at 8284A or 8288 are shown for reference only.

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN)
lags the active high 8288 CEN.

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

8. Status inactive in state just prior to T4.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

CLK
NMI l TINVCH (see note 1)
‘ —
| 1}

INTR signal
‘ -
- | -5

231455-17

NOTE:
1. Setup requirements for asynchronous signals only to guarantee recognition at next CLK.

BUS LOCK SIGNAL TIMING (MAXIMUM MOD|
ONLY) i ‘RESET TIMING

Any CLK Cyclo——i

TCLAV |o—
LOCK

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

Any CLK Cycle —| > 0-CLK Cycle:
ck
TCLGH —|  [—Toven
TeLeL |

{ CCOPROCESSOR

TCLAV CLK
RESET _}_‘ 9—-\‘

231455-18 24 CLK CYCLES
231455-19

—

TCLCL

f —| |=—~TCLGH
PULSE 1 PULSE 3
RGIGT PULSE 2 COPROCESSOR,
Y, o 8088 GT RELEASE
Previous grant — TCLAZ

ADys-ADg + J * ; N
Ar/Se-As ROC!
s""s".‘ 5“’5’ 8086 COPROCESSOR
mbtoek . N
BAES? - T (SEE NOTE 1)

231455-20

NOTE:
The coprocessor may not drive the buses outside the region shown without risking contention.
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WAVEFORMS (Continued)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

w2 1 CLK CYCLE—

N

. |=—10R 2 CYCLES —]

A

i

’o—THVCH
g Vl
HOLD
AR . N
— TCLHAV — TCLHAV
| S— g
T T
HLDA .
\ d(
. 4 —
N - TCLAZ N
AD15-ADo, 8086 COPROCESSOR
Avg/Se-A1g/Sa, Sose
D, ! 1} s
BHEIST, IO,
DY/, WR, DEN
' 231455-21
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Table 2. Instruction Set Summary

Mnemonic and
Description

Instruction Code

DATA TRANSFER
MOV = Move:

Register/Memory to/from Register
Immediate to Register/Memory
Immediate to Register

Memory to Accumulator

Accumulator to Memory
Register/Memory to Segment Register

Segment Register to Register/Memory

PUSH = Push:
Register/Memory
Register

Segment Register

POP = Pop:
Register/Memory
Register

Segment Register

XCHG = Exchange:
Register/Memory with Register
Register with Accumulator

IN = Input from:

Fixed Port

Variable Port

OUT = Output to:

Fixed Port

Variable Port

XLAT = Translate Byte to AL
LEA = Load EA to Register
LDS = Load Pointer to DS
LES = Load Pointer to ES
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = Pop Flags

76543210 76543210 76543210 76543210
[ 100010dw | mod reg r/m |
[ 1100011w | modooorm | data [ dataifw=1
[ 1011wreg | data [ dataiftw=1_ |
[ 1010000w | addr-low | addr-high |
[ 1010001w ] addr-low | addr-high |
[ 10001110 [ modoregr/m |
[ 10001100 | modoregr/m |

[ 11111111 | mod110wm |
01010reg
000reg110

[ 10001111 . mod000r/m

01011reg

000reg111 '

¢

1000011w

mod reg r/m J

10010reg

[ 1110010w | port

[ 1110011w | port ]
[ 10001101 [ modregr/m |
[ 11000101 | modregr/m |
[ 11000100 [ modregr/m |

10011111
10011110
10011100

10011101

Mnemonics © Intel, 1978
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Table 2. Instruction Set Summary (Continued)

Mnemonic and
Description

r

Instruction Code

ARITHMETIC
ADD = Add:

Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

ADC = Add with Carry:
Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

INC = Increment:
Register/Memory

Register

AAA = ASCII Adjust for Add

BAA = Decimal Adjust for Add
SUB = Subtract:

Reg./Memory and Register to Either
Immediate from Register/Memory

Immediate from Accumulator

SSB = Subtract with Borrow
Reg./Memory and Register to Either
Immediate from Register/Memory
Immediate from Accumulator

DEC = Decrement:
Register/memory

Register ‘

NEG = Change sign

CMP = Compare:
Register/Memory and Register
Immediate with Register/Memory
Immediate with Accumulator

AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned)

IMUL = Integer Multiply (Signed)

| AAM = ASCII Adjust for Multiply
DIV = Divide (Unsigned)

IDIV = Integer Divide (Signed)
AAD = ASCII Adjust for Divide
CBW = Convert Byte to Word
CWD = Convert Word to Double Word

76543210

76543210 76543210 76543210
[ 000000dw | modregr/m ]

[ 100000sw [ modooorm | data | dataifs:w = 01
[ oooootow | data | dataifw=1_ |
L000100dw | mod regr/m !

[ 1o0ooosw | modotorm | data | dataiftsw=01 |
[ ooot1o1ow | data | dataitw=1 |

[ 1111111w | modooor/m |

I;00101>0dw | mod reg r/m I

[ 100000sw | modioirm | data [ dataifsw=o01 |
[ oot1o0110w ] data [ dataitw=1 |
LOOOHOdw | mod regr/m ]

[ 1o00000sw | modotirm | data | dataifsw =01
[ ooo111w | data [ dataitw=1 |

[ 11111711w [ modootr/m |

|

[ 1111011w [ modot1wem |

[ oot1110dw | modregr/m |

[ 100000sw [ modt1tr/m | data [ dataifsw=o01
[ oo11110w ] data [ dataitw=1 |

[ 1111011w | modtoorm |

[ 1111011w | mod101rm |

[ 11010100 [ ooo001010 |

[ 1111011w [ modttorm |

[ 1111011tw [ modt11e/m |

[ 11010101 | 00001010 |

10011000
10011001

Mnemonics © Intel, 1978
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Table 2. Instruction Set Summary (Continued)

Mnemonic and

Description Instruction Code
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w [ “modotowm |
SHL/SAL = Shift Logical/ArithmeticLeft | 110100vw__ | mod100r/m |
SHR = Shift Logical Right [ 110100vw | modio1vm |
SAR = Shift Arithmetic Right [ 110100vw | modittiwm |
ROL = Rotate Left [ 110100vw | modooowm ]
ROR = Rotate Right [ 110100vw | modootwm |
RCL = Rotate Through Carry Flag Left [ 110100ovw [ modotorm |
RCR = Rotate Through Carry Right [ 110100vw [ modot1rm |
AND = And:
Reg./Memory and Register to Either L 001000dw I mod reg r/m |
Immediate to Register/Memory | 1000000w | mod100r/m | data I dataifw = 1
Immediate to Accumulator [ 0010010w I data I dataifw = 1 [
TEST = And Function to Flags, No Resuit:
Register/Memory and Register | 1000010w [ mod reg r/m ]
Immediate Data and Register/Memory | 1111011w l mod000r/m [ data | dataifw = 1
Immediate Data and Accumulator L 1010100w J data I dataifw = 1 |
OR = Or:
Reg./Memory and Register to Either | 000010dw [ mod reg r/m ]
Immediate to Register/Memory [ 100000oow | modootrm | data | dataitw=1
Immediate to Accumulator [_oooot11ow | data [ dataifw=1_ |
XOR = Exclusive or:
Reg./Memory and Register to Either | 001100dw I mod reg r/m |
Immediate to Register/Memory | 1000000w » l mod110r/m | data I dataifw = 1
Immediate to Accumulator I 0011010w ] data | dataifw = 1 I
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Call:
Direct within Segment | 11101000 | disp-low [ disp-high ]
Indirect within Segment [ 11111111 [ modotovm |
|| Direct Intersegment I 10011010 I offset-low | offset-high 1
[ seg-low I seg-high I
Indirect Intersegment L 11111111 { mod011r/m l

Mnemonics © Intel, 1978
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Table 2. Instruction Set Summary (Continued)

Mnemonic and
Description

Instruction Code

JMP = Unconditional Jump:
Direct within Segment

Direct within Segment-Short
Indirect within Segment

Direct Intersegment

Indirect Intersegment

RET = Return from CALL:
Within Segment

| Within Seg Adding Immed to SP
Intersegment
Intersegment Adding Immediate to SP

JE/JZ = Jump on Equal/Zero

JL/JNGE = Jump on Less/Not Greater
orEqual

JLE/JNG = Jump on Less or Equal/
Not Greater

JB/JNAE = Jump on Below/Not Above
or Equal

JBE/JNA = Jump on Below or Equal/
Not Above ;

JP/JPE = Jump on Parity/Parity Even

JO = Jump on Overflow
JS = Jump on Sign
JNE/JNZ = Jump on Not Equal/Not Zero

JNL/JGE = Jump on Not Less/Greater
or Equal

JNLE/JG = Jump on Not Less or Equal/
Greater

JNB/JAE = Jump on Not Below/Above
or Equal

JNBE/JA = Jump on Not Below or
Equal/Above

JNP/JPO = Jump on Not Par/Par Odd

JNO = Jump on Not Overflow

JNS = Jump on Not Sign

LOOP = Loop CX Times

LOOPZ/LOOPE = Loop While Zero/Equal

LOOPNZ/LOOPNE = Loop While Not
Zero/Equal

JCXZ = Jump on CX Zero

INT = Interrupt

Type Specified

Type 3

INTO = Interrupt on Overflow

IRET = Interrupt Return

76543210

76543210 76543210

[ 11101001 ] disp-low I disp-high

[ 11101011 | disp ]

[ 11111111 | mod100/m ]

[ 11101010 ] offset-low [ offsethigh |
I seg-low ] seg-high |

[ 11111111 ] modi10tvm |

[ 11000010 ] data-low [ data-high ]

[ 11001010 [  “datalow I data-high |

[ ot110100 | disp ]

[ ot1111100 | disp ]

[ o1111110 dsp |

[ ot110010 ] disp ]

[ ot1110110 ] disp ]

[ 01111010 ] disp |

[ 01110000 ] dsp |

[ ot1111000 ] disp ]

[ ot1110101 | disp H

[ ot111101 ] disp ]

[ otii111 | disp !

[ ot1110011 | disp |

[ o1110111 ] dsp |

[ ot1t11011 ] dsp |

[ ot1110001 | disp |

[ ot1111001 | disp ]

[ 11100010 ] “disp ]

[ 11100001 ] disp |

[ 11100000 ] disp ]

[ 11100011 ] disp ]

[ 11001101 ] e |

11001100
11001110
11001111
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Table 2. Instruction Set Summary (Continued)

Mnemonic and
Description

Instruction Code

76543210
PROCESSOR CONTROL

11111000 !
11110101
11111001
11111100

CLC = Clear Carry

CMC = Complement Carry
STC = Set Carry

CLD = Clear Direction
STD = Set Direction 11111101
11111010
11111011
11110100

10011011

CLI = Clear Interrupt
STI = Set Interrupt
HLT = Halt

WAIT = Wait

76543210

ESC = Escape (to External Device) 1101 1xxx

mod x x x r/m |

LOCK = Bus Lock Prefix 11110000

NOTES:

AL = 8-bit accumulator

AX = 16-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 values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion

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) + (SlI) + DISP
if r/m = 001 then EA = (BX) + (DI) + DISP
if r/m = 010 then EA = (BP) + (SI) + DISP
ifr/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 re-
quired)

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

Mnemonics © Intel, 1978

DATA SHEET REVISION REVIEW

if sw = 01 then 16 bits of immediate data form the oper-
and

if sw = 11 then an immediate data byte is sign extended
to form the 16-bit operand

if v.= 0 then “count” = 1;if v = 1 then “count” in (CL)

x. = don’t care '

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 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)

The following list represents key differences between this and the -004 data sheet. Please review this summa-

ry carefully.

1. The Intel® 8086 implementation technology (HMOS) has been changed to (HMOS-III).
2. Delete all “‘changes from 1985 Handbook Specification” sentences.
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The Intel 80CB6A is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU.

80C86A
16-BIT CHMOS MICROPROCESSOR

Pin-for-Pin and Functionally Compatible
to industry Standard HMOS 8086

Fully Static Design with Frequency
Range from D.C. to:
— 8 MHz for 80C86A-2

Low Power Operation
— Operating Icc = 10 mA/MHz
— Standby Iccs = 500 pA max

Bus-Hold Circuitry Eliminates Pull-Up
Resistors

Direct Addressing Capability of
1 MByte of Memory

B Architecture Designed for Powerful
Assembly Language and Efficient High
Level Languages

® 24 Operand Addressing Modes .

Byte, Word and Block Operations

@ 8 and 16-Bit Signed and Unsigned

Arithmetic
— Binary or Decimal
— Multiply and Divide

® Available in 40-Lead Plastic DIP

The 80C86A available in 8 MHz clock rates, offers two modes of operation: MINimum for small systems and
MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP package.

EXECUTION UNIT

BUS INTERFACE UNIT

RELOCATION
REGISTER FILE

-

REGISTER FILE
SEGMENT
DATA, REGISTERS
POINTER AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
. (5 WORDS)
£ t j rY
~ \J' > _
| BRESS,
16-BIT ALY r Ayg/Sy
Ag/Sy
BUS AD, 5 AD
fLaGs INTERFACE 1870
uNIT

INTA,RD,WR

3_) DT/R, DEN, ALE

HUE

L

TEST
INT ——f
M) ——

RO/GT,,

CONTROL & TIMING

| —- foek

:z ) as,.as,

HOLD . 7)) 585
HLDA g b
ml.x RESET READY  MNMX g
240029-1
Figure 1. 80C86A
CPU Block Diagram

MAX MIN
MODE uons}
cmnd 1 Vee
AD14 (]2 AD1S
AD13 Q3 AD16/S3
AD12 (} 4 A17/S4
AD11 (35 A18/S5
AD10 [} 6 A19/S6
AD9 [}7 BHE/S7
ADs []8 MNMX
AD? [ RD
AD6 [} RQ/GTO  (HOLD)
ADS [] AQ/GTI  (HLDA)
AD4 O ocK (WR)
AD3 [] 52 (Mi0)
AD2 [ st (OTR)
ap1 El (DEN)
ADO O QS0 . (ALE)
N ast (INTA)
INTR [ TEST
ck g READY
GND [ RESET
240029-2

Figure 2. 80C86A
40-Lead DIP Configuration
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Table 1. Pin Description

The following pin function descriptions are for 80C86AA systems in either minimum or maximum mode. The
“Local Bus” in these descriptions is the direct multiplexed bus interface connection to the 80C86A (without
regard to additional bus buffers).

Symbol Pin No. Type Name and Function

AD15-ADg 2-16, 39 I1/0- | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/I10 address (T1) and data (T, T3, Tw, T4) bus. Agis
analogous to BHE for the lower byte of the data bus, pins D7-Dy. It
is LOW during T1 when a byte is to be transferred on the lower
portion of the bus in memory or I/0 operations. Eight-bit oriented
devices tied to the lower half would normally use Ag to condition
chip select functions. (See BHE.) These lines are active HIGH and
float to 3-state OFF(1) during interrupt acknowledge and local bus
“hold acknowledge.”

A19/Se, 35-38 (o} ADDRESS/STATUS: During T4 these are the four most significant
A4g/Ss, address lines for memory operations. During 1/0 operations
A17/84, these lines are LOW. During memory and 1/0 operations,

A16/S3 status information is available on these lines during Ty, T3, Tw,

and T4. The status of the interrupt enable FLAG bit (Ss) is updated
at the beginning of each CLK cycle. A17/S4 and A1g/Sg3 are
encoded as shown.

This information indicates which relocation register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during local bus “hold

acknowledge.”
A17/S4 A16/S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
Sgis 0
(LOW)
BHE/S7 34 0} BUS HIGH ENABLE/STATUS: During T4 the bus high enable signal

(BHE) should be used to enable data onto the most significant half
of the data bus, pins D15-Dg. Eight-bit oriented devices tied to the
upper half of the bus would normally use BHE to condition chip
select functions. BHE is LOW during T for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the high
portion of the bus. The Sy status information is available during To,
T3, and T4. The signal is active LOW, and floats to 3-state OFF(1) in
“hold.” It is LOW during Ty for the first interrupt acknowledge cycle.

BHE Ao Characteristics
0 0 Whole word
0 1 Upper byte from/
to odd address
1 ) Lower byte from/
to even address
1 1 None
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Table 1. Pin Description (Continued)

Symbol

" Pin No.

_ Type

Name and Function

RD

32

0]

READ: Read strobe indicates that the processor is performing a
memory of I/0 read cycle, depending on the state of the S pin.

‘This signal is used to read devices which reside on the 80C86A

local bus. RD is active LOW during T, T3 and Ty of any read cycle,
and is guaranteed to remain HIGH in T until the 80C86A local bus
has floated.

This floats to 3-state OFF in “hold acknowledge.”

READY

22

READY: is the acknowledgement from the addressed memory or
1/0 device that it will complete the data transfer. The READY signal
from memory/10 is synchronized by the 82C84A Clock Generator
to form READY. This signal is-active HIGH. The 80C86A READY
input is not synchronized. Correct operation is not guaranteed if the
setup and hold times are not met. '

INTR

18

INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table
located in system memory. It can be internally masked by software
resetting the interrupt enable bit. INTR is internally synchronized.
This signal is active HIGH.

23

TEST: input is examined by the “Wait” instruction. If the TEST input
is LOW execution continues, otherwise the processor waits in an
“Idle” state. This inputis synchronized internally during each clock
cycle on the leading edge of CLK.

NMI

17

NON-MASKABLE INTERRUPT: an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via an
interrupt vector lookup table located in system memory. NMI is not
maskable internally by software. A transition from a LOW to HIGH
initiates the interrupt at the end of the current instruction. This input
is internally synchronized.

~ RESET

21

RESET: causes the processor to immediately terminate its present
activity. The signal must be active HIGH for at least four clock
cycles. It restarts execution, as described in the Instruction Set
description, when RESET returns LOW. RESET is internally
synchronized.

CLK

19°

CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

Vee

40

Vee: +5V power supply pin.

GND

1,20

GROUND: Both must be connected.

MN/MX

33

MINIMUM/MAXIMUM: indicates what mode the processor is to
operate in. The two modes are discussed in the following sections.

2-33




lnte[ 80C86A

Table 1. Pin Description (Continued)

The following pin function descriptions are for the 80C86A/82C88 system in maximum mode (ie.,
MN/MX= Vsg). Only the pin functions which are unique to maximum mode are described; all other pin func-
tions are as described above.

Symbol Pin No. Type Name and Function

S5,51,. S0 26-28 o] STATUS: active during T4, T1, and T2 and is returned to the passive
state (1,1,1) during T3 or during Ty when READY is HIGH. This
status is used by the 82C88 Bus Controller to generate all memory
and 1/0 access control signals. Any change by S, S7, Sg during T4
is used to indicate the beginning of a bus cycle, and the return to the

passive state in T3 or Tyy is used to indicate the end of a bus cycle.

These signals float to 3-state OFF(1) in “hold acknowledge.” These
status lines are encoded as shown.

S, S5 So Characteristics
0 (LOW) 0 0 Interrupt
Acknowledge

0 0 1 Read I/0 Port

0 1 0 Write 1/0 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
_R_C_)/__To, 30, 31 1/0 | REQUEST/GRANT: pins are used by other local bus masters to
RQ/GT; : force the processor to release the local bus at the end of the

processor’s current bus cycle. Each pin is bidirectional with RQ/GTq
having higher priority than RQ/GT4. RQ/GT has an internal pull-up
resistor so may be left unconnected. The request/grant sequence is
as follows (see timing diagram):

1. A pulse of 1 CLK wide from another local bus master indicates a
local bus request (“‘hold”) to the 80C86A (pulse 1).

2. During a T4 or T4 clock cycle, a pulse 1 CLK wide from the
80C86A to the requesting master (pulse 2), indicates that the
80C86A has allowed the local bus to float and that it will enter the
“hold acknowledge” state at the next CLK. The CPU’s bus interface
unit is disconnected logically from the local bus during “hold
acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the
80C86A (pulse 3) that the “hold” request is about to end and that
80C86A can reclaim the local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus exchange.
Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it
will release the local bus during T4 of the cycle when all the following
conditions are met:

1. Request occurs on or before To.

2. Current cycle is not the low byte of a word (on an odd address).
3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executing.

2-34



80C86A

Table 1. Pin Description ‘(Continued)

Symbol

Pin No.

Type

Name and Funciion

If the local bus is idle when the request is made the two possible
events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1 already
satisfied.

LOCK

29

LOCK: output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK
signal is activated by the “LOCK? prefix instruction and remains
active until the completion of the next instruction. This signal is active
LOW, and floats to 3-state OFF(1) in ““hold acknowledge.”

QS4, QSy

24,25

QUEUE STATUS: The queue status is valid during the CLK cycle
after which the queue operation is performed.

QS4 and QS provide status to allow external tracking of the internal
80C86A instruction queue.

QsS4 - QS 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 for the 80C86A in minimum mode (ie., MN/MX= Vcc). Only the
pin functions which are unique to minimum mode are described; all other pin functions are described above.

ol

M/

+ 28

o)

STATUS LINE: logically equivalent to Sz in the maximum mode. It
is used to distinguish a memory access from an 1/0 access. M/10
becomes valid in the T4 preceding a bus cycle and remains valid
until the final T4 of the cycle (M= HIGH, IO = LOW). M/10 floats to
3-state OFF(1) in local bus “hold acknowledge.”

29

or write 1/0 cycle, depending on the state of the M/10 signal. WR is
active for To, T3 and Ty of any write cycle. It is active LOW, and

| floats to 3-state OFF(1) in local bus “hold acknowledge.”

WRITE: indicates that the processor is performing a write memory '

24

INTA is used as a read strobe for interrupt acknowledge cycles. It is
-active LOW during T, Tg and Tyy of each interrupt acknowledge
‘cycle.

ALE

25

ADDRESS LATCH ENABLE: provided by the processor to latch -
the address into an address latch. It is a HIGH pulse active during
T4 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: needed in minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically DT/R is
equivalent to Sy in the maximum mode, and its timing is the same
as for M/10. (T =HIGH, R=LOW.) This signal floats to 3-state
OFF(1) in local bus “hold acknowledge.”
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

DEN

26

0]

DATA ENABLE: provided as an output enable for the transceiver in
a minimum system which uses the transceiver. DEN is active LOW
during each memory and 1/0 access and for INTA cycles. For a
read or INTA cycle it is active from the middle of T, until the middle
of T4, while for a write cycle it is active from the beginning of To
until the middle of T4. DEN floats to 3-state OFF(1) in local bus
“hold acknowledge.” ‘

HOLD,
HLDA

31,30

1’0

HOLD: indicates that another master is requesting a local bus
“hold.” To be acknowledged, HOLD must be active HIGH. The
processor receiving the “hold” request will issue HLDA (HIGH) as
an acknowledgement in the middle of a T4 or T; clock cycle.
Simultaneous with the issuance of HLDA the processor will float the
local bus and control lines. After HOLD is detected as being LOW,

setup time.

the processor will LOWer the HLDA, and when the processor
needs to run another cycle, it will again drive the local bus and
control lines.
The same rules as for RQ/GT apply regarding when the local bus
will be released.

HOLD is not an asynchronous input. Externial synchronization
should be provided if the system cannot otherwise guarantee the

NOTE:
1. See the section on Bus Hold Circuitry.

FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C86A circuitry is of static design. Internal regis-
ters, 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 CMOS
80CB86A can operate from DC to the appropriate up-
per frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C86A can be single stepped using only the
CPU clock. This state can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion. In a power critical situation, this can provide
extremely low power operation since 80C86A power
dissipation is directly related to operating frequency.
As the system frequency is reduced, so is the oper-
ating power until, ultimately, at a DC input frequency,
the 80C86A power requirement is the standby cur-
rent.

INTERNAL ARCHITECTURE

- The internal functions of the 80C86A processor are

partitioned logically into twoc processing units. The
first is the Bus Interface Unit (BIU) and the second is
the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

. These units can interact directly but for the most
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part perform as separate asynchronous operational
processors. The bus interface unit provides the func-
tions related to instruction fetching and queuing, op-
erand fetch and store, and address relocation. This
unit also provides the basic bus control. The overlap
of instruction pre-fetching provided by this . unit
serves to increase processor performance through
improved bus bandwidth utilization: Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces ‘““dead time” on the
memory bus. The queue acts as a First-In-First Out
(FIFO) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU.
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80C86A
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. Memofy references relative to BP

: base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
‘ _operation, or explicitly overridden. '
External (Global) Data | - EXTRA (ES) Destination of string operations: Explicitly selected using a
‘ segment override. ~

The .execution units receives pre-fetched instruc-
tions from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passed through the BIU for processing by the
EU, which passes results to the BIU for storage. See
the Instruction Set description for further register set
and architectural descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64k bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.) -

——— FFFFFH
64 KB CODE SEGMENT
» XXXXOH
[ 'g STACK SEGMENT
+ OFFSET
SEGMENT .
REGISTER FILE DATA SEGMENT
EXTRA DATA SEGMENT
et 00OO0OH

240029-3

Figure 3a. Memory Organization
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All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in.one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries and are thus. not con-
strained to even boundaries as is-the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the
lower valued address location and the most signifi-
cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on-an odd byte
boundary. Except for the performance penaity, this
double access is transparent to the software. This
performance penalty does not occur for instruction
fetches, only word operands.

Physically, the memory is organized as a high bank
(D1s-Dg) and a low bank (D7-Dg) of 512k 8-bit
bytes addressed in parallel by the processor’s ad-
dress lines. ’ : '

Aq9-Aq. Byte data with even addresses is trans-
ferred on the D7-Dg bus lines while odd addressed
byte data (Ag HIGH) is transferred on the D15—De
bus lines. The processor provides two enable sig-
nals, BHE and Ay, to selectively ‘allow reading from
or writing into either an odd byte location, even byte
location, or both. The instruction stream is fetched
from memory as words and is addressed internally
by the processor to the byte level as necessary.

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the
starting byte of the word is on an even or odd ad-
dress, respectively. Consequently, in referencing
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word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt pro-
cessing or task multiplexing.

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b.) Locations from ad-
dress FFFFOH through FFFFFH are reserved for op-
erations including a jump to the initial program load-
ing routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the jump
must be. Locations 00000H through 003FFH are re-
served for interrupt operations. Each of the 256 pos-
sible interrupt types has its service routine pointed to
by a 4-byte pointer element consisting of a 16-bit
segment address and a 16-bit offset address. The
pointer elements are assumed to have been stored
at the respective places in reserved memory prior to
occurrence of interrupts.

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH
3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
.
N 4
- .
1 T
.
H
INTERRUPT POINTER
FOR TYPE 1 o
INTERRUPT POINTER | o1
FOR TYPE 0
OH
2400294

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80CB86A systems are sufficiently different that
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they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C86A is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pins changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
B80CB6A treats pins 24 through 31 in maximum
mode. An 82C88 bus controller interprets status in-
formation coded into Sg, S1, Sa to generate bus tim-
ing and control signals compatible with the MULTI-
BUS® architecture. When the MN/MX pin is
strapped to Vg, the 80C86A generates bus control
signals itself on pins 24 through 31, as shown in
parentheses in Figure 2. Examples of minimum
mode and maximum mode systems are shown in
Figure 4.

BUS OPERATION

The 80C86A has a combined address and data bus
commonly referred to as a time multiplexed bus.
This technique provides the most efficient use of
pins on the processor. This “local bus” can be buff-
ered directly and used throughout the system with
address latching provided on memory and I/0 mod-
ules. In addition, the bus can also be demultiplexed
at the processor with a single set of address latches
if a standard non-multiplexed bus is desired for the
system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T4, T2, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “Wait” states (Ty) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C86A bus cycles. These are
referred to as “Idle” states (T;j) or inactive CLK cy-
cles. The processor uses these cycles for internal
housekeeping.

During T4 of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.
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Figure 4a. Minimum Mode iAPX 80C86A Typical Configuration
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Figure 4b. Maximum Mode 80C86A Typical Configuration
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Figure 5. Basic System Timing

Status bits Sp, Sy, and S, are used, in maximum
mode, by the bus controller to identify the type of
bus transaction according to the following table:

S, Sy | So Characteristics
0 (LOwW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 | WriteI/0
0 1 1 Halt
1 (HIGH) 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (no bus cycle)

 Status bits S3 through S7 are multiplexed with high-
order address bits and the BHE signal, and are

2-40

therefore valid during T through T4. S3 and Sy indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the
address, according to the following table:

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

S5 is a reflection of the PSW interrupt enable bit.
Sg=0 and Sy is a spare status pin.
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I/0 ADDRESSING

In the 80CB86A, 1/0 operations can address up to a
maximum of 64k 1/0 byte registers or 32k 1/0 word
registers. The I/0 address appears in the same for-
mat as the memory address on bus:lines A15-Ao.
The address lines A1g—A1g: are zero in |/O opera-
tions. The variable 1/0 instructions which use regis-
ter DX as a pointer have full-address capability while
thedirect 1/0 instructions - directly address one or
two of the 256:1/0 byte locations in page 0 of the
1/0 address space. :

1/0 ports are addressed in the same manner as
memory locations. Even addressed bytes are trans-
ferred on the D7-Dp bus lines and odd addressed
bytes on D15-Dg. Care must be taken to assure that
each register within -an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C86A RESET is required to be HIGH for four or
more CLK cycles. The 80C86A will terminate opera-
tions on the high-going edge of RESET and will re-
main dormant as long as RESET is HIGH. The low-

initialization the HIGH-to-LOW transition of RESET
must occur no sooner than 50 us after power-up, to
allow complete initialization of the 80C86A.

NMI asserted prior to the 2nd clock after the end of

- RESET will not be honored. If NMI is asserted after

going transition of RESET triggers an internal reset -

sequence for approximately 7 CLK cycles. After this
interval the 80C86A operates normally beginning
with the instruction in absolute location FFFFOH
(see Figure 3b). The details of this operation are
specified in the Instruction Set description of the
MCS®-86 Family User's Manual. The RESET input is
internally synchronized to the processor clock. At

that point and during the internal reset sequence,
the processor may execute one instruction:before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1). ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.

BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and eliminate the need for
pull-up/down resistors, “bus-hold” circuitry has
been used on the 80C86A 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 pres-
ent (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 350 wA 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 cur-
rent is negligible and power dissipation is significant-
ly reduced when compared to the use of passive
pull-up resistors.

“PULL-UP/PULL-DOWN"

2 BOND
PAD

_JOuTPUT
DRIVER

EXTERNAL
PIN

X

INPUT
PROTECTION
CIRCUITRY

INPUT
BUFFER!

240029-8

Input Buffer exists only on 1/0 pins

“PULL-UP”

EXTERNAL
PIN

o BOND
PAD

INPUT
PROTECTION|
CIRCUITRY

240029-9

Input Buffer exists only on I/0 pins

Figure 6a. Bus hold circuitry pin 2-16, 34-39.
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Figure 6b. Bus hold circuitry pin 26-32.
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INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations O through 3FFH
(see Figure 3b), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type”. An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to “‘vec-
tor” through the appropriate element to the new in-
terrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin (NMI) which has higher priority than the
maskable interrupt request pin (INTR). A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW-to-HIGH transition.
The activation of this pin causes a type 2 interrupt.
(See Instruction Set description.) NM! is required to
have a duration in the HIGH state of greater than
two CLK cycles, but is not required to be synchroniz-
ed to the clock. Any high-going transition of NMI is
latched on-chip and will be serviced at the end of the
current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide and variable shift in-
structions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMi. Another high-
going edge triggers another response if it occurs af-
ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the-low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80C86A provides a single interrupt request input
(INTR) which can be masked internally by software
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with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction.

During the response sequence (Figure 7) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 80C86A emits the
LOCK signal from T2 of the first bus cycle until T of
the second. A local bus “hold” request will not be
honored until the end of the second bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 82C59 PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
when it restores the FLAGS.

HALT

When a software “HALT” instruction is executed the
processor indicates that it is entering the “HALT”
state in one of two ways depending upon which
mode is strapped. In minimum mode, the processor
issues one ALE with no qualifying bus control sig-
nals. In Maximum Mode, the processor issues ap-
propriate HALT status on Sp, S1 and Sp and the
82C88 bus controller issues one ALE. The 80C86A
will not leave the “HALT” state when a local bus
“hold” is entered while in “HALT”. In this case, the
processor reissues the HALT indicator. An interrupt
request or RESET will force the 80C86A out of the
“HALT” state.
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Figure 7. Interrupt Acknowledge Sequence

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
required during the execution of an instruction. This
provides the processor with the capability of per-
forming read/modify/write operations on. memory
(via the Exchange Register With Memory instruction,
for example) without the possibility of another sys-
tem bus master receiving intervening memory cy-
cles. This is useful in mutliprocessor system configu-
rations to accomplish “test and set lock” operations.
The LOCK signal is activated (forced LOW) in the
clock cycle following the one in which the software
“LOCK” prefix instruction is decoded by the EU. ltis
deactivated at the end of the last bus cycle of the
instruction following the “LOCK” prefix instruction.
While LOCK is active a request on a RQ/GT pin will
be recorded and then honored at the end of the
LOCK. . oo

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general /0
capabilities, the 8B0C86A provides a single software-
testable input known as the TEST signal. At any time
the program may execute a WAIT instruction. If at
that time the TEST signal is inactive (HIGH), pro-

2-43

gram execution becomes suspended while the proc-
essor waits for TEST to become active. It must re-
main active for at least 5 CLK cycles. The WAIT in-
struction is re-executed repeatedly until that time.
This activity does not consume bus cycles. The
processor remains in an idle state while waiting. All
80C86A drivers go to 3-state OFF if bus “Hold” is
entered. If interrupts are enabled, they may occur
while the processor is waiting. When this occurs the
processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches
and re-executes the WAIT instruction upon returning
from the interrupt. ‘ '

BASIC SYSTEM TIMING

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to Vg and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-
ed status information which the 82C88 bus control-
ler uses to generate MULTIBUS compatible bus
control signals. Figure 5 illustrates the signal timing
relationships.
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Figure 8. 80C86A Register Model

SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into a latch. The BHE and Ag signals ad-
dress the low, high, or both bytes. From T to T4 the
M/10 signal indicates a memory or |/O operation. At
To the address is removed from the local bus and
the bus goes to a high impedance state. The read
control signal is also asserted at T». The read (RD)
signal causes the addressed device to enable its
data bus drivers to the local bus. Some time later

valid data will be available on the bus and the ad-

vanu Gawa oe avanaoie O T DuUS &l

dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 80C86A local bus, signals DT/R and DEN are
provided by the 80C86A.

A write cycle also begins with the assertion of ALE
and the emission of the address. The M/IO signal is
-again asserted to indicate a memory or I/O write
operation. In the To immediately following the ad-
dress emission the processor emits the data to be
written into the addressed location. This data re-
mains valid until the middle of T4. During To, T3, and
Tw the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of To as opposed to the read which is delayed
somewhat into T» to provide time for the bus to float.

The BHE and Aq signals are used to select the prop-
er byte(s) of the memory/IO word to be read or writ-
w1 according to the following table:
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O O|X
m|

Characteristics

Whole word
Upper byte from/
to odd address
Lower byte from/
to even address
None

1
1

1/0 ports are addressed in the same manner as
memory location. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15-Dsg.

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge signal (INTA) is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 7.) In the second of two successive
INTA cycles, a byte of information is read from bus
lines D7-Dg as supplied by the interrupt system log-
ic (i.e., 82C59A Priority Interrupt Controller). This
byte identifies the source (type) of the interrupt. It is
multiplied by four and used as a pointer into an inter-
upt vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgg and the 82C88 Bus Controller is add-
ed to the system as well as a latch for latching the
system address, and a transceiver to allow for bus
loading greater than the 80C86A is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 82C88 instead of the processor in this config-
uration although their timing remains relatively the
same. The 80C86A status outputs (Sa, S1, and Sp)
provide type-of-cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or I/0), write (data or 1/0), inter-
rupt acknowledge, or software halt. The 82C88 thus
issues control signals specifying memory read or
write, 1/0 read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence data isn’t
valid at the leading edge of write. The transceiver
receives the usua! T and OE mputs from the 82C88
DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A Priority Inter-
rupt Controller is positioned on the local bus, a TTL
gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “poll”.
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ABSOLUTE MAXIMUM RATINGS*

NOTICE: This is a production data sheet. The specifi--
cations are subject to change without notice.

Sumlgh\iglst:ggt to ground) —0.51t0 7.0V *WARNING: Stressing the device beyond the “Absolute
T ’ ’ Maximum Ratings”-may cause . permanent damage.
Input Voltage Applied These are stress. ratings only. Operation beyond the
(w.rt.ground) ........ e —0.5to Vg + 0.5V “Operating Conditions” is not recommended and ex-
Output Voltage Applied ! tended exposure beyond the “Operating Conditions”
(w.rt.ground) ............. —051t0Vgg + 0.5V may affect device reliability.
Power Dissipation.......................... 1.0W
Storage Temperature. .........:..—65°Cto 150°C
Ambient Temperature Under Bias ... ... 0°Cto 70°C
D.C. CHARACTERISTICS
(Ta = 0°C to 70°C, Vgg = 5V £5%)
Symbol Parameter 80C86A-2 Units Test Conditions
Min Max
ViL Input Low Voltage —0.5 +0.8 \
ViH Input High Voltage 2.0 \
(All inputs except clock)
VcH Clock Input High Voltage Vcc—0.8 Vv
VoL Output Low Voltage 0.45 \') loL = 25 mA
VoH Output High Voltage 3.0 \" loH = —2.5mA
‘ Vgo—0.4 loy = —100 pA
lcc Power Supply Current 10 mA/MHz ViL = GND, Viy = Vo
lccs Standby Supply Current 500 RA ViN = Vgc or GND
Outputs Unloaded
CLK = GND or Vcg
I Input Leakage Current +1.0 pA | OV<VN<Vee
IBHL Input Leakage Current 50 400 pA ViN = 0.8V
(Bus Hold Low) (Note 4)
IBHH Input Leakage Current —50 —400 MA ViN = 3.0V
(Bus Hold High) (Note 5)
IBHLO Bus Hold Low Overdrive 600 pA | (Note2)
IBHHO Bus Hold High Overdrive —600 nA (Note 3)
Lo Output Leakage Current +10 pA Vout = GND or Voo
CiN Capacitance of Input Buffer 5 pF (Note 1)
(Allinputs except
ADg-AD15, RQ/GT)
Cio Capacitance of 170 Buffer 20 pF (Note 1)
(ADg-ADq5, RQ/GT) '
Cout Output Capacitance 15 pF (Note 1)
NOTES:

1. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vjy at +5.0V or GND.
2. An external driver must source at least IgH o to switch this node from LOW to HIGH.

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

4. Test Condition is to lower V to GND and then raise V| to 0.8V on pins 2-16 & 34-39.

5. Test Condition is to raise V| to Vcc and then lower Vy to 3.0V on pins 2-16, 26-32 & 34-39.
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A.C. CHARACTERISTICS
(T = 0°Cto 70°C, Vcc = 5V £5%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter 80C86A-2 Units c T:.f.t
Min Max onditions
TCLCL CLK Cycle Period 125 D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 ns
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time 35 ns
into 82C84A
(Notes 1, 2)
TCLR1X RDY Hold Time 0 ns
into 82C84A
(Notes 1, 2)
TRYHCH READY Setup 68 ns
Time into 80C86A
TCHRYX READY Hold Time 20 ns
into 80C86A
TRYLCL READY Inactive to -8 ns
CLK (Note 3)
THVCH HOLD Setup Time 20 ns
TINVCH INTR, NMI, TEST 15 ns
Setup Time
(Note 2)
TILIH Input Rise Time 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 ns From 2.0V to 0.8V
(Except CLK)
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intel - 80C86A

.A.C. CHARACTERISTICS (Continued)
(Ta = 0°Cto 70°C; VoG = 5V +5%)

Timing Responses

80C86A-2 Test

Symbol Par'ameter o — Units Conditions

TCLAV Address Valid Delay 10 60 ns

TCLAX Address Hold Time 10 ns

TCLAZ Address Float TCLAX ) 50 ns
Delay

© TLHLL ALE Width TCLCH-10 ns

TCLLH ALE Active Delay 50 ns

TCHLL ALE Inactive Delay 55 ! ns

TLLAX Address Hold Time TCHCL—-10 ns
to ALE Inactive

TCLDV Data Valid Delay 10 60 ns

TCHDX Data Hold Time 10 ns

TWHDX Data Hold Time TCLCH-30 ns
After WR

TCVCTV Control Active 10 70 ns
Delay 1

TCHCTV Control Active 10 60 ns
Delay 2 ‘

TCVCTX Control Inactive 10 70 ns

. Delay

TAZRL Address Float to 0 ns
READ Active

TCLRL RD Active Delay 10 100 ns

TCLRH RD Inactive Delay 10 80 ns

TRHAV RD Inactive to Next TCLCL—40 ns
Address Active

TCLHAV HLDA Valid Delay 10 100 ns

TRLRH RD Width 2TCLCL—-50 ns

TWLWH WR Width 2TCLCL—40 ns

TAVAL Address Valid to TCLCH—40 ns
ALE Low

- TOLOH Output Rise Time 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 ns From 2.0V to 0.8V

NOTES: :
1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications.
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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80C86A

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT / OUTPUT

2.4
x 1.5

0.45

240029-12

A.C. Testing inputs are driven at 2.4V for a logic ““1” and 0.45V
for a logic “‘0”. Timing measurements are made at 1.5V.

DEVICE
UNDER
TEST

10L=100pF

240029-14

Cy Includes Jig Capacitance

WAVEFORMS

MINIMUM MODE

T T2 T3 Tw Ta
TCLCL TCH1CH2-] | TCL2CL1 /
Veu
awammomn £ X [\ S N
<l reHerv TCHCL le— TCLCH —
Wio X ‘
TCLAV-+| | retaxd] TeLoy TCHDX
BHEIST, A1p/Se-Are/Sa BHE, A1p-Ase $7-S3
TCLLH—= - TLH Lﬁ TLLAX
//. -
ALE K
S e
—>| TAVAL |eT
TCHLL— l— - TRIVCL
Vin —
RDY (82C84A Input)
SEE NOTE 4 Vi Pt
TRYLCL—>|  [+—
( TN l/
READY (8086 Input) { TR 1 e enarx
TLLAX—=] fe—
TCLAV—| — [+-TCLAZ [;——-—TDVCL——-——tcLDx
= le-TCLAX :
- ' A1s-AD( DATA IN
AD45-ADg 15-ADo TLOAT TLORT
TAZRL—>| |- TCLRH—>] TRHAV.
RD A
REA
EAD CYCLE —| TCHCTV TCLRL 1 ] TRLRH «—TCHCTV
(NOTE 1)
(WR, INTA = Von) DTIR )
TCVCTV—+| TCVCTX —|
DEN
240029-13
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lntel 80C86A
WAVEFORMS (Continued)
. i
MINIMUM MODE (Continued)
T T2 T3 Tw Ta
Von [+——— TCLCL ——={TCHICH2 TeL2CLt
CLK(82C84A Output) /' N 7 N g /-/ R )‘ \
- 2t vencrv TcHeL e TeLcH |
wIio X
—[Tcip
TCLAV-~ ToLaxal TCHDX | -
BHEIS7, Aw/Se-Are/Ss BHE, Avg-Are $1-53
TCLLH— TLHLL TLLAX
Vot
ALE .
TAVAL = J R
TCHLL—] L
n:an»
TCLAV ~| Tc,_ o TCHDX —|
AD15-ADg Dw-ADo DATA OUT
TAVAL [~ TWHDX
TCveTv. ]
WRITE CYCLE -l TLLAX l— — chch
_(NOTE D] DEN
(RD, iNTA,
0T/ =Von) TCVETV—|  |o—
TWLWH
A ‘k Vi
TOVCTX— |
— TCLAZ
\J‘ Ftova—-
ADys-ADg
15 ), onT POINTER
— - TCHCTV
INTA CYCLE DTR :
(NOTES 189 -
D, Wh = Von TOVCTV—|  |o—
BRE=Vou)
iNTA .
TeveTy— TCVCTX—~
DEN
SOFTWARE HALT—
RD, W, INTA = Vo INVALID ADDRESS SOFTWARE HALT
DT/R = INDETERMINATE TCLAV -

240029-15

NOTES:

1. All output timing measurements are made at 1.5V unless otherwise noted.
2. RDY is sampled near the end of Ty, T3, Tw to determine if Ty machines states are to be inserted.

3. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both:INTA cycles. Control

signals shown for second INTA cycle.
4. Signals at 82C84A are shown for reference only.
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80C86A

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 80C86A-2 Units c T:.f.t
Min Max onditions
TCLCL CLK Cycle Period 125 D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CLA CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 ns
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84A 35 ns
(Notes 1, 2)
TCLR1X RDY Hold Time into 82C84A 0 ns
(Notes 1, 2)
TRYHCH READY Setup Time into 80C86A 68 ns
TCHRYX READY Hold Time into 80C86A 20 ns
TRYLCL READY Inactive to -8 ns
CLK (Note 4)
TINVCH Setup Time for Recognition 15 ns
(INTR, NMI, TEST)
(Note 2)
TGVCH RQ/GT Setup Time 15 ns
TCHGX RQ Hold Time into 80C86A 30 ns
TILIH Input Rise Time 15 ns From 0.8V to 2.0V
(Except CLK) (Note 5)
TIHIL Input Fall Time 15 ns From 2.0V to 0.8V
(Except CLK) (Note 5) :
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80C86A
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter Mai:c“A 2 Méx Units c orT«?l?ltons
TCLML Command Active 5 35 ns
Delay (Note 1)
TCLMH Command Inactive 5 35 ns
Delay (Note 1)
TRYHSH READY Active to 65 ns
Status Passive (Note 3)
TCHSV Status Active Delay 10 60 ns
TCLSH Status Inactive Delay 10 70 ns
TCLAV Address Valid Delay 10 60 ns
TCLAX Address Hold Time 10 ns
TCLAZ Address Float Delay TCLAX 50 ns
TSVLH Status Valid to ALE High (Note 1) 20 ns
TSVMCH Status Valid to 30 ns
MCE High (Note 1)
TCLLH CLK Low to ALE Valid (Note 1) 20 ns
TCLMCH CLK Low to MCE High (Note 1) 25 ns
TCHLL ALE Inactive Delay (Note 1) 4 18 ns
TCLDV Data Valid Delay 10 60 ns
TCHDX Data Hold Time 10 ns
TCVNV Control Active Delay (Note 1) 5 45 ns
TCVNX Control Inactive Delay (Note 1) 10 45 ns
TAZRL Address Float to Read Active 0 ns
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay 10 80 ns
TRHAV RD Inactive to TCLCL—40 - ns
Next Address Active
TCHDTL | Direction Control 50 ns
Active Delay (Note 1) . .
TCHDTH Direction Control 30 ns
Inactive Delay (Note 1)
TCLGL GT Active Delay 0 50 ns
TCLGH GT Inactive Delay 0 50 ns
TRLRH RD Width 2TCLCL—-50 ns
TOLOH Output Rise Time 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 ns From 2.0V to 0.8V
NOTES: :

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states.
4. Applies only to T2 state (8 ns into T3).
5. These parameters are characterized and not 100% tested.
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80C86A

A.C. TESTING INPUT, OUTPUT

WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT / OUTPUT

2.4
X

0.45

A.C. Testing inputs are driven at 2.4V for a |

a logic “0”. Timing measurements are made at 1.5V

240029-16
ogic “1” and 0.45V for

WAVEFORMS

MAXIMUM MODE

DEVICE
UNDER
TEST

|
I

Cy = 100 pF

240029-17

v Cy Includes Jig Capacitance

N i T2 Ta Ta
TCHICH2 TCL2cL g,
TCLCL ——— hd
e 1;_‘:[ R
N B N S I A U S\
veL
TCLAV~ TCHEL e TCLCH ]
XXX C
TCHSV —=|  }eTCLSH
» < ——————
§2.51.50 (EXCEPT HALT) K Vi /(sss NOTE 7) \
| WO
— ToLav | Tctov TCHOX —|
BHE/Sy, A1p/Se-A19/S3 BHE, Arg-Aqs $1-8g
TSVLH— i
TCLLH+] TCHLL
-
ALE (82C88 OUTPUT) /o
/. ———
SEE NOTE S le—TRIVCL
-~
RDY (82C84 INPUT) \t BN
et .
= TCLRIX
TRYLC —
l ]
READY (80C86 INPUT) = 4— TCHRYX
I TRYHSH —=| o
—>| TCLAX|<—
] ~=| TRYHCH |
TCLAV —{TcLAZ TDVCL ———={= TCLDX —|
ADy35-ADg A15-ADo DATAIN
FLOAT
TAZRL—| [+~ TRHAV
R —
w X /
+ TRALRH :
TCHOTL —| |- TCLRL Prcunm
oTR \
‘ TCLML -] { N .
8CHOUTPUTS | Lo
SEENOTES 5,8 | 100 OF
TCVNV—=|  [l=—
DEN
TCVNX—=|  |o—

240029-18

2-52
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WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

T, T, T T,

VCH " Ty
) S Wy W o N
vcL \— N N/ :
TCHSV | ] I-—TCLSH
§,,5,,5, (EXCEPT HALT) W (NOTE7) 'y
WRITE CYCLE . TCLAV -~ [ Tciov . TCHDX
AD,;-AD, AD,s-AD, DATA
‘ TCVNV ' ]
DEN ¢ ; ( TCVNX
— TCLML TCLMH : o
82C88 OUTPUTS
NOTES 5,6 | AMWC OR AIOWC
— TCLML — TCLMH
MWTC OR IOWC ' :——-n
RESERVED FOR
INTA CYCLE CASCADE ADDR

AD¢5-ADg FLOAT e

NOTES 3.4 FLOAT \—

- - TCLDX

AD,-AD, POINTER {

15 FLOAT FLOAT \=

TSVMCH—| |t CuX -

( MCE/ ‘.
PDEN TCLMCH TCHDTL TCHDTH

oT/R T , ) ; .
82C88 OUTPUTS TCLML—+

NOTES 5,6 | INTA

— TCLMH

—\ [~ TCVNV
\ DEN
TCVNX —+
SOFTWARE HALT —
(DEN = V,, ;RD,MRDC,IORC,MWTC,AMWC,
iOWC, AIOWC,INTA, = V,,) AD,,-AD, INVALID ADDRESS
TCLAV —|

o , — ==
§,5,5, \ _/ \mm e

240029-19

NOTES:

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

2. RDY is sampled near the end of Ty, T3, Ty to determine if Ty 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 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle. |

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

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC,
lags the active high 82C88 CEN.

7. Status inactive in state just prior to T4.

>

IOWC, INTA and DEN)
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Inter 80C86A

WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

INTR

SIGNAL X

ok \ T \
NMI ] —{ |+ TINVCH (see note)

TEST
240029-20

NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK.

BUS LOCK SIGNAL TIMING RESET TIMING

(MAXIMUM MODE ONLY)

i‘———— 250 useC————————|
ANY CLK CYCLE ANY CLK CYCLE -

- o N I 4
cLk

TcLav TCLAV e : : _\_
TCLDX L‘-—
LOCK . TOVCL
RESET ik

240029-21

24 CLK CYCLES
240029-22

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK 20 CLK

CYCLE CYCLE
YO |
CLK

-~ = 2TCLCL

TCLGH‘ TCLCL TGVCH 6L TCLGH /f_\d
ML TCHGX

RQ/IGT / \k puLse 1 / \IPULSE V4 '

PREVIOUS COPROCESSOR ToLAZ COPROCESSOR
GRANT . ARG RELEASE
AD;-AD, -
A19/Se-A16/S;y 80C86A COPROCESSOR 80C86A
55,5  — "
RD, LOCK (SEE NOTE)

BHE/S,
240029-23

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention.
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Inter 80CB6A

WAVEFORMS (Continued)
HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

> 1 CLK CYCLE 1 OR 2 CYCLES
—
Jh{ﬁ/jk_f\_
THVCH e THVCH -
e — .
S e
— Fcuuv : -l TCLHAV
. ]
HLDA
oy
AD,5-AD,, —=| —TcLAZ !
%E,'sﬂ"ls_m 80C86 COPROCESSOR )L@
BHE/S;, M/IO, ¢ -
DT/R, WR, DEN ibeEboha
Table 2. Instruction Set Summary
MS:’;L’:{:&::‘“’ Instruction Code
DATA TRANSFER ’ ’
MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register** | 100010dw | mod reg r/m ]
Immediate to Register/Memory [ 1100011w | mod 000r/m | data | dataifw = 1 |
Immediate to Register [ 1011w reg | data | dataifw = 1 |
Memory to Accumulator [ 1010000w | addr-low | addr-high |
Accumulator to Memory [ 1010001 w | addr-low | addr-high |
Register/Memory to Segment Register** [ 10001110 | mod 0 reg r/m |
Segment Register to Registet/Memory [ 10001100 | modOregr/m |
PUSH = Push: '
Register/Memory [ 11111111 T mod 110r/m |
Register
Segment Register
POP = Pop:
Register/Memory [ 10001111 | mod000r/m |
Regitr
Segment Register
XCHG = Exchange: !
Register/Memory with Register ' | 1000011 w | mod reg r/m ]
Register with Accumulator .
IN = Input from: ’ '
Fixed Port [ 1110010w | port ] -
Variable Port
OUT = Output to: : :
Fixed Port [ 1110011w .| port .. |
Variable Port
XLAT = Translate Byte to AL
LEA = Load EA to Register | 100011071 | mod reg r/mi |
LDS = Load Pointer to DS [ 11000101 | mod reg r/m |
LES = Load Pointer to ES [ 11000100 I modregr/m - - |
LAHF = Load AH with Flags B
SAHF = Store AH into Flags R
PUSHF = Push Flags ‘
POPF = Pop Flags
2
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80C86A

Table 2. Instruction Set Summary (Continued)

Mnemonic and
Description

Instruction Code

ARITHMETIC
ADD = Add:

Reg./Memory with Register to Either
Immediate to Register/Memory’

Immediate to Accumulator

ADC = Add with Carry:
Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

INC = Increment:
Register/Memory

Register

AAA = ASCII Adjust for Add

DAA = Decimal Adjust for Add
SUB = Subtract:

Reg./Memory and Register to Either
Immediate from Register/Memory

Immediate from Accumulator

SBB = Subtract with Borrow
Reg./Memory and Register to Either
Immediate from Register/Memory
Immediate from Accumulator
DEC = Decrement:
Register/Memory

Register

NEG = Change Sign

CMP = Compare:
Register/Memory and Register
Immediate with Register/Memory
Immediate with Accumulator

AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned)

IMUL = Integer Multiply (Signed)
AAM = ASCII Adjust for Multiply
DIV = Divide (Unsigned)

IDIV = Integer Divide (Signed) ,
AAD = ASCII Adjust for Divide
CBW = Convert Byte to Word

CWD = Convert Word to Double Word

76543210 76543210 76543210 76543210
[ 000000dw | mod reg r/m ]
[ 100000sw | modooorm | data [ dataifsw=o01
[ ooocootow ] data [ dataitw=1 |
| 000100dw l mod reg r/m |
[ 100000sw | modotiorm | data [ dataifsw=o01_ |
[ ooot1o01ow | data [ dataifw=1 |
[ 1111111w [ modooorm |
[ 001010dw I mod regr/m |
[ 100000sw [ mod10o1rm | data | dataitsw =01
[ ootot10ow | data [ dataitw=1 |
I 000110dw [ mod reg r/m I
[ 100000sw | modot11r/m | data | dataitsw=01 |
[ ooot11ow ] data [ dataitw=1_ |
[ 1111111w [ modoot1r/m |
[ 1111011w [ modo11wm |
IJ01110dw I mod reg r/m |
[ 100000sw | modi11rm | data [ Gataitsw = 01
[ oot1110w ] data [ dataitw=1 |
[ 1111011w [ mod100r/m |
[ 1111011w [ mod10te/m |
[ 11010100 [ 00001010 |
[ 1111011w [ modt10v/m |
[ 1111011w [ mod111/m . |
[ 11010101 | oo001010 |

10011000
10011001
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nte[ , 80C86A

8086/8088 Instruction Set Summary (Continued)

M;:smc‘:::; ::: d Instruction Code
LOGIC \ 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w [ modotorm | '
SHL/SAL = Shift Logical/ArithmeticLeft. [ 110100vw | mod1.00r/m |
SHR = Shift Logical Right [ _110100vw [ modio1/m |
SAR = Shift Arithmetic Right [ 110100vw | mod111 v/m ]
ROL = Rotate Left [ 110100vw [ modooor/m |
ROR = Rotate Right [ 110100vw | mod0o01r/m |
RCL = Rotate Through Carry Flag Left [ 110100vw [ - modotorm |
RCR = Rotate Through Carry Right [ 110100vw | modotirm |
AND = And: ‘
Reg./Memory and Register to Either [ o01000dw | modregm |
Immediate to Register/Memory [__1000000ow | modioorm | data | dataitw=1
Immediate to Accumulator [ oot1oo0iow | data [ dataitw=1_ |
TEST = And Function to Flags, No Result: i
Register/Memory and Register [ 1000010w l mod reg r/m |
Immediate Data and Register/Memory | 1111011w l mod000r/m [ data l dataifw = 1 ]
Immediate Data and Accumulator | 1010100w | data I dataifw = 1 |
OR = Or:
Reg./Memory and Register to Either [ 000010dw I mod regr/m l
Immediate to Register/Memory | 1000000w | mod001r/m ] data [ dataifw = 1
Immediate to Accumulator I 0000110w I data l dataifw = 1 |
XOR = Exclusive OR: .
Reg./Memory and Register to Either l 001100dw I mod reg r/m I
Immediate to Register/Memory ‘ 1000000w I mod110r/m [ data [ dataifw = 1
Immediate to Accumulator | ,.0011010w I data ] dataifw = 1 ]
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Cali:
Direct Within Segment ! 11101000 I disp-low | disp-high I
Indirect Within Segment [ 11111111 T modotorm |
Direct Intersegment l 10011010 ] offset-low I offset-high |
r seg-low ] seg-high |
Indirect Intersegment [ 11111111 | modotiwm |

n
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80C86A

Table 2. Instruction Set Summary (Continued)

Mnemonic and

3 Instruction Code
Description R
CONTROL TRANSFER (Continued) :
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment I 11101001 | disp-low | disp-high
Direct Within Segment-Short [ 11101011 | disp |
Indirect Within Segment [ 11111111 | modioowm |
Direct Intersegment | 11101010 | offset-low ] offset-high I
I seg-low ] seg-high ]

Indirect Intersegment [ 11111111 T mod101r/m |
RET = Return from CALL:
Within Segment 11000011
Within Seg. Adding Immed to SP [ 11000010 | data-low [ data-high ]
Intersegment 11001011
Intersegment Adding Immediate to SP [ 11001010 [ data-low | data-high J
JE/JZ = Jump on Equal/Zero [ ot1110100 | disp |
JL/JNGE = Jump on Less/Not Greater | 01111100 | disp ]

or Equal
JLE/JNG = Jump on Less or Equal/ | 01111110 ] N disp I

Not Greater -
JB/JNAE = Jump on Below/Not Above | 01110010 l disp I

or Equal
JBE/JNA = Jump on Below or Equal/ 11 ;

Jump on 8 [ 01110110 ] disp |
JP/JPE = Jump on Parity/Parity Even [ ot111010 | disp ]
JO = Jump on Overflow [ 01110000 ] disp ]
JS = Jump on Sign [ 01111000 | disp |
JNE/JINZ = Jump on NotEqual/NotZero | 01110101 | disp |
JNL/JGE = Jump on Not Less/Greater I 01111101 l disp |

or Equal
JNLE/JG = Jump on Not Less or Equal/ | 01111111 | disp I

Greater
JNB/JAE = Jump on Not Below/Above l 01110011 l disp |

or Equal
JNBE/JA = Jump on Not Below or 11 11 di

Equal/Above I 0 101 l =P I
JNP/JPO = Jump on Not Par/Par Odd [ ot111011 | disp |
JNO = Jump on Not Overflow [ ot1110001 ] disp |
JNS = Jump on Not Sign [ 01111001 ] disp |
LOOP = Loop CX Times [ 11100010 ] disp |
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp |
LOOPNZ/LOOPNE = Loop While Not | 11100000 | disp |

Zero/Equal

JCXZ = Jump on CX Zero [ 11100011 ] disp |
INT = Interrupt
Type Specified I 11001101 I type |
Type 3 11001100

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110
11001111
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80C86A

Table 2. Instruction Set Summary (Continued)

Mnemonic and

ESC = Escape (to External Device)

Description | . Instruction Code
PROCESSOR CONTROL 76543210 76543210
CLC = Clear Carry
CMC = Complement Carry
STC = Set Carry
CLD = Clear Direction
STD = Set Direction
CLI = Clear Interrupt
STI = Set Interrupt
WAIT = Wait
{ 11011xxx | mod x x xr/m ‘

LOCK = Bus Lock Prefix 11110000

NOTES:

AL = 8-bit accumulator .

AX = 16-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 values

if d = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion

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) + (D!) + DISP

if r/m = 010 then EA = (BP) + (SlI) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (SlI) + DISP

if /m = 101 then EA = (DI) + DISP

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

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

DISP follows 2nd byte of instruction (before data if re-
quired) A

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

**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if s w = 01 then 16 bits of immediate data form the oper-
and

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)
register

x = don't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001reg110 |

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 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 = a
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

The following list represents key differences between this and the -001 data sheet. Please review this summa-

ry carefully.

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or T; state.

N
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8088
8-BIT HMOS MICROPROCESSOR
8088/8088-2

®m 8-Bit Data Bus Interface B Byte, Word,'and Block Operations
® 16-Bit Internal Architecture m 8-Bit and 16-Bit Signed and Unsigned

. . - Arithmetic in Binary or Decimal,
= 2;’;2‘&13’“5'“9 Capability to 1 Mbyte Including Multiply and Divide

. — . m Two Clock Rates:
] ggﬁct Software Compatibility with 8086 — 5 MHz for 8088

— 8 MHz for 8088-2

® Avlilable in EXPRESS
— S.andard Temperature Range
— Extended Temperature Range

m 14-Word by 16-Bit Register Set with
Symmetrical Operations

m 24 Operand Addressing Modes
The Intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate

technology (HMOS-Il), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8-
and 16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and periph-

erals.

( MEMORY INTERFACE )

MIN [MAX]
MODE  |MODE
GND []1 ~ w 1 Vee
A4 []2 397 A5
A13 []3 38[] At6is3
INSTRUCTION a2 s a |y amse
QUEUE 2 A1 []s 36| ] A18IS5
A10 []6 35[7] A19/S6
ES ! A []7 3] % (HIGH)
BUS cs A8 []8 33[] MN/MX
INTERFJ\'::ﬁ ss a7 s 2f w
os EXECUTION UNIT Aps []10 g‘:‘,’ 31[] HOLD  (RQIGTO)
cs?,';TT';aL AD5 []11 30[] HLDA (RQIGTY)
AD4 []12 291 WR (COCK)
AD3 []13 28[] 10/M (S2)
AD2 [J1a 27[] DTR ()}
AD1 []15 26[] DEN (S0)
ADO []16 25[] ALE (Qso)
ARITHMETIC/ __
oH oL LOGIC UNIT Nml [ 17 2a[] INTA (@s1)
EXECUTION DH DL INTR []18 2[] TEST
UNIT SP CcLK [J19 22[] READY
BP GND [ 20 21[7] RESET
sI
DI 231456-2

' 231456-1
Figure 1. 8088 CPU Functional Block Diagram

Figure 2. 8088 Pin Configuration
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Table 1. Pin Description

The fo//owmg pin function de.écrpt/ons are for 8088 systems in either minimum or maximum mode. The “local
bus” in these descriptions is the direct multiplexed bus /nterface connection to the 8088 (without regard to
additional bus buffers).

Symbol Pin No. | Type " Name and Function '

AD7-ADO 9-16 | /0 | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/IO address (T1) and data (T2, T3, Tw, T4) bus. These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and
local bus-“*hold acknowledge”.

A15-A8 2-8,39| O | ADDRESS BUS: These lines provide address bits 8 through 15 for the
entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active HIGH and float to 3-state OFF
during interrupt acknowledge and local bus “hold acknowledge”.

A19/S6, A18/S5, | 35-38 O | ADDRESS/STATUS: During T1, these are the four most significant
A17/S4, A16/S3 address lines for memory operations: During 1/0 operations, these lines
: i are LOW. During memory and |/O operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is always low.
The status of the interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are encoded as shown.
This information indicates which segment register is presently being
used for data accessing.

These lines float to 3-state OFF during local bus “hold acknowledge”.

S4 S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
S6is 0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor is performing a

memory or I/0 read cycle, depending on the state of the I0/M pin or
S2. This signal is used to read devices which reside on the 8088 local
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
quarantead to remain HIGH in T2 until the 8088 local bus has floated.

YUQIQIHIWOTU WU i Ot T g TE UMl UIC SUOU 100AT WuS 1d L

This signal floats to 3-state OFF in “hold acknowledge”.

READY 22 | READY: is the acknowledgement from the addressed memory or I/0
device that it will complete the data transfer. The RDY signal from
memory or I/0 is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not
synchronized. Correct operation is not guaranteed if the set up and hold
times are not met.

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
.subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by software resetting the
interrupt enable bit. INTR is internally synchronized. This signal is active
HIGH.

TEST 23 I TEST: input is examined by the “wait for test” instruction. If the TEST
input is LOW, execution continues, otherwise the processor waits in an
“idle” state. This input is synchronized internally during each clock
cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)
Symbol | PinNo. | Type Name and Function

NMI ‘ 17 | NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup
table located in system memory. NMI is not maskable internally by
software. A transition from a LOW to HIGH initiates the interrupt at the end
of the current instruction. This input is internally synchronized.

‘RESET 21 | RESET: causes the processor to immediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. It restarts
execution, as described in the instruction set description, when RESET
returns LOW. RESET is internally synchronized.

CLK 19 | CLOCK: provides the basic timing for the processor and bus controlier. It is
asymmetric with a 33% duty cycle to provide optimized internal timing.
-1 Veco 40 Vce: is the +5V +10% power supply pin.
GND 1,20 GND: are the ground pins.

MN/MX 33 | ‘MINIMUM/MAXIMUM: indicates what mode the processor is to operate in.
‘ The two modes are discussed in the following sections.

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vgg). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

Symbol | Pin No. | Type Name and Function

I0/M 28 O | STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a
memory access from an 1/0 access. I0/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (I/0 = HIGH, M =
LOW). I0/M floats to 3-state OFF in local bus “hold acknowledge”.

WR 29 O | WRITE: strobe indicates that the processor is performing a write memory or write
1/0 cycle, depending on the state of the I0/M signal. WR is active for T2, T3, and
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus
“hold acknowledge”.

|

INTA 24 O | INTA:is used as a read strobe for interrupt acknowledge cycles. It is active LOW
] during T2, T3, and Tw of each interrupt acknowledge cycle.
ALE 25 O | ADDRESS LATCH ENABLE: is provided by the processor to latch the address

into an address latch. It is'a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R 27 O | DATA TRANSMIT/RECEIVE: is needed in'a minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to ST in the maximum mode, and its
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local “hold acknowledge”.

26 O | DATA ENABLE: is provided as an output enable for the data bus transceiver in a
'| minimum system which uses the transceiver. DEN is active LOW LOW during each
memory and I/0 access, and for INTA cycles. For a read or INTA cycle, it is
active from the middle of T2 until the middle of T4, while for a write cycle, it is
active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF
during local bus “hold acknowledge”.

[w/
m
Z
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Symbol | Pin No.

Type

Table 1. Pin Description (Continued)
‘ Name and Function

HOLD, | 31,30
HLDA

1,0

HOLD: indicates that another master is requesting a local bus “hold”. To be
acknowledged, HOLD must be active HIGH. The processor receiving the “hold”
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float
the local bus and control lines. After HOLD.is detected as being LOW, the
processor lowers HLDA, and when the processor needs to run another cycle, it
will again drive the local bus and control lines. HOLD and HLDA have internal
pull-up resistors.

Hold is not an asynchronous input. External synchronlzatlon should be provided if
the system cannot otherwise guarantee ‘the set up time.

|

34

S o)
o)
O

STATUS LINE: is logically equivalent to SO in the maximum mode. The
combination of SSO, I0/M and DT/R allows the system to completely decode the
current bus cycle status.”

10/M DT/R §S0 Characteristics
1(HIGH) 0 0 Interrupt Acknowledge
1 0 1 Read |/0 Port
1 1 0 Write 170 Port
1 1 1 Halt
0(LOW) 0 0 Code Access
0 0 1 ‘| Read Memory
0 1 -0 Write Memory
0 1 1 Passive

The following pin function descriptions are for the 8088/8288 system in maximum mode (i.e., MN/MX =
GND). Only the pin functions which are unique to maximum mode are descr/bed all other pin functions are as

described above.
Symbol | Pin No.| Type Name and Function
S§2,51,50| 26-28 | O |STATUS: is active during clock high of T4, T1, and T2, and is returned to the

passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is
used by the 8288 bus controller to  generate all memory and I/0 access control
signals. Any change by S2, ST, or SO during T4 is used to indicate the beginning

of a bus cycle, and the return to the passive state in T3 and Tw is used to

indicate the end of a bus cycle.

These signals float to 3-state OFF during “hold acknowledge”. During the first
clock cycle after RESET becomes active, these signals are active HIGH. After
this first clock, they float to 3-state OFF.

52 S1. S0 Characteristics
o(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0 Port
0 1 0 Write 1/0 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
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RQ/GTO,
RQ/GT1

30, 31

1/0

REQUEST/GRANT: pins are used by other local bus masters to force the
processor to release the local bus at the end of the processor’s current bus
cycle. Each pin is bidirectional with RQ/GTO having higher priority than RQ/

GT1. RQ/GT has an internal pull-up resistor, so may be left unconnected.
The request/grant sequence is as follows (See Figure 8):

1. A pulse of one CLK wide from another local bus master indicates a local
bus request (“hold”) to the 8088 (pulse 1).

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the
requesting master (pulse 2), indicates that the 8088 has allowed the local
bus to float and that it will enter the “hold acknowledge” state at the next
CLK. The CPU’s bus interface unit is disconnected logically from the local
bus during “hold acknowledge”. The same rules as for HOLD/HOLDA apply
as for when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the 8088
(pulse 3) that the “hold” request is about to end and that the 8088 can
reclaim the local bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus is a sequence of three
pulses. There must be one idle CLK cycle after each bus exchange. Pulses
are active LOW.

If the request is made while the CPU is performing a memory cycle, it will
release the local bus during T4 of the cycle when all the following conditions
are met:

1. Request occurs on or before T2.

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt acknowledge
sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will
follow:

1. Local bus will be released during the next clock.

2. A memory cycle willstart within 3 clocks. Now the four rules for a currently
active memory cycle apply with condition number 1 already satisfied.

[\
«©

(@)

LOCK: indicates that other system bus masters are not to gam control of the
system bus while LOCK is active (LOW). The LOCK signal is activated by
the “LOCK?” prefix instruction and remains active until the completion of the
next instruction. This signal is active LOW, and floats to 3-state off in “hold
acknowledge”.

QS1, QS0

24,25

QUEUE STATUS: provide status to allow external tracking of the internal
8088 instruction queue.

The queue status is valid during the CLK cycle after which the queue
operation is performed.

QS1 Qso Characteristics

o(LOW) 0 No Operation

0 1 First Byte of Opcode from Queue
1(HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

34

Pin 34 is always high in the maximum mode.

2-64




8088
7 O FFFFFH
£ 3
64 KB lCODE SEGMENT
4. XXXXOH
l STACK SEGMENT
+ OFFSET ’
= h
SEGMENT (s l
REGISTER FILE woro | s CATA SESMENT
cs BYTE ’
SS
DS
ES > 3

\

EXTRA DATA SEGMENT

T——"90000H

231456-3

Figure 3. Mémory Organization

FUNCTIONAL DESCRIPTION

Memory Organization

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries
(See Figure 3).

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-

dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands .can be located on even or
odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored
in the lower valued address location and the most
significant byte in the next higher address location.
The BIU will automatically execute two fetch or write
cycles for 16-bit operands.

Memory Segment
Reference Used Register Used Segment 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 string operation, or explicity overridden.

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected

using a segment override.
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Certain locations in memory are reserved for specific
CPU operations (See Figure 4). Locations from ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump to the initial system ini-
tialization routine. Following RESET, the CPU will al-
ways begin execution at location FFFFOH where the
jump must be located. Locations 00000H through
003FFH are reserved for interrupt operations. Four-
byte pointers consisting of a 16-bit segment address
and a 16-bit offset address direct program flow to
one of the 256 possible interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved memory
prior to the occurrence of interrupts.

Minimum and Maximum Modes

The requirements for supporting minimum and maxi-
mum 8088 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 8088 is equipped with
a strap pin (MN/MX) which defines the system con-

figuration. The definition of a certain subset of the
pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the 8088 defines pins 24 through 31 and 34 in maxi-
mum mode. When the MN/MX pin is strapped to
Ve, the 8088 generates bus control signals itself on
pins 24 through 31 and 34.

The minimum mode 8088 can be used with either a
multiplexed or demultiplexed bus. The multiplexed
bus configuration is compatible with the MCS-85™
multiplexed bus peripherals. This configuration (See
Figure 5) provides the user with a minimum chip
count system. This architecture provides the 8088
processing power in a highly integrated form.

The demultiplexed mode requires one latch (for 64K
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is required
(See Figure 6). The 8088 provides DEN and DT/R to
control the transceiver, and ALE to latch the ad-
dr This configuration of the minimum mode

FFFFFH
RESET BOOTSTRAP

PROGRAM JUMP

FFFFOH
L
L]
L]

3FFH
INTERRUPT POINTER

FOR TYPE 255

3FOH
.
®
°

7H
INTERRUPT POINTER

FOR TYPE 1

INTERRUPT POINTER
FOR TYPE O

4H
3H

OH

231456-4

Figure 4. Reserved Memory Locations
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provides the standard demultiplexed bus structure
with heavy bus buffering and relaxed bus timing re-
quirements.

The maximum mode employs the 8288 bus control-
ler (See Figure 7). The 8288 decodes status lines
S0, S1, and S2, and provides the system with all bus
control signals. Moving the bus control to the 8288
provides better source and sink current capability to
the control lines, and frees the 8088 pins for extend-
ed large system features. Hardware lock, queue
status, and two request/grant interfaces are provid-
ed by the 8088 in maximum mode. These features
allow co-processors in local bus and remote bus
configurations.
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Bus Operation

The 8088 address/data bus is broken into three
parts—the lower eight address/data bits (ADO-
AD?7), the middie eight address bits (A8-A15), and
the upper four address bits (A16-A19). The ad-
dress/data bits and the highest four address bits are
time multiplexed. This technique provides the most
efficient use of pins on the processor, permitting the
use of a standard 40 lead package. The middle eight
address bits are not multiplexed, i.e. they remain val-

id throughout each bus cycle. In addition, the bus
can be demultiplexed at the processor with a single
address latch if a standard, non-multiplexed bus is
desired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4 (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
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Figure 8. Basic System Timing
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ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “wait” states (Tw) are in-
serted between T3 and T4. Each inserted “wait”
state is of the same duration as a CLK cycle. Periods
can occur between 8088 driven bus cycles. These
are referred to as “idle’”” states (Ti), or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping.

During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor or
the 8288 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.

Status bits SO, ST, and S2 are used by the bus con-
troller, in maximum mode, to identify the type of bus
transaction according to the following table:

S2 S1| SO Characteristics
o(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 1/0
0 1 0 Write I/0
0 1 1 Halt
1(HIGH) 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (No Bus Cycle)

Status bits S3 through S6 are multiplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table:

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

S5 is a reflection of the PSW interrupt enable bit. S6 )

is always equal to 0.

1/0 Addressing

In the 8088, I/O operations can address up to a
maximum of 64K 1/0 registers. The 1/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19-A16 are
zero in |/0 operations. The variable 1/0 instructions,
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which use register DX as a pointer, have full address
capability, while the direct 1/0 instructions directly
address one or two of the 256 |1/0 byte locations in
page 0 of the I/0 address space. 1/0 ports are ad-
dressed in the same manner as:memory locations.

Designers familiar with the 8085 or upgrading an
8085 design should note that the 8085 addresses
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 8088 uses a full 16-bit address
on its lower 16 address lines.

EXTERNAL INTERFACE

Processor Reset and initialization

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The 8088
RESET is required to be HIGH for greater than four
clock cycles. The 8088 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-
quence for approximately 7 clock cycles. After this
interval the 8088 operates normally, beginning with
the instruction in absolute locations FFFFOH (See
Figure 4). The RESET input is internally synchroniz-
ed to the processor clock. At initialization, the HIGH
to LOW transition of RESET must occur no sooner
than 50 ps after power up, to allow complete initiali-
zation of the 8088.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF during
RESET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF. ALE and HLDA are driven low.

Interrupt Operations

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the instruction set description in the
iAPX 88 book or the iAPX 86,88 User's Manual.
Hardware interrupts can be classified as nonmaska-
ble or maskable.
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Interrupts result in a transfer of control to a new pro-
gram location. A 256 element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to vector
through the appropriate element to the new interrupt
service program location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable inter-
rupt (NMI) pin. which has higher priority than the
maskable interrupt request (INTR) pin. A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on.a LOW to HIGH transition.
The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going
transition of NMI is latched on-chip and will be serv-
iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift
instructions. There is no specification on the occur-
rence. of the low-going edge; it may:occur before,
during, or after the servicing of NMI. Another high-
going edge triggers-another response if it occurs af-
ter the start of the NMI procedure. The signal:must
be free of logical spikes in general and be. free of
bounces on the low-going edge to av0|d triggering
extraneous responses.

Maskable Interrupt (INTR)

The 8088 provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable (IF) flag bit.
The interrupt request signal is level triggered. It is
internally synchronized during ‘each clock cycle on
the high-going edge of CLK. To be responded to,
INTR must be present (HIGH) during the clock peri-
od preceding the end of the current instruction or the
end.of a whole move for a block type-instruction.
During interrupt -response sequence, further-inter-
rupts are disabled.- The enable bit is reset as part of
the response to any: interrupt (INTR, NMI, software
interrupt, or single step), although the FLAGS regis-
ter which is automatically pushed onto the stack re-
flects the state of the processor prior to the inter-
rupt. Until the old FLAGS register is restored, the
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enable bit will be zero unless specifically set by an
instruction.

During the response sequence (See Figure 9), the
processor executes two successive (back to back)
interrupt acknowledge cycles. The 8088 emits the
LOCK signal (maximum mode only) from T2 of the
first bus cycle until T2 of the second. A local bus
“hold” request will not be honored until the end of
the second bus cycle. In the second bus cycle, a
byte is fetched from the external interrupt system
(e.g., 8259A PIC) which identifies the source (type)
of the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal: left HIGH will be continually
responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bit when it restores the
flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
ALE, delayed by one-clock cycle, to allow the sys-
tem to latch the halt status. Halt status is available
on IO/M, DT/R, and SSO. In.maximum mode, the
processor_issues appropriate HALT status .on.S2,

S1, and S0, and the 8288 bus. controller issues one
ALE. The 8088 will not leave the HALT state when a
local bus hold is entered while in HALT. In this case,
the processor reissues the HALT indicator at the
end of the local bus hold. An interrupt request or
RESET will force the 8088 out of the HALT state.

Read/Modify/Write (Semaphore)
Operations via LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required
during the execution of an .instruction. This allows
the processor to perform read/modify/write opera-
tions on memory (via the ‘“‘exchange register with
memory” instruction), without another system bus
master receiving intervening - memory cycles. This is
useful in multiprocessor system configurations to ac-
complish “test and set lock” operations. The LOCK
signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It'is deacti-
vated at the end of the last bus cycle of the instruc-
tion following the LOCK prefix. While LOCK is active,
arequest on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.
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Figure 9. interrupt Acknowledge Sequence

External Synchronization via TEST

As an alternative to interrupts, the 8088 provides a
single software-testable input pin (TEST). This input
is utilized by executing a WAIT instruction. The sin-
gle WAIT instruction is repeatedly executed until the
TEST input goes active (LOW). The execution of
~ WAIT does not consume bus cycles once the queue
is full.

If a local bus request occurs during WAIT execution,
the 8088 3-states all output drivers. If interrupts are
enabled, the 8088 will recognize interrupts and pro-
cess them. The WAIT instruction is then refetched,
and reexecuted.

Basic System Timing

In minimum mode, the MN/MX pin is strapped to
Vo and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN/MX pin is strapped to GND and the
processor emits coded status information which the
8288 bus controller uses to generate MULTIBUS
compatible bus control signals.

System Timing—Minimum System

(See Figure 8)

The read cycle begins in T1 with the assertion of the
address latch enable (ALE) signal. The trailing (low
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going) edge of this signal is used to latch the ad-
dress information, which is valid on the address/
data bus (ADO-AD7) at this time, into the
8282/8283 latch. Address lines A8 through A15 do
not need to be latched because they remain valid
throughout the bus cycle. From T1 to T4 the IO/M
signal indicates a memory or I/O operation. At T2
the address is removed from the address/data bus
and the bus goes to a high impedance state. The
read control signal is also asserted at T2. The read
(RD) signal causes the addressed device to enable
its data bus drivers to the local bus. Some time later,
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 8088 local bus, signals DT/R and DEN are pro-
vided by the 8088.

A write cycle also begins with the assertion of ALE
and the emission of the address. The |I0/M signal is
again asserted to indicate a memory or 1/0 write
operation. In T2, immediately following the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middle of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float.
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The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 9) In the. second of two successive INTA
cycles, a byte of information is read from the data
bus, as supplied by the interrupt system logic (i.e.
8259A priority interrupt controller). This byte identi-
fies the source (type) of the interrupt. It is multiplied
by four and used as a pointer into the interrupt vec-
tor lookup table, as described earlier. '

Bus Timing—Medium Complexity
Systems

(See Figure 10)

For medium complexity systems, the MN/MX pin is
connected to GND and the 8288 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to allow for
bus loading greater than the 8088 is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 8288 instead of the processor in this configu-
ration, although their timing remains relatively the

- same. The 8088 status outputs (S2, S1, and S0) pro-

vide type of cycle information and become 8288 in-
puts. This bus cycle information specifies read
(code, data, or 1/0), write (data or I/0), interrupt ac-
knowledge, or software halt. The 8288 thus issues
control signals specifying memory read or write, 1/0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
vanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write.

The advanced write strobes have the same timing -

as read strobes, and hence, data is not valid at the
leading edge of write. The transceiver receives the
usual T and OE inputs from the 8288’s DT/R and
DEN outputs.

The pointer into the interrupt vector table, which is
passed during the second .INTA cycle, can derive
from an 8259A located on either the local bus or the
system bus. If the master 8289A priority interrupt
controller is positioned on the local bus, a TTL gate
is required to disable the transceiver when reading
from the master 8259A during the interrupt acknowl-
edge sequence and software “poll”.

The 8088 Compared to the 8086

The 8088 CPU is an 8-bit* processor designed
around the 8086 internal structure. Most internal
functions of the 8088 are identical to the equivalent
8086 functions. The 8088 handles the external bus
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the same way the 8086 does with the distinction of
handling only 8 bits at a time. Sixteen-bit operands
are fetched or written in two consecutive bus.cycles.
Both processors will appear identical to the software
engineer, with the exception of execution time. The
internal register structure is-identical and all instruc-
tions have the same end result. The differences be-
tween the 8088 and 8086 are outlined below. The
engineer who is unfamiliar with the 8086 is referred
to the iIAPX 86, 88 User’s Manual, Chapters 2 and 4,
for function description and instruction set informa-
tion. Internally, there are three differences between
the 8088 and the 8086. All changes are related to
the 8-bit bus interface.

® The queue length is 4 bytes in the 8088, whereas
the 8086 queue contains 6 bytes, or three words.
The queue was shortened to prevent overuse of
the bus by the BIU when prefetching instructions.
This was required because of the additional time
necessary to fetch- instructions 8 bits at a time.

To further optimize the queue, the prefetching al-
gorithm was changed. The 8088 BIU will fetch a
new instruction to load into the queue each time
there is a 1 byte hole (space available) in the
queue. The 8086 waits until a 2-byte space is
available.

The internal execution time of the instruction set
is affected by the 8-bit interface. All 16-bit fetches
and writes from/to memory take an additional
four clock cycles. The CPU is also limited by the
speed of instruction fetches. This latter problem
only occurs when a series of simple operations
occur. When the more sophisticated instructions
of the 8088 are being used, the queue has time to
fill and the execution proceeds as fast as the exe-
cution unit will aIIow

The 8088 and 8086 are completely software com-
patible by virtue of their identical execution units.
Software that is system dependent may not be com-
pletely transferable, but software that is not system
dependent will operate equally as well on an 8088
and an 8086.

The hardware interface of the 8088 contains the ma-
jor differences between the two CPUs. The pin as-
signments are nearly identical, however, with the fol-
lowing functional changes:

e A8-A15—These pins are only address outputs
on the 8088. These address.lines are latched in-
ternally and remain valid throughout a bus cycle
in a manner similar to the 8085 upper address
lines.

¢ BHE has no meamng on the 8088 and has been
eliminated.
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e SSO provides the SO status information in the ¢ |0/M has been inverted to be compatible with the
minimum mode. This output occurs on pin 34 in MCS-85 bus structure.
rr_unlmum mode only. DT/R, 10/M, and SSO pro- o ALE is delayed by one clock cycle in the mini-
vide the complete bus status in-minimum mode. mum mode when entering HALT, to allow the
status to be latched with ALE.

T T2 T3 Ta

e _ /N S/ S\

ast.aso X TX X >

8088

@
N
Ll
g
~

7777 R

A19/S6 — A16/S3 X ais-amn S6-53 X
——
ALE / \ Le

8288{ ROY 8284 X

READY 8088 X

AD7 - AD0 —————~—< AT- A0 }———{ DATA IN H ‘
8088 A15- A8 X A15- A8 X

o \ /"

oTiR AN ‘ Vo

8288 { MRDC L /

DEN / AN

231456-10

Figure 10. Medium Complexity System Timing
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . . . .0°C:to +70°C
Case Temperature (Plastic) ......... 0°C to +95°C
Case Temperature (CERDIP) ........ 0°Cto +75°C
Storage Temperature .......... —65°C to +150°C

Voltage on Any Pin with
RespecttoGround ................ —1.0to +7V

Power Dissipation................. ARSI 2.5 Watt

D.C. CHARACTERISTICS

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is ‘not recommehded and ex-
tended exposure beyond the ‘“Operating Conditions”

may affect device reliability.

(Ta = 0°C to 70°C, Tcase (Plastic) = 0°C to 95°C, Tgase (CERDIP) = 0°C to 75°C,
Ta = 0°C to 55°C and Tcasg = 0°C to 75°C for P8088-2 only

Ta is guaranteed as long as Tgasg is not exceeded)

(Vcc = 5V £10% for 8088, Voo = 5V 5% for 8088-2 and Extended Temperature EXPRESS)‘

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-0.5 +0.8 \ (Note 1)
ViH Input High Voltage 20 Ve + 0.5 Vv (Notes 1, 2)
VoL Output Low Voltage 0.45 v loL = 20 mA
VoH Output High Voltage 24 \" loy = —400 pA
lcc 8088 340 mA Ta = 25°C
Power Supply Current: 8088-2 350
' P8088 250 ‘
I Input Leakage Current +10 BA 0V < V)N < Ve (Note 3)
ILo Output and I/0 Leakage Current +10 RA 0.45V < VouTt < Voo
VoL Clock Input Low Voltage —-0.5 +0.6 Vv
VcH Clock Input High Voltage 3.9 Voo + 1.0 "
CiN Capacitance If Input Buffer 15 pF fc = 1 MHz
(All Input Except
ADo-AD7, RQ/GT) .
Cio Capacitance of 1/0 Buffer 15 pF fc=1MHz
ADo-AD7, RQ/GT) . .
NOTES:

1. V)L tested with MN/MX Pin = 0V
Vi tested with MN/MX Pin = 5V
MN/MX Pin is a strap Pin

" 2. Not applicable to RQ/GTO0 and RQ/GT1 Pins (Pins 30 and 31)

3. HOLD and HLDA I} Min = 30 pA, Max = 500 pA
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A.C. CHARACTERISTICS

(Ta = 0°C to 70°C, Tcask (Plastic) = 0°C to 95°C, Tcase (CERDIP) = 0°C to 75°C,
Ta = 0°C to 55°C and Tcase = 0°C to 80°C for P8088-2 only
T is guaranteed as long as Tcasg is not exceeded)

(Voo = 5V £10% for 8088, Voo = 5V 5% for 8088-2 and Extended Temperature EXPRESS)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol P ' 8088 8088-2 Unit Test
mbol arameter nits o
4 Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL2 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL -Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ; ns

(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns

(Notes 1, 2)
TRYHCH READY Setup Time 118 68 ns

into 8088
TCHRYX READY Hold Time 30 20 ‘ns

. into 8088

TRYLCL READY Inactive to CLK -8 -8 ns

(Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST Setup Time 30 15 ns

(Note 2)
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 : 12 ns From 2.0V to 0.8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter 8088 8065-2 Units Tes.t
Min Max Min Max Conditions
TCLAV | Address Valid Delay 10 110 10 60 ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 ns
TLHLL | ALE Width TCLCH-20 TCLCH—-10 ns
TCLLH | ALE Active Delay 80 50 ns
TCHLL | ALE Inactive Delay 85 55 ns
TLLAX | Address Hold Time to TCHCL-10 TCHCL—-10 ns
ALE Inactive
TCLDV | Data Valid Delay 10 110 10 60 ns
TCHDX | Data Hold Time 10 10 ns
TWHDX | Data Hold Time after WR | TCLCH—30 TCLCH—30 ns
TCVCTV | Control Active Delay 1 10 110 10 70 ns
TCHCTV | Control Active Delay 2 10 110 10 60 ns
TCVCTX | Control Inactive Delay 10 110 10 70 ns
TAZRL | Address Float to READ 0 0 ns
Active
TCLRL | RD Active Delay 10 165 10 100 | ns
TCLRH | RD Inactive Delay 10 150 10 80 [ ns
TRHAV | RD Inactive to Next TCLCL—45 TCLCL—40 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 100 | ns
TRLRH | RD Width 2TCLCL—75 2TCLCL—50 ns
TWLWH | WR Width 2TCLCL—60 2TCLCL—40 ns
TAVAL | Address Valid to ALE Low | TCLCH—60 TCLCH—40 ns
TOLOH | Output Rise Time 20 | 20 | ns |Fromo.8vto20v
TOHOL | Output Fall Time 12 12 ns | From 2.0V to 0.8V
NOTES:

1. Signal at 8284A shown for reférence only. See 8284A data sheet for the most recent specifications.
2. Set up requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3 state).
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

2.4
DEVICE
1.5 «—— TEST POINTS —— 1.5 UNOCR
TEST I
0.45 C_ =100 pF
231456-11
A.C. Testing; Inputs are driven at 2.4V for a logic “1” and 0.45V —
for a logic “0”. Timing measurements are made at 1.5V for both a =
logic “1” and logic “0”. ) ) 231456-12
Cy Includes Jig Capacitance
WAVEFORMS
BUS TIMING—MINIMUM MODE SYSTEM
T T2 Ty Tw Ta
TCLCL TCH1CH2 TCcL2CLY
Ven /
CLK (8284 Output) v]z 5\ R 7r si J‘ \
—ct TCHCTV TCHCL to—=TCLCH—=]
10/m, §S0 x
A1s-Ag Ays — Ag (Float during INTA)
— t—TCLDV
TCLAX=] —| TCHDX ~}
A19/Se-A16/S3 A1g-Ats )( Sg-S3
L e TLLAX
| a
ALE /
YR
TCHLL—~ - l— TRIVCL
Vin
SEE NOTE 5 v -
—{ l—TCLRIX
RYLCL—>| |
READY (8088 Input) l
l — TCHRYX
—ii‘_ -
— le-TCLAZ TOVCL. TCLDX:
AD; — AD, -
7 - ADg )( AD7-ADo ToAT DATA IN TN
TAZAL—>{ || TCLRH—] TRHAV
RD
READ CYCLE )
(NOTE 1) — TCHCTV TCLRL 1 | TRLRH TCHCTV
(WR, INTA = Vou) -
DTIR
TCVCTV—| TCVCTX—
DEN
231456-13
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WAVEFORMS (Continued)

BUS TIMING—MINIMUM MODE SYSTEM (Continued)

T T2 Ty Tw Ta
reHicH2+] |- Tozel -y
Veu
CLK (8284 Output) vjt S( 7Z 5( N 7
oL - !
SO I L =
AD; - ADg . AD}-AD; DATA OUT
TCVCTV—| o
WRITE CYCLE DER !
NOTE 1
TCVCTV—| |——
. TWLWH
WR
TCVCTX—
— ~TCLAZ
lo—mvm.——
AD; - ADg :
— L-TCHCTV . — TCHCTV
DTIR .
INTA CYCLE Ve
NOTES 1,3 roven— —
(RD, WR =V, J—
( 'on) NTA
TCVCTV— TCVCTX—
DEN
SOFTWARE HALT -
DEN,RD,WR.INTA ' Vou AD; - ADy INVALID ADDRESS SOFTWARE HALT
DT/R INDETERMINATE ToLAV—] —
231456-14

NOTES:

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

2. RDY is sampled near the end of Tp, T3, Ty to determine if T,, machines states are to be mserted

3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control
signals are shown for the second INTA cycle.

4. Signals at 8284 are shown for reference only.

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

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 8088 apea Units Tes_t
~ Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns
(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns
(Notes 1, 2)
TRYHCH READY Setup Time into 8088 | 118 68 ns
TCHRYX READY Hold Time into 8088 30 20 ns
TRYLCL READY Inactive to CLK -8 -8 ns
(Note 4)
TINVCH Setup Time for Recognition 30 15 ns
(INTR, NMI, TEST) (Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8088 40 30 ns
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V
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1. Signal at 8284 or 8288 shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T3 and wait states.
4. Applies only to T2 state (8 ns into T3 state).
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8088
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
8088 8088-2 ! Test
‘Symbol Parameter Min Max Min Max Units Conditions
.|TCLML | Command Active Delay 10 35 10 35| -ns
(Note 1) )
TCLMH | Command Inactive Delay 10 35 10 35 | ns
(Note 1)
TRYHSH | READY Active to 110 65 | ns
Status Passive (Note 3) )
TCHSV | Status Active Delay 10 110 10 60 | ns
TCLSH | Status Inactive Delay 10 130 | 10 70 | ns
TCLAV | Address Valid Delay 10 110 10 60 | ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 | ns
TSVLH | Status Valid to ALE High 15 16 | ns
(Note 1)
TSVMCH | Status Valid to MCE High 15 15 | ns
(Note 1)
TCLLH |CLK Low to ALE Valid 15 15 | ns
(Note 1)
TCLMCH | CLK Low to MCE (Note 1) 15 15| ns
TCHLL | ALE Inactive Delay (Note 1) 15 - 15| ns
TCLMCL | MCE Inactive Delay (Note 1) 15 15 | ns
TCLDV | Data Valid Delay 10 110 10 60 | ns
TCHDX | Data Hold Time 10 10 ns
TCVNV | Control Active Delay 5 45 5 25 | ns | ok somn oto0 pFfor
(Note 1) : > utputs
in Addition to
TCVNX | Control Inactive Delay 10 45 10 45 | ns ||nternal Loads
(Note 1)
TAZRL |Address Float to 0 0 ns
Read Active
TCLRL |RD Active Delay 10 165 10 100| ns
TCLRH |RD Inactive Delay 10 150 10 80 | ns
TRHAV | RD Inactive to Next TCLCL—45 TCLCL—40 ns
Address Active
TCHDTL | Direction Control 50 50 | ns
Active Delay (Note 1)
TCHDTH | Direction Control 30 30 | ns
Inactive Delay (Note 1)
TCLGL - | GT Active Delay 85 50 | ns
TCLGH | GT Inactive Delay 85 50 | ns
TRLRH |RD Width 2TCLCL—-75 2TCLCL—50 ns
TOLOH | Output Rise Time 20 20 | ns |From 0.8V to 2.0V
TOHOL | Output Fall Time 12 12 | ns |[From2.0Vto 0.8V
NOTES:
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD

CIRCUIT

24

1.5 ««—— TEST POINTS —» 1.5

0.45

A.C. Testing; Inputs are driven at 2.4V for a logic “1” and 0.45V
for a logic “‘0”. Timing measurements are made at 1.5V for both a
logic “1” and logic “0”.

231456-11

DEVICE
UNDER
TEST

C_ =100 pF

231456-12
Cy Includes Jig Capacitance

WAVEFORMS (Continued)

BUS TIMING—MAXIMUM MODE SYSTEM

VCL:

QS0,081

§2,51,50 (EXCEPT HALT)
A5 -Ag

A19/Se-A16/S3

‘ ALE (8288 OUTPUT)

SEE NOTE S
l RDY (8284 INPUT)

READY (8088 INPUT)

READ CYCLE
AD; - ADg
/D
oTR
L LTI —
SEE NOTES 5,6
DEN

T T Ts Ta
TeLeL 1cH Toicu g,
VCH [""‘\
A S B S A N\
TcLav-] E— TcHeL l—TcLeH -]
T —  Jereus
m—————
.k 7W (SEE NOTE 8) \
| WS,
A1s - Ag
— TCLAV Tepov TCHDX—~]
CLAX —]
Arg-Arel 8-S
TSVLH—
TCLLH-~] . ToHLL
———
/
S
—-1 TRIVCL
l % TCLR
TRYLC —
— ~—TCHRYX
ThvHsH—| |—
—of Teax | | RYHCH-je—
TCLAV—] —rciaz - DVCL
y ATA IN
AD1-ADs LOAT o FLOAT
T TCLRH RHAV
1 T
TCHDTL —| ToLRy TCHDTH
ToLML~] J" \ TCLMH—
TCVNV—| !F:
Tevnx—| |

231456-15
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WAVEFORMS (Continued)

BUS TIMING—MAXIMUM MODE SYSTEM (USING 8288)

Ty : T2 T3 Ta

TCHSV4- Tw

CLK e R ij \ 7m‘ /—"_XK J

§ So (EXCEPT HALT)

: T
WRITE CYCLE TCLAV—~| |- —|retov— —] le—TCLSH | TCHDX—|
AD; - ADg ) DATA
TCVNV—| | . TCVNX—~|
DEN .
)
— TCLML TCLMH—~]  |o—
8288 OUTPUTS' L
SEE NOTES 56 | AMWC OR AIOWC -
—] ETCLML —| [|—Tcimu
MWTC OR IOWC
INTA CYCLE
A5~ Ag FLOAT RESERVED FOR \ {
(SEE NOTES 3,4) ——— CASCADE ADDR / FLOAT FLOAT \
— Z\I"rc AZ \ I/—_—TDVCL-—- TCLDX
AD;-AD, n POINTER -
(oad] /l FLOAT ‘ FLOAT
TCLMCL—

TSVMC

MCE/

FOEN TCLMCH-—‘* CHDTL — TCHDTH
OT/R —_— » .
8288 OUTPUTS T TCLML—] )
SEE NOTES 56 | INTA .
—|\ |—Tcvny =1 o
DEN p
SOFTWARE TCYNX—|

HALT - (DEN = Vo ;RD, MRDC,IORC,MWTC,AMWC,IOWC,ATOWC INTA.OT/R = Vou.

AD7 -ADq, A15 - Ag
: INVALID ADDRESS
TCLAV——1

NOTES: 231456-16
1. All signals switch between Vo and Vo unless otherwise specified.

2. RDY is'sampled near the end of Ty, T3, Ty, to'determine if T,, machines states are to be inserted.

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

4. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Signals.at 8284 or 8288 are shown for reference only.

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, TORC, TOWC, AIOWC, INTA and
DEN) lags the active high 8288 CEN.

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

8. Status inactive in state just prior to Ty4.
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WAVEFORMS (Continued)
BUS LOCK SIGNAL TIMING
ASYNCHRONOUS SIGNAL RECOGNITION (MAXIMUM MODE ONLY)

Any CLK Cycle —

Any CLK Cycla—.i

NMI ' TINVCH (see note 1) CcLK
S—Y
i~ -4
INTR signal
. [
¥ - R
LOCK
TEST
NOTE: 231456-17 231456-18

1. Setup requirements for asynchronous signals only to
guarantee recognition at next CLK. :

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

PULSE 3
'OPROCESSOR,
RELEASE

Any CLK Cycle = 0 CLK Cycle =]
cLK * P
TCLGH — |=——TGVCH
cu f . TCLGH
L PULSE 1
RGIGT ( \ COPROCESSOR PULSE 2
/ % 8008 GT

Previous grant TCLAZ

Aot ;“:-:lz .
’:;'";;"z ‘ 0000 o . GOPROCESSOR
D, (R ¢ 5 A ‘ (SEE NOTE 1)
NOTE: 231456-19

1. The coprocessor may not drive the busses outside the region shown without risking'contention.

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

21 CLK CYCLEm= 1 OR 2 CYCLES —=
o P/_X\_Q ,_/_—\-L.‘JF\__Q
THVCH | —THVCH
[ )
S — ]
HOLD
0 " )
LR} LRJ v

—t TCLHAV — le—=TCLHAV

( "
r )

HLDA

{

] |e=——TCLAZ

A 3k

= a ¢ 1
8088 COPROCESSOR ,-——< 8088

! ) Jh )

Y (— e N

231456-20
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8086/8088 Instruction Set Summary

M;:?c‘:::a :: d Instruction Code
DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register I 100010dw I mod ‘reg r/m l
Immediate to Register/Memory [ 1100011w [ modooorm | data | dataitw =1
Immediate to Register ’ L 1011wreg ] data [ dataitw=1 |
Memory to Accumulator [ 1010000w ] addr-low [ addr-high |
Accumulator to Memory | 1010001w | addr-low [ addr-high I
Register/Memory to Segment Register r 10001110 ] mod 0 reg r/m I
Segment Register to Register/Memory [ 10001100 ] mod 0 regr/m |
PUSH = Push:
Register/Memory [ 11111111 | moditowm |
Regster
Segment Register
POP = Pop:
Register/Memory [ 10001111 | modooorm |
Register 0101 1reg

Segmént Register

XCHG = Exchange:
Register/Memory with Register
Register with Accumulator

IN = Input from:

Fixed Port

Variable Port

OUT = Output to:

Fixed Port

Variable Port

XLAT = Translate Byte to AL
LEA = Load EA to Register
LDS = Load Pointer to DS

| LES = Load Pointer to ES
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = PopFlags

000reg111

100001 1w

mod reg r/m ]

10010reg

1110010w

port

1110110w

1110011w

port

1110111w
11010111

l 10001101 - l mod reg r/m j
11000101 | mod reg r/m —l
11000100 | modregr/m |

10011111
10011110
10011100

N
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8086/8088 Instruction Set Summary (Continued)

Mnemonic and |
Description

Instruction Code

ARITHMETIC
ADD = Add:

Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

ADC = Add with Carry:
Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

INC = Increment:
Register/Memory

Register

AAA = ASCII Adjust for Add

BAA = Decimal Adjust for Add
SUB = Subtract:

Reg./Memory and Register to Either
Immediate from Register/Memory

Immediate from Accumulator

SSB = Subtract with Borrow
Reg./Memory and Register to Either
Immediate from Register/Memory
Immediate from Accumulator

DEC = Decrement:
Register/memory

Register

NEG = Change sign

CMP = Compare:
Register/Memory and Register
Immediate with Register/Memory
Immediate with Accumulator

AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned)

IMUL = Integer Muiltiply (Signed)
AAM = ASCII Adjust for Multiply
DIV = Divide (Unsigned)

IDIV = Integer Divide (Signed)
AAD = ASCII Adjust for Divide
CBW = Convert Byte to Word
CWD = Convert Word to Double Word

76543210 76543210 76543210 76543210
| 000000dw I mod reg r/m I

[ 100000sw | modooorm | data | dataifsw=01 ]
[ oooootow | data [ dataitw=1_ | '
[ o0o0o0100dw | modregm |

[ 100000sw | modotorm | data [ dataitsw=o01_ ]
[ ooototow | data [ dataitw=1 |

[ 1111111w | modooorm |

I 001010dw ] mod reg r/m

[ 100000sw | modio1mm | data | dataifsw =01

[ oot0t11ow ] data [ dataitw=1 |

[ o0ot110dw [ modregr/m |

[ 100000sw | modotirm | data [ dataifsw = 01

[ ooo111w ] data [ dataitw=1 |

[ 1111111w [ modoo1rm |

[ 1111011w [ modot1om |

| 001110dw | mod reg r/m I

[ 100000sw | moditirm | data [ dataitsw=01_ |
[ oo11110w | data [ dataitw=1_ |

[ 1111011w | modioowm |

[ 1111011w [ mod10o1e/m |

[ 11010100 | 00001010

[ 1111011w | modttovm |

[ 11110t1w | mod1t1e/m |

[ 11010101 [ oo0o001010 |

10011000
10011001
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8086/8088 Instruction Set Summary (Continued)

M;::::or:g::: 5 ’ Instruction Code
LOGIC 76543210 76543210 76543210 1, 76543210
NOT = Invert [ 1111011w | modotorm |
SHL/SAL = Shift Logical/Arithmetic Left ~ | 110100vw__| mod100r/m |
SHR = Shift Logical Right [ 110100vw | mod1otwvm |
SAR = Shift Arithmetic Right [ 110100vw | mod111vm |
ROL = Rotate Left [ 110100ovw | modooovm |
ROR = Rotate Right [ 110100vw [ modootwm |
RCL = Rotate Through Carry Flag Left [ 110100vw | modofomm |
RCR = Rotate Through Carry Right I 110100vw I mod011r/m j
AND = And:
Reg./Memory and Register to Either ]700 1000dw ; ~ __modregr/m |
Immediate to Register/Memory [ 1000000w | modi00rm | data [ dataifw=1
Immediate to Accumulator | 0010010w I data | dataifw = 1 | '
TEST = And Function to Flags. No Result:
Register/Memory and Register f 1000010w ] mod reg r/m |
Immediate Data and Register/Memory [ 1111011w | modooowm | data [ dataifw=1
Immediate Data and Accumulator [ 1010100w I data | dataifw = 1 I
OR = Or:
Reg./Memory and Register to Either l 000010dw ] mod reg r/m ] »
Immediate to Register/Memory [ 1000000w | modootvm | data [ dataitw =1
Immediate to Accumulator | 0000110w 1 data I dataifw = 1 |
XOR = Exclusive or:
Reg./Memory and Register to Either I 001100dw I mod reg r/m I
Immediate to Register/Memory I 1000000w I mod110r/m [ data I dataifw = 1 J
Immediate to Accumulator I 0011010w | data I dataifw = 1 ]
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word .
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Call:
Direct Within Segment [ 11101000 ] disp-low [ disp-high |
Indirect Within Segment l 11111111 ] mod010r/m I
Direct Intersegment I 10011010 I offset-low I offset-high |
| seg-low I seg-high I
Indirect Intersegment L 11111111 ] mod011 r/mj

n
f

87



Inter 8088

8086/8088 Instruction Set Summary (Continued)

Mnemonic and Instruction Code
Description
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 ] disp-low [ disp-high
Direct Within Segment-Short [ 11101011 | disp |
Indirect Within Segment [ 11111111 | mod1oovm |
Direct Intersegment I 11101010 I offset-low [ offset-high
I seg-low I seg-high I

Indirect Intersegment [ 11111111 I mod101r/m J
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP [ 11000010 ] data-low | data-high |
Intersegment 11001011
Intersegment Adding Immediate to SP r 11001010 l data-low I data-high l
JE/JZ = Jump on Equal/Zero r 01110100 | disp I
JL/JNGE = Jump on Less/Not Greater 01111100° dis

or Equal li ‘ P I
JLE/JNG = Jump on Less or Equal/ 0 1 di

Not Greater ’ 1111110 I L l
JB/JNAE = Jump on Below/Not Above | 01110010 | disp J

or Equal ’
JBE/JNA = Jump on Below or Equal/ 110 -

iy Tou [ ot110110 ] disp ]
JP/JPE = Jump on Parity/Parity Even [ o1111010 ] disp |
JO = Jump on Overflow [ o1110000 | disp j
JS = Jump on Sign [ o1111000 | disp ]
JNE/JNZ = Jump on Not Equal/NotZero | 01110101 | disp ]
JNL/JGE = Jump on Not Less/Greater ’ 01111101 l disp |

or Equal
JNLE/JG = Jump on Not Less or Equal/ l 01111111 I disp ‘

Greater
JNB/JAE = Jump on Not Below/Above | 01110011 [ disp l

or Equal
JNBE/JA = Jump on Not Below or 01 di

Equal/Above [ 1ot I P J
JNP/JPO = JumponNotPar/ParOdd [ 01111011 | disp ]
JNO = Jump on Not Overflow [ ot1110001 ] disp |
JNS = Jump on Not Sign [ 01111001 | disp ]
LOOP = Loop CX Times [ 11100010 | disp |
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp |
LOOPNZ/LOOPNE = Loop While Not I 11100000 | disp |

Zero/Equal

JCXZ = Jump on CX Zero [ 11100011 ] disp ]
INT = Interrupt
Type Specified [ 11001101 ] type ]
Type 3 11001100
INTO = Interrupt on Overflow 11001110
IRET = Interrupt Return 11001111
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8086/8088 Instruction Set Summary (Continued)

Mnemonic and

Description | Instruction Code
76543210 76543210

PROCESSOR CONTROL

CMC = Complement Carry

CLD = Clear Direction

STD = Set Direction

CLI = Clear Interrupt

STI = Set Interrupt

WAIT - wa

ESC = Escape (to External Device) l 11011xxx | mod X X xr/m

LOCK = Bus Lock Prefix ‘

NOTES: REG is assigned according to the following table:

AL = 8-bit accumulator 16-Bit (w = 1) 8-Bit (w = 0) Segment
AX = 16-bit accumulator 000 AX 000 AL 00 ES
CX = Count register 001 CX 001 CL 01 CS
D3 Data segment 010 DX 010 DL 10 SS
ES = Extrasegment 011 BX 011 BL 11 DS
Above/below refers to unsigned value 100 ‘'SP 100 AH

Greater = more positive: 101 BP 101 CH

Less = less positive (more negative) signed values 110 S| 110 DH

if d = 1 then “to” reg; if d = 0 then “from” reg BH

if w = 1 then word instruction; if w = 0 then byte 111 Dl 1

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

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

if r/m = 100 then EA = (Sl) + DISP

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

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

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

DISP follows 2nd byte of instruction (before data if re-

quired)

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

if ssw = 01 then 16 bits of immediate data form the oper-
and

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)
register

x = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT.-OVERRIDE PREFIX

| ootreg110

N

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)

Mnemonics © Intel, 1978

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -005 data sheet. Please review
this summary carefully. )

1. The Intel® 8088 implementation technology
(HMOS) has been changed to (HMOS-II).
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80C88A
8-BIT CHMOS MICROPROCESSOR

@ Pin-for-Pin and Functionally Compatible [ ]
to Industry Standard HMOS 8088

m Direct Software Compatibility with |
80C86, 8086, 8088

@ Fully Static Design with Frequency
Range from D.C. to: , ]
— 8 MHz for 80C88A-2

® Low Power Operation
— Operating Icc = 10 mA/MHz
— Standby Iccs = 500 pA max

E Bus-Hold Circuitry Eliminates Pull-Up

Resistors ™

Direct Addressing Capability of 1
MByte of Memory

Architecture Designed for Powerful
Assembly Language and Efficient High
Level Languages

24 Operand Addressing Modes
Byte, Word and Block Operations

8 and 16-Bit Signed and Unsigned
Arithmetic :

— Binary or Decimal

— Multiply and Divide

Available in 40-Lead Plastic DIP
(See Packaging Spec., Order #231369)

The Intel 80C88A is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The
processor has attributes of both 8 and 16-bit microprocessors. The 80C88A, available in 8 MHz clock rate,
offers two modes of operation: MINimum for small systems and MAXimum for larger applications such as

multi-processing. It is available in 40-pin DIP.

MEMORY INTERFACE

MIN MAX
MODE  |MODE
C-BUS .—._\r-——
GND []1 4[] Vec
A4 ]2 B[] A5
b3 4 A3 []3 38[] At6/S3
INSTRUCTION | 3 A1z [J4 7] Avzisa
STREAM BYTE 6 181S5
B-BUS QUEUE 2 At Os [ At
a0 (s 3507] A19/S6
ES 1 A (17 3a[] SSo (HIGH)
BUS cs A8 []s 3] MNMX
INTERFACE ss a07 e 2[] #
uNIT os . socasa -
EXECUTION UNIT ADs []10 “gpy 31[] HOLD  (RGIGTO)
°§,’;}';3L ADS ] 11 30{] HLDA (RGIGTY)
AD4 []12 29[ WR (LOCK)
AD3 []13 28[] 1o/m (52)
AD2 []14 27[] DWR 1)
AD1 []15 26 ] DEN (S0)
ADO []16 5[] ALE (so)
ExecuTi NME [} 17 24|] INTA (Qs1)
UTION —
P INTR [] 18 23[] TEST
8P CLK []19 22{7] READY
St GND 20 21[] RESET
ol
240028-2

2400281
Figure 1. 80C88A CPU
Functional Block Diagram

Figure 2. 80C88A 40-Lead

DIP Configuration

December 1989

Order Number: 240028-002
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Table 1. Pin Description

The following pin function descriptions are for B0C88A systems in either minimum or maximum mode. The
“local bus” in these descriptions is the direct-multiplexed bus interface connection to the 80C88A (without
regard. to additional bus buffers).

Symbol PinNo. | Type ‘ 'Name and Function

AD7-ADO 9-16 I1/0 | ADDRESS DATA BUS: These lines constitute the time
multiplexed'memory/IO address (T1) and data (T2, T3, Tw, and
T4) bus. These lines are active HIGH and float to 3-state OFF(1)
during interrupt acknowledge and local bus “hold acknowledge”.

A15-A8 2-8, 39 (0] ADDRESS BUS: These lines provide address bits 8 through 15 for
. the entire bus cycle (T1-T4). These lines do not have to be

latched by ALE to remain valid. A15-A8 are active HIGH and float

to 3-state OFF(1) during interrupt acknowledge and local bus

'| “‘hold acknowledge”. .

A19/86, A18/85,| - 35-38 O. . | ADDRESS/STATUS: During T1, these are the four mos
A17/S4, A16/S3 significant address lines for memory operations. During 1/0

: operations, these lines are. LOW. During memory and I/0
operations, status information is available on these lines during
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt
enable flag bit (S5) is updated at the beginning of each clock
cycle. S4 and S3 are encoded as shown.

' This information indicates which segment register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during local bus “hold

acknowledge”.
S4 S3 CHARACTERISTICS
o(LOW) 0 Alternate Data
0 1 Stack
1(HIGH) 0 Code or None
1 1 Data
S6 is 0(LOW)
RD 32 1 O READ: Read strobe indicates that the processor is performing a

memory or 1/0 read cycle, depending on the state of the I0/M pin
or S2. This signal is used to read devices which reside on the
80C88A local bus. RD is active LOW during T2, T3 and Tw of any
read cycle, and is guaranteed to remain HIGH in T2 until the
80C88A local bus has floated.

This signal floats to 3-state OFF(1) in “hold acknowledge”.

' READY 22 | READY: is the acknowledgement from the addressed memory or
1/0 device that it will complete the data transfer. The RDY signal
from memory or 1/0 is synchronized by the 82C84A clock
generator to form READY. This signal is active HIGH. The 80C88A
READY input is not synchronized. Correct operation is not

.| guaranteed if the set up and hold times are not met.
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Table 1. Pin Description (Continued)

Symboi Pin No. Type _ Name and Function

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table located
in system memory. It can be internally masked by software resetting
the interrupt enable bit. INTR is internally synchronized. This signal is
active HIGH.

TEST 23 | TEST: input is examined by the “wait for test” instruction. If the
TEST input is LOW, execution continues, otherwise the processor
waits in an “idle” state. This input is synchronized internally during
each clock cycle on the leading edge of CLK.

NMI 17 | NON-MASKABLE INTERRUPT: is an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via an interrupt
vector lookup table located in system memory. NMi is not maskable
internally by software. A transition from a LOW to HIGH initiates the
interrupt at the end of the current instruction. This input is internally
synchronized.

RESET 21 RESET: causes the processor to immediately terminate its present
activity. The signal must be active HIGH for at least four clock cycles.
It restarts execution, as described in the instruction set description,
when RESET returns LOW. RESET is internally synchronized.

CLK 19 | CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

Vee 40 Vec: is the +5V +10% power supply pin.
GND 1,20 GND: are the ground pins. Both must be connected.
MN/MX 33 | MINIMURM/MAXIMUM: indicates what mode the processor is to

operate in. The two modes are discussed in the following sections.

The following pin function descriptions are for the 80C88A minimum mode (i.e., MN/MX = V¢ ). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

1I0/M 28 (0] STATUS LINE: is an inverted maximum mode S2. It is used to
distinguish a memory access from an 1/0 access. I0/M becomes
valid in the T4 preceding a bus cycle and remains valid until the final
T4 of the cycle (I/0 = HIGH, M = LOW). I0/M floats to 3-state
OFF(1) in local bus “hold acknowledge”.

WR 29 (0] WRITE: strobe indicates that the processor is performing a write
memory or write I/0 cycle, depending on the state of the I0/M
signal. WR is active for T2, T3, and Tw of any write cycle. It is active
LOW, and floats to 3-state OFF(1) in local bus “hold acknowledge”.

24 (o} INTA: is used as a read strobe for interrupt acknowledge cycles. It is
active LOW during T2, T3, and Tw of each interrupt acknowledge
cycle.

3
>
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

25

0]

ADDRESS LATCH ENABLE: is provided by the processor tolatch
the address into an address latch. It is a HIGH pulse active during
clock low of T1 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically, DT/Ris
equivalent to ST in the maximum mode, and its timing is the same as
for IO/M (T = HIGH, R = LOW). This signal floats to 3-state OFF(1)
in local “hold acknowledge”".

O
m
Z

26

DATA ENABLE: is provided as an output enable for the transceiver
in a minimum system which uses the transceiver. DEN is active LOW
during each memory and I/0 access, and for INTA cycles. For a read
or INTA cycle, it is active from the middle of T2 until the middle of T4,
while for a write cycle, it is active from the beginning of T2 until the
middle of T4. DEN floats to 3-state OFF(1) during local bus “‘hold
acknowledge”. ‘

HOLD, HLDA

30,31

HOLD: indicates that another master is requesting a local bus
“hold”. To be acknowledged, HOLD must be active HIGH. The
processor receiving the “hold” request will issue HLDA (HIGH) as an
acknowledgement, in the middle of a T4 or Ti clock cycle.
Simultaneous with the issuance of HLDA the processor will float the
local bus and control lines. After HOLD is detected as being LOW,
the processor lowers HLDA, and when the processor needs to run
another cycle, it will again drive the local bus and control lines.

Hold is not'an asynchronous input. External synchronization should
be provided if the system cannot otherwise guarantee the set up
time.

|

[
[0}
(=]

34

STATUS LINE: is Io@a_lly equivalent to SO in the maximum mode.
The combination of SSO, I0/M and DT/R allows the system to
completely decode the current bus cycle status.

I0/M DT/R §S0 CHARACTERISTICS

“ 1(HIGH) 0 "0 Interrupt Acknowledge

1 1 Read I/0 port

1 1 0 Write 1/0 port

1 1 1 Halt

o(LOW) 0 0 Code access

0 0 1 Read memory

0 1 0 Write memory

0 1 1 Passive
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Table 1. Pin Description (Continued) :
The following pin function descriptions are for the 80C88A/82C88 system in maximum mode (i.e.,
MN/MX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin
functions are as described above.

Symbol PinNo. | Type \ Name and Function

$2,51,50 26-28 O | STATUS: is active during clock high of T4, T1, and T2, and is
returned to the passive state (1,1,1) during T3 or during Tw when
READY is HIGH. This status is used by the 82C88 bus controller to
generate all memory and 1/0 access control signals. Any change by
S2, S1, or S0 during T4 is used to indicate the beginning of a bus
cycle, and the return to the passive state in T3 or Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF(1) during “hold acknowledge”.
During the first clock cycle after RESET becomes active, these
signals are active HIGH. After this first clock, they float to 3-state

OFF.
S2 S§1 S0 CHARACTERISTICS
o(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read /0 port
0 1 0 Write 1/0 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
RQ/GTO, 30, 31 I/0 | REQUEST/GRANT: pins are used by other local bus masters to
RQ/GTT force the processor to release the local bus at the end of the

processor’s current bus cycle. Each pin is bidirectional with RQ/GT0
having higher priority than RQ/GT1. RQ/GT has an internal pull-up
resistor, so may be left unconnected. The request/grant sequence is
as follows (see timing diagram):

1. A pulse of one CLK wide from another local bus master indicates a
local bus request (“‘hold”’) to the 80C88A (pulse 1).

2. During.a T4 or T1 clock cycle, a pulse one clock wide from the
80CB88A to the requesting master (pulse 2), indicates that the
80C88A has allowed the local bus to float and that it will enter the
“hold acknowledge” state at the next CLK. The CPU’s bus interface
unit is disconnected logically from the local bus during “hold '
acknowledge”. The same rules as for HOLD/HOLDA apply as for
when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the
80C88A (pulse 3) that the “hold” request is about to end and that the
80CB88A can reclaim the local bus at the next CLK. The CPU then
enters T4.
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Table 1. Pin Descriptions (Continued) -

Symbol

Pin No.

Type

Name and Function

RQ/GTT

RQ/GTO,

30, 31

170

| Each master-master exchange of the local bus is a sequence of

three pulses. There must be one idle CLK cycle after each bus
exchange. Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle,
it will release the local bus during T4 of the cycle when all the
following conditions are met:

1. Request occurs on or before T2.

2. Current cycle'is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence. '
4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible
events will follow: ‘ ' )

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition numbeér 1
already satisfied.

29

LOCK: indicates that other system bus masters are not to gain -
control of the system bus while LOCK is active (LOW). The LOCK
signal is activated by the “LOCK" prefix instruction and remains
active until the completion of the next instruction. This signal is
active LOW, and floats to 3-state OFF(1) in “hold acknowledge”.

Qs1, QS0

24,25,

QUEUE STATUS: provide status to allow external tracking of the
internal 80C88A instruction queue.

The qUeue status is valid during the CLK cycle after which the
queue operation is performed.

Qs1 Qso CHARACTERISTICS

0(LOW)
0
1(HIGH)
b

:No operation

First byte of opcode from queue
Empty the queue

Subsequent byte from queue

- O = O

34

o

Pin 34 is always high in the maximum mode,

NOTE:

1. See the section on Bus Hold Circuitry.
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FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C88A circuitry is of static design. Internal regis-
ters, 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 CMOS
80C88A can operate from DC to the appropriate up-
per frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C88A can be single stepped using only the
CPU clock. This state can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion. In a power critical situation, this can provide
extremely low power operation since 80C88A power
dissipation is directly related to operating frequency.
As the system frequency is reduced, so is the oper-
ating power until ultimately, at a DC input frequency,
the 80C88A power requirement is the standby cur-
rent.

Z——: FFFFFH
64 KB CODE SEGMENT
P XXXXOH
| » ; STACK SEGMENT
+ OFrSET
SEGMENT B
REGISTER FILE wonn{ M8 1| baTa seament
% —
EXTRA DATA SEGMENT
>,
C—J 50000H
240028-3

Figure 3. Memory Organization
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MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3.)

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored
in the lower valued address location and the most
significant byte in the next higher address location.
The BIU will automatically execute two fetch or write
cycles for 16-bit operands.

Certain locations in memory are reserved for specific
CPU operations. (See Figure 4.) Locations from ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump to the initial system

FFFFFH
RESET BOOTSTRAP

PROGRAM JUMP FFFFOH

. T

3FFH
INTERRUPT POINTER

FOR TYPE 255

3FOH
°
®
°
H

INTERRUPT POINTER
FOR TYPE 1

INTERRUPT POINTER
FOR TYPE 0

4H
3H

OH
240028-4

Figure 4. Reserved Memory Locations
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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 rgferences vyl"!en: relat.we to stack, destination of string
operation, or explicitly overridden.

External (Global) Data | EXTRA (ES) Destination of _strlng operations: Explicitly selected using a
segment override.

initialization routine. Following RESET, the CPU will
always begin execution at location FFFFOH where
- the jump must be located. Locations 00000H
through 003FFH are reserved for interrupt opera-
tions. Four-byte pointers consisting of a 16-bit seg-
ment address and a 16-bit offset address direct pro-
gram flow to one of the 256 possible interrupt serv-
ice routines. The pointer elements are assumed to
have been stored at their respective places in re-
served memory prior to the occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80CB8BA systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C88A is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the 80CB8A defines pins 24 through 31 and 34 in
maximum mode. When the MN/MX pin is strapped
to Vce, the 80C88A generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode 80C88A can be used with either
a multiplexed or demultiplexed bus. The multiplexed
bus configuration is compatible with the MCS®-85
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multiplexed bus peripherals (8155, 8156, 8355,
8755A, and 8185). This configuration (See Figure 5)
provides the user with a minimum chip count sys-
tem. This architecture provides the 80C88A pro-
cessing power in-a highly integrated form.

The demultiplexed mode requires one latch (for 64k
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is required.
(See Figure 6.) The 80C88A provides DEN and DT/
R to control the transceiver, and ALE to latch the
addresses. This configuration of the minimum mode
provides the standard demultiplexed bus structure
with heavy bus buffering and relaxed bus timing re-
quirements.

The maximum mode employs the 82C88 bus con-
troller. (See Figure 7.) The 82C88 decodes status
lines SO, S1, and S2, and provides the system with
all bus control signals. Moving the bus control to the
82C88 provides better source and sink current capa-
bility to the control lines, and frees the 80C88A pins
for extended large system features. Hardware lock,
queue status, and two request/grant interfaces are
provided by the 80C88A in maximum mode. These
features allow co-processors in local bus and re-
mote bus configurations.
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Figure 5. Multiplexed Bus Configuration
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Bus Operation

The 80C88A address/data bus is broken into three
parts—the lower eight address/data bits (AD0-AD7),
the middle eight address bits (A8-A15), and the up-
per four address bits (A16-A19). The address/data
bits and the highest four address bits are time multi-
plexed. This technique provides the most efficient
use of pins on the processor. The middle eight ad-
dress bits are not multiplexed, i.e. they remain valid
throughout each bus cycle. In addition, the bus can
be demultiplexed at the processor with a single ad-
dress latch if a standard, non-multiplexed bus is de-
sired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4. (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “wait” states (Tw) are in-
serted between T3 and T4. Each inserted “wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C88A driven bus cycles.
These are referred to as “idle” states (Ti), or inac-
tive CLK cycles. The processor uses these cycles
for internal housekeeping.
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@+ Nwam)=Tcy

ol | | e | T
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ALE _/—_\

l T|. | T2 l T3 l Twar | Ta
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Figure 8. Basic System Timing
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During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.

Status bits S0, 57, and S2 are used by the bus con-
troller, in. maximum mode, to identify the type of bus
transaction according to the following table:

Sz 'Sy .| So | CHARACTERISTICS
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 Write 170
|0 1 1 Halt
1 (HIGH) 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (no bus cycle)

Status bits S3 through S6 are multiplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress 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 is a reflection of the PSW interrupt enable bit. S6
is equal to 0. N

1/0 ADDRESSING

In the 80C88A, 1/0 operations can address up to a
- maximum of 64k 1/0 registers. The 1/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19-A16 are
zero in I/0 operations. The variable 1/0 instructions,
which use register DX as a pointer, have full address

capability, while the direct 1/0 instructions directly
address one or two of the 256 1/0 byte locations in
page 0 of the 1/0 address space. /O ports are ad-
dressed in the same manner as memorylocations.

Designers familiar with the 8085 or upgrading an
8085 design should note that the 8085 addresses
1/0 with an 8-bit address on:both halves of the 16-
bit address bus. The 80C88A uses a full 16-bit ad-
dress on its lower 16 address lines.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C88A RESET is required to be HIGH for four or
more clock cycles. The 80C88A will terminate oper-
ations on the high-going edge of RESET and will
remain dormant as long as RESET is HIGH. The
low-going - transition of RESET triggers an internal
reset sequence for approximately 7 clock cycles. Af-
ter this interval the 80C88A operates normally, be-
ginning with the' instruction in absolute location
FFFFOH. (See Figure 4.) The RESET input is inter-
nally synchronized to the processor clock. At initiali-
zation, the HIGH to LOW transition of RESET must
occur no sooner than 50 us after power up, to allow
complete initialization of the 80C88A.

" NMI asserted prior to the 2nd clock after the end of

RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1). ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and to eliminate the need
for pull-up/down resistors, “bus-hoid” circuitry has
been used on the 80C88A pins 2-16, 26-32, and
34-39 (Figure 9a, 9b). These circuits will maintain
the last valid logic state if no driving source is pres-
ent (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 350 A minimum sink or
source current at valid input voltage levels. Since
this “bus hold” circuitry is active and not a “resis-
tive” type element, the associated power supply

current is negligible and power dissipation is signifi-
cantly reduced when compared to the use of pas-
sive pull-up resistors.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the instruction set description in the
iAPX 88 book or the jAPX 86,88 User's Manual.
Hardware interrupts can be classified as nonmaska-
ble or maskable.

OUTPUT

- “Pull-Up/Pull-Down”

BOND | EXTERNAL

DRIVER

PAD PIN

P ]
tocecca=d

INPUT
PROTECTION
CIRCUITRY

1

Input buffer exists only on 1/0 pins

240028-9

Figure 9a. Bus hold circuitry pin 2-16, 35-39.
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INPUT
PROTECTION
CIRCUITRY
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Figure 9b. Bus hold circuitry pin 26-32, 34.
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Interrupts result in a transfer of control to a new pro-
gram location. A 256 element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to vector
through the appropriate element to the new interrupt
service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides'a single non-maskable inter-
rupt (NMI) pin which has higher priority than the
maskable interrupt request (INTR) pin. A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW to HIGH transition.
The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going
transition of NMI is latched on-chip and will be serv-
iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable. shift
instructions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-
ter the start of the' NMI procedure. The signal must

be free of logical spikes in general and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80C88A provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable (IF) flag bit.
The interrupt request signal is level triggered. It is
internally synchronized during each clock cycle on-
the high-going edge of CLK. To be responded. to,
INTR must be present (HIGH) during the clock peri-
od preceding the end of the current instruction or the
end of a whole move for a block type instruction.
During interrupt response sequence, further inter-
rupts are disabled. The enable bit is reset as part of
the response to any interrupt (INTR, NMI, software
interrupt, or single step), although the FLAGS regis-
ter which is automatically pushed onto the stack re-
flects the state of the processor prior to the inter-
rupt. Until the old FLAGS register is restored, the
enable bit will be zero unless specifically set by an
instruction. . ‘

During the response sequence (See Figure 10), the
processor executes two successive (back to back)
interrupt acknowledge cycles. The 80C88A emits
the LOCK signal (maximum mode only) from T2 of
the first bus cycle until T2 of the second. A local bus
“hold” request will not be honored until the end of
the second bus cycle. In the second bus cycle, a

IR
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(I (T B T Ts
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/

\ FLOAT

ADo-ADy

N

TYPEVECTOR

240028-11

Figure 10. Interrupt Acknowledge Sequence
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byte is fetched from the external interrupt system
(e.g., 82C59A PIC) which identifies the source (type)
of the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal left HIGH will be continually
responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bit when it restores the
flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
ALE, delayed by one clock cycle, to allow the sys-
tem to latch the halt status. Halt status is available
on 10/M, DT/R, and SSO. In maximum mode, the
processor_issues appropriate HALT status on S2,
S1, and SO, and the 82C88 bus controller issues one
ALE. The 80C88A will not leave the HALT state
when a local bus hold is entered while in HALT. In
this case, the processor reissues the HALT indicator
at the end of the local bus hold. An interrupt request
or RESET will force the 80C88A out of the HALT
state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the

processor when consecutive bus cycles are required -

during the execution of an instruction. This allows
the processor to perform read/modify/write opera-
tions on memory (via the “exchange register with
memory” instruction), without another system bus
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to ac-
complish “test and set lock” operations. The LOCK
signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It is deacti-
vated at the end of the last bus cycle of the instruc-
tion following the LOCK prefix. While LOCK is active,
arequest on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to interrupts, the 80C88A provides
a single software-testable input pin (TEST). This in-
put is utilized by executing a WAIT instruction. The
single WAIT instruction is repeatedly executed until
the TEST input goes active (LOW). The execution of
WAIT does not consume bus cycles once the queue
is full.

If a local bus request occurs during WAIT execution,
the 80C88A 3-states all output drivers. If interrupts
are enabled, the 80C88A will recognize interrupts
and process them. The WAIT instruction is then re-
fetched, and reexecuted.

BASIC SYSTEM TIMING

In minimum mode, the MN/MX pin is strapped to
Vce and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN/MX pin is strapped to GND and the
processor emits coded status information which the
82C88 bus controller uses to generate MULTIBUS
compatible bus control signals.

System Timing — Minimum System

(See Figure 8.):

The read cycle begins in T1 with the assertion of the
address latch enable (ALE) signal. The trailing (low
going) edge of this signal is used to latch the ad-
dress information, which is valid on the address/
data bus (ADO-AD?7) at this time, into a latch. Ad-
dress lines A8 through A15 do not need to be
latched because they remain valid throughout the
bus cycle. From T1 to T4 the |O/M signal indicates a
memory or |/O operation. At T2 the address is re-
moved from the address/data bus and the bus goes
to a high impedance state. The read control signalis
also asserted at T2. The read (RD) signal causes the
addressed device to enable its data bus drivers to
the local bus. Some time later, valid data will be
available on the bus and the addressed device will
drive the READY line HIGH. When the processor
returns the read signal to a HIGH level, the ad-
dressed device will again 3-state its bus drivers. If a
transceiver is required to buffer the 80C88A local
bus, signals DT/R and DEN are provided by the
80C88A.

A write cycle also begins with the assertion of ALE
and the emission of the address. The 10/M signal is
again asserted to indicate a memory or I/0 write
operation. In T2, immediately following the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middle of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float. .
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The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read. (RD) sighal and the address bus is floated.
(See Figure 10.) In the second of two successive
INTA cycles, a byte of information is read from the
data bus, as supplied by the interrupt system logic
(i.e. 82C59A priority interrupt controller). This byte
identifies the source (type) of the interrupt. It is multi-
plied by four and used as a pointer into the interrupt
vector lookup table, as described earlier.

BUS TIMING — MEDIUM COMPLEXITY
SYSTEMS

(See Figure 11.)

For medium complexity systems, the MN/MX pin is
connected to GND and the 82C88 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to allow for
bus loading greater than the 80C88A is capable of
handling. Signals ALE, DEN, and DT/R are generat-
ed by the 82C88 instead of the processor in this
configuration, although their timing remains relatively
the same. The 80C88A status outputs (S2, S1, and
S0) provide type of cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or I/0), write (data or 1/0), inter-
rupt acknowledge, or software halt. The 82C88 thus
issues control signals specifying memory read or
write, 1/0 read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence, data is not
valid at the leading edge of write. The transceiver
receives the usual T and OE inputs from the
82C88’s DT/R and DEN outputs.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A priority inter-
rupt controller is positioned on the local bus, a TTL
gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “poll”.

THE 80C88A COMPARED TO THE 80C86

The 80C88A CPU is an 8-bit processor designed
around the 80C86 internal structure. Most internal
functions of the 80C88A are identical to the equiva-

lent 80C86 functions. The 80C88A handles the ex-
ternal bus the same way the 80C86 does with the
distinction of handling only 8 bits at.a time. Sixteen-
bit operands are fetched or written in two consecu-
tive bus cycles. Both processors will appear identical
to the software engineer, with the exception of exe-
cution time. The internal register structure is identi-
cal and all instructions have the same end result.
The differences between the 80C88A and 80C86
are outlined below. The engineer who is unfamiliar
with the 80C86 is referred to the iAPX 86, 88 User’s
Manual, Chapters 2 and 4, for function description

~and instruction set information. Internally, there are

three differences between the 80C88A and the
80C86. All changes are related to the 8-bit bus inter-
face.

¢ The queue length is 4 bytes in the 80C88A,

whereas the 80C86 queue contains 6 bytes, or
three words. The queue was shortened to pre-
vent overuse of the bus by the BIU when pre-
fetching instructions. This was required because
of the additional time necessary to fetch instruc-
tions 8 bits at a time.

e To further optimize the queue, the prefetching al-
gorithm was changed. The 80C88A BIU will fetch
a new instruction to load into the queue each
time there is a 1 byte hole (space available) in the
queue. The 80C86 waits until a 2-byte space is
available.

¢ The internal execution time of the instruction set
is affected by the 8-bit interface. All 16-bit fetches
and writes from/to memory take an additional
four clock cycles. The CPU is also limited by the
speed of instruction fetches. This latter problem
only occurs when a series of simple operations
occur. When the more sophisticated instructions
of the 80C88A are being used, the queue has
time to fill and the execution proceeds as fast as
the execution unit will allow.

The 80C88A and 80C86 are completely software
compatible by virture of their identical execution
units. Software that is system dependent may not be

~ completely transferable, but software that is not sys-

tem dependent will operate equally as well on an
80C88A or an 80C86.

The hardware interface of the 80C88A contains the
major differences between the two CPUs. The pin
assignments are nearly identical, however with the
following functional changes:

e A8-A15 — These pins are only address outputs
on the 80C88A. These address lines are latched
internally and remain valid throughout a bus cycle
in a manner similar to the 8085 upper address
lines. )
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e BHE has no meaning on the 80C88A and has ® |0/M has been inverted to be compatible with the

been eliminated.

MCS-85 bus structure.

¢ SSO provides the SO status information in the e ALE is delayed by one clock cycle in the mini-
minimum mode. This output occurs on pin 34 in mum mode when entering HALT, to allow the
minimum mode only. DT/R, I0/M, and SSO pro- status to be latched with ALE.

vide the complete bus status in minimum mode.
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Figure 11. Medium Complexity System Timing
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage

(With respect to ground) ... .. .. e -0.5t0 7.0V
Input Voltage Applied

(wrt.ground) ............. —0.5to0 Vg + 0.5V
Output Voltage Applied

(w.rt.ground) ...l —0.5to Vgg + 0.5V
Power Dissipation....................o.. 1.0W
Storage Temperature .......... —65°Cto +150°C

Ambient Temperature Under Bias ....0°Cto +70°C

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.:
These are stress. ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the *“Operating Conditions”
may affect device:-reliability.

D.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vg = 5V £5%

: 80C88A-2
Symbol Parameter - : Units Test Conditions
Min Max

ViL Input Low Voltage -0.5 +0.8 v
ViH Input High Voltage (All inputs 2.0 ) v

except clock)
VcH Clock High Voltage Voc—0.8 | Vv
VoL Output Low Voltage 0.45 v loL = 2.5mA
VoH Output High Voltage 3.0 \" loH = —2.5mA

. Vecc—0.4 loy = —100 pA
Icc Power Supply Current 10 mA/MHz ViL = GND, Vi = Ve
lccs Standby Supply Current 500 pA ViN = Vg or GND
. Outputs Unloaded
CLK = GND or Vg

I Input Leakage Current +1.0 HA OV<V|NSVco
IBHL Input Leakage Current 50 400 RA ViN = 0.8V

(Bus Hold Low) (Note 4)
IBHH Input Leakage Current —50 —400 BA ViN = 3.0V

(Bus Hold High) (Note 5)
IBHLO Bus Hold Low Overdrive 600 rA (Note 2)
IBHHO Bus Hold High Overdrive —600 pA (Note 3)
ILo Output Leakage Current +10 RA VouTt = GND or Vg
CiN Capacitance of Input Buffer o 5 pF (Note 1)

(All inputs except ADg—AD7, RQ/GT)
Cio Capacitance of I/0 Buffer 20 pF (Note 1)

(ADo-AD7 RQ/GT) .
Cout Output Capacitance 15 pF (Note 1)

NOTES:

1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND

c) Vin at +5.0V or GND.

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

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

4. Test condition is to lower VN to GND and then raise V| to 0.8V on pins 2—-16 and 34-39.

5. Test condition is to raise V|\ to Vcg and then lower Vi to 3.0V on pins 2-16, 26-32 and 34-39.
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A.C. CHARACTERISTICS T4 = 0°Ct0 70°C, Voo = 5V +5%

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter 80C88A-2 Units ¢ :;‘:’.t
Min Max onditions
TCLCL CLK Cycle Period 125 D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 ns
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84A 35 ns
(Notes 1, 2)
TCLR1X RDY Hold Time into 82C84A 0 ns
(Notes 1, 2)
TRYHCH READY Setup Time into 80C88A 68 ns
TCHRYX READY Hold Time into 80C88A 20 ns
TRYLCL READY Inactive to CLK (Note 3) —8 ns
THVCH HOLD Setup Time 20 ns
TINVCH INTR, NMI, TEST Setup Time 15 ns
(Note 2)
TILIH Input Rise Time (Except CLK) 15 ns From 0.8V to 2.0V
(Note 4)
TIHIL Input Fall Time (Except CLK) 15 ns From 2.0V to 0.8V
(Note 4)
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A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES

Symbol Parameter N::CBSA 2 = Units Cor-:.deifi:ms
TCLAV Address Valid Delay 10 60 ns.
TCLAX Address.Hold Time 10 ns
TCLAZ Address Float Delay TCLAX 50 ns
TLHLL ALE Width TCLCH-10 ns
TCLLH ALE Active Delay 50 ns
TCHLL ALE Inactive Delay 55 ns
TLLAX | Address Hold Time to ALE Inactive TCHCL-10 ns
TCLDV Data Valid Delay . 10 60 | ns
TCHDX Data Hold Time ) 10 ns
TWHDX Data Hold Time After WR TCLCH-30 ns
TCVCTV Control Active Delay 1 10 70 ns
TCHCTV | Control Active Delay 2 10 60 ns
TCVCTX Control Inactive Delay 10 70 ns
TAZRL Address Float to READ Active 0 ns
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay : 10° 80 ns
TRHAV | RD Inactive to Next Address Active TCLCL-40 ' ns
TCLHAV | HLDA Valid Delay 10 100 ns
" TRLRH RD Width 2TCLCL-50 ns
TWLWH WR Width 2TCLCL-40 ‘ ns
TAVAL Address Valid to ALE Low TCLCH-40 ns
TOLOH Output Rise Time (Note 4) 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time (Note 4) 15 ns From 2.0V to 0.8V

NOTES:

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T2 state (8 ns into T3 state).

4. These parameters are characterized and not 100% tested.

2-109



intel

80C88A

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

Input/Output
2.4

0.45 —

15

240028-13

A.C. Testing inputs are driven at 2.4 for a logic ““1”” and 0.45 for a
logic “0”. Timing measurements are made at 1.5V.

DEVICE
UNDER
TEST

1C

100 pF

r

240028-14

Cy Includes Jig Capacitance

WAVEFORMS

BUS TIMING — MINIMUM MODE SYSTEM

T T2 Ta Tw Ta
le——— TeLCL ——{TCHICH2 TCLzcLt
Ven /
CLK (82C84A Output) qj‘ ’\ K }r 5\ }f \
= remetv TCHCL e TCLCH —]
10/M, SS0 x
A1s-Ag Aqs - Ag (Float during INTA)
—] l~— TELDV
TCLAV-+| TCLAX | T TCHOX — —
A19/Se-Are/Sy Arg-Are ’ 8g-83
TCLLH—+] TLHLL L riiax
r—-—
ALE /
— A,
TCHLL—] 3 - TRIVCL
Vin - v
RDY (62C84A Input) [ TAVAL -~ ‘ \T\ \ \Q
SEE NOTE 1 Vi ==p
=
RYLCL—|  |[~—
READY (80C88A Inpu] l
¢ )l —=| |e—TcHRYX
-f‘._
— leTCLAZ ];—rnvu——»«rcwx—- .
AD7 - Al - DATA IN
7-A% )( Aor-ADo FLOAT [ Froar F
TAZAL—>] TCLRH— TRHAV
e y
READ CYCLE 1
(NOTE 1) — TCHCTV TCLRL } TRLRH TCHCTV
(W, INTA = Vox) —
DTR
TCVCTV—=| TCVCTX —|
DEN

240028-15
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WAVEFORMS (Continued)

BUS TIMING — MINIMUM MODE SYSTEM (Continued)

o T T3 Tw Ts
TCHICH2 Teel
Veu
CLK (82C84A Output) f ss j‘ 5 f \ )/_—\_
CcL
TCLAV — ;gt:;: — TCHDX—~{  |«—
AD; - ADg AD;-ADo DATA OUT
TCVCTV-»| =~ TWHDX
— TCVCTX
WRITE CYCLE 55
NOTE 1
TCVCTV—+ |~—
TWLWH
WA ](
g TCVCTX— o
— «-TCLAZ ,
AD7 - ADg
A FLOAT T\__POmNTER FLOAT -\
— TCHCTV  — TCHCTV
DTIR :

INTA oYCLE Toverv—]
(RD, WR =Von) NTR V
TCVCTV—+{ |=— TCVCTX—+
OER .

SOFTWARE HALT -
GER, WA, INTA = Von AD7 - ADo INVALID ADDRESS SOFTWARE HALT
DT/R INDETERMINATE TCLAV—+| -~

240028-16

NOTES:

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

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

3. Two INTA Cycles run back-to-back. The 80C88A local ADDR/Data bus is floating during both INTA Cycles. Control
signals are shown for the second INTA cycle.

4. Signals at 82C84A are shown for reference only.
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80C88A

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 80C88A-2 Units Test Conditions
Min Max :
TCLCL CLK Cycle Period 125 . D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10. ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns ' From 3.5V to 1.0V
TDVCL Data In Setup Time 20 ns
TCLDX Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84 35 ns
(See Notes 1, 2)
TCLR1X RDY Hold Time into 82C84 0 ns
(See Notes 1, 2)
TRYHCH READY Setup Time into 80C88A 68 ns
TCHRYX READY Hold Time into 80C88A 20 ns
TRYLCL READY Inactive to CLK -8 ns
(See Note 4)
TINVCH Setup Time for Recognition 15 ns
(INTR, NMI, TEST) (See Note 2)
TGVCH RQ/GT Setup Time 15 ns
TCHGX RQ Hold Time into 80C88A 30 ns
TILIH Input Rise Time (Except CLK) 15 ns From 0.8V to 2.0V
(Note 5)
TIHIL Input Fall Time (Except CLK) 15 ns From 2.0V to 0.8V
(Note 5)

2-112




intal | 80C88A

A.C. CHARACTERISTICS

TIMING RESPONSES

Symbol ‘ Parameter 80C88A-2 Units | Test Conditions
Min Max
TCLML- | Command Active Delay (Note 1) 5 35 | ns
TCLMH Command Inactive Delay (Note 1) 5 35 ns
TRYHSH | READY Active to Status Passive (Note 3) 65 ns
TCHSV Status Active Delay 10 60 ns
TCLSH Status Inactive Delay 10 70 ns
TCLAV Address Valid Delay 10 60 ns
TCLAX Address Hold Time .10 ns
TCLAZ Address Float Delay TCLAX 50 ns
TSVLH Status Valid to ALE High (Note 1) 20 ns
TSVMCH | Status Valid to MCE High (Note 1) 30 ns
TCLLH CLK Low to ALE Valid (Note 1) : 20 ns
TCLMCH | CLK Low to MCE High (Note 1) 25 ns
TCHLL ALE Inactive Delay (Note 1) 4 18 ns
TCLDV Data Valid Delay 10 60 ns
TCHDX | Data Hold Time 10 ns
TCVNV Control Active Delay (Note 1) 5 45 ns
TCVNX Control Inactive Delay (Note 1) 10 45 ns
TAZRL Address Float to Read Active 0 ns
TCLRL RD Active Delay - . 10 100 | ns
TCLRH RD Inactive Delay ; ; 10 80 ns
TRHAV RD Inactive to Next Address Active TCLCL-40 ns
TCHDTL | Direction Control Active Delay (Note 1) 50 " ns
TCHDTH | Direction Control Inactive Delay (Note 1) 30 ns
TCLGL GT Active Delay 0 50 ns
TCLGH GT Inactive Delay ) 0 50 ns
TRLRH " '| RD Width 2TCLCL-50 ns
TOLOH Output Rise Time (Note 5) ' 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time (Note 5) ) 15 ns From 2.0V to 0.8V
NOTES: -

1. Signal at 82C84A or 82088 shown for reference only. See 82C84A and 82C88 data sheets for the most recent
specifications.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states (8 ns into T3 state).

4. Applies only to T2 state (8 ns into T3 state).
. 5. These parameters are characterized and not 100% tested.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
Input/Output
. URbER —]
i 15 C_ 100 pF
240028-17 =

A.C. Testing inputs are driven at 2.4V for a logic ‘1" and 0.45V
for a logic “0”. Timing measurements are made at 1.5V.

240028-18

Cy Includes Jig Capacitance

WAVEFORMS

BUS TIMING—MAXIMUM MODE

QS0.081

§2.51.50 (EXCEPT HALT)

Ats-Ag

A19/Se-A16/S3

ALE (82C88 OUTPUT)

SEE NOTE 5

| RDY (82C84 INPUT)

READY (80C88A INPUT)

READ CYCLE,
AD; - ADy
"D
oTR

[

2088 OUTPUTS | o 0 tomE

SEE NOTES 5,6
DEN

VCL—)

T T2 Ts f¢
TCLCL———+{TCH1CH2 H ToLcLY
VCH /-——\ !—-\ [—0—-\
f X £
TCLAV- % TCHCL fo-TCLCH =
TCHSV — le TCLS!
~---—--
/// / (SEE NOTE 7) \
N N
A1s - Ag
— TCLAV Totov | TcHDX—|
CLAX — .
Arg-Asg S6-S3

TSVLH -+ [
Tewe] *_\L* e —
/
JES— S e e

TCLAV—>| —~|TCLAZ
AD7-ADo

TRYLCL—»| -—
T

—o TCLAX

=—TRIVCL

=
N TR

re-TCLR1

AN

«— TCHRYX

RYHSH —=| o
— == TRYHCH |
[~——TOVCL———=}
N
(oAT | DATA

TAZRL _(—{’( TCLRH
T
TCHDTL — — TCLRL
1\ TRLRH.
TCLML~ {— \ TOLMH +]
TCYNV—|

—

TCVNX —+|

240028-19
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WAVEFORMS (Continued)

BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88)

T T T T
) TCHSW ! ’ 2 3T, a
VCH ,
CLK F \ [\ (— \ N
veL - / — f
- e o
S,. S,, S, (EXCEPT HALT) N 'SEENOTE7)
WRITE CYCLE TCLAV=| | o TCLOV] ey s ] TCHDX
AD,-AD, X | Tetax DATA
TCUNV -+ = TCVNX
DEN -
— TCLML TCLMH-+{
82C88 AMWE
OUTPUTS{ o 2 iowe Y,

SEE . . L TCLML—+{ | TCLMH
NOTES 5.6 MWTC ‘l Y
’ OR IOWC o 'j

RESERVED FOR

INTA CYCLE CASCADE ADDR
—_— Ay FLOAT || 7/ \ r—~
\ FLOAT . FLOAT \—
(SEE NOTES 3.4) reraz - / r_ \ . toveLe] - TCLDX
—
AD;-AD, )T FLoAT POINTER FLOAT \—
TSYMCH-H pur CYNX \ -
MCE/ LA
PDEN  TCLMCH- — TCHDTL — TCHDTH
OT/R
82C88 OUTPUTS INTA TCLML
SEE NOTES 5,6
—] ?chnv =
| DEN -

TCVNX—

SOFTWARE _ _
HALT — (DEN = V,,: RD, MRDC, IORC, MWTC, AMWC, iIOWC, AIOWC, INTA,DT/R = V.

AD;-AD, A,5-Aq INVALID ADDRESS
TCLAV— '

T S Ypp—
S..5,.5, N/ | W

240028-20

NOTES:

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

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

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

4. Two INTA cycles run back-to-back. The 80C88A local ADDR/Data bus is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

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

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, TORC, IOW AIOWC INTA and
DEN) lags the active high 82C88 CEN.

7. Status inactive in state just prior to T4.
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80C88A

WAVEFORMS (Continued)

BUS LOCK SIGNAL TIMING

ASYNCHRONOUS SIGNAL RECOGNITION (MAXIMUM MODE ONLY)

__ANV CLK CYCL_E_-|

CLK

INTR signal

TCLAV

¢
—

TEST © LOCK

240028-21

NOTE: Setup requirements for asynchronous signals
only to guarantee recognition at next CLK.

ANY CLK CYCLE

—.I

TCLAV

240028-22

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK

CYGLE. > 0-CLK CYCLE
2y
TCLGH
2 ToLoU T Tonex |- e PULSE 3
R —
Ra7GT ,
COPROCESSOR RG ' ULSE 1 COPROCESSOR
RELEASE
A/SA,/S, PREVIOUS
AD,AD, 80C88A COPROCESSOR )'—@u
5,5.5,
RD, COCR (see note)

240028-23

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention.

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1 CLK CYCLE— [+~ -1 OR 2 CYCLES —=]
o _/_\ N/ m
— le—THVCH
4
HOLD
0 )
Y ?
-1 |+ TCLHAV — e— TCLHAV
- 5
—¢
HLDA }—«
¥ 4§ -
) )y —=| [+—TCLAZ )
5 14 — ¢ 4
80C88 COPROCESSOR 80C88
A I ) e
<} —1 4

240028-24
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80C88A

80C86A/80C88A INSTRUCTION SET SUMMARY

Mnemonic and

LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = Pop Flags

10011111

10011100

Description Instruction Code

DATA TRANSFER

MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register | 100010dw I mod reg r/m J

Immediate to Register/Memory I 1100011w | mod000r/m | data l dataifw 1
Immediate to Register I 1011wreg [ data I dataif w 1 |
Memory to Accumulator [ 1010000w l add-low | addr-high J
Accumulator to Memory [ 1010001w l addr-low I addr-high I
Register/Memory to Segment Register** l 10001 1 10 ] mod 0 regr/m J
. Seément Register to Register/Memory l 10001100 . I mod 0 reg r/m !

PUSH = Push:

Register/Memory [ 11111111 | modt10/m |

Segment Register

POP = Pop:

Register/Memory [ 10001111 | modooorm

Register

Segment Register

XCHG = Exchange: ‘

Register/Memory with Register I 1000011w | mod reg r/m

Register with Accumulator

IN = Input from:

Fixed Port [ 1110010w | port

Variable Port

OUT = Output to:

Fixed Port [ 1110011w | port

Variable Port

XLAT = Translate Byte to AL

LEA = Load EA to Register [ 10001101 | modregr/m |

LDS = Load Pointer to Dé I - 11000101 | mod reg r/m I

LES = Load Pointer to ES [ 11000100 | modregrm |
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80C88A

80C86A/80C88A INSTRUCTION SET SUMMARY (Continued)

Mnemonic and

Description Instruction Code
ARITHMETIC . 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either I 000000dw l mod reg r/m I
immediate to Register/Memory | 100000sw | mod000r/m | data [ data if s:sw = 01 —[
Immediate to Accumulator | 0000010w I data I . dataifw =1 |
ADC = Add with Carry:
Reg./Memory with Register to Either l 000100dw [ mod reg r/m ]
Immediate to Register/Memory [ 100000sw | modotorm | data [ dataitsw = o1
Immediate to Accumutator I 0001010w l data ] dataifw = 1 ]
INC = Increment:
Register/Memory [ 1111111w | modooor/m |
AAA = ASCII Adjust for Add
DAA = Decimal Adjust for Add
SUB = Subtract:
Reg./Memory and Register to Either I 001010dw | mod reg r/m |
Immediate from Register/Memory [ 100000sw | mod101rm | data [ dataitsw = o1
Immediate from Accumulator | 0010110w | data | dataifw = 1 ]
SBB = Subtract with Borrow
Reg./Memory and Register to Either 000110dw | mod reg r/m |
Immediate from Register/Memory [ 100000sw | modot1rm | data | dataifsw = o1
Immediate from Accumulator [ ooot11ow ] data [ dataifw=1_ ]
DEC = Decrement:
Register/Memory | 1111111w ] mod001r/m l
NEG = Change Sign [ 1111011w [ modot11ovm |
CMP = Compare:
Register/Memory and Register | 001110dw l mod reg r/m |
Immediate with Register/Memory [ 100000sw [ modt1irm | data [ dataitsw =01
Immediate with Accumulator | 0011110w ] data I dataifw = 1 |
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w [ modtoorm |
IMUL = Integer Multiply (Signed) [ 1111011w [ mod101m |
AAM = ASCII Adjust for Multiply [ 11010100 [ oo0oo01010 |
DIV = Divide (Unsigned) [ 1111011w [ modttovm |
IDIV = Integer Divide (Signed) [ 1111011w | modt11vm |
AAD = ASCIl Adjust for Divide [ 11010101 [ oooot1010 |

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued)

MS::Z::::‘::" Instruction Code
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w [ modotovm |
SHL/SAL = Shift Logical/ArithmeticLeft [ 110100vw | mod100¢/m |
SHR = Shift Logical Right [ 110100vw | modiotvm |
SAR = Shift Arithmetic Right [ 110100vw [ modt11vm |
ROL = Rotate Left [ 110100vw [ modooorm |
ROR = Rotate Right [ 110100vw [ " mod0o01r/m |
RCL = Rotate Through Carry Flag Left [ 110100vw | modotovm |
RCR = Rotate Through Carry Right | 110100vw | mod011r/m l
AND = And:
Reg./Memory and Register to Either I 001000dw | mod regr/m I
Immediate to Register/Memory I 1000000w [ mod 1 >0 Or/m l data ] _ dataifw =1
Immediate to Accumulator [ oot1o001ow ] data [ dataifw=1_ |
TEST = And Function to Flags, No Resuit: ‘
Register/Memory and Register l 1000010w [ mod regr/m l
Immediate Data and Register/Memory [ 1111011w | modooorm | data [ dataitw=1
Immediate Data and Accumulator { 1010100w [ data | dataifw = 1 I
OR = Or:
Reg./Memory and Register to Either | 000010dw | mod reg r/'m |
Immediate to Register/Memory | 1000000w | mod001r/m | data ] dataifw = 1
Immediate to Accumulator | 0000110w [ data ] dataifw = 1 |
XOR = Exclusive or:
Reg./Memory and Register to Either [ 001100dw ] mod reg r/m |
Immediate to Register/Memory ] 1000 0 oow ] mod110r/m I data ] dataifw = 1
Immediate to Accumulator [ 0011010w l data I dataifw = 1 |
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word ‘
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX ‘
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Call:
Direct Within Segment [ 11101000 | disp-low | disp-high |
Indirect Within Segment [ 11111111 | modotowm |
Direct Intersegment [ 10011010 |  offsetlow | offsethigh ]
I seg-low I seg-high l
Indirect Intersegment [ 11111111 | modot1wm |
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) -

Mnemonic and

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110
11001111

Description I Instruction Code
JMP = Unconditional Jump: | 76543210 76543210 76543210
Direct Within Segment [ 11701001 ] disp-low [ disp-high |
Direct Within Segment-Short r 11101011 l disp ]
Indirect Within Segment [ 11111111 l mod100r/m |
Direct Intersegment [ 11101010 ] offset-low [ offsethigh |
I seg-low I seg-high |

Indirect Intersegment | 11111111 I mod101r/m |
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP [ 11000010 ] data-low [ data-high ]
Intersegment 11001011
Intersegment Adding Immediate to SP I 11001010 [ data-low | data-high I
JE/JZ = Jump on Equal/Zero [ o1110100 ] disp ]
JL/JNGE = Jump on Less/Not Greater I 01111100 ] disp l

or Equal
JLE/JNG = Jump on Less or Equal/ [ 01111110 I disp ]

Not Greater
JB/JNAE = Jump on Below/Not Above I 01110010 | disp l

or Equal
JBE/JNA = Jump on Below or Equal/ 01110110 dis

Not Above | | P I
JP/JPE = Jump on Parity/Parity Even [ ot1111010 | disp |
JO = Jump on Overflow [ ot1110000 ] disp |
JS = Jump on Sign [ ot1111000 ] disp |
JNE/JINZ = Jump on NotEqual/NotZero | 01110101 | disp |
JNL/JGE = Jump on Not Less/Greater I 01111101 l disp |

or Equal
JNLE/JG = Jump on Not Less or Equal/ I 01111111 I disp I

Greater -
JNB/JAE = Jump on Not Below/Above I 01110011 I disp ]

or Equal
JNBE/JA = Jump on Not Below or 01110111 di

Equal/Above l [ =P I
JNP/JPO = Jump on Not Par/Par Odd [ 01111011 ] disp |
JNO = Jump on Not Overflow [ ot1110001 ] disp ]
JNS = Jump on Not Sign [ o1111001 ] disp |
LOOP = Loop CX Times [ 11100010 ] disp |
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp |
LOOPNZ/LOOPNE = Loop While Not [ 11100000 | disp |

Zero/Equal

JCXZ = Jump on CX Zero [ 11100011 ] disp |
INT = Interrupt
Type Specified [ 11001101 ] type |
Type 3 11001100
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued)

Mosmonic and [ Instruction Code
. N 76543210 76543210
PROCESSOR CONTROL
CLC = Clear Carry
CMC = Complement Carry )
STC = Set Carry
CLD = Clear Direction »
STD = Set Direction
CLI = Clear'Interrupt
STl = Set Interrupt
WAIT = Wait ,‘
ESC = Escape (to External Device) L 1101 1xxXx I mod x X X r/m I
LOCK = Bus Lock Prefix

NOTES:

AL = 8-bit accumulator

AX = 16-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 values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion

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) + (Sl) + DISP

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

if r/m = 010 then EA = (BP) + (SI) + DISP
if r/m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (SI) + DISP

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 re-,
quired)
*except if mod = 00 and r/m = 110 then EA = disp-
high: disp-low.
**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if ssw = 01 then 16 bits of immediate data form the oper-
and.

if ssw = 11 then an immediate data byte is sign extended
to form the 16-bit operand.

if v.= 0then “count” = 1;if v =1 then “count” in (CL)

x = don't care

z is used for string primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 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)

Mnemonics © Intel, 1978

The following list represents key differences between this and the -001 data sheet. Please review this summa-
ry carefully.

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or Ti state.
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MATH COPROCESSOR
‘@ Adds Arithmetic, Trigonometric, ® Available in 5 MHz (8087), 8 MHz (8087-

Exponential, and Logarithmic
Instructions to the Standard 8086/8088
and 80186/80188 Instruction Set for All
Data Types

m CPU/8087 Supports 7 Data Types: 16-,
32-, 64-Bit Integers, 32-, 64-, 80-Bit
Floating Point, and 18-Digit BCD
Operands

# Compatible with IEEE Floating Point
Standard 754

2) and 10 MHz (8087-1): 8 MHz 80186/
80188 System Operation Supparted
with the 8087-1

Adds 8 x 80-Bit Individually
Addressable Register Stack to the
8086/8088 and 80186/80188
Architecture

7 Built-In Exception Handling Functions

MULTIBUS® System Compatible
Interface

The Intel 8087 Math CoProcessor is an extension to the Intel 8086/8088 microprocessor architecture. When
combined with the 8086/8088 microprocessor, the 8087 dramatically increases the processing speed of
computer applications which utilize mathematical operations such as CAM, numeric controllers, CAD or graph-

ICS. .

The 8087 Math CoProcessor adds 68 mnemonics to the 8086 microprocessor instruction set. Specific 8087
math operations include logarithmic, arithmetic, exponential, and trigonometric functions. The 8087 supports
integer, floating point and BCD data formats, and fully conforms to the ANSI/IEEE floating point standard.

The 8087 is fabricated with HMOS Il technology and packaged in a 40-pin cerdip package.

CONTROL UNIT T’ NUMERIC EXECUTION UNIT VS

EXPONENT
BUS

EXPONENT
MODULE
MICROCODE
CONTROL
UNIT

CONTROL WORD

|
|
|
|

|

NEU INSTRUCTION

' DATA

FRACTION
BUS

INTERFACE

|- REGISTERSTACK —

O30F o>

ADDRESSING &

STaTUs BUS TRACKING

ADDRESS

EXCEPTION
POINTERS

Figure 1. 8087 Block Diagram

l I | MODULE

1
[\ ]
| GND [ ] vee
| (A14) AD14 []2 3[] AD15
FroghmERt/ (A13) AD13 []° [ A16/53
| (A12) AD12 [+ a7 [] At7/54
A1) apn Os 36 ] A18/85
| (A10) AD10° [} & 3s[7] A19/88
ATaERC | (A9) AD9 7 ] BRES?
(a8) AD8 [] @ 1] RGBT
I a7 []s 27 INT
| ADS E 1 2087 »[] RA/GTO
TEMPORAR ADs [ 0[]
REGISTERS | At O »0 :cc
| aps [ » »[] &
| AD2 [J1e 7] §
AD1 []1s [ &
| ADO []1s 2s[] aso
| Nc [ ] @s1
| NC [ [} Busy
CLK ]9 22[] READY
_J GND [ 20 21[7] RESET
205835-1 205835-2

Figure 2. 8087 Pin
Configuration
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Table 1..8087 Pin Description

Symbol

Type

Name and Function

AD15-ADO

/0

ADDRESS DATA: These lines constitute the time 'multiplexed memory address (T+)
and data (T, T3, Tw, T4) bus. A0 is analogous to the BHE for the lower byte of the data
bus, pins D7-D0. It is LOW during Ty when a byte is to be transferred on the lower
portion of the bus in memory operations. Eight-bit oriented devices tied to the lower half
of the bus would normally use A0 to condition chip select functions. These lines are
active HIGH. They are input/output lines for 8087-driven bus cycles and are inputs
which the 8087 monitors when the CPU is in control of the bus. A15-A8 do not require
an‘address latch in an 8088/8087 or 80188/8087. The 8087 will supply an address for
the T1-T4 period.

A19/8S6,
A18/85,
A17/84,
A16/S3

110

ADDRESS MEMORY: During T4 these are the four most significant address lines for
memory .operations. During memory operations, status information is available on these
lines during T, Tg, Tw, and T4. For 8087-controlled bus cycles, S6, S4, and S3 are
reserved and currently one (HIGH), while S5is always LOW. These lines are inputs
which the 8087 monitors when the CPU is.in control of the bus.

BHE/S7

1/0

BUS HIGH ENABLE: During T4 the bus high enable signed (BHE) should be used to
enable data onto the most significant half of the data bus, pins D15-D8. Eight-bit-
oriented devices tied to the upper half of the bus would normally use BHE to condition
chip select functions. BHE is LOW during T+ for read and write cycles when a byte is to
be transferred on the high portion of the bus. The S7 status information is available
during Tp, T3, Tw, and Ty4. The signal is active LOW. S7 is an input which the 8087
monitors during the CPU-controlled bus cycles.

gl
N
g
g

I/0

STATUS: For 8087-driven, these status lines are encoded as follows:
§2 S1 SO

0 (LOW)

1 (HIGH)

1

Unused

Unused

Read Memory

1 Write Memory

1 Passive

Status is driven active during T4, remains valid during T4 and T, and is returned to the
passive state (1, 1, 1) during T3 or during Ty when READY is HIGH. This status is used
by the 8288 Bus Controller (or the 82188 Integrated Bus Controller with an 80186/
80188 CPU) to generate all memory access control signals. Any change in S2, S1, or
S0 during T4 is used to indicate the beginning of a bus cycle, and the return to the
passive state in T3 or Ty is used to indicate the end of a bus cycle. These signals are
monitored by the 8087 when the CPU is in control of the bus.

- - O 0O X
- O = O X

/0

REQUEST/GRANT: This request/grant pin is used by the 8087 to gain control of the
local bus from the CPU for operand transfers or on behalf of another bus master. It
must be connected to one of the two processor request/grant pins. The request/grant
sequence on this pin is as follows:

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either
the 8087 or the master connected to the 8087 RQ/GT1 pin. .

2. The 8087 waits for the grant pulse and when it is received will either initiate bus
transfer activity in the clock cycle following the grant or pass the grant out on the
RQ/GTH1 pin in this clock if the initial request was for another bus master.

3. The 8087 will generateé a release pulse to the CPU one clock cycle after the
completion of the last 8087 bus cycle or on recelpt of the release pulse from the bus -
master on RQ/GTH1.

For 80186/80188 systems the same sequence applies except RQ/GT signals are

converted to appropriate HOLD, HLDA signals by the 82188 Integrated Bus Controller.

This is to conform with 80186/80188’s HOLD, HLDA bus exchange protocol Refer to

the 82188 data sheet for further information.
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Table 1. 8087 Pin Description (Continued)

Symbol | Type Name and Function

RQ/GT1 I/0 | REQUEST/GRANT: This request/grant pin is used by another local bus master to
. . force the 8087 to request the local bus. If the 8087 is not in control of the bus when the
request is made the request/grant sequence is passed through the 8087 on the RQ/

GTO pin.one cycle later. Subsequent grant and release pulses are also passed through

the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1

has an internal pullup resistor, and so may be left unconnected. If the 8087 has control
of the bus the request/grant sequence is as follows:

1. A pulse 1 CLK wide from another local bus master indicates a local bus request to
the 8087 (pulse 1).

2. During the 8087’s next T4 or T1 a pulse 1 CLK W|de from the 8087 to the requesting
master (pulse 2) indicates that the 8087 has allowed the local bus to float and that it
will enter the “RQ/GT acknowledge” state at the next CLK. The 8087’s control unit
is disconnected logically from the local bus during “RQ/GT acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that
the “RQ/GT” request is about to end and that the 8087 can reclaim the local bus at
the next CLK.

Each master-master exchange of the local bus is a sequence of 3 pulses. There must

be one dead CLK cycle after each bus exchange. Pulses are active LOW.

For 80186/80188 system, the RQ/GT1 line may be connected to the 82188 Integrated

Bus Controller. In this case, a third processor with a HOLD, HLDA bus exchange

system may acquire the bus from the 8087. For this configuration, RQ/GT1 will only be

used if the 8087 is the bus master. Refer to 82188 data sheet for further information.

QS1, QSO | QS1, QS0: QS1 and QSO provide the 8087 with status to allow tracking of the CPU
instruction queue.
Qs1 Qso
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

INT (0] INTERRUPT: This line is used to indicate that an unmasked exception has occurred
during numeric instruction execution when 8087 interrupts are enabled. This signal is
typically routed to an 8259A for 8086/8088 systems and to INTO for 80186/80188
systems. INT is active HIGH.

BUSY (0] BUSY: This signai indicates that the 8087 NEU is executing a numeric instruction. It is
‘ connected to the CPU’s TEST pin to provide synchronization. In the case of an
“unmasked exception BUSY remains active until the exception is cleared. BUSY is
active HIGH.

READY | READY: READY is the acknowledgement from the addressed memory device that it
will complete the data transfer. The RDY signal from memory is synchronized by the
8284A Clock Generator to form READY for 8086 systems. For 80186/80188 systems,
RDY is synchronized by the 82188 Integrated Bus Controller to form READY. This
signal is active HIGH.

RESET | RESET: RESET causes the processor to immediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. RESET is internally
synchronized.

CLK | CLOCK: The clock provides the basic timing for the processor and bus controller. Itis
asymmetric with a 33% duty cycle to provide optimized internal timing.

Vee POWER: Vg is the + 5V power supply pin. :

GND GROUND: GND are the ground pins.

NOTE:

For the pin descriptions of the 8086, 8088, 80186 and 80188 CPUs, reference the respective data sheets (8086, 8088,
80186, 80188). )
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APPLICATION AREAS

The 8087 provides functions meant specifically for
high performance numeric processing requirements.
Trigonometric, logarithmic, -and exponential func-
tions are built into the coprocessor hardware. These
functions "are essential in scientific, ‘engineering,
navigational, or military applications.

The 8087 also has capabilities meant for business or
commercial computing. An 8087 can process Binary
Coded Decimal (BCD) numbers up to 18 digits with-
out roundoff errors. It can also:perform arithmetic on
integers as large as 64 bits +1018).

PROGRAMMING LANGUAGE
SUPPORT

Programs for the 8087 can be written in Intel’s high-
level languages for 8086/8088 and 80186/80188
Systems; ASM-86 (the 8086, 8088 assembly lan-
guage), PL/M-86, FORTRAN-86, and PASCAL-86.

RELATED INFIORMATION

For 8086, 8088, 80186 or 80188 details, refer to the
respective data sheets. For 80186 or 80188 sys-
tems, also refer to the 82188 Integrated Bus Con-
troller data sheet. :

FUNCTIONAL DESCRIPTION

The 8087 Math CoProcessor’s architecture is de-
signed for high performance numeric computing in
conjunction with general purpose processing.

The 8087 is a numeric processor extension that pro-
vides arithmetic and logical instruction support for a
variety -of numeric data.types. It also executes nu-
merous built-in transcendental -functions (e.g., tan-
gent and log functions). The 8087 executes instruc-
tions as a coprocessor to a maximum mode CPU. It
effectively extends the register and instruction set of
the system and adds several new data types as well.
Figure 3 presents the registers of the- CPU +8087.
Table 2 shows the range of data types supported by
the 8087. The 8087 is treated as an extension to the
CPU, providing register, data types, control, and in-
struction capabilities at the hardware level. At the
programmer’s level the CPU and the. 8087 are
viewed as a single unified processor.

System Configuration

As a coprocessor to an 8086 or 8088, the 8087 is
wired in parallel with. the CPU as shown in Figure 4.
Figure 5 shows the 80186/80188 system configura-
tion. The CPU’s status (S0-S2) and queue status
lines (QS0-QS1) enable the 8087 to monitor and
decode instructions in synchronization with the CPU
and without any CPU overhead. For 80186/80188
systems, the queue status signals of the 80186/
80188 are synchronized to' 8087 requirements by
the 8288 Integrated Bus Controller. Once started,
the 8087 can process in parallel with, and indepen-
dent of, the host CPU. For resynchronization, the
8087’s BUSY signal informs the CPU that the 8087
is executing an instruction and the CPU WAIT in-
struction tests this signal to insure that the 8087 is
ready to execute subsequent instructions. The 8087
can interrupt the CPU when it detects an error or
exception. The 8087’s interrupt request line is typi-
cally routed to the CPU through an 8259A Program-
mable Interrupt Controller for 8086, 8088 systems
and INTO for 80186/80188. :

8087
cPy DATA FIELD TAG FIELD
15 FILE. (] 79 78 6463 0 1 0
AX R1 SIGN EXPONENT SIGNIFICAND
8x R2
cx R3

—_—_————

15

CONTROL REGISTER
STATUS REGISTER
TAG WORD

{— INSTRUCTION POINTER

= DATAPOINTER -

|
|
!
|
|

205835-3

Figure 3. CPU + 8087 Architecture
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The 8087 uses one of the request/grant lines of the
8086/8088 architecture (typically RQ/GTO0) to ob-
tain control of the local bus for data transfers. The
other request/grant line is available for general sys-
tem use (for instance by an |/0 processor in LOCAL
mode). A bus master can also be connected to the
8087’s RQ/GT1 line. In this configuration the 8087
will pass the request/grant handshake signals be-
tween the CPU and the attached master when the
8087 is not in control of the bus and will relinquish
the bus to the master directly when the 8087 is in
control. In this way two additional masters can be
configured in an 8086/8088 system; one will share
the 8086/8088 bus with the 8087 on a first-come
first-served basis, and the second will be guaranteed
to be higher in priority than the 8087.

For 80186/80188 systems, RQ/GTO0 and RQ/GT1
are connected to the corresponding inputs of the
82188 |Integrated Bus Controller. Because the
80186/80188 has a HOLD, HLDA bus exchange
protocol, an interface is needed which will translate
RQ/GT signals to corresponding HOLD, HLDA sig-
nals and vice versa. One of the functions of the
82188 IBC is to provide this translation. RQ/GTO is
translated to HOLD, HLDA signals which are then
directly connected to the 80186/80188. The RQ/
GT1 line is also translated into HOLD, HLDA signals
(referred to as SYSHOLD, SYSHLDA signals) by the
82188 IBC. This allows a third processor (using a
HOLD, HLDA bus exchange protocol) to gain control
of the bus.

Unlike an 8086/8087 system, RQ/GT is only used
when the 8087 has bus control. If the third processor
requests the bus when the current bus master is the
80186/80188, the 82188 IBC will directly pass the
request onto the 80186/80188 without going
through the 8087. The third processor has the high-
est bus priority in the system. If the 8087 requests
the bus while the third processor has bus control,
the grant pulse will not be issued until the third proc-
essor releases the bus (using SYSHOLD). In this
configuration, the third processor has the highest
priority, the 8087 has the next highest, and the
80186/80188 has the lowest bus priority.

Bus Operation

The 8087 bus structure, operation and timing are
identical to all other processors in the 8086/8088
series (maximum mode configuration). The address
is time multiplexed with the data on the first 16/8
lines of the address/data bus. A16 through A19 are
time multiplexed with four status lines S3-S6. S3,
S4 and S6 are always one (HIGH) for 8087-driven
bus cycles while S5 is always zero (LOW). When the
8087 is monitoring CPU bus cycles (passive mode)
S6 is also monitored by the 8087 to differentiate
8086/8088 activity from that of a local 1/0 proces-
sor or any other local bus master. (The 8086/8088
must be the only processor on the local bus to drive
$6 LOW). S7 is multiplexed with and has the same
value as BHE for all 8087 bus cycles."

Table 2. 8087 Data Types

Data L Most Significant Byte
Range |Precision

Formats 7 o7 o7 oz o7 o oz o7z o7 o7 o
Word Integer 104 16 Bits |l15 lo| Two’s Complement
Shortinteger | 109 | 32Bits |lay lo| Two’s Complement
Long Integer 1018 | 64 Bits |lg3 I0| Complgr:g;st
Packed BCD | 1018 |18 Digits [S|— D;7Dyg| Dy Dl
Short Real 10+38 | 24Bits [S|E;  EglFy Foa|Fo Implicit
Long Real 10+308| 53 Bits |S[Eqo EolF Fsa| Fo Implicit
Temporary Real{10+4932 64 Bits SIEM E0|F0 F@

Integer: |

Packed BCD: (—1)S(D47...Dq)
Real: (—1)S(2E—Bias)(FgeF,...)

bias = 127 for Short Real
1023 for Long Real

16383 for Temp Real
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The first three status lines, SO-S2, are used with an
8288 bus controller or 82188 Integrated Bus Con-
troller to determine the type of bus cycle being run:

S2 1 S0
0 X X Unused
1 0 0 Unused
1 0 1 Memory Data Read
1 1 0 Memory Data Write
1 1 1 Passive (no bus cycle)

Programming Interface

The 8087 includes the standard 8086, 8088 instruc-
tion set for general data manipulation and program
control. It also includes 68 numeric instructions for
extended precision integer, floating point, trigono-
metric, logarithmic, and exponential functions. Sam-
ple execution times for several 8087 functions are
shown in Table 3. Overall performance is up to 100
times that of an 8086 processor for numeric instruc-
tions.

Any instruction executed by the 8087 is the com-
bined result of the CPU and 8087 activity. The CPU
and the 8087 have specialized functions and regis-
ters providing fast concurrent operation. The CPU
controls overall program execution while the 8087
uses the coprocessor interface to recognize and
perform numeric operations.

Table 2 lists the seven data types the 8087 supports
and presents the format for each type. Internally, the
8087 holds all numbers in the temporary real format.
Load and store instructions automatically convert
operands represented in memory as 16-, 32-, or 64-
bit integers, 32- or 64-bit floating point numbers or
18-digit packed BCD numbers into temporary real
format and vice versa. The 8087 also provides the
capability to control round off, underflow, and over-
flow errors in each calculation.

Computations in the 8087 use the processor’s regis-
ter stack. These eight 80-bit registers provide the
equivalent capacity of 20 32-bit registers. The 8087
register set can be accessed as a stack, with in-
structions operating on the top one or two stack ele«
ments, or as a fixed register set, with instructions
operating on explicitly designated registers.

Table 5 lists the 8087’s instructions by class. All ap-
pear as ESCAPE instructions to the host. Assembly
language programs are written in ASM-86, the 8086,
8088 assembly language.

Table 3. Execution Times for Selected
8086/8087 Numeric Instructions and
Corresponding ’8086 Emulation

Approximate Execution
Floating Point Time (ps)
Instruction 8086/8087 8086
(8 MHz Emulation
Clock)
Add/Subtract 10.6 1000
Muitiply (Single
Precision) 11.9 1000
Multiply (Extended
Precision) 16.9 1312
Divide : 24.4 2000
Compare -5.6 812
Load (Double Precision) -6.3 1062
Store (Double Precision) 13.1 750
Square Root ‘ 22,5 12250
Tangent 56.3 8125
Exponentiation 62.5 10687

NUMERIC PROCESSOR
EXTENSION ARCHITECTURE

As shown in Figure 1, the 8087 is internally divided
into two processing elements, the control unit (CU)
and the numeric execution unit (NEU). The NEU ex-
ecutes all numeric instructions, while the CU re-
ceives and decodes instructions, reads and writes
memory operands and executes: 8087 control in-
structions. The two elements are able to operate in-
dependently of one another, allowing the CU to
maintain synchronization with the CPU while the
NEU is busy processing a numeric instruction.

Cpntrol Unit

The CU keeps the 8087 operating in synchronization
with its host CPU. 8087 -instructions are intermixed
with CPU instructions in a single instruction stream.
The CPU fetches all instructions from memory; by
monitoring the status (S0-S2, S6) emitted by the
CPU, the control unit determines when an instruction
is being fetched. The CPU monitors the data bus in
paralle! with the CPU to obtain instructions that per-
tain to the 8087.
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Figure 4. 8086/8087, 8088/8087 System Configuration
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Figure 5. 80186/8087, 80188/8087 System Configuration
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The CU maintains an instruction queue that is identi-
cal to the queue in the host CPU. The CU automati-
cally determines if the CPU is an 8086/80186 or an
8088/80188 immediately after reset (by monitoring
the BHE/S7 line) and matches its queue length ac-
cordingly. By monitoring the CPU’s queue status
lines (@S0, QS1), the CU obtains and decodes in-
structions from the queue in synchronization with the
CPU.

A numeric instruction appears' as an ESCAPE in-

struction to the CPU. Both the CPU and 8087 de-
code and execute the ESCAPE instruction together.
The 8087 only recognizes the numeric instructions
shown in Table 5. The start of a numeric operation is
accomplished when the CPU executes the ESCAPE
instruction. The instruction may or may not identify a
memory operand.

The CPU does, however, distinguish between ESC
instructions that reference memory and those that
do not. If the instruction refers to a memory operand,
the CPU calculates the operand’s address using any
one of its available addressing modes, and then per-
forms a “dummy read” of the word at that location.
(Any location within the 1M byte address space is
allowed.) This is a normal read cycle except that the
CPU ignores the data it receives. If the ESC instruc-
tion does not contain a memory reference (e.g. an
8087 stack operation), the CPU simply proceeds to
the next instruction.

An 8087 instruction can have one of three memory
reference options: (1) not reference memory; (2)
load an operand word from memory into the 8087; or
(3) store an operand word from the 8087 into memo-
ry. If no memory reference is required, the 8087 sim-
ply executes its instruction. If a memory reference is
required, the CU uses a “dummy read” cycle initiat-
ed by the CPU to capture and save the address that
the CPU places on the bus. If the instruction is a
load, the CU additionally captures the data word
when it becomes available on the local data bus. If
data required is longer than one word, the CU imme-
diately obtains the bus from the CPU using the
request/grant protocol and reads the rest of the in-
formation in consecutive bus cycles. In-a store oper-
ation, the CU captures and saves the store address
as in a load, and ignores the data word that follows
in the “dummy read” cycle. When the 8087 is ready
to perform:the store, the CU obtains the bus from
the CPU and writes the operand starting at the spec-
‘ified address.

Numeric Execution Unit

The NEU executes all instructions that involve the
register stack; these include arithmetic, logical, tran-
scendental, constant and data transfer instructions.
The data path in the NEU is 84 bits wide (68 frac-
tions bits, 15 exponent bits and a sign bit) which
allows internal operand.transfers to be performed at
very high speeds. ‘

When the NEU begins executing an instruction, it
activates the 8087 BUSY signal. This signal can be
used in conjunction with the CPU WAIT instruction to
resynchronize both processors when the NEU has
completed its current instruction.

Register Set

The CPU + 8087 register set is shown in Figure 3.
Each of the eight data registers in the 8087’s regis-
ter stack is 80 bits and is divided into “fields” corre-
sponding to the 8087’s temporary real data type.

At a given point in time the TOP field in the control
word identifies the current top-of-stack register. A
“push” operation decrements TOP by 1 and loads a
value into the new top register. A “pop” operation
stores the value from the current top register and
then increments TOP by 1. Like CPU stacks in mem-
ory, the 8087 register stack grows “down” toward
lower-addressed registers.

Instructions may address the data registers either
implicitly or explicitly. Many instructions operate on
the register at the top of the stack. These instruc-
tions implicitly address the register pointed to by the
TOP. Other instructions allow the programmer to ex-
plicitly specify the register which is to be used. Ex-
plicit register addressing is “top-relative.”

Status Word

The status word shown in Figure 6 reflects the over-
all state of the 8087; it may be stored in memory and
then inspected by CPU code. The status word is a
16-bit register divided into fields as shown in Figure
6. The busy bit (bit 15) indicates whether the NEU is
either executing an instruction or has an interrupt
request pending (B=1), -or is idle (B=0). Several
instructions which store and manipulate the status
word are executed exclusively by the CU, and these
do not set the busy bit themselves.
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15

ST e ==

EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW

LOW

PRECISION

(RESERVED)

- INTERRUPT REQUEST®"
CONDITION CODE®

TOP OF STACK POINTER

NEU BUSY

NOTES:

2. See Table 3 for condition code interpretation.
3. Top Values:
000 = Register 0 is Top of Stack.
001 = Register 1 is Top of Stack.
L]

(']

111 = Register 7 is Top of Stack.

1. IR is set if any unmasked exception bit is set, cleared otherwise.

205835-6

Figure 6. 8087 Status Word

The four numeric condition code bits (Co-Cg) are
similar to flags in a CPU: various instructions update
these bits to reflect the outcome of the 8087 opera-
tions. The effect of these instructions on the condi-
tion code bits is: summarized in Table 4.

Bits 14-12 of the status word point to the 8087 reg-
ister that is the current top-of-stack (TOP) as de-
scribed above.

Bit 7 is the interrupt request bit. This bit is set if any
unmasked exception bit is set and cleared other-
wise. .

Bits 5-0 are set to indicate that the NEU has detect-
ed an exception while executing an instruction.

Tag Word

The tag word marks the content of each register as
shown in Figure 7. The principal function of the tag
word is to optimize the 8087’s performance. The tag
word can be used, however, to interpret the con-
tents of 8087 registers.

Instruction and Data Pointers

The instruction and data pointers (see Figure 8) are
provided for user-written error handlers, Whenever
the 8087 executes a math instruction, the CU saves
the .instruction address, the operand address (if
present) and the instruction opcode. 8087 instruc-
tions can store this data into memory.

15

0

TAG1(7) TAGI(G) TAGI(S)

TAG1(4)

TAGI(S) TAG|(2) TAG|(1) TAGl 0)

TAG VALUES:
00 = VALID
01 = ZERO
10 = SPECIAL
11 = EMPTY

Figure 7. 8087 Tag Word
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Table 4a. Condition Code Interpretation

'"s:_’;‘:;”“ Cs 2 | ¢ | ¢ Interpretation
Compare, Test 0 0 X 0 ST > Source or 0 (FTST)
0 0 X 1. ST < Source or 0 (FTST)
1 0 . X 0 ; ST = Source or 0 (FTST)
1 1 X 1 ST is not comparable
Remainder Q4 0 Qo Qo Complete reduction with
- three low bits of quotient
(See Table 4b)
U 1 U U Incomplete Reduction
Examine 0 0 0 0 Valid, positive unnormalized
0 0 0 1 Invalid, positive, exponent = 0
0 0 1 0 Valid, negative, unnormalized
0 0 1 1 Invalid, negative, exponent = 0
0 1 0 0 Valid, positive, normalized
0 1 0 1 Infinity, positive
0 1 1 0 Valid, negative, normalized
0 1 1 1 Infinity; negative -
1 0 0 0 Zero, positive
1 0 0 1 Empty
1 0 1 0 Zero, negative
1 0 1 1 Empty
1 1 0 0 Invalid, positive, exponent = 0
1 1 0 1 Empty
1 1 1 0 Invalid, negative, exponent = 0
1 1 1 1 Empty
NOTES:
1. ST = Top of stack
2. X = value is not affected by instruction
3. U = value is undefined following instruction
4. Q, = Quotient bit n
Table 4b. Condition Code Interpretation
after FPREM Instruction As a : MEMORY
Function of Divided Value OFFSET
- 15 [0}
Dividend Range Qq Qq Qo | CONTROL WORD 40
Dividend < 2 * Modulus 031 C11 Qo STATUSWORD +2
Dividend < 4 * Modulus Cal Q4 Qo
Dividend > 4 * Modulus Qo Qq Qo - TAG WORD 4
INSTRUCTION POINTER (15-0) +6
NOTE: INSTRUCTION INSTRUCTION
1. Previous value of indicated bit, not affected by FPREM POINTER (19-16)| © | oPcODE (10-0)| T8
instruction execution. L
DATA POINTER (15-0) +10
DATA POINTER
(19-16) 0 +12
15 12 11 "o

Figure 8. 8087 Instruction and Data Pointer
Image in Memory
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Control Word

The 8087 provides several processing options which
are selected by loading a word from memory into the
control word. Figure 9 shows the format and encod-
ing of the fields in the control word.

The low order byte of this control word configures
8087 interrupts and exception masking. Bits 5-0 of
the control word contain individual masks for each of
the six exceptions that the 8087 recognizes and bit 7
contains a general mask bit for all 8087 interrupts.
The high order byte of the control word configures
the 8087 operating mode including precision, round-
ing, and infinity controls. The precision. control bits
(bits 9-8) can be used to set the 8087 internal oper-
. ating precision at less than the default of temporary
real precision. This can be useful in providing com-
patibility with earlier generation arithmetic proces-
sors of smaller precision than the 8087. The round-
ing control bits (bits 11-10) provide for directed
rounding and true chop as well as the unbiased
round to nearest mode specified in the proposed
IEEE standard. Control over closure of the number
space at infinity is also provided (either affine clo-
sure, + 0, or projective closure, =, is treated as
unsigned, may be specified).

Exception Handling

The 8087 detects six different exception conditions
that can occur during instruction execution. Any or
all exceptions will cause an interrupt if unmasked
and interrupts are enabled.

If interrupts are disabled the 8087 will simply contin-

ue execution regardless of whether the host clears

the exception. If a specific exception class is
masked and that exception occurs, however, the

8087 will post the exception in the status register

and perform an on-chip default exception handling

procedure, thereby allowing processing to continue.

The exceptions that the 8087 detects are the follow-

ing:

1. INVALID OPERATION: Stack overflow, stack un-
derflow, indeterminate form (0/0, © — oo, etc.)
or the use of a Non-Number (NAN) as an oper-
and. An exponent value is reserved and any bit
pattern with this value in the exponent field is
termed a Non-Number and causes this exception.
If this exception is masked, the 8087’s default re-
sponse is to generate a specific NAN called IN-
DEFINITE, or to propagate already existing NANs
as the calculation result.

15

o [l [ [ [ [ e[ [ oo |

EXCEPTION MASKS (1 = EXCEPTION IS MASKED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW

UNDERFLOW

PRECISION

(RESERVED)

INTERRUPT MASK (1 = INTERRUPTS ARE MASKED)

PRECISION CONTROL'"
ROUNDING CONTROL®

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE)

205835-7
NOTES:
1. Precision Control 2. Rounding Control

00 = 24 bits 00 = Round to Nearest or Even

01 = Reserved 01 = Round Down (toward — <o)

10 = 53 bits 10 = Round Up (toward + o)

11 = 64 bits 11 = Chop (truncate toward zero)

(RESERVED)

Figure 9. 8087 Control Word
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2. OVERFLOW: The result is too large in magnitude
to fit the specified format. The 8087 will generate
an encoding for mflnlty if this exception is
masked.

3. ZERO DIVISOR: The divisor is zero while the divi-
dend is a non-infinite, non-zero number. Again,
the 8087 will generate an encoding for infinity if
this exception is masked.

4. UNDERFLOW: The result is non-zero but too
small in magnitude to fit in the specified format. If
this exception is masked the 8087 will denormal-

ABSOLUTE MAXIMUM RATINGS*

ize (shift right)-the fraction until the exponent is in
range. This process is called gradual underflow.

5. DENORMALIZED OPERAND: At least.one of the
operands or the result is denormalized; it has the
smallest exponent but a non-zero significand.
Normal processing continues if this exception is
masked off.

6. INEXACT RESULT: If the true result is not exactly
representable in the specified format, the result is
rounded according to the rounding mode, and this
flag is set. If this exception is masked, processnng
will simply continue.

NOTICE: This is a production data sheet. The specifi-

Ambient Temperature Under Bias ...... 0°Cto 70°C cations are subject to change without notice.
Storage Temperature .......... —65°Cto +150°C  “yARNING: Stressing the device beyond the “Absolute
- Voltage on Any Pin with Maximum Ratings” may cause. permanent damage.
Respectto Ground.............. —-1.0Vto +7V These are stress ratings only. Operation beyond the
Power Dissipation....................... 3.0 Watt Operating Conditions” is not recommended and ex.

tended exposure beyond the “Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS T, = 0°Ct070°C, Vg = 5V £5%

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-0.5 0.8 \'
ViH Input High Voltage 2.0 Vce + 0.5 "
VoL Output Low Voltage (Note 8) 0.45 v loL = 2.5 mA
VoH _Output High Voltage 24 " lo = —400 pA
lcc Power Supply.Current 475 mA Ta = 25°C
I Input Leakage Current +10 nA 0V < VN £ Voo
Lo Output Leakage Current +10 HA Ta = 25°C
VoL Clock Input Low Voltage —-0.5 0.6 v
VcH Clock Input High Voltage 3.9 Vee + 1.0 \
CiN Capacitance of Inputs 10 pF fc = 1MHz
Coo. Capacitance of 1/0 Buffer 15 pF fc = 1 MHz
(ADO-15, A1g—A1g, BHE, S2-S0,
RQ/GT) and CLK
Cout Capacitance of Outputs - 10 pF fc = 1 MHz
BUSY INT
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A.C. CHARACTERISTICS Tp = 0°Cto 70°C, Vgg = 5V £5%

TIMING REQUIREMENTS

Symboi Parameter 8087 8087-2 (Sezoralz-tL 7) | Units| Test Conditions
Min | Max| Min|Max| Min | Max

TCLCL CLK Cycle Period 200|500 |125| 500 | 100 500 | ns
TCLCH |CLK Low Time 118 68 53 ns
TCHCL CLK High Time 69 44 39 ns

TCH1CH2 | CLK Rise Time 10 10 15 ns |From1.0Vto 3.5V
TCL2CL2 | CLK Fali Time 10 10 15 ns |From3.5Vto 1.0V
TDVCL Data In Setup Time 30 20 15 ns

TCLDX | Data In Hold Time 10 10 10 ns

TRYHCH | READY Setup Time 118 68 53 ns
TCHRYX |READY Hold Time 30 20 5 ns

TRYLCL |READY Inactive to CLK (Note 6)| —8 —8 —-10 ns

TGVCH RQ/GT Setup Time (Note 8) 30 15 15 ns

TCHGX |RQ/GT Hold Time 40 30 20 ns

TQVCL QS0-1 Setup Time (Note 8) 30 30 30 ns

TCLQX |QS0-1 Hold Time 10 10 5 ns

TSACH Status Active Setup Time 30 30 30 ns
TSNCL Status Inactive Setup Time 30 30 30 ns
TILIH Input Rise Time (Except CLK) 20 20 20 ns |From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 15 ns |From 2.0V to 0.8V
TIMING RESPONSES

Symbol Parameter 807 8087-2 (Seseo::-t:a 7) |Units| Test Conditions

' | Min | Max | Min | Max | Min | Max
TCLML |Command Active Delay |10/0(35/70(10/0|35/70| 10/0 |35/70| ns |Ci = 20-100 pF
(Notes 1, 2) for ali 8087 Outputs
TCLMH | Command Inactive Delay | 1070 | 35/55| 10/0|35/55| 10/0 |35/70| ns | (in additionto 8087
(Notes 1, 2) self-load)

TRYHSH | Ready Active to Status 110 65 45 ns

. Passive (Note 5) )
TCHSV | Status Active Delay 10 | 110 | 10 60 10 45 ns
TCLSH | Status Inactive Delay 10 | 130 | 10 70 10 55 ns
TCLAV | Address Valid Delay 10 | 110 | 10 60 10 55 ns

TCLAX | Address Hold Time 10 10 10 ns
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A.C. CHARACTERISTICS Tp = 0°Cto 70°C, Vg = 5V +5% (Continued)

TIMING RESPONSES (Continued)

8087-1
Symbol Parameter 8087 8087-2 (See Note 7) |Units| Test Conditions
Min | Max | Min | Max | Min | Max :
TCLAZ |Address Float Delay TCLAX| 80 |TCLAX| 50 |TCLAX| 45 ns |Cp_ = 20-100 pF
TSVLH |[Status Valid to ALE High 15/30 15/30 15/30| ns |forall 8087 Outputs
(Notes 1, 2) _ (in addition to 8087
TCLLH |CLK Low to ALE Valid 15/30]_ 15/30 15730 ns |coi-oad)
(Notes 1, 2)
TCHLL |ALE Inactive Delay 15/30 15/30 15/30{ ns
(Notes 1, 2) :
TCLDV |Data Valid Delay 10 110 10 60 10 50 ns
TCHDX |Status Hold Time 10 10 10 45 ns
TCLDOX |Data Hold Time 10 10 10 ns
TCVNV [Control Active Delay 5 45 | - 5 45 5 45 ns
(Notes 1, 3) :
TCVNX |[Control Inactive Delay 10 45 10 45 10 45 ns
(Notes 1, 3)
TCHBV |BUSY and INT Valid Delay| 10 150 10 85 10 65 ns
TCHDTL |Direction Control Active 50 50 50 ns
Delay (Notes 1, 3)
TCHDTH [Direction Control Inactive 30 30 30 ns
) Delay (Notes 1, 3)
TSVDTV |STATUS to DT/R Delay 0 30 0 30 0 30 ns
(Notes 1, 4) :
TCLDTV [DT/R Active Delay 0 55 0 55 0 55 ns
(Notes 1, 4)
TCHDNV|DEN Active Delay 0 55 0 55 0 55 ns
(Notes 1, 4) .
TCHDNX|DEN Inactive Delay 5 55 5 | 55 5 55 ns
(Notes 1, 4)
TCLGL |RQ/GT Active Delay | O 85 0 50 0 38 ns |C_=40pF (in
(Note 8) addition to 8087
TCLGH |RQ/GT Inactive Delay 0 | 85| o |5 | o | 45 | ns |self-load)
TOLOH |Output Rise Time 20 20 15 ns |From 0.8V to 2.0V
TOHOL |Output Fall Time 12 12 12 ns |From 2.0V to 0.8V
NOTES:
1. Signal at 8284A, 8288, or 82188 shown for reference only.
2. 8288 timing/82188 timing.
3. 8288 timing.
4. 82188 timing.
5. Applies only to T3 and wait states.
6. Applies only to T state (8 ns into Tg).
7. IMPORTANT SYSTEM CONSIDERATION: Some 8087-1 timing parameters are constrained relative to the corresponding

8086-1 specifications. Therefore, 8086-1 systems incorporating the 8087-1 should be designed with the 8087-1 specifica-
tions.
8. Changes since last revision.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
\ WE
1.5 «—— TEST POINTS ——» 1.5 TEST C_ = 100 pF
0.45 -
205835-8
— . i qn 205835-9
AC. Test_lng“. I‘t’1puts are driven at 2.4V for a Logic “1” and 0.45V G\ Includes Jig Capacitance
for a Logic “0”.
WAVEFORMS
MASTER MODE (with 8288 references)
T T T T,
e roret _Tomon | (e > <—rcucuu
VCH
C e t‘! N Y\
cu(vcx \.—} N4 E—.—]ﬂ - N
TCHSYV [« TCHCL [ TCLSH TCLCH
POty Y Foteworea| |
TeLAY TCLAX > Towv — i:rcnux
BHE/S, A,/8,-A, 8, - BHE, A,-A,, 5,5, - ﬁ;-;-
TCLLH -] TonL ¢ f_:
e ‘ /
mvu:t—qk la—
IEA(?:;(?&;N;‘T) TRYHEH - ‘_-b f¢— TCHRY)
4
READ CYCLE TeLAV—> e \]‘“’W" ];'ﬂ"ﬁ;f,&_ _.<—d TeLox
AD,-AD, A=A N von DATAIN TorT C
CNDTI.-J TCHDTH —i
oA g {
TCLML—>{ \ TCLMH—>1 X
TCYNV—5|
DEN : .
TCVNX—>
WRITE CYCLE oy -& rcwvyvl . ——
AD,,-AD, Aus=As DATA OUT
LOAT
TCVNY > TCVNX 5E NOTE D)
- 7 =
TCLML —>{ TCLMH
8288 OUTPUTS _— ‘}__—'—
(SEE NOTES 6,7) 4 AMWTC J;
TCLML TCLMH
MWTC
NOTES: 205835-10

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

. READY is sampled near the end of T, T3 and Ty to determine if Tyy machine states are to be inserted.

. The local bus floats only if the 8087 is returning control to the 8086/8088.

. ALE rises at later of (TSVLH, TCLLH).

. Status inactive in state just prior to T4.

. Signals at 8284A or 8288 are shown for reference only.

. The issuance of 8288 command and control signals (MRDC, (MWTC, AMWC, and DEN) lags the active high 8288
CEN.

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

NOOOAWN =
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WAVEFORMS (Continued) R

MASTER MODE (with 82188 references)

T T T.

]
TCHICH2 —» - @ TCL2CL1
TCLCL —» ) T,
vCH \ 9-\ '

cLK
VCLJ 4 N j N /]
) TCHSV TCHCL lesToLSH TCLCH
—_ - T~
S,,8,:8, ]/ // ///(;I E NOTE 5) .
| ) [E -
cux N Tcov — TCHDX
BHE/S,,A,y/S,-A,,/S; us Ay ."‘ $,-S, —
TSVLH- TCHLL - ’ "~ (SEE NOTE 3)
TCLLH —»] _—
ALE (82188 OUTPUT) ¢ : e
(SEE NOTES 4,6) ’
‘ TRYLCLL>| e
— :
READY (8087 INPUT) v > fe— TCHRYX
(SEE NOTE 2) TRYHSH | e

TSVDTV —»
TCLDTV ]

READ CYCLE ' TetAv— - TeLox
AD,-AD, Ag-A, DATAIN Ty

A

DT/R
(SEE NOTE 9)
i | T o TCLMH

82188 OUTPUTS RD
(SEE NOTES 6,7) C *

- ——[ |-<— TCHDNV — T(r-DNX__

_DEN % _ﬁJ
WRITE CYCLE TeLAv TcLov

~» |- TCLDOX

AD,,-AD, Ao DATA OUT ) FLOAT
‘I (selz NOTE 3)

TCHDNV —» — [“¢— TCHDNX
DEN
82188 OUTPUTS
(SEE NOTES 6,7) o —>| <— TCoLML L > TCLMH
- * I ﬁ_
NOTES: 205835-11

1. All signals swntch between VoL and Vo unless otherwise specified.

2. READY is sampled near the end of Ta, T3 and Ty to determine if Ty machine states are to be inserted.

3. The local bus floats only if the 8087 is returning control to the 80186/80188.

4. ALE rises at later of (TSVLH, TCLLH).

5. Status inactive in state just prior to Ty.

6. Signals at 8284A or 82188 are shown for reference only.

7. The issuance of 8288 command and control signals (MRDC, (MWTC, AMWC, and DEN) lags the active high 8288
CEN.

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

9. DT/R becomes valid at the later of (TSVDTV, TCLDTV).
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WAVEFORMS (Continued)

PASSIVE MODE

CLK /_* ]t i‘ / s( . ‘/ 9\( ﬂ
TaveL «—»| TCLOX
as,,as, x x
TSACH |[e—> TSNCL ->| e
L -
sz'snso \‘ % A
Y o= o= - -
| TovCL [TCLDX| TDVCL | TCLDX -
— FLOAT /-
BHE/S,,Ay/S¢-A,/S, % BHE, A,;-A,, * s7,53 \
TOVCL| <—»| TCLDX | TDvm.I;; > »{ TCLDX
FLOAT FLOAT
AD,-AD, * A-A, | | patain ’—C
TRYLCL le—
READY
gon —_— [¢—— TCHRYX
INPUT) e
— | Neouavx
TRYHCH | «—
205835-12
RESET TIMING
e >50 usec—
Vece <~ >20CLKCYCLES ——»]
=8 CLK CYCLES
o \—5 s-—} r—\_q 5—] [-—\_
TCLDX e—
ToveL
RESET s SL
8087 TRACKS 8087 READY TO
>4 CLK CYCLES CPU ACTIVITY EXECUTE INSTRUCTIONS

205835-13
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WAVEFORMS (Continued)

REQUEST/GRANT, TIMING

> 1 CLK 2 ANY CLK
CYCLE “—CYCLE
CLK
TCLGL
RQ/GTO / 'R!g’
AD ~AD,
Aw/Se=Ae/S, -
5,5,5, cPU CPU
BHE/S7
205835-14

NOTE:

The CPU provides active pullup of RQ/GT0, see TCLGH spec.

REQUEST/GRANT, TIMING

ANY CLK >0 CLK >1CLK

CYCLE ™ ™
CLK
TGVCH->|
RQ/GTY 8087 GT \ReLEASE
AD,-AD, e L’ ToLAz P
A/Se-A/S, 8087 ALTERNATE MASTER
$,8,,8, b G 5 &
BHE/S7 (SEE NOTE)
205835-15
NOTE:
Alternate master may not drive the buses outside of the region shown without risking bus contention.
BUSY AND INTERRUPT TIMING
CLK \ 7! \
BUSY, INT
TCHBV {«—>| 1
205835-16
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Table 5. 8087 Extensions to the 86/186 Instructions Sets

Data Transfer

FLD = LOAD

integer/Real Memory to ST(0)
Long Integer Memory to ST(0)

Temporary Real Memory to
ST(0)

BCD Memory to ST(0)

ST(i) to ST(0)

FST = STORE

ST(0) to Integer/Real Memory
ST(0) to ST(i)

FSTP = STORE AND POP
ST(0) to Integer/Real Memory

ST(0) to Long Integer Memory

ST(0) to Temporary Real
Memory

ST(0) to BCD Memory

ST(0) to ST(i)

FXCH = Exchange ST(i) and
ST(0)

Comparison
FCOM = Compare
Integer/Real Memory to ST(0)

ST(i)to ST (0)

FCOMP = Compare and Pop
Integer/Real Memory to ST(0)

ST(i) to ST(0)

FCOMPP = Compare ST(1) to
ST(0) and Pop Twice

FTST = Test ST(0)

FXAM = Examine ST(0)

Optional Clock Count Range
8,16 Bit 32Bit | 32Bit | 64Bit | 16 Bit
Displacement Real | Integer | Real Integer
L MF = 00 o1 10 1
[escape MF 1 [ mMoD 0 0 0 AM]| _  DISP_ | 38-56 - 52-60 40-60  46-54
"""""" +EA +EA +EA +EA
[Escape 1 1 1 [mop 1 0 1 AM] ~ " Disp | 60-68 + EA
[escape 0 1 1 [ Moo 1 0 1 AmM]| ~  oisp 53-65 + EA
[escape 1 1 1 [ moD 1 0 0 Am | DISP | 200-310 +EA
{ESCAFE 001 ] 11000 sr(i)[ 17-22
[ESCAPE ME 1 [ MOD 0 1 0 R/M] DISP | 84-90 82-92 96-104  80-90
------------ +EA +EA +EA +EA
[escape 1 0 {1 1010 sr(i)] 15-22
[ESCAPE MF 17 MOD 0 1 1 R/MJ DISP | 8692 84-94 98-106 82-92
———————————— +EA  +EA  +EA  +EA
LESCAPE 11 1. moD 11 1 94-105 +EA
LESCAPE 011 [ MOD 1 1 1 52-58 +EA
[ESCAPE 111 ] MOD 1 1 0 R/MI oisP | 520-540 +EA
ESCAPE 101 [ 11011 sr(a)] 17-24
[ESCAPE 001 I 11001 sm)] 10-15
LESCAPE MF 0 I MOD 0 1 O R/M—I DISP | 6070 78-91 65-75  72-86
————————————— +EA _ +EA +EA +EA
[escape 0 0 0 [ 11 0 1 0 s " 40-50
[escare MF 0 [ MoD 0 1 1AM DISP | 63-73 80-93 67-77  74-88
-------- +EA . +EA  +EA  +EA
[escapE 0 0 0 [ 1 1 0 1 1 sT() 45-52
[escape 1 1 011 011001 | 45-55
[escare 0 0 1 [11 100100 | 38-48
lescaPE 0 0 111 100101 | 12-23
205835-17
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued)

Optional Clock Count Range
8,16 Bit 328it | 32Bit | 64Bit | 16 Bit
Constants Displacement Real | Integer | Real | Integer
[ MF = 00 01 10 "
FLDZ = LOAD + 0.0into ST(0) [ ESCAPE 0 0 1 EREEEEEE oj 1-17
FLD1 = LOAD + 1.0intoST(®) | ESCAPE 0 0 1 [1 1 10 1 0 0 o | 15-21
FLDPI = LOAD = into ST(0) ESCAPE 0 0 1 [11 1010 1 1 ] 16-22
FLDL2T = LOAD logz 10into | ESCAPE 0 0 1 [ 1.1 1 0 1 0 0 1 16-22
ST(0)
FLDL2E = LOAD logz einto | ESCAPE 0 0 1 [ 11 10 10 1 0 | 15-21
ST(0)
FLDLG2 = LOAD logyg 2 into
ST(0) [EscaPE 0 0 1 [11 101100 | 18-24
FLDLN2 = LOAD log2into [ ESCAPE 0 0 1 [171 101101 17-23
ST(0)
Arithmetic
FADD = Addition
Integer/Real Memory with ST(0) LESCAPE MF oJ MOD 0 0 0 RM l DISP |  90-120 108-143 '95-125 102-137
T +EA +EA +EA +EA
ST(i) and ST(0) IESCAPE d PO ] 11 00 0 ST() ] 70-100 (Note 1)
FSUB = Subtraction
Integer/Real Memory with ST(0) | ESCAPE MF_ 0 [ MOD 1 0 R RM | DISP | 90-120 108-143 95-125 102137
————————— +EA  +EA  +EA +EA
ST(i) and ST(0) IESCAPE d PO ]1 110R AM ] 70-100 (Note 1)
‘ :
FMUL = Multiplication N
integer/Real Memory with ST(0) LESCAPE MF 0 ] MOD 0 0 1 RM J DISP - | 110-125 130-144 112-168 124-138
--------- +EA +EA +EA +EA
ST(i) and ST(0) [ Escare o P 011 001 RM | 90-145 (Note 1)
FDIV = Division
i 215-225 230-243 220-230 224-238
Integer/Real Memory with ST(0) LESCAPE MF 0 [ MOD 1 1 R RM ] 15-225 230-243 220230 2242
ST(i) and ST(0) |Escare s P01 111 R AM | 193-203 (Note 1)
FSQRT = Square Root of ST(0) [ESCAPE 001 l 11 11107 oJ 180-186
FSCALE = Scale ST(0) by ST(1) [ ESCAPE 0 0 1 ]1 111110 1J 32-38
FPREM = Partial Remainder of I ESCAPE 0 0 1 l t1 111000 J 15-190
ST(0) +ST(1)
FRNDINT = Round ST(0) to ESCAPE 0 0 1 [1 1 111100 | 16-50
Integer
205835-18
NOTE:

1. If P = 1 then add 5 clocks.
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued)

FXTRACT - Extract
Components of St(0)

FABS = Absolute Value of
ST(0)

FCHS = Change Sign of ST(0)

Transcendental
FPTAN = Partial Tangent of
ST(0)

FPATAN = Partial Arctangent
of ST(0) +ST(1)

F2xm1 = 25704

FYL2X = ST(1)* Logp

[8T(0)l

FYL2XP1 = ST(1)* Logz
[ST(0) +1]

Processor Control
FINIT = Initialized 8087

FEN! = Enable Interrupts
FDISI = Disable Interrupts
FLDCW = Load Control Word
FSTCW = Store Control Word‘
FSTSW = Store Status Word
FCLEX = Clear Exceptions
FSTENYV = Store Environment
FLDENV = Load Environment
FSAVE = Save State

FRSTOR = Restore State

FINCSTP = Increment Stack
Pointer

FDECSTP = Decrement Stack
Pointer

Optional
8,16 Bit
Displacement

[ escape EEEEEREEEE
[ escare IEEEXEXEE
[ escare [ 7 T00000]
[ escape EEE o]
[ escape [" 1 110011
[ESCAPE 11111 000]
[ escape [ 11000 71]
| Escare [+ 1110071]
[E e [T
[ escare EEREXEEED
[ escare [ 700007]
Tesome oo v [won + o v am | oer |
EZCXRN CT NIRRT
(ssowe 1o [woo v e ] oer |
| escape [11 10 ‘0101
[eowe oo i Juoo 1 v omm ] oer |
EENRN I
(e o Twon v oo ] o ]
| Escape [mop 1 00 ARM | Disp |
[ESCAPE [,1 P 1‘111

ESCAPE

Clock Count Range

27-55

10-17

10-17

30-540

250-800

310-630

900-1100

700-1000

2-8

2-8

2-8

7-14 +EA

12-18 +EA

12-18 +EA

2-8

40-50 + EA

35-45 + EA

197 -207 + EA

197 - 207 + EA

6-12

6-12

205835-19
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Table 5. 8087 Extensions to the 86/186 instructions Sets (Continued)

Clock Count Range

FFREE = Free ST(i) [ESCAPE 10111 00 0 sT) ] 9-16

FNOP = No Operation [Escape 0 0 1111 01000 0] 10-16

FWAIT = CPU Wait for 8087 [1 00 110 1 1] 3+5n*
205835-20

*n = number of times CPU examines TEST line before 8087 lowers BUSY.

NOTES:
1.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 mod = 11 then r/m is treated as an ST(j) field
2. if r/m = 000 then EA = (BX) + (Sl) + DISP
if r/m = 001 then EA = (BX) + (DI) + DISP
if r/m = 010 then EA = (BP) + (SI) + DISP
if /m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (Sl) + DISP
if /m = 101 then EA = (DI) + DISP
if r/m = 110 then EA = (BP) + DISP
if /m = 111 then EA = (BX) + DISP
*except if mod = 000 and r/m = 110 then EA = disp-high; disp-low.
3. MF = Memory Format
00-32-bit Real
01-32-bit Integer
10-64-bit Real
11-16-bit Integer
4. ST(0) = Current stack top ' !
ST(i) = ith register below stack top
5. d = Destination
0—Destination is ST(0)
1—Destination is ST(i)
6. P = Pop
0—No pop
1—Pop ST(0)
7. R = Reverse: When d = 1 reverse the sense of R
0—Destination (op) Source
1—Source (op) Destination
8. For FSQRT: -0 < ST(0) < +
For FSCALE: —215 < ST(1) < +215 and ST(1) integer
For F2XM1: 0 < ST(0) < 2—1
For FYL2X: 0 < ST(0) < o©
—o < 8T(1) < + o0
For FYL2XP1: 0 < IST(0)l < (2 — V'2)/2
—o < 8T(1) <
For FFTAN: 0 < ST(0) < w/4
For FPATAN: 0 < ST(0) < ST(1) < +
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" HIGH PERFORMANCE CHMOS MICROPROCESSOR
WITH MEMORY MANAGEMENT AND PROTECTION

m High Speed CHMOS 1ll Technology m 12.5'MHz Clock Rate
m Pin for Pin, Clock for Clock, and B Available in a Variety of Packages:
Functionally Compatible with the HMOS — 68 Pin PLCC (Plastic Leaded Chip
80286 : Carrier)
(See 80286 Data Sheet, Order #210253) — 68 Pin PGA (Pin Grid Array)
™ Stop Clock capability (See Packaging Spec., Order #231369)
— Uses Less Power (see Iccs
Specification)
INTRODUCTION

The 80C286 is an advanced 16 bit CHMOS Il microprocessor designed for multi-user and multi-tasking
applications that require low power and high performance. The 80C286 is fully compatible with its predecessor
the HMOS 80286 and object-code compatible with the 8086 and 80386 family of products. In addition, the
80C286 has a power down mode which uses less power, making it ideal for mobile applications. The 80C286
has built-in memory protection that maintains a four level protection mechanism for task isolation, a hardware
task switching facility and memory management capabilities that map 230 bytes (one gigabyte) of virtual
address space per task (per user) into 224 bytes (16 megabytes) of physical memory.

The 80C286 is upward compatible with 8086 and 8088 software. Using 8086 real address mode, the 80C286
is object code compatible with existing 8086, 8088 software. In protected virtual address mode, the 80C286 is
source code compatible with 8086, 8088 software which may require upgrading to use virtual addresses
supported by the 80C286’s integrated memory management and protection mechanism. Both modes operate
at full 80C286 performance and execute a superset of the 8086 and 8088 instructions.

The 80C286 provides special operations to support the efficient implementation and execution of operating
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load
its state, and start execution of the new task. The 80C286 also supports virtual memory systems by providing a
segment-not-present exception and restartable instructions.

bl s s o ST T == hl
{ ADDRESS ! Az - Ag.
| LATCHES AND DRIVERS BHE, M/I0

; PR PEACK
PREFETCHER EXTENSION
PEREQ

3
READY, HOLD

- - §1, §0, COD/INTA

SES::'E'NT SEGMENT TOCK, HLDA

cHecker | - SIZES 1 !
. DATA TRANSCEIVERS 015 - Dp
1 .

PHYSICAL
ADDRESS

SEGMENT
. BASES

bt == —

BUS CONTROL

1 . |
iy i et [ S| 6 BYTE !
| | PREFETCH |
A | | Queve BUS UNIT (BU) |
| Lod -~ - _! !_ - -2 )
‘ r=—] |-\ == 1 fe— RESET
L | I | 3 0ecooeo | INSTRUCTION | f=— ciK
INSTRUCTION
- INS S EeonEn UNIT(IU) | | Vss
; T QUEVE | | fe— vee
——————————————————————————— 4 b — - - — — — — — — — — — — —J |l CAP
LT | Busy
INTR ERROR

231923-1
Figure 1. 80C286 Internal Block Diagram ‘

October 1990
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Component Pad Views—As viewed from underside of
component when mounted on the board.

NOTE:

Plastic Leaded Chip Carrier

N.C. signals must not be connected

Al1
A3

P.C. Board Views—As viewed from the component
side of the P.C. board. *

Plastic Leaded Chip Carrier

52

o] 52 cap cap [52} ™

©=p] 53 ERROR ERROR [53] A

o=F] 54 BUSY 80sY ] .

o] 5% NC. N.c. [55 CEK

ap] 56 N.C. n.c. 58 v,

a=f]57 INR wir 7] o
RESET

G=p] 58 N.C: n.c. [52) As

O3] % NMI N 3]

C=p] &0 Vss Vss [9]

o] 61 PEREQ pereQ [61]

o] Vee Vec [62

C=3] 63 READY READY [63]

G=p] 64 HOLD HoLp [64]

O=2] 65 HLDA HLDA [63]

G=5] 66 COD/INTA COD/INTA [65]

ap]67 M/iG M/i6

o

)] &8 [ocKk rock [e2]

18 M3
8 R EEES
PIN NO.1 MARK |§::!ma|§<nf>m_—————~l
£ ] 2
231923-2
Pin Grid Array
” o-ramtw wema =0 a
Y885558a5585 5aaa55a8388Y
g g
8583838851 5588388358
EEEEEEEEEE) EEEEEEEEER
NIDOBDQG®®E S E| ERROR CAP caP ERROR |0 B O @B G@QO@@®G®] 00 40
Ml & @| Nnec.  BUSY BUSY NC |9 & S@@| A a
cLk | @ & | NR  NC. NC. INR |6 & @@ ek Ve
RESET | @ @ (DX ] TS NC.  NMI |6 & @ @ | RESET A3
I3 )5 © @] PEREQ Vgg Vss PEREQ | @ @ @@ A+ A5
IR (7)) @ @ | READY Vg Voo READY |@ & BB re A7
LR (21 @ @ HoA HoLD HOLD HLDA | @ & B@| A8 A
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I2E8 P8R l§¢38 #8223
231923-3

Figure 2. 80C286 Pin Configuration

Table 1. Pin Description

The fo//owing pin function descriptions are for the 80C286 microprocessor :

Symbol

Type

Name and Function

CLK

SYSTEM CLOCK provides the fundamental timing for 80C286 systems. It is
divided by two inside the 80C286 to generate the processor clock. The internal
divide-by-two circuitry can be synchronized to an external clock generator by a
LOW to HIGH transition on the RESET input.

D15-Do

110

DATA BUS inputs data during memory, 1/0, and interrupt acknowledge read
cycles; outputs data during memory and 1/0 write cycles. The data bus is active
HIGH and floats to 3-state OFF* during bus hold acknowledge.

A23-Ag

ADDRESS BUS outputs physical memory and /0 port addresses. A0 is LOW
when data is to be transferred on pins D7_q. Ap3—A1g are LOW during I/0
transfers. The address bus is active HIGH and floats to 3-state OFF* during bus
hold acknowledge.

oy
M

BUS HIGH ENABLE indicates transfer or data on the upper byte of the data bus.
D15-g. Eight-bit oriented devices assigned to the upper byte of the data bus would
normally use BHE to condition chip select functions. BHE is active LOW and floats
to 3-state OFF* during bus hold acknowiedge.

*See bus hold circuitry section.
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Table I. Pin Description (Continued)

Symbol Type

Name and Function

BHE
(Continued)

BHE and A0 Encodings

A0 Value Function

1 Transfer on upper half of data bus (D15-Dg)
.0 Byte transfer on lower half of data bus (D7-Dg)
1 1 Will never occur

V.

0 0 Word transfer
0

1

BUS CYCLE STATUS indicates initiation of a bus cycle and, along with M/10 and COD/
INTA, defines the type of bus cycle. The bus is in a T5 state whenever one or both are LOW,
S1 and S0 are active LOW and float to 3-state OFF* during bus hold acknowledge.

80C286 Bus 0ycle Status Definition

COD/INTA M/IO S1 S0 Bus Cycle Initiated

ek ek ik ek B2 OO0OO0OOOOOC

S0

Interrupt acknowledge
Will not occur
Will not occur
None; not a status cycle
IF A1 = 1 then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Will not occur
1/0 read
1/0 write
None; not a status cycle
Will not occur
Memory instruction read
Will not occur
1 None; not a status cycle

0 (LOwW)

(HIGH)

- - s 0000 ==+ 420000

-, Pl OO AR OO0 A2 00—~ —=-00
- 0404042020~ 0~0=0

MEMORY:1/0 SELECT distinguishes memory access from |/0 access. If HIGH during Tg, a
memory cycle or a halt/shutdown cycle is in progress. If LOW, an 1/0 cycle or an interrupt
acknowledge cycle is in progress. M/10 floats to 3-state OFF* during bus hold
acknowledge.

COD/INTA o

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from memory
data read cycles. Also distinguishes interrupt acknowledge cycles from I/0 cycles. COD/
NTA floats to 3-state OFF* during bus hold acknowledge. Its timing is the same as M/10.

o

LOCK

BUS LOCK indicates that other system bus masters are not to gain controi of the system
bus for the current and the following bus cycle. The LOCK signal may be activated explicitly
by the “LOCK” instruction prefix or automatically by 80C286 hardware during memory

XCHG instructions, interrupt acknowledge, or descriptor table access. LOCK is active LOW

| and floats to 3-state OFF* during bus hold acknowledge.

BUS READY terminates a bus cycle. Bus cycles are extended without limit until terminated
by READY LOW. READY is an-active LOW synchronous input requiring setup and hold
times relative to the system clock be met for correct operation. READY is ignored during
bus hold acknowledge.

HOLD |
HLDA o

BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80C286
local bus. The HOLD input allows another local bus master to request control of the local
bus. When control is granted, the 80C286 will float its bus drivers to 3-state OFF* and then
activate HLDA, thus entering the bus hold acknowledge condition. The local bus will remain

-granted to the requesting master until HOLD becomes inactive which results in the 80C286

deactivating HLDA and regaining control of the local bus. This terminates the bus hold
acknowledge condition. HOLD may be asynchronous to the system clock. These signals
are active HIGH.

INTR |

INTERRUPT REQUEST requests the 80C286 to suspend its current program execution
and service a pending external request. Interrupt requests are masked whenever the
interrupt enable bit in the flag word is cleared. When the 80C286 responds to an interrupt
request, it performs two interrupt acknowledge bus cycles to read an 8-bit interrupt vector
that identifies the source of the interrupt. To assure program interruption, INTR must remain
active until the first interrupt acknowledge cycle is completed. INTR is sampled at the
beginning of each processor cycle and must be active HIGH at least two processor cycles

-before the current instruction ends in order to interrupt before the next instruction. INTR is

level sensitive, active HIGH, and may be asynchronous to the system clock.

*See bus hold circuitry section.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function

NMI | NON-MASKABLE INTERRUPT REQUEST interrupts the 80C286 with an
internally supplied vector value of 2. No interrupt acknowledge cycles are
performed. The interrupt enable bit in the 80C286 flag word does not affect
this input. The NMI input is active HIGH, may be asynchronous to the system
clock, and is edge triggered after internal synchronization. For proper
recognition, the input must have been previously LOW for at least four system
clock cycles and remain HIGH for at least four system clock cycles.

PEREQ | PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE
PEACK (¢] extend the memory management and protection capabilities of the 80C286 to
processor extensions. The PEREQ input requests the 80C286 to perform a
data operand transfer for a processor extension. The PEACK output signals
the processor extension when the requested operand is being transferred.
PEREQ is active HIGH and floats to 3-state OFF* during bus hold
acknowledge. PEACK may be asynchronous to the system clock. PEACK is
active LOW.

\

@
[
()
<

PROCESSOR EXTENSION BUSY AND ERROR indicate the operating
condition of a processor extension to the 80C286. An active BUSY input
stops 80C286 program execution on WAIT and some ESC instructions until
BUSY becomes inactive (HIGH). The 80C286 may be interrupted while
waiting for BUSY to become inactive. An active ERROR input causes the
80C286 to perform a processor extension interrupt when executing WAIT or
some ESC instructions. These inputs are active LOW and may be
asynchronous to the system clock. These inputs have internal pull-up
resistors.

|
|

m
s
)
[e)
sl

RESET B | SYSTEM RESET clears the internal logic of the 80C286 and is active HIGH.
The 80C286 may be reinitialized at any time with a LOW to HIGH transition on
RESET which remains active for more than 16 system clock cycles. During

RESET active, the output pins of the 80C286 enter the state shown below:

80C286 Pin State During Reset

Pin Value Pin Names

1 (HIGH) ﬁ,_gi PEACK, A23-A0, BHE, LOCK
0 (LOW) M/I0, COD/INTA, HLDA (Note 1)
3-state OFF* D15-Do

Operation of the 80C286 begins after a HIGH to LOW transition on RESET.
The HIGH to LOW transition of RESET must be synchronous to the system
clock. Approximately 38 CLK cycles from the trailing edge of RESET are
required by the 80C286 for internal initialization before the first bus cycle, to
fetch code from the power-on execution address, occurs.

A LOW to HIGH transition of RESET synchronous to the system clock will
end a processor cycle at the second HIGH to LOW transition of the system
clock. The LOW to HIGH transition of RESET may be asynchronous to the
system clock; however, in this case it cannot be predetermined which phase
of the processor clock will occur during the next system clock period.
Synchronous LOW to HIGH transitions of RESET are required only for
systems where the processor clock must be phase synchronous to another
clock.

Vss | SYSTEM GROUND: 0 Volts.

Veo | SYSTEM POWER: + 5 Volt Power Supply.

CAP | SUBSTRATE FILTER CAPACITOR: a 0.047 uF * 20% 12V capacitor can
be connected between this pin and ground for compatibility with the HMOS
80286. For systems using only an 80C286, this pin can be left floating.

*See bus hold circuitry section.

NOTE:
1. HLDA is only Low if HOLD is inactive (Low).
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FUNCTIONAL DESCRIPTION

Infroduction

The 80C286 is an advanced, high-performance mi-
croprocessor with specially optimized capabilities for
multiple user and multi-tasking systems. Depending
on the application, a 12 MHz 80C286’s performance
is up to ten times faster than the standard 5 MHz
8086’s, while providing complete upward software
compatibility with Intel’s 8086, 88, and 186 family of
CPU’s.

The 80C286 operates in two modes: 8086 real ad-
dress mode and protected virtual address mode.
Both modes execute a superset of the 8086 and 88
instruction set. :

In 8086 real address mode programs use real ad-
dresses with up to one megabyte of address space.
Programs use virtual addresses in protected virtual
address mode, also called protected mode. In pro-
tected mode, the 80C286 CPU automatically maps 1
gigabyte of virtual addresses per task into a 16
megabyte real address space. This mode also pro-
vides memory ‘protection to isolate the operating
system and ensure privacy of each tasks’ programs
and data. Both modes provide the same base in-
struction set, registers, and addressing modes.

The following Functional Description describes first,
the base 80C286 architecture common to both
modes, second, 8086 real address mode, and third,
protected mode.

80C286 BASE ARCHITECTURE

The 8086, 88, 186, and 286 CPU family all contain
the same basic set of registers, instructions, and

addressing modes. The 80C286 processor is up-
ward compatible with the 8086, 8088, and 80186
CPU’s and fully compatible with the HMOS 80286.

Register Set

The 80C286 base architecture has fifteen registers
as shown in Figure 3. These registers are grouped
into the following four categories:

General Registers: Eight 16-bit general purpose
registers used to contain arithmetic and logical oper-
ands. Four of these (AX, BX, CX, and DX) can be
used either in their entirety as 16-bit words or split
into pairs of separate 8-bit registers.

Segment Registers: Four 16-bit special purpose
registers select, at any given time, the segments of
memory that are immediately addressable for code,
stack, and data. (For usage, refer to Memory Organi-
zation.)

Base and Index Registers: Four of the general pur-
pose registers may also be used to as.imine offset
addresses of operands in memory. These registers
may contain base addresses or indexes to particular
locations within a segment. The addressing mode
determines the specific registers used for operand
address calculations.

Status and Control Registers: The 3 16-bit special
purpose registers in figure 3A record or control cer-
tain aspects of the 80C286 processor state including
the Instruction Pointer, which contains the offset ad-
dress of the next sequential instruction to be execut-
ed.

16-BIT
REGISTER
NAME

SPECIAL
REGISTER
FUNCTIONS

“BYTE
ADDRESSABLE
®-BIT
REGISTER
NAMES .
SHOWN) cH a }

AH AL

MULTIPLY/DIVIDE
170 INSTRUCTIONS

DH DL

BH BL

BASE REGISTERS

BP

sl
ok INDEX REGISTERS

DI
SP }

GENERAL
REGISTERS

STACK POINTER

LOOP/SHIFT/REPEAT/COUNT

cs CODE SEGMENT SELECTOR

Ds DATA SEGMENT SELECTOR

Ss STACK SEGMENT SELECTOR

ES EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

F STATUS WORD

INSTRUCTION POINTER

STATUS AND CONTROL
REGISTERS

Figure 3. Register Set
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TRAP FLAG
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3
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2 1 [}
EM

TASK SWITCH
ATED

_
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Figure 3a. Status and Control Register Bit Functions

Flags Word Description

The Flags word (Flags) records specific characteris-
tics of the result of logical and arithmetic instructions
(bits 0, 2, 4, 6, 7, and 11) and controls the operation
of the 80C286 within a given operating mode (bits 8
and 9). Flags is a 16-bit register. The function of the
flag bits is given in Table 2.

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string
manipulation, control transfer, high level instruc-
tions, and processor control. These categories are
summarized in Figure 4.

An 80C286 instruction can reference zero, one, or
two operands; where an operand resides in a regis-
ter, in the-instruction itself, or in memory. Zero-oper-
and instructions (e.g. NOP and HLT) are usually one
byte long. One-operand instructions (e.g. INC and
DEC) are usually two bytes long but some are en-
coded in only one byte. One-operand instructions
may reference a register or memory location. Two-
operand instructions permit the following six types of
instruction operations:

—Register to Register
—Memory to Register
—Immediate to Register
—Memory to Memory
—Register to Memory
—Immediate to Memory

Table 2. Flags Word Bit Functions

Bit
Position

Name

Function

0

CF

Carry Flag—Set on high-order bit
carry or borrow; cleared otherwise

PF

Parity Flag—Set if low-order 8 bits
of result contain an even number of
1-bits; cleared otherwise

AF

Set on carry from or borrow to the
low order four bits of AL; cleared
otherwise

ZF

Zero Flag—Set if result is zero;
cleared otherwise

SF

| Sign Flag—Set equal to high-order

bit of result (0 if positive, 1 if negative)

1

OF

Overflow Flag—Set if result is a too-
large positive number or a too-small
negative number (excluding sign-bit)
to fit in destination operand; cleared
otherwise .

TF

Single Step Flag—Once set, a sin-
gle step interrupt occurs after the
next instruction executes. TF is
cleared by the single step interrupt.

Interrupt-enable Flag—When set,

maskable interrupts will cause the
CPU to transfer control to an inter-
rupt vector specified location.

10

DF

Direction Flag—Causes string
instructions to auto decrement
the appropriate index registers
when set. Clearing DF causes
auto increment.
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Two-operand instructions (e.g. MOV ‘and ADD) are
usually three to six bytes long. Memory to memory
operations are provided by a special class of string
instructions requiring one to three bytes. For de-
tailed instruction formats and encodings refer to the
instruction set summary at the end of this document.

For detailed -operation and usage of each instruc-
tion, see Appendix B of the 80286/80287 Program-
mer’s Reference Manual (Order No. 210498).

GENERAL PURPOSE
MOV . Move byte or word
PUSH ; Push word onto stack
POP ) Pop word off stack
PUSHA Push all registers on stack
POPA Pop all registers from stack
XCHG Exchange byte or word
XLAT Translate byte
INPUT/OUTPUT
IN Input byte or word
. OuT . Output byte or word
ADDRESS OBJECT
LEA Load effective address
LDS Load pointer using DS
LES Load pointer using ES
: FLAG TRANSFER
LAHF " Load AH register from flags
SAHF | Store AH register in flags
PUSHF Push flags onto stack .
POPF Pop flags off stack

Figure 4a. Data Transfer Instructions

MOVS Move byte or word string

INS Input bytes or word string

OouTS Output bytes or word string
CMPS Compare byte or word string
SCAS Scan byte or word string |

LODS : Load byte or word string

STOS { Store byte or word string

REP '] Repeat

REPE/REPZ Repeat while equal/zero
REPNE/REPNZ Repeat while not equal/not zero

Figure 4c. String Instructions

ADDITION
ADD Add byte or word
ADC Add byte or word with carry
INC Increment byte or word by 1
AAA ASCII adjust for addition
DAA Decimal adjust for addition
SUBTRACTION
SUB Subtract byte or word
SBB Subtract byte or word with borrow
DEC Decrement byte or word by 1
NEG Negate byte or word
CMP Compare byte or word
AAS ASCI| adjust for subtraction
DAS Decimal adjust for subtraction
MULTIPLICATION
MUL Multiple byte or word unsigned .
IMUL Integer multiply byte or word
AAM ASCII adjust for multiply
DIVISION
DIV Divide byte or word unsigned
IDIV Integer divide byte or word
AAD ASCI| adjust for division
CBW Convert byte to word
CWD Convert word to doubleword
Figure 4b. Arithmetic Instructions
LOGICALS
NOT “Not” byte or word
AND “And” byte or word
OR “Inclusive or” byte orword |
XOR “Exclusive or” byte or word
TEST “Test” byte or word
. SHIFTS
SHL/SAL Shift logical/arithmetic left byte or word
SHR Shift logical right byte or word
SAR Shift arithmetic right byte or wor
ROTATES o
ROL . Rotate left byte or word
ROR Rotate right byte or word
RCL - Rotate through carry left byte or word
RCR _| _Rotate through carry right byte or word
Figure 4d. Shift/Rotate Logical Instructions
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/INBE Jump if above/not below nor equal CALL Call procedure
JAE/JNB ~ Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal JMP Jump
JBE/JNA Jump if below or equal/not above
JC Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero :
JG/JNLE Jump if greater/not less nor equal LooP Loop
JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ - Loop if not equal/not zero
JLE/ING Jump if less or equal/not greater JCXZ Jump if register CX = 0
JNC Jump if not carry
JNE/JNZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET ~Interrupt return
JP/JPE Jump if parity/parity even
JS Jump if sign
‘ Figure 4e. Program Transfer Instructions
FLAG OPERATIONS Memory Organization
(S:Ig i:j;a;;yr:ﬁ?@ Memory is organized as 'sets qf variable I‘ength seg-
ments. Each segment is a linear contiguous se-
CMC Complement carry flag quence of up to 64K (216) 8-bit bytes. Memory is
STD Set direction flag addressed using a two component address (a point-
CcLD Clear direction flag er) that consists of a 16-bit segment selector, and a
STl Setinterrupt enable flag 1 §-bat offset. The segment selector indicates the qe-
- sired segment in memory. The offset component in-
cu Clear interrupt enable flag dicates the desired byte address within the segment.
EXTERNAL SYNCHRONIZATION
HLT \ Halt until interrupt or reset
WAIT Wait for BUSY not active ™ B
ESC Escape to extension processor 32-BIT POINTER
LOCK Lock bus during next instruction -
NO OPERATION !, e ,,I“ orrser_|
NOP No operation OPERAND
SELECTED SELECTED
EXECUTION ENVIRONMENT CONTROL SEGMENT
LMSW Load machine status word
SMSW Store machine status word
Figure 4f. Processor Control Instructions
ENTER Format stack for procedure entry ',J.v J..
LEAVE Restore stack for procedure exit v MEMORY v
BOUND Detects values outside prescribed range 231923-5

Figure 4g. High Level Instructions

Figure 5. Two Component Address
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‘Table 3. Segment Register Selection Rules

~ Memory Segment Register Implicit Segment
Reference Needed Used ' Selection Rule
Instructions Code (CS) -Automatic with instruction prefetch
Stack Stack (SS) All-stack pushes and pops. Any memory reference which uses BP
as a base register.
Local Data Data (DS) Al data references except when relative to stack or
) string destination )
External (Global) Data Extra (ES) Alternate data segment and destination of string operation

All instructions that address operands in memory:

must specify the segment and the offset. For speed
and compact instruction encoding, segment selec-
tors are usually stored in the high speed segment
registers. An instruction need specify only the de-
sired segment register and an offset in order to ad-
dress a memory operand.

Most instructions need not explicitly specify which
segment register is used. The correct segment reg-
ister is automatically chosen-according to the rules
of Table 3. These rules follow the way programs are
written (see Figure 6) as independent modules that
require areas for code and data, a stack, and access
to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
To access operands not residing in one of the four
immediately available segments, a full 32-bit pointer
or a new segment selector must be loaded.

Addressing Modes

The 80C286 provides a total of eight addressing
modes for instructions to specify operands. Two ad-
dressing modes are provided for instructions that
operate on register or immediate operands:

Register Operand Mode: The operand is locat-
ed in one of the 8 or 16-bit general registers.

Immediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand
address consists. of two 16-bit components: seg-
ment selector and offset. The segment selector is
supplied by a segment register either implicitly cho-
sen by the addressing mode or explicitly chosen by
a segment override prefix. The offset is calculated
by summing any combination of the following three
address elements:

the displacement (an 8 or 16-bit immediate val-
ue contained in the instruction)

the base (contents of either the BX or BP base
registers)

3-9

r-==
]
cooe
MODULE A
DATA
| ]
] ¥
coDE oy
MODULE B
DATA L— — cooe
1 L OATA
) ]
STACK
PROCI -
STACK EXTRA
SEGMENT
| \ REGISTERS
' ]
PROCESS
DATA
BLOCK 1
| |
! |
PROCESS
DATA|
BLOCK 2
] ]
| R |
MEMORY 231923-6

Figure 6. Segmented Memory Helps
Structure Software

the index (contents of either the SI or DI index
registers)

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values. :

Combinations of these three address elements de-
fine the six memory addressing modes, described
below.

Direct Mode: The operand's offset is contained in
the instruction as an 8 or 16-bit displacement ele-
ment.

Register Indirect Mode: The operand’s offset is in
one of the registers Sl, DI, BX, or BP.

Based Mode: The operand’s offset is the sum of an
8 or 16-bit displacement and the contents of a base
register (BX or BP).
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Indexed Mode: The operand’s offset is the sum of
an 8 or 16-bit displacement and the contents of an
index register (Sl or DI).

Based Indexed Mode: The operand’s offset is the
sum of the contents of a base register and an index
register.

Based indexed Mode with Displacement: The op-
erand’s offset is the sum of a base register’s con-
tents, an index register’s contents, and an 8 or 16-bit
displacement.

Data Types

The 80C286 directly supports the following data
types:

Integer: A signed binary numeric value con-
tained in an 8-bit byte or a 16-bit
word. All operations assume a 2’s
complement representation. Signed
32 and 64-bit integers are supported
using the Numeric Data Processor,

the 80287.

An unsigned binary numeric value
contained in an 8-bit byte or 16-bit
word.

A 32-bit quantity, composed of a
segment selector component and an
offset component. Each component
is a 16-bit word.

A contiguous sequence of bytes or
words. A string may contain from 1
byte to 64K bytes.

A byte representation of alphanu-
meric and control characters using
the ASCII standard of character rep-
resentation.

A byte (unpacked) representation of
the decimal digits 0-9.

A byte (packed) representation of
two decimal digits 0-9 storing one
digit in each nibble of the byte.

A signed 32, 64, or 80-bit real num-
ber representation. (Floating point
operands are supported using the
80287 Numeric Processor).

Ordinal:

Pointer:

String:

ASCII:

BCD:

Packed BCD:

Floating Point:

Figure 7 graphically represents the data types sup-
ported by the 80C286.

I/0 Space

) The 1/0 space consists of 64K 8-bit or 32K 16-bit
ports. I/0 instructions address the /0O space with
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either an 8-bit port address, specified in the instruc-
tion, or a 16-bit port address in the DX register. 8-bit
port addresses are zero extended such that A15—Ag
are LOW. I/O port addresses O00OF8(H) through
O0OFF(H) are reserved.

7 0
SIGNED
BYTE
SIGN BIT J
MAGNITUDE
7 0
UNSIGNED
BYTE
(\=mMsB
MAGNITUDE
sttt g7 0 o
SIGNED
WORD
SIGN BIT- | -MSB
© 7 WMAGNITUDE
SIGNED 31 +3 +2 1545 +1 [ .
DOUBLE
WORD*
SIGN BITJ | L MSB J
MAGNITUDE
+7 +6 +5 +4° 43 +2 +1 0
SIGNED 63 48 47 32 1615 (]
QUAD
WORD*
SIGN BIT - MSB f
MAGNITUDE
— [
UNSIGNED
WORD
-MSB
MAGNITUDE
BINARY 7 +N -, 7 ¥V 0y 0
coosol' I”'I ves
DECIMAL
@cp) _BCD BCD BCD
DIGIT N DIGIT1  DIGIT 0
7 *N g 7 1 97 0
ASCIII I “I I Al I” ] I
ASCII ASCIl ASClI
CHARACTERN CHARACTER; CHARACTER,
+N ; 41 o7 O
PACKED 1+ L ; -
BCD l' I I ' | I
| — | —]
MOST LEAST
SIGNIFICANT DIGIT SIGNIFICANT DIGIT
ms *N o ms *1 oms 0
STRING oee
BYTE/WORD N BYTEWORD 1 BYTE/WORD 0
a +3 +2 gy *1 0o,
POINTER
J
SELECTOR OFFSET
7949 +8 47 46 +5 44 43 42 +1 0 4
FLOATING
eowre | | | L 1 [ | T T [ |
SIGN BIT-) | .,
EXPONENT MAGNITUDE
231923-7

Figure 7. 80C286 Supported Data Types
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Table 4. Interrupt Vector Assignments

Function I:L:;r::: In:t::;tt?:ns D::;f teot lIlrrtrs‘tﬁ:":;:ir::s
‘ ‘ Causing Exception?
_Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 Al
NMI interrupt 2 INT 2 or NMI pin
Breakpoint interrupt 3 INT 3
INTO detected overflow exception 4 INTO No
BOUND range exceeded exception 5 BOUND Yes
Invalid opcode exc‘ebtioh 6 Any undefined opcode Yes
Processor extension not available exception 7 ESC or WAIT Yes
Intel reserved—-do not use '8-15
Processor extension error interrupt 16 ESC or WAIT
Intel reserved-do not use 17-31
User defined 32-255
Interrupts setting the interrupt flag bit (IF) in the flag word. All

An interrupt transfers execution to a new program
location. The old program address (CS:IP) and ma-

chine state (Flags) are saved on the stack to allow.

resumption of the interrupted program. Interrupts fall
into three classes: hardware initiated, INT instruc-
tions, and instruction exceptions, Hardware initiated
interrupts occur in response to an external input and
are classified as non-maskable or maskable. Pro-
grams may cause an interrupt with an INT instruc-
tion. Instruction exceptions occur when an unusual
condition, which prevents further instruction pro-
cessing, is detected while attempting to execute an
instruction. The return address from an exception
will always point at the instruction causing the ex-
ception and include any leading instruction prefixes.

A table containing up to 256 pointers- defines ‘the
' proper interrupt service routine for each interrupt. In:
terrupts 0-31, some- of which, are used: for.instruc-
tion exceptions, are reserved. For each interrupt, an
8-bit vector must be supplied to the 80C286 which
identifies the appropriate table entry. Exceptions
supply the interrupt vector internally. INT instructions
contain. or imply the vector and allow access to all
256 interrupts. Maskable hardware initiated inter-
rupts supply the 8-bit vector to the CPU during an
interrupt ‘acknowledge bus sequence. Non-maska-
ble hardware mterrupts use a predeflned internally
supplied vector. y

MASKABLE INTERRUPT (INTR)

The 80C286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by

224 user-defined interrupt sources can share this in-
put, yet they can retain separate interrupt handlers.
An 8-bit vector read by the CPU during the interrupt
acknowledge sequence (discussed in System Inter-
face section) identifies the source of the interrupt.

Further maskable interrupts are disabled while serv-
icing an interrupt by resetting the IF but as part of
the response to an interrupt or exception. The saved
flag word will reflect the enable status of the proces-
sor prior.to. the interrupt. Until the flag word is re-
stored to the flag register, the interrupt flag will be
zero unless specifically set. The interrupt return in-
struction includes restoring the flag word, thereby
restoring the original status of IF.

NON-MASKABLE INTERRUPT REQUEST \(NMl)\

A non-maskable interrupt input (NMI) is also provid-
ed. NMI has higher priority than INTR. A typical use
of NMI would be'to activate a power failure routine.
The activation of this input causes an interrupt with
an internally supplied vector value of 2. No external

" interrupt acknowledge sequence is performed.
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While executing the NMI servicing procedure, the
80C286 will service neither further NMI requests,
INTR requests, nor the processor extension seg-
ment-overrun interrupt until- an interrupt return (IRET)
instruction is executed or the CPU is reset. If NMI
occurs while currently servicing an NMI, its presence
will be saved for servicing after executing the first
IRET instruction. IF is cleared at the beginning of an
NM! interrupt to inhibit INTR interrupts.
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SINGLE STEP INTERRUPT

The 80C286 has an internal interrupt that allows pro-
grams to execute one instruction at-a time. It is
called the single step interrupt and is controlled by
the single step flag bit (TF) in the flag word. Once
this bit is set, an internal single step interrupt will
occur after the next instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single stepped.

Interrupt Priorities

When simultaneous interrupt requests occur, they
are processed in a fixed order as shown in Table 5.
Interrupt processing involves saving the flags, return
address, and setting CS:IP to point at the first in-
struction of the interrupt handler. If other interrupts
remain enabled they are processed before the first
instruction of the current interrupt handler is execut-
ed. The last interrupt processed is therefore the first
one serviced.

Table 6. 80C286 Initial Register State after RESET

Flag word 0002(H)
Machine Status Word FFFO(H)
Instruction pointer FFFO(H)
Code segment FOOO(H)
Data segment 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

HOLD must not be active during the time from the
leading edge of RESET to 34 CLKs after the trailing
edge of RESET.

Machine Status Word Description

The machine status word (MSW) records when a
task switch takes place and controls the operating
mode: of the 80C286. It is a 16-bit register of which
the lower four bits are used. One bit places the CPU
into protected mode, while the other three bits, as
shown in Table 7, control the processor extension
interface. After RESET, this register contains
FFFO(H) which places the 80C286 in 8086 real ad-
dress mode.

Table 7. MSW Bit Functions

Table 5. Interrupt Processing Order b B_i‘ti Name Function
Order Interrupt ositlon
- : 0 PE | Protected mode enable places the
1 Instruction exception 80C286 into protected mode and cannot
2 Single step be cleared except by RESET.
3 NMI . 1 MP | Monitor processor extension allows
4 Processor extension segment overrun WAIT instructions to cause a processor
extension not present exception
5 INTR (number 7).
6 INT instruction 2 EM | Emulate processor extension causes a
processor extension not present
I . exception (number 7) on ESC
Initialization and Processor Reset instructions to allow emulating a
processor extension.
Processor initialization or start up is accomplished 3 TS | Task switched indicates the next
by driving the RESET input pin HIGH. RESET forces instruction using a processor extension
the 80C286 to terminate all execution and local bus ;Nll: Ciusg e;;\cer#\non 7, a"‘:wmg software
activity. No instruction or bus activity will occur as 0 test whether the-currént processor
long as'RESET is active. After RESET becomes in- f:stﬁ_nsmn context belongs to the current

active and an internal processing interval elapses,
the 80C286 begins execution in real address mode
with the instruction at physical location FFFFFO(H).
RESET also sets some registers to predefined val-
ues as shown in Table 6.

The LMSW and SMSW instructions can load and
store the MSW in real address mode. The recom-
mended use of TS, EM, and MP is shown'in Table 8.

Table 8. Recommended MSW Encodings For Processor Extension Control

Instructions
TS | MP | EM Recommended Use Causing
Exception 7
0 0 0 Initial encoding after RESET. 80C286 operation is identical to 8086, 88. | None
0 0 1 No processor extension is available. Software will emulate its function. ESC
1 0 1 No processor extension is available. Software will emulate its function. The current ESC
processor extension context may belong to another task.
0 1 0 A processor extension exists. None
1 0 A processor extension exists. The current processor extension context may belongto | ESC or
another task. The Exception 7 on WAIT allows software to test for an error pending WAIT
from a previous processor extension operation.
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Halt

The HLT instruction stops program execution and
prevents the CPU from using the local bus until re-
started. Either NMI, INTR with IF = 1, or RESET will
force the 80C286 out of halt. |f interrupted, the
saved CS:IP will point to the next instruction after
the HLT. :

8086 REAL ADDRESS MODE

The 80C286 executes a fully upward-compatible su-
perset of the 8086 instruction set in real address
mode. In real address mode the 80C286 is object
code compatible with 8086 and 8088 software. The
real address mode architecture (registers and ad-
dressing modes) is exactly as described in the
80C286 Base Architecture section of this Functional
Description. :

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one megabyte) addressed by pins
Ao through A1g and BHE. Agg through Az should be
ignored.

Memory Addressing

In real address mode physical memory is a contigu-
ous array of up to 1,048,576 bytes (one megabyte)
addressed by pins Ag through Aig and BHE. Ad-
dress bits Agg—Ao3 may not always be zero in real
mode. Agp—Ao3 should not be used by the system
while the 80C286 is operating in Real Mode.

The selector portion of a pointer is interpreted as the
upper 16 bits of a 20-bit segment address. The lower
four bits of the 20-bit segment address are always
zero. Segment addresses, therefore, begin on. multi-
ples of 16 bytes. See Figure 8 for a graphic repre-
sentation of address information.

All segments in real address mode are 64K bytes in
size and may be read, written, or executed. An ex-
ception or interrupt can occur if data operands or
instructions attempt to wrap around.the end of a
segment (e.g. a word with its low order byte at offset
FFFF(H) and its high order byte at offset 0000(H). I,
in real address mode, the information contained in a
segment does not use the full 64K bytes, the unused
end of the segment may be overlayed by another
segment to reduce physical memory requirements.

Reserved Memory Locations

The 80C286 reserves two fixed areas of memory in
real address mode (see Figure 9); system initializa-

_tion area and interrupt table area. Locations from
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addresses - FFFFO(H) through FFFFF(H) are re-
served for system initialization. Initial execution be-
gins at location FFFFO(H). Locations 00000(H)
through 003FF(H) are reserved for interrupt vectors.

15 0
OFFSET
0000 OFFSET ADDRESS
\___1 P—
15 [
SEGMENT 0000 SEGMENT
SELECTOR 000} AppRESS
~ — - ~
19 0
20-BIT PHYSICAL
MEMORY ADDRESS
. 231923-8

Figure 8. 8086 Real Address Mode
Address Calculation

RESET BOOTSTRAP T
PROGRAM JUMP
FFFFOH
~ ° ~N
+ : ¥
3FFH
INTERRUPT POINTER
FOR VECTOR 255
3FCH
T ¥
‘ . 7H
INTERRUPT POINTER
FOR VECTOR 1 aH
INTERRUPT POINTER 3H
FOR VECTOR 0 .
OH
INITIAL CS:IP VALUE IS FO00:FFFO.
231923-9

Figure 9. 8086 Real Address Mode Initially
Reserved Memory Locations
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Table 9. Real Address Mode Addressing Interrupts

Functi Interrupt Related Return Address
unction Number Instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector is not within table limit Yes
Processor extension segment overrun 9 ESC with memory operand extend- No
interrupt ing beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with offset Yes
= FFFF(H) or an attempt to exe-
cute past the end of a segment

Interrupts

Table 9 shows the interrupt vectors reserved for ex-
ceptions and interrupts which indicate an addressing
error. The exceptions leave the CPU in the state ex-
isting before attempting to execute the failing in-
struction (except for PUSH, POP, PUSHA, or POPA).
Refer to the next section on protected mode initiali-
zation for a discussion on exception 8.

" Protected Mode Initialization

To prepare the 80C286 for protected mode, the
LIDT instruction is used to load the 24-bit interrupt
table base and 16-bit limit for the protected mode
interrupt table. This instruction can also set a base
and limit for the interrupt vector table in real address
mode. After reset, the interrupt table base is initial-
ized to 000000(H) and its size set to 03FF(H). These
values are compatible with 8086, 88 software. LIDT
should only be executed in preparation for protected
mode.

Shutdown

Shutdown occurs when a severe error is detected
that prevents further instruction processing by the
CPU. Shutdown and halt are externally signalled via
a halt bus operation. They can be distinguished by
A4 HIGH for halt and Ay LOW for shutdown. In real
address mode, shutdown can occur under two con-
ditions:

© Exceptions 8 or 13 happen and the IDT limit does

not include the interrupt vector. )

e A CALL INT or PUSH instruction attempts to wrap
around the stack segment when SP is not even.

An NMI input can bring the CPU out of shutdown if
the IDT limit is at least 000F(H) and SP is greater
than 0005(H), otherwise shutdown can only be exit-
ed via the RESET input.
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PROTECTED VIRTUAL ADDRESS
MODE

The 80C286 executes a fully upward-compatible su-
perset of the 8086 instruction set in protected virtual
address mode (protected mode). Protected mode
also provides memory management and protection
mechanisms and associated instructions.

The 80C286 enters protected virtual address mode
from real address mode by setting the PE (Protec-
tion Enable) bit of the machine status word with the
Load Machine Status Word (LMSW) instruction. Pro-
tected . mode offers extended physical and virtual
memory address space, memory protection mecha-
nisms, and new operations to support operating sys-
tems and virtual memory.

All registers, instructions, and addressing modes de-
scribed in the 80C286 Base Architecture section of
this Functional Description remain the same. Pro-
grams for the 8086, 88, 186, and real address mode
80C286 can be run in protected mode; however, em-
bedded constants for segment selectors are differ-
ent.

Memory Size

The protected mode 80C286 provides a 1 gigabyte
virtual address space per task mapped into a 16
megabyte physical address space defined by the ad-
dress pin Ap3_Ag and BHE. The virtual address
space may be larger than the physical address
space since any use of an address that does not
map to a physical-memory location will cause a re-
startable exception.

Memory Addressing

As in real address mode, protected mode uses 32-
bit pointers, consisting of 16-bit selector and offset
components. The selector, however, specifies an in-
dex into a memory resident table rather than the up-
per 16-bits of a real memory address. The 24-bit
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base address of the desired segment is obtained
from the tables in memory. The 16-bit offset is add-
ed to-the segment base address to form the physical
address-as shown in Figure 10. The tables are auto-
matically referenced by the CPU whenever a seg-
ment register is loaded with a selector. All 80C286
instructions which load a segment register will refer-
ence the memory based tables without additional
software. The memory based tables contain 8 byte
values called descriptors.

cPy

31 16 15

SELECTOR| OFFSET

POINTER

PHYSICAL MEMORY
LA
%

[ SEGMENT

DESCRIPTOR
TABLE v

MEMORY

| PHvsicAL OPERAND

ADDER

BASE
ADDRESS DESCRIPTOR

)
C

L

'231923-10

)P

Figure 10. Protected Mode Memory Addressing

Access Rights Byte Definition

DESCRIPTORS

Descriptors define the use of memory. Special types
of descriptors also define new functions for transfer
of control and task switching. The 80C286 has seg-
ment descriptors for code, stack and data segments,
and. system control descriptors for special system
data segments and control transfer operations. De-
scriptor accesses are performed as locked bus op-
erations to assure descriptor integrity in multi-proc-
essor systems. '

CODE AND DATA SEGMENT DESCRIPTORS
=1

Besndes segment base addresses, code and data
descriptors contain other segment attributes includ-
ing segment size (1 to 64K bytes), access rights
(read only, read/write, execute only, and ‘execute/
read), and presence in memory (for virtual memory
systems) (See Figure 11). Any segment usage vio-
lating a segment attribute indicated by the segment
descriptor will prevent the memory cycle and cause
an exception or interrupt.

Code or Data Segment Descriptor

07

- T
+7 INTEL RfSERVED' +6
ACCESS

RIGHTSBYTE:  *8 vl DPL Is] TYPE IA] BASE2; 16 +4
i L.l N
+3 . BASE15-9 +2

1
+1 LIMIT5-9 0

!

15 87 . °
231923-11

*Must be set to 0 for compatibility with 80386.

PosBiittio n Name Function
7 Present (P) P=1 Segment is mapped into physical mermory.
: P=0 No mapping to physical memory exits, base and limit are
' not used.
6-5 Descriptor Privilege Segment privilege attnbute used in pr|V|Iege tests.
Level (DPL)
4 Segment Descnp- S=1 Code or Data (includes stacks) segment descriptor
“tor (S) S=0 System Segment Descriptor or Gate Descriptor
3 Executable (E) E=0 Data segment descriptor type is: ) If
2 Expansion Direc-.. ED = 0 Expand up segment, offsets must be < limit. Data
tion (ED) ED =1 Expand down segment, offsets must be > limit. Segment
1 Writeable (W) W =0  Datasegment may not be written into. S=1,
T wW=1 Data segment may be written into. ) E=0)
Fiyef:g 3 Executable (E) E=1 Code Segment Descriptor type is: ‘ A
Definition 2 Conforming (C) C=1 Code segment may only be executed Code
oo when CPL >DPL and CPL | Segment
' remains unichanged.
1 Readable (R) R =0 Code segment may not be read s =1,
R=1 Code segment may be read. . E=1)
0 Accessed (A) A=0 Segment has not been accessed.
' A=1 Segment selector has been loaded into segment register
or used by selector test instructions.

Figure 11. Code and Data Segment Descriptor Formats
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Code and data (including stack data) are stored in
two types of segments: code segments and data
segments. Both types are identified and defined by
segment descriptors (S = 1). Code segments are
identified by the executable (E) bit set to 1 in the
descriptor access rights byte. The access rights byte
of both code and data segment descriptor types
have three fields in common: present (P) bit, De-
scriptor Privilege Level (DPL), and accessed (A) bit.
If P = 0, any attempted use of this segment will
cause a not-present exception. DPL specifies the
privilege level of the segment descriptor. DPL con-
trols when the descriptor may be used by a task
(refer to privilege discussion below). The A bit shows
whether the segment has been previously accessed
for usage profiling, a necessity for virtual memory
systems. The CPU will always set this bit when ac-
cessing the descriptor.

Data segments (S = 1, E = 0) may be either read-
only or read-write as controlled by the W bit of the
access rights byte. Read-only (W = 0) data seg-
ments may not be written-into. Data segments may
grow in two directions, as determined by the Expan-
sion Direction (ED) bit: upwards (ED = 0) for data
segments, and downwards (ED = 1) for a segment
containing a stack. The limit field for a data segment
descriptor is interpreted differently depending on the
ED bit (see Figure 11).

A code segment (S = 1, E = 1) may be execute-
only or execute/read as determined by the Read-
able (R) bit. Code segments may never be written
into and execute-only code segments (R = 0) may
not be read. A code segment may also have an attri-
bute called conforming (C). A conforming code seg-

ment may be shared by programs that execute at -

different privilege levels. The DPL of a conforming
code segment defines the range of privilege levels
at which the segment may be executed (refer to priv-
ilege discussion below). The limit field identifies the
last byte of a code segment.

SYSTEM SEGMENT DESCRIPTORS (S = 0,
TYPE = 1-3) :

In addition to code and data segment descriptors,
the protected mode 80C286 defines System Seg-
ment Descriptors. These descriptors define special
system data segments which contain a table of de-
scriptors (Local Descriptor Table Descriptor) or seg-
ments which contain the execution state of a task
(Task State Segment Descriptor).

Figure 12 gives the formats for the special system
data segment descriptors. The descriptors contain a
24-bit base address of the segment and a 16-bit lim-
it. The access byte defines the type of descriptor, its
state and privilege level. The descriptor contents are
valid and the segment is in physical memory if P = 1.
If P = 0, the segment is not valid. The DPL field is
only used in Task State Segment descriptors and
indicates the privilege level at which the descrip-
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tor may be used (see Privilege). Since the Local De-
scriptor Table descriptor may only be used by a spe-
cial privileged instruction, the DPL field is not used.
Bit 4 of the access byte is 0 to indicate that it is a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 12.

System Segment Descriptor

7 07 0

T
+7 INTEL RESERVED*
L

Plom.lol TYPE I
L L1

BASE1s—o
1

+6

+

@

BASE2316 +4

+3 +2

+1 0

LIMITyso
L

15 87 [

231923-12
*Must be set to 0 for compatibility with 80386.

System Segment Descriptor Fields

Name | Value Description
TYPE 1 Available Task State Segment (TSS)
2 Local Descriptor Table
3 Busy Task State Segment (TSS)
P 0 Descriptor contents are not valid
1 Descriptor contents are valid
DPL 0-3 Descriptor Privilege Level
BASE 24-bit | Base Address of special system data
number | segmentin real memory
LIMIT 16-bit | Offset of last byte in segment
number

Figdre 12. System Segment Descriptor Format

GATE DESCRIPTORS (S = 0, TYPE = 4-7)

Gates are used to control access to entry points
within the target code segment. The gate descrip-
tors are call gates, task gates, interrupt gates and
trap gates. Gates provide a level of indirection be-
tween the source and destination of the control
transfer. This indirection allows the CPU to automati-
cally perform protection checks and control entry
point of the destination. Call gates are used to
change privilege levels (see Privilege), task gates
are used to perform a task switch, and interrupt and
trap gates are used to specify interrupt service rou-
tines. The interrupt gate disables interrupts (resets
IF) while the trap gate does not.

Gate Descriptor

07

T
+7 INTEL RESERVED*

WORD

* COUNT4o

PDFL]O[ TYPE ]XXX
L L.l L 11

+3 DESTINATION SELECTOR15_» ]1| X
1

DESTINATION OFFSET15-9
1

231923-13

15 87

*Must be set to 0 for compatibility with 80386 (X is don’t care)
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Gate Descriptor Fields

Name Value Description
4 —~Call Gate
5 —-Task Gate
TYPE 6 ~Interrupt Gate
7 ~Trap Gate
P 0 ~Descriptor Contents are not
valid
1 —Descriptor Contents are
valid
DPL 0-3 Descriptor Privilege Level
WORD Number of words to copy
COUNT 0-31 from callers stack to called
procedures stack. Only used
with call gate.
Selector to the target code
DESTINATION | 16-bit | 3o9mer (vall Intermuptor
SELECTOR | selector Selector to the target task
: state segment (Task Gate)
DESTINATION | 16-bit | Entry point within the target
OFFSET offset | code segment

Figure 13. Gate Descriptor Format

Figure 13 shows the format of the gate descriptors.
The descriptor -contains a destination pointer that
points to the descriptor of the target segment and
the entry point offset. The destination selector in an
interrupt gate, trap gate, and call gate must refer to a
code segment descriptor. These gate descriptors
contain the entry point.to prevent a program from
constructing and using an illegal entry point. Task
gates may only refer to a task state segment. Since
task gates invoke a task switch, the destination off-
set is not used in the task gate.

Exception 13 is generated when the gate is used if a
destination selector does not refer to the correct de-
scriptor type. The word count field is used in the call
gate descriptor to indicate the number of parameters
(0-31 words) to be automatically copied from the
caller’s stack to the stack of the called routine when
a control transfer changes privilege levels. The word
count field is not used by any other gate descriptor.

The access byte format is the same for all gate de-
scriptors. P = 1 indicates that the gate contents are
valid. P = 0 indicates the contents are not valid and
causes exception 11 if referenced. DPL is the de-

scriptor privilege level and specifies when this de-
scriptor may be used by a task (refer to privilege
discussion below). Bit 4 must equal 0 to indicate a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 13.

SEGMENT DESCRIPTOR CACHE REGISTERS

A segment descriptor cache register is assigned to
each of the four segment registers (CS, SS, DS, ES).
Segment descriptors are automatically loaded
(cached) into a segment descriptor cache register
(Figure 14) whenever the associated segment regis-
ter is loaded with a selector. Only segment descrip-
tors may be loaded into segment descriptor cache
registers. Once loaded, all references to that seg-
ment of memory use the cached descriptor informa-
tion instead of reaccessing the descriptor. The de-
scriptor cache registers are not visible to programs.
No instructions exist to store their contents. They
only change when a segment register is loaded.

SELECTOR FIELDS

A protected mode selector has three fields: descrip-
tor entry index, local or global descriptor table indi-
cator (TI), and selector privilege (RPL) as shown in
Figure 15. These fields select one of two memory
based tables of descriptors, select the appropriate
table entry and allow highspeed testing of the selec-
tor's privilege attribute (refer to privilege discussion
below).

SELECTOR
[ INDEX I 'l’l IIPI]
) W T T Y T W T T I
5 3270
ais NAME FUNCTION
1-0 | REQUESTED | INDICATES SELECTOR PRIVILEGE
PRIVILEGE | LEVEL DESIRED
LEVEL
(RPL)
2 TABLE T = 0 USE GLOBAL DESCRIPTOR TABLE
INDICATOR D
iy T = 1 USE LOCAL DESCRIPTOR TABLE
(LDT)
15-3 | INDEX SELECT DESCRIPTOR ENTRY IN TABLE
231923-15

Figure 15. Selector Fields

PROGRAM VISIBLE r——- T T T T PROGRAM INVISIBLE -1
: ! ACCESS
SEGMENT SELECTORS : RIGHTS -SEGMENT PHYSICAL BASE ADDRESS - SEGMENT SIZE
cs '
os |
]
SS ]
Es |
18 : L4 40 39 ’ 16 1§
SEGMENT REGISTERS SEGMENT DESCRIPTOR CACHE REGISTERS
]
(LOADED BY PROGRAM) | (AUTOMATICALLY LOADED BY CPU) g

231923-14

Figure 14. Descriptor Cache Registers
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LOCAL AND GLOBAL DESCRIPTOR TABLES

Two tables of descriptors, called descriptor tables,
contain all descriptors accessible by a task at any
given time. A descriptor table is a linear array of up
to 8192 descriptors. The upper 13 bits of the selec-
tor value are an index into a descriptor table. Each
table has a 24-bit base register to locate the descrip-
tor table in physical memory and a 16-bit limit regis-
ter that confine descriptor access to the defined lim-
its of the table as shown in Figure 16. A restartable
exception (13) will occur if an attempt is made to
reference a descriptor outside the table limits.

One table, called the Global Descriptor table (GDT),
contains descriptors available to all tasks. The other
table, called the Local Descriptor Table (LDT), con-
tains descriptors that can be private to a task. Each
task may have its own private LDT. The GDT may
contain all descriptor types except interrupt and trap
descriptors. The LDT may contain only segment,
task gate, and call gate descriptors. A’ segment can-
not be accessed by a task if its segment descriptor
does not exist in either descriptor table at the time of
access.

MEMORY

"

CPU o

15 J r
N I GDT LIMIT

GDT BASE
24-BIT PHYS AD.

CURRENT

"
v
} GOT
} LDT

r—=% """ 31 r,{
» ILD\’LIMIT

RS (RN

I
|
! LDT BASE [
I | 24-BIT PHYS AD. .
| LT, o
| PROGRAM INVISIBLE | g i
| (AUTOMATICALLY | - axa
| LOADED | . 5 § 4
| FROM LDT DESCR. | § ]
WITHINGDT) | | . 222
I, d
~
~ X
231923-16

base address and limit for an LDT, as shown in Fig-
ure 12.

7 07 0

+5 | INTEL RESERVED* BASE23-16 +4
+3 BASE5-0 .2
|
+1 LIMIT15-0 o
15 sl 7 0
231923-17

Figure 16. Local and Global
Descriptor Table Definition

The LGDT anc .LDT instructions load the base and
limit of the global and local descriptor tables. LGDT
and LLDT are privileged, i.e. they may only be exe-
cuted by trusted programs operating at level 0. The
LGDT instruction loads a six byte field containing the
16-bit table limit and'24-bit physical base address of
the Global Descriptor Table as shown in Figure 17.
The LDT instruction loads a selector which refers to
a Local Descriptor Table descriptor containing the

*Must be set to 0 for compatibility with 80386.

Figure 17. Global Descriptor Table and
Interrupt Descriptor Table Data Type

INTERRUPT DESCRIPTOR TABLE

The protected mode 80C286 has a third descriptor
tabie, called the Interrupt Descriptor Table (IDT)
(see Figure 18), used to define up to 256 interrupts.
It may contain only task gates, interrupt gates and
trap gates. The IDT (Interrupt Descriptor Table) has
a 24-bit physical base and 16-bit limit register in the
CPU. The privileged LIDT instruction loads these
registers with a six byte value of identical form to
that of the LGDT instruction (see Figure 17 and Pro-
tected Mode Initialization). R

:: MEMORY Q

<C

GATE FOR
INTERRUPT #n

GATE FOR
INTERRUPT #n-1

INTERRUPT
DESCRIPTOR

- L]
®
cPu { o } TABLE
(o7)
s 0 GATE FOR
INTERRUPT #1

DT LMIT | waeTon g
= [

INTERRUPT #0
2 0
231923-18

)y

)P 1

v U
s \

Figure 18. Interrupt Descriptor Table Definition

References to IDT entries are made via INT instruc-
tions, external interrupt vectors, or exceptions. The
IDT must be at least 256 bytes in size to allocate
space for all reserved interrupts.

Privilege

The 80C286 has a four-level hierarchical privilege
system which controls the use of privileged instruc-
tions and access to descriptors (and their associat-
ed segments) within a task. Four-level privilege, as
shown in Figure 19, is an extension of the user/su-
pervisor mode commonly found in minicomputers.
The privilege levels are numbered O through 3.
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Level 0 is the most privileged level. Privilege levels
provide protection within a task. (Tasks are isolated
by providing private LDT’s for each task.) Operating
system routines, interrupt handlers, and other sys-
tem software can be included and protected within
the virtual address space of each task using the four
levels of privilege. Each task in the system has a
separate stack for each of its privilege levels.

Tasks, descriptors, and selectors have a privilege
level attribute that determines whether the descrip-
tor may be used. Task privilege effects the use of
instructions and descriptors. Descriptor and selector
privilege only effect access to the descriptor.

TASK PRIVILEGE

A task always executes at one of the four privilege
levels. The task privilege level at any specific instant
is called the Current Privilege Level (CPL) and is de-
fined by the lower two bits of the CS register. CPL
cannot change during execution in a single code
segment. A task’s CPL may only be changed by con-
trol transfers through gate descriptors to a new code
segment (See Control Transfer). Tasks begin exe-
cuting at the CPL value specified by the code seg-
ment selector within TSS when the task is initiated
via a task switch operation (See Figure 20). A task
executing at Level 0 can access all data segments
defined in the GDT and the task’s LDT and is con-
sidered the most trusted level. A task executing a
Level 3 has the most restricted access to data and is
considered the least trusted level.

DESCRIPTOR PRIVILEGE

Descriptor privilege is specified by the Descriptor
Privilege Level (DPL) field of the descriptor access
byte. DPL specifies the least trusted task privilege
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level (CPL) at which a task may access the descrip-
tor. Descriptors with DPL = 0 are the most protect-
ed. Only tasks executing at privilege level 0
(CPL = 0) may access them. Descriptors with DPL
= 3 are the least protected (i.e. have the least re-
stricted access) since tasks can access them when
CPL = 0, 1, 2, or 3. This rule applies to all descrip-
tors, except LDT descriptors.

SELECTOR PRIVILEGE

Selector privilege is specified by the Requested Priv-
ilege Level (RPL) field in the least significant two bits
of a selector. Selector RPL may establish a less
trusted privilege level than the current privilege level
for the use of a selector. This level is called the
task’s effective privilege level (EPL). RPL can only
reduce the scope of a task’s access to data with this
selector. A task’s effective privilege is the numeric
maximum of RPL and CPL. A selector with RPL = 0
imposes no additional restriction on its use while a
selector with-RPL = 3 can only refer to segments at
privilege Level 3 regardless of the task’s CPL. RPL
is generally used to verify that pointer parameters
passed to a more trusted procedure are not allowed
to use data at a more privileged level than the caller
(refer to pointer testing instructions).

Descriptor Access and Privilege
Validation ‘

Determining the ability of a task to access a seg-
ment involves the type of segment to be accessed,
the instruction used, the type of descriptor used and
CPL, RPL, and DPL. The two basic types of segment
accesses are control transfer (selectors loaded into
CS) and data (selectors loaded into DS, ES or SS).

DATA SEGMENT ACCESS

Instructions that load selectors into DS and ES must
refer to a data segment descriptor or readable code
segment descriptor. The CPL of the task and the
RPL of the selector must be the same as or more
privileged (numerically equal to or lower than) than
the descriptor DPL. In general, a task can only ac-
cess data segments at the same or less privileged
levels than the CPL or RPL (whichever is numerically
higher) to prevent a program from accessing data it
cannot be trusted to use.

An exception to the rule is a readable conforming
code segment. This type of code segment can be
read from any privilege level.

If the privilege checks fail (e.g. DPL is numerically
less than the maximum of CPL and RPL) or an incor-
rect type of descriptor is referenced (e.g. gate de-
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scriptor or execute only code segment) exception 13
occurs. If the segment is not present, exception 11
is generated.

Instructions that load selectors into SS must refer to
data segment descriptors for writable data seg-
ments. The descriptor privilege (DPL) and RPL must
equal CPL. All other descriptor types or a privilege
level violation will cause exception 13. A not present
fault causes exception 12.

CONTROL TRANSFER

Four types of control transfer can occur when a se-
lector is loaded into CS by a control transfer opera-
tion (see Table 10). Each transfer type can only oc-
cur if the operation which loaded the selector refer-
ences the correct descriptor type. Any violation of
these descriptor usage rules (e.g. JMP through a call
gate or RET to a Task State Segment) will cause
exception 13.

The ability to reference a descriptor for control trans-
fer is also subject to rules of privilege. A CALL or
JUMP instruction may only reference a code seg-
ment descriptor with DPL equal to the task CPL or a
conforming segment with DPL of equal or greater
privilege than CPL. The RPL of the selector used to
reference the code descriptor must have as much
privilege as CPL.

RET and IRET instructions may only reference code
segment descriptors with descriptor privilege equal
to or less privileged than the task CPL. The selector
loaded into CS is the return address from the stack.
After the return, the selector RPL is the task’s new
CPL. If CPL changes, the old stack pointer is popped
after the return address.

When a JMP or CALL references a Task State Seg-
ment descriptor, the descriptor DPL must be the
same or less privileged than the task’s CPL. Refer-

ence to a valid Task State Segment descriptor caus-
es a task switch (see Task Switch Operation). Refer-
ence to a Task State Segment descriptor at a more
privileged level than the task’s CPL generates ex-
ception 13.

When an instruction or interrupt references a gate
descriptor, the gate DPL must have the same or less
privilege than the task CPL. If DPL is at a more privi-
leged level than CPL, exeception 13 occurs. If the
destination selector contained in the gate refer-
ences a code segment descriptor, the code seg-
ment descriptor DPL must be the same or more priv-
ileged than the task CPL. If not, Exception 13 is is-
sued. After the control transfer, the code segment
descriptors DPL is the task’s new CPL. If the desti-
nation selector in the gate references a task state
segment, a task switch is automatically performed
(see Task Switch Operation).

The privilege rules on control transfer require:

— JMP or CALL direct to a code segment (code
segment descriptor) can only be to a conforming
segment with DPL of equal or greater privilege
than CPL or a non-conforming segment at the
same privilege level.

— interrupts within the task or calls that may
change privilege levels, can only transfer control
through a gate at the same or a less privileged
level than CPL to a code segment at the same or

. more privileged level than CPL.

— return instructions that don’t switch tasks can
only return control to a code segment at the
same or less privileged level.

— task switch can be performed by a call, jump or
interrupt which references either a task gate or
task state segment at the same or less privileged
level.

Table 10. Descriptor Types Used for Control Transfer

. Descriptor Descriptor
Control Transfer Types Operation Types Referenced - Table
Intersegment within the same privilege level JMP, CALL, RET, IRET* Code Segment | GDT/LDT
Intersegment to the same or higher privilege level Interrupt CALL Call Gate GDT/LDT
within task may change GPL. Interrupt Instruction, Trap or IDT
Exception, External Interrupt
Interrupt Gate
Intersegment to a lower privilege level (changes task CPL) RET, IRET* Code Segment GDT/LDT
CALL, JMP Task State GDT
Segment
Task Switch CALL, JMP Task Gate GDT/LDT
IRET**
Interrupt Instruction,
Exception, External Task Gate IDT
Interrupt

*NT (Nested Task bit of flag word) = 0
**NT (Nested Task bit of flag word) = 1
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PRIVILEGE LEVEL CHANGES

Any control transfer that changes CPL within the
task, causes a change of stacks as part of the oper-
ation. Initial values of SS:SP for privilege levels 0, 1,
and 2 are kept in the task state segment (refer to
Task Switch Operation). During a JMP or CALL con-
trol transfer, the new stack pointer is loaded into the
SS and SP registers and the previous stack pointer
is pushed onto the new stack.

When returning to the original privilege level, its
stack is restored as part of the RET or IRET instruc-
tion operation. For subroutine calls that pass param-
eters on the stack and cross privilege levels, a fixed
number of words, as specified in the gate, are cop-
ied from the previous stack to the current stack. The
inter-segment RET instruction with a stack adjust-
ment value will correctly restore the previous stack
pointer upon return.

Protection .

The 80C286 includes mechanisms to protect critical
instructions that affect the CPU execution state (e.g.
HLT) and code or data segments from improper us-
age. These protection mechanisms are grouped into
three forms:

Restricted usage of segments (e.g. no write al-
lowed to read-only data segments). The only seg-
ments available for use are defined by descrip-
tors in the Local Descriptor Table (LDT) and
Global Descriptor Table (GDT).

Restricted access to segments via the rules of
privilege and descriptor usage.

Privileged instructions or operations that may
only be executed at certain privilege levels as de-
termined by the CPL and I/O Privilege Level
(IOPL). The IOPL is defined by bits 14 and 13 of
the flag word.

These checks are performed for all instructions and
can be split into three categories: segment load
checks (Table 11), operand reference checks (Table
12), and privileged instruction checks (Table 13).
Any violation of the rules shown will result in an ex-
ception. A not-present exception related to the stack
segment causes exception 12.

The IRET and POPF instructions do not perform
some of their defined functions if CPL is not of suffi-
cient privilege (numerically small enough). Precisely
these are:

e The IF bit is not changed if CPL > IOPL.
e The IOPL field of the flag word is not changed if
CPL > 0.

No exceptions or other indication are given when
these conditions occur.

Table 11. Segment Register Load Checks

Exception

Error Description Number

Descriptor table limit exceeded 13

Segment descriptor not-present 11ori12

Privilege rules violated 13

Invalid descriptor/segment type seg-
ment register load:
—Read only data segment load to
SS
—Special Control descriptor load to
DS, ES, SS
—Execute only segment load to
DS, ES, SS
—Data segment load to CS
—Read/Execute code segment
load to SS

Table 12. Operand Reference Checks

i Exception
Error Description Number
Write into code segment 13
Read from execute-only code :
segment 13
Write to read-only data segment 13
Segment limit exceeded? 12o0r13

NOTE:
Carry out in offset calculations is ignored.

Table 13. Privileged Instruction Checks

Exception

Error Description Number

CPL # 0 when executing the following
instructions:
LIDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT

13

CPL > I0PL when executing the fol-
lowing instructions:
INS, IN, OUTS, OUT, STI, CLI,
LOCK

13

EXCEPTIONS

The 80C286 detects several types of exceptions
and interrupts, in protected mode (see Table 14).
Most are restartable after the exceptional condition
is removed. Interrupt handlers for most exceptions
can read an error code, pushed on the stack after
the return address, that identifies the selector in-
volved (0 if none). The return address normally
points to the failing instruction, including all leading

- prefixes. For a processor extension segment over-
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run exception, the return address will not point at the
ESC instruction that caused the exception; however,
the processor extension registers may contain the
address of the failing instruction.
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Tabie 14. Protected Mode Exceptions

Return
Always Error
Interrupt Function Address Resta‘:-t- Code
Vector At Falling able? on Stack?
Instruction?
8 Double exception detected Yes No2 Yes
9 Processor extension segment overrun No No2 No *®
10 Invalid task state segment Yes Yes Yes
11 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yes? Yes
13 General protection Yes No2 Yes
NOTE:

1. When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception
will not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the
saved SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H).
2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generaily not attempted

under those conditions.

These exceptions indicate a violation to privilege
rules or usage rules has occurred. Restart is gener-
ally not attempted under those conditions.

All these checks are performed for all instructions
and can be split into three categories: segment load
checks (Table 11), operand reference checks (Table
12), and privileged instruction checks (Table 13).
Any violation of the rules shown will result in an ex-
ception. A not-present exception causes exception
11 or 12 and is restartable.

Special Operations

TASK SWITCH OPERATION

The 80C286 provides a built-in task switch operation
which saves the entire 80C286 execution state (reg-
isters, address space, and a link to the previous
task), loads a new execution state, and commences
execution in the new task. Like gates, the task
switch operation is invoked by executing an inter-
segment JMP or CALL instruction which refers to a
Task State Segment (TSS) or task gate descriptor in
the GDT or LDT. An INT n instruction, exception, or
external interrupt may also invoke the task switch
operation by selecting a task gate descriptor in the
associated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure
20) containing the entire 80C286 execution state
while a task gate descriptor contains a TSS selector.
The limit field of the descriptor must be >002B(H).

Each task must have a TSS associated with it. The
current TSS is identified by a special register in the
80C286 called the Task Register (TR). This register
contains a selector referring to the task state seg-
ment descriptor that defines the current TSS. A hid-
den base and limit register associated with TR are
loaded whenever TR is loaded with a new selector.
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The IRET instruction is used to return control to the
task that called the current task or was interrupted.
Bit 14 in the flag register is called the Nested Task
(NT) bit. It controls the function of the IRET instruc-
tion. If NT = 0, the IRET instruction performs the
regular current task by popping values off the stack;
when NT = 1, IRET performs a task switch opera-
tion back to the previous task.

When a CALL, JMP, or INT instruction initiates a
task switch, the old (except for case of JMP) and
new TSS will be marked busy and the back link field
of the new TSS set to the old TSS selector. The NT
bit of the new task is set by CALL or INT initiated
task switches. An interrupt that does not cause a
task switch will clear NT. NT may also be set or
cleared by POPF or IRET instructions.

The task state segment is marked busy by changing
the descriptor type field from Type 1 to Type 3. Use
of a selector that references a busy task state seg-
ment causes Exception 13.

PROCESSOR EXTENSION CONTEXT
SWITCHING

The context of a processor extension (such as the
80287 numerics processor) is not changed by the
task switch operation. A processor extension con-
text need only be changed when a different task at-
tempts to use the processor extension (which still
contains the context of a previous task). The
80C286 detects the first use of a processor exten-
sion after a task switch by causing the processor
extension not present exception (7). The interrupt
handler may then decide whether a context change
is necessary.

Whenever the 80C286 switches tasks, it sets the
Task Switched (TS) bit of the MSW. TS indicates
that a processor extension context may belong to a
different task than the current one. The processor
extension not present exception (7) will occur when
attempting to execute an ESC or WAIT instruction if
TS=1 and a processor extension is present (MP= 1
in MSW).
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POINTER TESTING INSTRUCTIONS

tions use the memory management hardware to ver-
ify that a selector value refers to an appropriate seg-
ment without risking an exception. A condition flag
(ZF) indicates whether use of the selector or seg-
ment will cause an exception. ‘

The 80C286 provides several instructions to speed
pointer testing and consistency checks for maintain-
ing system integrity (see Table 15). These instruc-
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Figure 20. Task State Segment and TSS Registers
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Table 15. 80C286 Pointer Test Instructions

Instruction | Operands Function

ARPL Adjust Requested Privilege
Level: adjusts the RPL of
the selector to the numeric
maximum of current selec-
tor RPL value and the RPL
value in the register. Set
zero flag if selector RPL
was changed by ARPL.

Selector,
Register

VERR Selector VERify for Read: sets the
zero flag if the segment re-
ferred to by the selector

can be read.

VERW Selector VERIfy for Write: sets the
zero flag if the segment re-
ferred to by the selector

can be written.

LSL Register,

Selector

Load Segment Limit: reads
the segment limit into the
register if privilege rules
and descriptor type allow.
Set zero flag if successful.

LAR Register,

Selector

Load Access Rights: reads
the . descriptor access
rights byte into the register
if privilege rules allow. Set

zero flag if successful.

DOUBLE FAULT AND SHUTDOWN

If two separate exceptions are detected during a sin-
gle instruction execution, the 80C286 performs the
double fault exception (8). If an execution occurs
during processing of the double fault exception, the
80C286 will enter shutdown. During shutdown no
further instructions or exceptions are processed. Ei-
ther NMI (CPU remains in protected mode) or RE-
SET (CPU exits protected mode) can force the
80C286 out of shutdown. Shutdown is externally sig-
nalled via a HALT bus operation with A; LOW.

PROTECTED MODE INITIALIZATION

The 80C286 initially executes in real address mode
after RESET. To allow initialization code to be
placed at the top of physical memory, Aog—Agg will
be HIGH when the 80C286 performs memory refer-
ences relative to the CS register until CS is changed.
Ao3—-Agp Will be zero for references to the DS, ES, or
SS segments. Changing CS in real address mode
will force Aag—Ago LOW whenever CS is used again.
The initial CS:IP value of FO00:FFFO provides 64K
bytes of code space for initialization code without
changing CS.

Protected mode operation requires several registers
to be initialized. The GDT and IDT base registers
must refer to a valid GDT and IDT. After executing
the LMSW instruction to set PE, the 80C286 must
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immediately execute an intra-segment JMP instruc-
tion to clear the instruction queue of instructions de-
coded in real address mode.

To force the 80C286 CPU registers to match the
initial protected mode state assumed by software,
execute a JMP instruction with a selector referring to
the initial TSS used in the system. This will load the
task register, local descriptor table register, segment
registers and initial general register state. The TR
should point at a valid TSS since any task switch
operation involves saving the current task state.

SYSTEM INTERFACE

The 80C286 system interface appears in two forms:
a local bus and a system bus. The local bus consists
of address, data, status, and control signals at the
pins of the CPU. A system bus is any buffered ver-
sion of the local bus. A system bus may also differ
from the local bus in terms of coding of status and
control lines and/or timing and loading of signals.
The 80C286 family includes several devices to gen-
erate standard system buses such as the IEEE 796
standard MULTIBUS.

Bus Interface Signals and Timing

The 80C286 microsystem local bus interfaces the
80C286 to local memory and 1/0O components. The
interface has 24 address lines, 16 data lines, and 8
status and control signals.

The 80C286 CPU, 82C284 clock generator, 82C288
bus controller, transceivers, and latches provide a
buffered and .decoded system bus interface. The
82C284 generates the system clock and synchroniz-
es READY and RESET. The 82C288 converts bus
operation status encoded by the 80C286 into com-
mand and bus control signals. These components
can provide the timing and electrical power drive lev-
els required for most system bus interfaces including
the Multibus.

Physical Memory and I/0 Interface

A maximum of 16 megabytes of physical memory
can be addressed in protected mode. One mega-
byte can be addressed in real address mode. Memo-
ry is accessible as bytes or words. Words consist of
any two consecutive bytes addressed with the least
significant byte stored in the lowest address.

Byte transfers occur on either half of the 16-bit local
data bus. Even bytes are accessed over D7-Dg
while odd bytes are transferred over D15-Dg. Even-
addressed words are transferred over D15-Dg in
one bus cycle, while odd-addressed word require
two bus operations. The first transfers data on
D15-Dg, and the second transfers data on D7-Dy.
Both byte data transfers occur automatically, trans-
parent to software.
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Two bus signals, Ag and BHE, control transfers over
the lower and upper halves of the data bus. Even
address byte transfers are indicated by Ag LOW and
BHE HIGH. Odd address byte transfers are indicat-
ed by Ag HIGH and BHE LOW. Both Ag and BHE are
LOW for even address word transfers.

The 1/0 address space contains 64K addresses in
both modes. The I/0 space is accessible as either
bytes or words, as is memory. Byte wide peripheral
devices may be attached to either the upper or lower
byte of the data bus. Byte-wide 1/0 devices attached
to the upper data byte (D15-Dg) are accessed with
odd I/0 addresses. Devices on the lower data byte
are accessed with even /0 addresses. An interrupt
controiler such as Intel’'s 82C59A-2 must be con-
nected to the lower data byte (D7-Dg) for proper
return of the interrupt vector.

Bus Operation

The 80C286 uses a double frequency system clock
(CLK input) to control bus timing. All signals on the
local bus are measured relative to the system CLK
input. The CPU divides the system clock by 2 to pro-
duce the internal processor clock, which determines
bus state. Each processor clock is.composed of two
system. clock cycles named phase 1 and phase 2.
The 82C284 clock generator output (PCLK) identi-
fies the next phase of the processor clock. (See Fig-
ure 21.)

[<¢———— ONE PROCESSOR CLOCK

CYCLE
|«¢———————— ONE BUS T STATE

PHASE 1 PHASE 2
I OF PRC

OF PROCI
CLOCK CYCLE | CLOCK CYCLE

CLK

- ONE SYSTEM
CLK CYCLE

PCLK —/———\_——_—_/_
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Figure 21. System and Processor
Clock Relationships

Six types of bus operations are supported; memory
read, memory write, |/0 read, 1/0 write, interrupt ac-
knowledge, and halt/shutdown. Data can be trans-
ferred at a maximum rate of one word per two proc-
essor clock cycles.

The 80C286 bus has three basic states: idle (T;),
send status (Tg), and perform command (T¢). The
80C286 CPU also has a fourth local bus state called
hold (Ty). Th indicates that the 80C286 has surren-
dered control of the local bus to another bus master
in response to a HOLD request.

Each bus state is one processor clock long: Figure
22 shows the four 80C286 local bus states and al-
lowed transitions.
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Figure 22. 80C286 Bus States

Bus States

The idle (T;) state indicates that no data transfers
are in progress or requested. The first active state
Ts is signaled by status line S1 or SO going LOW
and identifying phase 1 of the processor clock. Dur-
ing Tg, the command encoding, the address, and
data (for a write operation) are available on the
80C286 output pins. The 82C288 bus controller de-
codes the status signals and generates Multibus
compatible read/write command and local trans-
ceiver control signals.

After Tg, the perform command (T¢) state is en-
tered. Memory or 1/0O devices respond to the bus
operation during Tg, either transferring read data to
the CPU or accepting write data. T¢ states may be
repeated as often as necessary to assure sufficient
time for the memory or 1/0 device to respond. The
READY signal determines whether T¢ is repeated. A
repeated T state is called a wait state. :

During hold (Tp), the 80C286 will float* all address,
data, and status output pins enabling another bus
master to use the local bus. The 80C286 HOLD in-
put signal is used to place the 80C286 into the T,
state. The 80C286 HLDA output signal indicates that
the CPU has entered Ty,

Pipelined Addressing

The 80C286 uses a local bus interface with pipe-
lined timing to allow as much time as possible for
data access. Pipelined timing allows a new bus oper-
ation to be initiated every two processor cycles,
while allowing each individual bus operation to last
for three processor cycles.

The timing of the address outputs is pipelined such
that the address of theé next bus operation becomes
available during the current bus operation. Or in oth-
er words, the first clock of the next bus operation is
overlapped with the last clock of the current bus op-
eration. Therefore, address decode and routing logic
can operate in advance of the next bus operation.

*NOTE: See section on bus hold circuitry.
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Figure 23. Basic Bus Cycle

External address latches may hold the address sta-
ble for the entire bus operation, and provide addi-
tional AC and DC buffering.

The 80C286 does not maintain the address of the
current bus operation during all T states. Instead,
the address for the next bus operation may be emit-
ted during phase 2 of any T¢. The address remains
valid during phase 1 of the first T¢ to guarantee hold
time, relative to ALE, for the address latch inputs.

Bus Control Signals

The 82C288 bus controller provides control signals;
address latch enable (ALE), Read/Write commands,
data transmit/receive (DT/R), and data enable
(DEN) that control the address latches, data trans-
ceivers, write enable, and output enable for memory
and 1/0 systems.

The Address Latch Enable (ALE) output determines
when the address may be latched. ALE provides at
least one system CLK period of address hold time
from the end of the previous bus operation until the
address for the next bus operation appears at the
latch outputs. This address hold time is required to
support MULTIBUS and common memory systems.

The data bus transceivers are controlied by 82C288
outputs Data Enable (DEN) and Data Transmit/Re-
ceive (DT/R). DEN enables the data transceivers;
while DT/R controls tranceiver direction. DEN and
DT/R are timed to prevent bus contention between
the bus master, data bus transceivers, and system
data bus transceivers.
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Command Timing Controls

Two system timing customization options, command
extension and command delay, are provided on the
80C286 local bus. : :

Command extension allows additional time for exter-
nal devices to respond to a command and is analo-
gous to inserting wait states on the 8086. External
logic can control the duration of any bus operation
such that the operation is only as long as necessary.
The READY input signal can extend any bus opera-
tion for as long as necessary.

Command delay allows an increase of address or
write data setup time to system bus command active
for any bus operation by delaying when the system
bus command becomes active. Command. delay is
controlled by the 82C288 CMDLY. input. After Tg,
the bus controller samples CMDLY at each failing
edge of CLK. If CMDLY is HIGH, the 82C288 will not
activate the command signal. When CMDLY is LOW,
the 82C288 will activate the command signal. After
the command becomes active, the CMDLY input is
not sampled.

When a command is delayed, the available re-
sponse time from command active to return read
data or accept write data is less. To customize sys-
tem bus timing, an address decoder can determine
which bus operations require delaying the com-
mand. The CMDLY input does not affect the timing
of ALE, DEN, or DT/R. .
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Figure 24. CMDLY Controls the Leading Edge of Command Signal

Figure 24 illustrates four uses of CMDLY. Example 1
shows delaying the read command two system
CLKs for cycle N-1 and no delay for cycle N, and
example 2 shows delaying the read command one
system CLK for cycle N-1 and one system CLK de-
lay for cycle N.

Bus Cycle Termination

At maximum transfer rates, the 80C286 bus alter-
nates between the status and command states. The
bus status signals become inactive after Tg so that
they may correctly signal the start of the next bus
operation after the completion of the current cycle.
No external indication of T exists on'the 80C286
local bus. The bus master and bus controller enter
T, directly after Tg and continue executing T cycles
until terminated by READY.

READY Operation

The current bus master and 82C288 bus controller
terminate each bus operation simultaneously to
achieve maximum bus operation bandwidth. Both
are informed in advance by READY active (open-
collector output from 82C284) which identifies the
last T cycie of the current bus operation. The bus
master and bus controller must see the same sense
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of the READY signal, thereby requiring READY be
synchronous to the system clock.

Synchronous Ready

The 82C284 clock generator provides READY syn-
chronization from both synchronous and asynchro-
nous sources (see Figure 25). The synchronous
ready input (SRDY) of the clock generator is sam-
pled with the falling edge of CLK at the end of phase
1 of each T¢. The state of SRDY is then broadcast to
the bus master and bus controller via the READY
output line.

Asynchronous Ready

Many systems have devices or subsystems that are
asynchronous to the system clock. As a result, their
ready outputs cannot be guaranteed to meet the
82C284 SRDY setup and hold time requirements.
But the 82C284 asynchronous ready input (ARDY) is
designed to accept such signals. The ARDY input is
sampled at the beginning of each Tg cycle by
82C284 synchronization logic. This provides one
system CLK cycle time to resolve its value before
broadcasting it to the bus master and bus controller.
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Figure 25. Synchronous and Asynchronous Ready

ARDY or ARDYEN must be HIGH at the end of Tg.
ARDY cannot be used to terminate bus cycle with no
wait states.

Each ready input of the 82C284 has an enable pin
(SRDYEN and ARDYEN) to select whether the cur-
rent bus operation will be terminated by the synchro-
nous or asynchronous ready. Either of the ready in-
puts may terminate a bus operation. These enable
inputs are active low and have the same timing as
their respective ready inputs. Address decode logic
usually selects whether the current bus operation
should be terminated by ARDY or SRDY.

Data Bus Control

Figures 26, 27, and 28 show how the DT/R, DEN,
data bus, and address signals operate for different
combinations of read, write, and idle bus operations.
DT/R goes active (LOW) for a read operation. DT/R
remains HIGH before, during, and between write op-
erations.
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The data bus is driven with write data during the
second phase of Tg. The delay in write data timing
allows the read data drivers, from a previous read
cycle, sufficient time to enter 3-state OFF* before
the 80C286 CPU begins driving the local data bus
for write operations. Write data will always remain
valid for one system clock past the last T to provide
sufficient hold time for Multibus or other similar
memory or I/0 systems. During write-read or write-
idle sequences the data bus enters 3-state OFF*
during the second phase of the processor cycle after
the last T¢. In a write-write sequence the data bus
does not enter 3-state OFF* between T and Ts.

Bus Usage

The 80C286 local bus may be used for several func-
tions: instruction data transfers, data transfers by
other bus masters, instruction fetching, processor
extension data transfers, interrupt acknowledge, and
halt/shutdown. This section describes local bus ac-
tivities which have special signals or requirements.

*NOTE: See section on bus hold circuitry.
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Figure 27. Back to Back Write-Read Cycles
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Figure 28. Back to Back Write-Write Cycles
HOLD and HLDA Lock will be active for the first and subsequent cy-

HOLD AND HLDA allow another bus master to gain
control of the local bus by placing the 80C286 bus
into the T, state. The sequence of events required
to pass control between the 80C286 and another
local bus master are shown in Figure 29.

In this example, the 80C286 is initially in the T}, state
as signaled by HLDA being active. Upon leaving T,
as signaled by HLDA going inactive, a write opera-
tion is started. During the write operation another
local bus master requests the local bus from the
80C286 as shown by the HOLD signal. After com-
pleting the write operation, the 80C286 performs
one T; bus cycle, to guarantee write data hold time,
then enters Ty, as signaled by HLDA going active.

The CMDLY signal and ARDY ready are used to
start and stop the write bus command, respectively.
Note that SRDY must be inactive or disabled by
SRDYEN to guarantee ARDY will terminate the cy-
cle.

HOLD must not be active during the time from the
leading edge of RESET until 34 CLKs following the
trailing edge of RESET.

Lock

The CPU asserts an active lock signal during Inter-
rupt-Acknowledge cycles, the XCHG instruction, and
during some descriptor accesses. Lock'is also as-
serted when the LOCK prefix is used. The LOCK
prefix may be used with the following ASM-286 as-
sembly instructions; MOVS, INS, and OUTS. For bus
cycles other than Interrupt-Acknowledge cycles,
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cles of a series of cycles to be locked. Lock will not
be shown active during the last cycle to be locked.
For the next-to-last cycle, Lock will become inactive
at the end of the first T regardless of the number of
wait-states inserted. For Interrupt-Acknowledge cy-
cles, Lock will be active for each cycle, and will be-
come inactive at the end of the first T for each cy-
cle regardless of the number of wait-states inserted.

Instruction Fetching

The 80C286 Bus Unit (BU) will fetch instructions
ahead of the current instruction being executed. This
activity is called prefetching. It occurs when the local
bus would otherwise be idle and obeys the following
rules:

A prefetch bus operatio‘n starts when at least two
bytes of the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches
independent of the byte alignment of the code seg-
ment base in physical memory.

The prefetcher will perform only a byte code fetch
operation for control transfers to an instruction be-
ginning on a numerically odd physical address.

Prefetching stops whenever a control transfer or
HLT instruction is decoded by the IU and placed into
the instruction queue.

In real address mode, the prefetcher may fetch up to
6 bytes beyond the last control transfer or HLT in-
struction in a code segment.
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In protected mode, the prefetcher will never cause a
segment overrun exception. The prefetcher stops at
the last physical memory word of the code segment.
Exception 13 will occur if the program attempts to
execute beyond the last full instruction in the code

If the last byte of a code segment appears on an
even physical memory address, the prefetcher will
read the next physical byte of memory (perform a
word code fetch). The value of this byte is ignored

and any attempt to execute it causes exception 13.
segment. :
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NOTES:
1. Status lines are not driven by 80C286, yet remain high due to internal pullup resistors during HOLD state. See section
on bus hold circuitry.
2. Address, M/IO and COD/INTA may start: floating during any Tg depending on when internal 80C286 bus arbiter
decides to release bus to external HOLD. The float starts in $2 of Tc. See section on bus hold circuitry.
3. BHE and LOCK may start floating after the end of any T¢ depending on when internal 80G286 bus arbiter decides to
release bus to external HOLD. The float starts in ¢1 of Tc. See section on bus hold circuitry.
4. The minimum HOLD to HLDA time is shown. Maximum is one Ty longer.
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown.
6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other
machine state (i.e., Interrupts, Waits, Lock, etc.).
7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn-
chronous ready state is ignored after ready is signaled via the asynchronous input.

Figure 29. MULTIBUS® Write Terminated by Asynchronous Ready with Bus Hold
/ 331



intel

80C286

Processor Extension Transfers

The processor extension interface uses 1/0 port ad-
dresses 00F8(H), 00FA(H), and 00FC(H) which are
part of the I/0 port address range reserved by Intel.
An ESC instruction with Machine Status Word bits
EM = 0and TS = 0 will perform 1/O bus operations
to one or more of these I/0 port addresses indepen-
dent of the value of IOPL and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor exten-
sion operand transfers. The CPU will determine the
operand starting address and read/write status of
the instruction. For each operand transfer, two or
three bus operations are performed, one word trans-
fer with 1/0 port address 00FA(H) and one or two
bus operations with memory. Three bus operations
are required for each word operand aligned on an
odd byte address.

NOTE:
Odd-aligned numerics instructions should be avoid-
ed when using an 80C286 system running six or
more memory-write wait-states. The 80C286 can
generate an incorrect numerics address if all the
following conditions are met:

Two floating point (FP) instructions are fetched
and in the 80C286 queue.

The first FP instruction is any floating point store
except FSTSW AX.

The second FP instruction is any floating point
store except FSTSW AX.

The second FP instruction accesses memory.

The operand of the first instruction is aligned on
an odd memory address.

More than five wait-states are inserted during ei-
ther of the last two memory write transfers
(transferred as two bytes for odd aligned oper-
ands) of the first instruction.

The second FP instruction operand address will be
incremented by one if these conditions are met.
These conditions are most likely to occur in a multi-
master system. For a hardware solution, contact
your local Intel representative.

Ten or more command delays should not be used
when accessing the numerics coprocessor. Exces-
sive command delays can cause the 80C286 and
80287 to lose synchronization.

interrupt Acknowledge Sequence

Figure 30 illustrates an interrupt acknowledge se-
quence performed by the 80C286 in response to an
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INTR input. An interrupt acknowledge sequence
consists of two INTA bus operations. The first allows
a master 82C59A-2 Programmable Interrupt Control-
ler (PIC) to determine which if any of its slaves
should return the interrupt vector. An eight bit vector
is read on DO-D7 of the 80C286 during the second
INTA bus operation to select an interrupt handler
routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the
82C288 is used to enable the cascade address driv-
ers, during INTA bus operations (See Figure 30),
onto the local address bus for distribution to slave
interrupt controllers via the system address bus. The
80C286 emits the LOCK signal (active LOW) during
T of the first INTA bus operation. A local bus *“hold”
request will not be honored until the end of the sec-
ond INTA bus operation.

Three idle processor clocks are provided by the
80C286 between INTA bus operations to allow for
the minimum INTA to INTA time and CAS (cascade
address) out delay of the 82C59A-2. The second
INTA bus operation must always have at least one
extra T state added via logic controlling READY.
This is needed to meet the 82C59A-2 minimum
INTA pulse width.

Local Bus Usage Priorities

The 80C286 local bus is shared among several in-
ternal units and external HOLD requests. In case of
simultaneous requests, their relative priorities are:

(Highest) Any transfers which assert LOCK either
explicitly (via the LOCK instruction prefix)
or implicitly (i.e. some segment descriptor
accesses, interrupt acknowledge se-
guence, or an XCHG with memory).

The second of the two byte bus opera-
tions required for an odd aligned word op-
erand.

The second or third cycle of a processor
extension data transfer.

Local bus request via HOLD input.

Processor extension data operand trans-
fer via PEREQ input.

Data transfer performed by EU as part of
“an instruction.

An instruction prefetch request from BU.
The EU will inhibit prefetching two proc-
essor clocks in advance of any data
transfers to minimize waiting by EU for a
prefetch to finish.

/
(Lowest)
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NOTES:

1. Data is ignored, upper data bus, Dg-D1s, should not change state during this time.

2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.

3. Second INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.

4. LOCK is active for the first INTA cycle to prevent a bus arbiter from releasing the bus between INTA cycles in a multi-
master system. LOCK is also active for the second INTA cycle.

5. Ap3—Ag exits 3-state OFF during ¢2 of the second T in the INTA cycle. See section on bus hold circuitry.

6. Upper data bus should not change state during this time.
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Figure 30. Interrupt Acknowledge Sequence

Halt or Shutdown Cycles

The 80C286 externally indicates halt or shutdown
conditions as a bus operation. These conditions oc-
cur due to a HLT instruction or multiple protection
exceptions while attempting to execute one instruc-
tion. A halt or shutdown bus operation is signalled
when S1, SO and COD/INTA are LOW and M/10 is
HIGH. Aq HIGH indicates halt, and Ay LOW indi-
cates shutdown. The 82C288 bus controller does
not issue ALE, nor is READY required to terminate a
halt or shutdown bus operation.
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During halt or shutdown, the 80C286 may service
PEREQ or HOLD requests. A processor extension
segment overrun exception during shutdown will in-
hibit further service of PEREQ. Either NMI or RESET
will force the 80C286 out of either halt or shutdown.
An INTR, if interrupts are enabled, or a processor
extension segment overrun exception will also force
the 80C286 out of halt.
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THE POWER-DOWN FEATURE OF
THE 80C286

The 80C286, unlike the HMOS part, can enter into a
power-down mode. By stopping the processor CLK,
the processor will enter a power-down mode. Once
in the power-down mode, all 80C286 outputs remain

. static (the same state as before the mode was en-
tered). The 80C286 D.C. specification Iccs rates the
amount of current drawn by the processor when in
the power-down mode. When the CLK is reapplied
to the processor, it will resume execution where it
was interrupted.

In order to obtain maximum benefits from the power-

down mode, certain precautions should be taken.
When in the power-down mode, all 80C286 outputs
remain static and any output that is turned on and
remains in a HIGH condition will source current
when loaded. Best low-power performance can be
obtained by first putting the processor in the HOLD

condition (turning off all of the output buffers), and
then stopping the processor CLK in the phase 2
state. In this condition, any output that is loaded will
source only the “Bus Hold Sustaining Current”.

When stopping the processor clock, minimum clock
high and low times cannot be violated (no glitches
on the clock line).

Violating this condition can cause the 80C286 to
erase its internal register states. Note that all inputs
to the 80C286 (CLK, HOLD, PEREQ, RESET,
READY, INTR, NMI, BUSY, and ERROR) shouid be
at Vgc or Vgg; any other value will cause the
80C286 to draw additional current.

When coming out of power-down mode, the system
CLK must be started with the same polarity in which
it was stopped. An.example power down sequence
is shown in Figure 31.

POWER DOWN MODE

$2

e

PCLK _/ \ / \
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M/i0,c0D/INTA
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—

3y
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I
3y
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Figure 31. Example Power-Down Sequence
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to peripheral CMOS devices and eliminate the
need for pull-up/down resistors, “bus-hold” circuitry
has been used on all tri-state 80C286 outputs. See

“resistive” type element, the associated power sup-
ply current is negligible and power dissipation is sig-
nificantly reduced when compared to the use of pas-
sive pull-up resistors.

Bus Hold Circuitry on the 80C286

Table A for a list of these pins and Figures Ba and :
Bb for a complete description-of which pins have Signal L o::t‘i n Po::rit); l:u:letd (t’o
bus hold circuitry. These circuits will maintain the . 7° _ when r-state
last valid logic state if no driving source is present S1, S0, PEACK, LOCK|4-6, 68 |Hi;, See Figure Bb
(i.e., an unconnected pin or a driving source which -
goes to a high impedance state). To overdrive the Data Bus (Do-D15)  [36-51  |Hi/ Lo,
“bus hold” circuits, an external driver must be capa- See Figure Ba
ble of supplying the maximum “Bus Hold Overdrive” COD/INTA, M/TO 66-67 |Hi/Lo
sink ‘or source current at valid input voltage levels. ’ . See F,i ure Ba
Since this “bus hold” circuitry is active and not a 9
Pull-Up/Pull-Down Pull-Up
OUTPUT BOND | EXTERNAL OUTPUT BOND | _EXTERNAL
DRIVER p PAD PIN DRIVER T PAD PIN
3 e
A \
INPUT
& ! Cacumy 231923-51
231923-50 Figure Bb. Bus Hold Circuitry Pins 4-6, 68

Figure Ba. Bus Hold Circuitry Pins 36-51,66-67
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SYSTEM CONFIGURATIONS

The versatile bus structure of the 80C286 microsys-
tem, with a full complement of support chips, allows
flexible configuration of a wide range of systems.
The basic configuration, shown in Figure 32, is simi-
lar to an 8086 maximum mode system. It includes
the CPU plus an 82C59A-2 interrupt controller,
82C284 clock generator, and the 82C288 Bus Con-
troller. ‘

As indicated by the dashed lines in Figure 32, the
ability to add processor extensions is an integral fea-
ture of 80C286 microsystems. The processor exten-
sion interface allows external hardware to perform
special functions and transfer data concurrent with
CPU execution of other instructions. Full system in-
tegrity is maintained because the 80C286 supervis-
es all data transfers and instruction execution for the
processor extension.

The 80287 has all the instructions and data types of
an 8087. The 80287 NPX can perform numeric cal-
culations and data transfers concurrently with. CPU
program execution. Numerics code and data have
the same integrity as all other information protected
by the 80C286 protection mechanism.

The 80C286 can overlap chip select decoding and
address propagation during the data transfer for the
previous bus operation. This information is latched
by ALE during the middle of a Tg cycle. The latched
chip select and address information remains stable
during the bus operation while the next cycle’s ad-
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dress is being decoded and propagated into the sys-
tem. Decode logic can be implemented with a high
speed PROM or PAL.

The optional decode logic shown in Figure 32 takes
advantage of the overlap between address and data
of the 80C286 bus cycle to generate advanced
memory. and |0-select signals. This minimizes sys-
tem performance degradation caused by address
propagation and decode delays. In addition to se-
lecting memory and 1/0, the advanced selects may
be used with configurations supporting local and
system buses to enable the appropriate bus-inter-
face for each bus cycle. The COD/INTA and M/IO
signals are applied to the decode logic to distinguish
between interrupt, 1/0, code and data bus cycles.

By adding a bus arbiter, the 80C286 provides a
MULTIBUS system bus interface as shown in Figure
33. The ALE output of the 82C288 for -the
MULTIBUS bus is connected to its CMDLY input to
delay the start of commands one system CLK as
required to meet MULTIBUS address and write data
setup times. This arrangement will add at least one
extra T state to each bus operation which uses the
MULTIBUS.

A second 82C288 bus controller and additional
latches and transceivers could be added to the local
bus of Figure 33. This configuration allows the
80C286 to support an on-board bus for local memo-
ry -and’ peripherals, and the MULTIBUS for system
bus interfacing.
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Figure 32. Basic 80C286 System Configuration
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Figure 33. MULTIBUS® System Bus Interface
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T
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A A
N N
s s
E c
DATA D,s —D, : DATA E
> ¥ > YK >oata
TRl R R
oF 'QF"
82C288
BUS
CONTROLLER 8206
3 ECC
DEN
CLK FREQ
.l
READY O DO CBDO
16-0 16-0 CBDI
82C284
41 cLOCK |
GENERATOR
DRAM
:\) 4
CLK @ y
<] a8 Tulw
w
1 3 l I 2138
80C286 READY
CPU CLK T - MULTIBUS® SELECT
[ > [~ » XACK
STATUS 50, 51, M:i0 S0 —— MuLTIBUS®
CONTROL —— COMMAND
(MRDC, MWTC)
DECODE >
LOCAL 1/\[_
SELECT
Y SELECT
MUX
ADDRESS
ADDRESS A,; — A, BHE, LOCK
231923-35

Figure 34.80C286 System Configuration with Dual-Ported Memory

Figure 34 shows the addition of dual ported dynamic
memory between the MULTIBUS system bus and
the 80C286 local bus. The dual port interface is pro-
vided by the 8207 Dual Port DRAM Controller. The
8207 runs synchronously with the CPU to maximize
throughput for local memory references. It also arbi-
‘trates between requests from the local and system
buses and performs functions such as refresh,
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initialization of RAM, and read/modify/write cycles.
The 8207 combined with the 8206 Error Checking
and Correction memory controller provide for single
bit error correction. The dual-ported memory can be
combined with a standard MULTIBUS system bus
interface to maximize performance and protection in
multiprocessor system configurations.
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Table 16. 80C286 Systems Recommended Pull Up Resistor Values

80C286 Pin and Name | Pullup Value Purpose
4—S1 Pull SO, ST, and PEACK inactive during 80C286 hold periods
—S0 +10%
5—S0 20 KQ £10% (Note 1)
6—PEACK
63— READY 9100 +5% Pull READY inactive within required minimum time (C_ = 150 pF,
IR < 7mA)
NOTE:

1. Pullup resistors are not required for SO and ST when the corresponding pins on the 82C284 are connected to S0 and ST.

80C286 IN-CIRCUIT EMULATION
CONSIDERATIONS

One of the advantages of using the 80C286 is that
full in-circuit emulation development support is avail-
able through either the I12ICE 80286 probe for
8 MHz/10 MHz or ICE286 for 12.5 MHz designs. To
utilize these powerful tools it is necessary that the
designer be aware of a few minor parametric and
functional differences between the 80C286 and the
in-circuit emulators. The I2ICE datasheet (I12ICE Inte-
grated Instrumentation and In-Circuit Emulation Sys-
tem, order #210469) contains a detailed description
of these design considerations. The ICE286 Fact
Sheet (#280718) and User’s Guide (#452317) con-
tain design considerations for the 80C286 12.5 MHz
microprocessor. It is recommended that the appro-
_priate document be reviewed by the 80C286 system
designer to determine whether or not these differ-
ences affect the design.

PACKAGE THERMAL
SPECIFICATIONS

The 80C286 Microprocessor is specified for opera-

tion when case temperature (T¢) is within the range
of 0°C-85°C. Case temperature, unlike ambient
temperature, is easily measured in any environment

Table 17. Thermal Resistances
(°C/Watt) 6y¢c and 04

to determine whether the 80C286 Microprocessor is
within the specified operating range. The case tem-
perature should be measured at the center of the
top surface of the component.

The maximum ambient temperature (Ta) allowable
without violating T¢ specifications can be calculated
from the equations shown below. T, is the 80C286
junction temperature. P is the power dissipated by
the 80C286. .

Ty =Tc + P*byc
Ta = Ty — P* 64a
Tc = Ta + P* [64a — 84c]

I

Values for 6, and 6yc are given in Table 17. 4 is
given at various airflows. Table 18 shows the maxi-
mum T allowable (without exceeding T¢) at various
airflows. Note that the 80C286 PLCC package has
an internal heat spreader. Tp can be further im-
proved by attaching “fins”” or an external “heat sink”
to the package.

Junction temperature calculations should use an Icc
value- that is measured without external resistive
loads. The external resistive loads dissipate addi-
tional power external to the 80C286 and not on the
die. This increases the resistor temperature, not the
die temperature. The full capacitive load (Cp
100 pF) should be applied during the Icc measure-
ment.

Table 18. Maximum Tp, at Various Airflows

04 versus Airflow Ta(’C) versus Airflow
Package |0yc ft/min (m/sec) Package ft/min (m/sec)

0200 | 400 | 600 | 800 | 1000 0| 200 | 400 | 600 | 800 | 1000

(0)(1.01)|(2.03)|(3.04)((4.06)|(5.07) (0)](1.01)|(2.03) | (3.04) | (4.06) | (5.07)
68-Lead PGA [5.5(29| 22 16 15 14 13 68-Lead PGA |68| 73 78 78 79 80
68-Lead PLCC 68 Lead-PLCC
w/Internal 8 |29 23 | 21 18 | 16 | 15 w/Internal 70| 74 76 78 79 80
Heat Speader Heat Speader
NOTE:

The numbers in Table 18 were calculated using a Vg of 5.0V, and an Icc of 150 mA, which is representative of the worst

case Igc at Tc = 85°C with the outputs unloaded.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ....0°Cto +70°C

Storage Temperature ........... —65°C to+150°C
Voltage on Any Pin with

Respectto Ground.............. —1.0Vto +7V
Power Dissipation...................... 1AW

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS (V¢C = 5V +10%, Tcase = 0°C to +85°C)

Symbol Parameter Min Max Typ Unit Test Conditions

lcc Supply Current 200 125 mA CL = 100 pF (Note 1)

lccs Supply Current (Static) 5 0.5 mA (Note 2)

CoLk CLK Input Capacitance 20 pF FREQ = 1 MHz (Note 3)

CiN Other Input Capacitance 10 : pF FREQ = 1 MHz (Note 3)

Co input/Output Capacitance 20 pF FREQ = 1 MHz (Note 3)
NOTES:

1. Tested at maximum frequency with no resistive loads on the outputs.
2. Tested while clock stopped in phase 2 and inputs at Vo or Vgg with the outputs unloaded.
3. These are not tested but are guaranteed by design characterization.

D.C. CHARACTERISTICS (Voc = 5V £10%, Tcasg = 0°C to +85°C)

Symbol Parameter Min Max Unit Test Conditions.
ViL Input LOW Voltage -0.5 0.8 V | FREQ = 2 MHz
ViH Input HIGH Voltage 2.0 Vec + 05| V | FREQ = 2MHz
ViLe CLK Input LOW Voltage —-0.5 0.8 V | FREQ = 2 MHz
ViHC CLK Input HIGH Voltage 3.8 Ve + 05| V | FREQ = 2 MHz
VoL Output LOW Voltage 0.45 V | loL = 2.0 mA, FREQ = 2 MHz
VoH Output HIGH Voltage 3.0 v | lon = —2.0 mA, FREQ = 2 MHz
Vg — 0.5 V | loy = —100 uA, FREQ = 2 MHz
I Input Leakage Current +10 RA | Vin = GND or Ve (Note 1)
ILo Output Leakage Current +10 MA | Vo = GND or Vgg (Note 1)
L Input Sustaining Current on —-30 —500 pA | VN = OV (Note 1)
BUSY # and ERROR # Pins '
IBHL Input Sustaining Current 38 150 MA | VIN = 1.0V (Notes 1, 2)
(Bus Hold LOW)
IBHH Input Sustaining Current —50 —350 pA | VN = 3.0V (Notes 1, 3)
(Bus Hold HIGH)
IBHLO Bus Hold LOW Overdrive 200 uA | (Notes 1, 4)
IBHHO Bus Hold HIGH Overdrive —400 wA | (Notes 1, 5)
NOTES:

1. Tested with the clock stopped.

2. IgHL should be measured after lowering V) to GND and then raising to 1.0V on the following pins: 36-51, 66, 67.

3. IgHH should be measured after raising VN to Vo and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68.
4. An external driver must source at least IgyL o to switch this node from LOW to HIGH.

5. An external driver must sink at least IgyHo to switch this node from HIGH to LOW.
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A.C. CHARACTERISTICS (Vg = 5V £10%, Tcase = 0°C to +85°C)
A.C. timings are referenced to 1.5V points of signals as illustrated in datasheet waveforms, unless otherwise
noted.

Symbol Parameter Mi:tz-s M'::ax Unit Co:c‘leifitons

1 System Clock (CLK) Period 40 DC ns (Note 1)
2 System Clock (CLK) LOW Time 11 ns at1.0v
3 System Clock (CLK) HIGH Time 13 : ns at 3.6V
17 System Clock (CLK) Rise Time 8 ns 1.0V to 3.6V (Note 2)
18 System Clock (CLK) Fall Time 8 ns 3.6V to 1.0V (Note 2)
4 Asynchronous Inputs Setup Time 16 . ns (Note 3)
5 Asynchronous Inputs Hold Time 16 ns (Note 3)
6 RESET Setup Time . 19 ns
7 RESET Hold Time 6 ns
8 Read Data Setup Time 6 ns
9 Read Data Hold Time 7 ns
10 | READY Setup Time 23 ns
1 READY Hold Time 21 ns

12ai Status Active Delay 5 16 ns (Notes 4, 5, 7)

12a2 PEACK Active Delay 5 18 ns ' (Notes 4, 5,7)

12b Status/PEACK Inactive Delay 5 20 ns (Notes 4, 5, 7)
13 Address Valid Delay 4 29 ns (Notes 4, 5, 7)
14 Write Data Valid Delay 3 27 ns (Notes 4, 5, 7)
15 Address/Status/Data Float Delay 2 32 ns (Notes 2, 4, 6)
16 HLDA Valid Delay 3 24 ns (Notes 4, 5, 7)
19 Address Valid To Status 23 ns (Notes 2, 4, 5)

Valid Setup Time
NOTES:

1. Functionality at frequencies less than 2 MHz is not tested, but is guaranteed by desugn characterization.

2. These are not tested but are guaranteed by design characterization.

3. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing
purposes, to assure recognition at a specific CLK edge.

4. Delay from 1.0V on the CLK, to 1.5V or float on the output as appropriate for valid or floating condition.

5. Output load: C| = 100 pF.

6. Float condition occurs when output current is less than I g in magnitude.

7. Minimum output delay timings are not tested, but are guaranteed by design characterization.
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A.C. CHARACTERISTICS (Continued)

DEVICE

OUTPUT

NOTE 7:
AC Test Loading on Outputs

231923-36

4.0v
CLK INPUT
0.45V

NOTE 8:
AC Drive and Measurement Points—CLK Input

231923-37

4.0v
CLK INPUT / \

0.45v

tsetup

OTHER 24V
DEVICE

INPUT 0.45V

DEVICE
OUTPUT

NOTE 9:
AC Setup, Hold and Delay Time Measurement—General

231923-38
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NOM +3

NOM +2

NOM +1

OUTPUT VALID DELAY
(ns

NOM =1

NOM =2

NOM =3 -

NOM -4

NOM =5 4

NOM #5 1

NOM +4 1

) NOM
50

T

Typical Capacitive Derating Curves

=@~ ADDRESS/DATA
== STATUS

LOAD CAPACITANCE (pF)

231923-46
Typical CMOS Level Slew Rates for Address/Data Buffers
10T
9 -
8-
7 -
6 -
SLEW RATE |
(ns/v) P
4 3
4
3 —+
—&— RISE TIME (0.4V=3.5V)
2X == FALL TIME (3.5V=0.4V)
1 -4
0 t f t —
50 75 100 125 150
LOAD CAPACITANCE (pF)
231923-47
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Typical TTL Level Slew Rates for Address/Data Buffers
9 -

SLEW RATE
(ns/V) 4

=4 RISE TIME (0.8V=-2.0V)
=O= FALL TIME (2.0V-0.8V)

0 : : : -
50 75 100 125 150 .

LOAD CAPACITANCE (pF) 231923-48

Typical Icc vs Frequency for Different Output Loads
200

175

150

e |OH = =2 mA

125 G 10H = =400 pA

i UNLOADED

Iec (mA) 100

75

50

25

0 2 4 6 8 10 12.5

FREQUENCY (MHz)
231923-53

NOTES:

1. Vgo = 5.0V :

2. Loaded: Ip. = 2.0 mA, IpH as shown, C| = 100 pF
Unloaded: C_ = 100 pF
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WAVEFORMS

MAJOR CYCLE TIMING

READ CYCLE WRITE CYCLE

ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ

WAIT STATES WAIT STATE (T) OR Tg)
U] Ts T Ts Te Tc

BUS CYCLE TYPE

AAANAAY

S1+50

® ©-!
\E &
W/, cozz/i;:‘: 1 VALID Anunzlss VALID Aonnzlss : W VALID IF T
BHE, LOCK W VALID CONTROL VALID CONTROL m m:

j%* ¢ 18
Dys5=Dp *=weecscceccescssteccateanngy - oo VALID WRITE DATA

VALID READ DATA

-0 -
o TS = w
READY | AARRAARMANRNAIRIINRINRNNNE
- ~®

- (0)
srov+sRDVEN - AN

80C286

g ‘ . o
S| aRovearoYEN 1
~@
xS\ /ML
[ ALE 4 X /7 \ £
@~ &
. -3 ™ i
CMDLY v, AR v

® -

(SEE NOTE 1)

MWTC

82C288
]
®
AT
®
H

MRDC

D1/R X &

’@L‘_*?l Y -
DEN # h

231923-52

NOTE:
1. The modified timing is due to the CMDLY signal being active.
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WAVEFORMS (Continued)

80C286 ASYNCHRONOUS
INPUT SIGNAL TIMING

80C286 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

'BUS CYCLE TYPE
Ven o0 T 2
w L
. Ve
rscELEKNorE 1) —\ / _}; /
—oi (3) lw—

o

INTR,NMI

HOLD, PEREQ

e,

—] Q <
ERROR,BUSY Zﬂ ':[ *ZZZ% m
(SEE NOTE 2.)
231923-40

NOTES:

1. PCLK indicates which processor cycle phase will oc-
cur on the next CLK. PCLK may not indicate the cor-
rect phase until the first bus cycle is performed.

2. These inputs are asynchronous. The setup and hold
times shown assure recognition for testing purposes.

EXITING AND ENTERING HOLD

RESET

231923-41

NOTES:

1. When RESET meets the setup time shown, the next
CLK will start ¢2 of a processor cycle.

2. When RESET meets the setup time shown, the next

CLK will repeat ¢1 of a processor cycle.

BUS CYCLE TYPE

shown.

4. For HOLD request set up to HLDA, refer to Figure 29.

Tw TSORT, [ T Tw
— *1 LH ®1 ®2 ®1 62
—
(SEE NOTE 4.)
£C
I 27
s __ (see uo_TE 3_)_ | N -»@r— (SEE NOTE 3.) _
- DT ]
— FTg
g e .» — ]
3 ®
[$]
] I [ « O .
IF NPX|TRANSFER
L (SEE NOTE 1.)
BHE LOCK (SEE NOTE 5.) 55 ®
Ay —/ho RO - <<<< ___________________
Wi (é OO
COD/IN ‘ (SEE NOTE 2.)
— ®
D45 ~.Dg — (SEENOTE 6. VALID
IF WRITE
il __/—\__J—\_;m
] PCLK )
3 .
NOTES: 231923-42

1. These signals may not be driven by the 80C286 during the time shown. The worst case in terms of latest float time is

2. The data bus will be driven as shown if the last cycle before T) in the diagram was a write T.
3. The 80C286 floats its status pins during Ty. External 20 KQ resistors keep these signals high (see Table 16).

5. BHE and LOCK are driven at this time but will not become valid until Tg.
6. The data bus will remain in 3-state OFF if a read cycle is performed.
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WAVEFORMS (Continued)

80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE

Veu 2

Veu 1O READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY
/ MEMORY READ IF MEMORY TO PROC. EXT. /_ /O WRITE IF MEMORY TO PROC. EXT.

S1 e SO _\_—-_ / —_\____/
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER
Az3 - Ag
—

1/0 PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER
CODINTA |e— (222 | 110 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER

PEACK T T\ (SEE NOTE 1.)

[+—(seenore 24)~—_: 5@
Perca - IIIULULUIIUIIIIITTRNN I

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES.

NOTES: 231923-43
1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence.
The first bus operation will be either a memory read at operand address or 1/0 read at port address OOFA(H).

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is:
3X ® —12a2max. — @ min. The actual, configuration dependent, maximum time is: 3X® —1282max. — @ min, +
AX2X®.

A is the number of extra T¢ states added to either the first or second bus operation of the processor extension data
operand transfer sequence.

INITIAL 80C286 PIN STATE DURING RESET

BUS CYCLE TYPE
Tx Tx Tx

Ve #2 a1 62 01 02 o1
w \_/ ¥/ h‘—/—*—/—x‘-—/—*—/jt_/_\
(SEE NOTE 2.) @
®Ole— . (SEE NOTE 1.) ) _ﬁ@
RESET - AN
«t—} AT LEAST | R

16 CLK PERIODS

PE;CK , L UNKNOWN /

, I UNKNOWN

@]
7
= -

COD/INTA |

Lock ’ l UNKNOWN %
—| (8 |e—seenoTE3)
oor TN BT

non ) T oo

¥
NOTES: 231923-44
1. Setup time for RESET T may be violated with the consideration that ¢1 of the processor clock may begin one
system CLK period later.
2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during ¢1 or $2. If
RESET | occurs in ¢1, the reference clock edge can be $2 of the previous bus cycle. ‘
3. The data bus is only guaranteed to be in 3-state OFF at the time shown.
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BYTE 1 BYTE2 BYTE3 BYTE4 BYTES BYTE6
7 6 54 3 2107 6543210
LLITTTTITTITTT]  vosroms | wonosroms | vowoms § oo ]
opCODE | d|w|mod| reg im | i ! |
_______ A e b ————d ———————d
REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION . !
REGISTER OPERAND/EXTENSION OF OPCODE
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
TE OPERATION
1S TO REGISTER/DIRECTION IS FROM REGISTER
" OPERATION (INSTRUCTION) CODE
A. SHORT OPCODE FORMAT EXAMPLE
BYTE1 BYTE2 BYTE3 BYTE4 BYTES
7!5‘3210155‘3210765‘32‘“
ENEERNNEE NN RN i R
LONG OPCODE [mod| reg | rm : | 1
SRS Sanhs S SIS L - e - — - -
B. LONG OPCODE FORMAT EXAMPLE
231923-45

Figure 35. 800286 Instruction Format Examples

80C286 INSTRUCTION SET
SUMMARY

Instruction Timing Notes

The instruction clock counts listed below: establish
the maximum execution rate of the 80C286. With no
delays in bus cycles, the actual clock count of an
80C286 program will average 5% more than the cal-
culated clock count, due to instruction sequences
which execute faster than they can be fetched from
memory.

To calculate elapsed times for. instruction se-
quences, multiply the sum of all instruction clock
counts, as listed in the table below, by the processor
clock period. A 12 MHz processor clock has a clock

period of 83 nanoseconds and requires an 80C286 -

system clock (CLK input) of 24 MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded,
and is ready for execution. Control transfer in-
struction clock counts include all time required to
fetch, decode, and prepare the next instruction for

execution.
. Bus cycles do not require wait states.

. There are no processor extension data transfer or
local bus HOLD requests.

. No exceptions occur during instruction execution.
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Instruction Set Summary Notes

Addressing displacements selected by the MOD
field are not shown. If necessary they appear after
the instruction fields shown.

Above/below refers to unsigned value

Greater refers to positive signed value

Less refers to less positive (more negative) signed
values

ifd = 1 then to register; if d = 0 then from register

ifw =1 then word instruction; if w = 0 then byte
instruction

if s = 0 then 16-bit immediate data form the oper-
and

ifs =1 then an immediate data byte is sign-ex-

tended to form the 16-bit operand
x don’t care

z used for string primitives for comparison with
ZF FLAG

If two clock counts are given, the smaller refers to a
register operand and the larger refers to a memory
operand

* = add one clock if offset calculation requires
summing 3 elements

number of times repeated
number of bytes of code in next instruction
Level (L)—Lexical nesting level of the procedure

n=
m=
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The following comments describe possible excep-
tions, side effects, and allowed usage for instruc-
tions in both operating modes of the 80C286.

REAL ADDRESS MODE ONLY

1. This is a protected mode instruction. Attempted
execution in real address mode will result in an

undefined opcode exception (6).

. A segment overrun exception (13) will occur if a
word operand reference at offset FFFF(H) is at-
tempted.

. This instruction may be executed in real address
mode to initialize the CPU for protected mode.

. The IOPL and NT fields will remain O.

. Processor extension segment overrun interrupt
(9) will occur if the operand exceeds the seg-
ment limit.

EITHER MODE

6. An exception may occur, depending on the value
of the operand. g

7. LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction
prefix.

8. LOCK does not remain active between all 6per7
and transfers. ‘

PROTECTED VIRTUAL ADDRESS MODE ONLY

9

9. A general protection exception (13) will occur if
the memory operand cannot be used due to ei-
ther a segment limit or access rights violation. If
a stack segment limit is violated, a stack seg-
ment overrun exception (12) occurs.

0. For segment load operations, the CPL, RPL, and
DPL must agree with privilege rules to avoid an
exception. The segment must be present to
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11.

12.

13.

14.

15.

16.

17.

18.

avoid a not-present exception (11). If the SS reg-
ister is the destination, and a segment not-pres-
ent violation occurs, a stack exception (12) oc-
curs.

All segment descriptor accesses in the GDT or
LDT made by this instruction will automatically
assert LOCK to maintain descriptor integrity in
multiprocessor systems.

JMP, CALL, INT, RET, IRET instructions refer-
ring to another code segment will cause a gener-
al protection exception (13) if any privilege rule is
violated.

A general protection exception (13) occurs if
CPL # 0.

A geheral protection exception (13) occurs if
CPL > IOPL.

The IF field of the flag word is not updated if CPL
> IOPL. The IOPL field is updated only if
CPL = 0.

Any violation of privilege rules as applied to the
selector operand do not cause a protection ex-
ception; rather, the instruction does not return a
result and the zero flag is cleared.

If the starting address of the memory operand
violates a segment limit, or an invalid access is
attempted, a general protection exception (13)
will occur before the ESC instruction is execut-
ed. A stack segment overrun exception (12) will
occur if the stack limit is violated by the oper-
and’s starting address. If a segment limit is vio-
lated during an attempted data transfer then a
processor extension segment overrun exception
(9) occurs.

The destination of an INT, JMP, CALL, RET or
IRET instruction must be in the defined limit of a
code segment or a general protection exception
(13) will occur.
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80C286 INSTRUCTION SET SUMMARY

POP =Pop:

Memory
Register

ISegment register

Eﬁi =Exhcange:
Register/memory with register
Register with accumulator
IN=Input from:

Fixed port

Variable port

JOUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register

LDS = Load pointer to DS

LES= Load pointer to ES

I 10001111 lmodOOO r/n—\l

01011 reg
000reg111 (reg#01)

mﬂ

l 1000011w lmodreg

10010 reg

[1110010w

1110110w

[1110011w]
1110111w
11010111

I 10001101 ]modreg

pot__]

port j

r/mI

r1 1000101 |mod reg r/m‘l (mod+#11)

r/rrq

[11000100 Imodreg (mod=1)

3*

7+

21*

21*

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION 'FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
. Mode Mode
DATA TRANSFER
MOV =Move:
Register to Ragister/Memory l 1000100w Jﬂod reg r/m I 2,3* 2,3* 2 9
Register/memory to register I 1000101w l modreg r/m ] 2,5* 2,5* 2 9
Immediate to register/memory r1 100011w l mod000 r/m l data l dataifw = 1 2,3* 23" 2 9
Immediate to register [ 1011w reg I data I dataifw=1 | 2 2
Memory to accumulator [ 1010000w | addr-low I addr-high l 5 5 2 -9
Accumulator to memory I 1010001w I addr-low I addr-high ] . 3 .3 2 9
Register/memory-to segment register [ 10001110 I mod 0 reg r/m | :2,5" 17,19* 2 9,10,11
[Segment register to register/memory I 10001100 | mod 0 reg r/m | 2,3* 2,3* 2 9
PUSH=Push:
Memory r11111111|mod110r/m| 5* 5* 2 9
Register 01010 reg 3 3 2 9
[Segment register 000reg110 3 3 2 9

27

V7.9

9,10,11

9,10,11 .

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real |\ va | Feal | yial
A::r::s Address A;:'::s Address
Mode Mode

PATA TRANSFER (Continued)
LAHF Load AH with flags 2 2
ISAHF = Store AH into flags 2 2
PUSHF = Push flags -3 3 2 9
POPF = Pop flags 5 5 24 9,15
IARITHMETIC
IADD = Add:
Reg/memory with register to either l 000000dw l mod reg r/rnJ 2,7* 2,7* 2 9
Immediate to register/memory I 100000sw I mod000 r/m I data ] dataifsw = 01—| 3,7* 3,7* 2 9
Immediate to accumulator I 0000010w ] data | data if w=1 , 3 3
ADC = Add with carry:
Reg/memory with registét to either I 000100dw I modreg r/m | 2,7* 2,7* 2 9
immediate to register/memory m 0000sw | mod010 r/m I data l dataifsw = 01 ] 3,7 3,7* 2 9
Immediate to accumulator [ 0001010w I data dataifw=1 I 3 3
INC =Increment:
Register/memory l 1111111w l mod 00 OM 2,7* 2,7* 2 9
Register 2 2
[SUB = Subtract:
Feg/memory and register to either ro 01010dw I modreg r/m l 2,7* 2,7 2 9
Immediate from register/memory I 100000sw I mod101 r/m I data l dataifsw = 0_1] 3,7* 3,7* 2 9
Immediate from accumulator I 0010110w I data I data if w=1 l 3 3
[SBB = Subtract with borrow:
Reg/memory and register to either l 000110dw [ modreg r/m ] 2,7* 2,7 2 9
Immediate from register/memory I 100000sw I mod011 r/m I data l data if s w=01 ] 3,7* 3,7* 2 9
immediate from accumulator ‘ 0001110w l data l dataifw=1 I 3 3
DEC = Decrement
Register/memory r1 111111w I mod001 r/ml 2,7* 2,7* 2 9
Register 2 2
ICMP =Compare
Register/memory with register | 0011101w Imod reg r/mi 2,6* 2,6* 2 9
Register with register/memory [ 0011100w Imod reg r/ml 27" 2,7* 2 9
Immediate with register/memory F 00000sw [mod 111 1/ ml data J dataif sw=01 3,6* 3,6* 2 9
Immediate with accumulator rO 011110w I data ] data if w= 1J 3 3
NEG = Change sign l 1111011w |mod01 1 rlml 2 7* 2 9
IAAA = ASCII adjust for add 3 3
IDAA = Decimal adjust for add 3 3
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80C286 INSTRUCTION SET SUMMARY (Continued)

COMMENTS

Memory-Word

DiV = Divide (unsigned) I 111'1011wlm0d110 r/m

Register-Byte
Register-Word
Memory-Byte
Memory-Word

DIV = Integer divide (signed) 1111011w mod111 r/m

Register-Byte
Register-Word
Memory-Byte
Memory-Word

IAAM = ASCII adjust for multiply I 11010100 I 00001010 I

IAAD = ASClIi adjust for divide I 11010101 I 00001010]

ICBW = Convert byte to word ‘ 10011000
ICWD = Convert word to double word 10011001

LOGIC
[Shift/Rotate Instructions:

Register/Memory by 1 | 1101000w [mod TTT r/ml

-

gister/Memory by CL | 1101001 wlmodTl'I’ r/mJ

T Instruction

000 ROL

! 001 ROR
010 ~ RCL
011 RCR
100 SHL/SAL
101 | SHR:
111 SAR "

14 14
22 22
17+ 17
25+ 25*
17 17
25 25
20° 20°
28* 28*
16 16
14 14

2 2
2 2
2,7* 27

5+n8+n*|5+n8+n*
= e
R St S e

26

26
26 ¢

CLOCK COUNT
Real Protected Real Protected
FUNCTION FORMAT Virtual ¥ Virtual
it Address ) Address
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
IAAS = ASCil adjust for subtract 3 3
DAS = Decimal adjust for subtract - 3 3
MUL = Multiply (unsigned): | 1111011w |mod1 00 r/m
Register-Byte ' 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9
Memory-Word 24* 24* 2 9
MUL = Integer multiply (signed): 1111011w [mod101 r/m
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9

6,9

6,9
6,9

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (Continued)

=

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real virwat | P | virtwar
- Address Address
Mode Address Mode Address
Mode Mode
IARITHMETIC (Continued)
JAND = And:
Reg/memory and register to either | 001000dw l modreg r/m ] 2,7* 2,7* 2 9
immediate to register/memory FO 00000w [ mod100 r/m ] data I dataifw=1 3,7* 3,7* 2 9
immediate to accumulator ) | 0010010w I data | data if w=1 ] 3 3
ITEST=And function to flags, no resuit:
Register/memory and register A I 1000010w | modreg r/m | 2,6* 2,6* 2 9
Immediate data and register/memory |T1 11011w I mod000 r/m I data l dataif w=1 3,6* 3,6* 2 9
immediate data and accumulator [ 1010100w I data I data if w=1 I 3 3
JOR=0r:
Reg/memory and register to either I 000010dw I modreg r/m I 2,7* 2,7* 2 9
lrﬁmediate to register/memory ,mo 0000w I mod001 r/m | data | dataif w=1 5,7' 3,7* 2 9
fmmediate to accumulator | 0000110w I data I dataif w=1 | 3 3
XOR =Exclusive or:
[Reg/memory and register to either l 001100dw | modreg r/m | 2,7* 2,7* 2 9
Immediate to register/memory | 1000000w l mod110 r/m I data ! dataifw = 1 3,7* 3,7* 2 9
immediate to accumulator | 0011010w I data Idata ifw = 1] 3 3
INOT = Invert register/memory I 1111011w [ mod010 r/m l 2,7* 2,7* 2 9
ISTRING MANIPULATION:
JOVS =Move byte/word 5 5 2 9
MPS =Compare byte/word 8 8 2 9
ISCAS = Scan byte/word 7 7 2 9
.ODS = Load byte/wd to AL/AX 5 5 2 9
I5TOS = Stor byte/wd from AL/A
Repeated by countin CX - i
OV5=Move string ] 11110011 l 1010010w| 5+4n 5+4n 2 9
MPS =Compare string [ 1111001z l 1010011wJ 5+4+9n . 5+9n 28 8,9
SCAS=Scan string | 11110012 ] 1016111w| 5+8n 5+8n 2,8 8,9
ODS = Load string | 11110011 l 1010110w | 5+4n 5+4n 28 8,9
[STOS = Store string I 1’1110011 I 1010101wJ

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER
[CALL =Call:
Direct within segment | 11101000 l disp-low I disp-high J 7+m 7+m 2 18
Register/memory | 11111111 |mod010 r/ml 7+mA1+m* | 7+m, 11+m* 2,8 8,9,18
indirect within segment B
Direct intersegment | 10011010 | segment offset 13+m 26+m 2 11,12,18
Protected Mode Only (Direct intersegment): l segment selector ]
Via call gate to same privilege level 41+m 8,11,12,18
Via call gate to different privilege level, no parameters 82+m 8,11,12,18
Via call gate to different privilege level, x parameters 86 +4x+m 8,11,12,18
Via TSS : 177+m 8,11,12,18
Via task gate 182+m 8,11,12,18
Indirect intersegment 11111111 [{mod011 r/m (mod+#11) 16+m 29+m* 2 8,9,11,12,18
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 44+m* 8,9,11,12,18
Via call gate to different privilege level, no parameters 83 +m* 8,9,11,12,18
Via call gate to different privilege level, x parameters 90+4x +m* 8,9,11,12,18
ViaTSS 180+ m*. 8,9,11,12,18
Via task gate 185+m* 8,9,11,12,18
JMP = Unconditional jump:
Short/long | 11101011 I disp-low | 7+m 7+m 18
Direct within segment I 11101001 | disp-low | disp-high J 7+m 7+ m 18
Register/memory indirect within segment l 11111111 | mod100 r/m | 7+m,11+m* | 7+m, 11+m* 2 9,18
Direct intersegment I 11101010 | segment offset | 11+m 23+m 11,12,18
Protected Mode Only (Dfrect intersegment): l segment selector J
Via call gate to same privilege level . 38+m 8,11,12,18
ViaTSS . 175+m 8,11,12,18
Via task gate 180+m 8,11,12,18
Indirect intersegment 11111111 lmod101 r/m| (mod#11) 15+m* 26+m* 2 8,9,11,12,18
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 41+m* 8,9,11,12,18
ViaTSS 178+m* 8,9,11,12,18
Via task gate 183+ m* 8,9,11,12,18
RET = Return from CALL:
Within segment 11000011 11+m M+m 2 89,18
Within seg adding immed to SP l 11000010 I data-low l data-high J 11+m 11+m 2 8,9,18
Intersegment 11001011 15+m 25+m 2 8,9,11,12,18
Intersegment adding immediate to SP I 11001010 I data-low | data-high J 15+m 2 8,9,11,12,18
Protected Mode Only (RET):
To different privilege level 55+m 9,11,12,18
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80C286 INSTRUCTION SET SUMMARY (Continued)

INT = Interrupt:
Type specified
Type 3

INTO = Interrupt on overflow

I 11001101 I typej
11001100
11001110

23+m

23+m

24 +mor3
@ifno
interrupt)

—"

(3ifno
interrupt)

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real Virtual Real Virtual
Address Address
Mode Address Mode Address
Mode Mode

CONTROL TRANSFER (Continued) )
JE/JZ=Jump on equal zero [ 01110100 I disp I 7+mor3 7+mor3 18
JL/JNGE = Jump on less/not greater or equal | 01111100 | disp I 7+mor3 7+mor3 18
JLE/JNG = Jump on less or equal/not greater ) l 01111110 | disp ] 7+mor3 7+mor3 18
JB/JNAE = Jump on below/not above or equal | 01110010 [ disp | 7+mor3 7+mor3 18
JBE/JNA = Jump on below or equal/not above I 01110110 | disp | 7+mor3 7+mor3 18
JP/JPE = Jump on parity/parity even I 01111010 l disp I 7+mor3 7+mor3 18
JO = Jump on overflow [ 01110000 [ disp ] 7 +mor3 7+mor3 18
JS=Jump on sign l 01111000 { disp ] 7+ mor3 7+mor3 18
JNE/JNZ = Jump on not equal/not zero [ 01110101 l disp ] 7+mor3 7+mor3 18
JNL/JGE = Jump on not less/greater or equal I 01111101 l disp | 7+mor3 7+mor3 18
JNLE/JG = Jump on not less or equal/greater I 01111111 I disp | 7+mor3 7+mor3 18
JNB/JAE = Jump on not below/above or equal l 01110011 l disp J 7+mor3 7+mor3 18
JNBE/JA =Jump on not below or equal/above | 01110111 I disp l 7+mor3 7+mor3 18
JNP/JPO = Jump on not par/par odd | 01111011 | disp ] 7+mor3 7+mor3 18
JNO=Jump on not overflow | 01110001 I disp ] 7+mor3 7+mor3 18
JNS=Jump on not sign | 01111001 I disp | 7 +mor3 7+mor3 18
LOOP = Loop CX times | 11100010 I disp | 8 +mor4 8+mor4 18
LOOPZ/LOOPE = Loop while zero/equal | 11100001 I disp | 8+mor4 8+mor4 18
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 I disp | 8+mor4 8+mor4 18
JCXZ=Jump on CX zero | 11100011 [ disp I 8 +mor4 8+mor4 1l8

2,78
2,78

2,68

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (Continued)

ILOCK =Bus lock prefix

s

11110000

ROCESSOR CONTROL

LC=Clear carry

MC = Complement carry

TC = Set carry
ICLD = Clear direction
[STD = Set direction
ICLI=Clear interrupt
ETI = Set interrupt
HLT =Halt
[WAIT = Wait

| 11011TTT I mod LLL r/m|
(TTT LLL are opcode to processor extension)

ISEG = Segment Override Prefix 001 reg 110

- '

SC = Processor Extension Escape

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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2 2
2 2
2 .2
2 2
2 : 2
3 3
2 2
2 2
3 3

CLOCK COUNT COMMENTS
Re’al Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER (Continued)
Protected Mode Only:
Via interrupt or trap gate to same privilege level 40+ m 7,8,11,12,18
Via interrupt or trap gate to fit different privilege level 78+ m 7,8,11,12,18
Via Task Gate 167+m 7,8,11,12,18
IRET = Interrupt return 11001111 “17+m 31+ m 2,4 8,9,11,12,15,18
Mode Only:
To different privilege level 55+m 8,9,11,12,15,18
To different task (NT=1) 169+m 8,9,11,12,18

58

8,17




80C286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode

S

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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Footnotes

The Effective Address (EA) of the memory operand
is computed according to the mod and r/m fields:

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

it 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 /m = 010 then EA = (BP) + (SI) + DISP
if /m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (SI) + DISP

if /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 EQ = disp-high: disp-low.

SEGMENT OVERRIDE PREFIX

001regt110

reg is assigned according to the following:

Segment
reg ' Register
00 ES
01 CS
10 SS
11 DC

3-59

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0)
000 AX . 000 AL
001 CX 001 CL
010 DX 010 DL
011 BX 011 BL
100 SP 100 AH
101" BP 101 CH
110 Sl 110 DH
111 DI 111 BH

The physical addresses of all operands addressed
by the BP register are computed using the SS seg-
ment register. The physical addresses of the desti- -
nation operands of the string primitive operations
(those addressed by the DI register) are computed
using the ES segment, which may not be overridden.

DATA SHEET REVISION REVIEW

The following_ list represents key differences be-

tween this and the —002 data sheet. Please review

this summary carefully.

1. The test conditions in the A.C. Characteristics ta-

ble has been changed.

The “Typical Icc vs Frequency for Different Out-

put Loads” graph has been modified.

. The maximum ambient temperature (Ta) vs. vari-
ous airflows has been updated.

. Deleted the 82C284 and 82C288 A.C. Character-
istics tables.

. “PRELIMINARY” status was removed from the
datasheet.

2.
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High Performance Microprocessor
with Memory Management and Protection
(80286-12, 80286-10, 80286-8)

& High Performance HMOS 1ll Technology ®H Two 8086 Upward Compatible

. Operating Modes:
= E‘Q%ﬁﬁ:;’f;fefﬁﬁical — 8086 Real Address Mode

— 1 Gigabyte Virtual per Task — Protected Virtual Address Mode

® Integrated Memory Management, Four- ~ ® Complete System Development

i Support:
Level Memory Protection and Support
for Virtual Memory and Operating — Assembler, PL/M, Pascal, FORTRAN,

Systems and In-Circuit-Emulator (ICETM-286)
: . B Available in:
- H'g_g m’;‘:’;;dtg‘,g:‘f’) Interface — 68-Pin PLCC (Plastic Leaded Chip
Carrier)
® Industry Standard O.S. Support: — 68-Pin LCC (Leadless Chip Carrier)
—MS-DOS*, UNIX*, XENIX*, iRMX® — 68-Pin PGA (Pin Grid Array)
m Optional Processor Extension: (See Packaging Spec. Order #231369)

— 80287 High Performance 80-bit
Numeric Data Processor

The 80286 is an advanced, high-performance microprocessor with specially optimized capabilities for multiple
user and multi-tasking systems. The 80286 has built-in memory protection that supports operating system and
task isolation as well as program and data privacy within tasks. A 12.5 MHz 80286 provides six times or more
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabilities that map 230
(one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) of physical memory.

The 80286 is upward compatible with 8086 and 88 software. Using 8086 real address mode, the 80286 is
object code compatible with existing 8086, 88 software. In protected virtual address mode, the 80286 is source
code compatible with 8086, 88 software and may require upgrading to use virtual addresses supported by the
80286'’s integrated memory management and protection mechanism. Both modes operate at full 80286 per-
formance and execute a superset of the 8086 and 88 instructions.

The 80286 provides special operations to support the efficient implementation and execution of operating
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load
its state, and start execution of the new task. The 80286 also supports virtual memory systems by providing a
segment-not-present exception and restartable instructions.

*XENIX and MS-DOS are trademarks of Microsoft Corp.
*UNiX is a trademark of Bell Labs or AT&T
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Figure 1. 80286 internal Biock Diagram
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Component Pad Views—As viewed from underside of
component when mounted on the board.
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P.C. Board Views—As viewed from the component
side of the P.C. board.
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Figure 2. 80286 Pin Configuration
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Table 1. Pin Description

The following pin function descriptions are for the 80286 microprocessor :

Symbol

Type

Name and Function

CLK

SYSTEM CLOCK provides the fundamental timing for 80286 systems. It is divided by two
inside the 80286 to generate the processor clock. The internal divide-by-two circuitry can
be synchronized to an external clock generator by a LOW to HIGH transition on the RESET
input.

D15-Do

170

DATA BUS inputs data during memory, 1/0, and interrupt acknowledge read cycles;
outputs data during memory and I/0 write cycles. The data bus is active HIGH and floats to
3-state OFF during bus hold acknowledge.

Az23-Ao

ADDRESS BUS outputs physical memory and I/0 port addresses. A0 is LOW when data is
to be transferred on pins D7_g. A2g—A1g are LOW during I/0 transfers. The address bus is
active HIGH and floats to 3-state OFF during bus hold acknowledge.

|
mi

BUS HIGH ENABLE indicates transfer or data on the upper byte of the data bus. Dy5_g.
Eight-bit oriented devices assigned to the upper byte of the data bus would normally use
BHE to condition chip select functions. BHE is active LOW and floats to 3-state OFF during
bus hold acknowledge.

BHE and A0 Encodings

alue AO Value Function

1 Byte transfer on upper half of data bus (D15-Dg)
0 Byte transfer on lower half of data bus (D7_¢)
1 1 Will never occur

\'/

0 0 Word transfer
0

1

BUS CYCLE STATUS indicates initiation of a bus cycle and, along with M/IO and COD/
INTA, defines the type of bus cycle. The bus is in a T state whenever one or both are LOW,
S1 and SO are active LOW and float to 3-state OFF during bus hold acknowledge.

80286 Bus Cycle Status Definition
COD/INTA M/I0 §1 S0 Bus Cycle initiated

0 (LOw) Interrupt acknowledge
Will not occur

Will not occur

None; not a status cycle
IF A1 = 1 then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Will not occur

1/0 read

1/0 write

None; not a status cycle
Will not occur

Memory instruction read
Will not occur

None; not a status cycle

(HIGH)

S, A b B Sma 0000000
-k At At OO0 LD OO0
-t OO0 =2 At OO0 422 OO0+~ =200
-0+ 0—=-0-20—20=0~-~0=0

M/10

MEMORY 1/0 SELECT distinguishes memory access from /0 access. If HIGH during Tg, a
memory cycle or a halt/shutdown cycle is in progress. If LOW, an I/0 cycle or an interrupt
acknowledge cycle is in progress. M/10 floats to 3-state OFF during bus hold acknowledge.

COD/INTA

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycies from memory
data read cycles. Also distinguishes interrupt acknowledge cycles from I/0 cycles. COD/
INTA floats to 3-state OFF during bus hold acknowledge. Its timing is the same as M/10.

BUS LOCK indicates that other system bus masters are not to gain control of the system
bus for the current and the following bus cycle. The LOCK signal may be activated explicitly
by the “LOCK" instruction prefix or automatically by 80286 hardware during memory XCHG
instructions, interrupt acknowledge, or descriptor table access. LOCK is active LOW and
floats to 3-state OFF during bus hold acknowledge.

BUS READY terminates a bus cycle. Bus cycles are extended without limit until terminated
by READY LOW. READY is an active LOW synchronous input requiring setup and hold
times relative to the system clock be met for correct operation. READY is ignored during
bus hold acknowledge.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function
HOLD l BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of
HLDA (0] the 80286 local bus. The HOLD input allows another local bus master to

request control of the local bus. When control is granted, the 80286 will float
its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus
hold acknowledge condition. The local bus will remain granted to the
requesting master until HOLD becomes inactive which results in the 80286
deactivating HLDA and regaining control of the local bus. This terminates the
bus hold acknowledge condition. HOLD may be asynchronous to the system
clock. These signals are active HIGH.

INTR | INTERRUPT REQUEST requests the 80286 to suspend its current program
execution and service a pending external request. Interrupt requests are
masked whenever the interrupt enable bit in the flag word is cleared. When
the 80286 responds to an interrupt request, it performs two interrupt
acknowledge bus cycles to read an 8-bit interrupt vector that.identifies the
source of the interrupt. To assure program interruption, INTR must remain
active until the first interrupt acknowledge cycle is completed. INTR is
sampled at the beginning of each processor cycle and must be active HIGH
at least two processor cycles before the current instruction ends in order to
interrupt before the next instruction. INTR is level sensitive, active HIGH, and
may be asynchronous to the system clock.

NMI [ NON-MASKABLE INTERRUPT REQUEST interrupts the 80286 with an
internally supplied vector value of 2. No interrupt acknowledge cycles are
performed. The interrupt enable bit in the 80286 flag word does not affect this
input. The NMl input is active HIGH, may be asynchronous to the system
clock, and is edge triggered after internal synchronization. For proper
recognition, the input must have been previously LOW for at least four system
clock cycles and remain HIGH for at least four system clock cycles.

PEREQ | PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE
PEACK (0] extend the memory management and protection capabilities of the 80286 to
processor extensions. The PEREQ input requests the 80286 to perform a
data operand transfer for a processor extension. The PEACK output signals

"the processor extension when the requested operand is being transferred.
PEREQ is active HIGH and floats to 3-state OFF during bus hold
acknowledge. PEACK may be asynchronous to the system clock. PEACK is

active LOW.
BUSY | PROCESSOR EXTENSION BUSY AND ERROR indicate the operating
ERROR | condition of a processor extension to the 80286. An active BUSY input stops

80286 program execution on WAIT and some ESC instructions until BUSY

' becomes inactive (HIGH). The 80286 may be interrupted while waiting for
BUSY to become inactive. An active ERROR input causes the 80286 to
perform a processor extension interrupt when executing WAIT or some ESC
instructions. These inputs are active LOW and may be asynchronous to the
system clock. These inputs have internal pull-up resistors.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function

RESET | SYSTEM RESET clears the internal logic of the 80286 and is active HIGH.
The 80286 may be reinitialized at any time with a LOW to HIGH transition on
RESET which remains active for more than 16 system clock cycles. During
RESET active, the output pins of the 80286 enter the state shown below:

80286 Pin State During Reset

Pin Value Pin Names
1 (HIGH) §5,_§ , PEACK, A23-A0, BHE, LOCK
0 (LOW) M/1O, COD/INTA, HLDA (Note 1)
3-state OFF D15-Do

Operation of the 80286 begins after a HIGH to LOW transition on RESET.
The HIGH to LOW transition of RESET must be synchronous to the system
clock. Approximately 38 CLK cycles from the trailing edge of RESET are
required by the 80286 for internal initialization before the first bus cycle, to
fetch code from the power-on execution address, occurs.
A LOW to HIGH transition of RESET synchronous to the system clock will
end a processor cycle at the second HIGH to LOW transition of the system
“clock. The LOW to HIGH transition of RESET may be asynchronous to the
system clock; however, in this case it cannot be predetermined which phase
of the processor clock will occur during the next system clock period.
Synchronous LOW to HIGH transitions of RESET are required only for
systems where the processor clock must be phase synchronous to another

clock.
Vss | SYSTEM GROUND: 0 Volts.
Vce | SYSTEM POWER: + 5 Volt Power Supply.
CAP | SUBSTRATE FILTER CAPACITOR: 2 0.047 uF *+ 20% 12V capacitor must

be connected between this pin and ground. This capacitor filters the output of
the internal substrate bias generator. A maximum DC leakage current of 1 pA
is allowed through the capacitor.
For correct operation of the 80286, the substrate bias generator must charge
this capacitor to its operating voltage. The capacitor chargeup time is 5
milliseconds (max.) after Voc and CLK reach their specified AC and DC
parameters. RESET may be applied to prevent spurious activity by the CPU
during this time. After this time, the 80286 processor clock can be
synchronized to another clock by pulsing RESET LOW synchronous to the

- system clock.

NOTE:
1. HLDA is only Low if HOLD is inactive (Low).
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FUNCTIONAL DESCRIPTION

Introduction

The 80286 is an advanced, high-performance micro-
processor with specially optimized capabilities for
multiple user and multi-tasking systems. Depending
on the application, a 12.5 MHz 80286’s performance
is up to six times faster than the standard 5 MHz
8086’s, while providing complete upward software
compatibility with Intel’s 8086, 88, and 186 family of
CPU’s.

The 80286 operates in two modes: 8086 real ad-
dress mode and protected virtual address mode.
Both modes execute a superset of the 8086 and 88
instruction set.

In 8086 real address mode programs use real ad-
dresses with up to one megabyte of address space.
Programs use virtual addresses in protected virtual
address mode, also called protected mode. In pro-
tected mode, the 80286 CPU automatically maps 1
gigabyte of virtual addresses per task into a 16

megabyte real address space. This mode also pro-
vides memory protection to isolate the operating
system and ensure privacy of each tasks’ programs
and data. Both modes provide the same base in-

struction set, registers, and addressing modes.

The following Functional Description describes first,
the base 80286 architecture. common to both
modes, second, 8086 real address mode, and third,
protected mode.

80286 BASE ARCHITECTURE

The 8086, 88, 186, and 286 CPU family all contain
the same basic set of registers, instructions, and

addressing modes. The 80286 processor is upward
compatible with the 8086, 8088, and 80186 CPU’s.

Register Set

The 80286 base architecture has fifteen registers as
shown in Figure 3. These registers are grouped into
the following four categories:

General Registers: Eight 16-bit general purpose

_registers used to contain arithmetic and logical oper-

ands. Four of these (AX, BX, CX, and DX) can be
used either in their entirety as 16-bit words or split
into pairs of separate 8-bit registers. .

Segment Registers: Four 16-bit special purpose
registers select, at any given time, the segments of
memory that are immediately addressable for code,
stack, and data. (For usage, refer to Memory Organi-
zation.) '

Base and Index Registers: Four of the general pur-
pose registers may also be used to determine offset
addresses of operands in memory. These registers
may contain base addresses or indexes to particular
locations within a segment. The addressing mode
determines the specific registers used for operand
address calculations.

Status and Control Registers: The 3 16-bit special
purpose registers in figure 3A record or control cer-
tain aspects of the 80286 processor state including
the Instruction Pointer, which contains the offset ad-
daess of the next sequential instruction to be execut-
ed.

16-BIT
REGISTER
NAME

SPECIAL
REGISTER
FUNCTIONS

BYTE
ADDRESSABLE
(©-BIT
REGISTER
NAMES
SHOWN)

AH AL

MULTIPLY/DIVIDE
/0 INSTRUCTIONS

DH DL

CH CcL

BH BL

BASE REGISTERS

BP

Si
INDEX REGISTERS

DI

sP STACK POINTER

GENERAL
REGISTERS

LOOP/SHIFT/REPEAT/COUNT

15

cs CODE SEGMENT SELECTOR

Ds DATA SEGMENT SELECTOR

STACK SEGMENT SELECTOR

ES EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

15

STATUS WORD

INSTRUCTION POINTER

STATUS AND CONTROL
REGISTERS

Figure 3. Register Set
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Figure 3a. Status and Control Register Bit Functions

Flags Word Description

The Flags word (Flags) records specific characteris-
tics of the result of logical and arithmetic instructions
(bits 0, 2, 4, 6, 7, and 11) and controls the operation
of the 80286 within a given operating mode (bits 8
and 9). Flags is a 16-bit register. The function of the
flag bits is given in Table 2.

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string
manipulation, control transfer, high level instruc-
tions, and processor control. These categories are
summarized in Figure 4.

An 80286 instruction can reference zero, one, or two
operands; where an operand resides in a register, in
the instruction itself, or in memory. Zero-operand in-
structions (e.g. NOP and HLT) are usually one byte
long. One-operand instructions (e.g. INC and DEC)
are usually two bytes long but some are encoded in
only one byte. One-operand instructions may refer-
ence a register or memory location. Two-operand
instructions permit the following six types of instruc-
tion operations:

—Register to Register
—Memory to Register
—Immediate to Register
—Memory to Memory
—Register to Memory
—Immediate to Memory
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Table 2. Flags Word Bit Functions

Bit

Position Function

0 CF | Carry Flag—Set on high-order bit

carry or borrow; cleared otherwise

2 PF Parity Flag—Set if low-order 8 bits
of result contain an even number of

1-bits; cleared otherwise

AF | Set on carry from or borrow to the
low order four bits of AL; cleared

otherwise

ZF | Zero Flag—Set if result is zero;

cleared otherwise

SF | Sign Flag—Set equal to high-order

bit of result (0 if positive, 1 if negative)

11 OF | Overflow Flag—Set if result is a too-
large positive number or a too-small
negative number (excluding sign-bit)
to fit in destination operand; cleared

otherwise

TF | Single Step Flag—Once set, a sin-
gle step interrupt occurs after the
next instruction executes. TF is

cleared by the single step interrupt.

Interrupt-enable Flag—When set,
maskable interrupts will cause the
CPU to transfer control to an inter-
rupt vector specified location.

10 DF | Direction Flag—Causes string
instructions to auto decrement
the appropriate index registers
when set. Clearing DF causes

auto increment.
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Two-lclnp?’:and tinst_ruc;:ions I(e.g. l\h/IAOV andt ADD) are ADDITION
ree i es long.
g[s:::?a%ons areopfo)\(/id}gd byoa gspefiarlrlI %?;s(s) g;esrtr:%r; 2L Add byte or word :
instructions requiring one to three bytes. For de- ADC Add byte or word with carry
tailed instruction formats and encodings refer to the INC Increment byte or word by 1
instruction set summary at the end of this document. AAA ASCII adjust for addition
For detailed operation and usage -of each instruc- DAA Decimal adjust for addition
tion, see Appendix of 80286 Programmer’s Refer- - SUBTRACTION _
ence Manual (Order No. 210498) sus Subtract byte or word
GENERAL PURPOSE SBB - . Subtract byte or word with borrow
MOV Move byte or word DEC Decrement byte or word by 1
PUSH Push word onto stack NEG Negate byte or word
POP ‘ Pop word off stack CMP Compare byte or word
PUSHA Push all registers on stack AAS ASCII adjust for subtraction
POPA Pop all registers from stack DAS Decimal adjust for subtraction
XCHG . Exchange byte or word MULTIPLICATION
XLAT Translate byte MUL Muitiple byte or word unsigned
INPUT/OUTPUT IMUL Integer multiply byte or word
IN Input byte or.word AAM ~ASCII adjust for multiply
ouT Output byte or word ‘ DiVISION
ADDRESS OBJECT DIV Divide byte or word unsigned
LEA Load effective address IDIV Integer divide byte or word
LDS . Load pointer using DS AAD ASCII adjust for division
LES Load pointer using ES cBwW Convert byte to word
FLAG TRANSFER CWD Convert word to doubleword
LAHF Load AH register from flags Figure 4b. Arithmetic Instructions
SAHF Store AH register in flags
 PUSHF Push flags onto stack LOGICALS
POPF Pop flags off stack NOT | “Not” byte or word
Figure 4a. Data Transfer Instructions AND “And"” byte or word
OR “inciusive or”’ byte or word
MOVS Move byte or word string XOR _ “Exclusive or” byte or word
INS Input bytes or word string TEST “Test” byte or word
OouTsS Output bytes or word string SHIFTS .
CMPS Compare byte or word string SHL/SAL Shift logical/arithmetic left byte or word
SCAS Scan byte or word string SHR Shift logical right byté or word
LODS Load byte or word string " SAR Shift arithmetic right byte or word
STOS Store byte or word string ROTATES
_ REP Repeat ROL Rotate left byte or word
REPE/REPZ Repeat while equal/zero . |_ROR Rotate right byte or word
REPNE/REPNZ Repeat while not equal/not zero RCL Rotate through carry left byte or word
Figure 4c. String Instructions RCR Rotate through carry right byte or word

Figure 4d. Shift/Rotate Logical Instructions
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/JNBE Jump if above/not below nor equal CALL Call procedure
JAE/JNB Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal JMP Jump
JBE/JNA Jump if below or equal/not above
JC Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero
JG/JNLE Jump if greater/not less nor equal Loop Loop
JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/JING Jump if less or equal/not greater JCXZ Jump if register CX = 0
JNC Jump if not carry
JNE/JNZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET Interrupt return
JP/JPE Jump if parity/parity even
Js Jump'if sign

Figure 4e. Program Transfer Instructions

FLAG OPERATIONS Memory Organization
ig zfet;a;z:;af?ag Memory is organized as sets qf variable I.ength seg-
ments. Each segment is a linear contiguous se-
CcMC Complement carry flag quence of up to 64K (216) 8-bit bytes. Memory is
STD Set direction flag addressed using a two component address (a point-
CLD Clear direction flag er) that consists of a 16-bit segment selector, and a
STI Set interrupt enable flag 16-bit offset. The segment selector indicates the de-
- sired segment in memory. The offset component in-
cu Clear interrupt enable flag dicates the desired byte address within the segment.
EXTERNAL SYNCHRONIZATION
HLT Halt until interrupt or reset
WAIT Wait for BUSY not active ¥ ¥
ESC Escape to extension processor 32-BIT POINTER
LOCK Lock bus during next instruction -
NO OPERATION L il ,,l,s orrsT !
NOP No operation ‘[ :EPLEEI::AT:% SELECTED
EXECUTION ENVIRONMENT CONTROL SEGMENT
LMSW Load machine status word
SMSW Store machine status word
Figure 4f. Processor Control Instructions
ENTER Format stack for procedure entry 4 4
LEAVE Restore stack for procedure exit i MEMORY -
BOUND Detects values outside prescribed range 210253-5

Figure 4g. High Level Instructions

Figure 5. Two Component Address
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Table 3. Segment Register Selection Rules

Memory

| Segment Register
Reference Needed

Used

Implicit Segment .
Selection Rule

Instructions Code (CS)

Automatic with instruction prefetch

Stack All

stack pushes and pops. Any memory
as a base register.

Local Data Data (DS)

All data references except when relative to stack or
string destination

External (Global) Data Extra (ES)

Alternate data segment and destination of string operation

All instructions that address operands in memory
must specify the segment and the offset. For speed
and compact instruction encoding, segment selec-
tors are usually stored in the high speed segment
registers. An instruction need specify only the de-
sired segment register and an offset in order to ad-
dress a memory operand.

Most instructions need not explicitly specify which
segment register is used. The correct segment reg-
ister is automatically chosen according to the rules
of Table 3. These rules follow the way programs are
written (see Figure 6) as independent modules that
require areas for code and data, a stack, and access
to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
To access operands not residing in one of the four
immediately available segments, a full 32-bit pointer
or a new segment selector must be loaded.

Addressing Modes
The 80286 provides a total of eight addressing
modes for instructions to specify operands. Two ad-

dressing modes are provided for instructions that
operate on register or immediate operands:

Register Operand Mode: The operand is locat-
ed in one of the 8 or 16-bit general registers.

Immediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand
address consists of two 16-bit components: seg-
ment selector and offset. The segment selector is
supplied by a segment register either implicitly cho-
sen by the addressing mode or explicitly chosen by
a segment override prefix. The offset is calculated
by summing any combination of the following three
address elements:

the dispilacement (an 8 or 16-bit immediate vai-
ue contained in the instruction)

the base (contents of either the BX or BP base
registers)
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MODULE A

DATA

STACK

PROCESS

STACK EXTRA

SEGMENT
REGISTERS

PROCESS
BLOCK 1

PROCESS
BLOCK 2

L d

MEMORY 210253-6

Figure 6. Segmented Memory Helps
Structure Software

the index (contents of either the Sl or DI index
registers)

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values. ;

Combinations of these three address elements de-
fine the six memory addressing modes, described
below.

Direct Mode: The operand’s offset is contained in
the instruction as an 8 or 16-bit displacement ele-
ment.

Register Indirect Mode: The operand’s offset is in
one of the registers Si, DI, BX, or BP.

Based Mode: The operand’s offset is the sum of an
8 or 16-bit displacement and-the contents of a base
register (BX or BP).
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Indexed Mode: The operand’s offset is the sum of
an 8 or 16-bit displacement and the contents of an
index register (S| or DI).

Based Indexed Mode: The operand’s offset is the
sum of the contents of a base register and an index

register.

Based Iindexed Mode with Displacement: The op-
erand’s offset is the sum of a base register's con-
tents, an index register’s contents, and an 8 or 16-bit

displacement.

Data Types

The 80286 directly supports the following data

types:
Integer:

Ordinal:

Pointer:

String:

ASCII:

BCD:

Packed BCD:

Floating Point:

A signed binary numeric value con-
tained in an 8-bit byte or a 16-bit
word. All operations assume a 2’s
complement representation. Signed
32 and 64-bit integers are supported
using the Numeric Data Processor,
the 80287.

An unsigned binary numeric value
contained in an 8-bit byte or 16-bit
word.

A 32-bit quantity, composed of a
segment selector component and an
offset component. Each component
is a 16-bit word.

A contiguous sequence of bytes or
words. A string may contain from 1
byte to 64K bytes.

A byte representation of alphanu-
meric and control characters using
the ASCII standard of character rep-
resentation.

A byte (unpacked) representation of
the decimal digits 0-9.

A byte (packed) representafion of
two decimal digits 0-9 storing one
digit in each nibble of the byte.

A signed 32, 64, or 80-bit real num-
ber representation. (Floating point
operands are supported using the
80287 Numeric Processor).

Figure 7 graphically represents the data types sup-
ported by the 80286.

I/0 Space

The 1/0 space consists of 64K 8-bit or 32K 16-bit
ports. 1/0 instructions address the 1/0 space with
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either an 8-bit port address, specified in the instruc-
tion, or a 16-bit port address in the DX register. 8-bit
port addresses are zero extended such that Ay5—Ag
are LOW. 1I/0 port addresses O00F8(H) through

00FF(H) are reserved.

7
SIGNED
BYTE
SIGN BIT -
MAGNITUDE

7
UNSIGNED
BYTE

L msB
MAGNITUDE
1se*! g7 0 o
SIGNED
WORD
SIGN BIT -+ -MSB
MAGNITUDE
SIGNED 31 +3 +2  4gq5 t1 0 °
DOUBLE
WORD*
SIGN BITJ | L_MSB )
WMAGNITUDE
+7 +6 +5 +4 +3 +2 +1 0
SIGNED 63 48 47 3231 1615 [}
QUAD ‘l ]
woro [ || | [ 11
SIGN BIT /- MSB 3
MAGNITUDE
5 1 0 0
UNSIGNED
WORD
L-msB
MAGNITUDE
BINARY N 7 1 07 0 o
CODED l l I .o I | |
DEC(LMCA;) BCD BCD BCD
DIGIT N DIGIT 1 DIGIT 0
7 tN ¢ 7t 07 0 o
ASCH I | |
ASCH ASCIl  ASCll
CHARACTERN CHARACTER; CHARACTER(
7 tN o 7tV 07 0 o
PACKED
BCD
—  S—
MOST LEAST
SIGNIFICANT DIGIT SIGNIFICANT DIGIT

+1

715 tN 718 o715 0 o

STRING

3
%

BYTE/WORD N BYTE/WORD 1 BYTE WORD 0
a *3 +2 4545 *1 0
POINTER
L
SELECTOR OFFSET
19+9 +8 +7 46 +5 +4 +3 +2 +1 0,
FLOATING
one 1 1 T T T T T T 11
SIGN BIT-| | )
EXPONENT MAGNITUDE
210253-7

*Supported by 80287 Numeric Data Processor

Figure 7. 80286 Supported Data Types




80286

intel

Table 4. Interrupt Vector Assignments

Function memupt | Related | SO tion:
Causing Exception?
Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMI interrupt 2 INT 2 or NMI pin
Breakpoint interrupt 3 INT 3
INTO detected overflow exception 4 INTO No
BOUND range exceeded exception 5 BOUND Yes
Invalid opcode exception 6 Any undefined opcode Yes
Processor extension not available exception |- 7 ESC or WAIT Yes
Intel reserved-do not use 8-15
Processor extension error interrupt 16 ESC or WAIT
Intel reserved-do not use ' 17-31
User defined 32-255
Interrupts setting the interrupt flag bit (IF) in the flag word. All

An interrupt transfers execution to a new program
location. The old program address (CS:IP) and ma-
chine state (Flags) are saved on the stack to allow
resumption of the interrupted program. Interrupts fall
into three classes: -hardware initiated, INT instruc-
tions, and instruction exceptions. Hardware initiated
interrupts occur in response to an external input and
are classified as non-maskable or maskable. Pro-
grams may cause an interrupt with an INT instruc-
tion. Instruction exceptions occur when an unusual
condition, which prevents further instruction pro-
cessing, is detected while attempting to execute an
instruction. The return address from an exception
will always point at the instruction causing the ex-
ception and include any leading instruction prefixes.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt. In-
terrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. For each interrupt, an
8-bit vector must be supplied to the 80286 which
identifies the appropriate table entry. Exceptions
supply the interrupt vector internally. INT instructions
contain or imply the vector and allow access to all
256 interrupts. Maskable hardware initiated inter-
rupts supply the 8-bit vector, to the CPU during an
interrupt acknowledge bus sequence. Non-maska-
ble hardware interrupts use a predefined internally
supplied vector.

MASKABLE INTERRUPT (INTR)

The 80286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by
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224 user-defined interrupt sources can share this in-
put, yet they can retain separate interrupt handlers.
An 8-bit vector read by the CPU during the interrupt
acknowledge sequence (discussed in System Inter-
face section) identifies the source of the interrupt.

Further maskable interrupts are disabled while serv-
icing an interrupt by resetting the IF bit as part of the
response to an interrupt or exception. The saved
flag word will reflect the enable status of the proces-
sor prior to the interrupt. Until the flag word is re-
stored to the flag register, the interrupt flag will be
zero unless specifically set. The interrupt return in-
struction includes restoring the flag word, thereby
restoring the original status of IF.

NON-MASKABLE INTERRUPT REQUEST (NMI)

A non-maskable interrupt input (NMI) is also provid-
ed. NMI has higher priority than INTR. A typical use
of NMI would be to activate a power failure routine.
The activation of this input causes an interrupt with

‘an internally supplied vector value of 2. No external

interrupt acknowledge sequence is performed.

While executing the NMI servicing procedure, the
80286 will service neither further NMI requests,
INTR requests, nor the processor extension seg-
ment overrun interrupt until an interrupt return (IRET)
instruction is executed or the CPU is reset. If NMI
occurs while currently servicing an NMI, its presence
will be saved for servicing after executing the first
IRET instruction. IF is cleared at the beginning of an
NMI interrupt to inhibit INTR interrupts.
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SINGLE STEP INTERRUPT

The 80286 has an internal interrupt that allows pro-
grams to execute one instruction at a time. It is
called the single step interrupt and is controlled by
the single step flag bit (TF) in the flag word. Once
this bit is set, an internal single step interrupt will
occur after the next instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single stepped.

Interrupt Priorities

When simultaneous interrupt requests occur, they
are processed in a fixed order as shown in Table 5.
Interrupt processing involves saving the flags, return
address, and setting CS:IP to point at the first in-
struction of the interrupt handler. If other interrupts
remain enabled they are processed before the first
instruction of the current interrupt handler is execut-
ed. The last interrupt processed is therefore the first
one serviced.

Table 5. Interrupt Processing Order

Table 6. 80286 Initial Register State after RESET

Flag word 0002(H)
Machine Status Word FFFO(H)
Instruction pointer FFFO(H)
Code segment FOOO0(H)
Data segment 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

HOLD must not be active during the time from the
leading edge of RESET to 34 CLKs after the trailing
edge of RESET.

Machine Status Word Description

The machine status word (MSW) records when a
task switch takes place and controls the operating
mode of the 80286. It is a 16-bit register of which the
lower four bits are used. One bit places the CPU into
protected mode, while the other three bits, as shown
in Table 7, control the processor extension interface.
After RESET, this register contains FFFO(H) which
places the 80286 in 8086 real address mode.

Table 7. MSW Bit Functions

Bit

Position Function

Name

Order Interrupt
1 Instruction exception
2 Single step
3 NMI
4 Processor extension segment overrun
5 INTR
6 INT instruction

Initialization and Processor Reset

Processor initialization or start up is accomplished
by driving the RESET input pin HIGH. RESET forces
the 80286 to terminate all execution and local bus
activity. No instruction or bus activity will occur as
long as RESET is active. After RESET becomes in-
active and an internal processing interval elapses,
the 80286 begins execution in real address mode
with the instruction at physical location FFFFFO(H).
RESET also sets some registers to predefined val-
ues as shown in Table 6. .

0 PE | Protected mode enable places the
80286 into protected mode and cannot

be cleared except by RESET.

Monitor processor extension allows
WAIT instructions to cause a processor
extension not present exception
(number 7).

Emulate processor extension causes a
processor extension not present
exception (number 7) on ESC
instructions to allow emulating-a
processor extension.

Task switched indicates the next
instruction using a processor extension
will cause exception 7, allowing software
to test whether the current processor
extension context belongs to the current
task.

The LMSW and SMSW instructions can load and
store the MSW in real address mode. The recom-
mended use of TS, EM, and MP is shown in Table 8.

Table 8. Recommended MSW Encodings For Processor Extension Control

Instructions
TS | MP | EM Recommended Use Causing
: Exception 7
0 0 0 Initial encoding after RESET. 80286 operation is identical to 8086, 88. None
0 0 1 No processor extension is available. Software will emuiate its function. ESC
0 1 No processor extension is available. Software will emulate its function. The current ESC
processor extension context may belong to another task.
0 1 0 A processor extension exists. None
1 1 0 A processor extension exists. The current processor extension context may belongto | ESC or
another task. The Exception 7 on WAIT allows software to test for an error pending WAIT
from a previous processor extension operation.
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Halt

The HLT instruction stops program execution and
prevents the CPU from using the local bus until re-
started. Either NMI, INTR with IF. = 1, or RESET will
force the 80286 out of halt. If interrupted, the saved
CS:IP-will point to the next instruction after the HLT.

8086 REAL ADDRESS MODE

The 80286 executes a fully upward-compatible su-
perset of the 8086 instruction set in real address
mode. In real address mode the 80286 is object
code compatible with 8086 and 8088 software. The
real address mode architecture (registers and ad-
dressing modes) is' exactly as described in the
80286: Base Architecture section of this Functional
Description.

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes. (one megabyte) addressed by pins
Ao through A1g and BHE. Apq through Azg should be
ignored.

Memory Addressing

In real address mode physical memory is a contigu-
ous array of up to 1,048,576 bytes (one megabyte)
addressed by pins Ag through Aig and BHE. Ad-
_dress bits App—A23 may not always be zero in real
mode. Agg—A23 should not be used by the system
while the 80286 is operating in Real Mode.

The selector portion of a pointer is interpreted as the
upper 16 bits of a 20-bit segment address. The lower
four bits of the 20-bit segment address are always
zero. Segment addresses, therefore, begin on multi-
ples of 16 bytes. See Figure 8 for a graphic repre-
_sentation of address information.

All segments.in real address mode are 64K bytes in
size and may be read, written, or executed. An ex-
ception or interrupt can occur if data operands or
instructions attempt to .wrap around the end of a
segment (e.g. a word with its low order byte at offset
FFFF(H) and its high order byte at offset 0000(H). If,
in real address mode, the information contained in a
segment does not use the full 64K bytes, the unused
end of the segment may be overlayed by another
segment to reduce physical memory requirements.

Reserved Memory Locations

The 80286 reserves two fixed areas of memory in
real address mode (see Figure 9); system initializa-

tion area and interrupt table area. Locations from
addresses FFFFO(H) through FFFFF(H) are re-
served for system initialization. Initial execution be-
gins. at location FFFFO(H). Locations 00000(H)
through 003FF(H) are reserved for interrupt vectors.

15 0
0000 OFFSET el
15 0
SEGMENT SEGMENT
SELECTOR 0000 ApDRESS
ADDER
99 0
20-BIT PHYSICAL
MEMORY ADDRESS
210253-8
Figure 8. 8086 Real Address Mode
Address Calculation
FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH
/ . A
> . q vt
3FFH
INTERRUPT POINTER
FOR VECTOR 255
~ 3FCH
A s x5
™
INTERRUPT POINTER
FORVECTOR1 aH
INTERRUPT POINTER 3H
FOR VECTOR 0
OH
INITIAL CS:IP VALUE IS FOOO:FFFO.
. 210253-9

Figure 9. 8086 Real Address Mode Initially
Reserved Memory Locations
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Table 9. Real Address Mode Addressing Interrupts

Functi Interrupt Related Return Address
unction Number instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector is not within table limit Yes
Processor extension segment overrun 9 ESC with memory operand extend- No
interrupt ing beyond offset FFFF(H)

Segment overrun exception 13 Word memory reference with offset Yes

= FFFF(H) or an attempt to exe-

cute past the end of a segment

Interrupts

Table 9 shows the interrupt vectors reserved for ex-
ceptions and interrupts which indicate an addressing
error. The exceptions leave the CPU in the state ex-
isting before attempting to execute the failing in-
struction (except for PUSH, POP, PUSHA, or POPA).
Refer to the next section on protected mode initiali-
zation for a discussion on exception 8.

Protected Mode Initialization

To prepare the 80286 for protected mode, the LIDT
instruction is used to load the 24-bit interrupt table
base and 16-bit limit for the protected mode interrupt
table. This instruction can also set a base and limit
for the interrupt vector table in real address mode.
After reset, the interrupt table base is initialized to
000000(H) and its size set to 03FF(H). These values
are compatible with 8086, 88 software. LIDT should
only be executed in preparation for protected mode.

Shutdown

Shutdown occurs when a severe error is detected
that prevents further instruction processing by the
CPU. Shutdown and halt are externally signalled via
a halt bus operation. They can be distinguished by
A4 HIGH for halt and A1 LOW for shutdown. In real
address mode, shutdown can occur under two con-
ditions: .

® Exceptions 8 or 13 happen and the IDT limit does

not include the interrupt vector.

e A CALL INT or PUSH instruction attempts to wrap
around the stack segment when SP is not even.

An NMI input can bring the CPU out of shutdown if
the IDT limit is at least 000F(H) and SP is greater
than 0005(H), otherwise shutdown can only be exit-
ed via the RESET input.

PROTECTED VIRTUAL ADDRESS
MODE

The 80286 executes a fully upward-compatible su-
perset of the 8086 instruction set in protected virtual
address mode (protected mode). Protected mode

_ also provides memory management and protection

3.74

mechanisms and associated instructions.

The 80286 enters- protected virtual address mode
from real address mode by setting the PE (Protec-
tion Enable) bit of the machine status word with the
Load Machine Status Word (LMSW) instruction. Pro-
tected mode offers extended physical and virtual
memory address space, memory protection mecha-
nisms, and new operations to support operating sys-
tems and virtual memory.

All registers, instructions, and addressing modes de-
scribed in the 80286 Base Architecture section of
this Functional Description remain the same. Pro-
grams for the 8086, 88, 186, and real address mode
80286 can be run in protected mode; however, em-
bedded constants for segment selectors are differ-
ent.

Memory Size

The protected mode 80286 provides a 1 gigabyte
virtual address space per task mapped into a 16
megabyte physical address space defined by the ad-
dress pin Ap3_Ag and BHE. The virtual address
space may be larger than the physical address
space since any use of an address that does not
map to a physical memory location will cause a re-
startable exception.

Memory Addressing

As in real address mode, protected mode uses 32-
bit pointers, consisting of 16-bit selector and offset
components. The selector, however, specifies an in-
dex into a memory resident table rather than the up-
per 16-bits of a real memory address. The 24-bit
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base address of the desired segment is obtained
from the tables in memory. The 16-bit offset is add-
ed to the segment base address to form the physical
address as shown in Figure 10. The tables are auto-
matically referenced by the CPU whenever a seg-
ment register is loaded with a selector. All 80286
instructions which load a segment register will refer-
ence the memory based tables without additional
software. The memory based tables contain 8 byte
values called descriptors.

DESCRIPTORS

Descriptors define the use of memory. Special types
of descriptors also define new functions for transfer
of control and task switching. The 80286 has seg-
ment descriptors for.code, stack and data segments,
and system control descriptors for special system
data segments and control transfer operations. De-
scriptor accesses are performed as locked bus op-
erations to assure descriptor mtegnty in multi-proc-
essor systems.

POINTER

PHYSICAL MEMORY
~ ~
~ ~

MEMORY

OPERAND SEQMENT

PHYSICAL
ADDRESS

ADDER

CODE AND DATA SEGMENT DESCRIPTORS

s =1

Besides segment base addresses, code and data
descriptors contain other segment attributes includ-
ing segment size (1 to 64K bytes), access rights
(read only, read/write, execute only, and execute/
read), and presence in memory (for virtual memory
systems) (See Figure 11). Any segment usage vio-
lating a segment attribute indicated by the segment
descriptor will prevent the memory cycle and cause
an exception or interrupt.

Code or Data Segment Descriptor

7 07

T | . T
I AI:IDIIEgsA S | DESCRIPTOR DESCRMOR +7 INTEL RESERVED* +6
] ° ACCESS
K RIGHTSBYTE  *5 plorLlsl 'rlvpls |A BASE23 16 +4
g
~ ~ +3 BASEjso +2
210253-10 L
+1 LIMIT 5o [
. . —
Figure 10. Protected Mode Memory Addressing 15 a7 o
210253-11

Access Rights Byte Definition

*Must be set to 0 for compatibility with 80386.

P osBiltti on Name Function
7 Present (P) P=1 Segment is mapped into physical memory.
P=0 No mapping to physical memory exits, base and limit are
not used.
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests.
Level (DPL)
4 Segment Descrip- S=1 Code or Data (includes stacks) segment descriptor
. tor (S) S=0 System Segment Descriptor or Gate Descriptor
3 Executable (E) E=0 Data segment descriptor type is: If
2 Expansion Direc- ED =0 Expand up segment, offsets must be < limit. Data
tion (ED) ED =1 Expand down segment, offsets must be > limit. Segment
1 Writeable (W) W =0  Data segment may not be written into. (S =1,
T W=1 Data segment may be written into. E = 0)
Fi):: 3 Executable (E) E=1 Code Segment Descriptor type is: If
Definition 2 Conforming (C) C=1 Code segment may only be executed ‘Code
when CPL >DPL and CPL Segment
remains unchanged.
1 Readable (R) R=0 Code segment may not be read Ss=1,
R=1 Code segment may be read. CE=1)
0 Accessed (A) A=0 Segment has not been accessed.
A=1 Segment selector has been loaded into segment register
or used by selector test instructions.

Figure 11. dee and Data Segment Descriptor Formats
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Code and data (including stack data) are stored in
two types of segments: code segments and data
segments. Both types are identified and defined by
segment descriptors (S = 1). Code segments are
identified by the executable (E) bit set to 1 in the
descriptor access rights byte. The access rights byte
of both code and data segment descriptor types
have three fields in common: present (P) bit, De-
scriptor Privilege Level (DPL), and accessed (A) bit.
If P = 0, any attempted use of this segment will
cause a not-present exception. DPL specifies the
privilege level of the segment descriptor. DPL con-
trols when the descriptor may be used by a task
(refer to privilege discussion below). The A bit shows
whether the segment has been previously accessed
for usage profiling, a necessity for virtual memory
systems. The CPU will always set this bit when ac-
cessing the descriptor.

Data segments (S = 1, E = 0) may be either read-
only or read-write as controlled by the W bit of the
access rights byte. Read-only (W = 0) data seg-
ments may not be written into. Data segments may
grow in two directions, as determined by the Expan-
sion Direction (ED) bit: upwards (ED = 0) for data
segments, and downwards (ED = 1) for a segment
containing a stack. The limit field for a data segment
descriptor is interpreted differently depending on the
ED bit (see Figure 11).

A code segment (S = 1, E = 1) may be execute-
only or execute/read as determined by the Read-
able (R) bit. Code segments may never be written
into and execute-only code segments (R = 0) may
not be read. A code segment may also have an attri-
bute called conforming (C). A conforming code seg-
ment may be shared by programs that execute at
different privilege levels. The DPL of a conforming
code segment defines the range of privilege levels
at which the segment may be executed (refer to priv-
ilege discussion below). The limit field identifies the
last byte of a code segment.

SYSTEM SEGMENT DESCRIPTORS (S = 0,
TYPE = 1-3)

In addition to code and data segment descriptors,
the protected mode 80286 defines System Segment
Descriptors. These descriptors define special sys-
tem data segments which contain a table of descrip-
tors (Local Descriptor Table Descriptor) or segments
which contain the execution state of a task (Task
State Segment Descriptor).

Figure 12 gives the formats for the special system
data segment descriptors. The descriptors contain a
24-bit base address of the segment and a 16-bit lim-
it. The access byte defines the type of descriptor, its
state and privilege level. The descriptor contents are
valid and the segment is in physical memory if P =1.
If P = 0, the segment is not valid. The DPL field is
only used in Task State Segment descriptors and
indicates the privilege level at which the descrip-
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tor may be used (see Privilege). Since the Local De-
scriptor Table descriptor may only be used by a spe-
cial privileged instruction, the DPL field is not used.
Bit 4 of the access byte is 0 to indicate that it is a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 12.

System Segment Descriptor

7 07 0

T
+7 INTEL RESERVED® +6

f
+ P]pm.lol lwlPEl I BASE2-16
Il

o

+4

+3

BASE1s9 +2
N

+1 0

LIMITys9
L

15 87 o
210253-12

*Must be set to 0 for compatibility with 80386.

System Segment Descriptor Fields

Name | Value Description
TYPE 1 Available Task State Segment (TSS)
2 Local Descriptor Table
3 Busy Task State Segment (TSS)
P 0 Descriptor contents are not valid
1 Descriptor contents are valid
DPL 0-3 Descriptor Privilege Level
BASE 24-bit | Base Address of special system data
number | segmentin real memory
LIMIT | 16-bit | Offset of last byte in segment
number

Figure 12. System Segment Descriptor Format

GATE DESCRIPTORS (S = 0, TYPE = 4-7)

Gates are used to control access to entry points
within the target code segment. The gate descrip-
tors are call gates, task gates, interrupt gates and
trap gates. Gates provide a level of indirection be-
tween the source and destination of the control
transfer. This indirection allows the CPU to automati-
cally perform protection checks and control entry
point of the destination. Call gates are used to
change privilege levels (see Privilege), task gates
are used to perform a task switch, and interrupt and
trap gates are used to specify interrupt service rou-
tines. The interrupt gate disables interrupts (resets
IF) while the trap gate does not.

Gate Descriptor

07

T
+7 INTEL RESERVED*
N

WORD

* COUNT4-o

o

P)DPLIOI TYPE IX X X[
1 Ll i1

+3 DESTINATION SELECTOR15-2 IX X
1 ),

+1

DESTINATION OFFSET15o
L

]

210253-13
s don’t care)

15 87

*Must be set to 0 for compatibility with 80386 (X i
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Gate Descriptor Fields

Name Value . Description
4 -Call Gate
5 —Task Gate
TYPE 6 ~Interrupt Gate
7 -Trap Gate
P 0 -Descriptor Contents are not
valid
1 —Descriptor Contents are
valid
DPL 0-3 Descriptor Privilege Level
WORD Number of words to copy
COUNT 0-31 from callers stack to called

procedures stack. Only used
with call gate.

Selector to the target code
segment (Call, Interrupt or
Trap Gate)

Selector to the target task

state segment (Task Gate)

Entry point within the target
code segment

DESTINATION | 16-bit
SELECTOR selector

DESTINATION | 16-bit
OFFSET offset

Figure 13. Gate Descriptor Format

Figure 13 shows the format of the gate descriptors.
The descriptor contains a destination pointer that
points to the descriptor of the target segment and
the entry point offset. The destination selector in an
interrupt gate, trap gate, and call gate must refer to a
code segment descriptor. These gate descriptors
contain the entry point to prevent a program from

scriptor privilege level and specifies when this de-
scriptor may be used by a task (refer to privilege
discussion below). Bit 4 must equal 0 to indicate a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 13.

SEGMENT DESCRIPTOR CACHE REGISTERS

A segment descriptor cache register is assigned to
each of the four segment registers (CS, SS, DS, ES).
Segment descriptors are automatically loaded
(cached) into a segment descriptor cache register
(Figure 14) whenever the associated segment regis-
ter is loaded with a selector. Only segment descrip-
tors may be loaded into segment descriptor cache
registers. Once loaded, all references to that seg-
ment of memory use the cached descriptor informa-
tion instead of reaccessing the descriptor. The de-
scriptor cache registers are not visible to programs.
No instructions exist to store their contents. They
only change when a segment register is loaded.

SELECTOR FIELDS

A protected mode selector has three fields: descrip-
tor entry index, local or global descriptor table indi-
cator (Tl), and selector privilege (RPL) as shown in
Figure 15. These fields select one of two memory
based tables of descriptors, select the appropriate
table entry and allow highspeed testing of the selec-
tor’s privilege attribute (refer to privilege discussion
below).

constructing and using an illegal entry point. Task SELECTOR
gates may only refer to a task state segment. Since =
task gates invoke a task switch, the destination off- I T o T I.J "rTl
set is not used in the task gate. 5 3210
Exception 13 is generated when the gate is used if a s — TIReTen
destination selector does not refer to the correct de- "0 | PRWILEGE | LEVEL DEomED . O TVECE
scriptor type. The word count field is used in the call iy
gate descriptor to indicate the number of parameters 2 - T = 0 USE GLOBAL DESoRPTOm e
(0-31 words) to be automatically copied from the INDICATOR (6DT)
caller’s stack to the stack of the called routine when ™ T = iy OCALDESCRIFTORTABLE
a control transfer changes privilege levels. The word
count field is not used by any other gate descriptor. 15-3 | INDEX SELECT DESCRIPTOR ENTRY IN TABLE
The access byte format is the same for all gate de- , 210253-15
scriptors. P = 1 indicates that the gate contents are Figure 15. Selector Fields
valid. P = 0 indicates the contents are not valid and
causes exception 11 if referenced. DPL is the de-
PROGRAM VISIBLE T T T T T T T GrocrammwvisieLe !
: ACCESS |
SEGMENT SELECTORS RIGHTS SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE |
cs : :
os ! ]
“ ! |
ES ! 1
15 ] : 47 40 39 1615 :
SEGMENT REGISTERS ] SEGMENT DESCRIPTOR CACHE REGISTERS ]
(LOADED BY PROGRAM) (AUTOMATICALLY LOADED BY CPU)
RIS gl gty AP Jd 210253-14

Figure 14. Descriptor Cache Registers
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LOCAL AND GLOBAL DESCRIPTOR TABLES

Two tables of descriptors, called descriptor tables,
contain all descriptors accessible by a task at any
given time. A descriptor table is a linear array of up
to 8192 descriptors. The upper 13 bits of the selec-
tor value are an index into a descriptor table. Each
table has a 24-bit base register to locate the descrip-
tor table in physical memory and a 16-bit limit regis-
ter that confine descriptor access to the defined lim-
its of the table as shown in Figure 16. A restartable
exception (13) will occur if an attempt is made to
reference a descriptor outside the table limits.

One table, called the Global Descriptor table (GDT),
contains descriptors available to all tasks. The other
table, called the Local Descriptor Table (LDT), con-
tains descriptors that can be private to a task. Each
task may have its own private LDT. The GDT may
contain all descriptor types except interrupt and trap
descriptors. The LDT may contain only segment,
task gate, and call gate descriptors. A segment can-
not be accessed by a task if its segment descriptor
does not exist in either descriptor table at the time of

access.

MEMORY

CPU o

15

T
GDT LIMIT Go

23

GDT BASE
24-BIT PHYS AD.

LDTy

I LDT LIMIT
23
LDT BASE
24-BIT PHYS AD.

CURRENT
LoT

|
T
|
T
|

LDT,

PROGRAM INVISIBLE | A
(AUTOMATICALLY | ggﬁ
LOADED
FROM LDT DESCR. | § & §
WITHINGDT) | £3 <«
_______ 4 ]
~ X
210253-16

Figure 16. Local and Global
Descriptor Table Definition

The LGDT and LLDT instructions load the base and
limit of the global and local descriptor tables. LGDT
and LLDT are privileged, i.e. they may only be exe-
cuted by trusted programs operating at level 0. The
LGDT instruction loads a six byte field containing the
16-bit table limit and 24-bit physical base address of
the Global Descriptor Table as shown in Figure 17.
The LLDT instruction loads a selector which refers
to a Local Descriptor Table descriptor containing the

base address and limit for an LDT, as shown in Fig-
ure 12.

07

+ BASE23-16

)
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+3 BASE15-0
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+1 LiMITy5-0
1

15 87 o

210253-17
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*Must be set to 0 for compatibility with 80386.

Figure 17. Global Descriptor Table and Interrupt
Descriptor Table Data Type

INTERRUPT DESCRIPTOR TABLE

The protected mode 80286 has a third descriptor
table, called the Interrupt Descriptor Table (IDT)
(see Figure 18), used to define up to 256 interrupts.
It may contain only task gates, interrupt gates and
trap gates. The IDT (Interrupt Descriptor Table) has
a 24-bit physical base and 16-bit limit register in the
CPU. The privileged LIDT instruction loads these
registers with a six byte value of identical form to
that of the LGDT instruction (see Figure 17 and Pro-
tected Mode Initialization).

:: WMEMORY 2\
GATE FOR
INTERRUPT #n
GATE FOR
INTERRUPT #n-1
o INTERRUPT
DESCRIPTOR
CPU { . r TABLE
(IoT)
5 o GATE FOR
- INTERRUPT #1 ¢ a
—‘ GATE FOR 2
INTERRUPT #0 a
IDT BASE £38
= 228
Ia v A v
a Y] ~
210253-18

Figure 18. Interrupt Descriptor Table Definition

References to IDT entries are made via INT instruc-
tions, external interrupt vectors, or exceptions. The
IDT must be at least 256 bytes in size to allocate
space for all reserved interrupts.

Privilege

The 80286 has a four-level hierarchical privilege sys-
tem which controls the use of privileged instructions
and access to descriptors (and their associated seg-
ments) within a task. Four-level privilege, as shown
in Figure 19, is an extension of the user/supervisor
mode commonly found in minicomputers. The privi-
lege levels are numbered 0 through 3. Level 0 is the
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most privileged level. Privilege levels provide protec-
tion within a task. (Tasks are isolated by providing
private LDT’s for each task.) Operating system rou-
tines, interrupt handlers, and other system software
can be included and protected within the virtual ad-
dress space of each task using the four levels of
privilege. Each task in the system has a separate
stack for each of its privilege levels.

Tasks, descriptbrs, and selectors have a privilege

level attribute that determines whether the descrip-’

tor may be used. Task privilege effects the use of
instructions and descriptors. Descriptor and selector
privilege only effect access to the descriptor.

TASK PRIVILEGE

A task always executes at one of the four privilege
levels. The task privilege level at any specific instant
is called the Current Privilege Level (CPL) and is de-
fined by the lower two bits of the CS register. CPL
cannot change during execution in a single code,
segment. A task’s CPL may only be changed by con-
trol transfers through gate descriptors to a new code
segment (See Control Transfer). Tasks begin exe-
cuting at the CPL value specified by the code seg-
ment selector within TSS when the task is initiated
via a task switch operation (See Figure 20). A task
executlng at Level 0.can access all data segments
defined in the GDT and the task’s LDT and is con-
sidered the most trusted level. A task executing a
Level 3 has the most restricted access to data and is
considered the least trusted level.

DESCRIPTOR PRIVILEGE

Descriptor privilege is specified by the Descriptor
Privilege Level (DPL) field of the descriptor access
byte. DPL specifies the least trusted task privilege
level (CPL) at which a task may access the descrip-
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tor. Descriptors with DPL = 0 are the most protect-
ed. Only tasks executing at privilege level 0
(CPL = 0) may access them. Descriptors with. DPL
= 3 are the least protected (i.e. have the least re-
stricted access) since tasks c'an' ‘access them when
CPL =0, 1, 2, or 3. This rule applies to all descrip-
tors, except LDT descriptors.

SELECTOR PRIVILEGE

Selector pnvnege is specified by the Hequested Priv-
ilege Level (RPL) field in the least significant two bits
of a selector. Selector RPL may establish a less
trusted privilege level than the.current privilege level
for the use of a selector. This level is called the
task’s effective privilege level (EPL). RPL can only
reduce the scope of a task’s access to data with this
selector. A task’s effective’privilege ‘is the numeric
maximum of RPL and CPL. A selector with RPL = 0
imposes no additional restriction on its use while a
selector with RPL = 3 can only refer to segments at
privilege Level 3 regardless of the task’s CPL. RPL
is generally used to verify that pointer parameters
passed to a more trusted procedure are not allowed
to.use data at a more privileged level than the caller
(refer to pointer testing instructions).

Descnptor Access and annlege
Validation

Determining the ability of a task to access a seg-
ment involves the type of segment to be accessed,
the instruction used, the type of descriptor used and
CPL, RPL, and DPL. The two basic types of segment
accesses are control transfer (selectors loaded into
CS) and data (selectors loaded into DS, ES or SS).

DATA SEGMENT ACCESS

Instructions that load selectors into DS and ES ‘must
refer to a data segment descriptor or readable code
segment descriptor. The CPL of the task and the
RPL of the selector must be the same as or more
privileged (numerically equal to or lower than) than
the descriptor DPL. In general, a task can only ac-
cess data segments at the same or less privileged
levels than the CPL or RPL (whichever is numerically
higher) to prevent a program from accessing data it
cannot be trusted to use.

An exception to the rule is a readable conforming
code segment. This type of code segment can be
read from any privilege level.

If the privilege checks fail (e.g. DPL is numerically
less than the maximum of CPL and RPL) or an incor-
rect type of descriptor is referenced (e.g. gate de-
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scriptor or execute only code segment).exception 13
occurs. If the segment is not present, exception 11
is generated.

Instructions that load selectors into SS must refer to
data segment descriptors for writable data seg-
ments. The descriptor privilege (DPL) and RPL must
equal CPL. All other descriptor types or a privilege
level violation will cause exception 13. A not present
fault causes exception 12.

CONTROL TRANSFER

Four types of control transfer can occur when a se-
lector is loaded into CS by a control transfer opera-
tion (see Table 10). Each transfer type can only oc-
cur if the operation which loaded the selector refer-
ences the correct descriptor type. Any violation of
these descriptor usage rules (e.g. JMP through a call
gate or RET to a Task State Segment) will cause
exception 13.

The ability to reference a descriptor for control trans-
fer is also subject to rules of privilege. A CALL or
JUMP instruction' may only reference a code seg-
ment descriptor with DPL equal to the task CPL or a
conforming segment with DPL of equal or greater
privilege than CPL. The RPL of the selector used to
reference the code descriptor must have as much
privilege as CPL.

RET and IRET instructions may only reference code
segment descriptors with descriptor privilege equal
to or less privileged than the task CPL. The selector
loaded into CS is the return address from the stack.
After the return, the selector RPL is the task’s new
CPL. If CPL changes, the old stack pointer is popped
after the return address.

When a JMP or CALL references a Task State Seg-
ment descriptor, the descriptor DPL must be the
same or less privileged than the task’s CPL. Refer-

ence to a valid Task State Segment descriptor caus-
es a task switch (see Task Switch Operation). Refer-
ence to a Task State Segment descriptor at a more
privileged level than the task’s CPL generates ex-
ception 13. .

When an instruction or interrupt references a gate
descriptor, the gate DPL must have the same or less
privilege than the task CPL. If DPL is at a more privi-
leged level than CPL, exeception 13 occurs. If the
destination selector contained in the gate refer-
ences a code segment descriptor, the code seg-
ment descriptor DPL must be the same or more priv-
ileged than the task CPL. If not, Exception 13 is is-
sued. After the control transfer, the code segment
descriptors DPL is the task’s new CPL. If the desti-
nation selector in the gate references a task state
segment, a task switch is automatically performed
(see Task Switch Operation).

The privilege rules on control transfer require:

— JMP or CALL direct to a code segment (code
segment descriptor) can only be to a conforming
segment with DPL of equal or greater privilege
than CPL or a non-conforming segment at the
same privilege level.

— interrupts within the task or calls that may
change privilege levels, can only transfer control
through a gate at the same or a less privileged
level than CPL to a code segment at the same or
more privileged level than CPL.

— return instructions that don’t switch tasks can
only return control to a code segment at the
same or less privileged level.

— task switch can be performed by a call, jump or
interrupt which references either a task gate or
task state segment at the same or less privileged
level.

Table 10. Descriptor Types Used for Control Transfer

Descriptor Descriptor
Control Transfer Types Operation Types Referenced Table
Intersegment within the same privilege level JMP, CALL, RET, IRET* | Code Segment | GDT/LDT
In}efsegment to the same or higher privilege level Interrupt | CALL " Call Gate GDT/LDT
within task may change CPL. Interrupt Instruction, Trap or IDT
Exception, External Interrupt
Interrupt Gate
Intersegment to a lower privilege level (changes task CPL) RET, IRET* Code Segment | GDT/LDT
CALL, JMP Task State GDT
Segment
' Task Switch CALL, JMP Task Gate GDT/LDT
IRET**
Interrupt Instruction,
Exception, External Task Gate ol
Interrupt

*NT (Nested Task bit of flag word) = 0
**NT (Nested Task bit of flag word) = 1
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PRIVILEGE LEVEL CHANGES

Any control transfer that changes CPL within the
task, causes a change of stacks as. part of the oper-
ation. Initial values of SS:SP for privilege levels 0, 1,
and 2 are kept in the task state segment (refer to
Task Switch Operation). During a JMP or CALL con-
trol transfer, the new stack pointer is loaded into the
SS and SP registers and the previous stack pointer
is pushed onto the new stack.

When returning to the original privilege level, its
stack is restored as part of the RET or IRET instruc-
tion operation. For subroutine calls that pass param-
eters on the stack and cross privilege levels, a fixed
number of words, as specified in the gate, are cop-
ied from the previous stack to the current stack. The
inter-segment RET instruction with a stack adjust-

ment value will correctly restore the previous stack °

pointer upon return.

Protection

The 80286 includes mechanisms to protect critical
instructions that affect the CPU execution state (e.g.
HLT) and code or data segments from improper us-
age. These protection mechanisms are grouped into
three forms:

Restricted usage of segments (e.g. no write al-
lowed to read-only data segments). The only seg-
ments available for use are defined by descrip-
tors. in the Local Descriptor Table (LDT) and
Global Descriptor Table (GDT).

Restricted access to segments via the rules of
privilege and descriptor usage.

Privileged instructions or operations that may
only be executed at certain privilege levels as de-
termined by the CPL and 1/0O Privilege Level
(IOPL). The IOPL is defined by bits 14 and 13 of
the flag word.

These checks are performed for all instructions and
can be split into three categories: segment load
checks (Table 11), operand reference checks (Table
12), and privileged instruction checks (Table 13).
Any violation of the rules shown will result in an ex-
ception. A not-present exception related to the stack
segment causes exception 12.

The IRET and POPF instructions ‘do not perform
some of their defined functions if CPL is not of suffi-
cient privilege (numerically small enough). Precisely
these are:

© The IF bitis not changed if CPL > 1OPL.
® The IOPL field of the flag word is not changed if
CPL >-0.

No exceptions -or other indication are given when
these conditions occur.
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Table 11
Segment Register Load Checks

Exception

Error Description Number

Descriptor-table limit exceeded 13

Segment descriptor not-present 110r12

Privilege rules violated 13

Invalid descriptor/segment type seg-
ment register load:
—Read only data segment load to
Ss
—Special Control descriptor load to
DS, ES,SS -
—Execute only segment load to
DS, ES, SS
—Data segment load to CS
—Read/Execute code segment
load to SS

13"

Table 12. Operand Reference Checks

. Exception
Error Description ‘ Number
. Write into code segment 13
Read from execute-only code
segment 13
Write to read-only data segment 13
Segment limit exceeded? 120r13

NOTE:
Carry out in offset calculations is ignored.

Table 13. Privileged Instruction Checks

Exception
Number

Error Description

CPL = 0 when executing the following
instructions:
LIDT, LLDT, LGDT, LTR, LMSW,
CTS,HLT

CPL > IOPL when executing the fol-
lowing instructions:
INS, IN; OUTS, OUT, STI, CLI,

13

13

LOCK

EXCEPTIONS

The 80286 detects several types of exceptions and
interrupts, in protected mode (see Table 14). Most
are restartable after the exceptional condition is re-
moved. Interrupt handlers for most exceptions can
read an error code, pushed on the stack after the
return address, that identifies the selector involved
(0 if none). The return address normally points to the
failing instruction, including all leading prefixes. For a
processor extension segment overrun exception,
the return address will not point at the ESC instruc-
tion that caused the exception; however, the proces-
sor extension registers may contain:the address of
the failing instruction.
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Table 14. Protected Mode Exceptions

Return
Always Error
Interrupt Function Address Restart- Code
Vector At Falling able? on Stack?
Instruction?
8 Double exception detected Yes No2 Yes
9 Processor extension segment overrun No No2 No
10 Invalid task state segment Yes Yes Yes
1 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yes! Yes
13 General protection Yes No2 Yes
NOTE:

1. When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception
will not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the
saved SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H).
2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted

under those conditions.

These exceptions indicate a violation to privilege
rules or usage rules has occurred. Restart is gener-
ally not attempted under those conditions.

All these checks are performed for all instructions
and can be split into three categories: segment load
checks (Table 11), operand reference checks (Table
12), and privileged instruction checks (Table 13).
Any violation of the rules shown will result in an ex-
ception. A not-present exception causes exception
11 or 12 and is restartable.

Special Operations

TASK SWITCH OPERATION

The 80286 provides a built-in task switch operation

which saves the entire 80286 execution state (regis-

Saves T CVLT0 CACLW sSiawe

ters, address space, and a link to the previous task)
loads a new execution state, and commences exe-
cution in the new task. Like gates, the task switch
operation is invoked by executing an inter-segment
JMP or CALL instruction which refers to a Task
State Segment (TSS) or task gate descriptor in the
GDT or LDT. An INT n instruction, exception, or ex-
ternal interrupt may also invoke the task switch op-
eration by selecting a task gate descriptor in the as-
sociated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure
20) containing the entire 80286 execution state
while a task gate descriptor contains a TSS selector.
The limit field of the descriptor must be >002B(H).

Each task must have a TSS associated with it. The
current TSS is identified by a special register in the
80286 called the Task Register (TR). This register
contains a selector referring to the task state seg-
ment descriptor that defines the current TSS. A hid-
den base and limit register associated with TR are
loaded whenever TR is loaded with a new selector.

The IRET instruction is used to return control to the
task that called the current task or was interrupted.
Bit 14 in the flag register is called the Nested Task
(NT) bit. It controls the function of the IRET instruc-
tion. If NT = 0, the IRET instruction performs the
regular current task by popping values off the stack;
when NT = 1, IRET performs a task switch opera-
tion back to the previous task.

When a CALL, JMP, or INT instruction initiates a
task switch, the old (except for case of JMP) and
new TSS will be marked busy and the back link field
of the new TSS set to the old TSS selector. The NT
bit of the new task is set by CALL or INT initiated
task switches. An interrupt that does not cause a
task switch will clear NT. NT may also be set or
cleared by POPF or IRET instructions. .

‘The task state segment is marked busy by changing
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the descriptor type field from Type 1 to Type 3. Use
of a selector that references a busy task state seg-
ment causes Exception 13.

PROCESSOR EXTENSION CONTEXT
SWITCHING

The context of a processor extension (such as the
80287 numerics processor) is not changed by the
task switch operation. A processor extension con-
text need only be changed when a different task at-
tempts to use the processor extension (which still
contains the context of a previous task). The 80286
detects the first use of a processor extension after a
task switch by causing the processor extension not
present exception (7). The interrupt handler may
then decide whether a context change is necessary.

Whenever the 80286 switches tasks, it sets the Task
Switched (TS) bit of the MSW. TS indicates that a
processor extension context may belong to a differ-
ent task than the current one. The processor exten-
sion not present exception (7) will occur when at-
tempting to execute an ESC or WAIT instruction if
TS=1 and a processor extension is present (MP=1
in MSW).
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POINTER TESTING INSTRUCTIONS tions use the memory management hardware to ver-
ify that a selector value refers to an appropriate seg-

The 80286 provides several instructions to speed ment without risking an exception. A condition flag

pointer testing and consistency checks for maintain- (ZF) indicates whether use of the selector or seg-
ing system integrity (see Table 15). These instruc- ment will cause an exception.
\
~ 2; :
CcPU
‘ INTEL REISERVED TYPE DESCRI
TASK REGISTER D
N P t 0 |TYPE| BASE23-16 1 AN AVAILABLE TASK STATE
LAl SEGMENT. MAY BE USED AS
. THE DESTINATION OF A TASK
, BASEy5-0 bl SWITCH OPERATION.
b 1 | ‘
] [} | 3 A BUSY TASK STATE SEGMENT.
] 1 LIMITys o CANNOT BE USED AS THE
i " L I DESTINATION OF A TASK
] SWITCH.
l o ___ 3
I 1 s i
1 [
I 1 :l"
[ARU S | Fovie -
1 15 of oFFser
TASK LDT SELECTOR 42
DS SELECTOR 40
SS SELECTOR 38
SEGMENT IS NOT PRESENT IN
CS SELECTOR 36 MEMORY, BASE AND LIMIT ARE NOT
DEFINED
ES SELECTOR 34 i
> ] . 32
Sl 30
aP 28 | CURRENT
TASK
sP 26 | STATE
BX 24
TASK DX 22
= STATE
SEGMENT CX 20
AX 18
FLAG WORD 16
IP (ENTRY POINT) : 14
SSFORCPL 2 12
SP FORCPL 2 10
SSFORCPL 1 8 | INITIAL
STACKS .
SPFORCPL 1 6 r FORCPLO,1,2
SSFORCPLO . . L}
SP FOR CPL 0 2
BACK LINK SELECTOR TO TSS [}
3 x
210253-20

Figure 20. Task State Segment and TSS Registers
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Table 15. 80286 Pointer Test Instructions

Function

Adjust Requested Privilege
Level: adjusts the RPL of
the selector to the numeric
maximum of current selec-
tor RPL value and the RPL
value in the register. Set
zero flag if selector RPL
was changed by ARPL.

VERIfy for Read: sets the
zero flag if the segment re-
ferred to by the selector
can.be read.

VERIfy for Write: sets the
zero flag if the segment re-
ferred to by the selector
can be written.

Load Segment Limit: reads
the segment limit into the
register if privilege rules
and descriptor type allow.
Set zero flag if successful.

Instruction
ARPL

Operands

Selector,
Register

VERR Selector

VERW Selector

LSL Register,

Selector

LAR Load Access Rights: reads
the descriptor access
rights byte into the register

if privilege rules allow. Set

Register,
Selector

zero flag if successful.

DOUBLE FAULT AND SHUTDOWN

If two separate exceptions are detected during a sin-
gle instruction execution, the 80286 performs the
double fault exception (8). If an execution occurs
during processing of the double fault exception, the
80286 will enter shutdown. During shutdown no fur-
ther instructions or exceptions are processed. Either
NMI (CPU remains in protected mode) or RESET
(CPU exits protected mode) can force the 80286 out
of shutdown. Shutdown is externally signalled via a
HALT bus operation with A1 LOW.

PROTECTED MODE INITIALIZATION

The 80286 initially executes in real address mode
after RESET. To allow initialization code to be
placed at the top of physical memory, Axz—Ayq will
be HIGH when the 80286 performs memory refer-
ences relative to the CS register until CS is changed.
Ag3—Ayg will be zero for references to the DS, ES, or
SS segments. Changing CS in real address mode
will force Aaz—Apg LOW whenever CS is used again.
The initial CS:IP value of FOOO:FFFO provides 64K
bytes of code space for initialization code without
changing CS.

Protected mode operation requires several registers
to be initialized. The GDT and IDT base registers
must refer to a valid GDT and IDT. After executing
the LMSW instruction to set PE, the 80286 must im-

mediately execute an intra-segment JMP instruction
to clear the instruction queue of instructions decod-
ed in real address mode.

To force the 80286 CPU registers to match the initial
protected mode state assumed by software, execute
a JMP instruction with a selector referring to the ini-
tial TSS used in the system. This will load the task
register, local descriptor table register, segment reg-
isters and initial general register state. The TR
should point at a valid TSS since any task switch
operation involves saving the current task state.

SYSTEM INTERFACE

The 80286 system interface appears in two forms: a
local bus and a system bus. The local bus consists
of address, data, status, and control signals at the
pins of the CPU. A system bus is any buffered ver-
sion of the local bus. A system bus may also differ
from the local bus in terms of coding of status and
control lines and/or timing and loading of signals.
The 80286 family includes several devices to gener-
ate standard system buses such as the |IEEE 796
standard MULTIBUS.

Bus Interface Signals and Timing
The 80286 microsystem local bus interfaces the

80286 to local memory and |/O components. The
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interface has 24 address lines, 16 data lines, and 8
status and control signals.

The 80286 CPU, 82C284 clock generator, 82C288
bus controller, tranceivers, and latches provide a
buffered and decoded system bus interface. The
820284 generates the system clock and synchroniz-
es READY and RESET. The 82C288 converts bus
operation status encoded by the 80286 into com-
mand and bus control signals. These components
can provide the timing and electrical power drive lev-
els required for most system bus interfaces including
the Multibus. .

Physical Memory and 1/0 Interface

A maximum of 16 megabytes of physical memory
can be addressed in protected mode. One mega-
byte can be addressed in real address mode. Memo-
ry is accessible as bytes or words. Words consist of
any two consecutive bytes addressed with the least
significant byte stored in the lowest address.

Byte transfers occur on either half of the 16-bit local
data bus. Even bytes are accessed over D7_g while
odd bytes are transferred over Di5_g. Even-ad-
dressed words are transferred over Di5_¢ in one
bus cycle, while odd-addressed word require two
bus operations. The first transfers data on D15_g,
and the second transfers data on D;7_g. Both byte
data transfers occur automatically, transparent to
software.
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Two bus signals, Ag and BHE, control transfers over
the lower and upper halves of the data bus. Even
address byte transfers are indicated by Ag LOW and
BHE HIGH. Odd address byte transfers are indicat-
ed by Ag HIGH and BHE LOW. Both Ag and BHE are
LOW for even address word transfers.

The 1/0 address space contains 64K addresses in
both modes. The I/0 space is accessible as either
bytes or words, as is memory. Byte wide peripheral
devices may be attached to either the upper or lower
byte of the data bus. Byte-wide 1/0 devices attached
to the upper data byte (D15-g) are accessed with
odd 1/0 addresses. Devices on the lower data byte
are accessed with even I/0 addresses. An interrupt
controller such as Intel's 8259A must be connected
to the lower data byte (D7_¢) for proper return of the
interrupt vector.

Bus Operation

The 80286 uses a double frequency system ciock
(CLK input) to control bus timing. All signals on the
local bus are measured relative to the system CLK
input. The CPU divides the system clock by 2 to pro-
duce the internal processor clock, which determines
bus state. Each processor clock is composed of two
system clock cycles named phase 1 and phase 2.
The 82C284 clock generator output (PCLK) identi-
fies the next phase of the processor clock. (See Fig-
ure 21.) '

|«——— ONE PROCESSOR CLOCK CYCLE————
|<¢———————— ONE BUS T STATE

PHASE 1

OF PROCESSOR
CLOCK CYCLE

PHASE 2
‘OF PROCESSOR —»|
CLOCK CYCLE

CLK

<«— ONE SYSTEM
CLK CYCLE

PCLK __/-—_—-—_\___—/—

210253-21

Figure 21. System and Processor
Clock Relationships

Six types of bus operations are supported; memory
read, memory write, |/0 read, 1/0 write, interrupt ac-
knowledge, and halt/shutdown. Data can be trans-
ferred at a maximum rate of one word per two proc-
essor clock cycles.

The 80286 bus has three basic states: idle (T;), send
status (Tg), and perform command (T¢). The 80286
CPU also has a fourth local bus state called hold
(Th). Th indicates that the 80286 has surrendered
control of the local bus to another bus master in
response to a HOLD request.

Each bus state is one processor clock long. Figure
22 shows the four 80286 local bus states and al-
lowed transitions.
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Figure 22. 80286 Bus States

Bus States

The idle (T;) state indicates that no data transfers
are in progress or requested. The first active state
Tg is signaled by status line S1 or SO going LOW
and identifying phase 1 of the processor clock. Dur-
ing Ts, the command encoding, the address, and
data (for a write operation) are available on the
80286 output pins. The 82C288 bus controller de-
codes the status signals and generates Multibus
compatible read/write command and local trans-
ceiver control signals.

After Tg, the perform command (Tg) state is en-
tered. Memory or I/0O devices respond to the bus
operation during Tg, either transferring read data to
the CPU or accepting write data. Tg states may be
repeated as often as necessary to assure sufficient
time for the memory or I/0 device to respond. The
READY signal determines whether T is repeated. A
repeated Tg state is called a wait state.

During hold (Th), the 80286 will float all address,
data, and status output pins enabling another bus
master to use the local bus. The 80286 HOLD input
signal is used to place the 80286 into the T, state.
The 80286 HLDA output signal indicates that the
CPU has entered T,

Pipelined Addressing

The 80286 uses a local bus interface with pipelined
timing to allow as much time as possible for data
access. Pipelined timing allows a new bus operation
to be initiated every two processor cycles, while al-
lowing each individual bus operation to last for three
processor cycles.

The timing of the address outputs is pipelined such
that the address of the next bus operation becomes
available during the current bus operation. Or in oth-
er words, the first clock of the next bus operation is
overlapped with the last clock of the current bus op-
eration. Therefore, address decode and routing logic
can operate in advance of the next bus operation.
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Figure 23. Basic Bus Cycle

External address latches may hold the address sta-
ble for the entire bus operation, and provide addi-
tional AC and DC buffering.

The 80286 does not maintain the address of the cur-
rent bus operation during all T states. Instead, the
address for the next bus operation may be emitted
during phase 2 of any T.. The address remains valid
during phase 1 of the first T to guarantee hold time,
relative to ALE, for the address latch inputs.

Bus Control Signals

The 82C288 bus controller provides control signals;
address latch enable (ALE), Read/Write commands,
‘data transmit/receive (DT/R), and data enable
(DEN) that control the address latches, data trans-
ceivers, write enable, and output enable for memory
and /0 systems. :

The Address Latch Enable (ALE) output determines
when the address may be latched. ALE provides at
least one system CLK period of address hold time
from the end of the previous bus operation until the
address for the next bus operation appears at the
latch outputs. This address hold time is required to
support MULTIBUS and common memory systems.

The data bus transceivers are controlled by 82C288
outputs Data Enable (DEN) and Data Transmit/Re-
ceive (DT/R).'DEN enables the data transceivers;
while DT/R controls tranceiver direction. DEN and
DT/R are timed to prevent bus contention between
the bus master, data bus transceivers, and system
data bus transceivers.
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Command Timing Controls

Two system timing customization options, command
extension and command delay, are provided on the
80286 local bus.

Command extension allows additional time for exter-
nal devices to respond to a command and is analo-
gous to inserting wait states on the 8086. External
logic can control the duration of any bus operation
such that the operation is only as long as necessary.
The READY input signal can extend any bus opera-
tion for as long as necessary.

Command delay allows an increase of address or
write data setup time to system bus command active
for any bus operation by delaying when the system
bus command becomes active. Command delay is
controlled by the 82C288 CMDLY input. After Tg,
the bus controller samples CMDLY at each failing
edge of CLK. If CMDLY is HIGH, the 82C288 will not
activate the command signal. When CMDLY is LOW,
the 82C288 will activate the command signal. After
the command becomes active, the CMDLY input is
not sampled.

When a command is delayed, the available re-
sponse time from command active to return read
data or accept write data is less. To customize sys-
tem bus timing, an address decoder can determine
which bus operations require delaying the com-
mand. The CMDLY input does not affect the timing
of ALE, DEN, or DT/R.
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Figure 24. CMDLY Controls the Leading Edge of Command Signal

Figure 24 illustrates four uses of CMDLY. Example 1
shows delaying the read command two system
CLKs for cycle N-1 and no delay for cycle N, and
example 2 shows delaying the read command one
system CLK for cycle N-1 and one system CLK de-
lay for cycle N.

Bus Cycle Termination

At maximum transfer rates, the 80286 bus alternates
between the status and command states. The bus
status signals become inactive after Tg so that they
may correctly signal the start of the next bus opera-
tion after the completion of the current cycle. No
external indication of T exists on the 80286 local
bus. The bus master and bus controller enter T, di-
rectly after T and continue executing T cycles until
terminated by READY.

READY Operation

The current bus master and 82C288 bus controller
terminate each bus operation simultaneously to
achieve maximum bus operation bandwidth. Both
are informed in advance by READY active (open-
collector output from 82C284) which identifies the
last Tg cycle of the current bus operation. The bus
master and bus controller must see the same sense
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of the READY signal, thereby requiring READY be
synchronous to the system clock.

Synchronous Ready

The 82C284 clock generator provides READY syn-
chronization from both synchronous and asynchro-
nous sources (see Figure 25). The synchronous
ready input (SRDY) of the clock generator is sam-
pled with the falling edge of CLK at the end of phase
1 of each T¢. The state of SRDY is then broadcast to
the bus master and bus controller via the READY
output line.

Asynchronous Ready

Many systems have devices or subsystems that are
asynchronous to the system clock. As a result, their
ready outputs cannot be guaranteed to meet the
82C284 SRDY setup and hold time requirements.
But the 82C284 asynchronous ready input (ARDY) is
designed to accept such signals. The ARDY input is
sampled at the beginning of each Tg cycle by
82C284 synchronization logic. This provides one
system CLK cycle time to resolve its value before
broadcasting it to the bus master and bus controller.

/
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Figure 25. Synchronous and Asynchronous Ready

ARDY or ARDYEN must be HIGH at the end of Tg.
ARDY cannot be used to terminate bus cycle with no
wait states.

Each ready input of the 82C284 has an enable pin
(SRDYEN and ARDYEN) to select whether. the cur-
rent bus operation will be terminated by the synchro-
nous or asynchronous ready. Either of the ready in-
puts may terminate a bus operation. These enable
inputs are active low and have the same timing as
their respective ready inputs. Address decode logic
usually selects whether the current bus operation
should be terminated by ARDY or SRDY.

Data Bus Control

Figures 26, 27, and 28 show how the DT/R, DEN,
data bus, and address signals operate for different
combinations of read, write, and idle bus operations.
DT/R goes active (LOW) for a read operation. DT/R
remains HIGH before, during, and between write op-
erations.
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The data bus is driven with write data during the
second phase of Tg. The delay in write data timing
allows the read data drivers, from a previous read
cycle, sufficient time to enter 3-state OFF before the
80286 CPU begins driving the local data bus for
write operations. Write data will always remain valid
for one system clock past the last T to provide suffi-
cient hold time for Multibus or other similar memory
or 1/0 systems. During write-read or write-idle se-
quences the data bus enters 3-state OFF during the
second phase of the processor cycle after the last
Te. In a write-write sequence the data bus does not
enter 3-state OFF between T¢ and Ts.

Bus Usage

The 80286 local bus may be used for several func-
tions: instruction data transfers, data transfers by
other bus masters, instruction fetching, processor
extension data transfers, interrupt acknowledge, and
halt/shutdown. This section describes local bus ac-
tivities which have special signals or requirements.
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Figure 26. Back to Back Read-Write Cycles
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Figure 27. Back to Back Write-Read Cycles -
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Figure 28. Back to Back Write-Write Cycles

HOLD and HLDA

HOLD AND HLDA allow another bus master to gain
control of the local bus by placing the 80286 bus into
the Ty state. The sequence of events required to
pass control between the 80286 and another local
bus master are shown in Figure 29.

In this example, the 80286 is initially in the Ty, state
as signaled by HLDA being active. Upon leaving T,
as signaled by HLDA going inactive, a write opera-
tion is started. During the write operation another
local bus master requests the local bus from the
80286 as shown by the HOLD signal. After complet-
ing the write operation, the 80286 performs one T
bus cycle, to guarantee write data hold time, then
enters Th, as signaled by HLDA going active.

The CMDLY signal and ARDY ready are used to
start and stop the write bus command, respectively.
Note that SRDY must be inactive or disabled by
SRDYEN to guarantee ARDY will terminate the cy-
cle.

HOLD must not be active during the time from the

leading edge of RESET until 34 CLKs following the

trailing edge of RESET.
Lock

The CPU asserts an active lock signal during Inter-
rupt-Acknowledge cycles, the XCHG instruction, and
during some descriptor accesses. Lock is also as-
serted when the LOCK prefix is .used. The LOCK
prefix may be used with the following ASM-286 as-
sembly instructions; MOVS, INS, and OUTS. For bus
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cycles other than Interrupt-Acknowledge cycles,
Lock will be active for the first and subsequent cy-
cles of a series of cycles to be locked. Lock will not
be shown active during the last cycle to be locked.
For the next-to-last cycle, Lock will become inactive
at the end of the first T regardless of the number of
wait-states inserted. For Interrupt-Acknowledge cy-
cles, Lock will be active for each cycle, and will be-
come inactive at the end of the first T for each cy-
cleregardless of the number of wait-states inserted.

Instruction Fetching

The 80286 Bus Unit (BU) will fetch instructions
ahead of the current instruction being executed. This
activity is called prefetching. It occurs when the local
bus would otherwise be idle and obeys the following
rules:

A prefetch bus operation starts when at least two
bytes of the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches
independent of the byte alignment of the code seg-
ment base in physical memory.

The prefetcher will perform only a byte code fetch
operation for control transfers to an instruction be-
ginning on a numerically odd physical address.

Prefetching stops whenever a control transfer or
HLT instruction is decoded by the IU and placed into
the instruction queue.

In real address mode, the prefetcher may fetch up to
6 bytes beyond the last control transfer or HLT in-
struction in a code segment.
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In protected mode, the prefetcher will never cause a If the last byte of a code segment appears on an
segment overrun exception. The prefetcher stops at even physical memory address, the prefetcher will
the last physical memory word of the code segment. read the next physical byte of memory (perform a

Exception 13 will occur if the program attempts to word code fetch). The value of this byte is ignored
execute beyond the last full instruction in the code and any attempt to execute it causes exception 13.
segment.
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NOTES:

1. Status lines are not driven by 80286, yet remain high due to pullup resistors in 82C284 during HOLD state.

2. Address, M/1O and COD/INTA may start floating dunng any Tg depending on when internal 80286 bus arbiter de-
cides to release bus to external HOLD. The float starts in $2 of T¢.

3. BHE and LOCK may start floating after the end of any T depending on when internal 80286 bus arbiter decides to
release bus to external HOLD. The float starts in $1 of Tg.

4. The minimum HOLD to HLDA time is shown. Maximum is one Ty longer.

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown.

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other
machine state (i.e., Interrupts, Waits, Lock, etc.).

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn-
chronous ready state is ignored after ready is signaled via the asynchronous input.

Figure 29. MULTIBUS® Write Terminated by Asynchronous Ready with Bus Hold
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Processor Extension Transfers

The processor extension interface uses |/0 port ad-
dresses 00F8(H), 00FA(H), and 00FC(H) which are
part of the I/0 port address range reserved by Intel.
An ESC instruction with Machine Status Word bits
EM = 0and TS = 0 will perform I/0 bus operations
to one or more of these 1/0 port addresses indepen-
dent of the value of IOPL and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor exten-
sion operand transfers. The CPU will determine the
operand starting address and read/write status of
the instruction. For each operand transfer, two or
three bus operations are performed, one word trans-
fer with 1/0 port address 00FA(H) and one or two
bus operations with memory. Three bus operations
are required for each word operand aligned on an
odd byte address.

NOTE:
Odd-aligned numerics operands should be avoided
when using an 80286 system running six or more
memory-write wait states. The 80286 can generate
an incorrect numerics address if all the following
conditions are met:

Two floating point (FP) instructions are fetched
and in the 80286 queue.

The first FP instruction is any floating point store
except FSTSW AX.

The second FP instruction accesses memory.

The operand of the first instruction is aligned on
an odd memory address.

Six or more wait states are inserted during either
of the last two memory write (odd aligned oper-
ands are transferred as two bytes) transfers of
the first instruction.

The second FP operand’s address will be incre-
mented by one if these conditions are met. These
conditions are most likely to occur in a multi-master
system. For a hardware solution, contact your local
Intel representative.

Commands to the numerics coprocessor should not
be delayed by nine or more T-states. Excessive
(nine or more) command-delays can cause the
80286 and 80287 to lose synchronization.

Interrupt Acknowiedge Sequence

Figure 30 illustrates an interrupt acknowledge se-
quence performed by the 80286 in response to an
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INTR input. An interrupt acknowledge sequence
consists of two INTA bus operations. The first allows
a master 8259A Programmable Interrupt Controller
(PIC) to determine which if any of its slaves should
return the interrupt vector. An eight bit vector is read
on DO-D7 of the 80286 during the second INTA bus
operation to select an interrupt handler routine from
the interrupt table.

The Master Cascade Enable (MCE) signal of the
82C288 is used to enable the cascade address driv-
ers, during INTA bus operations (See Figure 30),
onto the local address bus for distribution to slave
interrupt controllers via the system address bus. The
80286 emits the LOCK signal (active LOW) during Tg
of the first INTA bus operation. A local bus “hold”
request will not be honored until the end of the sec-
ond INTA bus operation.

Three idle processor clocks are provided by the
80286 between INTA bus operations to allow for the
minimum INTA to INTA time and CAS (cascade ad-
dress) out delay of the 8259A. The second INTA bus
operation must always have at least one extra T¢
state added via logic controlling READY. This is
needed to meet the 8259A minimum INTA pulse
width.

Local Bus Usage Priorities

The 80286 local bus is shared among several inter-
nal units and external HOLD requests. In case of
simultaneous requests, their relative priorities are:

(Highest) Any transfers which assert LOCK either
explicitly (via the LOCK instruction prefix)
or implicitly (i.e. some segment descriptor
accesses, interrupt acknowledge se-
qguence, or an XCHG with memory).

The second of the two byte bus opera-
tions required for an odd aligned word op-
erand.

The second or third cycle of a processor
extension data transfer.

Local bus request via HOLD input.

Processor extension data operand trans-
fer via PEREQ input.

Data transfer performed by EU as part of
an instruction.

An instruction prefetch request from BU.
The EU will inhibit prefetching two proc-
essor clocks in advance of any .data
transfers to minimize waiting by EU for a
prefetch to finish.

(Lowest)
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1. Data is ignored, upper data bus, Dg-D1s, should not change state during this time.

2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse wndth

3. Second INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.

4. TOCK is active for the first INTA cycle to prevent the bus arbiter from releasing the bus between INTA cycles in a
multi-master system. LOCK is also active for the second INTA cycle.

5. Agg—Ag exits 3-state OFF during ¢2 of the second Tg in the INTA cycle.

6. Upper data bus should not change state during this time.
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‘Figure 30. Interrupt Acknowledge Sequence .

Halt or Shutdown Cycles

The 80286 externally indicates: halt or shutdown
conditions as a bus operation. These conditions oc-
cur due to a HLT instruction or multiple protection
exceptions while attempting to execute one instruc-
tion. A halt or shutdown bus operation is sngnalled
when 51, SO and COD/INTA are LOW.and M/10 is
HIGH. A4 HIGH indicates halt, and Ay LOW indi-
cates shutdown. The 82C288 bus controller does
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not issue ALE, nor is READY required to terminate a
halt or shutdown bus operation.

During halt or shutdown, the 80286. may service
PEREQ or HOLD requests. A processor extension
segment overrun exception during shutdown will in-
hibit further service of PEREQ. Either NMI or RESET
will force the 80286 out of either halt or shutdown.
An INTR, if interrupts are enabled, or a processor
extension segment overrun exception will also force
the 80286 out of halt.
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Figure 31. Basic 80286 System Configuration

SYSTEM CONFIGURATIONS

The versatile bus structure of the 80286 microsys-
tem, with a full complement of support chips, allows
flexible configuration of a wide range of systems.
The basic configuration, shown in Figure 31, is simi-
lar to an 8086 maximum mode system. It includes
the CPU plus an 8259A interrupt controller, 82C284
clock generator, and the 82C288 Bus Controller.

As indicated by the dashed lines in Figure 31, the
ability to add processor extensions is an integral fea-
ture of 80286 microsystems. The processor exten-
sion interface allows external hardware to perform
special functions and transfer data concurrent with
CPU execution of other instructions. Full system in-
tegrity is maintained because the 80286 supervises
all data transfers and instruction execution for the
processor extension. *
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The 80287 has all the instructions and data types of
an 8087. The 80287 NPX can perform numeric cal-
culations and data transfers concurrently with CPU
program execution. Numerics code and data have
the same integrity as all other information protected
by the 80286 protection mechanism. :

The 80286 can overlap chip select decoding and ad-
dress propagation during the data transfer for the
previous bus operation. This information is latched
by ALE during the middle of a T cycle. The latched
chip select and address information remains stable
during the bus operation while the next cycle’s ad-
dress is being decoded and propagated into the sys-
tem. Decode logic can be implemented with a high
speed bipolar PROM.

The optional decode logic shown in Figure 31 takes
advantage of the overlap between address and data
of the 80286 bus cycle to generate advanced mem-
ory and IO-select signals. This minimizes system
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Figure 32. MULTIBUS® System Bus Interface

performance degradation caused by address propa-
gation and decode delays. In addition to selecting
memory and 1/0, the advanced selects may be used
with configurations supporting local and system bus-
es to enable the appropriate bus interface for each
bus cycle. The COD/INTA and M/IO signals are ap-
plied to the decode logic to distinguish between. in-
terrupt, 1/0, code and data bus cycles.

By adding the 82289 bus arbiter chip, the 80286 pro-
vides a MULTIBUS system bus interface as shown
in Figure 32. The ALE output of the 82C288 for the
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MULTIBUS bus is connected to its CMDLY input to
delay the start of commands one system CLK as
required to meet MULTIBUS address and write data
setup times. This arrangement will add at least one
extra T; state to each bus operatlon which uses the
MULTIBUS.

A second 82C288 bus controller and additional
latches and transceivers could be added to the local
bus of Figure 32. This configuration allows the
80286 to support an on-board bus for local memory
and peripherals, and the MULTIBUS for system bus
interfacing.
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Figure 33. 80286 System Configuration with Dual-Ported Memory

Figure 33 shows the addition of dual ported dynamic
memory between the MULTIBUS system bus and
the 80286 local bus. The dual port interface is pro-
vided by the 8207 Dual Port DRAM Controller. The
8207 runs synchronously with the CPU to maximize
throughput for local memory references. It also arbi-
trates between requests from the local and system
buses and performs functions such ‘as refresh,

initialization of RAM, and read/modify/write cycles.
The 8207 combined with the 8206 Error Checking
and Correction memory controller provide for single
bit error correction. The dual-ported memory can be
combined with a standard MULTIBUS system bus
interface to maximize performance and protection in
multiprocessor system configurations.

Table 16. 80286 Systems Recommended Pull Up Resistor Values

80286 Pin and Name Pullup Value Purpose
451
5—S0 20KQ +10% Pull SO, S1, and PEACK inactive during 80286 hold periods(1)
6—PEACK
63—RBEADY 9100 +5% Pull READY inactive within required minimum time (C_ = 150 pF,
IR < 7 mA)
NOTE:

1. Pull-up resistors are not required on S0 and ST when the corresponding pins of the 82C284 are connected to S0 and ST.

I12ICE™-286 System Design
Considerations

One of the advantages of using the 80286 is that full
in-circuit emulation debugging support is provided
through the 12ICE system 80286 probe. To utilize
this powerful tool it is necessary that the system de-
signer be aware of a few minor parametric and

3-96

functional differences between the 80286 and I12ICE
system 80286 probe. The I2ICE data sheet (I2ICE
Integrated Instrumentation and In-Circuit Emulation
System, order #210469) contains a detailed de-
scription of these design considerations. It is recom-
mended that this document be reviewed by the
80286 system designer to determine whether or not
these differences affect his design.
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PACKAGE THERMAL
SPECIFICATIONS

The 80286 Microprocessor is specified for operation
when case- temperature (Tg) is within the range
0°C-85°C. Case temperature, unlike ambient tem-
perature, is easily measured in any environment to
determine whether the 80286 Microprocessor is
within the specified operating range. The case tem-
perature should be measured at the center of the
top surface of the component.

The maximum ambient temperature (Ta) allowable
without violating T¢ specifications can be calculated
from the equations shown below. T; is the 80286
junction temperature. P is the power dissipated by
the 80286. :

Ty=Tc + P*0yc

TA=Ty—P*oya

Tc=Ta + P*[0ja — 04c]

Values for 6, and 6,c are given in Table 17. 0,4 is
given at various airflows. Table 18 shows the maxi-
mum T, allowable (without exceeding Tc) at various
airflows. Note that the 80286 PLCC package has an
internal heat spreader. Ta can be further improved
by attaching “fins” or an external “heat sink” to the
package.

Junction temperature calculations should use an Igc
value that is measured without external resistive
loads. The external resistive loads dissipate addi-
tional power external to the 80286 and not on the
die. This increases the resistor temperature, not the
die temperature. The full capacitive load (C =
100 pF) should be applied during the Icc measure-
ment.

Table 17. Thermal Resistances (°C/Watt) 0,¢c and 65

034 versus Airflow — ft/min (m/sec)
Package 04c 0 200 . 400 600 800 1000
0) (1.01) (2.03) (3.04) (4.06) (5.07)

68-Lead LCC 8 28 22 16 13 12 11
68-Lead PGA 5.5 28 22 16 15 14 13
68-Lead PLCC 8 28 23 21 18 16 15
w/ Internal
Heat Spreader

Table 18. Maximum Tp, at Various Airflows

Ta (°C) versus Airflow — ft/min (m/sec)

Package 0 200 400 600 800 1000
0) (1.01) (2.03) (3.04) (4.06) (5.07)
68-Lead LCC .40 54 67 .74 76 78
68-Lead PGA . 34 48 61 64 66 68
68-Lead PLCC 40 51 56 63 67 69
w/Internal
Heat Spreader

NOTE:

The numbers in Table 18 were calculated using a Vg of 5.0V, and an Igc of 450 mA, which is representative of the worst

case Igc at Tg = 85°C with the outputs unloaded.
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Typical Igc vs Frequency for Different Output Loads and Case Temperatures

550

525

500

475

450

Icc (mA)

425

400

375

350

NOTES:
1.Vge = 5.0V

FREQUENCY (MHz)

0°C LOADED

0°C UNLOADED
25°C LOADED

25°C UNLOADED
85°C LOADED

] 85°C UNLOADED

2. Loaded: lo. = 2.0 mA, oy = —400 pA, C. = 100 pF.

Unloaded: C|_ = 100 pF.

10 12.5

210253-51

210253-52
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ABSOLUTE MAXIMUM RATINGS*

Arﬁbient Temperature Under Bias . ...0°C to +70°C

Storage Temperature ........... —65°C to+150°C
Voltage on Any Pin with »
Respectto Ground........ e —1.0Vto +7V

Power Dissipation.......... O e s 3.3wW

D.C. CHARACTERISTICS (Vo = 5V +5%,

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Cond/t/ons”
may-affect device reliability.

Tcase = 0°C to' + 85°C)*

Symbol Parameter Min Max Unit Test Condition

lcc Supply Current (0°C Turn On) 600 mA (Note 1)

Colk® .| .CLKInput Capacitance 20 pF. (Note 2)

CiN - Other Input Capacitance 10 " pF (Note 2)

Co Input/Output Capacitance 20 pF (Note 2)
NOTES:

1. G = 100 pF. Tested at maximum frequency without resistive loads on the outputs.
2. These are not tested. They are guaranteed by design characterization.

D.C. CHARACTERISTICS

(Voo = 5V £5%, Tcase = 0°C to +85°C)* Tested at the minimum operating frequency of the part.

Symbol | Parameter Min Max Unit Test Condition
ViL Input LOW Voltage -0.5 0.8 v
ViH Input HIGH Voltage 20 Voc +0.5 v
ViLe CLK Input LOW Voltage -0.5 0.6 \
ViHe CLK Input HIGH Voltage 38 Voc +0.5 v
VoL Output LOW Voltge 0.45 Vv loL =2.0mA
" Vo Output HIGH Voltage 24 \' loq = —400 nA
M Input Leakage Current ; +10 pA | OV-<V|N £ Voo
ILcR Input CLK, RESET Leakage Current +10 | pA | 045V <V < Voe
I.cr .. | Input CLK, RESET Leakage Current +1 mA | OV < V)N <045V
n Input Sustaining Current on BUSY -30 —-500 HA | VIN=O0V
and ERROR Pins ‘ :
Io Output Leakage Current +10 | pA 0.45V < Vout < Ve
Co 25°C < Tease < 85°C
Lo Output Leakage Current +20 ©pA 0.45V < Vour < Voo
) ) 0°C < Tcase < 25°C
Io Output Leakage Current +1 mA | OV < Vouyr < 0.45V
NOTE:

*Ta is guaranteed from 0°C to +55°C as long as Tgasg is

not exceeded.
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A.C. CHARACTERISTICS (Vg = 5V £5%, Tcase = 0°C to +85°C)*
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

‘ 8 MHz 10 MHz 12.5 MHz
Symbol Parameter -8 -8 -10 | -10 | -12 | -12 | Unit | Test Condition
Min | Max | Min | Max | Min | Max
System Clock (CLK) Period 62 [ 250 | 50 [ 250 | 40 | 250 ns
2 System Clock (CLK) LOW Time 15 12 11 ns | at1.0v
System Clock (CLK) HIGH Time 25 16 13 ns | at3.6V
17 System Clock (CLK) Rise Time 10 8 — 8 ns | 1.0Vto 3.6V,
: . (Note 7)
18 System Clock (CLK) Fall Time 10 8 — 8 ns | 3.6Vto 1.0V,
(Note 7)
4 Asynch. Inputs Setup Time 20 20 15 ns | (Note 1)
5 Asynch. Inputs Hold Time 20 i 20 15 ns | (Note 1)
6 RESET Setup Time 28 23 : 18 ns
7 RESET Hold Time 5 5 5 ns
8 Read Data Setup Time 10 8 5 ns
9 Read Data Hold Time 8 8 6 ns
10 READY Setup Time 38 26 22 ns
11 READY Hold Time 25 25 20 ns
12 Status/PEACK Valid Delay 1 40 | — | — | — | — ns | (Notes 2,3, 8)
12a1 Status Active Delay — — 1 22 3 18 | ns | (Notes?2,3,8)
12a2 | PEACK Active Delay — | — 1 22 3 20 ns | (Notes 2, 3, 8)
12b Status/PEACK Inactive Delay —_ | — 1 30 3 22 ns | (Notes 2,3, 8)
13 Address Valid Delay 1 60 1 35 1 32 ns (Notes 2, 3, 8)
14 Write Data Valid Delay 0 50 0 30 0 30 ns | (Notes 2, 3, 8)
15 Address/Status/Data Float Delay- | 0 50 0 47 0 32 ns | (Notes2,4,7)
16 HLDA Valid Delay 0 50 0 47 0 27 ns | (Notes2,3,8)
19 Address Valid To Status 38 27 22 ns | (Notes 3,5,6,7)
Valid Setup Time

*Ta is guaranteed from 0°C to +55°C as long as Tcasg is not exceeded.

NOTES:

1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing
purposes, to assure recognition at a specific CLK edge.

2. Delay from 1.0V on the CLK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition.

3. Output load: Ci. = 100 pF.

4. Float condition occurs when output current is less than I o in magnitude.

5. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 2.0V or status going
inactive reaching 0.8V.

6. For load capacitance of 10 pF or more on STATUS/PEACK lines, subtract typically 7 ns,

7. These are not tested. They are guaranteed by design characterization.

8. Minimum output delay timings are not tested, but are guaranteed by design characterization.
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A.C. CHARACTERISTICS (Continued)

DEVICE
OUTPUT

CL

L
]

210253-37
NOTE 8:
AC Test Loading on Outputs

4.0v
CLK INPUT
0.45V
210253-38
NOTE 9: '
AC Drive and Measurement Points—CLK Input
a.0v
3.6V
CLK'INPUT )
) \ 1.0V
0.45V
I
l"sswp —»t<— tHoLD A‘
24V -
OTHER 2.0V 20v
DEVICE
INPUT
0.8v 08V
0.45V -
Fe— iDELAY
( 2.0V
DEVICE
OUTPUT
0.8V
) 210253-39

NOTE 10: o
AC Setup, Hold and Delay Time Measurement—General
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WAVEFORMS
MAJOR CYCLE TIMING
READ CYCLE WRITE CYCLE
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ
WAIT STATES WAIT STATE (T) OR Ts)
BUS CYCLE TYPE o @__TS Te Ts Te Te
#2 #1 92 # 92 #1 ¢2 ¢ #2 #1
o VA VA VA VA VA VA VA VA VAVA VA Vi
~()
@ ~1®
51450 /
o ol
3
o/, cot;z/i;_:: I, VALID Anonslss VALID ADDRTS muo IF Tg
3 BHE, LOCK W VALID CONTROL VALID CONTROL W j@:
@.- .
S0 19
15=Dp *=====eececcccecctcccctenend - ---m TA
Dy5=Dy WED L2 VALID WRITE DA
o »@E
’ I~ ~
READY ;IR I
- - ~®
- (&)
sROY+SROYEN | AN / A T
eF @}
OF
RS
peLk /L NV /" I\
B ALE /— -\ KA
- -6 ~®
% jor i@f
cMDLY m
_ ) N
MWTC
g - @ - @ (SEE NOTE 1)
: uRoC ’L‘__J:
-1®
DT/R
i L@
-1®
- ~-@
1o L
a 210253-40
NOTE:

1. The modified timing is due to the CMDLY signal being active.
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WAVEFORMS (Continued)

80286 ASYNCHRONOUS : 80286 RESET INPUT TIMING AND
INPUT SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE

BUS CYCLE TYPE

v, e T,
o P @
ax /)
Veu
Ol
ha—

L/_)
ore 1y T\ _*—

TR , niO) -
= hoTe D) //////L[/AIK ) I
I = (4 @ =
ey, LK XTI VUL
210253-41
210253-42
NOTES: - -
.1. PCLK indicates which processor cycle phase will occur NOTE:
on the next CLK. PCLK may not indicate the correct phase When RESET meets the setup timé shown, the next CLK
until the first bus-cycle is performed. will start or repeat ¢2 of a processor cycle.
2. These inputs are asynchronous. The setup and hold
times shown assure recognition for testing purposes.
EXITING AND ENTERING HOLD
BUS CYCLE TYPE T TgOR T, T : Ty
B ‘—7_4& 7 r M
— ’._
(SEE NOTE 4.) f
| —{2a)— v
(SEE NOTE 3. )—- |-— . — @|-—(SEE NOTE 3.)
§1450 IFT ”
° 1¢S0 L @‘_ * S ;
g —(Ze— .
s S s L netine ) i P (o
— LR
PEACK *w NPX | TRANSFER o
[ ) —= ST E NOTE 1.
S7E COCK (SEE NOTE 5.) (E) |- f ® (SEl 1)
Ayz= /A . 3
ZSME cosncninmmeem <(<<((< VALID : eccemcsccccccccncccans
COD/INTA ’
' ' (SEE NOTE 6.) —»] (SEE NOTE 2.)
Dis=Dgeeweccccaccccccncnnccccccca ALID WRITE cecccccsaces ceccccacae
ir
o~
210253-43
NOTES:

1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is
shown.

2. The data bus will be driven as shown if the last cycle before T in the diagram was a write T.

3. The 80286 floats its status pins during Ty. External 20 KQ resistors keep these sugnals high (see Table 16).

4. For HOLD request set up to HLDA, refer to Figure 29.

5. BHE and LOCK are driven at this time but will not become valid until Ts.

6. The data bus will remain in 3-state OFF if a read cycle is performed.

3-103



Inte[ 80286

WAVEFORMS (Continued)
80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE

T Ts Te Ts Te T
Ve 2 1 $2 $2 @1 $2 o1 $2 #1
CLK * / \
Veu 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY

/ MEMORY READ IF MEMORY TO PROC. Ext/ 1/0 WRITE IF MEMORY TO PROC. EXT.

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER
1/0 PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER —

Azz=Ag
25X X
COD INTA
N__ 1/0 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER

PEACK

PEREQ

i,

210253-44

NOTES:

1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The
first bus operation will be either a memory read at operand address or I/0 read at port address OOFA(H).

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3X
® -123apmax.— ® min.- The actual, configuration dependent, maximum time is: 3X @ -12agmax,~ @ min, + AX2X 0.

A is the number of extra T¢ states added to either the first or second bus operation of the processor extension data operand
transfer sequence.

INITIAL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE Ty T T

o P # o2 # 2 #
’ A
(SEE NOTE 2)) ]
(SEE NOTE 1.) N @D}
s < @ [ o
&Lk PeRions
16 CLK PEI
o < @ M
756
'4
INKNOWN
. )Ly )
4 ek
A2z Ao
4
one W univown F
- @ |-
m/io
/_ || unknown Y
00/iNTA
- @ -
Lock A1 unvown 4
—~ @ |+ (sEE NOTE 3.)
DATA 22222222222228]2222222222222222 ...................
-~ ®
HLDA | unkwown Y

210253-45

NOTES:

1. Setup time for RESET T may be violated with the consideration that ¢1 of the processor clock may begin one system
CLK period later. :

2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during ¢1 or $2. If
RESET | occurs in ¢, the reference clock edge can be ¢, of the previous bus cycle.

3. The data bus is only guaranteed to be in 3-state OFF at the time shown.
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BYTE1 BYTE2 BYTE3 BYTE4 BYTES BYTES
7'5‘31‘07.5‘32\‘0'
LLLITTITITTTTTT]  cowosmonn | monowroms | comomn | memoms 1
opcobE | d|w|mod| reg tim I I | !
_______ e e _wemd - ememe—md - ——————d
L REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION
- REGISTER OPERAND/EXTENSION OF OPCODE
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION
1S TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE
A. SHORT OPCODE FORMAT EXAMPLE
BYTE1 BYTE2 BYTES BYTE4 BYTES
7.5‘32‘07.5':11“‘7.543210 '
N AN e S
LONG OPCODE mod| reg | vm | |
e e - - - —— - — -
B. LONG OPCODE FORMAT EXAMPLE
210253-46

Figure 35. 80286 Instruction Format Examples

80286 INSTRUCTION SET SUMMARY

Instruction Timing Notes

The instruction clock counts listed below establish
the maximum execution rate of the 80286. With no
delays in bus cycles, the actual clock count of an
80286 program will average 5% more than the cal-
culated clock count, due to instruction sequences
which execute faster than they can be fetched from
memory.

To calculate elapsed times for instruction se-
quences, multiply the sum of all instruction clock
counts, as listed in the table below, by the processor
clock period. An 8 MHz processor clock has a clock
period of 125 nanoseconds and requires an 80286
system clock (CLK input) of 16 MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded,
and is ready for execution. Control transfer in-
struction clock counts include all time required to
fetch, decode, and prepare the next instruction for
execution.

2. Bus cycles do not require wait states.

3. There are no processor extension data transfer or
local bus HOLD requests.

4. No exceptions occur during instruction execution.

Instruction Set Summary Notes

Addressing displacements selected by the MOD
field are not shown. If necessary they appear after
the instruction fields shown.

Above/below refers to unsigned value

Greater refers to positive signed value

Less refers to less positive (more negative).signed
values

ifd =1 then to register; if d = 0 then from register

ifw =1 then word instruction; if w = 0 then byte
instruction )

ifs = 0 then 16-bit immediate data form the oper-
and

ifs =1 then an immediate data byte is sign-ex-

tended to form the 16-bit operand
x - don’t care

z used for string primitives for comparison with
ZF FLAG

If two clock counts are given, the smaller refers to a
register operand and the larger refers to a memory
operand

* = add one clock if offset calculation requires
summing 3 elements

number of times repeated
number of bytes of code in next instruction
Level (L)—Lexical nesting level of the procedure

n=
m=
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The following- comments describe possible excep-
tions, side effects, and allowed usage for instruc-
tions in both operating modes of the 80286.

REAL ADDRESS MODE ONLY

1. This is a protected mode instruction. Attempted
execution in real address mode will result in an
undefined opcode exception (6).

2. A segment overrun exception (13) will occur if a

word operand reference at offset FFFF(H) is at-
tempted.

3. This instruction may be executed in real address
mode to initialize the CPU for protected mode.

4. The IOPL and NT fields will remain 0.

5. Processor extension segment overrun interrupt
(9) will occur if the operand exceeds the seg-
ment limit.

EITHER MODE

6. An exception may occur, depending on the value
of the operand.

7. LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction
prefix.

8. LOCK does not remain active between all oper-
and transfers.

PROTECTED VIRTUAL ADDRESS MODE ONLY

1

9. A general protection exception (13) will occur if
the memory operand cannot be used due to ei-
ther a segment limit or access rights violation. If
a stack segment limit is violated, a stack seg-
ment overrun exception (12) occurs.

0. For segment load operations, the CPL, RPL, and
DPL must agree with privilege rules to avoid an
exception. The .segment must be present to
avoid a not-present exception (11). If the SS reg-
ister is the destination, and a segment not-pres-
ent violation occurs, a stack exception (12) oc-
curs.

11.

12.

13.

14.

15.

16.

17.

18.

3-106

All segment descriptor accesses in the GDT or
LDT made by this instruction will automatically
assert LOCK to maintain descriptor integrity in
multiprocessor systems.

JMP, CALL, INT, RET, IRET instructions refer-
ring to another code segment will cause a gener-
al protection exception (13) if any privilege rule is
violated.

A general protection exception (13) occurs if
CPL # 0.

A general protection exception (13) occurs if
CPL > IOPL.

The IF field of the flag word is not updated if CPL
> I0PL. The IOPL field is updated only if
CPL = 0.

Any violation of privilege rules as applied to the
selector operand do not cause a protection ex-
ception; rather, the instruction does not return a
result and the zero flag is cleared.

If the starting address of the memory operand
violates a segment limit, or an invalid access is
attempted, a general protection exception (13)
will occur before the ESC instruction is execut-
ed. A stack segment overrun exception (12) will
occur if the stack limit is violated by the oper-
and’s starting address. If a segment limit is vio-
lated during an attempted data transfer then a
processor extension segment overrun exception
(9) occurs.

The destination of an INT, JMP, CALL, RET or
IRET instruction must be in the defined limit of a
code segment or a general protection exception
(13) will occur.
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80286 INSTRUCTION SET SUMMARY

CLOCK COUNT

POP = Pop:
:Memory
Register

egment register

XCHG= Exhcange;

Register/memory with register
‘ Register with accumulator
IN=Input from:
Fixed port
Variable port
ouT= Ouli)ul to:
Fixed port
\Variable port

IXLAT = Translate byte to AL
LEA=Load EA to register
LDS = Load pointer to DS

LES=Load pointer to ES

! 10001111 Imodooo r/m

01011 reg
000reg111

(reg+01)

1000011wlmodreg r/m

10010 reg

[1110010w| port
|1110011wT port _]

1110111w

11010111

10001101 lmodreg r/m[

11000101 Imodreg r/mi (mod+11)

11000100|modreg r/ml (mod+#1)

3,5*

3*
7+

7

3,5*

3*
21*

21*

27

COMMENTS
i Protected Protected
Real }
FUNCTION FORMAT virual |, R | virigal
Address Address
Mode Address Mode Address
Mode Mode
ATA TRANSFER
OV =Move:
Register to Register/Memory r1 000100w l modreg r/m | 2,3* 2,3* 2 9
Register/memory to register ! 1000101 wLmod reg r/m l 2,5* 2,5* 2 9
Immediate to register/memory | 1100011w J mod000 r/m l data —[ dataifw = 1 2,3* 2,3* 2 9
Immediate to register l 1011w reg I data I dataif w=1 2 2
Memory to accumulator l 1010000w I addr-low I addr-high —l 5 5 2 9
IAccumulator to memory I 1010001w I addr-low I addr-high I 3 3 2 9
Register/memory to segment register [ 10001110 | mod 0 reg r/m l 2,5* 17,19* 2 9,10,11
[Segment register to register/memory [ 10001100 [ mod 0 reg r/m I 2,3* 2,3* 2 9
PUSH=Push:
Memory |11111111Imod110r/m| 5* 5* 2 9
Register 01010 reg 3 3 2 9
[Segment register 000reg110 3 3 2 9

79

9,10,11

9,10,11

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION - FORMAT Real |\ var | P | virtual
Address Address
Mode Address Mode Address
Mode Mode

IDATA TRANSFER (Continued)
LLAHF Load AH with flags 2 2
ISAHF = Store AH into flags 2 2
PUSHF = Push flags 3 3 2 9
IPOPF = Pop flags 5 5 2,4 9,15
IARITHMETIC
IADD = Add:
Reg/memory with register to either [ 000000dw [ modreg r/m I 2,7* 2,7* 2 9
Jmmediate to register/memory I 100000sw l mod000 r/m I data l dataifsw = 01 3,7* 3,7* 2 9
Immediate to accumulator I 0000010w | data ] dataif w=1 l 3 3
ADC = Add with carry:
Reg/memory with register to either | 000100dw I modreg r/m J 2,7* 2,7 2 9
Immediate to register/memory I 100000sw | mod010 r/m l data I dataifsw = 01 3,7* 3,7* 2 9
fmmediate to accumulator [ 0001010w l data dataifw=1 | 3 3
INC=Increment: ’
Register/memory | 1111111w l mod000 r/m | 2,7* 2,7* 2 9
Register 2 2
[SUB =Subtract:
Reg/memory and register to either I 001010dw [ modreg r/m ] 2,7 2,7* 2 9
Immediate from register/memory I 100000sw [ mod101 r/m I data I dataifsw = 01 3,7 3,7* 2 9
immediate from accumulator | 0010110w [ data | dataifw=1 ] 3 3
[SBB = Subtract with borrow: .
Reg/memory and register to either l 000110dw I modreg r/m l 2,7 2,7* 2 9
iImmediate from register/memory I 100000sw I modO11 r/m l data l data if sw=01 3,7* 3,7* 2 9
Immediate from accumulator I 0001110w | data 1 data if w=1 ] 3 3
IDEC = Decrement
Register/memory [ 1111111w Imod001 r/m] 2,7* 2,7* 2 9
Register 2 2
ICMP = Compare
Register/memory with register | 0011101w lmcd reg r/m} 2,6* 2,6* 2 9
Register with register/memory | 06 11100w Imod reg r/ml 2,7* 2,7* 2 9
immediate with register/memory [ 100000sw | mod111 r/ml data ‘ data if sw=01 3,6* 3,6 2 9
immediate with accumulator | 0011110w | data I dataifw=1 ! 3 3
NEG = Change sign l 1111011w [modo11 r/ml 2 7 2 9
IAAA = ASCII adjust for add 3 3
DAA = Decimal adjust for add 3 3
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
| Reat Protected Real Protected
FUNCTION - FORMAT Virtual Virtual
. Address Address
Mode Address Mode Address
. Mode Mode

IARITHMETIC (Continued)

IAAS = ASCII adjust for subtract 00111111 3 3
IDAS = Decimal adjust for subtract 00101111 ' : ' 3 3

MUL = Multiply (unsigned): [ 1111011w Imod1 00 r/ﬂ

Register-Byte ! 13 13

Register-Word 21 21

Memory-Byte 16* 16* 2 9
Memory-Word 24* 24* 2 ] 9
IMUL = Integer multiply (signed): [ 1111011w |[mod101 r/m

Register-Byte P 13 13

Register-Word 21 21

Memory-Byte 16* 16* 2 9

Memory-Word 24* 24" o2 9

A 3 i

DIV =Divide (unsigned) 1111011w |mod 110 r/m]

" Register-Byte | 14 14 6 6
Register-Word 22 22 6 6
Memory-Byte . 17 17* 2,6 6,9
Memory-Word , 25* 25* 2,6 6,9
DIV = Integer divide (signed) 1111011w |mod111 r/m
Register-Byte 17 17 6 6
Register-Word 25 25 6 6
Memory-Byte 20* 20* 2,6 6,9
Memory-Word 28* 28* 2,6 6,9
IAAM = ASCI| adjust for multiply [ 11010100 ! 00001010 I . 16 16
IAAD = ASCl adjust for divide I 11010101 [ 00001010 | ‘ 14 14

ICBW = Convert byte to word 10011000 2 2
ICWD = Convert word to double word 10011001 2 2

' LOGIC
[Shift/Rotate Instructions:

Register/Memory by 1 I 1101000w tmod TTT r/ml ) 2,7* 2,7 2 9
Register/Memory by CL I 1 101‘001w'{modTTT r/ml ' 5+n8+n*|5+n8+n* 2 9
T Instruction

000 ROL

001 ROR

010" RCL

011 RCR

100 SHL/SAL

101 SHR

111 “SAR

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

.

CLOCK COUNT COMMENTS
. . Protected Protected
FUNCTION FORMAT Real | Virtwal | P | Virtual
Address Address
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
JAND = And:
Reg/memory and register to either I 001000dw l modreg r/m l 2,7* 2,7 2 9
fmmediate to register/memory I 1000000w ] mod 100 r/m—[ data l dataif w=1 3,7* 3,7* 2 9
Immediate io accumulator | 0010010w l data [ data if w=1 ] 3 3
ITEST = And function to flags, no resuit: i
Register/memory and register | 1000010w | modreg r/m ] 2,6* 2,6* 2 9
immediate data and register/memory | 1111011w l mod000 r/m l data l dataifw=1 3,6* 3,6 2 9
fmmediate data and accumulator l 1010100w | data I dataifw=1 ] 3 3
OR=0r:
Reg/memory and register to either ro 00010dw I modreg r/m I 2,7* 2,7* 2 9
immediate to register/memory |71 000000w ] mod001 f/m l data l dataif w=1 3,7* 3,7* 2 9
immediate to accumulator I 0000110w [ data | dataif w=1 | 3 3
XOR = Exclusive or:
Beg(memory and register to either l 001100dw l modreg r/m | 2,7* 2,7* 2 9
immediate to register/memory ’ I 1000000w | mod110 r/m | data | dataifw = 1 3,7* 3,7* 2 9
jmmediate to accumulator I 0011010w I data Idata ifw =1 | 3 3
INOT = Invert register/memory | 1111011w [ mod010 r/m | 2,7* 2,7* 2 9
ISTRING MANIPULATION: . '
OVS =Move I:;yta/word 5 5 2 9
MPS = Compare byte/word ) 8 8 2 9
ISCAS = Scan byte/(:vord 7 7 2 9
ODS = Load byte/wd to AL/AX 5 5 2 9
ISTOS = Stor byte/wd from AL/A 3 2 9
lepeated by count in CX
lOV55 = Move string ) | 11110011 [ 1010010w| 5+4n 5+4n 2 9
MPS=Comparestring I 1111001z [ 1010011w | 5+9n 5+9n 2,8 8,9
ISCAS = Scan string m1001z I 1010111wJ 5+8n 5+8n 2,8 8,9
ODS = Load string m10011 | 1010110w l 5+4n 5+4n 2,8 8,9
ISTOS = Store string I 11110011 |1010101w[

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

\ CLOCK COUNT COMMENTS
P Real Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
[CONTROL TRANSFER
CALL =Call: .
Direct within segment lr 11101000 I disp-low | disp-high _l 7+m 7+m 2 18
[Register/memory . I 11111111 ‘mod010 r/ml 7+mA1+m* | 74+m, 11+ m* 2,8 8,9,18
indirect within segment
Direct intersegment ﬂ 0011010 I segment offset —l 13+m 26+m 2 11,12,18
Protected Mode Only (Direct intersegment): l segment selector ’
Via call gate to same privilege level . 41+m 8,11,12,18
Via call gate to different privilege level, no parameters 82+m 8,11,12,18
Via call gate to different privilege level, x parameters 86 +4x+m 8,11,12,18
ViaTSS 177+m +8,11,12,18
Via task gate 1§2+m 8,11,12,18
Indirect intersegment 11111111 ]modm 1 r/m (mod+#11) 16+m 29+m* 2 8,9,11,12,18
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 44+m* 8,9,11,12,18
' Via call gate to different privilege level, no parameters 83 +m* 8,9,11,12,18
Via call gate to different privilege level, x parameters ~ 90+4x +m* 8,9,11,12,18
Via TSS 180+m* 8,9,11,12,18
Via task gate 185+ m* 8,9,11,12,18
[JMP = Unconditional jump:
Short/long | 11101011 I disp-low ] 7+m 7+m 18
Direct within segment, - . l 11101001 I disp-low l disp-high l 7+m 7+ m 18
Register/memory indirect within segment | 11111111 l mod 100 r/ml 7+m114+m* | 7+m, 11+m* 2 ' 9,18
Direct intersegment I 11101010 ] segment offset I 11+m 23+m 11,12,18
Protected Mode Only (Direct intersegment): . | segment selector l .
Via call gate to same privilege level - 38+m 8,11,12,18
ViaTSS 175+m 8,11,12,18
Via task gate 180+m 8,11,12,18
Indirect intersegment ! 11111111 |mod1 01 r/m (mod#11) 15+m* 26+m* 2 8,9,11,12,18
Protected Mode Only (Indirect intersegment): ’
Via call gate to same privilege level 41+m* 8,9,11,12,18
ViaTSS 178+m* 8,9,11,12,18
Via task gate . 183+m* 8,9,11,12,18
RET = Return from CALL:
|Within segment 11000011 11+m 11+m 2 8,9,18
Within seg adding immed to SP I 11000010 ‘ data-low - | data-high I 11+m 11+m 2 8,9,18
Intersegment 11001011 15+m 25+m 2 8,9,11,12,18
Intersegment adding immediate to SP I 11001010 data-low | data-high I 15+m 2 8,9,11,12,18
Protected Mode Only (RET):
To different privilege level 55+m 9,11,12,18
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real Virtual Real Virtual
Address Address
Mode Address Mode Address
Mode Mode

CONTROL TRANSFER (Continued)
JE/JZ= Jump on equal zero l 01110100 I disp I 7+mor3 7+mor3 18
JL/JNGE = Jump on less/not greater or equal I 01111100 l disp | 7+mor3 7+mor3 18
JLE/JNG =Jump on less or equal/not greater [ 01111110 l disp l 7+mor3 7+mor3 18
JB/JNAE = Jump on below/not above or equal I 01110010 | disp | 7+mor3 7+mor3 18
JBE/JNA =Jump on below or equal/not above I 01110110 I disp —l 7+mor3 7+mor3 18
JP/JPE = Jump on parity/parity even | 01111010 l disp —l 7+mor3 7+mor3 ‘ 18
JO=Jump on overflow l 01110000 l disp I 7 +mor3 7+mor3 18
JS = Jump on sign I 01111000 I disp ] 7+ mor3 7+mor3 18
JNE/JNZ = Jump on not equal/not zero l 01110101 disp I 7+mor3 7+mor3 18
JNL/JGE = Jump on not less/greater or equal | 01111101 disp ! 7+mor3 7+mor3 18
JNLE/JG=Jump én not less or equal/greater | 01111111 I disp I 7+mor 3 7+mor3 18
JNB/JAE = Jump on not below/above or equal | 01110011 I disp ] 7+mor3 7+mor3 18
JNBE/JA = Jump on not below or equal/above | 01110111 I disp j 7+mor3 7+mor3 18
JNP/JPO=Jump on not par/par odd I 01111011 [ disp l 7+mor3 7+mor3 18
JNO=Jump on not overflow | 01110001 l disp | 7+mor3 7+mor3 18
JNS = Jump on not sign [o1111001 | disp | 7+mor3 | 7+mor3 18
LOOP =Loop CX times l 11100010 I disp | 8 +mor4 8+mor4 18
LOOPZ/LOOPE = Loop while zero/equal [11100001 [ asp | 8+mord | 8+mord 18
LOOPNZ/LOOPNE = Loop while not zero/equal l 11100000 | disp | 8+mor4 8 +mor4 18
JCXZ =Jump on CX zero | 11100011 ] disp | 8 +mor4 8+mor4 18

INT = Interrupt:

Type specified | 11001101 | type | 23+m 2,78

Type 3 : 11001100 ' 23+m 27,8
INTO = Interrupt on overflow 11001110 24 +mor3 2,6,8

@ifno (8ifno
interrupt) interrupt)

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

i

PROCESSOR CONTROL
L.C=Clear carry
MC = Complement carry
ISTC=Set carry
LD = Clear direction
ISTD = Set direction
L1=Clear interrupt
ISTI=Set interrupt /
LT=Ha

11110000

OCK = Bus lock prefix

SC = Processor Extension Escape I 11011TTT l modLLL r/m I

(TTT LLL are opcode to processor extension)

001 reg 110

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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CLOCK COUNT OOMMENTSV
Real Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER. (Continued)
Protected Mode Only: ’
Via interrupt or trap gate to same privilege level 40+ m 7.8,11,12,18
Via interrupt or trap gate to fit different privilege level 78+ m 7.8,11,12,18
Via Task Gate 167+m 7,8,11,12,18
IRET = Interrupt return ,17~;‘—m 31+m 24 8,9,11,12,15,18
Protected Mode Only:
To different privilege level 55+m 8,9,11,12,15,18
To different task (NT=1) 169+m 8,9,11,12,18

2 2
2 2
3 3
2 2
2 2
3 3
0 0

9-20* 9-20*

58 8,17




80286 INSTRUCTION SET SUMMARY (Continued)

FUNCTION

Shaded areas indicate instructions not available in 8086, 88 microsystems.

FORMAT

CLOCK COUNT

COMMENTS
Real Protected Real Protected
Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
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Footnotes

The Effective Address (EA) of the memory operand
is computed accordingto the mod and r/m fields:

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 = d|sp-low sngn-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 /m = 001 then EA = (BX) +: (DI) + DISP
if /m = 010 then EA = (BP) + (SI) + DISP
if /m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (Sl) + DISP

if /m = 101 then EA = (DI) + DISP

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

if /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 EQ = disp-high: disp-low.

SEGMENT OVERRIDE PREFIX

001rteg 110

reg is assigned according to the following:

Segment
reg Register
00 ES
01 CS
10 SS
1 DC

REG is assigned according to the following téble:

1s -Bit (w = 1) - 8-Bit (w = 0)
000 AX . 000 AL
001 CX ' 001 CL
- 010 DX 010 DL
011 - BX - 011 BL
100 SP 100 AH
101 BP 101 CH
110 Sl 110 DH
111. DI 111 BH

The physical addresses of all operands addressed
by the BP register are computed using the SS seg-
ment register. The physical addresses of the desti-
nation operands ‘of the string primitive operations
(those addressed by the DI.register) are computed
using the ES segment, which may not be overridden.

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -014 data sheet. Please review
this summary carefully.

1. Removed the Range of Clock Rates buliet.
2. The maximum ambient temperature (Tp) vs Vari-
ous Airflows Table has been updated.

3. Removed the maximum values of System Clock
(CLK) LOW period (t2) of 8 MHz, 10 MHz, and
12.5 MHz parts in the A.C. Characteristics table.

4. Removed the maximum values of System Clock
(CLK) HIGH period (t3) of 8 MHz, 10 MHz, and
12.5 MHz parts in the A.C. Characteristics table.

5. Deleted the 82C284 and 82C288 A.C. Character-
istics tables.
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80287 XL/XLT
CHMOS IIl MATH COPROCESSOR

m Interfaces with 80286 and 80C286 CPUs m Expands Data Types to Include 32-, 64-,
m Operates in Any Socket Designed for 80-Bit Floating Point, or Integers, and

Intel 80287 or 80287XL up to 12.5 MHz 18 Digit BCD Operands
Clock Speeds m Extends CPU Instruction Set to Include
m Implements ANSI/IEEE Standard Tigono.metric, Logarithmic, Exponential,
754-1985 for Binary Floating-Point and Arithmetic Instruction
Arithmetic B Implements 387™™ Transcendental
oL Hi Operations for SINE, COSINE,
[ ] gg 2/; 7I-llgher Performance than Intel TANGENT ARCTANGENT and

Low P HMOS il Technol LOGARITHM
m Low Power C| echnology m Eight 80-Bit Numeric Registers; for

m Upward Object Code Compatible from Stack use or individual Access

Intel 80287 and 8087 m Available in 40-pin DIP as 80287XL and
44-pin PLCC as 80287XLT

(See Packaging Outlined and Dimensions, order #231369)

The Intel 80287XL Math CoProcessor is an extension to the Intel 80286 microprocessor architecture. When
combined with an 80286 microprocessor, the 80287XL dramatically increases the processing speed of com-
puter application software which utilize floating point mathmatical operations. This makes an ideal addition to a
computer workstation platform for applications such as financial modeling and spreadsheets, CAD/CAM, or
business graphics.

The 80287XL Math CoProcessor adds over seventy mnemonics to the Intel 80286 microprocessor instruction
set. The 80287XL is compatible with the Intel 80287 and 8087 Math CoProcessors. The 80287XL increases
performance by over 50% in typical floating-point tests, such as a Whetsone test, compared to the Intel
80287. The 80287XL supports integer, floating point and BCD data formats and fully conforms to the ANSI/
IEEE 754-1985 Floating Point Standard.

There are two versions of 80287XL: 80287XL in a 40-pin DIP package and the 80287XLT in a 44-pin PLCC
package for small footprint applications such as portable personal computers. Each supports a clock speed up
to 12.5 MHz which enables operation in any Math CoProcessor socket designed for the Intel 80287-6/8/10 or

Intel 80C287A-12. Both versions are manufactured with low-power, CHMOS Il technology.

[}
BUS CONTROL LOGIC | DATA INTERFACE AND CONTROL UNIT 1 FLOATING POINT UNIT
CKM ] ’:’S‘r’ih'tmo’:z‘:fuo cH
DATA ALIGNMI IECKING
c [Srewon]
.
TAG = WORD
16) ]

32
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DATA
BUS

68

16 ERROR
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Figure 0.1. 80287XL Block Diagram
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80287XL Data Registers
79 78 64 63 0
RO| Sign Exponent Significand
R1
R2
R3
R4
R5| -
R6
R7
15 0 31 15 0
Control Register Ins!ructi(én Pointer
Status Register Data éointer
Tag Word

Figure 1.1. 80287XL Register Set

1.0 FUNCTIONAL DESCRIPTION

The 80287XL Math CoProcessor provides arithmetic
instructions for a variety of numeric data types. It
also executes numerous built-in transcendental
functions (e.g. tangent, sine, cosine, and log func-
tions). The 80287XL effectively extends the register
and instruction set of its CPU for existing data types
and adds several new data types as well. Figure 1.1
shows the additional registers visible to programs in
a system that includes the 80287XL. Essentially, the
80287XL can be treated as an additional resource or
an extension to the CPU. The CPU together with an
80287XL Math CoProcessor can be used as a single
unified system.

The 80287XL has two operating modes. After reset,
the 80287XL is in the real-address mode. It can be
placed into protected mode by executing the
FSETPM instruction. It can be switched back to real-
address mode by executing the FRSTPM instruction
(note that this feature is useful only with CPU’s that
can also switch back to real-address mode). These
instructions control the format of the administrative
instructions FLDENV, FSTENV, FRSTOR, and
FSAVE. Regardless of operating mode, all refer-
ences to memory for numerics data or status infor-
mation are performed by the CPU, and therefore
obey the memory-management and protection rules
of the CPU.

In real-address mode, a system that includes the

80287XL is completely upward compatible with soft-

ware for the 8086/8087 and for 80286/80287 or
80C287A real-address mode.

In protected mode, a system that includes the
80287XL is completely upward compatible with soft-
ware for 80286/80287 or 80C287A protected mode
systems. The only differences of operation that may

appear when 8086/8087 programs are ported to a
protected-mode 80287XL system are in the format
of operands for the administrative instructions
FLDENYV, FSTENYV, FRSTOR, and FSAVE. These in-
structions are normally used only by exception han-
dlers and operating systems, not by applications
programs.

2.0 PROGRAMMING INTERFACE

The 80287XL adds to the CPU additional data types,
registers, instructions, and interrupts specifically de-
signed to facilitate high-speed numerics processing.
To use the 80287XL requires no special program-
ming tools, because all new instructions and data
types are directly supported by the assembler and
compilers for high-level languages. All 8086/8088
development tools that support the 8087 can also
be used to develop software for the 80286/80287XL
in real-address mode. All 80286 development tools
that support the 80287/80C287A can also be used
to develop software for the 80286/80287XL and
80C286/80287XL. The 80287XL supports all 80387
instructions, producing the same binary results.

All communication between the CPU and the
80287XL is transparent to applications software.
The CPU automatically controls the 80287XL when-
ever a numerics instruction is executed. All physical
memory and virtual memory of the CPU are available
for storage of the instructions and operands of pro-
grams that use the 80287XL. All memory addressing
modes are available for addressing numerics oper-
ands.

Section 6 at the end of this data sheet lists the in-
structions that the 80287XL adds to the 80286 in-
struction set.
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2.1 Data Types

Table 2.1 lists the seven data types that the
80287XL supports-and presents the format for each
type. Operands are stored in memory with the least
significant digit at the lowest memory address. Pro-
grams retrieve these values by generating the low-
est address. For maximum system performance, all
operands should start at physical-memory address-
es that correspond to the word size of the CPU; op-
erands may begin at any other addresses, but will
require extra memory cycles to access the entire op-
erand.

Internally, the 80287XL holds all numbers in the ex-
tended-precision real format. Instructions that load
operands from memory automatically convert oper-
ands represented in memory as 16-, 32-, or 64-bit
integers, 32- or 64-bit floating-point numbers, or 18-
digit packed BCD numbers into extended-precision
real format. Instructions that store operands in mem-
ory perform the inverse type conversion.

2.2 Numeric Operands

A typical NPX (Numeric Processor Extension) in-
struction accepts one or two operands and produc-

es one (or sometimes two) results. In two-operand .

instructions, one operand is the contents of an NPX
register, while the other may be a memory location.
The operands of some instructions are predefined;
for example, FSQRT always takes the square root of
the number in the top stack element.

2.3 Register Set

Figure 1.1 shows the 80287XL register set. When an
80287XL is present in a system, programmers may
use these registers in addition to the registers nor-
mally available on the CPU.

2.3.1 DATA REGISTERS

80287XL computations use the 80287XL’s data reg-
isters. These eight 80-bit registers provide the equiv-
alent capacity of 20 32-bit registers. Each of the
eight data registers in the 80287XL is 80 bits wide
and is divided into “fields” corresponding to the
NPX’s extended-precision real data type.

The 80287XL register set can be accessed either as
a stack, with instructions operating on the top one or
two stack elements, or as individually addressable
registers. The TOP field in the status word identifies
the current top-of-stack register. A “push” operation
decrements TOP by one and loads a value into the
new top register. A “pop” operation stores the value
from the current top register and then increments

TOP by one. The 80287XL register stack grows
“down’ toward lower-addressed registers.

Instructions may address the data registers either
implicitly or explicitly. Many instructions operate on
the register at the TOP of the stack. These instruc-
tions implicitly address the register at which TOP
points. Other instructions allow the programmer to
explicitly specify which register to use. This explicit
register addressing is also relative to TOP.

2.3.2 TAG WORD

The tag word marks the content of each numeric
data register, as Figure 2.1 shows. Each two-bit tag
represents one of the eight data registers. The prin-
cipal function of the tag word is to optimize the
NPX'’s performance and stack handling by making it
possible to distinguish between empty and nonemp-
ty register locations. It also enables exception han-
dlers to identify special values (e.g. NaNs or denor-
mals) in the contents of a stack location without the
need to perform complex decoding of the actual
data.

2.3.3 STATUS WORD

The 16-bit status word (in the status register) shown
in Figure 2.2 reflects the overall state of the
80287XL. It may be read and inspected by pro-
grams.

Bit 15, the B-bit (busy bit) is included for 8087 com-
patibility only. It always has the same value as the
ES bit (bit 7 of the status word); it does not indicate

Bits 13-11 (TOP) point to the 80287XL register that
is the current top-of-stack.

The four numeric condition code bits (C3—Cp) are
similar to the flags in a CPU; instructions that per-
form arithmetic operations update these bits to re-
flect the outcome. The effects of these instructions
on the condition code are summarized in Tables 2.2
through 2.5.

Bit 7 is the error summary (ES) status bit. This bit is

set if any unmasked exception bit is set; it is clear
otherwise. If this bit is set, the ERROR# signal is
asserted.

Bit 6 is the stack flag (SF). This bit is used to distin-
guish invalid operations due to stack overflow or un-
derflow from other kinds. of invalid operations. When
SF is.set, bit 9 (C4) distinguishes between stack °
overflow (C1=1) and underflow (C1=0).
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Table 2.1. 80287XL Data Type Representation in Memory

Most Significant Byte HIGHEST ADDRESSED BYTE
Data Range Precision
Formats 7 0|7 0|7 0|7 0|7 0|7 0|7 O)7 0|7 O|7 O
Word Integer | +10* 16 Bits : COMPLEMENT)
|15 0
) R (TWO S
Short Integer | +10 32 Bits . : COMPLEMENT)
3 0
Long Integer | +10'® 64 Bits B
63 0
18 S 1 MAGNITUDE
Packed BCD | +10 18 Digits di7y dioydis, Brag 81y 812 8y Gryy dg g, dy 0y dey dy d,  d, 0y dy
79 72 0
Single Precision | +10*% 24 Bits SI E,?,}g?‘%%fl SIGNIFICAND J
3 2% _ R 0
Double Precision | +10¥3% | 53 Bits [S|  extONENT l SIGNIFICAND I
63 s2R . 0
Extended +4932 i
Precision +10 64 Bits |s el I'-I—l SIGNIFICAND J
79 64 630 0
2903762
NOTES:
1.8 = Sign bit (0 = positive, 1 = negative)
2. dn = Decimal digit (two per byte)
3. X = Bits have no significance: 80287XL ignores when loading, zeroes when storing
4. A = Position of implicit binary point
5.1 = Integer bit of significand; stored in temporary real, implicit in single and double precnsnon
6. Exponent Bias (normalized values):
Single: 127 (7FH)
Double: 1023 (3FFH)
Extended Real: 16383 (3FFFH)
7. Packed BCD; (—1)S (D47 ... Dp)
8. Real: (—1)S (2E-BIAS) (Fo F1 L)
15 . ) ‘ ) 0
L TAG@) - | TAGE®) | TAG®) | TAGW | TAGE) | TAG@ | TAG() | TAGO |

NOTE:
‘The index i of tag(i) is not top-relative. A program typlcally uses the “top” field of Status Word to determine which tag(i)
field refers to logical top of stack.

TAG VALUES:
00 = Valid
01 = Zero
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats
11 = Empty

Figure 2.1. 80287XL Tag Word
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Figure 2.2 shows the six exception flags in bits 5-0 value of ES (bit 7) and its reflection in the B-bit (bit
of the status word. Bits 5-0 are set to indicate that 15) are not derived from the values loaded from

the 80287XL has detected an exception while exe- memory but rather ‘are dependent upon the values of
cuting an instruction. A later section entitled “Excep- the exception flags (bits 5-0) in the status word and
tion Handling” explains how they are set and used. their corresponding masks in the control word. If ES

is set in such a.-case, the ERROR# output of the
Note that when-a new value is loaded into the status 80287XL is activated immediately.
word by the FLDENV or FRSTOR instruction, the - .

BUSY:
~ TOP OF STACK POINTER
CONDITION CODE

15 7 0
c clc|c|e]slpiu]olz]o|
Bl3| TOP 121 1]o|s|Flele|ele]ele

ERROR SUMMARY STATUS
STACK FLAG

EXCEPTION FLAGS
PRECISION
UNDERFLOW
OVERFLOW
ZERO DIVIDE
DENORMALIZED OPERAND
INVALID OPERATION

. 290376-3
ES is set if any unmasked exception bit is set; cleared otherwise. Lo '
See Table 2.2 for interpretation of condition'code.
TOP Values: ‘ ‘
000 = Register 0 is Top of Stack
001 = Register 1 is Top of Stack
°

L]
L]
111 = Register 7 is Top of Stack
For definitions of exceptions, refer to the section entitied “Exception Handling.”

Figure 2.2, Status Word
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Table 2.2. Condition Code Interpretation

Instruction Co (S) C3(2) C1(A) Cc2 (C)
FPREM, FPREM1 Three Least Significant Bits .
(See Table 2.3) of Quotient Redtf:tlon
0 = Complete
‘ Q2 Qo Q- 1 = Incomplete
or O/U# P
FCOM, FCOMP,
FCOMPP, FTST, Result of Comparison Zero Operand is Not Comparable
FUCOM, FUCOMP, (See Table 2.4) or O7U# (Table 2.4)
FUCOMPP, FICOM, ) ’
FICOMP
FXAM Operand Class Sign - Operand Class
(See Table 2.5) orO/U# (Table 2.5)
FCHS, FABS, FXCH,
FINCTOP, FDECTOP, )
Constant Loads, Zero
FXTRACT, FLD, UNDEFINED or O/U# UNDEFINED
FILD, FBLD, i
FSTP (Ext Real)
FIST, FBSTP,
FRNDINT, FST
FSTP, FADD, FMUL,
FDIV, FDIVR, Roundup
FSUB, FSUBR, UNDEFINED or O/U# UNDEFINED
FSCALE, FSQRT, .
FPATAN, F2XM1,
FYL2X, FYL2XP1
FPTAN, FSIN Roundup .
r Y Reduction
FCOS, FSINCOS UNDEFINED or /U # 0 = Complete
Undefined 1 = Incomplete
ifC2 = 1 P
FLDENV, FRSTOR Each Bit Loaded from Mémory
FLDCW, FSTENV,
FSTCW, FSTSW,
FCLEX, FINIT, UNDEFINED
FSAVE
O/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between

stack overflow (C1 = 1) and underflow (C1 = 0).

Reduction  If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS, the reduction bit is set if the operand at the top of
the stack is too large. In this case the original operand remains at the top of the stack.

Roundup When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of
the result during the last rounding.

UNDEFINED Do not rely on finding any specific value in these bits.
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Table 2.3. Condition Code Interpretation after FPREM and FPREM1 Instructions

Condition Code Interpretation after
c2 c3 c1 co FPREM’and FPREM1
1 X X X Incomplete Reduction: Further iteration required for complete
~ reduction. .
Qi Qo Q2 QMOD 8 Complete Reduction: CO, C3, C1 contain three
0 0 0 0 least significant bits of quotient. :
0 1 0. 1
1 0 0 2
1 1 0 3
0 0 0 -1 4
0 1 1 5
1 0 1 6
1 1 1 7
Table 2.4. Condition Code The low-order byte of this control word configures
Resulting from Comparison exception masking. Bits 5-0 of the control word
contain individual masks for each of the six excep-
Order c3 c2 Co tions that the 80287XL recognizes.
TOP > 0 0 0
Operand The high-order byte of the control word configures
TOP < Operand 0 0 1 he B0287XL . de. includi 2
TOP = Operand 1 0 0 the 928 pp_eljatlng mode, including precision,
Unordered 1 1 1 rounding, and infinity control.
e The “infinity control bit” (bit 12) is not meaningful
. . to the 80287XL, and programs must ignore its
Table 2.5. Condition COQe value. To maintain compatibility with the 8087
Defining Operand Class and 80287, this bit can be programmed; however,
regardless of its value, the 80287XL always
c3 c2 ct co Value at TOP treats infinity in the affine sense (—o < + ),
0 0 0 0 + Unsupported This bit is initialized to zero both after a hardware
0 0 0 1 +NaN reset and after the FINIT instruction.
0 0 1 0 —Unsupported e The rounding control (RC) bits (bits 11-10) pro-
0 0 1 1 —Nan vide for directed rounding and true chop, as well
0 1 0 0 + Normal as the unbiased round to nearest even mode
0 1 0 1 + Infinity “specified in the |IEEE standard. Rounding control
0 1 1 0 —Normal affects only those instructions that perform
0 1 1 1 — Infinity rounding at the end of the operation (and thus
1 0 0 0 +0 can generate a precision exception); namely,
FST, FSTP, FIST, all arithmetic instructions (ex-
1 0 0 1 +Empty cept FPREM, FPREM1, FXTRACT, FABS, and
1 0 1 0 =0 FCHS), and all transcendental instructions.
1 0 1 1 —Empty e The precision control (PC) bits (bits-9-8) can be
1 1 0 0 + Denormal used to set the 80287XL internal operating preci-
1 1 1 0 —Denormal sion of the significand at less than the default of

2.3.4 CONTROL WORD

The NPX provides several processing options that
are selected by loading a control word from memory
into the control register. Figure 2.3 shows the format
and encoding of fields in the control word.
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64 bits (extended precision). This can be useful in
providing compatibility with early generation arith-
metic processors of smaller precision. PC affects
only the instructions ADD, SUB, DIV, MUL, and
SQRT. For all other instructions, either the preci-
sion is determined by the opcode or extended
precision is used.
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2.3.5 INSTRUCTION AND DATA POINTERS

Because the NPX operates in parallel with the CPU,
any exceptions detected by the NPX may be report-
ed after the CPU has executed the ESC instruction
which caused it. To-allow identification of the failing
numeric instruction, the 80287XL contains registers
that aid in diagnosis. These registers supply the op-
code of the failing numeric .instruction, the address
of the instruction, and the address of its numeric
memory operand (if appropriate).

The instruction and data pointers are provided for
user-written exception handlers. Whenever the
80287XL executes a new ESC instruction, it saves
the address of the instruction (including any prefixes
that may be present), the address of the operand (if

present), and the opcode. CPUs with 32-bit internal
architectures contain 32-bit versions of these regis-
ters and do not use the contents of the NPX regis-
ters. This difference is not apparent to'‘programmers,
however.

The instruction and data pointers appear in one of
four formats depending on the operating mode of
the system (protected mode or real-address mode)
and (for CPUs with 32-bit internal architectures) de-
pending on the operand-size attribute in effect (32-
bit operand or 16-bit operand). (See Figures 2.4 and
2.5) The ESC instructions FLDENV, FSTENV,
FSAVE, and FRSTOR are used to transfer these val-
ues between the registers and memory. Note that
the value of the data pointer is undefined if the prior
ESC instruction did not have a memory operand.

RESERVED

(INFINITY CONTROL)*

ROUNDING CONTROL
PRECISION CONTROL

A\ A A4
15

X X X|X]RC|PC

x
>
< 0
X C
x
S
X O
x

RESERVED

EXCEPTION MASKS
PRECISION

UNDERFLOW
OVERFLOW

ZERO DIVIDE

DENORMALIZED OPERAND

INVALID OPERATION

Precision Control
00-24 bits (single.precision)
01-(reserved)
10-53 bits (double precision)
11-64 bits (extended precision)

*The “infinity control” bit is not meaningful to the 80287XL. To maintain compatibility with the 80287, this bit can be
programmed; however, regardless of its value, the 80287XL treats infinity in the affine sense (—o < + ),

- 290376-4

Rounding Control
00-Round to nearest or even
01-Round down (toward — o)
10-Round up (toward + o)
11-Chop (truncate toward zero)

Figure 2.3. Controi Word
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Protected Mode Format ' Real-Address Mode Format

15 7 0 15 L7 0

U B T
Controll Word +0 Controll Word 140

- T
Status Word +2 Status Word +2

T T
Tag YVord Ve +4 Tag Word +4

U -
P Olffset +6 Instruction Pointer 15_0 +6

T |
G Selector +8 Pig1s |0 OPCODEro +8

} - T :
Operand Offset +A Operand Pointer 15.9 +A

Ll
Operand Selector : +C OP 10,16 |olo 00000O0O0O0TO0Of+C

Figure 2.4. Protected Mode Instruction and Data. Figure 2.5. Real Mode Instruction and Data
Pointer Image in Memory : Pointer Image in Memory

Table 2.6. CPU Interrupt Vectors Reserved for NPX

Interrupt

Number Cause of Interrupt -

7 In a system with a CPU that has control registers, an ESC instruction was encountered when
EM or TS of CPU control register zero (CR0) was set. EM = 1 indicates that software
emulation of the instruction is required. When TS is set, either an ESC or WAIT instruction
causes interrupt 7. This indicates that the current NPX context may not belong to the current
task.

9 In a protected-mode system, an operand of a coprocessor instruction wrapped around an
addressing limit (OFFFFH for expand-up segments, zero for expand-down segments) and
spanned inaccessible addressesa. The failing numerics instruction is not restartable. The
address of the failing numerics instruction and data operand may be lost; an FSTENV does not
return reliable addresses. The segment overrun exception should be handled by executing an
FNINIT instruction (i.e., an FINIT without a preceding WAIT). The exception can be avoided by
never allowing numerics operands to cross the end of a segment.

13 In a protected-mode system, the first word of a numeric operand is not entirely within the limit
of its segment. The return address pushed onto the stack of the exception handler points at the
ESC instruction that caused the exception,-including any prefixes. The 80287XL has not
executed this instruction; the instruction pointer and data pomter register refer to a previous,
correctly executed instruction.

16 " The previous numerics instruction caused an unmasked exception. The address of the faulty
instruction and the address of its operand are stored in the instruction pointer and data pointer
registers. Only ESC and WAIT instructions can cause this interrupt. The CPU return address
pushed onto the stack of the ‘exception handler points to a WAIT or ESC instruction (including
prefixes). This instruction can be restarted after clearing the exception condition in the NPX.
FNINIT, FNCLEX, FNSTSW, FNSTENYV, and FNSAVE cannot cause this interrupt.

a. An operand may wrap around an addressing limit when the segment limit is near an addressing limit and the operand is
near the largest valid address in the segment. Because of the wrap-around, the beginning and ending addresses of such an
operand will be at opposite ends of the segment. There are two ways that such an operand may also span inaccessible
addresses: 1) if the segment limit is not equal to the addressing limit (e.g. addressing limit is FFFFH and segment limit is
FFFDH) the operand will span addresses that are not within the segment (e.g. an 8-byte operand that starts at valid offset
FFFCH will span addresses FFFC-FFFFH and 0000-0003H; however addresses FFFEH and FFFFH are not valid, because
they exceed the limit); 2) if the operand begins and ends in present and accessible segments but intermediate bytes of the
operand fall in a not-present segment or page or in a segment or page to which the procedure does not have access rights.

2.4 Interrupt Descnptlon ‘ 2.5 Exception Handling

CPU interrupts are used to report: exceptuonal condi- The 80287XL detects six different exception condi-
tions while executing numeric programs in either real tions that can occur during instruction execution. Ta-
or protected mode. Table 2.6 shows these interrupts ble 2.7 lists the exception conditions in order of

and their functions. precedence, showing for each the cause and the

3-127



intel

80287XL

PRELIMINARY

Table 2.7. Exceptions

Default Action

(0*o0, 0/0, (+ o©) + (— =), etc.), or
stack overflow/underflow (SF is also
set).

Exception Cause (If Exception is Masked)
Invalid Operation on a signalling NaN, Result is a quiet NaN, integer indefinite,
Operation unsupported format, indeterminate form or BCD indefinite. :

Denormalized

At least one of the operands is

The operand is normalized, and normal

to the rounding mode.

Operand denormalized, i.e., it has the smallest processing continues.
exponent but a nonzero significand.
Zero Divisor The divisor is zero while the dividend is a Resultis oo.
noninfinite, nonzero number.
Overflow The result is too large in magnitude to fit Result is largest finite value or .
in the specified format.
Underflow The true result is nonzero but too small Result is denormalized or zero.
to be represented in the specified
format, and, if underflow exception is
masked, denormalization causes loss of
accuracy.
Inexact The true result is not exactly Normal processing continues.
Result representable in the specified format
(Precision) (e.g. ¥s); the result is rounded according

default action taken by the 80287XL if the exception
is masked by its corresponding mask bit in the con-
trol word.

Any exception that is not masked by the control
word sets the corresponding exception flag of the
status word, sets the ES bit of the status word, and
asserts the ERROR# signal. When the CPU at-
tempts to execute another ESC instruction or WAIT,
exception 16 occurs. The exception condition must
be resolved via an interrupt service routine. The re-
turn address pushed onto the CPU stack upon entry
to the service routine does not necessarily point to
the failing instruction nor to the following instruction.
The 80287XL saves the address of the floating-point
instruction that caused the exception and the ad-
dress of any memory operand required by that in-
struction. '

2.6 Initialization

After FNINIT or RESET, the control word contains
the value 037FH (all exceptions masked, precision
control 64 bits, rounding to nearest) the same values
as in an 80287 after RESET. For compatibility with
the 8087 and 80287, the bit that used to indicate
infinity control (bit 12) is set to zero; however, re-
gardless of its setting, infinity is treated in the affine

sense. After FNINIT or RESET, the status word is
initialized as follows:

o All exceptions are set to zero.

e Stack TOP is zero, so that after the first push the
stack top will be register seven (111B).

¢ The condition code C3—-Cy is undefined.
e The B-bit is zero. )

The tag word contains FFFFH (all stack locations
are empty).

80286/80287XL initialization software should exe-
cute an FNINIT instruction (i.e an FINIT without a
preceding WAIT) after RESET. The FNINIT is not
strictly required for either 80287, 80C287A or
80287XL software, but Intel recommends its use to
help ensure upward compatibility with other proces-
sors. :

2.7 8087 and 80287 Compatibility

This section summarizes the differences between
the 80287XL and the 80287. Any migration from the
8087 directly to the 80287XL must also take into
account the differences between the 8087 and the
80287 as listed in the 80286 and 80287 Program-
mer’s Reference Manual. There are no compatibility
differences between the 80287XL and 80C287A ex-
cept the pinout configuration.
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Many changes have been designed into the
80287XL to directly support the |IEEE standard in
hardware. These changes result in increased per-
formance by eliminating the need for software that
supports the standard.

2.7.1 GENERAL DIFFERENCES

The 80287XL supports only affine closure for infinity
arithmetic, not projective closure.

Operands for FSCALE and FPATAN are no longer
restricted in range (except for *o0); F2XM1 and
FPTAN accept a wider range of operands.

Rounding control is in effect for FLD constant.

Software cannot change entries of the tag word to
values (other than empty) that differ from actual reg-
ister contents. ;

After reset, FINIT, and incomplete FPREM, the
80287XL resets to zero the condition code bits C3—
Co of the status word.

In conformance with the IEEE standard, the
- 80287XL does not support the special data formats
pseudozero, pseudo-NaN, pseudoinfinity, and un-
normal.

The denormal exception has a different purpose on
the 80287XL. A system that uses the denormal-ex-
ception handler solely to normalize the denormal op-
erands, would better mask the denormal exception
on the 80287XL. The 80287XL automatically nor-
malizes denormal operands when the denormal ex-
ception is masked. ;

2.7.2 EXCEPTIONS

A number of differences exist due to changes in the
IEEE standard and to functional improvements to
the architecture of the 80287XL:

1. When the overflow or underflow exception is
masked, the 80287XL differs from the 80287 in

* rounding when overflow or underflow occurs.
The 80287XL produces results that are consist-
ent with the rounding mode.

2. When the underflow exception is masked, the
80287XL sets its underflow flag only if there is
also a loss of accuracy during denormalization.

3. Fewer invalid-operation exceptions due to de-
normal operands, because the instructions
FSQRT, FDIV, FPREM, and conversions to BCD
or to integer normalize denormal operands be-
fore proceeding.

10.

11.

12.

13.

14.
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. The FSQRT, FBSTP, and FPREM instructions

may cause underflow, because they support de-
normal operands.

. The denormal exception can occur during the

transcendental instructions and the FXTRACT
instruction.

. The denormal exception no longer takes prece-

dence over all other exceptions.

. When the denormal exception is masked, the

80287XL automatically normalizes denormal op-
erands. The 8087/80287 performs unnormal
arithmetic, which might produce an unnormal re-
sult.

. When the operand is zero, the FXTRACT in-

struction reports a zero-divide exception and
leaves — o0 in ST(1).

. The status word has a new bit (SF) that signals

when invalid-operation exceptions are due to
stack underflow or overflow.

FLD extended precisibn no longer reports denor-
mal exceptions, because the instruction is not
numeric.

FLD single/double precision when the operand
is denormal converts the number to extended
precision and signals the denormalized operand
exception. When loading a signalling NaN, FLD
single/double ‘precision signals an invalid-oper-
and exception.

The 80287XL only generates quiet NaNs (as on
the 80287); however, the 80287XL distinguishes
between quiet NaNs and signaling NaNs. Signal-
ing NaNs trigger exceptions when they are used
as operands; quiet NaNs do not (except for
FCOM, FIST, and FBSTP which also raise |E for
quiet NaNs).

When stack overflow occurs during FPTAN and

overflow is masked, both ST(0) and ST(1) con-

tain quiet NaNs. The 8087/80287 leaves the

original operand in ST(1) intact.

When the scaling factor is + o0, the FSCALE

(ST(0), ST(1)) instruction behaves as follows

(ST(0) and ST(1) contain the scaled and scaling

operands respectively):

® FSCALE(0,°) generates the invalid operation
exception.

o FSCALE(finite, — o) generates zero with the
same sign as the scaled operand.

e FSCALE(finite, + o) generates — © with the
same sign as the scaled operand.

The 8087/80287 returns zero in the first case

and raises the invalid-operation exception in the
other cases.
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15. The 80287XL returns signed infinity/zero as the
unmasked response to massive overflow/under-
flow. The 8087 and 80287 support a limited
range for the scaling factor; within this range ei-
ther massive overflow/underflow do not occur or
undefined results are produced.

3.0 HARDWARE INTERFACE

In the following description of hardware interface,
the # symbol at the end of a signal name indicates
that the active or asserted state occurs when the
signal is at a low voltage. When no # is present after
the signal name, the signal is asserted when at the
high voltage level. )

3.1 Signal Description

In the following signal descriptions, the 80287XL
pins are grouped by function as follows:

1. Execution control—CLK, CKM, RESET

2. NPX handshake—PEREQ, PEACK#, BUSY#,
ERROR #

3. Bus interface pins—D15-Dg, NPWR #, NPRD #
4. Chip/Port Select—NPS1 #, NPS2, CMDO, CMD1
5. Power supplies—V¢c, Vss

Table 3.1 lists every pin by its identifier, gives a brief
description of its function, and lists some of its char-
acteristics. Figure 3.1 shows the locations of pins on
the Ceramic package, while Figure 3.2 shows the
locations of pins on the PLCC package. Table 3.2
helps to locate pin identifiers in Figures 3.1 and 3.2.

Table 3.1. Pin Summary

. Active Input/
Pin Name Function State  Output
CLK ClLocK |
CKM ClocKing Mode |
RESET System reset High |
PEREQ Processor Extension REQuest High (0]
PEACK # Processor Extension ACKnowledge Low l
BUSY #  Busy status Low (0]
ERROR # Error status Low 0o
D15-D0 Data pins High 170
NPRD # Numeric Processor ReaD Low |
NPWR # Numeric Processor WRite Low |
NPS1 # NPX select #1 Low I
NPS2 NPX select #2 High !
CMDO CoMmanD 0 High ]
CMD1 . CoMmanD 1 | High |
Vee System power |
Vss System ground |
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Ceramic Package
‘ U/
N.c.—{1 40[~NC.
N.C.—2 39f— CkM
NC.—3 38f-NC.
N.C.—4 37p=NC.
D55 36 f— PEACK#
D416 35— RESET
D37 34}=NPS1#
D, —18 33— NPS2
Vee—]® ceramic 32[—CLK
Vss—]10 80287XL 31}~ CMD1
Dy {11 30— Vss
Dyo—{12 29 |~ CMDO
N.C.—{13 28 [~ NPWR#
Dg =y 14 27 = NPRD#
Dg—{15 26 |~ ERROR#
D;,—{16 25— BUSY#
Dg—{17 24 |- PEREQ
Ds—{18 23Dy
D, —119 22D,
. Dz—{20 21f=D,

NOTE:

The 80287XL will operate in any coprocessor socket designed for an NMOS 80287 or the CMOS 80C287A.

290376-5

Figure 3.1. DIP Pin Configuration

&
= Q .
O wm@ag8u8s B83°
Z a > > > >.0 > >0 Zz
| I T T T Y T I I |
6 5 4 3 2 1 44 43 42 41 40
D147 39— RESET
Dy3—18 38— NPS1#
Dy, =19 37 =NPS2
Vee =110 36 }—CLK
N.C.={11 80287XLT 35— CMD1
Vss =112 Top View* 34}~ Vss
Dy =113 33—N.C.
Dyp—{14 32~ CcMDO
Vee =115 31}—NPWR#
Dg =116 30 {— NPRD#
Dg =117 29 |- ERROR#
18 19 20 21 22 23 24 25 26 27 28
LA L L L LI
=g N R N-E
) Z e o
o m

*“Top View” means as the package is seen from the component side of the board.

290376-6

Figure 3.2. PLCC Pin Configuration
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Table 3.2. PLCC Pin Cross-Reference

Pin Ceramic PLCC
Name Package Package
BUSY # 25 28
CKM 39 44
CLK 32 36
CMDO 29 32
CMD1 31 35
Do 23 26
D4 22 25
D> 21 24
D3 20 22
Dy 19 21
Ds 18 20
De 17 19
Dy 16 18
Dg 15 17
Dg 14 16
D1o 12 14
D14 11 13
Di2 8 9
D3 7 8
D4 6 7
Dis 5 5
ERROR # 26 29
No Connect 2 6,11,23,33,40
NPRD # 27 30
NPS1 # 34 38
NPS2 33 37
NPWR # 28 31
PEACK # 36 41
PEREQ 24 27
RESET 35 39
Vco 9 1,3,10,15,42 .
Vss 10,30 2,4,12,34,43

two to produce the internal clock signal. During the
RESET sequence, this input must be stable at least
four internal clock cycles (i.e. CLK clocks when CKM
is HIGH; 2 X CLK clocks when CKM is LOW) before
RESET goes LOW.

3.1.3 SYSTEM RESET (RESET)

A LOW to HIGH transition on this pin causes the
80287XL to terminate its present activity and to en-
ter a dormant state. RESET must remain active
(HIGH) for at least four CLK periods (i.e., the RESET
signal presented to the 80287XL must be at least
four 80287XL clocks long, regardless of the frequen-
cy of the CPU). Note that the 80287XL is active in-
ternally for 25 clock cycles after the termination of
the RESET signal (the HIGH to LOW transition of
RESET); therefore, the first instruction should not be
written to the 80287XL until 25 clocks after the fall-
ing edge of RESET. Table 3.3 shows the status of
the output pins during the reset sequence. After a
reset, all output pins return to their inactive states.

Table 3.3. Output Pin Status during Reset

3.1.1 CLOCK (CLK)

This input provides the basic timing for internal oper-
ation. This pin does not require MOS-level input; it
will operate at. either TTL or MOS levels up to the
maximum allowed frequency. A minimum frequency
must be provided to keep the internal logic properly
functioning. Depending on the signal on CKM, the
signal on CLK can be divided by two to produce the
internal clock signal.

3.1.2 CLOCKING MODE (CKM)
This pin is a strapping option. When it is strapped to

Vee (HIGH), the CLK input is used directly; when
strapped to Vgg (LOW), the CLK input is divided by

Output Pin Name Value During Reset
BUSY # HIGH

ERROR# HIGH

PEREQ LOW

D15-Dg Tristate OFF

3.1.4 PROCESSOR EXTENSION REQUEST
(PEREQ)

When active, this pin signals to the CPU that the
80287XL is ready for data transfer to/from its data
FIFO. With 80286 and 80C286 CPUs, PEREQ can
be deactivated after assertion of PEACK#. These
CPUs rely on the NPX to deassert PEREQ when all
operands have been transfered. When there are
more than five data transfers, PEREQ is deactiviated
after the first three transfers and subsequently after
every four transfers. This signal always goes inactive
before BUSY # goes inactive.

3.1.5 BUSY STATUS (BUSY #)

When active, this pin signals to the CPU that the
80287XL is currently executing an instruction. It
should be connected to the CPU’s BUSY # pin. Dur-
ing the RESET sequence this pin is HIGH.
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3.1.6 ERROR STATUS (ERROR#)

This pin reflects the ES bit of the status register.
When active, it indicates that an unmasked excep-
tion has occurred. This signal can be changed to
inactive state only by the following instructions (with-
out a preceding WAIT): FNINIT, FNCLEX,
FNSTENV, FNSAVE, FLDCW, FLDENV, and
FRSTOR. This pin should be connected to the ER-
ROR# pin of the CPU. ERROR# can change state
only when BUSY # is active.

3.1.7 PROCESSOR EXTENSION
ACKNOWLEDGE (PEACK #)

During execution of escape instructions, an 80286 or
80C286 CPU asserts PEACK # to acknowledge that
the request . signal (PEREQ) has been recognized
and that data transfer is in progress. The 80286/

80C286 also drives this signal HIGH during RESET. "

This input may be asynchronous with respect to the
80287XL clock except during a RESET sequence,
when it must satisfy setup and hold requirements
relative to RESET.

3.1.8 DATA PINS (D45-Do)

These bidirectional pins are used to transfer data
and opcodes between the CPU and 80287XL. They
are normally connected directly to the correspond-
ing CPU data pins. Other buffers/drivers driving the
local data bus must be disabled when the CPU
reads from the NPX. HIGH state indicates a value of
one. Dy is the least significant data bit.

3.1.9 NUMERIC PROCESSOR WRITE (NPWR#)

A signal on this pin enables transfers of data from
the CPU to the. NPX. This input is valid only when
NPS1# and NPS2 are both active.

3.1.10 NUMERIC PROCESSOR READ (NPRD#)

A signal on this pin enables transfers of data from
the NPX to the CPU. This input is valid only when
NPS1# and NPS2 are both active.

3.1.11 NUMERIC PROCESSOR SELECTS
(NPS1# and NPS2)

Concurrent assertion of these signals indicates that
the CPU is performing an escape instruction and en-
ables the 80287XL to execute that instruction. No
data transfer involving the 80287XL occurs unless
the device is selected by these lines.

3.1.12 COMMAND SELECTS (CMDO AND CMD1)

These pins along with the select pins allow the CPU
to direct the operation of the 80287XL.

3.1.13 SYSTEM POWER (Vcc)

System power provides the +5V+10% DC supply
input. All Vcc pins should be tied together on the
circuit board and local decoupling capacitors should
be used between V¢ and Vss.

3.1.14 SYSTEM GROUND (Vss)

All Vgg pins should be tied together on the circuit
board and local decoupling capacitors should be
used between V¢ and Vgs.'

3.2 Processor Architecture

As shown by the block diagram on the front page,
the 80287XL NPX is internally divided into three sec-
tions: the bus control logic (BCL), the data interface
and control unit, and the floating point unit (FPU).
The FPU (with the support of the control unit which
contains the sequencer and other support units) ex-
ecutes all numerics instructions. The data interface
and control unit is responsible for the data flow to
and from the FPU and the control registers, for re-
ceiving the instructions, decoding them, and se-
quencing the microinstructions, and- for handling
some of the administrative instructions. The BCL is
responsible for CPU bus tracking and interface.

3.2.1 BUS CONTROL LOGIC

The BCL communicates solely with the CPU using 1/
O bus cycles. The BCL appears to the CPU as a
special peripheral device. It is special in two re-
spects: the CPU initiates 1/0 automatically when it
encounters ESC instructions, and the CPU uses re-
served /0 addresses to communicate with the BCL.
The BCL does not communicate directly with memo-
ry. The CPU performs all memory access, transfer-
ring input operands from memory to the 80287XL
and transferring outputs from the 80287XL to memo-
ry. A dedicated communication protocol makes pos-
sible high-speed transfer of opcodes and operands
between:the CPU and 80287XL.

3.2.2 DATA INTERFACE AND CONTROL UNIT

The data interface and control unit latches the data
and, subject to BCL control, directs the data to the
FIFO or the instruction decoder. The instruction de-
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Table 3.4. Bus Cycles Definition

NPS1# NPS2 CMDO CMD1 NPRD # NPWR # Bus Cycle Type -
X 0 X X X X 80287XL not selected
1 X X X X X 80287XL not selected
0 1 0 0 1 0 Opcode write to 80287XL
0 1 0 0 0 1 CW or SW read from 80287XL
0 1 1 0 0 1 Read data from 80287XL
0 1 1 0 1 0 Write data to 80287XL
0 1 0 1 1 0 Write exception pointers
0 1 0 1 0 1 Reserved
0 1 1 1 0 1 Reserved
0 1 1 1 1 0 Reserved

coder decodes the ESC instructions sent to it by the
CPU and generates controls that direct the data flow
in the FIFO. It also triggers the microinstruction se-
quencer that controls execution of each instruction.
If the ESC instruction is FINIT, FCLEX, FSTSW,
. FSTSW AX, FSTCW, FSETPM, or FRSTPM, the

control executes it independently of the FPU and the
sequencer. The data interface and control unit is the
one that generates the BUSY #, PEREQ, and ER-
ROR# signals that synchronize 80287XL activities
with the CPU.

3.2.3 FLOATING-POINT UNIT

The FPU executes all instructions that involve the
register stack, including arithmetic, logical, transcen-
dental, constant, and data transfer instructions. The
data path in the FPU is 84 bits wide (68 significant
bits, 15 exponent bits, and a‘sign bit) which allows
internal operand transfers to be performed at very
high speeds.

3.3 Bus Cycles

The pins NPS1#, NPS2, CMDO, CMD1, NPRD#,
and NPWR # identify bus cycles for the NPX. Table
3.4 defines the types of 80287XL bus cycles.

3.3.1 80287XL ADDRESSING

The NPS1#, NPS2, CMDO, and CMD1 signals allow
the NPX to identify which bus cycles areintended for
the NPX. The NPX responds to I/0 cycles when the
1/0 address is 00F8H, 00FAH, 00FCH. The corre-
' spondence between 1/0 addresses and control sig-

nals is defined by Table 3.5. To guarantee correct -

operation of the NPX, programs must not perform
any 1/0 operations to these reserved port address-
es.

Table 3.5. 1/0 Address Decoding

(Hexadecimal)
NPS2 | NPS1# | CMD1 | CMDO
00F8 1 0 0 0
00FA 1 0 0 1
00FC 1 0 1 0

3.3.2 CPU/NPX SYNCHRONIZATION

The pins BUSY #, PEREQ, and ERROR# are used
for various aspects of synchronization between the
CPU and the NPX.

BUSY # is used to synchronize instruction transfer
from the CPU to the 80287XL. When the 80287XL
recognizes an ESC instruction, it asserts BUSY #.
For most ESC instructions, the CPU waits for the
80287XL to deassert BUSY # before sending the
new opcode. :

The NPX uses the PEREQ pin of the CPU to signal
that the NPX is ready for data transfer to or from its
data FIFO. The NPX does not directly access mem-
ory; rather, the CPU provides memory access serv-
ices for the NPX. Thus, memory access on behalf of
the NPX always obeys the rules applicable to the
mode of the CPU, whether the CPU be in real-ad-
dress mode or protected mode.

Once the CPU initiates an 80287XL instruction that
has operands, the CPU waits for PEREQ signals that
indicate when the 80287XL is ready for operand
transfer. Once all operands have been transferred
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(or if the instruction has no operands) the CPU con-

tinues program execution while the 80287XL exe-

cutes the ESC. instruction.

In 8086/8087 systems, WAIT‘inétructions may be
required to achieve - synchronization of both com-

mands and operands. In 80287XL systems, howev- °

er, WAIT instructions are required only for operand
synchronization; namely, after NPX stores to memo-
ry (except FSTSW and FSTCW) or load from memo-
ry. (In 80286/80287XL systems, WAIT is required
before FLDENV and FRSTOR; with other CPU’s,
WAIT is not required in these cases.) Used this way,
WAIT ensures that the value has already been writ-
ten or read by the NPX before the CPU reads or
changes the value.

Once it has started to execute a numerics instruction
and has transferred the operands from the CPU, the
80287XL can process the instruction in parallel with
and independent of the host CPU. When the NPX
detects an exception, it asserts the ERROR # signal,
which causes a CPU interrupt.

3.4 Bus Operation

With respect to bus interface, the 80287XL is fully
asynchronous with the CPU, even when it operates
from the same clock source as the CPU. The CPU
initiates a bus cycle for the NPX by activating both
NPS1#. and NPS2, the NPX select signals. During
the CLK period in which NPS1# and NPS2 are acti-
vated, the 80287XL also examines the NPRD# and
NPWR# input signals to determine whether the cy-
cle is a read or a write cycle and examines the
CMDO and CMD1 inputs to determine whether an
opcode, operand, or control/status register transfer
is to occur. The 80287XL activates its BUSY # out-
put some time after the leading edge of the NPRD #
or NPWR# signal. Input and output data are refer-
enced to the trailing edges of the NPRD# and
NPWR# signals.

The 80287XL activates the PEREQ signal when it is
ready for data transfer. In 80286/80C286 systems,
the CPU activates PEACK# when no more data
transfers are required, which causes the 80287XL to
deactivate PEREQ, halting the data transfer.

3.5 | 80286/80287XL, 80C286/80287XL
Interface and Socket Compatibilty

The ceramic 80287XL device can fit into existing
80287 sockets since the pin conflguratlon is identi-
cal.

The CERDIP 80C287A utilizes a different pin config-
uration with extra power and ground pins. However,
the 80287XL operates in 80C287A sockets also.
The extra power and ground pins are not connected
inside the 80287XL and not used. Refer to 800287A
data sheet (Order #240347).

Note that when the clock selection is CKM = 0, the
80287XL divides the clock input by two, not by three
as on the 80287. In this case, the 80287XL will oper-

ate faster.

The interface between the 80287XL and the 80286/
80C286 CPU (illustrated in Figure 3.3) has these
characteristics:

® The 80287XL resides on the local data bus of the
CPU.

e The CPU and 80287XL share the same RESET
signals. They may also share the same clock in-
put; however, for greatest performance, an exter-
nal oscillator may be needed.

e The corresponding BUSY #, ERROR #, PEREQ,
and PEACK# pins are connected together.

® NPS2 is tied HIGH permanently, while NPS1 #,
CMD1, and CMDO come from the latched ad-
dress pins. The 80286 generates |/O addresses
00F8H, 00FAH, and O0OFCH during NPX bus cy-
cles. Address OOFEH is reserved.

® The 80287XL NPRD# and NPWR# inputs are
connected to 1/0 read and write signals from lo-
cal bus control logic.
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ADDRESS
RESET : >
— READY# AlA A
= CLK s5|a 1
= 82c284 Si#
SO#
A15-A0
RESET
READY# READY#  80C286/
CLK LK 80286
St# St# D15-D0
so# so
M/I0# M/104#
— ERROR# PEREQ |—— .
BUSY# PEACK# | B A G2Af
COD/INTA# 74AS138
82c288
628§ Gl o7
J I E
DEN l —

DT/R# D D D
ALE CLK
lowC# IORC# | Q Q Q
RESET PEACK# |
PEREQ et
80287XL
- OE#
DIR
D15-D0 DATA TRANS=
CEIVER
NPRD# NPS2 '—‘VW—J—
NPWR# NPS14
‘i ERROR# CMD1
BUSY# CMDO
CLK CKM
’
CLOCK ’ |
GENERATOR -
290376-7

Figure 3.3. 80286/80287XL System Configuration
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4.0 ELECTRICAL DATA

4.1 Absolute Maximum Ratings

NOTE

Stresses above those listed 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 im-
plied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reli-
ability.

Case temperature Tg under bias ....... 0°C to 85°C
Storage temperature ........... —65°Cto +150°C
Voltage on any pin .

with respectto ground....... —0.5t0 Vg +0.5V
Power dissipation ....................... 1.5 Watt

4.3 D.C. Characteristics

4.2 Power and Frequency
Requirements

The typical relationship between Icc and the fre-
quency of operation F is as follows:

lcctyp = 55 + 5*F mA , where F is in MHz.

When the frequency is reduced below the minumum
operating frequency specified in the AC Characteris-
tics table, the internal states of the 80287XL may
become indeterminate. The 80287XL clock cannot
be stopped; otherwise, Igc would increase signifi-
cantly beyond what the equation above indicates.
Power dissipation decreases with frequency for fre-
quencies > 4 MHz.

Table 4.1. D.C. Specifications Tc = 0to 85deg C, Vgc = 5V £10%

. . Test

Symbol Parameter Min Max Units Conditions

ViL input LOW Voltage —-0.5 +0.8 \"

ViH Input HIGH Voltage 20 Voo +0.5 \

VicL - Clock Input LOW Voltage —-0.5 +0.8 \

VicH Clock Input HIGH Voltage 2.0 ‘Vgc+0.5 \"

VoL Output LOW Voltage 0.45 \" loL = 3.0mA

VoH Output HIGH Voltage 24 \ loH = —0.4 mA

lcc Power Supply Current 135 mA Note 1

L Input Leakage Current +10 RA Note 2

ILo 1/0 Leakage Current +10 BA Note 3

CiN Input Capacitance 10 pF * Note 4

Co 1/0 or Output Capacitance 12 pF Note 4

CcLK Clock Capacitance 20 pF Note 4
NOTES:

1. 12.5 MHz operation, output load = 100 pF

2.0V .< V)N < Voo

3. 0.45V < Voyt < Vgg —0.45

4.Fc = 1MHz
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4.4 A.C. Characteristics

All timings are measured at 1.5V unless otherwise specified

Table 4.2. Timing Requirements Tg = 0 to 85 deg C, Voo = 5V +10%

12.5 MHz Test
Symbol Parameter Min Max Conditions
(ns) (ns)
Tdvwh (t6) Data setup to NPWR # 43
Twhdx (t7) Data hold from NPWR # 14
Trirh (t8) NPRD # active time 59
Twiwh (t9) NPWR # active time 59
Tavwl (t10) Command valid to NPWR # 0
Tavrl (t11) Command valid to NPRD # 0
Tmhrl (112) Min delay from PEREQ active 40
to NPRD # active
Tklkh (t33) PEACK# active time 55
Tkhkl (t34) PEACK# inactive time 60
¢ Tkhch (t35) PEACK# inactive to 30
NPRD#, NPWR # inactive
Tkicl (t36) PEACK# active setup to 30
) NPRD #, NPWR# active
Tchkl (t37) NPRD#, NPWR # inactive —30
to PEACK # active
Twhax (t18) Command hold from NPWR # 12
Trhax (t19) Command hold from NPRD # 12
Tivel (t20) NPRD#, NPWR #, RESET to 46 Note 1
CLK setup time
Tclih (t21) NPRD#, NPWR #, RESET from 26 Note 1
CLK hold time
Tpaksu (t38) PEACK # setup to RESET 80
falling edge
Tpakhd (t39) PEACK# hold from RESET 80
falling edge
Trscl (t24) RESET to CLK setup 21 Note 1
Tclrs (t25) RESET from CLK hold 14 Note 1
Temdi (t26) Command inactive time
. Write to write 69
Read to read 69
Read to write 69
Write to read 69
NOTE:

1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK

edge (not tested).
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Table 4.3. Timing Responses
12.5 MHz Test
Symbol Parameter Min Max Conditions
(ns) (ns)
Trhqz (t27) NPRD# inacfive to data float* 18 Note 2
Trigv (t28) NPRD# active to data valid 50 Note 3
Tilbh (t29) ERROR# active to BUSY # inactive 104 Note 4
Twibv (t30) NPWR # active to BUSY # active ‘ 80 Note 4
Tkiml (t31) NPRD#, NPWR # or PEACK # 80 Note 5
. active to PEREQ inactive
Trhgh (t32) Data hold from NPRD# inactive 2 Note 3
NOTES:

* The data float delay is not tested.
2. The float condition occurs when the measured output current is less than Ig. on D15-Dg.
3. D15—Dg loading: C1 = 100pf.
4. BUSY # loading: C1 = 100pf.
5. On last data transfer of numeric instruction.

Table 4.4. Clock Timings

. 12.5 MHz Test
Symbol Parameter Min Max Conditions
(ns) | (ns)
Tclel (t1a) CLK period CKM=1 80 250
(t1b) CKM=0 40 125
Tclch (t2a) CLK low time CKM=1 35
(t2b) CKM=0 9 Note 6, 10
Tchel (t3a) CLK high time  CKM=1 35 Voo = £10%
'~ CKM=1 28 Vcc = £5%, Note 11
(t3b) CKM=0" 13 Note 7, 10
Tchich2 (t4) 10 Note 8
Tch2ch1 (t5) 10 Note 9
NOTES:
6. At 0.8V.
7. At 2.0V.

8. CKM=1: 3.5V to 1.0V
9. CKM=1: 1.0V to 3.5V.

10. Proper operation can also be achieved by meeting the CPU specification
11. Provides compatibility for sockets designed for Intel 80287-6/8/10 MHz Math CoProcessors. .
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290376-8

Figure 4.1. AC Drive and Measurement Points—CLK Input

CLK S 1.5V
INPUT

tseTup thoLp

3.0v

OTHER
DEVICE
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DEVICE
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290376-9

Figure 4.2. AC Setup, Hold, and Delay Time Measurements—General

DEVICE
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—— C_
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—l

290376-10

Figure 4.3. AC Test Loading on Outputs
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Figure 4.4. Data Transfer Timing (Initiated by CPU)
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Figure 4.5. Data Channel Timing (Initiated by 80287XL)
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ERROR#

BUSY#
JK— t29

290376-13

Figure 4.6. ERROR # Output Timing

CLK
(IF CKM=1)

RESET

290376-14

Figure 4.7. CLK, RESET Timing (CKM= 1)
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Figure 4.8. CLK, NPRD #, NPWR # Timing (CKM= 1)
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RESET must meet timing shown to guarantee known phase of internal divide by 2 circuit.

290376-16

Figure 4.9. CLK, RESET Timing (CKM=0)
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CLK
we A\ [/
NPWR#
‘ § ! ; 290376-17
Figure 4.10. CLK, NPRD #, NPWR # Timing (CKM=0)
RESET \:
o “““‘
! 38 ‘ ! t39—————.
290376-18

Figure 4.11. RESET, PEACK # Setup and Hold Timing
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5.0 80287XL EXTENSIONS TO THE
CPU’S INSTRUCTION SET

Instructions for the 80287XL assume one of the five
forms shown in Table 5-1. In all cases, instructions
are at least two bytes long and begin with the bit
pattern 11011B, which identifies the ESCAPE class
of instruction. Instructions that refer to memory oper-
ands specify addresses using the CPU’s addressing
modes.

MOD (Mode field) and R/M (Register/Memory spec-
ifier) have the same interpretation as the corre-
sponding fields of CPU instructions (refer to Pro-
grammer’s Reference Manual for the CPU). The
DISP (displacement) is optionally present in instruc-

tions that have MOD and R/M fields. Its presence
depends on the values of MOD and R/M, as for in-
structions of the CPU.

The instruction summaries that follow assume that
the instruction has been prefetched, decoded, and is
ready for execution; that bus cycles do not require
wait states; that there are no local bus HOLD re-
quests delaying processor access to the bus; and
that no exceptions are detected during instruction
execution. Timings are given in internal 80287XL
clocks and include the time for opcode and data
transfer between the CPU and the NPX. If the in-
struction has MOD and R/M fields that call for both
base and index registers, add one clock.

Table 5.1. Instruction Formats

Instruction Optional
First Byte Second Byte Fleld
1 11011 OPA 1 MOD 1 oPB R/M DISP
2 11011 MF OPA MOD oPB* R/M DISP
3 11011 d P OPA 1 1 opPB* ST(i)
4 11011 0 0 1 1 1 1 OP
5 11011 0 1 1 1 1 1 OP
15-11 10 9 8 7 6 5 4 3 210

OP = Instruction opcode, possibly split into two fields OPA and OPB

MF = Memory Format
00-32-bit real
01-32-bit integer
10-64-bit real
11-16-bit integer

d = Destination

0-Destination is ST(0)
1-Destination is ST(i)

R XOR d = 0-Destination (Op) Source

R XOR d = 1-Source (Op) Destination
*In FSUB and FDIV, the low-order bit of the OPB is the R (reversed) bit

P = Pop
0-Do not pop stack
1-Pop stack after operation

ESC = 11011 °

ST(i) = Register stack element i
000 = Stack top
001 = Second stack element

111 = Eighth stack element
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80287XL Extension to the CPU’s Instruction Set

£ S B
FXAM = Examine ST(0)
CONSTANTS

FLDZ = Load +0.0 into ST(0)
FLD1 = Load + 1.0 into ST(0)
FLDPI = Load pi into ST(0)

FLDL2T = Load logp(10) into ST(0)

Rt

11100101 __|

[ escoot ]

[ Eescoot [ 11101110 |
[ Escoot [ 11101000 |
[ Escoor T 11101011 |
[ Escoor. [ 11101001 |

Encoding Clock Count Range
Instruction Byte Byte Optional 32Bit | 32-Bit | 64-Bit | 16-Bit
(] 1 | Bytes 2-3 Real | Int ‘ Real l Integ
DATA TRANSFER
FLD = Load?®
Integer/real memory to ST(0) [ ESCMF1 ] MODO00OR/M |  SIB/DISP 36 61-68 45 61-65
Long integer memory to ST(0) [ esci11 [ MOD101R/M | SIB/DISP 76-87
Extended real memory to ST(0) [Esco11 | MOD101R/M | SIB/DISP 48
BCD memory to ST(0) [ Esc111 [ MOD100R/M |  SIB/DISP 270-279
ST(i) to ST(0) [ Escoo1r | -11000ST(H) | 21
FST = Store
ST(0) to integer/real memory [ EscMF1 | MODO10R/M | siB/DISP 51 86-100 56 88-101
ST(0) to ST() [ escio1 [ 110108T() | 18
FSTP = Store and Pop 3
ST(0) to integer/real memory [ EsCMF1 | MODO11R/M | SIB/DISP 51 - 86~100 56 88-101
ST(0) to long integer memory [ Esc111 [ MOD111R/M | SIB/DISP 91-108
ST(0) to extended real [ Esco11 [ MOD111R/M | sSIB/DISP 61
ST(0) to BCD meriory [ Esc111 ] MOD110R/M |  SIB/DISP 520-542
ST(0) to ST() [ Esc1o1 | 11001ST() | 19
FXCH = Exchange
ST(i) and ST(0) [ Escoo1 T 110018T() | 25
COMPARISON
FCOM = Compare
Integer/real memory to ST(0) [ escmrFo | mopotor/M | siB/DISP 42 72-79 51 7-75
ST(j) to ST(0) [ escooo [ 11010sT() | 3
FCOMP = Compare and pop
Integer/real memory to ST [ escMro [ mopbot1R/M | siB/DISP 42 72-79 51 7-77
ST(j) to ST(0) [ escooo [ 110118T)) | 33
FCOMPP = Compare and pop twice
ST(1) to ST(0) [ esctio [ 11011001 | 33
FTST = Test ST(0) [ Escoot | 11100100 | 35

27
31
47
47

Shaded areas indicate instructions not available in 8087/80287, but available on 80C287A and 80287XL.

NOTE:

a. When loading single- or double-precision zero from memory, add 5 clocks.
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80287XL Extension to the CPU’s Instruction Set (Continued)

Encoding Clock Count Range
'Instruction Byte Byte | Optional 32-Bit I _3?-alt—[ 64-Bit | 16-Bit
0 1 Bytes 2-3 Real gt Real Integer
CONSTANTS (Continued)
FLDL2E = Load logp(e) into ST(0) [ escoot [ 11101010 | 47
FLDLG2 = Load log1o(2) into ST(0) [ Escoot | 11101100 | 48
FLDLN2 = Load loge(2) into ST(0) [ Escoot | 11101101 | 48
ARITHMETIC
FADD = Add
Integer/real memory with ST(0) [ escMro [ mobooor/M [ siB/DISP 40-48  73-78  49-79 ' 71-85
ST() and ST(0) [ escdpo | ‘11000sT() | 30-38b
FSUB = Subtract )
Integer/real memory with ST(0) | ESC MF 0 l MOD 10 RR/M | SIB/DISP 40-48 73-98  49-77  71-83¢
ST(j) and ST(0) [ escdro [ 1110RRM | 33-419
FMUL = Multiply _
Integer/real memory with ST(0) l ESC MF 0 | MOD 001 R/M ! SIB/DISP 43-51 77-88 52-77 76-87
ST(j) and ST(0) [ Escdro | 11001R/M | 25-53¢
FDIV = Divide
Integer/real memory with ST(0) [_EscMFo [ MoD11RR/M | siB/DISP 105 136-143' 114 136-1409
ST() and ST(0) [ _escdro | 1111RRM | 95h
FSQRTI = Square root [_Escoot [ 1111010 | 129-136
FSCALE = Scale ST(0) by ST(1) [ Escoot | 11111101 | 74-93
FPREM = Partial remainder of [ _Escoot | 11111000 | 81-162
FRNDINT = Round ST(0) ESC 001 l 11111100 —I
to lnteger .
FXTRACT = Extract components i .
of ST(O) [ Escoot T 11110100 | 75-83
FABS = Absolute value of ST(0) [ Escoor [ 11100001 | 29
FCHS = Change sign of ST(0) [ _Escoor [ 11100000 | 31-37

Shaded areas indicate instructions not available in 8087/80287, but available on 80287XL and 80C287A.

'NOTES:

b. Add 3 clocks to the range when d = 1.
c. Add 1 clock to each range when R = 1.
d. Add 3 clocks to the range when d = 0.

e. Typical = 48 (When d = 0, 42-50, typical = 45).

f. Add 1 clock to the range when R = 1.
g. 135-141 whenR = 1.

h. Add 3 clocks to the range when d = 1.
i. =0 < ST(0) < + o0,
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-80287XL Extension to the CPU’s Instruction Set (Contlnued)

Encoding
Instruction Byte . Byte o O‘ptlonal E Clock Count Range
0 1 Bytes 2-3
TRANSCENDENTAL ' '
FPTANK = Partial tangent of ST(0) ESC 001~ 1111 0010 198-504i
FPATAN = Partial arctangent [ escoor ] 11110011 | 321-494
F2XM1! = 28TO) — 1 [ Escoor . [. 11110000 ] . . 215-483
FYL2XM = ST(1) * loga(ST(0)) " [ Eescoor | 11110001 | o 127-545
FYL2XPIn = ST(1) *logs(ST(0) + 1.0 [__ESCoor | 11111001 | ‘ 264-554.
PROCESSOR CONTROL o ‘ ‘ i
FINIT = Initialize NPX [ Escott | 11100011 | 25
FSETPM = Set protected mode [ escoir | 11100100 | 12
FRSTPM = Reset protected mode [ Escotr [ 11110100 ] 12
FSTSW AX = Store status word [[Esci1i | 11100000 | 18
FLDCW = Load control word '| ESC001 | MOD101R/M | SIB/DISP 33
FSTCW = Store control word [ "Eescto1 | mobi1irRmM | si/DisP | 18
FSTSW = Store status word [ “escto1 [ mMoD111R/M | siB/DISP 18
FCLEX = Clear exceptions [ “Escon | 11100010 | 8
FSTENV = Store environment [ Escoot [ MoD110R/M [ siB/DISP - 192-193
FLDENV = Load environment [ escoot | mMoD100R/M [ siB/DISP 85
FSAVE = Save state [ Eesc101 | moD110R/M | siB/DISP - 521-522
FRSTOR = Restore state [ escto1 | mob1oor/M | siB/DISP 396
FINCSTP = Increment stack pointer [ Escoot | 11110111 | 28
FDECSTP = Decrement stack pointer | ESC001 | 11110110 | : 29
FFREE = Free ST() [ Escior | ti0ost® | 25
FNOP = No operations [ Escoot | 11010000 |- ‘ 19

Shaded areas indicate instructions not available in 8087/80287, but available on 80287XL and 80C287A.

NOTES:
j. These timings hold for operands in the range |x| < 7r/4. For operands not in this range, up to 78 additional clocks may be
needed to reduce the operand.
k.0 <|ST(0)| < 263,
1. —1.0 < ST(0) < 1.0.
m. 0 < ST(0) < o0, —© <ST(1) < 400,
n. 0 < |ST(0)| < (2 — SQRT(2))/2, — < ST(1) < + 0.
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BUS CONTROLLER FOR 80286 PROCESSORS
(82C288-12, 82C288-10, 82C288-8)

m Provides Commands and Controls for m Fully Static Device v
Local and System Bus m Available in 20 Pin PLCC (Plastic

B Wide Flexibility in System Leaded Chip Carrier) and 20 Pin Cerdip
Configurations Packages

™ High Speed CHMOS Il Technology (See Packaging Spec, Order #231369)

m Fully Compatible with the HMOS 82288

The Intel 82C288 Bus Controller is a 20-pin CHMOS Iil component for use in 80286 microsystems. The
82C288 is fully compatible with its predecessor the HMOS 82288. The bus controller is fully static and
supports a low power mode. The bus controller provides command and control outputs with flexible timing
options. Separate command outputs are used for memory and I/O devices. The data bus is controlled with
separate data enable and direction control signals. '

Two modes of operation are possible via a strapping option: MULTIBUS® | compatible bus cycles, and high
speed bus cycles.

3-STATE
COMMAND
STATUS OUTPUTS k
S0 —4+ H->INTA
STATUS
1—1"] DECODER | COMMAND -->0RC
MIi0—+ T H=TOWC
H->WRDC
|4 NWTE
STATE
CLK
MACHINE CONTROL
CONTROL
INPUTS outs _u 3
CEN/AEN —+ L H> DT/IR
CONTROL CONTROL
CENL— 1 NPT - | OUTPUT > OEN
cMpLY— LoGIC Loaic H=ALE
READY — H->MCcE

240042-1
Figure 1. 82C288 Block Diagram

September 1989
3-148 Order Number: 240042-003
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20 Pin Cerdip Package

\J
mERoY [+ 20 ] vec
Cek [z w[] &
& [s 18] ] wio
82C268
mce [ 17[] ovR
ae [ s 16 ] pEN
me e 15 ] cENAEN
cmoLy []7 14[] cenL
mroc [Js 13[] iNTA
mwrc [ | 12 [ ] iORG
anp 10 1[] iowe
240042-2
P.C. Board Views—As viewed from the compo- Component Pad Views—As viewed from under-
nent side of the P.C. board. side of component when mounted on the board.
20 Pin PLCC Package
4(0000 . .o‘:loo(
H1H H1L
nnononn 9 10 1112 13
n -
CENL[J14 13 12 1110 9 gl RDC !
CEN/AEN] 15 73 eMoLY 14 CENL
DENC]16  82c288 [ =]V 15 CEN/AEN
DT/RIJ17 SEJALE O=f] 16 DEN
M/ioC]18 o 4IMCE o 17 DT/R
19 20 1 2 ‘ O] 18 M/i0
(=] > X ""
283"
oz
240042-3
2400424

Figure 2. 82C288 Pin Configuration
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Table 1. Pin Description

The following pin function descriptions are for the 82C288 bus controller.

Symbol

Type

Name and Function

CLK

SYSTEM CLOCK provides the basic timing control for the 82C288 in an 80286
microsystem. Its frequency is twice the internal processor clock frequency. The falling
edge of this input signal establishes when inputs are sampled and command and control
outputs change.

é

BUS CYCLE STATUS starts a bus cycle and, along with M/10, defines the type of bus
cycle. These inputs are active LOW. A bus cycle is started when either S1 or SO is
sampled LOW at the falling edge of CLK. Setup and hold times must be met for proper
operation.

80286 Bus Cycle Status Definition

M/10 Type of Bus Cycle

Interrupt Acknowledge
1/0 Read

1/0 Write

None; Iidle

Halt or Shutdown
Memory Read
Memory Write

None; Idle

~~oco-==00|9

MEMORY OR I/0 SELECT determines whether the current bus cycle is in the memory
space or |/0 space. When LOW, the current bus cycle is in the |/O space. Setup and
hold times must be met for proper operation.

MULTIBUS MODE SELECT determines timing of the command and control outputs.
When HIGH, the bus controller operates with MULTIBUS | compatible timings. When
LOW, the bus controller optimizes the command and control output timing for short bus
cycles. The function of the CEN/AEN input pin is selected by this signal. This input is
typically a strapping option and not dynamically changed.

COMMAND ENABLE LATCHED is a bus controller select signal-which enables the bus
controller to respond to the current bus cycle being initiated. CENL is an active HIGH
input latched internally at the end of each Tg cycle. CENL is used to select the
appropriate bus controller for each bus cycle in a system where the CPU has more than
one bus it can use. This input may be connected to V¢ to select this 82C288 for all
transfers. No control inputs affect CENL. Setup and hold times must be met for proper

operation.

CMDLY

COMMAND DELAY allows delaying the start of a command. CMDLY is an active HIGH
input. If sampled HIGH, the command output is not activated and CMDLY is again
sampled at the next CLK cycle. When sampled LOW the selected command is enabled. If
READY is detected LOW before the command output is activated, the 82C288 will
terminate the bus cycle, even if no command was issued. Setup and hold times must be
satisfied for proper operation. This input may be connected to GND if no delays are
required before starting a command. This input has no effect on 82C288 control outputs.

READY indicates the end of the current bus cycle. READY is an active LOW input.

MULTIBUS | mode requires at least one wait state to allow the command outputs to
become active. READY must be LOW during reset, to force the 82C288 into the idle
state. Setup and hold times must be met for proper operation. The 82C284 drives READY
LOW during RESET.
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Table 1. Pin Description (Continued)

Symbol

Type

Name and Function

CEN/AEN.

) COMMAND ENABLE/ADDRESS ENABLE controls the.command and DEN

outputs of the bus controller. CEN/AEN inputs. may be asynchronous to CLK.
Setup and hold times are given to assure a guaranteed response to
synchronous inputs. This input may be connected to Vg or GND.

When MB is HIGH this pin has the AEN functlon AEN is an active LOW input
which indicates that the CPU has been granted use of a shared bus and the
bus contoller command outputs may exit 3-state OFF and become inactive
(HIGH). AEN HIGH indicates that the CPU does not have control of the shared
bus and forces the command outputs into 3- state OFF and DEN inactive
(LOW).

When MB is LOW this pin has the CEN function. CEN is an unlatched active
HIGH input which allows the bus controller to activate its command and DEN
outputs. With MB LOW,.CEN LOW forces the command and DEN outputs
inactive but does not tristate them.

ALE

ADDRESS LATCH ENABLE controls the address latches used to hold an
address stable during a'bus cycle. This control output is active HIGH. ALE will
not be issued for the halt bus cycle and is not affected by any of the control
inputs.

MCE

MASTER CASCADE ENABLE signals that a cascade address from a master
8259A interrupt controller may be placed onto the CPU address bus for
latching by the address latches under ALE control. The CPU’s address bus
may then be used to broadcast the cascade address to slave interrupt
controllers so only one of them will respond to the interrupt acknowledge cycle.
This control output is active HIGH. MCE is only active during interrupt
acknowledge cycles and is not affected by any control input. Using MCE to
enable cascade address drivers requires latches which save the cascade
address on the falling edge of ALE. ‘

DATA ENABLE controls when data transceivers connected to the local data
bus should be enabled. DEN is an active HIGH control output. DEN is delayed
for write cycles in the MULTIBUS | mode.

DATA TRANSMIT/RECEIVE establishes the direction of data fiow to or from
the local data bus. When HIGH, this control output indicates that a write bus -
cycle is being performed. A LOW indicates a read bus cycle. DEN is always '
inactive when DT/R changes states. This output is HIGH when no bus cycle is
active. DT/R is not affected by any of the control inputs.

0
o

1/0 WRITE COMMAND instructs an |/0 device to read the data on the data
bus. This command output is active. LOW. The MBand CMDLY inputs control
when this output becomes active. READY controls when it becomes inactive.

()
v
ol

1/0 READ COMMAND instructs an I/0 device to place data onto the data bus.
This command output is active LOW. The MB and CMDLY inputs control when
this output becomes active. READY controls when it becomes inactive.” )

<
(@)

MEMORY WRITE COMMAND instructs a. memory device to read the data on
the data bus. This command output is active LOW. The MB and CMDLY inputs
control when this output becomes active. READY controls when |t becomes
inactive.

=
Y
Q
Ol

MEMORY READ COMMAND instructs the memory device to place data onto
the data bus. This command output is active. LOW. The MB and CMDLY inputs
control when this output becomes active. READY controls when it becomes
inactive.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function
INTA (0] INTERRUPT ACKNOWLEDGE tells an interrupting device that its interrupt
request is being acknowledged. This command output is active LOW. The MB
and CMDLY inputs control when this output becomes active. READY controls
when it becomes inactive.
Ve System Power: + 5V Power Supply
GND System Ground: 0V
Table 2. Command and Control Outputs for Each Type of Bus Cycle
Type of wic | 57 | 5o Command | DT/R | ALE,DEN MCE
Bus Cycle Activated State Issued? Issued?
Interrupt Acknowledge 0 0 0 INTA LOW YES YES
1/0 Read 0 0 1 IORC LOwW YES NO
1/0 Write 0 1 0 IOWC HIGH YES NO
None; Idle 0 1 1 None HIGH NO NO
Halt/Shutdown 1 0 0 None HIGH NO' NO
Memory Read 1 0 1 MRDC LOW YES NO
Memory Write 1 1 0 MWTC HIGH YES NO
None; Idle 1 1 1 None HIGH NO NO
Operating Modes and INTA), control outputs (ALE, DEN, DT/R) and

Two types of buses are supported by the 82C288:
MULTIBUS | and non-MULTIBUS |. When the MB
input is strapped HIGH, MULTIBUS | timing is used.
In MULTIBUS | mode, the 82C288 delays command
and data activation to meet IEEE-796 requirements
on address to command active and write data to
command active setup timing. MULTIBUS | mode
requires at least one wait state in the bus cycle since
the command outputs are delayed. The non-
MULTIBUS | mode does not delay any outputs and
does not require wait states. The MB input affects
the timing of the command and DEN outputs.

Command and Control Outputs

The type of bus cycle performed by the local bus
master is encoded in the M/I0, S, and SO inputs.
Different command and control outputs are activat-
ed depending on the type of bus cycle. Table 2 indi-
cates the cycle decode done by the 82C288 and the
effect on command, DT/R, ALE, DEN, and MCE out-
puts.

Bus cycles come in three forms: read, write, and
halt. Read bus cycles include memory read, 1/0
read, and interrupt acknowledge. The timing of the
associated read command outputs (MRDC, IORC,

control inputs (CEN/AEN, CENL, CMDLY, MB, and
READY) are identical for all read bus cycles. Read
cycles differ only in which command output is acti-
vated. The MCE control output is only asserted dur-
ing interrupt acknowledge cycles.

Write bus cycles activate different control and com-
mand outputs with different timing than read bus cy-
cles. Memory write and 1/0 write are write bus cy-
cles whose timing for command outputs (MWTC and
IOWC), control outputs (ALE, DEN, DT/R) and con-
trol inputs (CEN/AEN, CENL, CMDLY, MB, and
READY) are identical. They differ only in which com-
mand output is activated.

Halt bus cycles are different because no command

or control output is activated. All control inputs are

iggored until the next bus cycle is started via S1 and
0.

Static Operation

All 82C288 circuitry is of static design. Internal regis-
ters and logic are static and require no refresh as
with dynamic circuit design. This eliminates the mini-
mum operating frequency restriction placed on the
HMOS 82288. The CHMOS Iil 82C288 can operate
from DC to the appropriate upper frequency limit.
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The clock may be stopped-in either state (HIGH/
LOW) and held there indefinitely.

-Power dissipation is directly related to operating fre-
quency. As the system frequency is reduced, so is
the operating power. When'the clock is stopped to
the 82C288, power dissipation is at a minimum. This
is useful for low-power and portable applications.

FUNCTIONAL DESCRIPTION

Introduction

The 82C288 bus controller is used in 80286 systems
to provide address latch control, data transceiver
control, and standard level-type command outputs.
The command outputs are timed and have sufficient
drive capabilities for large TTL buses and meet all
IEEE-796 requirements for MULTIBUS |. A special
MULTIBUS | mode is provided to satisfy all address/
data setup and hold time requirements. Command
timing may be tailored to special needs via a CMDLY
input to determine the start. of a command and
READY to determine the end of a command.

Connection to multiple buses are supported with a
latched enable input (CENL). An address decoder
can determine which, if any, bus controller should be
enabled for the bus cycle. This input is latched to
allow an address decoder to take full advantage of
the pipelined timing on the 80286 local bus.

Buses shared by several bus controllers are sup-
ported. ‘An AEN input prevents the bus controller
from driving the sharéd bus command ‘and data
signals .except “when enabled by: an external
MULTIBUS | type bus arbiter.

Separate DEN and DT/R outputs control the data
transceivers for all buses. Bus contention is eliminat-
ed by disabling DEN before changing DT/R. The
DEN timing allows sufficient time for tristate bus driv-
ers to enter 3-state OFF before enabling other driv-
ers onto the same bus.

The term CPU refers to any 80286 processor or
80286 support component which may become an
80286 local bus master and thereby drive the
82C288 status inputs. .

Processor Cycle Definition

Any CPU which drives the local bus uses an internal
clock which is one half the frequency of the system
clock (CLK) (see Figure 3). Knowledge of the phase
of the local bus master internal clock is required for
proper operation of the 80286 local bus. The local
bus master informs the bus controller of its internal
clock phase when it asserts the status signals.
Status signals are always asserted beginning in
Phase 1 of the local bus master’s internal clock.

CLOCK CYCLE

82C284 PCLK
(FOR REFERENCE)

|« ONE PROCESSOR CLOCK CYCLE ———»

|¢—————————ONE BUS T STATE——%|

PHASE 1
l«— OF PROCESSOR —»|

Ven o
LK \__/__
Voo -

PHASE 2
l«— OF PROCESSOR —»
CLOCK CYCLE

A

J—

\_
N___ |/

240042-5

Figure 3. CLK Relationship to the Processor Clock and Bus T-States
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Bus State Definition

The 82C288 bus controller has three bus states (see
Figure 4): Idle (T;) Status (Tg) and Command (T¢).
Each bus state is two CLK cycles long. Bus state
phases correspond to the internal CPU processor
clock phases.

The T| bus state occurs when no bus cycle is cur-
rently active on the 80286 local bus. This state may
be repeated indefinitely. When control of the local
bus is being passed between masters, the bus re-
mains in the T state.

NEW CYCLE

READY
L]
NEW CYCLE
240042-6

Figure 4. 82C288 Bus States

Bus Cycle Definition

The ST and S0 inputs signal the start of a bus cycle.
When either input becomes LOW, a bus cycle is
started. The Tg bus state is defined to be the two
CLK cycles during which either ST or SO are active
(see Figure 5). These inputs are sampled by the
820288 at every falling edge of CLK. When either
S1 or SO are sampled LOW, the next CLK cycle is
considered the second phase of the internal CPU
clock cycle. ) ‘

The local bus enters the T bus state after the Tg
state. The shortest bus cycle may have one Tg state
and one T¢ state. Longer bus cycles are formed by
repeating T¢ state. A repeated T bus state is called
a wait state. )

The READY input determines whether the current
Tc bus state is to be repeated. The READY input
has the same timing and effect for all bus cycles.
READY is sampled at the end of each T¢ bus state
to see if it is active. If sampled HIGH, the T¢ bus
state is repeated. This is called inserting a wait state.
The control and command outputs do not change
during wait states.

When READY is sampled LOW, the current bus cy-
cle is terminated. Note that the bus controller may
enter the Tg bus state directly from Tg if the status
lines are sampled active at the next falling edge of
CLK.

Ven
CLK .

Vo

51050 Vi
FROM
CPU Vo

Vec

VIL

AR MR

(LTI

240042-7

Figure 5. Bus Cycle Definition
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Figures 6 through 10 show the basic command and R i
control output timing for read and write. bus cycles. l-.——mn BUSCYCLE—— 5| -
T Ts

| Tc T

Halt bus cycles are not shown since they activate no
outputs. The basic idle-read-idle and idle-write-idle
bus cycles are shown. The signal label CMD repre- CLk
sents the appropriate command output for the bus
cycle. For Figures 6 through 10, the CMDLY inputis  [si.5
connected to GND and CENL to V¢c. The effects of
CENL'and CMDLY are described later'in the section
on control inputs. ALE

Figures 6, 7 and 8 show non-MULTIBUS | cycles.
" MB is connected to GND while CEN is connected to DEN
Vce. Figure 6 shows a read cycle with no wait states
while Figure 7 shows a write cycle with one wait
state. The READY input is shown to illustrate how ovR
wait states are added.

READY

240042-8

Figure 6. Idle-Read-Idle Bus Cycles with MB = 0

WRITE BUS CYCLE
, WAIT STATE—>{
T Ts | T Te T |

CLK

ALE

240042-9

Figure 7. Idle-Write-Idle Bus Cycles with MB = 0
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Bus cycles can occur back to back with no T) bus
states between T¢ and Tg. Back to back cycles do

not affect the timing of the command and control 1ST WRITE CYCLE 2ND WRITE CYCLE
outputs. Command and control outputs always

reach the states shown for the same clock edge Te Ts | Te
(within Tg, Tg or following bus state) of a bus cycle. CLK

A special case in control timing occurs for back to :
back write cycles with MB = 0. In this case, DT/R §i.5
and DEN remain HIGH between the bus cycles (see
Figure 8). The command and ALE output timing
does not change.

READY

: 7
Figures 9 and 10 show a MULTIBUS | cycle with MB
= 1. AEN and CMDLY are connected to GND. The e
effects of CMDLY and AEN are described later in ngﬂﬁ'fus ‘
the section on control inputs. Figure 9 shows a read HIGH
cycle with one wait state and Figure 10 shows a Vou
write cycle with two wait states. The second wait DT/R
state of the write cycle is shown only for example
purposes and is not required. The READY input is
shown to illustrate how wait states are added. o

240042-10

Figure 8. Write-Write Bus Cycles withMB = 0

T Ts | Te T I T

CLK

§i.50

A

—f | |\
. A —

READY

240042-11

Figure 9. Idle-Read-Idle Bus Cycles with 1 Wait State and with MB = 1
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CLK

 §ie%

READY

LTI

240042-12

Figure 10. idle-Write-Idle Bus Cycles with 2 Wait States and with MB = 1

The MB control input affects the timing of the com-
mand and DEN outputs. These outputs are automat-
ically delayed in MULTIBUS | mode to satisfy three
requirements:

1) 50 ns minimum setup time for valid address be-
fore any command output becomes active.

2) 50 ns minimum setup time for valid write data
"~ before any write command output becomes ac-
tive.

3) 65 ns maximum time from when any read com-
mand becomes inactive until the slave’s read
data drivers reach 3-state OFF.

Three signal transitions are delayed by MB = 1 as

compared to MB = 0: ;

1) The HIGH to LOW transition of the read com-
mand outputs (IORC, MRDC, and lNTA) are de-
layed one CLK cycle.

2) The HIGH to LOW transition of the write com-

mand outputs (IOWC and MWTC) are delayed
two CLK cycles.

3) The LOW to HIGH transition of DEN for write cy-

cles is delayed one CLK cycle.

Back to back bus cycles with MB = 1.do not change
the timing of any of the command or control outputs.
DEN always becomes inactive between bus cycles
with MB =

Except for a halt or shutdown bus cycle, ALE will be
issued during the second half of Ts for any bus cy-
cle. ALE becomes inactive at the end of the Tg to
allow latching the address to keep it stable during
the entire bus cycle. The address outputs may
change during Phase 2 of any T¢ bus state. ALE is
not affected by any control input.

Figure 11 shows how MCE is timed during interrupt
acknowledige (INTA) bus cycles. MCE is one CLK
cycle longer than ALE to hold the cascade address
from a master 8259A valid after the falling edge of
ALE. With the exception of the MCE control output,
an INTA bus cycle is identical in timing to a read bus
cycle. MCE is not affected by any control input.
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i e
T | Ts I Tc
CLK
§1850
ALE
MCE 7 A
240042-13

Figure 11. MCE Operation for an INTA Bus Cycle

Control Inputs

The control intputs can alter the basic timing of com-
mand outputs, allow interfacing to multiple buses,
and share a bus between different masters. For
many 80286 systems, each CPU will have more than
one bus which may be used to perform a bus cycle.
Normally, a CPU will only have one bus controller
active for each bus cycle. Some buses may be
shared by more than one CPU (i.e. MULTIBUS) re-
quiring only one of them use the bus at a time.

Systems with multiple and shared buses use two
control input signals of the 82C288 bus controller,
CENL and AEN (see Figure 12). CENL enables the
bus controller to control the current bus cycle. The
AEN input prevents a bus controller from driving its
command outputs. AEN HIGH means that another
bus controller may be driving the shared bus.

In Figure 12, two buses are shown: a local bus and a
MULTIBUS I. Only one bus is used for each CPU
bus cycle. The CENL inputs of the bus controller
select which bus controller is to perform the bus cy-
cle. An address decoder determines which bus to
use for each bus cycle. The 82C288 connected to
the shared MULTIBUS | must be selected by CENL
and be given access to the MULTIBUS | by AEN
before it will begin a MULTIBUS | operation.

CENL must be sampled HIGH at the end of the Tg
bus state (see waveforms) to enable the bus control-
ler to activate its command and control outputs. If
sampled LOW the commands and DEN will not go
active and DT/R will remain HIGH. The bus control-
ler will ignore the CMDLY, CEN, and READY inputs
until another bus cycle is started via ST and S0.
Since an address decoder is commonly used to
identify which bus is required for each bus cycle,
CENL is latched to avoid the need for latching its
input. ‘

The CENL input can affect the DEN control output.
When MB =0, DEN normally becomes active dur-
ing Phase 2 of Tg in write bus cycles. This transition
occurs before CENL is sampled. If CENL is sampled
LOW, the DEN output will be forced LOW during Tg
as shown in the timing waveforms.

When MB = 1, CEN/AEN becomes AEN. AEN con-
trols when the bus controller command outputs en-
ter and exit 3-state OFF. AEN is intended to be driv-
en by a MULTIBUS | type bus arbiter, which assures
only one bus controller is driving the shared bus at
any time. When AEN makes a LOW to HIGH tran-
sition, the command outputs immediately enter
3-state OFF and DEN is forced inactive. An inactive
DEN should force the local data transceivers con-
nected to the shared data bus into 3-state OFF (see
Figure 12). The LOW to HIGH transition of AEN
should only occur during T or Tg bus states.

The HIGH to LOW transition of AEN signals that the
bus controller may now drive the shared bus com-
mand signals. Since a bus cycle may be active or be
in the process of starting, AEN can become active
during any T-state. AEN LOW immediately allows
DEN to go to the appropriate state. Three CLK edg-
es later, the command outputs will go active (see
timing waveforms). The MULTIBUS | requires this
delay for the address and data to be valid on the bus
before the command becomes active.

When MB = 0, CEN/AEN becomes CEN. CEN is an
asynchronous input which immediately affects the
command and DEN outputs. When CEN makes a
HIGH to LOW transition, the commands and DEN
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are immediately forced inactive. When CEN makes a
LOW to HIGH transition, the commands and DEN
outputs immediately go to the appropriate state (see
timing waveforms). READY must still become active
to terminate a bus cycle if CEN remains LOW for a
selected bus controller (CENL was latched HIGH).

- Some memory or I/0 systems may require more ad-

dress or write data setup. time to command active
than provided by the basic command output timing.’
To provide flexible command timing, the:CMDLY in-
put can delay the activation of command outputs.
The CMDLY input must be sampled LOW to-activate
the command outputs. CMDLY does not affect the
control outputs ALE, MCE, DEN, and DT/R.

T n‘ - X1 x2 T
EAD SOV ARDY RACK
[~ 5Foven S MY
= CLK READY §1,50
< >
READY READY- ' COMMANDS
CMD ( cMD CMD B
s2c288 L% CLX sac28s Y
_MIiO JA N w6 DEN Do_
51,50 |\v V| §1.56 _
DTR
CENL |=— —> CENL ALE
" MB  CEN MB  AEN
A\
H 1l 1 \ 2
2 = 45V +5V 2
-
8 ?E 3
- e =
READY AEN
MULTIBUS® |
cLk TYPEBUS CONTROL
A A\
ADDRESS N CNTL )
DECODER 5.5 N v
I SYS/IRESB
Mio
4"#
ADDRESS
ADDRESS ) )
DATA I ] L1 LATCH |/
Azo CLK READY Mii0
§1.50
sozee DATA
A ' N
Diso SCEIVE!
240042-14

Figure 12. System Use of AEN and CENL
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CMDLY is first sampled on the falling edge of the
CLK ending Ts.. If sampled HIGH, the command out-
put is not activated, and CMDLY is again sampled
on the next falling edge of CLK. Once sampled
LOW, the proper command output becomes active
immediately if MB = 0. If MB.= 1, the proper com-
mand goes-active no earlier than shown in Figures 9
and 10..

READY can terminate a bus cycle before CMDLY
allows a command to be issued. In this case no
commands are issued an the bus controller will de-
activate DEN and DT/R in the same manner as if a
command had been issued.

Waveforms Discussion

The waveforms show the timing relationships of in-
puts and outputs and do not show all possible tran-

sitions of all signals in all modes. Instead, all signal
timing relationships are shown via the general cas-
es. Special . cases are shown when needed. The
waveforms provide some functional descriptions of
the 82C288; however, most functional descriptions
are provided in Figures 5 through 11.

To find the timing specification for a signal transition
in a particular mode, first look for a special case in
the waveforms. If no special case applies, then use
a timing specification for the same or related func-
tion in another mode.
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias 0°Cto +70°C

Storage Temperature - —65°Cto +150°C
Voltage on Any Pin with ‘
Respect to GND —=0.5Vto +7V

Power Dissipation ‘ 1 Watt

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation.beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the - “Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS Ve = 5V £5%, Toase = 0°C 10 85°C*

Symbol Parameter Min Max Unifs |1 ' .Test Conditions
Vi - Input LOW Voltage -0.5 0.8 \"
Viy - Input HIGH Voltage 2.0 Veg+05 | V
ViLe CLK Input LOW Voltage —0.5 0.6 \"
ViHC CLK Input HIGH Voltage ‘3.8 Vce + 0.5 \')
VoL Output LOW Voltage ‘ ' ;
Command Outputs 0.45 v loL = 32 mA (Note 1)
Control Outputs 0.45 \" loL = 16 mA (Note 2)
VoH Output HIGH Voltage
Command Outputs 2.4 \" loH = —5 mA (Note 1)
v ' Vecc — 0.5 Y loy = —1 mA (Note 1)
_ Control Outputs =~ 2.4 Vv loH = —1 mA (Note 2)
‘ Vec — 0.5 Vv loy = —0.2 mA (Note 2)
e Input Leakage Current +10 pA | OV < VN < Ve
Lo Output Leakage Current +10 pA | 0.45V < Voyt < Veo
lcc - .| Power Supply Current 75 mA e
lccg Power Supply Current (Static) 3 mA (Note 3)
CcLk CLK Input Capacitance 12 pF Fc = 1MHz
C Input Capacitance 10 pF | Fc = 1MHz
Co Input/Output Capacitance 20 pF Fc = 1MHz

*Ta is guaranteed from 0°C to +70°C as long as Tcasg is not exceeded.

NOTES: :

1. Command Outputs are INTA, TORC, IOWC, MRDC and MWRC.

2. Control Outputs are DT/R, DEN, ALE and MCE.

3. Tested while outputs are, unloaded, and inputs at Vg or Vgs.
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A.C. CHARACTERISTICS

Vee = 5V, 5%, Tcase = 0°C to +85°C.* AC timings are referenced to 0.8V and 2.0V points of signals as
illustrated in data sheet waveforms, unless otherwise noted.

8 MHz 10 MHz 12.5 MHz Test
Symbol Parameter -8 8 | -10 | -10 | -12 | -12 | Unit | Condition
Min | Max | Min | Max Min Max
1 CLK Period 62 250 50 250 40 250 ns
2 CLK HIGH Time 20 16 13 ns at3.6v
3 CLK LOW Time 15 12 1 ns | at1.0v
4 CLK Rise Time 10 8 -8 ns 1.0Vto 3.6V
5 CLK Fall Time 10 8 8 ns 3.6Vto 1.0V
6 M/10 and Status 22 18 15 ns
Setup Time
7 M/10 and Status 1 1 1 ns
Hold Time
CENL Setup Time 20 15 15 ns
CENL Hold Time 1 1 1 ns
10 READY Setup Time 38 26 18 ns
11 READY Hold Time 25 25 20 ns
12 CMDLY Setup Time 20 15 15 ns
13 CMDLY Hold Time 1 1 1 ns
14 AEN Setup Time 20 15 15 ns (Note 3)
15 AEN Hold Time 0 0 0o | ns (Note 3)
16 ALE, MCE Active 3 20 3 16 3 16 ns (Note 4)
Delay from CLK
17 ALE, MCE Inactive 25 19 19 ns (Note 4)
Delay from CLK .
18 DEN (Write) 35 23 : 23 ns (Note 4)
Inactive from CENL
19 DT/R LOW from CLK 25 23 23 ns (Note 4)
20 DEN (Read) ActiveR 5 35 5 21 5 21 ns (Note 4)
from DT/
21 DEN (Read) Inactive 3 35 3 21 3 19 ns (Note 4)
Dly from CLK :
22 DT/R HIGH from 5 35 5 20 5 18 ns | (Note4)
DEN Inactive
23 DEN (Write) Active 30 23 23 ns (Note 4)
Delay from CLK
24 DEN (Write) Inactive 3 30 3 19 3 19 ns (Note 4)
Dly from CLK

*Ta is guaranteed from 0°C to +70°C as long as Tcagsg is not exceeded.
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A.C. CHARACTERISTICS

Vee = 5V, £5%, Tcasg = 0°C to +85°C.* AC timings are referenced to 0.8V and 2.0V points of signals as
illustrated in data sheet waveforms, unless otherwise noted. (Continued)

8 MHz 10 MHz 12.5 MHz Test
Symbol Parameter -8 -8 10 | -10 | -12 | -12 |Unit|Condition
Min Max | Min Max Min Max '
25 |DEN inactive from 30 25 ) 25 | ns |(Note 4)
CEN { i )
26 |DEN Active from 30 24 24 | ns |(Note 4)
CEN - ‘ ‘ ’
27 |DT/RHIGH from CLK . o 35 125 25 | ns |(Note 4)
(when CEN = LOW)
28 |DEN Active from AEN 30 26 26 | ns |(Note 4)
29 |CMD Active Delay : 3 - 25 3 21 3 21 ns |(Note 5)
"~ |from CLK ‘
30 |CMD Inactive Delay 5 20 5 20 5 20 | ns |[(Note 5)
from CLK - . .
31 |CMD Active from . |.25. 25 25 | ns |(Note 5)
CEN : :
32" |CMD Inactive from CEN 25 25 25 | ns |(Note 5)
33 |CMD Inactive Enable from AEN 40 40 | 40 | ns |(Note 5)
34 |CMD Float Delay from AEN 40 40 40 | ns |(Note 6)
35 |MB Setup Time : 20 20 20 ns
36 |MB Hold Time . 0 0 0 ns
37 |[Command Inactive Enable ‘ 40 40 40 | ns |(Note 5)
from MB |
38 |Command Float Time from MB T 40 40 40 ns |(Note 6)
39 |DEN Inactive fromMBT =~ | 30, . .. 26 ) 26 | ns [(Note 4)
40 |DEN Active from MB | 30 30 30 | ns [(Note 4)
*Ta is guaranteed from 0°C to +70°C as long as Tgasg is not exceeded.
NOTES:
3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK
edge. ’ '

4. Control output load: Cl = 150 pF."
5. Command output load: CI = 300 pF.
6. Float condition occurs when output current is less than | o in magnitude. .
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a.0v
) 36V 3.6V
'CLK INPUT
\ 1.0v 1.0v
0.45V

: l‘ tSeTUP ~»fe— tHOLD ‘—1
24V o

DEVICE
OUTPUT

'240042-16

Note 7: AC Setup, Hold and Delay Time Measurement—General

DEVICE
OUTPUT

CL

240042-17

Note 8: AC Test Loading on Outputs

WAVEFORMS

CLK CHARACTERISTICS

240042-18
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WAVEFORMS (Continued)

STATUS, ALE, MCE, CHARACTERISTICS

.S
-

GING)

240042-19

CENL, CMDLY, DEN CHARACTERISTICS WITH MB = 0 AND CEN = 1 DURING WRITE CYCLE

} Ts

s\ g
C | @]
DEN _ j —

CENL Oj;ﬂ )

240042-20

1)

READ CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = 1

Ts

cu(_/—\
@: 3y
cunw@t
L - VIR

oTiR N ‘
R

= T O
cent \ AN

'240042-21
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WAVEFORMS (Continued)

WRITE CYCLE CHARACTERISTIC WITH MB = 0 AND CEN = 1

|

Wﬂﬁﬁr_/—\__
e\ /T |

5 - 2l
n"’r;’; ) :..@._

CMDLY @ ////// //////////////////ﬂ
- —ﬂ\r e (] nal
CMD , | - ,“)

e I

Fol0m

CEN CHARACTERISTICS WITHMB = 0

—T, !

CEN—\ }‘—"—

S I

o (O)~= —-®
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WAVEFORMS (Continued)

AEN CHARACTERISTICS WITH MB = 1

CLK

TMD————1 = ' N

@)= ~@~+®
ozn+_ﬁ' . ‘!r____ ‘

NOTE:
1. AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. .

240042-24

MB CHARACTERISTICS WITH AEN/CEN = HIGH

| Ts | Tc | Tc | Tc | Ts |

T ot e

N

CMD - - - - e - — —

£ T - e o
DEN JL ? IF WRITE
‘ (0)—»| e ‘
o O] RO
READY j /

240042-25

:

'

i
E
S
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WAVEFORMS (Continued)

MB CHARACTERISTICS WITH AEN/CEN = HIGH (Continued)

s \U® | / b \

@+ @ S =c

DT/R ¢
5%

DEN {

@

240042-26
'| Ts | Tc | Tc |
55
S0eS7
-
® ~®
MB .

nonmc@ —® FLOATING
e ST ® s
DEN F :;@ {7 __ 5

NOTES:
1. MB is an asynchronous input. MB setup and hold times specified to guarantee the response shown in the waveforms.
2. If the setup time, t35, is met two clock cycles will occur before CMD becomes active after the falling edge of MB.

240042-27

DATA SHEET REVISION REVIEW

The following list represents key differences between this and the -002 data sheet. Please review this summa-
ry carefully. .

1. The Igcs specification was changed from 1 mA to 3 mA maximum.

2. The “PRELIMINARY”’ markings have been removed from the data sheet.
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CLOCK GENERATOR AND READY INTERFACE
FOR 80286 PROCESSORS
(82C284-12, 82C284-10, 82C284-8)

B Generates System Clock for 80286 m High Speed CHMOS IlI Technology
Processors m Generates System Reset Output

m Uses Crystal or TTL Signal for m Available in 18-Lead Cerdip and 20-Pin

Frequency Source PLCC (Plastic Leaded Chip Carrier)
m Provides Local READY and _ Packages
MULTIBUS®I READY Synchromzatlon (See Packaging Spec, Order #231369)

The 82C284 is a. clock generator/driver WhICh provides clock sngnals for 80286 processors and support
components. It also contains logic to supply READY to the CPU from either asynchronous or synchronous
sources and synchronous RESET from an asynchronous input.

RES RESET 1 > Reser
: SYNCHRONIZER

X1

XTAL
osC

X2

\
| MUX —-D: cLk
e . L/1/ |

FIC
ARDYEN —:D__ SYNCHRONIZER
ARDY —
SRDYEN —-::D__ READY f—
e LOGIC —> READY

s1 ___D__ PCLK
50— GENERATOR PCLK

2104531

Figure 1. 82C284 Block Diagram

. October 1990
3-169 Order Number: 210453-011



nent side of the P.C. Board.

P.C. Board Views—As viewed from the compo-

82C284
18-Lead Cerdip
arovC]r  ~ 18fdVec
SRDY [] 2 17 [ ] ARDYEN
SRDYEN [] 3 16181
READY [] 4 15[150
EFIC]5 gac2es 14[INC.
Fice 13[]PCLK
x,d7 1271 RESET
X,}8 11[JRES
GND[] 9 1o[JcCLK

210453-2
Component Pad Views—As viewed from under-
side of component when mounted on the board.

NOTE:
1. N.C. Signals must not be connected.

20 Pin PLCC
n x g 9Q Q2 ¢ x |1
B3¢2y 93 d 3
annonan 9 10 1112 13
L]
RESETC]14 13 12 1110 9 gy, |
PCLKCJ15 7AF/C x18 0o Y O 14 RESET
GNDLJ16  82c284  6[EFI F/C70¥O G115 PCLK
o7 5|1 reRDY EFI 6 (§O o116 GND
sic]1s o 43 SRDYEN READY 5 (§=C o117 so
19 20 1 2 3 SRDYEN 4 (O 00 ¢ ?‘—l S1
Z QG 1> I U L ]
SRR SE B
Q
: RE=-F
210453-18 <

210453-19
Figure 2. 82C284 Pin Configuration
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Table 1. Pin Description

The following pin function descriptions are for the 82C284 clock generator.

Symbol

Type

Name and Function

CLK

(¢}

SYSTEM CLOCK is the signal used by the processor and support
devices which must be synchronous with the processor. The frequency
of the CLK output has twice the desired internal processor clock
frequency. CLK can drive both TTL and MOS level inputs.

F/C

FREQUENCY/CRYSTAL SELECT is a strapping option to select the
source for the CLK output. When F/C is strapped LOW, the internal
crystal oscillator drives CLK. When F/C is strapped HIGH, the EFI
input drives the-CLK output.

X1, X2

CRYSTAL IN are the pins to which a parallel resonant fundamental
mode crystal is attached for the internal oscillator. When F/C is LOW,
the internal oscillator. will drive the CLK output at the crystal frequency.
The crystal frequency must be twice the desired internal processor
clock frequency.

EFI

EXTERNAL FREQUENCY IN drives CLK when the F/C input is
strapped HIGH. The EFIlinput frequency must be twice the desired
internal processor clock frequency.

PCLK

PERIPHERAL CLOCK is an output which provides a:50% duty cyéle

clock with 1/2 the frequency of CLK. PCLK will be in phase with the

internal processor clock following the first bus cycle after the
processor has been reset.

ARDYEN

ASYNCHRONOUS READY ENABLE is an active LOW input which
qualifies the ARDY input. ARDYEN selects ARDYas the source of
ready for the current bus cycle. Inputs to ARDYEN may be applied
asynchronously to CLK. Setup and hold times are given to assure a
guaranteed response to synchronous inputs.

ARDY

ASYNCHRONOUS READY is an active LOW input used to terminate
the current bus cycle. The ARDY input is qualified by ARDYEN. Inputs
to ARDY may be applied asynchronously to CLK: Setup and hold times
are given to assure a guaranteed response to synchronous outputs.

SRDYEN

SYNCHRONOUS READY ENABLE is an active LOW input which
qualifies SRDY. SRDYEN selects SRDY as the source for READY to
the CPU for the current bus cycle: Setup-and hold tlmes must be
satisfied for proper operation.

SYNCHRONOUS READY is an active LOW input used to términate
the current bus cycle. The SRDY input is qualified by the SRDYEN
input. Setup and hold times must be satisfied for proper operation.

READY is an active LOW output which signals the current bus cycle is
to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, ST, S0 and
RES inputs control READY as explained later in the READY generator
section. READY is an open drain output requiring an external pull-up
resistor. '
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Table 1. Pin Description (Continued)

The following pin function descriptions are for the 82C284 clock generator.

Symbol

Type

Name and Function

80,51

STATUS input prepare the 82C284 for a subsequent bus cycle. S0 and
S1 synchronize PCLK to the internal processor clock and control
READY. These inputs have internal pull-up resistors to keep them
HIGH if nothing is driving them. Setup and hold times must be satisfied
for proper operation.

RESET

RESET is an active HIGH output which is derived from the RES input.
RESET is used to force the system into an initial state. When RESET is
active, READY will be active (LOW).

|

e/
m
(2]

RESET IN is an active LOW input which generates the system reset
signal, RESET. Signals to RES:may be applied asynchronously to CLK.
Setup and hold times are given to assure a guaranteed response to
synchronous inputs.

Vee SYSTEM POWER: +5V Power Supply

GND SYSTEM GROUND: 0V

FUNCTIONAL DESCRIPTION

Introduction

The 82C284 generates the clock, ready, and reset
signals required for 80286 processors and support
components. The 82C284 contains a crystal con-
trolled oscillator, clock generator, peripheral clock
generator, Multibus ready synchronization logic and
system reset generation logic.

Clock Generator

The CLK output provides the basic timing control for
an 80286 system. CLK has output characteristics
sufficient to drive MOS devices. ClLK is generated by
either an internal crystal oscillator or an external
source as selected by the F/C strapping option.
When F/C is LOW, the crystal oscillator drives the
CLK output. When F/C is HIGH, the EFI input drives
the CLK output.

The 82C284 provides a second clock output, PCLK,
for peripheral devices. PCLK is CLK divided by two.
PCLK has a duty cycle of 50% and MOS output
drive characteristics. PCLK is normally synchronized
to the internal processor clock.

After reset, the PCLK signal may be out of phase
with the internal processor clock. The S1 and SO
signals of the first bus cycle are used to synchronize

PCLK to the internal processor clock. The phase of
the PCLK output changes by extending its HIGH
time beyond one system clock (see waveforms).
PCLK is forced HIGH whenever either SO or ST were
active (LOW) for the two previous CLK cycles. PCLK
continues to oscillate when both SO and S1 are
HIGH..

Since the phase of the internal processor clock will
not change except during reset, the phase of PCLK
will not change except during the first bus cycle after
reset.

Oscillator

The oscillator. circuit of the 82C284 is a linear Pierce
oscillator which requires an external parallel reso-
nant, fundamental mode, crystal. The output of the
oscillator is internally buffered. The crystal frequency
chosen should be twice the required internal proces-
sor clock frequency. The crystal should have a typi-

“cal load capacitance of 32 pF.

X1 and X2 are the oscillator crystal connections. For
stable operation of the oscillator, two loading capac-
itors are recommended, as shown in Table 2. The
sum of the board capacitance and loading capaci-
tance should equal the values shown. It is advisable
to limit stray board capacitances (not including the
effect of the loading capacitors or crystal capaci-
tance) to less than 10 pF between the X1 and X2
pins. Decouple Vgc and GND as close to the
82C284 as possible.
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7 10
X1 CLK v CLK
== S
Tt | 4|
¢ IT c2 READY | READY
s :T = &eic Vee —I—“ Veo
EE TABLE
2FOR DECOUPLING
CAPACITOR CAPACITOR
VALUES L %
210453-3
Figure 3. Recommended Crystal
and READY Connections
CLK Termination

Due to the CLK output having a very fast rise and fall
time, it is recommended to properly terminate the
CLK line at frequencies above 10 MHz to avoid sig-
nal reflections and ringing. Termination is accom-
plished by inserting a small resistor (typically 10Q—
74Q) in series with the output, as shown in Figure 4.
This is known as series termination. The resistor val-
ue plus the circuit output impedance should be
made equal to the impedance of the transmission
line.

CLK
out
Loz
R o . CLOSELY
T PLACED
! g LOADS
Ro s 250, ' TRANSMISSION
' LINE
'
H CLOSELY
4 PLACED
LOADS
210453-15

Figure 4. Series Termination

Reset Operation

The reset logic provides the RESET output to force
the system into a known, initial state. When the RES
input is active (LOW), the RESET output becomes
active (HIGH). RES is synchronized internally at the
falling edge of CLK before generating the RESET
output (see waveforms). Synchronization of the RES
input introduces a one or two CLK delay before af-
fecting the RESET output.

At power up, a system does not have a stable V¢c
and CLK. To prevent spunous activity, RES should

be asserted until V¢c'and CLK stabilize at their oper-
ating values. 80286 processors and support compo-
nents also require their RESET inputs be HIGH a
minimum of 16 CLK cycles A network such as
shown in Figure 5 will keep RES LOW long enough
to satisfy both needs.

82C284

210453-4

Figure 5. Typical RES Timing Circuit

Ready Operation

The 82C284 accepts two ready sources for the sys-
tem ready signal which terminates the current bus
cycle. Either a synchronous (SRDY) or asynchro-
nous ready (ARDY) source may be used. Each ready
input has an enable (SRDYEN and ARDYEN) for se-
lecting the type of ready source required to termi-
nate the current bus cycle. An address decoder
would normally select one of the enable inputs.

READY is enabled (LOW) if either SRDY +
SRDYEN = 0 or ARDY + ARDYEN = O when
sampled by the 82C284 READY generation logic.
READY will remain active for at least two CLK cy-
cles.

The READY output has an open-drain driver allow-
ing other ready circuits to be wire or’ed with it, as
shown in Figure 3. The READY signal of an 80286
system requires an external pull-up resistor. To force
the READY signal inactive (HIGH) at the start of a
bus cycle, the READY output floats when either S1
or SO are sampled LOW at the falling edge of CLK.
Two system clock periods are allowed for the pull-up
resistor to pull the READY signal to V4. When RE-
SET is active, READY is forced active one CLK later
(see waveforms).

Figure 6 illustrates the operation of SRDY and
SRDYEN. These inputs are sampled on the falling
edge of CLK when ST1. and S0 are inactive and PCLK
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is HIGH. READY is forced active- when both SRDY and ARDYEN as active, the SRDY and SRDYEN in-
and SRDYEN are sampled as LOW. puts are ignored. Either ARDY or ARDYEN must be
HIGH at the end of Tg (see Figure 7).

Figure 7 shows the operation of ARDY and
ARDYEN. These inputs are sampled by an internal READY remains active until either ST or S0 are sam-

' SynChrOnIZer at each fa"lng edge of CLK. The output pled LOW, or the ready inputs are sampled as inac-
of the synchronizer is then sampled when PCLK is tive.

HIGH. If the synchronizer resolved both the ARDY

Table 2. 82C284 Crystal Loading Capacitance Values

C1 Capacitance C2 Capacitance
Crystal Frequency (F?in 7) : (:i n 8)
" 1t08 MHz 60 pF 40 pF
8 to 20 MHz 25 pF 15 pF
Above 20 MHz 15 pF 15 pF

NOTE:
Capacitance values must include stray board capacitance.

Figure 6. Synchronous Ready Operation -
Te | Te | T |
5150 _/
SRDV:N ) J
—//// //// 77277 W\ ¢ Z7777 \ T

Figure 7. Asynchronous Ready Operation
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ..............0°Cto +70°C
Storage Temperature .......... —65°C to +150°C
All Output and Supply Voltages ..... —0.5Vto +7V
All Input Voltages................ —1.0Vto +5.5V
Power Dissipation ........................ 1 Watt

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the "“Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS Tcase = 0°Cto +85°C,* Vg = 5V +5%

Test Condition

Symbol Parameter Min Max Unit
ViL Input LOW Voltage » 0.8 Vv
ViH Input HIGH Voltage 2.0 Vv
VIHR RES and EFI Input HIGH Voltage 26 v
VoL RESET, PCLK Output LOW Voltage 0.45 \' loL = 5mA
VoH RESET, PCLK Output 24 \' loy = —1mA
HIGH Voltage Vec—05 V | lon=—02mA
VoLR READY, Output LOW Voltage 0.45 \ loL = 9mA
-Vorc CLK Output LOW Voltage 0.45 \' loL = 5mA
VoHc CLK Output HIGH Voltage 4.0 \ loH = — 800 A
i Input Sustaining Current —60 —500 nA ViN =0V
on SO and S1 Pins
Iy Input Leakage Current £10 pA 0 < Viy < Voo
lcc Power Supply Current 75 ' mA at 25 MHz Output
CLK Frequency
C Input Capacitance 10 pF Fc=1MHz

*Ta is guaranteed from 0°C to +70°C as long as TgasE is not exceeded.

NOTE:

1. Status lines S0 and S1 excluded because they have internal pull-up resistors.
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A.C. CHARACTERISTICS Vg = 5V £5%, Tcasg = 0°C to +85°C.*

Timings are referenced to 0.8V and 2.0V points of signals as illustrated in the datasheet waveforms, unless
otherwise noted.

82C284 A.C. Timing Parameters

8 MHz 10 MHz 12.5 MHz . Test
Symbol Parameter Min TMax| Min |Max| Min | Max Units Conditions
1 EFI to CLK Delay 25 25 25 ns |At1.5v(1)
2 EFI LOW Time 28 22,5 13 ns |At1.5v(1.7)
3 EF1 HIGH Time 28 225 22 ns |At1.5v(1.7)
4 CLK Period 62 500 50 500 40 500 ns
5 CLK LOW Time 15 12 11 ns |At1.0v(1.278,9,10)
6 CLK HIGH Time 25 16 13 ns |At3.6V(1,2,7,8,9,10)
7 CLK Rise Time 10 8 8 ns |1.0Vto3.6V(1,2,10,11)
8 CLK Fall Time 10 8 8 ns |3.6Vto1.0v(1,9,10,11)
9 Status Setup Time 22 — — "ns |(Note1)
9a | Status Setup Time for | — 2 | 22 ns | (Note 1)
Status Going Active
9b | Status Setup Time for | — 20 18 ns | (Note 1)
Status Going Inactive
10 | Status Hold Time 1 1 3 ns | (Note 1)
11 | SRDY or SRDYEN 20 17.5 17 ns | (Note 1)
Setup Time
12 | SRDY or SRDYEN 0 2 2 ns |(Notes1,11)
Hold Time
13 | ARDY or ARDYEN ) 0 0 ns | (Notes1,3)
Setup Time
14 | ARDY or ARDYEN 30 30 25 ns | (Notes 1, 3)
Hold Time
15 | RES Setup Time 20 20 18 ns | (Notes 1, 3)
16 | RES Hold Time 10 10 8 ns | (Notes1,3)
17 READY Inactive Delay | 5 5 5 ns |At0.8V(4)
18 READY Active Delay 0 24 0 24 0 18 ns | At0.8V @)
19 PCLK Delay 0 45 0 35 0 23 ns | (Note 5)
20 RESET Delay 5 34 5 27 3 22 ns | (Note 5)
21 PCLK LOW Time t4-20 t4-20 t4-20 ns | (Notes 5, 6)
22 PCLK HIGH Time t4-20 t4-20 t4-20 ns | (Notes 5, 6)
*Tp is guaranteed from 0°C to 70°C as long as Tcasg is not exceeded.
NOTES:

1. CLK loading: C|_ = 100 pF. The 82C284’s X1 and X2 inputs are designed primarily for parallel-resonant crystals. Serial-
resonant crystals may also be used, however, they may oscillate up to 0.01% faster than their nominal frequencies when
used with the 82C284. For either type of crystal, capacitive loading should be as specified by Table 2.

2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting speci-
fications t2 and t3. The recommended crystal loading for CLK .frequencies of 8 MHz-20 MHz are 25 pF from pin X; to
ground, and 15 pF from pin Xz to ground; for CLK frequencies above 20 MHz 15 pF from pin X1 to ground, and 15 pF from
pin Xo to ground. These recommended values are +5 pF and include all stray capacitance. Decouple Voc and GND as
close to the 82C284 as possible.

3. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK
edge.
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NOTES:
4. Pull-up Resistor values for READY Pin:
CPU Frequency | 8 MHz | 10 MHz| 12.5 MHz

Resistor 910Q | 7000 6000
CL 150 pF| 150 pF | 150 pF
loL 7mA | 7mA 9mA

5. PCLK and RESET loading: C; = 75 pF.
6. t4 refers to any allowable CLK period.
7. When driving the 82G284 with EFI, provide minimum EF| HIGH and LOW times as follows:

CLK Output Frequency 16MHz | 20 MHz 25 MHz
Min. Required EFI HIGH Time 28 ns 22.5ns 22ns
Min. Required EFI LOW Time 28 ns 22.5ns 13 ns

8. When using a crystal (with recommended capacitive loading per Table 2) appropriate for the speed of the 80286, CLK
. output HIGH and LOW times guaranteed to meet the 80286 requirements.

Reset Drive EFI Drive and CLK Output Measurement _
Measurement Points Points F/C Drive Points
3.0v . 20 .
36V 38V
18V 15V 1.0V 1.0v ﬂ
0.45v .45
210453-7 210453-8 210453-9
Note 9 Note 10 Note 11
aev 3ev
82C284
CLK
OUTPUT 10V 1.0v

il
r'serw--— tHoLo ——1
24V -

DEVICE
INPUT

osv

0.45v

Ty -
SRR " 2o

© OTHER . RSO SN AT
N

Note 12. AC Setup, Hold and Delay Time Measurement—General

210453-10
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7500hm 910ohm

PCLK READY Other o
output output outputs

L
1 L L

210453-11

Note 13. AC Test Loading on Outputs

WAVEFORMS

CLK as a Function of EFI

EFl

‘ 210453-12

NOTE:
The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown.

RESET and READY Timing as a Function of RES with S1, S0, ARDY + ARDYEN, and SRDY ,+
SRDYEN High

CLK

t<—|Note 1

O]
DN
et ) Call ) e
e

RES

210453-13

NOTE:
1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown.
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WAVEFORMS (Continued)

READY and PCLK Timing with RES High

“AYN
ftsv—_{:@- —~ @

, —Q O]
o ) G B .
ot i I
wo I} o '

210453-14

NOTES:

1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown.

2. 1f SRDY + SRDYEN or ARDY + ARDYEN are active before and/or during the first bus cycle after RESET, READY
may not be deasserted until after the falling edge of $2 of Tg.

Icc vs Frequency @ Nominal Conditions Icc vs Case Temperature @ 25 MHz

N 1.6 1.04

s £ 10

e v & 101

3 1.4+ 7] 0.9 1:

] 1.34 - =] 0.98 4

= -~ .96

3 12 3 0954

& 114 & 094+

<] ] 0.93 ~

z 1 - 0.92

8‘ § 0.914

S S S R B B S R E B S R B 035 ] S

12 14 16 18 20 22 24 o 20 40 60 80
CLK OUTPUT FREQUENCY, MHz CASE TEMPERATURE, 9C
2310453-16 2310453-17
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DATA SHEET REVISION REVIEW

The following list represents key differences between this and the -010 data sheet. Please review this summa-

ry carefully.

1. The DC Characteristics Input Sustaining Current on Sp and Sy pins (l;) has been changed from —30 pA to
—60 pA.

2. The AC Timing parameter SRDY or SRDYEN setup time (t41) has been changed to 17.5 ns for the 10 MHz
and 17 ns for the 12.5 MHz parts.
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8086/80186 SOFTWARE DEVELOPMENT
PACKAGES

3
2
2 9

2808091

COMPLETE SOFT WARE DEVELOPMENT SUPPORT FOR THE
8086/80186 FAMILY OF MICROPROCESSORS

Intel supports application development for the 8086/ 80186 family of mlcroprocessors
(8086/88, 80186/188, 80C186/C188, 80C186EB/C188EB and real mode 80286 and 80386
designs) with a complete set of development languages and utilities. These tools include a
macro assembler and compilers for C, PL/M, FORTRAN and Pascal. A linker/ relocator
program, library manager, numerics support libraries, and object-to-hex utlllty are also
available. Intel software tools generate fast and efficient code. They are designed to give
maximum control over the processor Most importantly, they are de51gned togetyour . .|
application up and running in an embedded system fast.and with maximum design
productivity.

October 1990
4-1 Order Number: 280809-003
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Create and
Maintain
Libraries With

LiB-86

Write
Source File

AEDIT

Editor

0

©

Link Modules P
Together With Lml:ioorzlo
LINK-86 Linked Code
o OMF 86 si——
Object . 1\
0 Code . PR = e——
Absolute
Address With
LOC-86
’ 0 Convert
Debug With To Hex With
DB-86 L . OH-386
N ICE Loadable 0
Code

Numerics
Support
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Figure 1. The Application Development Process

FEATURES

e Macro assembler for speed-critical code

e NEW windowed, interactive source level
debugger works with all Intel languages

e ANSI standard iC-86 package for structured
C programming, with many processor
specific extensions

¢ PL/M compiler for high-level language
programs with support for many low-level
hardware functions

* FORTRAN for ANSI-compatible, numeric
intensive applications

* Pascal for developing modular, portable
applications that are easy to maintain

* Linker program for linking modules
generated by Intel compilers and assemblers

* Locator for generating programs with
absolute addresses for execution from ROM
based systems

¢ AEDIT Source Code and text editor

¢ Library manager for creating and
maintaining object module libraries

o Complete 8087/80C187 numeric libraries
including software emulator support

¢ Object-to-hex conversion utility for burning
code into (E)PROMS

o Hosted on IBM PC XT AT* or compatibles
running DOS, DEC VAX* or MicroVAX*
systems running VMS, and Intel Systems 86/
3XX or 286/3XX running iRMX® Operating
System

ASM-86 MACRO ASSEMBLER

ASM-86 is the macro assembler for the 8086/
80186 family of components. It is used to
translate symbolic assembly language source
into relocatable object code where utmost
speed, small code size and hardware control
are critical. Intel’s exclusive macro facility in
ASM-86 saves development and maintenance
time, since common code sequences need only
be developed once. The assembler’s simplified
instruction set makes program development
easier. This assembler also saves development
time by performing extensive checks on
consistent usage of variables and labels.
Inconsistencies are detected when the program
is assembled, before linking or debugging is
started.
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FEATURES

DB86 SOURCE LE VEL
DEBUGGER

DB-86 is an on-host software execution
environment with source level debug
capabilities for object modules produced by iC-
86, ASM-86, PL/M-86, Pascal-86 and
FORTRAN-86. Its powerful, source-oriented
interface allows users to focus their efforts on
finding bugs rather than spending time
learning and manipulating the debug
environment.
¢ Ease of learning. Drop-down menus make
the tool easy to learn for new or casual users.

A command line interface is also provided for

more complex problems.

" Extensive debug modes. Watch windows,
conditional breakpoints (breakpoints
triggered by program conditions), trace
points, and fixed and temporary breakpomts
can be set and modified as needed.

See into your program. You can browse
source and call stack, observe processor
registers, output screen, and watch window
variables accessed by either the pull down
menu or by a single keystroke using functlon
keys.

Full debug symbohcs for maximum
productivity. The user need not know
whether a variable is an unsigned integer, a
real, or a structure; the debugger utilizes the
wealth of variable typing information
available in Intel languages to display
program variables in their respective type
formats.

Support for overlaid programs and the
numeric coprocessor.

iC-86 SOFTWARE PACKAGE

Intel’s iC-86 brings the full power of the c
programming language to 8086/88, 80C186/
C188 and 80C186EB/C188EB-based . - -
microprocessor systems. It can also be used to
develop real mode programs for execution on
the 80286 or 80386. iC-86 has been developed
specifically for embedded microprocessor-based
applications. iC-86 meets the ANSI C standard.
Key features of the iC-86 compiler include:
o Highly Optimized. Four levels of
* optimization are available. Important
optimization features include a jump
optimizer and improved register
manipulation via register history. -
¢ ROMable Code and Libraries. The iC-86
compiler produces ROMable code which can
be loaded directly into embedded target
systems. Libraries are also completely
ROMable, retargetable and reentrant.
¢ Supports Small, Medium, Compact, and
Large memory segmentation models.
¢ Symbolics. The iC-86 compiler boosts
programming productivity by providing
extensive debug information, including type
information and symbols. The symbolics
'information can be used to debug using Intel
ICE™ emulators and the new DB-86 Source
level debugger.
e Built-in functions. iC-86 is loaded with
built-in functions. The flags register, I/O
ports, interrupts, and numerics chip can be
controlled directly, without the need for.
assembly language coding. You spend more
of your productive time programming in C
and less with Assembler. Built-in functions
also improve compile-time and run-time
performance since the compiler generates in-
line code instructions instead of function
calls to assembly instructions.
Standard Language. iC-86 conforms to the
ANSI standard for the C language. iC-86 code
is fully linkable with other modules written
in other Intel 8086/186 languages, allowing
programmers to use the optimal language for
any task.

4-3
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FEATURES

PL/M-86 SOFTWARE PACKAGE

PL/M-86 is a high-level programming
language designed to support the software
requirements of advanced 16-bit
microprocessors. PL/M-86 provides the
productivity advantages of a high-level
language while providing the low-level
hardware access features of assembly
language. Key features of PL/M-86 include:
¢ Structured programming. PL/M-86
supports modular and structured
programming, making programs easier to
understand, maintain and debug.
Built-in functions. PL/M-86 includes an
extensive list of functions, including TYPE
CONVERSION functions, STRING
manipulations, and functions for
interrogating 8086/186 hardware flags.
Interrupt handling. The INTERRUPT
attribute allows you to define interrupt
handling procedures. The compiler generates
code to save and restore all registers for
INTERRUPT procedures.
Compiler controls. Compile-time options
increase the flexibility of the PL/M-86
compiler. They include: optimization,
conditional compilation, the inclusion of
common PL/M source files from disk, cross-
reference of symbols, and optional assembly
language code in the listing file.
¢ Data types. PL/M-86 supports seven data
types, allowing the compiler to perform three
different kinds of arithmetic: signed,
unsigned and floating point.
¢ Language compatibility. PL/M-86 object
modules are compatible with all other object
modules generated by Intel 8086/186
languages.

FORTRAN-86 SOFTWARE
PACKAGE

FORTRAN-86 meets the ANSI FORTRAN 77
Language Subset Specification and includes
almost all of the features of the full standard.
This compatibility assures portability of
existing FORTRAN programs and shortens the
development process, since programmers are
immediately productive without retraining.

FORTRAN-86 provides extensive support for

numeric processing tasks and applications,

with features such as:

¢ Support for single, double, double extended
precision, complex, and double complex
floating-point data types

e Support for proposed REALMATH IEEE
floating point standard

¢ Full support for all other data types: integer,
logical and character

e Optional hardware (8087 numeric data
processor) or software (simulator) floating-
point support at link time

PASCAL-86 SOFTWARE
PACKAGE

Pascal-86 conforms to the ISO Pascal standard,
facilitating application portability, training
and maintenance. It has also been enhanced
with microcomputer support features such as
interrupt handling, direct port I/0 and
separate compilation.

A well-defined and documented run-time
operating system interface allows the user to
execute applications under user-designed
operating systems as an alternate to the
development system environment. Program
modules compiled under Pascal-86 are
compatible and linkable with modules written
in other Intel 8086/186 languages, so
developers can implement each module in the
language most appropriate for the task at
hand. )

Pascal-86 object modules contain symbol and
type information for program debugging using
Intel ICE™ emulators and the DB-86
debugger.

LINK-86 LINKER

Intel’s LINK-86 utility is used to combine
multiple object modules into a single program
and resolve references between independently
compiled modules. The resulting linked
module can be either a bound load-time-
locatable module or simply a relocatable
module. A .EXE option allows modules to be
generated which can be executed directly on a
DOS system.

LINK-86 greatly increases productivity by
allowing you to use modular programming.
The incremental link capability allows new
modules to be easily added to existing software.
Because applications can be broken into
separate modules, they’re easier to design, test
and maintain. Standard modules can be reused
in different applications, saving software
development time.
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FEATURES

LOC-86 LOCATOR

The LOC-86 utility changes relocatable 8086/ -

186 object modules into absolute object
modules: Its default address assignment
algorithm will automatically assign absolute
addresses to the object modules prior to
loading of the code into the target system. This
frees you from concern about the final
arrangement of the object code in memory.
You still have the power to override the
control and specify absolute addresses for
various Segments, Classes, and Groups in
memory. You may also reserve various parts of
memory.

LOC-86 is a powerful tool for embedded
development because it simplifies set up of the
bootstrap loader and initialization code for
execution from ROM based systems. The
locator will also optionally generate a print file
containing diagnostic information to assist in
program debugging.

NUMERICS SUPPORT
LIBRARIES

The 8087 and 80C187 Support Libraries
greatly facilitate the use of floating-point
calculations from programs written in
Assembler, PL/M, and C. It adds to these
languages many of the functions that are built
into applications programming languages,
such as Pascal and FORTRAN. Numerics
functions can be processed by either the 8087
or 80C187 numeric,coprocessors, or by the
corresponding software emulators. The
decimal conversion library aids the translation
between decimal and binary formats. A
Common Elementary Function library
provides support for transcendental, rounding
and other common functions, not directly
handled by the numeric processor. An Error |
Handler Module makes it easy to write
interrupt routines that recover from floating-
point error conditions.

LIB-86 LIBRARIAN

The Intel LIB-86 utility creates and maintains
libraries of software object modules. Standard
modules can be placed in a library and linked
to your application using the LINK-86 utility.

4-5

AEDIT SOURCE CODE AND
TEXT EDITOR

AEDIT is a full-screen text editing system
designed specifically for software engineers
and technical writers. With the facilities for
automatic program block indentation, HEX
display and input, and full macro support,
AEDIT is an essential tool for any
programming environment. And with AEDIT,
the output file is the pure ASCII text (or HEX
code) you input—no special characters or
proprietary formats.

Dual file editing means you can create source
code and its supporting documents at the same
time. Keep your program listing with its errors
in the background for easy reference while
correcting the source in the foreground. Using
the split-screen windowing capability, it is easy
to compare two files, or copy text from one to
the other. The DOS system-escape command
eliminates the need to leave the editor to
compile a program, get a directory listing, or
execute any other program executable at the
DOS system level.

OH-86 OBJECT-TO-
HEXADECIMAL CONVERTER

The OH-86 utility converts Intel 8086/186
object modules into standard hexadecimal
format, allowing the code to be loaded directly
into PROM using industry standard PROM
programmers. S

WORLDWIDE SERVICE,
SUPPORT, AND TRAINING

To augment its development tools, Intel offers
a full array of seminars, classes, and
workshops, field application engineering
expertise, hotline technical support and on-site
service.

Intel also offers a Software Support package
which includes technical software information,
telephone support, automatic distribution of
software and documentation updates, access to
the “ToolTalk” electronic bulletin board,"
iComments publication, remote diagnostic
software, and a development tools
troubleshooting guide.

Intel’s Hardware Support package includes
technical hardware information, telephone
support, warranty on parts, labor, material
and on-site hardware support.

)
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ORDERING INFORMATION

LIB-86 LIBRARIAN
R286ASM86EU FORTRAN-86

D86ASMS86KIT ASM-86

VVSASMS86

MVVSASMS86

R86ASM86SU

R286ASMS6EU

- ASM-86

ASM-86

ASM-86

ASM-86

Assembler
for PC XT or
AT system (or
compatible)
running DOS
3.0 or higher
Assembler
for VAX/
VMS
Assembler
for
MicroVAX/
VMS
Assembler
for Intel 86/
3XX systems
running
iRMX 86
operating
system
Assembler
for Intel 286/
3XX systems
running
iRMX® II
operating
system

Note: ASM-86 includes Macro Assembler, Link-86,
Loc-86, Lib-86, Cross-Reference utility, OH-86,
Numerics Support, and DB-86 Source Level
Debugger. (DB-86 available in DOS version

only.)

D86C86NL

VVSC86

MVVSC86

iC-86

iC-86

iC-86

Software
Package for
IBM PC XT/
AT running
PCDOS 3.0
or higher
Software
Package for
VAX/VMS
Software
Package for
MicroVAX/
VMS

VVSPLM86

MVVSPLM86

R86PLM86SU

D86FOR86NL

VVSFORT86

MVVSFORT86

R86FOR86SU

D86PAS86NL

VVSPAS86

PL/M-86

PL/M-86

PL/M-86

FORTRAN-86

FORTRAN-86

FORTRAN-86

FORTRAN-86

PASCAL-86

Software
Package for
VAX/VMS
Software
Package for
MicroVAX/
VMS
Software
Package for
Intel System
8086/3XX
running
iRMX 86
operating
system
Software
Package for
PCXT AT (or
compatible)
running PC-
DOS 3.0 or
higher
Software
Package for
VAX/VMS
4.3 and later
Software
Package for
MicroVAX/
VMS
Software
Package for
Intel System
86/3XX
running
iRMX 86
operating
system
Software
Package for
IBM PC XT

" AT running

PASCAL-86

PCDOS 3.0 or
higher
Software

Package for
VAX/VMS
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ORDERING INFORMATION

R86C86SU iC-86 Software Package MVVPAS86 PASCAL-86
for Intel System ‘
" 8086/3XX running. - :
iRMX 86 operating -~ R86PAS86SU PASCAL-86
; A - system : ‘
D86PLMS86NL PL/M-86 Software Package
TS . for IBM PC XT AT
running PC DOS 3.0 D86EDNL
" or hlgher

4-7

Software Package
for MicroVAX/

'VMS

Software Package
for Intel System

86/3XX running
“iRMX 86 -

AEDIT Source
Code Editor for
IBM PC XT/AT
running PC DOS
3.0 or higher
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INTEL iC-86/286 COMPILER

The Intel iC-86/286 compiler is the C compiler to use for 8086/186/286 embedded
microprocessor designs. In addition to outstanding execution speed, Intel’s iC-86/286
compiler generates compact, efficient code which can be easily loaded into ROM-based
systems. The iC-86/286 compiler is also fully supported by the Intel DB86 windowed
source-level software debugger and in-circuit emulation tools.

iC-86/286 COMPILER FEATURES

¢ Optimized for embedded systems o Selector data type support

e Built-in functions for automatic machine ¢ Linkable with other Intel 8086/286
code generation languages such as ASM and PL/M

o ROMable code and libraries ¢ ROMable and reentrant libraries

o Integrated debugging with Intel ICET™ e Ability to mix memory models with
and I2ICET™ “near” and “far” pointers

e Compliance with draft ANSI standard e C and PL/M calling conventions for

¢ Supports Small, Medium, Compact, and compatibility with PL/M and other C
Large memory models programs

¢ PL/M compatible subsystems ¢ iRMX® interface libraries included

ICE™, iRMXTM, 386T™, iPATT™, and I2ICETM are trademarks of Intel Corporation.

November 1990
4-8 Order Number: 280787-002
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FEATURES

BUILT-IN FUNCTIONS

The iC-86/286 compiler features more than 35
processor-specific functions that directly
generate machine code within the C language.

Built-in functions eliminate the need for in-
line assembly language coding or making calls
to assembly functions. This increases code
performance and reduces programming time.

With built-ins you can enable or disable
interrupts and directly control hardware I/0
without having to exit C for assembler. This
means you can write high performance
software for real time applications without
having to keep track of every architectural
detail, as you would in assembly language. For
example, to generate an INT instruction, you
simply type:

causeinterrupt (number)
Or, the following iC-86 instruction will cause
the processor to come to a halt with interrupts
enabled:

halt( )

EMBEDDED COMPONENT
SUPPORT

iC-86/286 compiler was designed specifically
for embedded microprocessor applications. It
produces ROMable code which can be loaded
directly into target systems via Intel ICE
emulators and debugged without modification
for fast, easy, development and debugging.

HIGHLY OPTIMIZED

The iC-86/286 compiler has four levels of
optimization for tailoring performance to your
application. Important optimization features
include a jump optimizer and improved
register manipulation using register history.

RUN-TIME SUPPORT

Run-time libraries for the iC-86/286 compiler
are designed for use in many environments.
Both DOS and iRMX interface libraries are
included so programs executing on those
systems can take advantage of operating
system features. The interface libraries

conform to the ANSI standard. They also meet
the IEEE standard POSIX interface so you can

easily retarget the libraries for use in
applications that do not run on DOS or iRMX.

The libraries are completely ROMable and re-
entrant making it easy to adapt them for
embedded, multi-tasking or real-time
applications.

Both the DOS and iRMX-I operating system
interface libraries are provided with iC-86
hosted on DOS. The iRMX-I hosted version of
iC-86 includes the iRMX interface libraries
only.

iC-286 compiler includes iRMX-II interface
libraries only.

INTEGRATED DEBUG TOOLS

The iC-86/286 compiler is part of a completely
integrated set of development tools from Intel
(Figure 1).

Code output from the compiler can be easily
linked with modules written in assembler and
high-level languages, such as PL/M, Fortran,
and Pascal.

Linked modules and programs can be
debugged using Intel’s DB86 windowed source-
level software debugger. The debugger uses an
advanced interface with windows and pull-
down menus for the ultimate in debug
productivity. Watch windows can be opened to
observe changing program variables and
processor registers. You can readily switch
between program modules and view the calling
sequence and call stack.

Naturally code generated by iC-86/286 works
completely with Intel’s I2ICE, ICE-186, ICE-
286 and ICE-386 family of in-circuit emulators
as well as the iPAT(tm) performance analysis
tool. This complete set of tools gives you the
power to quickly debug, test, integrate and
optimize your application code for the target
system. -

4-9
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FEATURES
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Figure 1: The Application Development Process

SERVICE AND SUPPORT

Intel’s development tools are backed by our
worldwide service and support organization
dedicated to solving any problems encountered
by our customers. Several hardware and

SPECIFICATIONS

software service programs are available which
include hotline support, consulting, training,
technical newsletters, bulletin boards and
other services. The iC-86/286 compiler
includes 90 days of software support under
warranty.

ENVIRONMENT
Hardware DOS Version: IBM PC XT or AT
Requirements (or 100%
Compatible) running
DOS 3.1 or greater.
iRMX Version: iRMX-I system for
iC-86
iRMX-II system for
iC-286
Memory DOS Version: 256 KB
Requirements gy Version: 374 KB
Media DOS Version:  5%,” DS/DD
Diskettes
3%" DS/DD
Diskettes
iRMX Version: DS/DDiRMX

Standard Format

STANDARDS

iC-86/286 conforms to the X3J11 ANSI draft
proposal for the C programming language.

4-10
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SPECIFICATIONS
ORDERING INFORMATION Other programming tools:
Order Host Target Host
Code Environment Code Order Code .  Environment Description
D86C86NL DOS 8086/186  DB6PAKS6NL - DOS . 8086/186
D86C286NL DOS 80286 L ‘Assembler, DB86
R86CS6 iRMX-I 8086/186 2;‘})“1%15‘; geny
ReseCzne iRMX-I 80286 D86ASMS6KIT = DOS 8086/186
) ' Assembler, DB86
: ' Debugger, Utilities
D86ASM286NL DOS - - 80286 Assembler
R86ASMS6 iRMX-I 8086/186
- Assé’mbler,
» Utilities
R286ASM286 ~ iRMX-II 80286 Assembler,
Utilities
RMXIISFTSCP ' iRMX-II 80286 Soft-Scope
2 Débugger
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PROGRAMMER SUPPORT

AEDIT is a full-screen text editing system designed specifically for software engineers
and technical writers. With the facilities for automatic program block indentation, HEX
display and input, and full macro support, AEDIT is an essential tool for any
programming environment. And with AEDIT, the output file is the pure ASCII text (or
HEX code) you input—no special characters or proprietary formats.

Dual file editing means you can create source code and its supporting documents at the
same time. Keep your program listing with its errors in the background for easy
reference while correcting the source in the foreground. Using the split-screen windowing
capability, it is easy to compare two files, or copy text from one to the other. The DOS
system-escape command eliminates the need to leave the editor to compile a program, get
a directory listing, or execute any other program executable at the DOS system level.

There are no limits placed on the size of the file or the length of the lines processed with )
AEDIT. It even has a batch mode for those times when you need to make automatic string
substitutions or insertions in a number of separate text files.

AEDIT FEATURES
e Complete range of editing support—from ¢ Full macro support for complex or
document processing to HEX code entry repetitive editing tasks
and modification o Hosted on PC-DOS and RMX operating
e Supports system escape for quick systems
execution of PC-DOS System level ¢ Dual file support with optional split-
commands screen windowing )

e No limit to file size or line length

October 1990
4-12 Order Number: 280804-002
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FEATURES

e Quick response with an easy to use menu
driven interface

¢ Configurable and extensible for complete
control of the editing process

POWERFUL TEXT EDITOR

As a text editor, AEDIT is versatile and
complete. In addition to simple character
insertion and cursor positioning commands,
AEDIT supports a number of text block
processing commands. Using these commands
you can easily move, copy, or delete both small
and large blocks of text. AEDIT also provides
facilities for forward or reverse string
searches, string replacement and query
replace.

AEDIT removes the restnctlon of only
inserting characters when adding or modifying
text. When adding text with AEDIT you may
choose to either insert characters at the
current cursor location, or over-write the
existing text as you type. This flexibility
simplifies the creation and editing of tables
and charts.

USER INTERFACE

The menu-driven interface AEDIT provides:
makes it unnecessary to memorize long lists of
commands and their syntax. Instead, a
complete list of the commands or options
available at any point is always displayed at
the bottom of the screen. This makes AEDIT
both easy to learn and easy to use.

FULL FLEXIBILITY

In addition to the standard PC terminal
support provided with AEDIT, you are able to

SPECIFICATIONS

. filling or justification simplifies the chore of

configure AEDIT to work with almost any
terminal. This along with user-definable
macros and full adjustable tabs, margins, and
case sensitivity combine to make AEDIT one of
the most flexible editors available today.

MACRO SUPPORT

AEDIT will create macros by simply keeping
track of the command and text that you type,
“learning” the function the macro is to
perform. The editor remembers‘your actions
for later execution, or you may store them in a
file to use in a later editing session.

Alternatively, you can design a macro using
AEDIT’s powerful macro language. Included
with the editor is an extensive library of useful
macros which you may use or modify to meet
your individual editing qeeds.

TEXT PROCESSING

For your documentation needs, paragraph

document formatting. Automatic carriage
return insertion means you can focus on the
content of what you are typing instead of how
close you are to the edge of the screen.

SERVICE, SUPPORT, AND
TRAINING

Intel augments its development tools with a
full array of seminars, classes, and workshops;
on-site consulting services; field application
engineering expertise; telephone hot-line
support; and software and hardware
maintenance contracts. This full line of
services will ensure your design success.

HOST SYSTEM

AEDIT for PC-DOS has been designed to run
on the IBM* PC XT, IBM PC AT, and
compatibles. It has been tested and evaluated
for the PC-DOS 3.0 or greater operating
system. )

Versions of AEDIT are available for the
iRMXTM-86 and iRMX II Operating System.

ORDERING INFORMATION
D86EDINL AEDIT Source Code Editor
Release 2.2 for PC-DOS with

supporting documentation

122716 AEDIT-DOS Users Guide

122721 AEDIT-DOS Pocket
Reference

RMX864WSU AEDIT for iRMX I Operating
System

R286EDI286EU AEDIT for iRMX II/1II
Operating System
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REAL- TIME SOFTWARE ANALYSIS FOR THE 8086/88, et
80186/188, 80286, and 80386

Intel’s iPATT™ Performance Analysis Tool enables OEMs developmg applications based
on the 8086/88, 80186/188, 80286, or 80386 microprocessors to analyze real-time software
execution in their prototype systems at speeds up to 20 MHz. Through such analysis, it is
possible to speed-tune applications with real-time data, optimize use of operating systems
(such as Intel’s iRMX® II Real-Time Multitasking Executive for the 80286 and 80386, and
iRMKTM Real-Time Multitasking Kernel for the 80386), characterize response
characteristics, and determine code execution coverage by real-time test suites. Analysis
is performed symbolically, non-intrusively, and in real-time with 100% sampling in the
microprocessor prototype environment. iPAT supports analysis of OEM-developed
software built using 8086, 80286, and 80386 assemblers and compilers supplied by Intel
and other vendors.

AlliPAT Performance Analysis Tool products are serially linked to DOS computer
systems (such as IBM* PC AT, PC XT, and PS/2* Model 80) to host iPAT control and
graphic display software. Several means of access to the user’s prototype microprocessor
system are supported. For the 80286 (real and protected mode), a 12.5 MHz iPAT-286
probe can be used with the iPATCORE system. For the 8086/88 (MAX MODE designs
only), a 10 MHz iPAT-88 probe can be used with the iPATCORE system. iPATCORE
systems also can be connected to sockets provided on the ICETM-286 and ICE-186 in-
circuit emulators, or interfaced to IZICE™ in-circuit emulators with probes supporting
the 8086/88, 80186/188, or 80286. The 20 MHz iPAT-386 probe, also supported by the
common iPATCORE system, can be operated either in “piggyback” fashion connected to
an Intel ICE in-circuit emulator for the Intel386, or directly connected to a prototype
system independent of an ICE. iPAT-386 supports all models of 80386 applications
anywhere in the lowest 16 Megabytes of the 80386 linear address space.

November 1990
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FEATURES

iPAT™ FEATURES

¢ Up to 20 MHz real-time analysis

¢ Histograms and analysis tables

¢ Performance profiles of up to 125 partitions
¢ Code execution coverage over up to 252K

¢ Hardware or software interrupt analysis
¢ Simple use with function keys and graph1cs
o Use with or without Intel ICEs. =

MOST COMPLETE REAL-TIME
ANALYSIS AVAILABLE TODAY

iPAT Performance Analysis Tools use in-
circuit probes containing proprietary chip
technology to achieve full sampling in real-
time non-intrusively.

MEETS THE REAL-TIME
DESIGNER’S NEEDS

The iPAT products include support for
interactions between real-time software and
hardware interrupts real-time operating
systems, “idle time,” and full analysis of real-
time process control systems.

SPEED-TUNING YOUR
SOFTWARE

By examining iPAT histogram and tabular
information about procedure usage (including.
or not including their interaction with other
procedures, hardware, operating systems, or
interrupt service routines) for critical
functions, the software engineer can quickly
pinpoint trouble spots. Armed with this
information, bottlenecks can be eliminated by
means such as changes to algorithms, recoding
in assembler, or adjusting system interrupt
priorities. Finally, iPAT can be used to prove
the acceptability of the developer’s results.

EFFICIENCY AND
EFFECTIVENESS IN TESTING

With iPAT code execution coverage
information, product evaluation with test
suites can be performed more effectively and in
less time. The evaluation team can quickly
pinpoint areas of code that are executed or not
executed under real-time conditions. By this
means, the evaluation team can substantially
remove the “black box” aspect of testing and
assure 100% hits on the software under test.
Coverage information can be used to document
testing at the module, procedure, and line

level. iPAT utilities also support generation of
instruction-level code coverage information. .

ANALYSIS WITH OR WITHOUT
SYMBOLICS

If your application is developed with “debug”
symbolics generated by Intel 8086, 80286, or
80386 assemblers and compilers, iPAT can use
them—automatically. Symbolic names also
can be defined within the iPAT environment,
or conversion tools supplied with the iPAT
products can be used to create symbolic
information from virtually any vendor’s map
files for 8086, 80286, and 80836 software tools.

REAL OR PROTECTED MODE

iPAT supports 80286 and 80386 protected
mode symbolic information generated by Intel
80286 and 80386 software tools. It can work
with absolute addresses, as well as base-offset
or selector-offset references to partitions in the
prototype system’s execution address space.

FROM ROM-LOADED TO
OPERATING SYSTEM LOADED
APPLICATIONS

The software analysis provided by iPAT
watches absolute execution addresses in-circuit
in real time, but also supports use of various
iPAT utilities to determine the load locations
for load-time located software, such as
applications running under iRMXII, DOS,
Microsoft Windows*, or MS*-0S/2.

USE STANDALONE OR WITH
ICE

The iPAT-386, iPAT-286, and iPAT-86/88
probes, together with an iPATCORE system,
provide standalone software analysis
independent of an ICE (in-circuit emulator)
system. The iPATCORE system and DOS-
hosted software also can be used together with
ICE-386, ICE-286, and 12ICE-86/88, 186/188, or
286 in-circuit emulators and DOS-hosted
software. Under the latter scenario, the user
can examine prototype software
characteristics in real-time on one DOS host
while another DOS host is used to supply input
or test conditions to the prototype throughan
ICE.
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FEATURES

UTILITIES FOR YOUR NEEDS

Various utilities supplied with iPAT products
support generation of symbolic information
from map files associated with 3rd-party
software tools, extended analysis of iPAT code
execution coverage analysis data, and
convenience in the working environment. For
example, symbolics can be generated for maps
produced by most software tools, instruction-
level code execution information can be
produced, and iRMXII-format disks can be

read/written in DOS floppy drives to facilitate
file transfer.

WORLDWIDE SERVICE AND
SUPPORT

All iPAT Performance Analysis Tool products
are supported by Intel’s worldwide service and
support. Total hardware and software support
is available, including a hotline number when
the need is there.

SPECIFICATIONS
HOST COMPUTER ELECTRICAL
REQUIREMENTS CONSIDERATIONS

All iPAT Performance Analysis Tool products

are hosted on IBM PC AT, PC XT, or PS/2

Model 80 personal computers, or 100%

compatibles, and use a serial link for host-to-

iPAT communications. At least a PC AT class

system is recommended. The DOS host system

must meet the following minimum

requirements:

¢ 640K Bytes of Memory

¢ 360K Byte or 1.2M Byte floppy disk drive

¢ Fixed disk drive

¢ A serial port (COM1 or COM2) supporting
9600 baud data transfer

e DOS 3.0 or later

e IBM or 100% compatible BIOS

PHYSICAL DESCRIPTIONS
Width Height Length

Unit In. Cm. In. Cm. In. Cm.
iPATCORE 8.2521.01.75 451375 35.0
Power Supply 7.75 20.0 4.25 11.0 11.0 28.0
iPAT-386 probe 3.0 76050 1.3 4.0 10.1
iPAT-286 probe 4.010.21.12 28 6.0 15.3
iPAT-86 probe 4.010.21.12 28 6.0 15.3
iPATCABLE (to

ICE-186/286) 4.010.2 25 .6 36.0 914
IITPATB,C,D ‘

(I2ICE board) 12.0 30.5 12.0 30.5 5 13
Serial cables PC

AT/XT PS/2 144.0 370.0

The iPATCORE system power supply uses an
AC power source at 100V, 120V, 220V, or 240V
over 47Hz to 63Hz. 2 amps (AC) at 100V or
120V; 1 amp at 220V or 240V.

iPAT-386, iPAT-286 and iPAT-86/88 probes
are externally powered, impose no power
demands on the user’s prototype, and can thus
be used to analyze software activity through
power down and power up of a prototype
system. For ICE-386, ICE-286, ICE-186, and
I2ICE microprocessor probes, see the
appropriate in-circuit emulator factsheets.

ENVIRONMENTAL
SPECIFICATIONS

Operating Temperature: 10°C to 40°C (50°F to
104°F) ambient
Maximum of 85%

relative humidity,
non-condensing

Operating Humidity:
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SPECIFICATIONS

CONFIGURATION GUIDE

For all of the following application requirements, the iPAT system is supported with iPAT 2.0 (or
_ greater) or iPAT/I2ICE 1.2 (or greater) host software, as footnoted.

Application Software Option iPAT Order Codes Host System
80386 Embedded #1 iPAT386DOS1, iPATCORE DOS4
iRMK on 80386 #1 iPAT386DOS, iPATCORE DOS
iRMXII OS-Loaded or Embedded on 386 #1 iPAT386DOS, iPATCORE DOS
0S/2-Loaded on 386 : . #1- iPAT386DOS, iPATCORE DOS
iRMXII OS-Loaded or Embedded #1 iPAT286DOS, iPATCORE DOS
80286 Embedded L #1 iPAT286DOS, iPATCORE DOS
#2 . ICEPATKIT2 DOS
#3 I2ICEPATKITS DOS
: : #4  IIPATD, iPATCORE3 DOSt
DOS OS-Loaded 80286 #1 iPAT286DOS, iPATCORE DOS
0S/2 0S-Loaded 80286 #1 iPAT286DOS, iPATCORE DOS
80186/188 Embedded #1 ICEPATKIT2 DOS
#2 I2ICEPATKIT3 DOS
#3 IIIPATD, iPATCORE3S DOS4
DOS 0S-Loaded 8086/88 #1 iPAT88DOS, iPATCORE DOS
8086/88 Embedded #1 iPAT88DOS, iPATCORE DOS
#2 12ICEPATKITS DOS 4
#3 IIIPATD, iPATCORE3 DOS4
Notes: : ‘
1. Operable standalone or with ICE-386 (separate product; separate host). iPAT-386 probe connects directly to prototype system

socket, or to optional 4 probe-to-socket hinge cable (order code TA386A), or to ICE-386 probe socket.

2. Requires ICE-186 or ICE-286 in-circuit emulator system.
3. Requires I2ICE in-circuit emulator system.
4

. Includes iPAT/I2ICE integrated software (PAT/ICE 1.2 or greater), which only supports sequential iPAT and ICE operation .
on one host, rather than in parallel on two hosts iPAT 2.0 or greater).
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I2ZICET™ IN-CIRCUIT EMULATION SYSTEM

i
1
|

2808001

IN-CIRCUIT EMULATOR FOR THE 8086/80186/80286 FAMILY
OF MICROPROCESSORS

The I2ICE™ In-circuit Emulator is a high-performance, cost-effective debug environment
for developing systems with the Intel 8086/80186/80286 family of microprocessors. With
10 MHz emulation, a window-oriented user interface, and compatibility with Intel’s
iPATTM Performance Analysis Tool, the I2ICE Emulator gives you unmatched speed and
control over all phases of hardware/software debug.

FEATURES

¢ Emulation speeds up to 10 MHz with ¢ 1K frame bus and execution trace buffer
8086/88, 80186/188 and 80286 o Symbolic debugging for flexible access to
microprocessors memory location and program variables

* 8087 and 80287 numeric coprocessor ¢ Flexible breakpointing for quick problem
support isolation

* Hosted on IBM PC AT* or AT BIOS e Memory expandable to 288K with zero
compatibles wait states

e ICEVIEWTM window-oriented user e Worldwide service and support
interface with pull-down menus and ¢ iPAT option for software speed tuning

context-sensitive help
e Source and symbol display using all Intel
languages

12ICE, ICEVIEW, and iPAT are trademarks of Intel Corporation.
*IBM is a trademark of International Business Machines Corporation.

November 1990
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FEATURES

ONE TOOL FOR THE ENTIRE
DEVELOPMENT PROCESS

The I2ICE Emulator allows hardware and
software design to proceed simultaneously, so
you can develop software even before prototype
hardware is available. With 32K of zero wait-
state mappable memory (and an additional
256K with optional memory boards), you can
use the I2ICE Emulator to debug at any stage
of the development cycle: hardware
development, software development, system °
integration or system test.

HIGH-SPEED, REAL-TIME
EMULATION

The I2ICE Emulator delivers full-speed, real-
time emulation at speeds up to 10 MHz. Based
on Intel’s exclusive microprocessor technology,
the I2ICE Emulator matches each chip’s
electrical and timing characteristics without
memory or interrupt intrusions, ensuring
design accuracy and eliminating surprises. The
performance of your prototype is the
performance you can expect from your final
product.

EASY-TO-USE ICEVIEWTM
INTERFACE

The ICEVIEW interface makes the I2ICE
Emulator easy to learn and use by providing
easy access to application information and ICE
functions. Pull-down menus and windows boost
productivity for both new and experienced -
users. Multiple on-screen windows allow you to
access the source display, execution trace,
register, and other important information, all
at the same time. You can watch the
information change as you modify and step
through your program. You can even
customize window size and screen positions. A
command line interface is also available with
syntax checking and context-sensitive ,
prompts. ICEVIEW works with monochrome,
CGA and the latest EGA color displays.

SYMBOLIC DEBUG SPEEDS
DEVELOPMENT

The extensive debug symbolics generated by
the Intel 8086 and 80286 assemblers and
compilers can increase your development
productivity. Symbolics with automatic
formatting are available for all primitive
types, regardless of whether the variables are

 globals, locals (stack-resident) or pointers. The

virtual symbol table supports all symbolics,
even in very large programs. Aliasing can be
used to reduce keystrokes and save time.

POWERFUL BREAK AND ‘
TRACE CAPABILITY FOR FAST
PROBLEM ISOLATION

The I2ICE Emulator allows up to eight
simultaneous break/trace conditions to be set
(four execution, four bus), a timesaver when
solving hardware/software integration
problems. Break and trace points can be set on
specified line numbers, on procedures, or on
symbolic data events, such as writing a
variable to a value or range of values. You can
break or trace on specific hardware events,
such as a read or write to a specific address,
data or I/0 port, or on a combination of events.

. MULTIPROCESSOR,

PROTECTED MODE, AND
COPROCESSOR SUPPORT

Up to four I2ICE systems can be linked and ’
controlled simultaneously from one PC host,
enabling you to debug multiprocessor systems.
The I2ICE Emulator with an 80286 probe
supports all 80286 protected mode capabilities.
It also supports the 8087 and 80287 numeric
COProcessors.
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FEATURES

iPAT™ FOR SOFTWARE
PERFORMANCE AND CODE
COVERAGE ANALYSIS

The I2ICE Emulator interfaces to Intel’s iPAT
Performance Analysis Tool for examining
software execution speeds and code coverage in
real time. iPAT displays critical performance
data about your code in easy-to-understand
histograms and tables. Elusive bottlenecks are
readily seen, allowing you to focus your
attention to get the most performance out of
your product.

iPAT also performs code execution coverage,
letting you perform product evaluations faster
and more effectively. iPAT pinpoints areas in
your code either executed or not executed
according to specific conditions, taking the
guesswork out of software evaluations.

EASY INTERFACE TO
EXTERNAL INSTRUMENTS

The I2ICE system includes external emulation
clips and software support for setting
breakpoints, tracepoints and arm/disarm
conditions on external events, making it easy
to connect external logic analyzers and signal
generators. You can debug complex hardware/
software interactions with a high level of
productivity.

WORLDWIDE SERVICE,
SUPPORT, AND TRAINING

To augment its development tools, Intel offers
a full array of seminars, classes, and
workshops, field application engineering’
expertise, hotline technical support and on-site
service.

Intel also offers a Software Support package
which includes technical software information,
telephone support, automatic distribution of
software and documentation updates, access to
the “ToolTalk” electronic bulletin board,
iComments publication, remote diagnostic
software, and a development tools
troubleshooting guide.

Intel’s Hardware Support package includes
technical hardware information, telephone
support, warranty on parts, labor, material,
and on-site hardware support.

SPECIFICATIONS

.Host Requirements

IBM PC/AT or 100% PC AT BIOS compatible
DOS 3.XX

640 Kbytes of memory

360 Kbytes or 1.2 MB floppy disk drive

Hard disk drive

Monochrome, CGA or EGA monitor (EGA
recommended)

Physical Description

Width Height Length
Unit (fcm | in {em | in [ em [ in
12ICE
chassis | 43.2 [ 17.0 | 21.0 | 8.25 | 61.3 | 24.13
Probe
base 21.6| 85| 7.6)|3.0 |254]10.0

Host/chassis cablel5 ft. (4.6 m)
Electrical Characteristics

90-132 V or 180-264 V (selectable)

47-63 Hz

12 amps (AC)

Environmental Specifications
Operating temperature: 0-40°C (32-104°F)
ambient

Operating humidity: Maximum of 85%
relative humidity, non-condensing
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FEATURES
ORDERING INFORMATION 111198 8 MHz 80188 support
Kit Code Contents conversion kit to convert 80186

probe to 80188 probe.

plII212KITD I2ICE system, 10 MHz 80286
support kit for IBM PC AT host.
Includes probe, chassis, host
interface module and software.

954D 12ICE PC AT host software.
' Includes ICEVIEWTM
windowed hurnan interface.

pIIIO10KITD I2ICE system 10 MHz 8086/
8088 support kit for IBM PC
host. Includes probe, chassis,
and host interface module and
software. i

pIII111KITD I2ICE system 10 MHz 80186
. support kit for IBM PC host.
- Includes probe, chassis, host

interface module and software. ~ Note: I2ICE probes, chassis, software, cables
‘Note: For 80188 support, the " and iPAT options are available separately.
IT1198 option below must also be :

ordered. = .
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Int I MINARY

INTEL ICET™-186 AND ICE-188
IN-CIRCUIT EMULATORS

= =

L

280726-1

HIGH PERFORMANCE REAL-TIME EMULATION

The Intel ICETM-186 and ICETM-188 emulators deliver reliable 16 MHz real-time
emulation for the 80C186 and 80C188 microprocessors. The 80C186 and 80C188
embedded processors are based on the new 80C186 modular CPU core with fully-static
design. The in-circuit emulators are a versatile and efficient tool for developing,
debugging and testing products designed with Intel microprocessors. The ICE-186/188
has many productivity boosting features to help you get your products to market as
quickly as possible. The contemporary windowed human interface, symbolic source-level
debug, 3K frames of dynamic trace display and the powerful conditional break
capabilities are standard on the ICE-186/188 emulator. Intel, the inventor of the 80C186
and 80C188 microprocessors, has the most complete line of development tools from a
single vendor to meet all of your development needs. Our language development tools
portfolio includes the assembler, software debugger DB-86, C, PL/M, PASCAL and
FORTRAN, all designed to work with the ICE-186/188 emulator to meet your embedded
design needs.

November 1990
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FEATURES

PRELIMINARY

ICE™-186/188 FEATURES

. Reliable Full Speed Emulation up to 16 MHz

¢ 3K Frames Dynamic Trace Buffer can be
displayed without stopping emulation

¢ Optional 128K, 512K or 1 Mbyte of Zero
Wait-State Mapped Memory

e 80C187 Numeric Coprocessor Support

e High Speed RS-232-C and GPIB
Communication Link

¢ Crystal Power Accessory for Software
Development

¢ Interface for Intel Performance Analysis
Tool (PATTM) and Logic Analyzer :

e Emulation and ONCET™ Mode Support for-.
QFP and PLCC Packages

» Windowed Human Interface with Mouse -
Support

o Source Level Debug with effective Source
Window and Watch Window Operations

¢ Powerful Go Command with two-level
breakpoints, event counters and single
stepping capability

¢ High-Level Language Symbolic Debug

¢ Tutorial Software to Speed Up Learning
Curve :

¢ Complete Intel Service and Support

SOFTWARE PERFORMANCE
ANALYSIS

Intel’s Performance Analysis Tool GPAT) is
designed to increase the team productivity
with features such as interrupt latency
measurement, code coverage analysis and
software module timing analysis. The
emulator provides an external connector for
the iPAT tool. These features enable the user
to design reliable, high performance embedded
control products.

BUILT-IN SUPPORT FOR LOGIC
ANALYZERS

General purpose logic analyzers can be used
with the ICE-186/188 emulator to provide
detailed timing of specific events. The
emulator has an external sync signal te trigger
the logic analyzer, making complex event
trlggerlng easy. An additional 60 pin connector
is included to support the logic analyzer

SOFTWARE CARROUSEL

To address the need of switching among
different development tools, such as editing,
recompilation and linking with minimum
interruptions, the Software Carrousel package
is included. It provides an environment which
allows up to eleven other programs to be
accessible while running the emulator
software. By pressing a pair of keys, the
current program environment is preserved and
a different application environment is ready.

WORLDWIDE SERVICE,
SUPPORT, AND TRAINING

To augment its development tools, Intel offers
a full array of seminars, classes, and works,
field application engineering expertise, hotline
technical support and on-site service.

Intel also offers a Software Support package
which includes technical software information,
telephone support, automatic distribution of
software and documentation updates, access to
the “ToolTalk” electronic bulletin board,
iComments publication, remote diagnostic
software, and a development tools
troubleshooting guide.

Intel’s Hardware Support package includes
technical hardware information, telephone
support, warranty on parts, labor, material,
and on-site support.
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SPECIFICATIONS

PERSONAL COMPUTER ICE188LP ICE-188 16 MHz System,

REQUIREMENTS includes control unit, PLCC

The ICE-186/188 emulator is hosted on an IBM probe, power supply,

PC AT platform or IBM PS/2. The emulator Carousel. CP A adaptor and

has been tested and evaluated on an IBM PC ONCE a d’ap tor

AT. The PC AT must meet the following

minimum requirements: ICE188LQ ICE-188 16MHz system,

* 640 KBytes of Memory

e An additional 1 MByte of expanded memory,
recommending an Above Board managed by
emm.sys driver. Other memory managers
conforming to the Lotus/Intel/Microsoft
Expanded Memory Specification Version 3.2
or later are available.

* One 20 MByte Hard Disk

e PCDOS 3.2 or Later

o A serial Port (COM1 or COM2) supporting
minimally at 9600 Baud Data Transfers, or a
National Instruments GPIB-PC2A board

e Math coprocessor !

ORDERING INFORMATION

ICE186LP ICE-186 16 MHz system,
includes control unit, PLCC
probe, power supply,
emulator s/w, Software
Carousel, CPA adaptor and
ONCE adaptor

ICE-186 16MHz system,
includes control unit, QFP
probe, power supply,
emulator s/w, Software
Carousel, CPA adaptor

ICE186LQ

*European customers only

includes control unit, QFP
probe, power supply,
emulator s/w, Software
Carousel, CPA adaptor

The above order codes must order a memory
option

MEM128 128 Kbytes map memory
MEM512 512 Kbytes map memory
MEM1MB 1 Mbytes map memory
UP186LP ICE-186 PLCC Probe
UP186LQ ICE-186 QFP Probe
UP188LP ICE-188 PLCC Probe
UP188LQ ICE-188 QFP Probe
HC18XLP PLCC hinge cable
HC18XLQ QFP hinge cable

D86ASMBS6KIT Assembler, Link-86, Loc-86,
Lib 86, cross reference utility,
OH-86, numerics support,
software debugger, hosted on
PC DOS 3.0 or higher

C-86 compiler for PC DOS 3.0
or higher

PL/M-86 compiler for PC
DOS 3.0 or higher
PASCAL-86 compiler for PC
DOS 3.0 or higher
FORTRAN-86 compiler for
PC DOS 3.0 or higher

*D86ASM86NL ASM-86 Macro Assembler

D86C86NL

D86PLM86NL

D86PAS86NL

D86FOR86NL
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INTEL ICETM- 186EB AND ICE-188EB IN-CIRCUIT
EMULATORS

HIGH PERFORMANCE REAL-TIME EMULATION

The Intel ICETM-186EB and ICET™-188EB emulators deliver reliable 16 MHz real-time
emulation for the 80C186EB and 80C188EB microprocessors. The in-circuit emulators are
a versatile and efficient tool for developing, debugging and testing products designed with
Intel microprocessors. The ICE-186EB/188EB has many productivity boosting features to
help you get your products to market as quickly as possible. The contemporary windowed
human interface, symbolic source-level debug, 3K frames of dynamic trace display and
the powerful conditional break capabilities are standard on the ICE-186EB/188EB
emulator. Intel, the inventor of the 80C186EB and 80C188EB microprocessors, has the
most complete line of development tools from a single vendor to meet all of your
development needs. Our language development tools portfolio includes the assembler,
software debugger DB-86, C, PL/M, PASCAL and FORTRAN, all designed to work with
the ICE-186EB/188EB emulator to meet your embedded design needs.

ICE™.]186EB/188EB FEATURES

¢ Reliable Full Speed Emulation up to 16
MHz

¢ 3K Frames Dynamic Trace Buffer can be
displayed without stopping emulation

¢ Optional 128K, 512K or 1 Mbytes of Zero
Wait-State Mapped Memory

¢ 80C187 Numeric Coprocessor Support

¢ High Speed RS-232-C and GPIB
Communication Link

¢ Crystal Power Accessory for Software
Development

¢ Interface for Intel Performance Analysis
Tool (PATTM) and Logic Analyzer

¢ Emulation and ONCETM Mode Support
for QFP and PLCC Packages

¢ Windowed Human Interface with Mouse
Support

¢ Source Level Debug with effective Source
Window and Watch Window Operations

¢ Powerful Go Command with two-level
breakpoints, event counters and single
stepping capability

¢ High-Level Language Symbolic Debug

e Tutorial Software to Speed Up Learning
Curve

¢ Complete Intel Service and Support

4-25
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FEATURES

RELIABLE HIGH SPEED
EMULATION

The ICE-186EB/188EB emulator uses superior
Intel component bondout and advanced cable
technology to ensure accuracy of emulation.
Accurate timing is a critical factor in today’s
16 MHz designs.

The emulator is designed to support low power
application needs. The probe supports true
CMOS voltage inputs/outputs and has low
power current draw. There is no power
consumption difference between using the
emulator or the actual component. The ICE-
186EB/188EB also supports the debugging of
target systems with 80C187 numeric
COprocessor. '

WINDOWED HUMAN
INTERFACE

The windowed interface increases productivity
for both expert and casual users. Multiple
windows can simultaneously provide source
code, watch variables, memory, registers and
trace information. Breakpoints can be set
directly on the source code. The source window
is automatically updated when the emulator
completes a breakpoint or a single stepping
operation. The user can program the watch
windows to track up to ten program variables.
The data displayed in the windows is
automatically updated while executing and
debugging code. Pull down menus offer a set of
common emulator commands, making it easier
to configure the debug environment.

PRODUCTIVE EVENT MONITOR
CAPABILITY

With higher integration of the GO command,
event recognition, and emulator action,
complex logic debug is easy and efficient.
Breakpoint events can be detected on
execution addresses and/or bus addresses and/
or bus access types such as memory or I/0
reads or writes. Address and data specification
can be based on single value, range and don’t
cares. A flexible single step command allows
the user to execute one machine-level or one
high-level instruction at a time.

All the emulator commands can be
programmed with a set of macro commands
and can be included in a procedure for
repeated debug sessions. The combined use of
the event monitor and the macro programming
feature can speed up the application debug.

This is also a useful tool for automated
manufacturing testing and debug.

PROBLEM TRACKING
THROUGH DYNAMIC TRACE
BUFFER

The emulator can display up to 3,072 frames of
processor activity, including both the
execution and data bus activity. The
information collected in real time provides
valuable reference for tracking down
problems. Users can view the trace buffer or
modify the trace conditions at any time
without stopping the emulation. The trace
buffer can be displayed in either instruction or
the cycle mode.

SOFTWARE DEBUG WITHOUT A
PROTOTYPE

Software developers often are required to
debug application code before the functional
prototypes are available. The Crystal Power
Accessory (CPA) with the emulator map
memory provides a complete target
environment for debugging software modules
that do not require timer and hardware
interrupt support. The CPA is also used to run
the emulator confidence tests.

The ICE-186EB/188EB provides up to 1 MB of
zero wait-state memory. This memory can be
used instead of target memory for code
debugging. It is addressable in 32 Kbyte .
increments. The emulator can also be used to
support simulated I/0 ports, addressable in 4
Kbyte increments.

INTEGRATED HIGH LEVEL
LANGUAGE SUPPORT

The ICE-186EB/188EB emulator is designed to
support all INTEL software products. Intel’s
comprehensive language development tools
include assembler, ANSI C, PL/M, PASCAL
and FORTRAN compilers. These software tools
were designed to take advantage of the
component architecture and specifically
support embedded applications. Symbols from
the source code can be directly used in your
ICE debug sessions. The ICE source window
can display the source code in the original
language used to produce the object code. This
integrated emulator and language
development environment allows designers to
focus on the development process.
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FAST BREAK SUPPORT

The fastbreak feature is used when there is a
need to interrogate the current execution
status without halting the emulator for
extended periods of time. The fastbreak has a
maximum break period of 5625 clock cycles.
The requested information can be stored in the
trace buffer for later reference.

PRESERVE DRAM CONTENTS

The ICE-186EB/188EB continues DRAM
refresh signals even when the emulator has
been halted, thus ensuring DRAM memory is
not lost or corrupted. During the interrogation
mode the emulator will keep the timer
functioning and will correctly respond to
interrupts in real-time.

MULTIPLE HIGH SPEED
COMMUNICATION LINKS

Two communication links are available for use
in conjunction with the IBM PC AT host. The
emulator can use an RS-232-C serial link with
a transfer rate up to 57.6 Kbyte per second. A
user supplied National Instruments (IEEE-488)
GPIB communication board will provide
parallel transfers at rates up to 300 Kbytes per
second.

SOFTWARE PERFORMANCE
ANALYSIS

Intel’s Performance Analysis Tool GPAT) is
designed to increase the team productivity
with features such as interrupt latency
measurement, code coverage analysis and
software module timing analysis. The
emulator provides an external connector for

SPECIFICATIONS

the iPAT tool. These features enable the user
to design reliable, high performance embedded

‘control products.

BUILT-IN SUPPORT FOR LOGIC
ANALYZERS

General purpose logic analyzers can be used
with the ICE-186EB/188EB emulator to
provide detailed timing of specific events. The
emulator has an external sync signal to trigger

* the logic analyzer, making complex event

triggering easy. An additional 60 pin connector

" .is included to support the logic analyzer.

SOFTWARE CAROUSEL

To address the need of switching among
different development tools, such as editing,
recompilation and linking with minimum
interruptions, the Software Carousel package
is included. It provides an environment which
allows up to eleven other programs to be
accessible while running the emulator
software. By pressing a pair of keys, the
current program environment is preserved and
a different application environment is ready.

WORLDWIDE SERVICE,
SUPPORT, AND TRAINING

To augment its development tools, Intel offers
a full array of seminars, classes, and
workshops. In addition, on-site consulting
services, field application engineering
expertise, telephone hotline support and
software and hardware maintenance contracts
are available to help assure your design
success, as well as electronic bulletin boards
and other services.

PERSONAL COMPUTER
REQUIREMENTS

The ICE-186EB/188EB emulator is hosted on
an IBM PC AT platform or IBM PS/2. The
emulator has been tested and evaluated on an
IBM PC AT. The PC AT must meet the
following minimum requirements:

¢ 640 KBytes of Memory

¢ An additional 1 MBytes of expanded
memory, recommending an Above Board
managed by emm.sys driver. Other memory
managers conforming to the Lotus/Intel/
Microsoft Expanded Memory Specification
Version 3.2 or later are available.

¢ One 20 MBytes Hard Disk

e PCDOS 3.2 or Later

e A serial Port (COM1 or COM2) supporting
minimally at 9600 Baud Data Transfers, or a
National Instruments GPIB-PC2A board

e Math coprocessor
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PHYSICAL DESCRIPTION AND CHARACTERISTICS
The ICE-186EB/188EB Emulator consists of the following components:
Table 1 Emulator’s Physical Characteristics

Width Height Length
Unit
In. |Cm|In. | Cm | In. Cm
Emulator Control Unit 104 | 264 |17 43| 20.7| 526
Power Supply 77 (19641 |104( 11.0( 279
User Probe 3.7 94| 65| 1.6 70| 17.8
User Probe Adapter Cable 34 8.6
Crystal Power Accessory 430(109| 60| 15 6.7| 17.0
Serial Cable 144.0 | 366.0

ICET™™-186EB/188EB AC S’PECIFI CATIONS

Table 2 ICET-186EB/188EB AC Specifications

Timing Requirements
Symbol ‘ Parameter Component | ICE
Min Max | Typical

TpvcL | Datain Setup (A/D) 10nS 19nS
TcLpx | Datain Hold (A/D) : 0 -2
TsrycL, | Synchronous Ready (READY) Transition Setup Time 10 10
TcLsry | READY Transition Hold Time 0 0
Tavcer | HOLD Setup 10 24
Tcigv | HOLD Hold 0 0
Tinver | NMI TEST # 10 15

INTR, TIMERIN Setup Time 10 10
Tcainv | NMI TEST # ‘ 0 0

INTR, TIMERIN Hold Time 0 0
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ICE™.186EB/188EB AC SPECIFICATIONS
Table 2 (Continued)

Output Delays
CPU Emulator
Symbol Parameter Min Max Min Max
TcHovi | ALE, S2:0#, DEN#, DT/R# 3nS 20nS 3nS 20nS
| Tcaovz | GCS7:0#, LCS#, UCS#, NCS# 3 25 3 25
Tcrov: | BHE#, DEN#, LOCK #, RESOUT, 3 20 3 20
HLDA TOOUT, T1IOUT A19:16
TcrLove | RD#, WR#, GCS7:0#, LCS#, UCS#, 3 25 3 25
NCS#,INTAL:.0#
TcrLapv | AD15:0 3 25 6 34
TCHOF RD#, WR#, BHE#, DT/R#, LOCK #, 0 25 0 25
S2:0#, A19:16
TcrLor | DEN# 0 25 0 25
TcLapr | AD15:0 0 25 3 34
Clkin Requirements
CPU Emulator
Symbol Parameter Min Max Min Max
Tc CLKIN Period 31.25nS oo 31.25n8 oo *
Tckyr | CLKIN Fall Time 0 8 0 8
TcKLH CLKIN Rise Time 0 8 0 8
TcLck | CLKIN Low Time 20 °© 20 o*
TcHCK CLKIN High Time 20 o 20 oo *
Clkout Timing
Tcico CLKIN to CLKOUT Skew OnS 15nS OnS 15nS
TcLcL CLKOUT Period 2*T¢ 2*T¢o
TeLcH CLKOUT Low Time (T/2)—-5 (T/2)+5 | (T/2)—-5 (T/2)+5
TcHCL CLKOUT High Time (T/2)-5 (T/2)+5| (T/2)—-5 (T/2)+5
Tcuicuz | CLKOUT Rise Time 1 6 1 6
TcrecrL1 | CLKOUT Fall Time 1 6 1 6

*Emulator will acknowledge condition with a “clock lost” error message
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ICET™.-]186EB/188EB DC SPECIFICATIONS
Table 3 lists the DC input specifications at the ICE-186EB user probe.

Table 3 ICETM-186EB/188EB DC Input Specifications

: CPU Emulator
Parameter Signals
: Max Min Max Min
ViL All (except CLKIN, HOLD, RESIN$4 # 3*Vee -5 3*Vee -5
and NMI) ‘
ViL HOLD, RESIN# and NMI" 3*Vee -5 .8 -5
ViL CLKIN 2*Vee -3 2*Vce -3
Vig All (except CLKIN, HOLD, RESIN# and | Vgct+.5 | .7*Vge | Veet 5 | .7*Vee
NMI)
Vig HOLD, RESIN# and NMI Veet+.5 | . 7*Vee 7.0 2.0
Vg CLKIN Vcet+.3| .8*Vee | Voot .3 | .8*Vee
I All (except HOLD, RESIN #, NMI, +15uA +15uA
A19:16 and LOCK #)
Iy, HOLD, RESIN #, NMI +15uA —.6mA
I, A19:16 and LOCK # —2mA —2mA
Table 4 lists the DC output specifications at the ICE-186EB user probe.
Table 4 ICETM-186EB/188EB DC Output Specifications
. CPU Emulator
Parameter Signals Max Min Max Min
Vou All (except AD15:0) Vee—5 Vee—5
Vou AD15:0 Vee—5 3.94
VoL All (except AD15:0) 45 45
VoL AD15:0 45 44
Iou All (except AD15:0) | —2mA —2mA
Tou AD15:0 —2mA —24mA
IoL All (except AD15:0) | 5mA 5mA
IoL AD15:0 5mA 24mA
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Table 5 lists the DC specifications for the ISYNCH and OSYNCH lines.
Table 5 DC Specifications for ISYNCH and OSYNCH

Symbol Parameter :Min " Max “Notes
ISYNCH Iy, Input Low current 2.6mA Vi=0.5V
ISYNCH Iy Input High current —100uA 1 Vi=2TV
OSYNC Vgqy, - | Output Low voltage 0.5V TIoi=15mA
OSYNCH Vg | Output High voltage | 2.7V | Ioh=—0.25mA :
Table D-6 lists the DC powei' requirements at
the ICE-186EB user probe. : _ ‘
Table 6 Probe Power Specifications
Symbol Parameter Min | Max
Vce Supply Voltage | 4.75 5.25
Icc Supply Current " | 90mA
ORDERING INFORMATION
ICE186EBP ICE-186EB 16 MHz.system, MEM128 128 Kbytes map memory
includes control unit, PLCC . MEM512 512 Kbytes map memory
probe, power supply, emulator :
s/w, Software Carousel, CPA MEM1MB 1 Mbytes map memory 4
adaptor and ONCE adaptor D86ASMS6KIT Assembler, Link-86, Loc-86,
ICE186EBQ  ICE-186EB 16 MHz system, Lib 86, cross reference utility,
includes control unit, QFP OH-86, numerics support,
probe, power supply, emulator software debugger, hosted on
s/w, Software Carousel, CPA PCDOS 3.0 or higher
, adaptor D86C86NL C-86 compiler for PC DOS 3.0
ICE188EBP ICE-188EB 16 MHz System, or higher
includes control unit, PLCC D86PLM86NL PL/M-86 compiler for PC DOS
probe, power supply, emulator 3.0 or higher
s/w, Software Carousel, CPA ; ; .
’ ’ .. D86PAS86NL . PASCAL-86 compiler for PC
ICE188EBQ :g;pg;Ea;dlgI:/;f ot DOS:3.0 or highar
- z system, —
includes control unit, QFP D86FOR86NL FORTRAN-S'G compiler for PC
DOS 3.0 or higher

probe, power supply, emulator
s/w, Software Carousel, CPA
adaptor )

The above order codes must order a memory

option
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HIGH PERFORMANCE REAL-TIME EMULATION

Intel’s ICETM-286 emulator delivers real-time emulation for the 80286 microprocessor at
speeds up to 12.5 MHz. The in-circuit emulator is a versatile and efficient tool for
developing, debugging and testing products designed with the Intel 80286 microprocessor.
The ICE-286 emulator provides real time, full speed emulation in a users system. Popular
features such as symbolic debug, 2 Kbytes trace memory, and single-step program
execution are standard on the ICE-286 emulator. Intel provides a complete development
environment using assembler (ASM-286) as well as high-level languages such as Intel’s
10286, PL/M-286 or Fortran 286 to accelerate development schedules.

Intel’s ICE-286 emulator is hosted on IBM’s Personal Computer AT, already available as
a standard development solution in most of today’s engineering environments. The ICE-
286 emulator operates in prototype or standalone mode allowing software development
and debug before a prototype system is.available. The ICE-286 emulator is ideally suited
for developing real time applications such as process control, machine control,
communications, or other applications requiring the full power of the 12.5 MHz 80286
microprocessor.

ICE-286 FEATURES ;

o Full 12.5 MHz Emulation Speed ¢ 128 Kbytes Zero Wait-State Mapped

¢ 2 Kbytes Deep Trace Memory Memory

o Two-Level Breakpoints with Occurrence ¢ Support For Protected and Real Modes
Counters ¢ High-Level Language Support

o Single-Step Capability ‘ e Symbolic Debug

November 1990
4-32 Order Number: 280728-002
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FEATURES

¢ Numeric Processor Extension Support

¢ RS-232-C and GPIB Communication Links

¢ Crystal Power Accessory

¢ Interface for Intel Performance Analysis
Tool GPATTM)

e Interface for Optional General Purpose Logic
Analyzer

e Tutorial Software

¢ Complete Intel Service and Support

HIGHEST EMULATION SPEED
AVAILABLE TODAY

The ICE-286 emulator supports development
and debug of time-critical hardware and
software using Intel’s 12.5 MHz 80286
microprocessor.

RETRACE SOFTWARE TRACKS

This emulator captures up to 2048 frames of
processor activity, including both execution
and data bus activity. With this trace memory,
large blocks of program code can be traced in
real time and viewed for program flow and
behavior characteristics.

HARDWARE BREAKPOINTS
FOR COMPLEX DEBUG

User-defined “TIL-THEN” breakpoint
statements stop emulation at specific
execution addresses or bus events. During the
hardware and software integration phase,
breakpoint statements can be defined as
execution addresses and/or bus addresses and/
or bus access types, such as memory and I/0
reads or writes. Additionally, event counters
provide another level of breakpoint control for
sophisticated state machine constructs used to
specify emulation breakpoints/tracepoints.

SMALL OR LARGE STEPS

A stepping command can be used to view
program execution one frame at a time or in
preset frame blocks. When used in conjunction
with symbolic debug, code execution can be
monitored quickly and precisely.

DEBUG CODE WITHOUT A
PROTOTYPE

Even before prototype hardware is available,
the ICE-286 emulator working in conjunction
with the Crystal Power Accessory (CPA)
creates a “virtual” application environment.
128 Kbytes of zero wait-state memory is

available for mapped memory and I/0
resource addressing in 4K increments. The
CPA provides emulator diagnostics as well as
the ability to-use the emulator w1thout a
prototype.

PROTECTED AND REAL MODES

The ICE-286 emulator has full access to all .
protected-mode registers and permits -
modification of register contents. Protected
mode of execution if beneficial for secure,
multitasking applications.

HIGH-LEVEL LANGUAGE
SUPPORT OPTIMIZED FOR
INTEL TOOLS

The ICE-286 supports emulation for programs
written in Intel’s ASM 286 and ASM 86 or any
of the Intel high-level languages:

PL/M-286/86 Fortran-286/86
Pascal-286/86 C-286/86

These languages are optimized for Intel
component architectures to deliver a tightly
integrated, high performance development
environment.

USER-FRIENDLY SYMBOLICS
AID IN DEBUG

Symbolics allow access to program symbols by
name rather than cumbersome physical
addresses. Symbolic debug speeds the
debugging process by reducing reliance on
memory maps. In a dynamic development
process, user variables can be used as
parameters for ICE-286 commands resulting in
a consistent debug environment.

80287 NUMERICS SUPPORT

The ICE-286 emulator provides emulation
support for the 80287 numerics processor.
80287 registers can be displayed and modified
allowing full debug support for numerics.
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FEATURES
MULTIPLE HIGH-SPEED - BUILT-IN SUPPORT FOR LOGIC
COMMUNICATION LINKS ANALYSIS , ‘

Two communication links are available for use
in conjunction with the host IBM PC AT. The
ICE-286 emulator uses either serial (RS-232-C)
or a parallel (GPIB) link. A user supplied
National Instruments IEEE-488) GPIB
communication board provides parallel
transfers at rates up to 300 Kbytes per second.

SOFTWARE ANALYSIS (iPATT™)

Intel’s Performance Analysis Tool GPATTM) is
designed to increase team productivity with
features like interrupt latency measurement,
code coverage analysis and software module
performance analysis. These features enable
the user to design reliable, high performance
embedded control products. The ICE-286
emulator has an external 60 pin connector for
iPAT.

General-purpose logic analyzers can be used in
conjunction with the ICE-286 to provide
detailed timing of specific events. The ICE-286
emulator provides an external sync signal for
triggering logic analysis, making complex
trigger sequence programming easy. An
additional 60 pin connector is included for the
logic analyzer. :

WORLDWIDE SERVICE AND
SUPPORT ’

The ICE-286 emulator is supported by Intel’s
worldwide service and support organization.
Total hardware and software support is
available including a hotline number when the
need is there.
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PERSONAL COMPUTER ELECTRICAL
REQUIREMENTS CONSIDERATIONS

The ICE-286 emulator is hosted on an IBM PC Icc 1050 mA
AT. The emulator has been tested and -
evaluated on an IBM PC AT. The PC AT must ENVIRONMENTAL
meet the following minimum requirements: SPECIFICATIONS
® 640 Kbytes of Memory : ) F o .
e Intel Above Board with at Least 1 Mbyte of 'é‘emp efature 10°C to 40°C %mblenﬁc
Expansion Memory v torage Temperature —40°C to 70° ‘
¢ One 360 Kbytes or One 1.2 Mbytes Floppy
Disk Drive
¢ One 20 Mbytes Fixed-Disk Drive
e PC-DOS 3.2 or Later
o A Serial Port (COM1 or COM2) Supporting
Minimally at 9600 Baud Data Transfers, or a
National Instruments GPIB-PC2A Board.
o IBM PC AT BIOS

PHYSICAL DESCRIPTION AND CHARACTERISTICS
The ICE-286 Emulator consists of the following components:

Width " Height Length

Unit Inches Cm. | Inches Cm. | Inches Cm.
Emulator Control Unit ‘ 1040 2640 170 ~ 4.30| 2070 52.60
Power Supply 760 19.00| 4.15 10.70 { 11.00 27.90
User Probe ' ‘ 3.70 9.40 .65 1.60 7.00 17.80
User Cable/Plcc ‘ : 22.00 55.90
Hinge Cable 3.40 8.60
Crystal Power Accessory 430 10.90 .60 .. 150 6.70 17.00
CPA Power Cable 9.00 2290
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TIMING/DC CONSIDERATIONS

ICE™-286 USER PIN DIFFERENCES

COMPONENT ICET-286
SPEC. SPEC.

PARAMETER Min Max Min Max

2 System (CLK) low time 11 237 14 236

3 System (CLK) high time 13 239 14 236
8 Read Data Setup 5 7
10 /Ready Setup 22 24

12a  Status/peak # active delay 3 18 3 20

12b  Status/peak # inactive delay 3 20 3 22

13 Address valid delay 1 32 1 34

14 Write data valid delay 0 30 0 33

15 Address/status/data float 0 32 0 34

Consult User Guide for additional specifications.

ORDERIN G INFORMATION

ICE286

ICE286AB

ICE286PAT

ICE-286 NMOS System
including ICE S/W packages
(Requires DOS 3.XX PC AT
with Above Board)

ICE-286 NMOS System
including ICE S/W packages
and Intel’s 2 MByte Above
Board (PCMB 4125) (Requires
DOS 3.XX PC-AT)

ICE-286 NMOS System
including ICE S/W Packages
and the iPAT system
(Requires DOS 3.XX PC AT
with Above Board)

D86ASM286NL 286 macro assembler 286
builder/binder/mapper
utilities for DOS 3.XX.

D86C286NL
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libraries for DOS 3.XX.
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Microprocessors

This year marks the 20-year anniversary
of the invention of the microprocessor.
This invention resulted in the mass
proliferation of computing technology
creating the microcomputer revolution of
the 1980’s. Intel has continued it’s
technological lead with faster and more
capable products for microcomputing.

Intel offers an architecture that provides
both the performance and the
compatibility needed to take progress from
one generation of products to the next.

This handbook contains extensive
information on Intel’s microprocessor
families, numeric coprocessors, cache
and memory controllers, and floppy and
hard disk controllers. A development tools
section is also included for the 8051,
8096, 8086/186/188, 286, 386™ and
486 ™ processors. ,

The data sheets and application notes

“contained in this handbook offer

comprehensive charts, diagrams,
instructions and hardware information for
leading-edge 32-bit*system development.

Printed in USA/0191/55K/RRD/GC
Microprocessors
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