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Personal Computer Products

INTRODUCTION

Advanced Micro Devices is dedicated to providing silicon systems solutions to the personal computer
industry. These solutions include specific AMD integrated circuits as well as support tools from third party
vendors designed to aid in the debug and evaluation of your PC designs.

The Personal Computer Products Data Book includes 80X86 processors and coprocessors. In addition,
support peripherals such as color palettes, mass storage devices, and document processing products are
included.

At AMD we are dedicated to keeping your designs competitive with leading edge solutions. Nearly
60 percent of AMD’s personal computer products are CMOS high-performance ICs. CMOS is where AMD
has the opportunity to apply our process technology expertise and our systems expertise most readily.

Bob McConnell
Vice President
Personal Computer Products Division
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PREFACE

Advanced Micro Devices provides a broad product portfolio for personal computer applications. Included
in this data book are microprocessors, video products, mass storage devices, and related peripherals
available to optimize the cost performance of your PC design. AMD also manufactures other PC-related
products such as EPROM and PAL devices listed in data books available from your local AMD sales
office.

This data book is divided by product type into six chapters, with blue pages highlighting AMD CMOS
products. Chapter 1 lists the 80XX and 80286 processors. In addition to the high-performance
NMOS 16-MHz 80286, AMD now offers a CMOS version, the 80C286, which runs at clock speeds from
12.5 to 25 MHz. The 80C286 microprocessor is a cost-effective, high-performance solution for desktop
and laptop PC markets. Also in this chapter is AMD’s CMOS 80C287, which is a plug-in compatible with
Intel's NMOS 80287 and is offered at speeds up to 16 MHz. It also is capable of automatic sleep mode for
laptop PC applications.

Chapter 2 contains support peripherals for computational systems—the high-performance CMOS
Am29C325 Double-Precision Floating Point Processor, the popular Z8530H Serial Communications
Controller used in AppleTalk network connections, and the CMOS Z85C30, which is capable of a fast
Mb/s data rate.

Chapter 3 focuses on graphics products for personal computers and high-performance workstations.
AMD offers a full line of industry standard NMOS and CMOS VGA color palettes for IBM- and Apple-
compatible PCs, including products with low-power sleep mode, permitting longer battery life performance
for laptop PC applications. For workstations, AMD offers a total systems solution Am35C60 QPDM for
the display of bit-mapped and alphanumeric graphics.

Chapter 4 presents both CMOS and NMOS products for mass storage applications. The Am95C24

. Advanced Burst Error Processor, Am35C95 Magnetic Disk Controller, and Am35C96 Optical Disk Con-
troller combine to create high density and high-performance disk-embedded control designs with error
detection and correction on the fly. In addition, Am53C80N and Am33C93A SCSI chips provide system
interface for your mass storage needs.

Chapter 5 lists AMD’s document processing products. The Am95C71 VCEP can compress an 8'z2x 11-
inch page format to 4 percent of its original size for FAXing and then expand it back to its original size at
60 Mb/s. The high speeds of the VCEP make this device ideal for those systems requiring real time
processing of stored data while reducing the amount of data stored.

The final chapter of general information includes packaging, thermal characteristics, and support literature
available on all AMD PC products.
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SYSTEM INTEGRATION GUIDE

Processor Video Mass Storage Other Related
Personal Computer Segment Products Products Products Products®
Cost Sensitive PCs 8088/8086 Am9580A Am9517A
80286-8, Am9590
-10,-12
Price/Performance PCs’ 80286-16 Am81C471/478 Am95C94 AMD 80C287
80C286-16, Am81C176 Am95C95 AmS3C80N
-20,-25 Am81C453 Am95C96 Am33C9a3
See note 1
Laptop PCs 80C286-12, Am81EC176 Am95C94 AMD 80EC287
-16,-20 AmB1EC478
Am81EC471
Workstations Am29000, Am81C453 Am95C94 Am9513
other RISC AmB1C458 Am95C95 Am9516
680XX, etc. Am95C60 Am95C96
Peripheral Cards or Devices
FAX cards Am7971A
Graphics Am95C60 Am81C176
Am29000
Networking 80186/88 See note 2
Disk Control 80186/88 Am95C94 Am33C93
80C521 Am95C95 Am53C80N
Am95C96
Memory management Am95C85
Laser printers Am95C75
Am85C76
Am29000

* AMD makes a complete line of PAL® and EPROM devices necessary for PC design. Funher information
can be found in other data books available from your AMD sales office.

Notes: 1. AMD's PC pfoducts are completely compatible with Integrated Peripherals such as those available from
Chips & Technologies, Headland (G-2), VLSI Technologies, Faraday, VIA, etc. An 80286 cache controller
for 20- and 25-MHz-based cache designs is available from Austek Microsystems.

2. AMD manufactures a complete line of Networking and Telecommunications Products. Further information
can be found in other data books availat_)le from your AMD sales office.

vii
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Device

Am29C325
Am29C327
Am33C93A
Am5380/Am53C80N
Am7971A

80286

Am8052

8086

8088

80C286

AMD 80C287
AMD 80EC287
80L286
Am8151A
Am8152A/Am8152B
Am8172
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Am81C176
AmB1C451/458
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AmB1C471/478
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9513A
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9517A/8237A
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Am9580A/Am3590
Am95C60
AmI5C71
Am95C75
Am95C76
Am95C85
Am35C94
Am95Ca5
Am35C96
Z8530H
Z85C30

CMOS Version of Z8530H

NUMERIC LISTING
Description Page Number
Single-Precision Floating Point Processor 2-3
Double-Precision Floating Point Processor 2-59
Second Generation SCSI Controller 4-31
SCSI Bus Controller 4.3
Compression Expansion Processor 5-3
16-Bit High-Performance Microprocessor 1-66
CRT Controller 33
16-Bit Microprocessor 1-3
8-Bit Microprocessor 1-34
CMOS Version of 80286 16-Bit Microprocessor 1-128
Math Coprocessor 1-204
Enhanced Math Coprocessor 1-216
Reduced Power Version of 80286 16-Bit Microprocessor 1-191
Graphics Color Palette, Single 8-Bit DAC, 256 x 8 RAM 3-78
Video System Controller 3-40
Video Data Assembly FIFO 3-55
Video Data Serializer 3-68
CMOS Color Palette, Triple 6-Bit DAC, 256 x 18 RAM 3-95
CMOS Color Palette, Triple 4-Bit (8-Bit) DAC, 256 x 12 (24) RAM  3-112
CMOS Color Palette, Triple 8-Bit DAC, 256 x 24 RAM 3-134
CMOS Color Palette, Triple 6-Bit (8-Bit) DAC, 256 x 18 (24) RAM  3-137
CMOS Color Palette, Triple 6-Bit DAC, 256 x 18 RAM 3-151
Enhanced Am81C471/478 CMOS Color Palette 3-155
System Timing Controller 2-116
Universal DMA Controller 2-155
Multimode DMA Controller 1-227
Universal Interrupt Controller 2-212
Hard Disk Controller 4-93
Quad Pixel Dataflow Manager 3-159
Video Compression Expansion Processor 5-57
Raster Printer Controller 5-83
Orthogonal Rotation Processor 5-115
Content Addressable Data Manager 2-226
Advanced Burst Error Processor 4-78
Magnetic Disk Controller 4-83
Optical Disk Controller 4-88
Serial Communications Controller 2-250

2-285
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MICROPROCESSORS
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8086

16-Bit. Microprocessor
iAPX86 Family
FINAL

DISTINCTIVE CHARACTERISTICS

Directly addresses up to 1 Mbyte of memory

24 operand addressing modes

Efficient implementation of high level languages
Instruction set compatible with 8080 software

Bit, byte, word, and block operations

8 and 16-bit signed and unsigned arithmetic in binary or
decimal

® MULTIBUS® system interface
® Three speed options

~ 5MHz for 8086

- 8MHz for 8086-2

~ 10MHz for 8086-1

GENERAL DESCRIPTION

The 8086 is a general purpose 16-bit microprocessor CPU.
Its architecture is built around thirteen 16-bit registers and
nine 1-bit flags. The CPU operates on 16-bit address
spaces and can directly address up to 1 megabyte using
offset addresses within four distinct memory segments,
designated as code, data, stack and extra code. The 8086
implements a powerful instruction set with 24 operand
addressing modes. This instruction set is compatible with
that of the 8080 and 8085. in addition, the 8086 is
particularly effective in executing high level languages.

The 8086 can operate in minimum and maximum modes.
Maximum mode offfoads certain bus control functions to a
peripheral device and allows the CPU to operate efficiently
in @ multi-processor system. The CPU and its high perfor-
mance peripherals are MULTIBUS compatible. The 8086 is
implemented in N-channel, depletion load, silicon gate
technology and is contained in a 40-pin CERDIP package,
Molded DIP package, or Plastic Leaded Chip Carrier.
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ORDERING INFORMATION

Commercial Products

AMD commercial products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of: a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option

e. Optional Processing

1 D 8086 =2 B

I———- e. OPTIONAL PROCESSING

Blank = Standard Processing
B =Bum-in

d. SPEED OPTION
Blank =5 MHz
-2= 8 MHz
-1=10 MHz

c. DEVICE NUMBER/DESCRIPTION
8086
16-Bit Microprocessor

b. PACKAGE TYPE
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)
N = 44-Pin Plastic Leaded Chip Carrier (PL 044)

a. TEMPERATURE RANGE*
Blank = Commercial (0 to +70°C)
I = Industrial (~40 to +85°C)

Valld Combinations Valid Combinations
8086 Valid Combinations list configurations planned to be
P, D, N 8086-2 supported in volume for this device. Consult the local AMD
8086-1 sales office to confirm availability of specific valid -
D. D 808628 combinations, to check on newly released valid combinations,
o 30861 and to obtain additional data on AMD's standard military
grade products.
D 80868

8086 1-5



ORDERING INFORMATION

Military Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination)
for APL products is formed by a combination of: a. Device Number

b. Speed Option (if applicable)
c. Device Class

d. Package Type

e. Lead Finish

Q A

I

I~
]

o

a. DEVICE NUMBER/DESCRIPTION
8086

16-Bit Microprocessor

IAPX Family

Valid Combinations

8086

8086-2

/BQA

combinations.

. LEAD FINISH

A = Hot Solder DIP

. PACKAGE TYPE

Q = 40-Pin Ceramic DIP (CD 040)

. DEVICE CLASS

/B=Class B

. SPEED OPTION

Blank = 5§ MHz
~2=8 MHz

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local AMD
sales office to confirm availability of specific valid
combinations or to check for newly released valid

Group A Tests

Group A tests consist of Subgroups

1,2,8,7,8,9, 10, 11.

1-6

8086




PIN DESCRIPTION

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

Pin No.*

Name

170

Description

39, 2-16

AD15-ADg

170

Address Data Bus. These lines constitute the time multiplexed memory/IO address (T1) and data (T2, T3, Tw, Ta)
bus. Ag is analogous to BHE for the lower byte of the data bus, pins D7-Do. It is LOW during Ty when a byte is to
be transferred on the lower portion of the bus in memory or 170 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
tloat to three-state OFF during interrupt acknowledge and local bus "hold acknowledge."

35-38

A19/Se,
A18/Ss,
A17/84,
A16/S3

Address/Status. During Ty these are the four most significant address lines for memory operations. During 110
operations these lines are LOW. During memory and I/0 operations, status i is available on these lines
during T, T3, Tw, and T4. The status of the interrupt enable FLAG bit (Ss) is updated at the beginning of each CLK
cycle. Ay7/S4 and A1g/S3 are encoded as shown,

This information indicates which relocation register is presently being used for data accessing.
These lines float to three-state OFF during local bus "hold acknowledge.”

A17/S4 A16-S3 Characteristics
0 (LOW) 0 Alternate Data
[} Stack

1 (HIGH) Code or None

1 Data

Sg is O
(LOW)

o

—lo|=

34

BHE/S;

Bus High Enable/Status. During T1 the bus high enable signal (BHE) should be used to enable data onto
the most significant half of the data bus, pins.D¢5-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 Ty for read, write,
and interrupt acknowledge cycles when a byte is to be transferred on the high portion of the bus. The Sz
status information is available during Tp, T3, and T4. The signal is active LOW and floats to

three-state OFF in "'hold." It is LOW during Tq 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

32

Read. Read strobe indicates that the processor is performing a memory of 1/0 read cycle, depending on
the state of the Sp pin. This signal is used to read devices which reside on the 8086 local bus. RD is
active LOW during To, T3, and Ty of any read cycle and is guaranteed to remain HIGH in T until the
8086 local bus has floated.

This signal floats to three-state OFF in "hold acknowledge."

22

READY

READY. Is the acknowledgment from the addressed memory or I/O device that it will complete the data
transfer. The READY signal from memory/I10 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 set-up and hold times are not met.

INTR

Interrupt Request. Is a level triggered input which is sampled during the last clock cycle of each instruc-
tion 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. Input is examined by the "Wait" instruction. If the TEST input is LOW, execution continues; other-
wise, the processor waits in an "ldle" state. This input is synchronized internally during each clock cycle
on the leading edge of CLK.

NMI

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

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

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

40

Vco

Vee. The +5 V power supply pin.

1, 20

GND

Ground. The ground pin.

33

MN/MX

Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed |n
the following sections.

*Pin numbers correspond to DIPs only.

8086 17




PIN DESCRIPTION (continued)

Pin No.*

Name

Description

28-26

52, 51. 5o

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 8288 Bus Controiler to generate all memory and

170 access control signals. Any change by Sy, Sq, or Sg 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 float to three-state OFF in "hold acknowledge." These status lines are encoded as shown.

Sa 51 | So Characteristics

0 (LOW) 0 ] Interrupt
Acknowledge

Read /0O Port
Write 1/0 Port
Halt

Code Access

Read Memory
Write Memory
Passive

0
0
0
1 (HIGH)
1
1
1

alalolo|alalo
<jolalo|=|o|=

31, 30

RQ/GTo.
RQ/GTy

110

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 RGQ/GTg having higher
priority than ﬁﬁlﬁgp RQ/GT has an internal pull-up resistor so it may be left unconnected. The request/
grant sequence is as follows:

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 Tq 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.

It 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, 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.

29

LOCK. Output indicates that other system bus masters are not to gain control of the system bus while
TOCK is active LOW. The [OCK 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 three-state OFF in
"'hold acknowledge."

24, 25

QS4, QSy

Queue Status. The queue status is valid during the CLK cycle after which the queue operation is per-
formed.

QS¢ and QSp provide status to allow external tracking of the internal 8086 instruction queus.

28

M/TO

Status line. Logically equivalent to Sp in the maximum mode. It is used to distinguish a memory access
from an 1/0 access. M/IO becomes valid in the T4 preceding a bus cycle and remains valid until the final
Ts of the cycle (M =HIGH, 10 = LOW). M/1O fioats to three-state OFF in local bus "hold acknowledge."

29

WR

Write. Indicates that the processor is performing a write memory or write 1/O cycle, depending on the -
state of M/IO signal. WR is active for T2, T3, and Tw of any write cycle. It is active LOW and floats to
three-state OFF in local bus "hold acknowledge."

24

INTA. Is used as a read strobe for interrupt acknowledge cycles. It is active LOW during Ty, T3, and Ty
of each interrupt acknowlegde cycle.

25

ALE

Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is
a HIGH pulse active during T¢ of any bus cycle. Note that ALE is never floated.

27

DT/R

Data Transmit/Receive. Needed in minimum system that desires to use an 8286/8287 data bus transceiv-
er. It is used to control the direction of data flow through the transceiver. Logically DT/R is equivalent to
S, in the maximum mode, and its timing is the same as for M/I0. (T = HIGH, R = LOW.) This signal
floats to three-state OFF in local bus "hold acknowledge.”

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 /O access and for INTA cycles. For a read or

cycle, it is active from the middle of T2 until the middle of T4, while for a write cycls, it is active
from the beginning of T2 until the middle of T4. DEN floats to three-state OFF in local bus "hold
acknowledg

*Pin numbers correspond to DIPs only.

8086




PIN DESCRIPTION (continued)

Pin No.* Name 1710

Description

31, 30 HOLD, 170

lines.

wise guarantee the set-up time.

HOLD. Indicates that another master is requesting a local bus "hold.”" To be acknowledged, HOLD must
HLDA be active HIGH. The processor receiving the ""hold’' request will issue HLDA (HIGH) as an acknowledge-
ment in the middie of a T4 or Ty 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
HLDA, and when the processor needs to run another cycle, it will again drive the local bus and control

The same rules as for RQ/GT apply, regarding when the local bus will be released.
HOLD is not asynchroneous input. External synchronization should be provided if the system cannot other-

*Pin numbers correspond to DIPs only.

DETAILED DESCRIPTION

The 8086 CPU is internally organized into two processing
units. These two units are the Bus Interface Unit (BIU) and the
Execution Unit (EU). A block diagram of this organization is
shown on page 1.

The BIU performs instruction fetch and queuing, operand fetch
and store, address relocation, and basic bus control. The EU
receives operands and instructions from the BIU and process-
es them on a 16-bit ALU. The EU accesses memory and
peripheral devices through requests to the BIU. The BIU
generates physical addresses in memory using the 4 segment
registers and offset values.

The BIU and EU usually operate asynchronously. This permits
the 8086 to overlap execution fetch and execution. Up to 6
instruction bytes can be queued. The instruction queue acts as
a FIFO buffer for instructions, from which the EU extracts
instruction bytes as required.

Memory Organization

The 8086 addresses up to 1 megabyte of memory. The
address space is organized as a linear array, from 00000 to
FFFFF in hexadecimal. Memory is subdivided into segments
of 64K bytes each. There are 4 segments: code, stack, data,
and extra (usually employed as an extra data segment). Each

segment thus contains information of a similar type. Selection
of a destination segment is automatically performed using the
rules in the table below. This segmentation makes memory
more easily relocatable and supports a more structured
programming style.

Physical addresses in memory are generated by selecting the
appropriate segment, obtaining the segment ""base'* address
from the segment register, shifting the base address 4 digits to
the left, and then adding this base to the "'offset'' address. For
programming code, the offset address is obtained from the
instruction pointer. For operands, the offset address is calcu-
lated in several ways, depending upon information contained
in the addressing mode. Memory organization and address
generation are shown in Figure ta.

Certain memory locations are reserved for specific CPU
operations. These are shown in Figure 1b. Addresses
FFFFOH through FFFFFH are reserved for operations which
include a jump to the initial program loading routine. After
RESET, the CPU will always begin exscution at location
FFFFOH, where the jump must be located.

Addresses 00000H through 003FFH are reserved for interrupt
operations. The service routine of each of the 256 possible
interrupt types is signaled by a 4-byte pointer. The pointer
elements must be stored in reserved memory addresses
before the interrupts are invoked.

FFFFPH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOM
= 1
3#FH
INTERRUPT POINTER
FOR TYPE 255
3rcn
o
= . 4
- 1
™
INTERRUPT POINTER
FOR TYPE 1 -
INTERRUPT POINTER ™
FOR TYPE 0
o
DF003320

FFFFFH
- b
64KB CODE SEGMENT
3 r = XXXXOH
STACK SEGMENT
+OFFSET
P 1
SEGMENT
REGISTER FILE
M
s DATA SEGMENT
88
DS |-
ES S— - x
EXTRA DATA SEGMENT
X -

Figure 1a. Memory Organization

DF003310

Figure 1b. Reserved Memory Locations
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R efe':ee::::r{d eed Segmests:;eglster Segment Selection Rule
Instructions CODE (CS) Automatic for all prefetching of instructions. .
Stack . STACK (SS) :)I‘Iczéatcléa;::s:a;:rgzge?ps. and all memory references relative to BP base register
Local Data DATA (DS) ana;:Iai cri?[fyer:c;?; ewrl:ich are relative to the stack, the destination of a string operation, or
External (Global) Data EXTRA (ES) g:::riir:,ael'ion of string operations, when they are explicitly selected using a segment

Minimum and Maximum Modes

The 8086 has two system configurations, minimum and
maximum mode. The CPU has a strap pin, MN/MX, which
defines the system configuration. The status of this strap pin
defines the function of pin numbers 24 through 31.

When MN/MX is strapped to GND, the 8086 operates in
maximum mode. The operations of pins 24 through 31 are
redefined. In maximum mode, several bus timing and control
functions are "off-loaded™ to the 8288 bus controller, thus

freeing up the CPU. The CPU communicates status informa-
tion to the 8288 through pins Sg, S4, and Sa. In maximum
mode, the 8086 can operate in a multiprocessor system, using
the LOCK signal within a Multibus format.

When MN/MX is strapped to Vg, the 8086 operates in
minimum mode. The CPU sends bus control signals itself
through pins 24 through 31. This is shown in the Connection
Diagrams (in parentheses). Examples of minimum and maxi-

mum mode systems are shown in Figure 2.

Figure 2a. Minimum Mode 8086 Typical Configuration

Vee D|—|
82844 CLOCK MN/X fo— Ve
GENERATOR Lot otk /i
RES t——e1] READY  iNTA
—={ RESET RO
1' RDY WA
GND 1 oT/R
DEN
WAIT 8086 CPU
STATE p—————
GENERATOR
ALE st8
GND [
8282
ADy-AD; LATCH
DoADis ADDR/DATA N e ADOR 3
Asg-Arg V] t—
&HE | | =
[P
Ly
[
TRANSCEIVER
2,
@ DATA 3
4 2
BHE
OPTIONAL
FORINCREASED  [=5— oso. —_ = =1 = ——
DATA BUS DRIVE W CSOL WE 00 CE OF cs RD WR
2142 RAM (4) 2718-2 PROM (2) PE:I?:“E‘:M.
(2) 2)
Kx8 1 Kx8 2Kx8 | 2Kx8
AF002850
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1 1 OT/R AIOWC NC
GNO ALE NTA
8086
i = R
GENERATOR
COCR |—— NC
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GND GE
8282
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il iz
—
Ll T
e
L ] @ DATA . 3
=3 A WA
2716-2 PROM (2) PemonaAL
xxd g xx8 ] | ]
AF002860
Figure 2b. Maximum Mode 8086 Typical Configuration
Bus Operation e
Sz S1 | Sp Characteristics
The 8086 has a combined address and data bus, commonly o(LOW) 0 0 Interrupt Acknowledge
referred to as "a time multiplexed bus." This technique o 0 1 Read 1/0
provig:les the most efficient use of pins on the processonj while 0 1 0 Write 170
permitting the use of a standard 40-lead package. This bus 0 ] ] Ralt
can be used throughout the system with address latching TiGH o 3 nstucton Foch
provided on memory and /0 modules. The bus can also be { ) nefuction Fetc
demultiplexed at the processor with a single set of address 1 0 | 1 [ Read Data from Memory
latches if a standard non-multiplexed bus is desired for the 1 1 0 Write Data to Memory
system. 1 1 1 Passive (no bus cycle)
Each bus cycle consists of at least four CLK cycles. These are Status bits S3 through S7 are multiplexed with high-order
referred to as Ty, T2, Tg and T4 (see Figure 5). The address is address bits and the BHE signal, and are therefore valid during
sent from the processor during T4. Data transfer occurs on the T2 throggh T4.S3 and.Sl'4 indicate which segment register (see
bus during T3 and T4. T2 is used for changing the direction of lnstryctlon Set description) was used for thu; bus cycle in
the bus during read operations. In the event that a "NOT forming the address, according to the following table:
READY" indication is given by the addressed device, '"Wait"
states (Tw) are inserted between Tg and T4. Each inserted Sa S3 Characteristics
"Wait" state is of the same duration as a CLK cycle. "idle" o(LOW) 0 Alternate Data (extra segment)
states (T1) or inactive CLK cycles can occur between 8086 0 1 Stack
bus cycles. The processor uses these cycles for internal 1(HIGH) 0 Cods or None
housekeeping. 1 ] Data

During T1 of any bus cycle, the ALE (Address Latch Enable) Ss is a reflection of the PSW interrupt enable bit. Sg = 0 and
signal is emitted (by either the processor or the 8288 bus S7 is a spare status bit.

controller, depending on the MN/MX strap). At the traifing "

edge of this pulse, a valid address and certain status informa- I/0 Addressing

tion for the cycle may be latched. 8086 1/0 operations can address up to a maximum of 64K 1/0

byte registers or 32K I/0 word registers. The I/0 address
Status bits Sp, S1, and S; are used, in maximum mode, by the appears in the same format as the memory address on bus
bus controller to identify the type of bus transaction according lines A15-Ap. The address lines Aig-A1e are zero in I/0
to the following table: : operations. I/0 instructions which use register DX as a pointer

have full address capability. Direct 170 instructions directly
address one or two of the 256 1/0 byte locations in page 0 of
the 1/0 address space. I/0 ports are addressed in the same
manner as memory locations.
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Figure 3. Basic System Timing

EXTERNAL INTERFACE
Processor Reset and Initialization

Processor initialization or start up is accomplished with activa-
tion (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 dormant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset sequence for
approximately 10 CLK cycles. After this interval the 8086
operates normally beginning with the instruction in absolute
location FFFFOH (see Figure 1b). The details of this operation
are explained in the Instruction Set description of the MCS-86
Family User's Manual. The RESET input is internally synchro-
nized to the processor clock. At initialization the HIGH-to-LOW
transition of RESET must occur no sooner than 50us after
power-up, to allow complete initialization of the 8086.

NM! may not be asserted prior to the 2nd CLK cycle following
the end of RESET.

Interrupt Operations

Interrupt operations fall into two classes: software or hardware
initiated. The software initiated interrupts and software as-
pects of hardware interrupts are described in the Instruction
Set description. Hardware interrupts are either non-maskable
or maskable.

Interrupts transfer control to a new program location. A 256-
element table containing address pointers to the interrupt
service program locations resides in absolute locations 0
through 3FFH (see Figure 1b), 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 interrupt acknowl-
edge 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 interrupt pin
(NMI) which has higher priority than the maskable interrupt
request pin (INTR). A typical use would be to activate a power

112
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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 synchronized to
the clock. Any high-going transition 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 to multiply, divide, and variable shift
instructions. There is no specification on the occurrence 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 after 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 86/10 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-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
period preceding the end of the current instruction or the end
of a whole move for a block-type instruction. During the
interrupt response sequence, further interrupts 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 register, which is automatically pushed onto the stack,
reflects the state of the processor prior to the Interrupt. Until
the old FLAGS register is restored, the enable bit will be zero
unless specifically set by an instruction.

During the response sequence (Figure 4), the processor
executes two successive (back-to-back) interrupt acknowl-
edge cycles. The 8086 emits the LOCK signal 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 interupt 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 proces-
sor 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 qualfying bus
control signals. In Maximum Mode, the processor issues
appropiate HALT status on $,51Sp, 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 processor reissues the HALT
indicator. An interrupt request or RESET will force the 8086
out of the "HALT" state.

Read/Modify/Write (Semaphore) Operation 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 performing read/modify/write operations on
memory (via the Exchange Register With Memory Instruction,
for example) without the possibility of another system bus

. emits bus control signals in a manner similar to the 8085. In

~ compatible bus control signals. Figure 3 illustrates the signal

master receiving intervening memory cycles. This is useful in
multiprocessor system configurations 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. Itis
deactivated at the end of the last bus cycle of the instruction
following the "'LOCK"" prefix instruction. White LOCK is active,
a request 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 the interrupts and general /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), program execution becomes suspended while the
processor 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 three-state OFF if bus
""HOLD" is entered. If interrupts are enabled, they may occur
while the processor is waiting. When this occurs, the proces-
sor 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 operating in
minimum mode and in maximum mode are shown in Figures
2a and 2b, respectively. In minimum mode, the processor

maximum mode, the processor emits coded status information
which the 8288 bus controller uses to generate MULTIBUS

timing relationships.
System Timing - Minimum System

The read cycle begins in Tq with the assertion of the Address
Latch Enable (ALE) signal. The trailing (low-going) edge of this
signal is used to latch the address information, which is valid
on the local bus at this time, into the 8282/8283 latch. The
BHE and Ag signals address the low, high, or both bytes. From
T to T4, the M/10 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 Tp. 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 (8286/8287) 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 1/0 write operation. In the T2 immediate-
ly following the address emission, the processor emits the
data to be written .into the addressed location. This data
remains 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 beginning of T2 as opposed to
the read which is delayed somewhat into T2 to provide time for
the bus to float.

The BHE and Ag signals are used to select the proper byte(s)
of the memory/10 word to be read or written according to the
following table.

8086
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BHE | Ap Characteristics
0 0 Whole word
0 1 | Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None

1/0 ports are addressed in the same manner as memory
location. Even addressed bytes are transferred on the D7-Dg
bus lines and odd addressed bytes on Dy5-Dsg.

The basic difference between the interrupt acknowledge cycle
and a read cycle is that the interrupt acknowledge 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
lines D7-Dp as supplied by the interrupt system logic (i.e.,
B8259A Priority Interrupt Controller). This byte identifies the
source (type) of the interrupt. It is multiplied by four and used
as a pointer into a interrupt vector lookup table, as described
earlier.

Bus Timing — Medium Size Systems

For medium size systems, the MN/MX pin is connected to Vg,
and the 8288 Bus Controller is added to the system as well as

an 8282/8283 latch for latching the system address and a
8286/8287 transceiver to allow for bus loading 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 (Sp, 1, and Sp) provide type-of-cycle
information and become 8288 inputs. This bus cycle informa-
tion specifies read (code, data, or I/0), write (data or 1/0),
interrupt acknowledge, or software halt. The 8288 thus issues
control signals specifying memory read or write, 1/0O read or
write, or interrupt acknowledge. The 8288 provides two types
of write strobes, normal 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 8286/8287 transceiver receives the
usual T and OE 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 8286/8287
transceiver when reading from the master 8259A during the
interrupt acknowledge sequence and software ''poll.”

T | Te

Inl

Ty | T3 i Ta I

\ FLOAT

ADo-AD:s 1

Figure 4.

Interrupt Acknowledge Sequence

< TYPE VECTOR )
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Figure 5. 8086 Register Model
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ...........coceoveuieeinnes -65 to +150°C
Ambient Temperature Under Bias.................... 0 to 70°C
Voltage on any Pin .

with Respect to Ground ..............cccoenns -1t +70 V.
Power Dissipitation ........ccicvveveieiiieiiirirerenieinanns 25 W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Temperature (TA).vcoeeeeiiniiinicineeeniennns 0 to +70°C
Supply Voltage (Vce)
B086 ...oovniiniiiiire b e 5V + 10%
B086-1, B0B6-2.....cccenniineinianrinneniininnann 5V i+ 5%
Industrial (l) Devices
Temperature (TA)..c.cvvevririeinineerionennnens -40 to +85°C
Supply Voltage (Vce)
BOBB ....uevvviiniiiiiieie e 5V £ 10%
8086-1, B0B6-2....ceuveerrninrinieniieierinnns 5Vt 5%

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating range

Parameters Description Test Conditions Min Max Units
Vi Input Low Voitage -0.5 +0.8 v
ViH Input High Voltage 20 Vce +0.5 \
VoL Output Low Voltage loL=25 mA 0.45 \
VOH Output High Voltage loH = -400 pA 24 \
Icc Power Supply Current All Speeds 340 mA
Il Input Leakage Current oV<SVINSVee . +10 HA
o Output Leakage Current 0.45V <Vour <Vcc . 10 HA
Veu Clock Input Low Voltage -05 +0.6 v
VeH Clock Input High Voltage 3.9 Vec +1.0 v
o ggx::ga‘r;:e ﬁoﬁf/ln ut Buffer (All input except fc=1 MHz 15 oF
Cio Capacitance of 1/0 Butfer (ADg-AD1ys, RQ/GT) fc=1 MHz 15 pF

SWITCHING CHVARACTERISTICS over COMMERCIAL operating range
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Test 8086 8086-2 - 8086-1
Parameters Description Conditions g Units
o 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 From 1.0 to 3.5V 10 10 10 ns
TCL2CL CLK Fall Time From 3.5 to 1.0V 10 10 10 ns
TDVCL Data in Set-up Time 30 20 5 ns
TCLDX Data in Hold Time 10 10 10 ns

RDY Set-up Time into 8284A .
TR1VCL (See Notes 1, 2) 35 35 35 ns

RDY Hold Time into 8284A
TCLR1X (See Notes 1, 2) [} 0 0 ns
TRYHCH READY Set-up Time into 8086 118 68 53 ns
TCHRYX READY Hold Time into 8086 30 20 ' 20 ns

READY Inactive to CLK
TRYLCL (Ses Note 3) -8 -8 -10 ns
THVCH HOLD Set-up Time 35 20 20 ns

INTR, NMI, TEST Set-up
TINVCH Time (See Note 2) 30 15 15 ns

Input Rise Time
TILIH (Except CLK) From 0.8 to 20 V 20 20 20 ns
TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8 V 12 12 12 ns

Notes: 1. Signal at 8284A shown for reference only.
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8ns into T3).
8086 1-15




SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)

TIMING RESPONSES

8086 8086-2 8086-1
Test
Parameters Description Conditions Min Max Min Max Min Max | Units
TCLAV Address Valid Delay 10 110 10 60 10 50 ns
TCLAX Address Hold: Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 10 40 ns
TLHLL ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns
TCLLH ALE Active Delay 80 50 40 ns
TCHLL ALE Inactive Delay 85 55 45 ns
TLLAX Address Hold Time to TCHCL~10 TCHCL - 10 TCHCL-10 ns
TCLDV Data Valid Delay 10 110 10 60 10 50 ns
TCHDX Data Hold Time 10 10 10 ns
TWHDX Data Hold Time After WR TCLCH-30 TCLCH-30 TCLCH-25 ns
TCVCTV Control Active Delay 1 10 110 10 70 10 50 ns
TCHCTV Control Active Delay 2 *CL = 20-100 pF 10 110 10 60 10 45 .| ns
TCVCTX Control Inactive Delay g’&:ﬁt:"(ﬁs addition 10 110 10 70 10 50 | ns
TAZRL Address Float to to 8086 self-load). 0 0 0 ns
READ active Typical Ci =100 pF.
TCLRL RD Active Delay 10 165 10 100 10 70 ns
TCLRH RD Inactive Delay 10 150 10 80 10 60 ns
TRHAV f?dr';‘::“xgﬁfg Next TCLCL-45 TCLCL -40 TCLCL -85 ns
TCLHAV HLDA Valid Delay 10 160 10 100 10 60 ns
TRLRH RD Width 2TCLCL-75 2TCLCL -50 2TCLCL -40 ns
TWLWH WR Width 2TCLCL -60 2TCLCL -40 2TCLCL -35 ns
TAVAL Address Valid to ALE Low TCLCH -60 TCLCH -40 TCLCH -35 ns
TOLOH Output Rise Time From 0.8 to 20 V 20 20 20 ns
TOHOL Qutput Fall Time From 2.0 to 0.8 V 12 12 12 ns

SWITCHING TEST INPUT/OUTPUT WAVEFORM

1.54—TEST POINTS—» 15

WF009381

AC Testing inputs are driven at 2.4 V for a logic "1" and
0.45 V for a logic "0." Timing measurements  are made at
1.5 V for both a logic "1" and "0."

SWITCHING TEST LOAD CIRCUIT

OROER
TEST Ich: 100pF
TC002193

CL includes jig capacitance

1-16
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Test 8086 8086-2 8086-1
Parameters Description Conditions Units
Min Max Min Max Min Max
TCLCL CLK Cycle Period 200 500 125 500 100 500 ns
TCLCH CLK Low Time 118 €8 53 ns
TCHCL CLK High Time 69 44 39 ns
TCH1CH2 CLK Rise Time . From 1.0 to 35V 10 10 10 ns
TCL2CL1 CLK Fall Time From 35 to 1.0 V 10 10 ) 10 ns
TDVCL Data in Set-up Time 30 20 5 ns
TCLDX Data in Hold Time 10 10 10 ns
TRIVCL ?s[;: Setup 11"’2)9 into 8284A 35 35 ’ 3% ns
TOLRIX ?SDG‘; [‘lg’gsn{'.’ez)'""’ 8284A 0 0 0 ns
TRYHCH READY Set-up Time into 8086 118 68 53 ns
TCHRYX READY Hold Time into 8086 30 20 20 ns
TRYLCL R Notagve to CLK -8 -8 -10 ns
Set-up Time for Recognition
TINVCH (INTR, NM!, TEST 30 15 15 ns
(See Note 2)
TGVCH RQ/GT Set-up Time 30 15 12 ns
TCHGX RQ Hold Time into 8066 40 30 20 ns
TILH '(Ef(‘éggisgl_l;me From 0.8 to 2.0 V 20 20 20 | ns
TIHIL '(’éz‘ég';a'é&')“e From 2.0 to 0.8 V 12 12 12} ns

Notes: 1. Signal at 8284A or 8288 shown for reference only.
2. Set-up 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 (8ns into T3).
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SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL ranges (continued)
TIMING RESPONSES

’ Test 8086 8086-2 8086-1
Parameters Description Conditions Units
o Min  [Max| Min |Max| Min |Max
Command Active Delay
TCLML (See Note 1) 10 35 10 35 10 35 ns
Command Inactive Delay
TCLMH (See Note 1) 10 35 10 35 10 35 ns
READY Active to Status
TRYHSH Passive (See Noto 3) 110 65 45 ns
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 50 ns
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 10 40 ns
Status Valid to ALE High
TSVLH (See Note 1) 15 15 15 ns
Status Valid to MCE High
TSVMCH (See Note 1 15 15 15 ns
CLK Low to ALE Valid
TCLLH {See Note 1) 15 15 15 ns
CLK Low to MCE High
TCLMCH (See Note 1) 15 15 15 ns
: ALE Inactive Delay CL =20-100 pF
TCHLL (See Note 1) for all 8086 15 15 15} ns
" Qutputs (In addition
MCE Inactive Delay
TCLMCL (See Note 1) to 8086 self-load) 15 15 15 ns
TCLOV Data Valid Delay 10 110 10 60 10 50 ns
TCHDX Data Hold Time 10 10 10 ns
Control Active Delay
TCVNV (See Note 1) 5 45 5 45 5 45 ns
Control Inactive Delay
TCVNX (See Note 1) 10 45 10 45 10 45 ns
Address Float to
TAZRL .| Read Active 0 0 0 ns
TCLRL RD Active Delay 10 165 10 100 10 70 ns
TCLRH RD Inactive Delay 10 150 10 80 10 60 | ns
) RD Inactive to Next
TRHAV Address Active TCLCL-45 TCLCL -40 TCLCL-835 ns
| Direction Control Active . y
TCHDTL . Delay {See Note 1) 50 50 50 ns
Direction Control Inactive
TCHDTH Delay (See Note 1) 30 30 30 ns
© . TCLGL GT Active Delay 0 85 0 50 0 38 ns
TCLGH GT Inactive Delay 0 85 0 50 0 45 ns
TRLRH RD Width 2TCLCL-75 2TCLCL-50 2TCLCL -40 ns
TOLOH Output Rise Time From 0.8 to 20 V 20 20 20 ns
TOHOL Output Fall Time From 2.0 to 0.8 V 12 12 12 ns

Notes: 1. Signal at 8284A or 8288 shown for reference only.
" 2. Set-up requirement for asynchronous signa!l only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states.

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

‘1
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............... T -65 to +150°C
Ambient Temperature Under Bias .. 0 to 70°C
Voltage on any Pin

with Respect to Ground ........c...c.oovveenees -1t +7.0 V
Power Dissipitation ............ccoviiiiiiiinninn, 25 W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Military (M) Devices

Temperature (Te) ......ooevevvnne.... —5510+ 125°C
Supply Voltage (Vec) ... ... e reeeeeiiaaaa, 5V10%

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, Subgroups 1, 2, 3

are tested unless otherwise noted)

Parameter Parameter
Symbol Description Test Conditions Min. Max. Unit

Vi t Input LOW Voltage Vee = Min. & Max. -0.5" +0.8 \

Vi t Input HIGH Voltage Vee = Min. & Max. .20 Vg +0.5* v
loL=2.0 mA,

VoL Output LOW Voltage Vg = Min. 0.45 \"
loH = -400 uA,

VoH Output HIGH Voltage Vog = Min, 24 \"

lcc Power Supply Current (Note 1) Tc = 25°C, Vco = Max. 340 mA

I Input Leakagé Current x&c:sh?’:,’ &0V -~10 10 HA
Veo =Max, -

o tt Output Leakage Current VOUT =55 V & 0.45 V -10 10 HA

VoL t Clock Input LOW Voltage Vce = Min. & Max, -0.5* +0.6 \

Ve t Clock Input HIGH Voltage Vce = Min. & Max. 3.9 Voo + 1.0*

Capacitance_of Input Buffer (All Input Except - -
CiN 11t ADg-ADq5, RQ/GT) fc=1 MHz 20 pF
Cio ttt Capacitance of I/0 Buffer (ADg-AD15, RQ/GT) fc=1 MHz 20* pF

* Guaranteed by design; not tested.

+ Group A, Subgroups 7 and 8 only are tested.
t+ Group A, Subgroups 1 and 2 only are tested.
t1t Not included in Group A tests.

Notes: 1. Icc is measured while running a functional pattern with spec value loL/lpH loads applied.

8086
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, Subgroups
9, 10, 11 are tested unless otherwise noted)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Test 8086 8086-2
Parameter Parameter Conditions
Symbol Description (Note 6) Min. . Max. Min. Max. Unit
TCLCL CLK Cycle Period (Note 11) 200 500 125 500 ns
TCLCH CLK LOW Time 118 ! 68 ns
TCHCL CLK HIGH Time 69 44 ns
TCH1CH2 CLK Rise Time (Note 5) From 1.0 to 3.5 V 10 10 ns
TCL2CL1 CLK Fall Time (Note 5) From 3.5 to 1.0 V 10 10 ns
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284A (Notes 1 & 2) 35 35 ns
TCLR1X RDY Hold Time into 8284A (Notes 1 & 2) [} 0 ns
TRYHCH READY. Setup Time into 8086 118 68 ns
TCHRYX READY Hold Time into 8086 30 20 ns
TRYLCL READY Inactive to CLK (Note 4) -8 -8 ns
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST Setup Time (Note 2) 30 15 ns
TILIH Input Rise Time (Except CLK) (Note 5) From 0.8 to 20 V 20 20 ns
TIHIL Input Fall Time (Except CLK) (Note 5) From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 8288 shown for reference only.
2. Setup requirement for asynchronous signa! 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. Not tested; these specs are controlled by the Teradyne J941 tester.
6.Vcc = 45V, 55V VIH = 24V
ViL = 45V ViHC = 43 V
Vit = 25V VoH = 16V
VoL = 14V
7. Minimum spec tested at Voo Max. (5.5 V) only.
8. Maximum spec tested at Voc Min. (4.5 V) only.
9. Tested at Voc Max. (5.5 V) only.
10. Tested at Vg Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Vcc = 45V Voo = 1V
Vip =0V VIH = 4V
Viic = 0V ViHc = 5V
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SWITCHING CHARACTERISTICS over MILITARY operating .range (continued)
TIMING RESPONSES

Test 8086 8086-2
Parameter Parameter Conditions
Symbol Description (Note 6) Min. Max. Min. Max. Unit
TCLAV Address Valid Delay 10 110 10 60 ns
TCLAX Address Hold Time (Notes 7 & 8) 10 10 ns
TCLAZ Address Float Delay (Note 8) 10 80 10 50 ns
TLHLL ALE Width (Note 10} . 98 58 ns
TCLLH ALE Active Delay (Note 8) . 80 50 ns
TCHLL ALE Inactive Delay (Note 8) 85 55 ns
TLLAX Address Hold Time to ALE Inactive (Note 7) 59 34 ns
TCLDV Data Valid Delay (Note 8) 10 110 10 60 ns
TCHDX Data Hold Time (Note 10) 10 10 ns
TWHDX Data Hold Time After WR (Note 9) 88 38 ns
TCVCTV Control Active Delay 1 (Note 8) 10 110 10 70 ns .
TCHCTV. Control Active Delay 2 (Note 8) ;:._-Iwo pF 10 110 10 60 ns
" or all 8086
TCVCTX Control Inactive Delay (Note 8) Outputs (in addition 10 110 10 70 ns
TAZRL Address Float to READ Active (Note 9) to 8086 internal loads) 0 0 ns
TCLRL RD Active Delay (Note 8) - 10 165 10 100 ns
TCLRH RAD Inactive Delay (Note 8) 10 150 10 80 ns
TRHAV RD Inactive to Next Address Active (Note 10) 155 85 ns
TCLHAV HLDA Valid Delay (Note 8) 10 160 10 100 ns
TRLRH RAD Width (Note 10) 325 200 ns
TWLWH WR Width (Note 10) 340 210 ns
TAVAL Address Valid to ALE LOW (Note 9) 58 28 ns
TOLOH Qutput Rise Time (Note 9) From 0.8 to 20 V 20 20 ns
TOHOL Output Fail Time {Note 9) From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 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).
5. Not tested; these spacs are controlled by the Teradyne J941 tester.
6.Vog = 45V,55V ViH = 24V
ViL = 45V ViHc = 43V
Viic = .25V VoH = 16V
VoL = 14V
7. Minimum spec tested at Vo Max. (5.5.V) only.
8. Maximum spec tested at Vgc Min. (4.5 V) only.
9. Tested at Voc Max. (5.5 V) only.
10. Tested at Voo Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Ve = 45V Voo = 1V
ViL =0V VIH =4V
viiec = 0V ViHC = 5V
8086 1-21




SWITCHING CHARACTERISTICS over MILITARY operating range (continued)
-MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS

Test 8086 8086-2
Parameter Parameter Conditions
Symbol Description (Note 6) Min. Max. Min. Max. Unit
TCLCL CLK Cycle Period (Note 11) 200 500 125 500 ns
TCLCH CLK LOW Time 118 68 ns
TCHCL CLK HIGH Time 69 44 ns
TCH1CH2 CLK Rise Time (Note 5) . From 1.0 to 3.5 V 10 10 ns
TCL2CL1 CLK Fall Time (Note 5) From 3.5 to 1.0 V 10 10 ns
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284A (Notes 1 & 2) 35 35 ns
TCLR1X RDY Hold Time into 8284A ‘(Notes 1 & 2) 0 0 ns
TRYHCH READY Setup Time into 8086 : 118 68 ns
TCHRYX READY Hold Time into 8086 30 20 ns
TRYLCL READY Inactive to CLK (Note 4) -8 -8 ns
TINVCH Setup Time for Recognition (INTR, NMI, TEST) 30 15 ns
(Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8066 : 40 30 ns
TILIH . Input Rise Time (Except CLK) (Note 5) From 0.8 to 2.0 V 20 20 ns
TIHIL input Fall Time (Except CLK) (Note 5) From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 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).
5. Not tested; these specs are controlled by the Teradyne J941 tester.
6.Vcc = 45V,55V VH = 24V
Vi = 45V VIHc = 43 V
Vic = 25V VoH = 16V
VoL = 14V
7. Minimum spec tested at Vg Max. (5.5 V) only.
8. Maximum spec tested at Vg Min. (4.5 V) only.
9. Tested at Vcc Max. (5.5 V) only.
10. Tested at Vcc Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Veg = 45V VoL =1V
Vi =0V ViR = 4V
ViLc = 0V ViHC = 5V
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued)
TIMING RESPONSES

Test 8086 8086-2

Parameter Parameter Conditions

Symbol Description (Note 6) Min. Max. Min. Max. Unit
TCLML Command Active Delay (Note 1) 10 35 10 35 ns
TCLMH Command Inactive Delay (Note 1) 10 35 10 35 ns
TRYHSH READY Active to Status Passive (Note 3) 110 ' 65 ns
TCHSV Status Active Delay (Notes 7 & 8) 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 10 80 10 50 ns
TSVLH _Status Valid to ALE HIGH (Note 1) 15 15 ns
TSVMCH Status Valid to MCE HIGH (Note 1) 15 15 ns
TCLLH CLK LOW to ALE Valid (Note 1) . 15 15 ns
TCLMCH CLK LOW to MCE HIGH (Note 1) 15 15 ns
TCHLL | ALE Inactive Delay (Note 1) o= 1o s 15 ns
TOLMCL | MOE Inactive Delay (Note 1) 105088 termal loads) 5 5 | ns
TCLDV Data Valid Delay . . 10 110 10 60 ns
TCHDX Data Hold Time 10 10 ns
TCVNV Control Active Delay (Note 1) 5 45 5 45 ns
TCVNX Control Inactive Delay (Note 1) 10 45 10 45 ns
TAZRL Address Float to Read Active 0 0 ns

© TCLRL | RD Active Delay 10 165 10 100 ns .

TCLRH RD Inactive Delay 10 150 10 80 ns ,
TRHAV RD Inactive to Next Address Active . 155 85 ns
TCHDTL Direction Control Active Delay (Note 1) 50 50 ns
TCHDTH Direction Contro! Inactive Delay (Note 1) 30 30 ns
TCLGL GT Active Delay (Note 8) 0 85 0 50 ns
TCLGH GT Inactive Delay (Note 8) 0 85 [¢] 50 ns
TRLRH RD Width 325 200 ns
TOLOH Output Rise Time From 0.8 to 20 V 20 20 ns
TOHOL Qutput Fall Time From 2.0 to 0.8 V 12 12 ns

Notes: 1. Signal at 8284A and 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).

5. Not tested; these specs are controlled by the Teradyne J941 tester.

6.Voc = 45V, 55V VIH = 24V

ViL = 45V VIHc = 43V
Vitke = 25V VoH = 16V
VoL = 14V

. Minimum spec tested at Vg Max. (5.5 V) only.
Maximum spec tested at Vcc Min. (4.5 V) only.
Tested at Voo Max. (5.5 V) only.

. Tested at Vcc Min. (4.5 V) only.

. Test conditions for TCLCL Max. are:

Vcc = 45V Voo = 1V

Vp =0V ViH =4V

Vil = 0V Vi = 5V

—a
SoooxN
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SWITCHING WAVEFORMS
MllNIMUM MODE
T T2 T Tw T
Vou TR TeHICH2 TeLzcL /
e AT
Yt romerv TeneL la— ToLOH —o
w0 X
TCLAV o] o : Taov TCHOX —=]
BRE/S7, Ap/Se-Ave/Sy BHE, Arg-Av 878y
TN —= Tt —: TLLAX
- X s
oA —] ] I
A “ && A Y
— TCLRIX :
TRYLCL — -
B2 | L e
u;u;—-— ———{T»«mq
TELAV —] —:M‘x :|—_: TCLAZ ToveL TCLOX ——
e TCLAX
AD,5-ADg Ays-AD, — DATA 1N —
TAZRL —j TCLRH - [ TRNAV‘
. jt - ,
READ CYCLE _ [
p— ] o:; = TCHCTV T i TRLRH TeHeTY
) TEVETV o] TCVCTX —o] F :
- §%
i WF006660
8086




SWITCHING WAVEFORMS (continued)
MINIMUM MODE
T T2 T Tw Ta
TCLCL ————={TCHICH2 TCL2CLY /
Veu
* CLK (8284A OUTPUT) 7 ‘ f \ /_‘ 5‘ ][——\_—
Ve ' -
—=  TCHCTV TCHCL Fe—TCLCH—
X
i TCLOV
TCLAV —= ToLAX TCHDX —=]
BHE/S7, Are/Sg-A16/S3 15“_5 Arp-Ars $7-83
T
TCLLH —= TLHLL
TLLAX
r—
ALE /
Vi
TAVAL
TCHLL —=f
TcLov
TCLAV ToLAX TCHDX
1
AD,5-ADg AD,5-ADy DATA OUT
]
TAVAL = TWHOX
Toverv —| :
Teverx
WRITE CYCLE TLLAX ] J[:—
NOTE 1) OEn
oty - Vor)
Tovery —-l | ToLwn
= X I'a
TCVETX — e
— \]—rcuz
. FTDVCL—-. fes—= TCLDX
A01s-ADo v R FLOAT PONTER FLOAT  \__
— - TCHCTV . | TCHCTV
ov/R
INTA CYCLE 4
oris 149 Tovery — | P
BHE = Vo)
INTA )
TCVCTV —= TCVCTX —=f
=]
SOFTWARE HALT— INVALID ADDRESS SOFTWARE HALT
RO, WR, INTA = Vou
DT/R - INDETERMINATE TCLAV —]
WF006670
Notes: 1. All signals switch between Voy and VoL unless otherwise specified.
2. RDY is sampled near the end of Tp, T3, Tw to determine if Tw 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 are shown for second INTA cycle.
4. Signals at 8284A are shown for reference only.
5. All timing measurements are made at 1.5 V unless otherwise noted.
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SWITCHING WAVEFORMS (continued)

MAXIMUM MODE

1 T T A

«N X Lr"::u: Y N\
X_
\\

TCHCL st TCLOH o]

X X X

QS,, 08y

825, 5 (excerTHALT) WF ‘ 7W // (SEE NOTE 8) w

TcLov .
TCLAV —=i LA TCHOX ~=f
BRE/S;, Ar/3¢-Aw/Sy BRE, Aw-Arg 8783
TSVLH — — TomLL
TCLLH —=f
. r——
ALE (8288 OUTPUT) /I
SEE NOTE §

e K

— TCLRIX R

TRAYLCL

READY (3088 INPUT) —a={ TCLAX [=— fee  ooeened t— TCHRYX

FLOAT FLOAT

. L
TCLAV —=] . =] TOLAZ | ToveL rcn.nq
ADy5-AD Ay5-ADg OATAMN

TAZRL —==f fo— TCLRH TRHAV ————erl

1 P
TALF
1 TCHOTH
Toon — —_
o/R

TOLM. —of ToLMH —] \\
288 OUTPUTS
SEENOTESS ¢ | RO ORIGRC
. TCVNV —=]
v oeN
TCVNX —o
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SWITCHING WAVEFORMS (continued)
MAXIMUM MODE (continued)

ax J‘[_\umL ¥ X / H\ J[—-\_
5251, 5o (ExCEPTHALT) ( 7W e \\.__--

WRITE CYCLE TOLAV —] — :m“""x TCHDX —=]
ADy5-ADy AD,5-ADq OATA )

reviv— Tovnx —]
oen
-] Teum ot —i
— [T — oL
WWTC OR IOWC
INTA CYCLE
ADys- FLOAT ) / ForR  \ /—
SeEaotesaa e CASCAOE ADDA FLOAT FLOAT
]/ —

\!__ \\ Fmvcr.—. TeLox
ADy5-ADg F POINTER

’Hgé_‘

/
1 z
TCLMCH ~—e- TCHOTL — TCHOT™H
oA ’

SeENoTES 5.6 soum
. X\
——— TCVNV TCLMH
. \F
SOFTWARE HALT - TCVNX -1

(DEN = Vo ; RD, MADZ, IORT, IWTS, AMWC, IOWT, AIOWC, INTA, = Vou)

ADy5-ADg INVALIO ADORESS
TeLAV -—J

La.5 \ / \
- |

Notes: 1. All signals switch between VoH and Vor unless otherwise specified.

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

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

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating durlng 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, 10RC, IOWC,
AIOWC, INTA and DEN) lags the active high 8288 CEN.

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

8. Status inactive in state just prior to Ts.

WF006730

8086
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SWITCHING WAVEFORMS (continued)

ASYNCHRONOUS SIGNAL RECOGNITION . BUS LOCK SIGNAL TIMING
ANY CLK cvcm-1 ANY CLK cvu.s—l
o \ ———
cax
R ‘ —] TINVCH (SEE NOTE 1)

N TCLAV TCLAV

INTR SIGNAL X

TEST tock
' WF006690 WF006700

Note: Set-up Requirements for Asynchronous signals (MAXIMUM MODE ONLY)
only to guarantee recognition at next CLK. .

RESET TIMING

}-—-tu.u
Yec /

o
Tovela -
- =
24 CLK CYCLES
WF009530

[

REQUEST/GRANT SEQUENCE TIMINé (MAXIMUM MODE ONLY)

ANY CLK CYCLE ={-0-CLK CYCLE
ox N ’-\ /_\

— —TOLGH  ——f TGVEH TCLCL
veLcL TCLGH
__ 4 buLse 1 [-4
Ra/GT OPROCESSOR
/ R
PREVIOUS GRANT n
s ~ =
-Ae/S3 1 J
§.§3. S " s0ss ' COPROCESSOR
RO, LOCK ;.
By ! : T (SEENOTE1)

WF006710

Note: The Coprocessor may not drive the buses outside the region shown without risking contention,

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

»1 CLK CYCLE ~=] 1 0R 2 CYCLES =

{/ I
— TCLAZ
Ay A0 1+ 14
“%.'/SQ-A;‘/S; 8088 . . COPROCESSOR >-—<m
BHE/S7, WO, ) . .. )
DEN

WF006720
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DATA TRANSFER

MOV = Move
Register/memory to /from register

Immediate to register/memory
Immediate to register

Memory to accumulator

Accumulator to memory
Register/memory to segment register

Segment register to register/memory

PUSH = Push:
Register/memory
Register

Segment register

POP = Pop:
Register/memory
Register

Segment register

XCHG = Exchange:
Register/memory with register

Register with accumulator

IN = Input from:
Fixed port
Variable port

OUT = Ouput to:

Fixed port

Variable port

XLAT = Transtate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LANF = Load AH with flags
SANF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

8086/8088
INSTRUCTION SET SUMMARY

76543210 76543210 76543210 76543210
|100010dw| modregr/mj

[1100011w] mdooowrm | data | dataitw=1 |
[ 101 1wreg | data | dataifw=1 |
[1o10000w ][ addrow |  addrhigh |
[1oto001w] addrtow | — add-high |

[1o001110] modoregrm ]
| 10001100] mod O reg r/m l

[T1111111 ] modt1oum |
01010reg

000reg110

[1o001111 ] mdooovm }

0101 treg

00O0regt111

[1000011w ]

mod reg r/mj

10010reg

[t110010w] port

1110110w

[1110011w

-

port

10001101 ]
[11000101 ] modregrvm |}

]

mod reg r/m |

]
=]
o
]
o
(-]
3
g
&
2
3

10011111 ]

10011100
10011101

.Mnemonics ®!ntel, 1878

8086
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ARITHMETIC

ADD = Add

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

Immediate to accumulator

ADC = Add with carry:
Reg/memory with register to either
Immediate to register/memory

Immediate to accumulator

INC = Increment:
Register/memory

Register

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

SUB = Subtract:
Reg/memory and register to either
Immediate from register/memory

Immediate from accumulator

SBB = Subtract with borrow:
Reg/memory and register to either
Immediate from register/memory

Immediate from accumulator

DEC = Decrement:
Register/memory
Register

NEG Change sign

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

Immediate with register/memory

1 Aiat, 1

with acc .

AAS ASCIl adjust for subtract

DAS Decimal adjust for subtract
MUL Mulit!ply (unsigned)

IMUL Integer multiply (signed):
AAM ASCII adjust for multiply

DIV Divide (unsigned):

IDIV Integer divide (signed)

AAD ASCH adijust for divide

CBW Convert byte to word

CWD Convert word to double word

INSTRUCTION SET SUMMARY (continued)

76543210 76543210 76543210
[00o0000dw | modreg /m

76543210

[1000005w| modOOOr/ml data

| cataitsw=01 |

fooooot1ow] data

data if w=1

|

fooot1oodw [ modreg /m

[1oo0000sw ] mdotowvm | data [ dataif sw=01 |
[oo001010w ] data | dataitw=1 |}
[t111111w] mdooorm |

[001010dw[ mod reg r/m ]

[1oc0o0o00sw] md101wm | data [ data it sw=01
[oo0t10110w ] data [ dataitw=1 ]
[ooo0t110dw [ modregr/m | 4
[100000sw] modot11wm | data | data if sw=01
[ooo01110w] data | dataitw=1 ]
[1111111w] modootum |

[1111011w] mdot1wm |

[0011101w ]| modregrm |

[oo11100w [ modregem |

|1000005wl mod111r/m| data Ida!aiis:w=01 l
[oot1110w] data [ dataitw=1 ]

00101111

[1111011w ] mdi1o00wm

[1111011w] mod1o01rm
[11010100 ] 00001010
[t111011w] mod110r/m
[1111011w] mod111v/m |

[11010101 Jooo0o0t010]

10011000
10011001

Mnemonics ©Intel, 1978
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INSTRUCTION SET SUMMARY (continued)

LOGIC

76543210 76543210 76543210 76543210
NOT Invert 1111011w] modo10r/m |
SHL/SAL Shift logical/arithmetic left 110100vw | mod100wm |

110100vw | mod101e/m |
110100vw [ mod111mm |

SHR Shift logical right

SAR Shift arithmetic right

ROL Rotate left 110100vw | mod000r/m |

ROR Rotate right 110100vw | md001r/m |

110100vw| mod 0 1 0 r/m I

110100vw | mod011e/m |

RCL Rotate through carry flag left

RCR Rotate through carry right

AND = And:

Reg/memory and register to either i 001000dw I mod reg r/m |

Immediate to register/memory [1oo0ooo0ow] md1oomwm | data | dataitw=1 |
Immediate to accumulator [ 0010010w [ data [ data if w= 1_]

TEST = And function to flags, no result:

Register/memory and register 1000010w I mod reg r/m l

Immediate data and register/memory I 1111011 w | mod 0 0 0 r/m I data - J data if w=1 l
Immediate data and accumulator [1o010100w] data ] dataitw=1 ]

OR=0r:

Reg/memory and register to either [ 000010dw | mod reg r/m ]

Immediate to register/memory [1000000w ]| mdoo1wm | data [ dataitw=1 |
Immediate to accumulator [ooo0o011ow] data | daaitw=1 |

XOR = Exclusive or:

Reg/memory and register to either [oo1100dw | modregrm |
Immediate to register/memory [1000000w] md11omm | data [ catatw=1 ]
Immediate to accumulator ' [oo11010w] data | dataitw=1 |

STRING MANIPULATION:

REP = Repeat

MOVS = Move byte/word 1010010w
CMPS = Compare byte/word 101001T1w
SCAS = Scan byte/word 101011 1w

LODS = Load byte/wd to AL/AX

STOS = Stor byte/wd from AL/A 1010101 w

-Mnemonics ©Intel, 1978
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CONTROL TRANSFER
CALL =Call

Direct within segment
indirect within segment

Direct intersegment

Indirect intersegment

JMP = Unconditional jump:
Direct within segment
Direct within segment-short
indirect within segment

Direct intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within seg adding immed to SP '
Intersegment

Intersegment adding immediate to SP

JE/JZ = Jump on equal/zero

JL/INGE = Jump on less/not greater or equal
JLE/JNG = Jump on less or equal/not greater
JB/JINAE = 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

J§ = Jump on sign

JNE/JINZ = Jump on not equal/not zero

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

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

INSTRUCTION SET SUMMARY (continued)

76543210

76543210 76543210
[11101000 ] disp-low [ disphigh ]
[11111111 ] mdoiomm |
[10011010 ]|  oftsetlow | offsethigh |
[ seg-low | seg-high ]
[111111 11 ] mdot1wm |
[11101001 ] disp-ow | disp-high
[111010911 ] disp ]
[11111111 ] mdioorm |
[11101010 ] offsetlow |  offsethigh |
| seg-low ] seg-high ]
[11111111] mdi101em |
[11000010 ] data-low [ datanigh ]
[11001010] datalow |  datahigh |
[o1110100] dsp |
'[01111100] disp ]
[or111t110] disp |
[o1110010 | disp |
[o1t110110 ] disp ]
[o1111010] disp |
[o1110000 ] disp |
[o1111000] disp |
[o1110101 ] disp |
[o1111101] disp |
IEEEEEEEER disp |
[01110011] disp |
[o1110111] dsp - |
[o1111011 ] disp |
(01110001 | disp |
fot1111001 ] disp ]
[11100010] disp ]
[11100001] dsp |
[11100000 ] disp |
[11100011] disp ]

76543210

Mnemonics ®lnte!, 1978
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INSTRUCTION SET SUMMARY (continued)

CONTROL TRANSFER (Cont'd.)

INT = Interrupt 76543210 76543210 76543210 76543210
Type specified [11001101 ] type |
Type 3 11001100

INTO = Interrupt on overflow

IRET = Interrupt return

PROCESSOR CONTROL

CLC = Clear carry

CMC = Complement carry
STC = Set carry

CLD = Clear direction
STD = Set direction

CLI = Clear interrupt

11111001

11111101

STl = Set interrupt 11111011
HLT = Halt 11110100
WAIT = Wait 10011011

ESC = Processor Extension Escape [11011

X X X [ mod x x X r/m J

LOCK = Bus lock prefix

11110000

Footnotes:

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

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

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

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

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

if mod =10 then DISP = disp-high: disp-low

if r/m =000 then EA = (BX) + (SI) + DISP
if r/m =001 then EA = (BX) + (DI) + DISP
if /m =010 then EA = (BP) + (SI) + DISP
it 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 //m =110 then EA = (BP) + DISP*

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

DISP follows 2nd byte of instruction (before data if required)
*except if mod =00 and r/m = 110 then EA = disp-high: disp-low.

if s;w=01 then 16 bits of immediate data form the operand.

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

it v=0 then "count" = 1; it v=1 then "count" in (CL)

x = don't care ’

z is used for string primitives for comparison with ZF Flag.

- SEGMENT OVERRIDE PREFIX

[0 1 reg 1 1 0]
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 o1 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 files as a 16-bit object
use the symbol FLAGS to represent the file:

FLAGS = X:X:X:X:(OF):(DF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

.Mnemonics ®Intel, 1978
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8088

8-Bit Microprocessor CPU
iAPX86 Family

FINAL

DISTINCTIVE CHARACTERISTICS

8-bit data bus, 16-bit internal architecture
Directly addresses 1 Mbyte of memory
Software compatible with 8086 CPU
Byte, word, and block operations

24 operand addressing modes

o0 000

® Powerful instruction set
® Efficient high level language implementation
® Three speed options: 5MHz 8088

8MHz 8088-2

10MHz 8088-1

GENERAL DESCRIPTION

The 8088 CPU is an 8-bit processor designed around the
8086 internal structure. Most functions of the 8088 are
identical to the equivalent 8086 functions. The pinout is
slightly different. The 8088 handles the external bus the
same way the 8086 does, but it handles only 8 bits at a
time. Sixteen-bit words are fetched or written in two

consecutive bus cycles. Both processors will appear identi-
cal to the software engineer, with the exception of execu-
tion time.

The 8088 is made with N-channel silicon gate technology
and is packaged in a 40-pin Plastic dip, CERDIP or Plastic
Leaded Chip Carrier.

BLOCK DIAGRAM
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CONNECTION DIAGRAMS

Top View
DIPs PLCC
MIN { MAX ‘
MODE |MODE ]
\_/J o zh g % Qh Qm
GND[]1 @ 40 [ Vee 237982282
<L C <O > <<

A2 3] A

A3 38 [] Are/S3 /6543214443424140‘_

A []a 7] Aws, A7 ® 39 FINC

¥ 36 ] Are/Ss : [ Ag/Sg

Ao []s as [ Ave/Ss []55¢

=k 4[] 880  (HIGH) MN/MX

a8 33 [T MN/NIX [1RD

AD; (19 32 [ ] RD o HOLD (RG/GTp)
ADg [ 10 8088 31 ] HOLD  (RQ/GTg) HLDA (pﬁ/c.—n)
ADg [ 1 cPY 30 [] HLDA  (RG/GTy) [1WH (LOCK)
ADy [ 12 29 1 WR (Lock) 10/M (S3)

AD; [ 13 28 [} 1o/M (iz) gDT/ﬁ (3_1)

AD, 1 271 OT/R (S 9 "]D—Eﬁ (Sp)

AD; 15 26[)DEN (S

AD 16 25 JALE  (QSp) =

NMI 17 24 []JINTA (@S gégéggg‘sz"’_’gé
INTR [ 18 23 {7 TEST = '&:’EE:_?,

cwk 1o 22 [ READY 48
GNo [ 20 21 |1 Reser N CD010680
CD005520

Note: Pin 1 is marked for orientation.
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ORDERING INFORMATION

Commodity Products

AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination)
is formed by a combination of: a. Temperature Range

b. Package Type

¢. Device Number

d. Speed Option

e. Optional Processing

1 D 8088 =2 B

I—- e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. SPEED OPTION
Blank =5 MHz
-2=8-MHz -
-1=10 MHz

. DEVICE NUMBER/DESCRIPTION
8088
8-Bit Microprocessor CPU

[

L

PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)

D = 40-Pin Ceramic DIP (CD 040) -

N = 44-Pin Plastic Leaded Chip Carrier (PL 044)

a. TEMPERATURE RANGE*
Blank = Commercial (0 to +70°C)
| = Industrial (-40 to +85°C)

Valid Combinations

Valid Combinations list configurations planned to be
Valld Combinations supported in volume for this devgice. ConsuI’t) the local AMD
8088 sales office to confirm availability of specific valid
P, N 8088-2 combinations, to check on newly released valid combinations,
8088-1 and to obtain additional data on AMD's standard military
80888, 8088 grade products. .
D 8088-2B, 8088-2
8088-1B
80888
0 8088-28
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid
Combination) for APL products is formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Device Class

d. Package Type

e. Lead Finish

A
l——-—e. LEAD FINISH

A = Hot Solder Dip

8088 /B

o

d. PACKAGE TYPE
Q = 40-Pin Ceramic DIP (CD 040)

c. DEVICE CLASS
/B=Class B

b. SPEED OPTION
Blank =5 MHZ
' -2=8 MHZ

a. DEVICE NUMBER/DESCRIPTION
8088 8-Bit Microprocessor CPU

Valid Combinations

Valid Combinations list configurations planned to be

Valild Comblnations supported in volume for this device. Consult the local AMD

8088 sales office to confirm availability of specific valid

8088-2 /BQA combinations or to check for newly released valid
combinations.

Group A Tests

Group A tests consist of Subgroups
1, 23,7 8,9, 10, 11,
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PIN DESCRIPTION

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus” in
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus butfers).

Pin No.*

Name

1710

Description

9-16

AD7-ADg

110

Address Data Bus. These lines constitute the time multiplexed memory/I0 address (T1) and data (T2, T3, Tw and
T4) bus. These lines are active HIGH and float to three-state OFF during interrupt acknowledge and local bus
"hold acknowledge."

39, 2-8

A1s-Ag

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. Ajs-Ag are active HIGH and float to 3-state OFF during interrupt
acknowledge and local bus "hold acknowledge."

35-38

A19/Sg,
A1g/Ss,
A47/S4,
A16/S3

Address/Status. During T4, these are the four most significant address lines for memory operations. During 1/0
operations, these lines are LOW. During memory and 1/0 operations, status information is available on these lines
during T2, Tg, Tw and T4. Sg is always LOW. The status of the interrupt enable flat bit (Sg) 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 three-state OFF during local bus "hold acknowledge.”

Sq S3 Characteristics
0 (LOW) Alternate Data
0 Stack
1 (HIGH) Code or None
1 Data

Sg is 0
(LOW)

=|lOo|=|©

32

Read. Read strobe indicates that the processor is performing a memory or 1/0 read cycle, depending on the state
of the 10/M pin or Sp. 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 guaranteed to remain HIGH in T2 until the 8088 local bus has
floated.

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

22

READY

READY. The acknowledgment from the addressed memory or I/0 device that it will complete the data transfer.
The RDY signal from memory or 1/0 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

Interrupt Request. 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. 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

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

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

Clock. Provides the basic timing for the processor and bus controller. It is'asymmetric with a 33% duty cycle to
provide optimized internal timing.

40

Vee

Vece. The +5 V £10% power supply pin.

1, 20

GND

GND. The ground pins.

a3

MIN/MX

Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed in the
following sections.

28

10/M

Status Line. An inverted maximum mode S. It is used to distinguish a memory access from an /0 access. 10/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 three-state OFF in local bus "hold acknowledge."

29

WR

Write. Strobe indicates that the processor is performing a write memory or write /0 cycle, depending on the state
of the 10/M signal. WR is active for Tz, T3 and Ty of any write cycle. Itis active LOW and floats to 3-state OFF in
local bus "hold acknowledge.”

24

INTA

INTA. Used as a read strobe for interrupt acknowledge cycles. It is active LOW during Ty, Ta and Ty of each
interrupt acknowledge cycle.

25

ALE

Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is a HIGH
pulse active during clock low of Tq of any bus cycle. Note that ALE is never floated.

27

DT/R

Data Transmit/Receive. Needed in a 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 §1 in the
maximum mode, and its timing is ths same as for I0/M (T = HIGH, R = LOW.) This signal floats to three-state OFF
in local bus ""hold acknowledge.”

26

Data Enable. Provided as an output enable for the 8286/8287 in a minimum system that 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 middie 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."

*Pin numbers correspond to DIPs only.
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PIN DESCRIPTION (continued)

Pin No.* Name 170 |Description
31, 30 HOLD, 170 | HOLD. Indicates that another master is requesting a local bus *'hold.” To be acknowledged, HOLD must be active
HLDA HIGH. The processor receiving the "'hold™ request will issue HLDA (HIGH) as an acknowledgment in the middle of
a T4 or Tq 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 cannol otherwxse
guarantee the set-up time.
34 S50 O |Status Line. Logically equivalent to 30 in the maximum mode. The combination of 550, I0/M and DT/R allows the
system to completely decode the current bus cycle status.
10/M DT/R| S50 Characteristics
1 (HIGH) 0 0 Interrupt
Acknowledge
1 0 1 Read 1/0 port
1 1 4] Write 1/0 port
1 1 1 Halt
0 (LOW) 0 [} Code Access
[} 0 1 Read memory
0 1 0 Write memory
0 1 1 Passive
28-26 82, 51, S0 O [Status. Active during clock high of Ta, 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 1/0 access
control signals. Any change by S, S or Sg 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 float to three-state OFF during *'hold acknowledge." During the first clock cycle after HESET
becomes active, these signals are active HIGH. After this first clock, they float to mree-state OFF.
S, Sy | So Characteristics
0 (LOW) 0 [} Interrupt
Acknowledge
0 0 1 Read 1/0 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
31, 30 RQ/GTo, 1/0 | Request/Grant. Pins are used by other local bus masters to force the processor to release the local bus at the end
RQ/GT¢ of the processor's current bus cycle. Each pin is bidirectional with RQ/GTg 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:v
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 T 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 acknowledgs." The
same rules as for HOLD/HLDA 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 Ty4.
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 Ta.
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, 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 wnh
condition number 1 already satisfied.
29 LOCK 0 |LOCK. Indicates that other system bus masters are not to gain control of the syslem 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.' .

*Pin numbers correspond to DIPs only.
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PIN DESCRIPTION (continued)

Pin No." Name 170 |Description
24, 25 QS4, Q5o O [Queus Status. Provides status to allow external tracking of the internal 8088 instruction queue. The queus status is
valid during the CLK cycle after which the queue operation is performed.

QS4 QSg Characteristics

0 (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 - O

Pin 34 is always HIGH in the maximum mode.

*Pin numbers correspond to DIPs only.

DETAILED DESCRIPTION
The 8088 Compared to the 8086

® 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 algorithm
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
occurs. 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 execution unit will allow.

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

The hardware interface of the 8088 contains the major
differences between the two CPUs. The pin assignments are
nearly identical, however, with the following functional
changes:

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

e BHE has no meaning on the 8088 and has been eliminated.

® 35S0 provides the SO status information in the minimum
mode. This output occurs on pin 34 in minimum mode only.
DT/R, 10/M, and 5SO provide the complete bus status.in
minimum mode.

® |0/M has been inverted to be compatible with the MCS-85
bus structure.

® ALE is delayed by one clock cycle in the minimum mode
when entering HALT, to allow the status to be latched with
ALE.

1/0 Addressing

In the 8088, /0 operations can address up to a maximum of
64K 1/0 registers. The 1/O address appears in the same
format as the memory address on bus lines Ay5-Ag. The

address lines Ayg-A4g are zero in 1/O 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. 1/0 ports are addressed in

the same manner as memory locations. :

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

Bus Operation

The 8088 address/data bus is broken into three parts — the
lower eight address/data bits (ADg - AD7), the middle eight
address bits (Ag-Ais) and the upper four address bits
(Ate~A19). The address/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 valid 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. 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 changing
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 inserted 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 house-
keeping. '

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 address and certain status informa-
tion for the cycle may be latched. ‘

Status bits 50, S1, and 52 are used by the bus controller, in
maximum mode, to identify the type of bus transaction
according to the following table:

[ S1| So Characteristics
o(ow) | o | ©O Interrupt Acknowledge
0 0|t Read I/0
0 1 0 Write 1/0
0 1 1 Halt
1 (HIGH)| O 0 Instruction Fetch
1 0|1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive {(no bus cycle)
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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 register was used for this bus
cycle in forming the address according to the following table:

Ss S3 Characteristics
o(ow) | o 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.

External Interface
Processor Reset and Initialization

Processor initialization or start up is accomplished with activa-
tion (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 dormant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset sequence for
approximately 7 clock cycles. After this interval the 8088
operates normally, beginning with the instruction in absolute
location FFFFOH (see Figure 3). The RESET input is internally
synchronized 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 8088.

If INTR is asserted sooner than nine clock cycles after the end
of RESET, the processor may execute one instruction before
responding to the interrupt.

All three-state outputs float to three-state OFF during RESET.
Status is active in the idle state for the first clock after RESET
becomes active and then floats to three-state OFF.

Interrupt Operations

Interrupt operations fall into two classes: software or hardware
initiated. The software initiated interrupts and software as-
pects 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 nonmask-
able or maskable.

Interrupts result in a transfer of control to a new program
location. A 256 element table containing address pointers to
the interrupt service program locations resides in absolute
locations 0 through 3FFH (see Figure 3), 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 interrupt acknowl-
edge sequence, which is used to vector through the appropri-
ate element to the new interrupt service program location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interrupt (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.

NMLI 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 NMl is latched on-chip
and will be serviced 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 occurrence 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 after the
start of the NMI procedure. The signal must be free of logica!
spikes in general and be free of bounces on the low-going
edge to avoid 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 period
preceding the end of the current instruction or the end of a
whole move for a block type instruction. During interrupt
response sequence, further interrupts are disabled. The en-
able bit is reset as part of the response to any interrupt (INTR,
NMI, software interrupt, or single step), although the FLAGS
register which is automatically pushed onto the stack reflects
the state of the processor prior to the interrupt. 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 1), the processor
executes two successive (back to back) interrupt acknowl-
edge 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 system to latch the halt status. Halt status is available on
10/M, DT/R and SS0. In maximum mode, the processor
issues appropriate HALT status on S2, ST 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 interruptrequest 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 execu-
tion of an instruction. This allows the processor to-perform
read/modity/write operations 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 accomplish "test
and set lock'' operations. The LOCK signal is activated (LOW)
in the clock cycle following decoding of the LOCK prefix
instruction. It is deactivated at the end of the last bus cycle of
the instruction following the LOCK prefix. While LOCK is
active, a request on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

8088
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Figure 1. 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 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 8088
three-states all output drivers. If interrupts are enabled, the
8088 will recognize interrupts and process 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

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 address 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 10/M signal indicates a memory or
1/0 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 addressed device will drive the
READY line HIGH. When the processor returns the read signal
to a HIGH level, the addressed device will again three-state its
bus drivers. If a transceiver (8286/8287) is required to buffer
the 8088 local bus, signals DT/R and DEN are provided by the
8088.

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 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 beginning of T2, as opposed to
the read, which is delayed somewhat into T2 to provide time
for the bus to float. :

The basic difference between the interrupt acknowledge cycle
and a read cycle is that the interrupt acknowledge (INTA)
signal is asserted in place of the read (RD) signal and the
address bus is floated (see Figure 1). 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 identifies the source
(type) of the interrupt. It is multiplied by four and used as a
pointer into the interrupt vector lookup table, as described
earlier.

Bus Timing — Medium Complexity Systerﬁs

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 an 8282/8283 latch for latching the system address,
and an 8286/8287 transceiver to allow for bus loading greater
than the 8088 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 8088 status outputs (S2, ST and S0) provide type
of cycle information and become 8288 inputs. This bus cycle
information specifies read (code, data or 1/0), write (data or
170), interrupt 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 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 8286/8287 transceiver receives
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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
82B89A priority interrupt controller is positioned on the local
bus, a TTL gate is required to disable the 8286/8287
transceiver when reading from the master 8259A during the
interrupt acknowledge sequence and software "poll."”

Memory Organization

The processor provides a 20-bit address to memory which
locates the byte being referenced. The memory 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 2).

All memory references are made relative to base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of pro-
grams. 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
relocatable areas of similar characteristics and by automatic-
ally selecting segment registers, programs are shorter, faster
and more structured. .

7 [}
FFF
) FFFFFH
64 KB CODE SEGMENT
b | xxxxon

l STACK SEGMENT
+ OFFSET ’
I

SEGMENT e .
REGISTER FILE WORD { 8 Loara seonent
cs BYTE ‘
53
0S
ES oy r

EXTRA DATA SEGMENT

= 3

T3 00000H
DF004530

Figure 2. Memory Organization

Word (16-bit) operands can be located on even or odd
address boundaries. For address and data operands, 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 3). Locations from addresses FFFFOH
through FFFFFH are reserved for operations including a jump
to the initial system 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 operations. Four-byte pointers con-
sisting 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 maximum 8088
systems are sufficiently different that they cannot be done
efficiently with 40 uniquely defined pins. Consequently, the
8088 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 8088 defines
pins 24 through 31 and 34 in maximum mode. When the MN/
MX pin is strapped to Vg, the 8088 generates bus control
signals itself on pins 24 through 31 and 34.

FFFFEH
RESET BOOTSTRAP
PROGRAM JUMP FFFFOH
.
L L
I . -
.
3FFH
INTERRUPT POINTER
FOR TYPE 255
3FOH
.
I . oy
.
7H
INTERRUPT POINTER
FOR TYPE 1 ™
INTERRUPT POINTER 3H
FOR TYPE 0 oH
DF004540

Figure 3. Reserved Mefnory Locations

Memory Segment Register

Reference Need |- 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 reg-
ister except data references.

Local Data DATA (DS) Data references when: relative to stack, destination of string operation,
or explicitly overridden.

External (Global) EXTRA (ES) Destination of string operations: Explicitly selected using a segment

Data override.

8088
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The minimum mode 8088 can be used with either a muliti-
plexed or demultiplexed bus. The multiplexed bus configura-
tion is compatible with the MCS-85"™ multiplexed bus periph-
erals (8155, 8156, 8355, 8755A, and 8185). This configuration
(see Figure 4) 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 address-
ability) or two latches (for a full megabyte of addressing). A
third latch can be used for buffering if the address bus loading
requires it. An 8286 or 8287 transceiver can also be used if
data bus buffering is required (see Figure 5). The 8088
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 requirements.

The maximum mode employs the 8288 bus controller (see
Figure 6). The 8288 decodes status lines S0, 31 and 52 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 extended large system features. Hardware lock, queue
status and two request/grant interfaces are provided by the
8088 in maximum mode. These features allow co-processors
in local bus and remote bus configurations.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ..........ceeeevvrevunennnes ~-65 to +150°C
Voltage on any Pin

with Respect to Ground ...........c.oeeuveen -1.0to +70 V
Power Dissipation ...........cccceeiiriiiiiiiiininiieniinnnen. 25 W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability. .

tested unless otherwise noted)

OPERATING RANGES

Commercial (C) Devices
Temperature (TA)..ecoivreeearraersienersnennnnnns 0 to +70°C
Supply Voltage (Vce)
BOBB ...uuiiiiiiiieiieii e
8088-1, 8088-2

Industrial () Devices
Temperature (TA)...ocovvvnveriniiniiineennines —~40 to +85°C
Supply Voltage (Vce)

BOBB ..o
8088-1, 8088-2

Military (M) Devices :
Temperature (Tg).oevevrrecrecirniiianinanne -55 to +125°C
Supply Voltage (Vcc) 5Vt 10%

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range (for APL, Products, Group A, Subgroups 1, 2, 3 are

* Guaranteed by design; not tested.

1ttt Not included in Group A test.

t Group A, Subgroups 7 and 8 only are tested.
1t Group A, Subgroups 1 and 2 only are tested.

ls?arameter Parameter Desciiption Test Conditions Min Max Units
ymbol
o COML: see Note 1 R
Vit Input Low Voltage ML Voo = Min, & Max. -0.5 +0.8 \'
. COML: see Notes 1 & 2 .
Vint Input High Voltage MIL: Voo = Min. & Max. 20 Vge +0.5 v
COML: oL = 2.0 mA
VoL- Output Low Voltage MIL: loL =20 mA 0.45 v
Vee = Min.
COML: oy = -400 pA
VoH Output High Voltage MIL: IoH = -400 pA 24 v
Vee = Min.
lcc Power Supply Current (Note 6) MIL: Tg=25°C, Vg = Max. 340 mA
COML: 0 V<V|y<Vce +10
| rr . -
u Input Leakage Current MiL: \\;ﬁ‘c- shga)\(l oV -10 10 HA
COML: 0.45 V <Voyr <Vcc COML %10
[ Output Leakage Current A =
Lott P g ML o e N v 2 045 v MIL -10 MIL 10 HA
Veu Clock Input Low Voltage -05 +0.6 \
VeH Clock Input High Voltage 39 Vee +1.0 \'
CN gaozif\igl;cen cg}Gln.‘_)put Buffer (All input except fo=1 MH; 15 oF
Cio Capacitance of 1/0 Buffer (ADg-AD7, RQ/GT) fc=1-MHz 15 pF
8088 340
Icc Power Supply Current Ta=25°C 8088-1, -2 350 mA
PB088 250
Notes: 1. Vy_ tested with MN/MX pin =0 V; V| tested with MN/MX pin =5 V; MN/MX is a strap pin.
2. Not applicable to RQ/GT0 and RQ/GT1 pins (pins 30 and 31).
3. Signal at 8284 or 8288 shown for reference only.
4. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
5. Applies only to T3 and Wait states.
6. Icc is measured while running a functional pattern with spec value loL/loH loads applied.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

8088 8088-2 8088-1
Parameter Parameter Test
Symbol Description Conditions Min Max Min Max Min Max | Units
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 From 1.0 to 3.5 V 10 10 10 ns
TCL2CL1 CLK Fall Time From 3.5 to 1.0 V 10 10 10 ns
TOVCL Data in Set-up Time 30 20 5 ns
TCLDX Data in Hold Time 10 10 10 ns
TRIVCL A ovup Time Into 8254 35 35 35 ns
TCLRIX oot hioya Time o 8264 0 0 0 ns
TRYHCH READY Set-up Time into 8088 118 68 53 ns
TCHRYX READY Hold Time into 8088 30 20 20 ns
TRYLCL A ol gve to CLK -8 -8 -10 ns
THVCH HOLD Set-up Time 35 20 20 ns
TINVCH '(';IE'N"C‘)Q'S- JEST Set-up Time 30 15 15 ns
TILIH Input Rise Time (Except CLK) From 0.8 to 20 V 20 20 20 ns
TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8 V 12 12 12 ns
SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
TIMING RESPONSES
8088 8088-2 8088-1
Parameter | Parameter Test
Symbol Description Conditions Min Max Min Max Min Max | Units
TCLAV Address Valid Delay 10 110 10 60 10 50 ns
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 10 40 ns
TLHLL ALE Width TCLCH -20 TCLCH -10 TCLCH -10 ns
TCLLH ALE Active Delay 80 50 40 ns
TCHLL ALE Inactive Delay 85 55 45 ns
TLLAX Address Hold Tima to TCHCL ~10 TCHCL -10 TCHCL -10 ns
TCLDV Data Valid Delay 10 110 10 60 10 50 ns
TCHDX Data Hold Time 10 10 10 ns
TWHDX fata Hold Time After TCLCH -30 TCLCH -30 TCLCH -25 ns
TCvCTV Control Active Delay 1 10 110 10 70 10 50 ns
TCHCTV Control Active Delay 2 | C_ = 20-100 pF 10 110 10 60 10 45 ns
TCVCTX Conirol Inactive Delay | 57,21 %0% o 10 110 10 70 10 50 ns
TAZRL Address Float to to internal loads) 0 0 0 ns
READ Active
TCLRL RD Active Delay 10 165 10 100 10 70 ns
TCLRH RD Inactive Delay 10 150 10 80 10 60 ns
TRHAV RD Inactive to Next TCLCL -45 TCLCL -40 TCLCL -35 ns
Address Active
TCLHAV HLDA Valid Delay 10 160 10 100 10 60 ns
TRLRH RD Width 2TCLCL -75 2TCLCL -50 2TCLCL -40 ns
TWLWH WR Width 2TCLCL -60 2TCLCL -40 2TCLCL -35 ns
TAVAL Cddress Valid to ALE TCLCH -60 TCLCH -40 TCLCH -35 ns
ow
TOLCH Qutput Rise Time From 0.8 to 2.0 V 20 20 20 ns
TOHOL Output Fafl Time From 2.0 to 0.8 V 12 12 12 ns
8088 1-49




SWITCHING TEST INPUT/OUTPUT WAVEFORM

24

X1.5 ~=—TEST POINTS —"LX

WF006760

045

AC testing inputs are driven at 2.4 V for a logic "'1"" and

"0.45 V for a logic "'0."” The clock is driven at 4.3 V and
0.25 V. Timing measurements are made at 1.5 V for both
a logic ""1" and "0."

SWITCHING TEST LOAD CIRCUIT

DEVICE

UNDER
TEST

C = 89 pF 3 20 pF

WF006771

CL Includes JIG Capacitance.

SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS

8088 8088-2 8088-1

P. t Par t Test

Symbol Description Conditions Min Max Min Max Min Max Units
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 From 1.0 to 35 V . 10 10 10 ns
TCL2CL1 CLK Falt Time From 3.5 to 1.0 V 10 10 10 ns
TOVCL Data in Set-up Time 30 20 5 ns
TCLDX Data in Hold Time 10 10 10 ns
TRIVCL Fsgz Setup T into 8264 35 35 3s ns
TCLR1X (F'S[;: ng‘t‘;sﬂ"‘g into 8264 0 0 0 ns
TRYHCH READY Set-up Time into 8088 118 68 53 ns
TCHRYX READY Hold Time into 8088 30 20 20 ns
TRYLCL (e Mot gy - t0 CLE -8 -8 -10 ns

Set-up Time for Recognition
TINVCH (INTR, NMI, TEST) 30 15 15 ns
{See Note 2)

TGVCH RQ/GT Set-up Time 30 15 12 ns
TCHGX RQ Hold Time into 8086 40 30 20 ns
TILH :’éﬁg;p"t‘sgl_;;me From 0. to 2.0 V 20 20 20 ns
TIHIL :’éﬂ‘é‘ep’:tag&’)“e From 20 to 0.8 V 12 12 12 ns

Notes: 1. Signal at 8284 or 8288 shown for reference only.

3. Applies only to T3 and Wait states.

2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
TIMING RESPONSES

8088 8088-2 8088-1

Parameter |Parameter Test

Symbol Description Conditions Min Max Min Max Min Max Units
Command Active Delay

TCLML (See Note 1) 10 35 10 35 10 35 ns
Command Inactive Delay

- TCLMH (See Note 1) 10 35 10 35 10 35 ns
READY Active to Status

TRYHSH Passive (See Note 3) 110 65 45 ns

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 50 ns

TCLAX Address Hold Time 10 10 10 ns

TCLAZ Address Float Delay TCLAX 80 TCLAX 50 10 40 ns
Status Valid to ALE High

TSVLH (See Note 1) 15 15 15 ns
Status Valid to MCE High

TSVMCH (Ses Note 1) 15 15 15 ns
CLK Low to ALE Valid

TCLLH (See Note 1) 15 15 15 ns
CLK Low to MCE High

TCLMCH (See Note 1) 15 15 15 ns
ALE Inactive Delay Cy = 20-100 pF

TCHLL (See Note 1) for all 8088 15 5 15 ns

- outputs (in addition

MCE Inactive Delay to internal loads)

TCLMCL (See Note 1) 15 15 15 ns

TCLDV Data Valid Delay 10 110 10 60 10 50 ns

TCHDX Data Hold Time 10 10 10 ns
Control Active Delay

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

TCVNX (See Note 1) 10 45 10 45 10 45 ns
Address Float to

TAZRL Read Active 0 0 0 ns

TCLRL RD Active Delay 10 165 10 100 10 70 ns

TCLRH RD lnactive Delay 10 150 10 80 10 60 ns
RD Inactive to Next TCLCL TCLCL TCLCL

TRHAV Address Active -45 ~40 35 ns
Direction Control Active

TCHDTL Defay (See Note 1) 50 50 50 ns
Direction Control Inactive

TCHDTH Delay (See Nots 1) 30 30 30 ns

TCLGL GT Active Delay 85 50 0 45 ns

TCLGH GT Inactive Delay 85 50 [4] 45 ns

. 2TCLCL 2TCLCL 2TCLCL

TRLRH RD Width _75 _50 40 ns

TOLOH Output Rise Time From 0.8 to 20 V 20 20 20 ns

TOHOL QOutput Fall Time From 2.0 to 0.8 V 12 12 12 ns

Notes: 1. Signal at 8284 or 8288 shown for reference only.
2. Setup requirement for asynchronous signa! only to guarantee recognmon at next CLK.
3. Applies only to Tp state (8 ns into T3 state).
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SWITCHING CHARACTERISTICS over MILITARY operatmg range (for APL Products, Group A,
Subgroups 9, 10, 11 are tested unless otherwise noted)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

: 8088 8088-2
Parameter Parameter Test Conditions
Symbol Description (Note '6) Min. Max. Min. Max. Unit
TCLCL CLK Cycle Period (Note 11) 200 500 126 500 ns
TCLCH CLK LOW Time 118.° 68 ns
TCHCL CLK HIGH Time : 69 44 ns
TCH1CH2 CLK Rise Time (Note 5) From 1.0 to 3.5 V 10 10 ns
TCL2CL1 CLK Fall Time (Note 5) From 3.5 to 1.0 V 10 10 ns
TOVCL Data in Setup Time . 30 20 ns
TCLDX Data in Hold Time 10 ) 10 ns
RDY Setup Time into 8284A .
TR1VCL (Notes 1 & 2 35 35 ns
RDY Hold Time into B284A -
TCLR1X (Notes 1 & 2) [} 0 ns
TRYHCH READY Setup Time into 8088 118 68 ns
TCHRYX READY Hold Time into 8088 30 20 ns
READY Inactive to CLK
TRYLCL (Note 3) -8 . ) -8 ns
THVCH HOLD Setup Time 35 20 ns
INTR, NMI, TEST Setup .
TINVCH Time (Note 2) 30 15 ns
‘ . Input Rise Time .
TIUH (Except CLK) (Note 5) From 0‘8. to 20V 20 20 ns
TIHIL Input Fall Time (Except CLK) {Note 5) From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 8288 shown for reference only.

1

2. Setup requirement for asynchronous signat 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. Not tested; these specs are controlled by the Teradyne J941 tester.

6.

. Vcg =45V,55V VH =24V
ViL =.45 V VIHC =43 V
Vit =25V VoH =16V
VoL =14V '

. Minimum spec tested at Voo Max. (5.5 V) only. -
Maximum spec tested at Vcg Min. (4.5 V) only.
. Tested at Vg Max. (5.5 V) only.

. Tested at Vo Min. (4.5 V) only.

. Test conditions for TCLCL Max. are:

Ve =45V Voo = 1V

Vi =0V ViH =4V

Viic =0 Vv Vi = 5V

gy
SoomN

1-52 : 8088



SWITCHING CHARACTERISTICS over MILITARY operating range (continued)
TIMING RESPONSES

- 8088 8088-2
Parameter Parameter . Test Conditions (Note
Symbol Description 6) Min. Max. Min. Max. Unit
TCLAV Address Valid Delay 10 110 10 60 ns
TCLAX Address Hold Time (Notes 7 & 8) 10 10 ns
TCLAZ . Address Float Delay (Note 8) . 10 80 10 50 ns
TLHLL ALE Width (Note 10) 98 58 ns
TCLLH ALE Active Delay:(Note 8) . 80 50 ns
TCHLL ALE Inactive Delay (Note 8) 85 55 ns
Address Hold Time to
TLLAX ALE Inactive (Note 7) 59 34 ns
TCLDV Data Valid Delay (Note 8) 10 110 10 60 ns
TCHDX Data Hold Time (Note 10) . . 10 10 ns
TWHDX Data Hold Time After WR (Note 8) 88 38 ns
TCVCTV Control Active Delay 1 (Note 8) 10 110 10 70 ns
TCHCTV Control Active Delay 2 (Note 8) Cp =100 pF 10 110 10 60 ns
" for all 8088
TCVCTX Control Inactive Delay (Note 8) Outputs (in addition 10 110 10 70 ns
TAZRL Address Float to to internal loads). 0 0 n
READ Active (Note 9) S
TCLRL RD Active Delay (Note 8) 10 165 10 100 ns
. TCLRH RD Inactive Delay (Note 8) 10 150 10 80 ns
RD inactive to Next
TRHAV Address Active (Note 10) 155 85 ns
TCLHAV HLDA Valid Delay (Note 8) 10 160 10 . 100 ns
TRALRH RD width (Note 10) 325 200 ns
TWLWH WR Width (Note 10) 340 210 ns
Address Valid to ALE Low
TAVAL (Note 9 : 58 28 ns
TOLOH Output Rise Time (Note 9) From 0.8 to 20 V 20 20 ns
TOHOL Qutput Fall Time (Note 9) From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 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).
5. Not tested; these specs are controlled by the Teradyne J941 tester.
6. Vcg =45V, 55V ViH =24V
VL =45V Vi =43V
Viie =25 V Vou =16V
VoL =14V
7. Minimum spec tested at Voc Max. (5.5 V) only.
8. Maximum spec tested at Voo Min. (4.5 V) only.
9. Tested at Vgg Max. (5.5 V) only.
10. Tested at Vigc Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Veg =45V VoL = 1V
viL. =0V ViH = 4V
ViLg =0V ViHC = 5V
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued)
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS

y 8088 8088-2
Parameter Parameter . Test Conditions
Symbol Description (Note 6) Min. Max. Min. Max. Unit
TCLCL CLK Cycle Period (Note 11) 200 500 125 500 ns
TCLCH CLK LOW Time . | 118 68 ns
TCHCL CLK HIGH Time 69 44 ns
TCHI1CH2 | CLK Rise Time (Note 5) From 1.0 to 3.5 V 10 10 ns
TCL2CL1 CLK Fall Time (Note 5) From 3.5 to 1.0 V 10 10 ns
TOVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
RDY Setup Time into 8284A
TRIVCL (Notes 1 & 2) 35 35 ns
RDY Hold Time into 8284A .
TCLR1X (Notes 1 & 2) . 0 0 ns
TRYHCH v READY Setup Time into 8088 118 68 ns
TCHRYX READY Hold Time into 8088 30 20 ns
READY Inactive to CLK
TRYLCL (Note 3) . -8 -8 ns
Setup Time for Recognition
TINVCH (INTR, NM, TEST 30 15 ns
(Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8086 © 40 30 ns
Input Rise Time
TILIH (Except CLK) (Note 5) From 0.8 to 2.0 V 20 20 ns
Input Fall Time "
TIHIL (Except CLK) (Note 5) From 2.0 to 0.8 V 12 12 ns
Notes:* 1. Signal at 8284A and 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).
5. Not tested; these specs are controlled by the Teradyne J941 tester.
6.Voc =45V, 55V Vi =24V
Vi =45V VI =43V
Vil =25V VoH =16V
VoL =14V
.7. Minimum spec tested at Vcg Max. (5.5 V) only.
8. Maximum spec tested at Vgc Min. (4.5 V) only. -
9. Tested at Vcg Max. (5.5 V) only.
10. Tested at Vcc Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Vcc =45V VoL = 1V
Vi =0V ViH =4V
Vigg =0 Vv ViHC = 5V
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued)
TIMING RESPONSES
8088 8088-2
Parameter Parameter Test Conditions )
Symbol Description . (Note 6) Min. Max. Min. Max. Unit
Command Active Delay
TCLML (Note 1) 10 35 10 35 ns
Command Inactive Delay
TCLMH (Note 1) 10 35 10 35 ns
READY Active to Status
TRYHSH Passive (Note 4) 110 ) 65 ns
TCHSV Status Active Delay (Notes 7 & 8) 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 10 80 10 50 ns
Status Valid to ALE HIGH
TSVLH (Note 1) 15 15 ns
Status Valid to MCE HIGH
TSVMCH (Note 1) 15 15 ns
’ CLK LOW to ALE Valid
TCLLH {Note 1) 15 15 ns
CLK LOW to MCE HIGH !
TCLMCH (Note 1) . 15 15 ns
ALE Inactive Delay Ci =100 pF
TCHLL (Note 1) for all 8088 15 15 ns
" Outputs (In addition
TCLMCL MCE inactive Delay to internal loads) 15 15 ns
(Note 1)
TCLDV Data Valid Delay 10 110 10 60 ns
TCHDX Data Hold Time * 10 10 ns
Control Active Delay
TCVNV (Note 1) 5 45 5 45 ns
Control Inactive Delay
TCVNX (Note 1) 10 45 10 45 ns
Address Float to :
TAZRL Read Active 0 0 ns
TCLRL RD Active Delay 10 165 10 100 ns
TCLRH RD !nactive Detay 10 150 10 80 ns
RD Inactive to Next ’
TRHAV Address Active 155 85 ns
Direction Control Active
TCHDTL Delay (Note 1) 50 50 ns
Direction Control Inactive :
TCHDTH Delay (Note 1) 30 30 ns
TCLGL - | GT Active Delay (Note 8) 110 50 ns
TCLGH GT Inactive Delay (Note 8) 85 50 ns
TRLRH RD Width © 325 200 ns
TOLOH Output Rise Time From 0.8 to 2.0 V 20 20 ns
TOHOL Qutput Fall Time From 2.0 to 0.8 V 12 12 ns
Notes: 1. Signal at 8284A and 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).
5. Not tested; these specs are controlled by the Teradyne J941 tester.
6.Voc =45V, 55V ViH =24V
ViL =45V ViHc =43V
Vil =25V VoH =16V
VoL =14V
7. Minimum spec tested at Voo Max. (5.5 V) only.
8. Maximum spec tested at Vog Min. (4.5 V) only.
9. Tested at Vo Max. (5.5 V) only.
10. Tested at Vg Min. (4.5 V) only.
11. Test conditions for TCLCL Max. are:
Vec =45V Voo = 1V
ViL =0V ViH =4V
Vitc =0V Vi = 5V
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SWITCHING WAVEFORMS

BUS TIMING - MINIMUM MODE SYSTEM

1] : T2 Ty T
‘ Tl TemicH2 ToLct Ty
Ve '
e XA X A
L
—{ TCHCTV . TCHCL fore TOLCH e
o g X
AysAg A5-Aq (FLOAT DURING INTA}
TCLAV —] *rcux—.—- [=—TvciLov TCHOX —]
Avo/Se-Are/S3 Avg-hie )( $7-83
FCLLH —=] TLHLL e TLLAX
———
ALE /
— /.

—{ p—ToiAix

-mm_qR —
READY (8038 INPUT) ——éYCHIYX

TCLAZ TOVCL rcu:x—;‘
ADy-AD, )‘ AD;-ADy DATA IN

FLOAT

FLOAT

TRLRH

__{NOTE1) TCHCTV TCLAL
(WA, ﬂfk = Vou)
o7/R )

TAZAL —] TCLRH—= — TRHAY ———=
RB
READ CYCLE : i
i / 1

FYCHCTV

TCVCTV —=] TCVETX —= ,
OEN

WF008791
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SWITCHING WAVEFORMS

BUS TIMING - MINIMUM MODE SYSTEM (continued)

T T, T T
TeHICH2 —] Tewzcn T
Ven -
axemourren \ / \ \!
Voo / ‘ ] ‘
Ty — :mv TeHox —
ADy-ADg AD;-ADy )( DATA OUT
. o TWHOX
TEVETV A0, TeveTX
WRITE CYCLE E
NOTE 1 Bew
Tevery —| I-—
WLwn
{
Teverx
TeLz
[——mvm.-——— LOX
AD;-ADy { POINTER
FLOAT I \ FLOAT
L L rencry ’ ! — TCHETY
o/R
WIA CYCLE L~ >
__ NOTES 1.3 Tovery
(RD. WA = Vou)
WA
TCVETV e TeveTx—f
ben
Do, vt wiTE = v AD,- INVALID ADORESS SOFTWARE HALY
OT/A INCETERMMATE O A% )
) ToLav —

Notes: 1. All signals switch between Vo and Voo unless otherwise specified.

WF006780

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be msened
3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Controt signals

are shown for the second INTA cycle.
4. Signals at 8284 are shown for reference only.
5. All timing measurements are made at 1.5 V unless otherwise noted.

8088
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T

SWITCHING WAVEFORMS (continued)

BUS TIMING - MAXIMUM MODE

Ts

Ta

READY (8088 INPUT) ‘

READ CYCLE TeLAY —
AD;-AD,

s A
‘_q\

DM

ST T o e e
e Ve X X X X
5.5, & (EXCEPT HALT) N 7?//// ///(s:z NOTE 8) ‘\\_ _____
ALE (8288 OUTPUT) 2E _.-—{‘ | //———
ROY (8284 INPUT) \\‘\\\\\\\\\\\\\\\\\\\\

I~

P— TCLA1X

3 TCHRYX

RO

TCHOTL —=

TﬁVKSN} e
—ed TCLAX TRYHCH. e
—=! TCLAZ ToveL TCLOX —
AD;-Al ATA 1
Or-AD0 FLOAT OATA M Foar
TAZRL Q TCLRH TRHAY ~—meaen]
' 1
TELRL
TRLAK

=

SEE NOTES 5, 8

e \

|
;

o]
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SWITCHING WAVEFORMS (continued)

BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288)

L] T2 T Ta
Ven TCHSV e Tw
x, CXC Y T AN
§;, 5. 35 (EXCEPT HALY) R W SEENOTE S \_
'WRITE CYCLE TCLAY —= I—— — TV - |‘—VCI$" TCHOX —=
~d TCLAX
AD;-ADg X OATA
TCVNV — TEVNX —=]
OEN
— TCLMI TCLMH —=f
288 OUTPUTS ) AUWC OR AIOWC
SEE NOTES 5.6
— TOLML — TCLMH
MWTC OR IGWC |
INTA CYCLE
Ars-Ag —{ ror\
(SEE NOTES 3, 4) FLOAT \ CASCADE ADDI / FLOAT FLOAT \
- /\r‘vcuz \ F TOVCL ~—erd TCLOX
- {¢ POINTER B
AD;-ADy A FLOAT 3 FLOAT
- TCLMCL, ==y ‘
TSVMCH
MCE, /
N /
——— L.
TCLMCH —=] — TCHOTL — TCHOTH
ouR . ‘
4288 OUTPUTS — .
SEE NOTES 5.6 oL
INTA
— TCLMH
— TCVNY
OEN
SOFTWARE _ I TovRX =]
HALT ~ (DEN = Vo ; RO, MROC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA, DT/R = Vou).
AD;-ADy. Ars-Ag ' INVALIO ADDRESS

WF006801

Notes: 1. All signals switch between VoH and VoL unless otherwise specified.
2. RDY is sampled near the end of Tp, T3, Tw to determine if Ty 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 1.5 V unless otherwise noted.
8. Status inactive in state just prior to T4.
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SWITCHING WAVEFORMS (continued)

ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE
ONLY)

—1 TINVCH (SEE NOTE 1)

CLK —\
NM§ .
INTR SIGNAL X—
) LOCK

TEST

WF006820 WF006830

Note: Set-up requirements for asynchronous signals only to guarantee recognition at next CLK.

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

»0-CLK CYCLE ' ’_i ﬂ
Fau

p—— YCLGH
TCLCL

RELEASE

N
:
g
a4

RQ/GT
PREVIOUS GRANT : - TCLAZ
A19/Se-A1s/Sy ) ) ) L
Ayg-Ag ¢ 1
_AD;-AD, s088 COPROCESSOR.
AR » b
3 (SEE NOTE 1)

WF006840

. Note: The coprocessor may not drive the buses outside the region shown without risihg contention,

HOLD/HOLD ACKNOWLEDGE TIMING (MIMIMUM MODE ONLY)

1 CLK CYCLE —~{
ax ;JIZ_\N
) j THVCH  (SEE NOTE 1)

) )

10R2 CVCLES-—(

ol
HOLD

— TCLHAV — TCLHAV

HLDA

X o
—4{ TCLAZ

)

1¢

1(
8088 COPROCESSOR )—( 8088
) ) )
(

WF006851

Note: All signals switch between Vo and Vor unless otherwise specified.
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DATA TRANSFER

MOV = Move

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

Memory to accumulator.

Accumulator to memory
Register/memory to segment register

Segment register to register/memory

PUSH = Push:
Register/memory
Register

Segment register

POP = Pop:
Register/memory
Register

Segment register

" XCHG = Exchange:
Register/memory with register

Register with accumulator

IN = Input from:
Fixed port

Variable port

OUT = Cutput to:

Fixed port

Variable port

XLAT = Transtate byte to AL
LEA = Load EA to register
LDS = i.oad pointer to DS
LES = Load pointer to ES
LANF = Load AH with flags
SANF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

8086/8088
INSTRUCTION SET SUMMARY

76543210
[1oo010dw

76543210
modregr/mj

76543210

76543210

data if w=1

]

[1100011w ] modooorm ] data [
[ 1011wreLL data I data if w=1 I
[1o10000w ] addrow |  addrhigh |
[1010001w] addr-low [ addrhigh |
[1oo001110 ] modoregerm |
I10001100L mod 0 reg r/m I

IEEEEERER

-

mod 110 r/m |

01010reg

000reg110

[10001111 ] modooowm |

0101 1reg

000reg1 11

l1000011'w| mod reg r/m ]

10010reg

J—

1110010w | port |

[1110110w [ |

[1110011w] port |

11101 11w

11010111

[10001101 mod reg r/m |

‘1100010LL modregr/mj
|11000100[ modregv/mj

10011111

10011110
10011100
10011101

Mnemonics @Intel, 1978
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ARITHMETIC

ADD = Add

Reg/memory with register to either
{mmediate to register / memory

Immediate to accumulator

ADC= Add with carry:
Reg/memory with register to either
tmmediate to register/memory

Immediate to accumulator

INC = Increment:
Register/memory

Register

AAA = ASCIIl 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 with register
Register with register/memory
Immediate with register/memory
Immediate with accumulator
AAS ASCIl adjust for subtract
DAS Decimal adjust for subtract
MUL Mulitiply (unsigned)

IMUL Integer muiltiply (signed):
AAM ASCI! adjust for multiply
DIV Divide (unsigned):

IDIV Integer divide (signed)
AAD ASCH adjust for divide
CBW Convert byte to word

CWD Convert word to double word

INSTRUCTION SET SUMMARY (continued)

76543210 76543210 76543210 76543210
[ooo0000dw [ modregrm |
[100000sw ] mdooorm | data [ datait sw=01 ]

[ooo0o0o010w] data [ dataitw=1 |
|000100dwr modregr/mJ

[1oo0000sw ] modot1owm | data [ datait sw=01 ]
[oo0o01010w ] data [ dataitw=1 |}

[11111 11w ] modooorm |

u01010dw| mod reg r/m ]

[1oooo00sw ] mod1o1mm | data | data if sw=01
[0o010110w] data [ dataitw=1 |
[ooo110dw [ modregrm |

[10o0000sw ]| mdot1ivm | data [ datait sw=o01
[ooo1110w] data | dataitw=1_|
u111111w| mod001r/m]
(111101 1w ] modot11um |

l0011101w] modregr/mJ

[0011100wl modregr/mJ

[1o0000sw | modt11m [ data [ data if sw=o01
[oo11110w] data [ daaitw=1 1}

00111111
00101111

1111011w ] mod100/m

-

1

010100 [oooo01010 |

11011w ] mod101r/m

-

11011w ]| mdi110r/m |

1

1101 1w ([ mod111e/m |

-
-

11010101 00001010 |

10011000
10011001

Mnemonics @Intel, 1978
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INSTRUCTION SET SUMMARY (continued)

LOGIC

76543210 76543210 76543210 76543210
1111011w | mod010r/m

NOT Invert

SHL/SAL Shift logical/arithmetic left 0100vw I mod 1 00 r/m

__,_
-
-

SHR Shift logical right 110100vw I mod 101 r/m

Lol JL I JL JL JL JL ¢

SAR Shift arithmetic right [110100vw ] mod111rm

ROL Rotate left [110100vw ] modoo0owm

ROR Rotate right [110100vw [ modootrm

RCL Rotate through carry flag left ‘ 110100v wLmod 010r/m ‘
RCR Rotate through carry right " [110100vw | modo11wm

AND = And:

Reg/memory and register to either 001000dw | mod reg r/m 1 ‘ ‘
Immediate to register/memory 1000000w | mod 1 0 0 r/m —l data [ data if w=1 ]

Immediate to accumulator Fo 010010w L data —I data if w=1 J

TEST = And function to flags, no result: ‘ : ‘
Register/memory and register I 1000010w | mod reg r/m I

Immediate data and register/memory [1111011w] mdooowm | data | dataitw=1 ]

Immediate data and accumulator [1o010100w ] data | dataitw=1 |

OR=0r: |
Reg/memory and register to either [ 000010dw L mod reg r/m ]

Immediate to register/memory r1 000000 wW ] mod 0 0 1 r/m l data } data if w=1

Immediate to accumulator foooot11ow | data [ cataitw=1 |

XOR = Exclusive or:

Reg/memory and register to either m 1100dw | mod reg r/m —I ‘
Immediate to register/memory [ 1000000 U;mod 110r/m T data I data if w=1 ] }
Immediate to accumulator [oo011010w] data | cataitw=1 ] . ‘

STRING MANIPULATION:

REP = Repeat 11110012z
MOVS = Move byte/word 1010010w
CMPS = Compare byte/word
SCAS = Scan byte/word 10101 11w
LODS = Load byte/wd to AL/AX 1010110w

STOS = Store byte/wd from AL/A 1010101 w

Mnemonics ®Inte!, 1978
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CONTROL TRANSFER

CALL = Call
Direct within segment

indirect within segment

Direct intersegment

indirect intersegment

JMP = Unconditional jump:
Direct within segment
Direct within segment-short
Indirect within segment

Direct intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within segment adding immediate to SP
Intersegment

Intersegment adding immediate to SP

JE/JZ = Jump on equal/zero

JL/INGE = Jump on less/not greater or equal
JLE/JNG = Jump on less or equal/not greater
JB/JNAE = Jump on below/not above or equal
JBE/JNA = Jump on below or equal/not above
JP/JPE = Jump on parity/parity even

JO =Jump on 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

7654

3

210

76543210

INSTRUCTION SET SUMMARY (continued)

76543210

[111

0

000 |

disp-low 4[

disp-high J

[

1

111 ]

mod 0 1 0 r/m ]

[10011010] oftsetlow | offsethigh |
[ seg-low [ seg-high J
(11111111 mdot1vm |
[11101001 [ displow [ disphigh
[11101011] dsp |
[t111 1111 md100wm | .
11101010 |  offsetlow |  offsethigh |
| seg-low l seg-high ]
[T111 1111 ] mod101e/m |}
[11000010 ] data-low | datahigh ]
[11001010] datalow |  datahigh |
[o1110100 ] — disp ]
[ot111100 ]  dsp |
[o1111110] disp |
[o1 110010 ] dsp |
[o1110110 disp i
[o1111010] disp ]
[o1110000] disp ]
[o1111000] disp |
[o1110101 ] disp ]
[o1111101 disp )
IEEEEREEEE| disp ]
[o1110011] disp ]
[o1110111] disp ]
[o1111011] d isp ]
[o1110001] disp ]
[or111001] disp |
[t 100010 ] disp ]
[11100001 ] disp |
[ 11100000 | disp |
11100011 ] disp ]

76543210

Mnemonics ®intel, 1978
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INSTRUCTION SET SUMMARY (continued)

CONTROL TRANSFER (continued)
INT = Interrupt

76543210

76543210 76543210 76543210

Type specified

[11001101

type

Type 3
INTO = Interrupt on overflow

IRET = Interrupt return

PROCESSOR CONTROL

CLC = Clear carry

CMC = Complement carry
STC = Set carry

CLD = Clear direction
STD = Set direction

CLI = Clear interrupt

STI = Set interrupt

HLT = Hait

WAIT = Wait

11001100
11001110

11001111

11111000
11110101
11111001
11111100
11111101
11111010
11111011
11110100

10011011

ESC = Processor Extension Escape

-
-
o
-
-
x
x
x
]
3
o
Q
x
x
x
-
<
3

LOCK = Bus lock prefix

11110000

Footnotes:

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

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

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

if mod =00 then DISP =0, disp-low and disp-high are absent
if mod =01 then DISP = disp-low sign-extended to 16-bits, disp-high is
absent

if mod =10 then DISP = disp-high: disp-low

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

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

if r/m =010 then EA = (BP) + (Sl) + 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 r/m =110 then EA = (BP) + DISP*

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

DISP follows 2nd byte of instruction (before data if required)
*except if mod =00 and r/m = 110 then EA = disp-high: disp-low.

if s;w =01 then 16 bits of immediate data form the operand.

it ssw=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 Z.F Flag.

SEGMENT OVERRIDE PREFIX
[0 01 reg 1 1 0]

REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=10) 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 files as a 16-bit object
use the symbol FLAGS to represent the file:

FLAGS = X:X:X:X:(OF):(DF):(TF):(SF):(ZF):X: (AF):X:(PF):X:(CF)

Mnemonics ©Intel, 1978
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| ]
80286

High-Performance Microprocessor with
Memory Management and Protection

&1
Advanced

Micro
Devices

DISTINCTIVE CHARACTERISTICS

m  High-performance processor (up to 13.3 times ®  High bandwidth bus interface:
IAPX 86 when using the 16 MHz 80286) (16 megabyte/sec)

®m Large address space
—16 megabytes physical m  Range of clock rates
-1 gigabyte virtual memory per task —8 MHz 80286-8

®  Integrated memory management, four-level ~10 MHz 80286-10
memory protection and support for virtual —12 MHz 80286-12
memory and operating systems -16 MHz 80286-16

B Two IAPX 86 upward-compatible operating
modes
—iAPX 86 real address mode
—Protected virtual address mode

GENERAL DESCRIPTION

The 80286 is an advanced, high-performance micropro-
cessor 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 16-MHz 80286 provides up to 13.3 times greater
throughput than the standard 5-MHz 8086. The 80286 in-
cludes memory management capabilities that map up to
2%pytes (one gigabyte) of virtual address space pertask
into 2% bytes (16 megabytes) of physical memory.

BLOCK DIAGRAM

= _— i N
| Address Unit (AU) H r B
Address SL%AH
Physical Latches and Drivers HE, M0
sical -
Aciress Processor 1 PEACK
Adder | Prefetcher Extension 1 PEREQ
Sggmenl | Interface 4 READY, HOLD
ases
Offset I Bus Control %E‘g COD/INTA
Adder Segment | " HLDA
Limit Segment |
Checker |  Sizes > Data Transceivers Dys~Ds
6-Byte l
Prefetch |
| Queue
L : — Jd Bus Unit (BU) |
H = | = J
| ALU * |
= | r =N\ ] l¢—— ReSET
Registers | Control 3 Decoded . S CLK
| ! Instruction Irgé%c‘fl:rn Instruction | v,
i Queue unit(u) | s
| | T | F——' Ve
1 _Execution Unit (EU) H b e e e e 4 14— CAP
NMI BUSY
INTR' "ERROR 03552-1
Publication # 03552 Rev. F  Amendment /0
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GENERAL DESCRIPTION (continued)

The 80286 is upward-compatible with iAPX 86 and 88
software. Using iAPX 86 real address mode, the 80286
is object-code compatible with existing iAPX 86, 88
software.

In protected virtual address mode, the 80286 is source-
code compatible with iAPX 86, 88 software and may
require upgrading to use virtual addresses supported by
the 80286's integrated memory management and pro-

tection mechanism. Both modes operate at full 80286 -

performance and execute a superset of the iAPX 86 and
88 instructions.

The 80286 provides special operations to support the
efficient implementation and execution of operating sys-
tems. 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.

Related AMD Products
Part No. Description
82284 Clock Driver
82C54 Programmable Interval Timer
Am9517A DMA Controller

80286
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CONNECTION DIAGRAMS

Component Pad Views—As viewed from Lcc PC Board Viéws—As viewed from the
underside of component on the PC Board component side of the PC Board
[ 2
- @
2o arl —
34 1 j2: 4] 19] |1
VssEg Au
D, [=] 7
D, 3]
D, E 1
D, E 1
D, [« 1
Dyt 1
o, [& 1] —Aa
D"E 80286 5] Vas
D. Z‘j 8] A
Dy, (a5 71 Az
D [ 3
Dule 51 50
D [as] ] 57
D[] NC
D; 5o NC
Dy {51 BHE
2|5 584 15 1
3&%2%;2;! EEEEQEQE
T8
L Pin No. 1 Mark Pin No. 1 Mark—J
There are no electrical connections on the
bottom of this package
03552-2 03552-3
PGA
® ® e I 35 ®37 39 %41 *43 %45 47 "0 %1
PPOAAOOO® OO O ®3 35 %8 %0 %2 % %45 %0 *50 %53 %52
@@ @ ®= ®32 ®a3 .55.54
@ @ = ®30 ®31 .57 ® 46
= ®28 ®29 ®s0 ® 48
80286 @ : * %27 80286 T % %eo
® @ ®24 ®25 %3 * 62
® @= *22 ®23 %5 " 64
@ ® 0| o2 2 57 * 65
ONONONONCNENT) { ®18 ®19 %16 %14 ®12 "10 ®8 % %4 %2 ®gg
\ Q00000000 |
L Pin No. 1 Mark " 03552-4 ) 03552-5
Pins pointing away from viewer & Pins pointing toward viewer
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PGA (continued)

Bottom View
PREEEEOO®® |n

(ONONONONONONONONONONONRI

®® @O

(ONO)] ®@@|s

(ONO] (ONOA I

(ONO] @O|s

(ONO] (ONOR K

@O © @4

(ONO] [ONOR K

(ONONORONONONONONON NON:

PPOOOOOOO /1
L KJ HGTFETDTCTZBA 03552-6
PIN DESIGNATIONS
(Sorted by pin number) .

Pin Pin Pin Pin Pin Pin
No. Name No. . Name No. Name
1 BHE 24 A7 47 D1
2 NC 25 As 48 Ds
3 NC 26 As 49 D1
4 S1 27 As 50 D-
5 SO 28 Aa 51 Di1s
6 PEACK 29 RESET 52 CAP
7 Az 30 Vee 53 ERROR
8 Az 31 CLK 54 BUSY
9 Vss 32 A2 55 NC
10 Az 33 As 56 NC
11 Ao 34 Ao 57 INTR
12 Ao 35 Vss 58 NC
13 A 36 Do 59 NMI
14 Az 37 Ds 60 Vss
15 Ass 38 D1 61 PEREQ
16 Ais 39 Do 62 Vee
17 A 40 D2 63 READY
18 Az 41 Do 64 HOLD
19 A 42 Ds 65 HLDA
20 An 43 Dut 66 COD/INTA
21 Ao 44 Ds 67 M/IO
22 Asg 45 D12 68 LOCK
23 As 46 Ds
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ORDERING INFORMATION
Commodity Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option (if applicable)

e. Optional Processing

R 80286 -16

d. SPEED OPTION
-16=16 MHz
-12=12.5 MHz
~10=10 MHz
— 8=8 MHz

c. DEVICE NUMBER/DESCRIPTION
80286 :

High-Performance Microprocessor

b. PACKAGE TYPE
R = 68-Pin Ceramic Leadless Chip Carrier
(CA2068)
A = 68-Pin Grid Array (CGX068)
N = 68-Pin Plastic Leaded Chip Carrier
L a TEMPERATURE RANGE (PLOGS)
Blank = Commercial (Tc = 0t0+85° C)

Valid Comblnations

80286-8
80286-10
80286-12

80286-8
R 80286-10

80286-12
80286-16

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult

*The PLCC package is not a valid ordering part number for the the local AMD sales office to confirm availability of
80286. The PLCC package is valid for the 80286 part number. See specific valid combinations, to check on newly re-
the 80L286 data sheet (order #08511D) for ordering information and leased combinations, and to obtain additional
DC and AC parametrics. data on AMD’s standard military grade products.
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PIN DESCRIPTION

 CLK
System Clock (Input; Active HIGH)

System Clock provides the fundamental timing for 80286
systems. ltis 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
LOW-to-HIGH transition on the RESET input.

Do—-D1s

Data Bus (Input/Output; Active HIGH)

Data Bus inputs data during memory, 1/O, and interrupt
acknowledge read cycles; outputs data during memory
and 1/0 write cycles. The data bus is active HIGH and
floats to three-state OFF during bus hold acknowledge.

Az—Ao
Address Bus (Output; Active HIGH)

Address Bus outputs physical memory and I/0O port ad-
dresses. Ao is LOW when data is to be transferred on
pins D7-o. A2a~A1s are LOW during /O transfers. The
address bus is active HIGH and floats to three-state OFF
during bus hold acknowledge.

BHE
Bus High Enable (Output; Active LOW)

Bus High Enable indicates transfer of data on the upper
byte of the data bus Dis-s. Eight-bit oriented devices
assigned to the upper byte of the data bus would nor-
mally use BHE to condition chip select functions. BHE is
active LOWand floats to three-state OFF during bus hold
acknow!-

80286 Bus Cycle Status Definition

2
)
£
ol
[72]
—
)
[=]

S0 Bus Cycle Status Definition

o
=
[e]
=2

Interrupt acknowledge
Reserved

Reserved

None; not a status cycle
If A,=1 then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Reserved

/O Read

11O Write

None; not a status cycle
Reserved

Memory instruction read
Reserved

None; not a status cycle

(HIGH)

LA A B S Em,aLa 0000000
I e R = = N = R R ey W Y o o)
_- a0 00 —=- 200 ~—400
0= 0—-20—=40—=-0—=-0—-0—=+0

M/10
Memory/i0 Select (Output)

Memory/IO Select distinguishes memory access from
IO access. If HIGH during Ts, a memory cycle or a
halt/shutdown cycle is in progress. If LOW, an I/O cycle
or an interrupt acknowledge cycle is in progress. M/IO
floats to three-state OFF during bus hold acknowledge.

COD/INTA

Code/Interrupt Acknowledge (Output)
Code/Interrupt Acknowledge distinguishes instruction
fetch cycles from memory data read cycles. Also distin-
guishes interrupt acknowledge cycles from I/O cycles.
COD/INTA floats to three-state OFF during bus hold ac-

edge.
BHE and A, Encodings
BHE A, '
Value Value Function knowledge.
0 Word transfer LOCK

0
0 1 Byte transfer on upper half of data bus (D,s )
1 0 Byte transfer on lower half of data bus (D)
1 1 Reserved

S1, SO

Bus Cycle Status (Output; Active LOW) 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 Ts state whenever one or both are LOW. ST
and SO are active LOW and float to three-state OFF
during bus hold acknowledge.

Bus Lock (Output; Active LOW)

Bus Lock indicates that other system bus masters are not
to gain control of the system bus following the current
bus cycle. The LOCK signal may be activated explicitly
by the “LOCK” instruction prefix or automatically by
80286 hardware during memory XCHG instructions, in-
terrupt acknowledge, or descriptor table access. LOCK
is active LOW and floats to three-state OFF during hold
acknowledge.

80286
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PIN DESCRIPTION (continued)

READY
" Bus Ready (Input; Active LOW)

Bus Ready terminates a bus cycle. Bus cycles are ex-
tended without limit until terminated by READY LOW.
READY is an active LOW synchronous input requiring
set-up and hold times relative to the system clock be met
for correct operation. READY is ignored during bus hold
acknowledge.

HOLD, HLDA
Bus Hold Request and Hold Acknowledge
(Input/Output; Active HIGH)

Bus Hold Request and Hold Acknowledge control owner-
ship of 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 three-state OFF and then active 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 de-
activating 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 (Input; Active HIGH)
Interrupt Request requests the 80286 to suspend its cur-

rent 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 inter-
rupt 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 sensi-
tive, active HIGH, and may be asynchronous to the sys-
tem clock.

NMI
Non-maskable Interrupt Request
(Input; Active HIGH)

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
NMI input is active HIGH, may be asynchronous to the
system clock, and is edge triggered after internal syn-
chronization. For proper recognition, the input must have
been previously LOW for at least four system clock cy-
cles and remain HIGH for at least four system clock
cycles.

PEREQ, PEACK

Processor Extension Operand Request and
Acknowledge (Input/Output)

Processor Extension Operand Request and Acknowl-
edge extended the memory management and protection
capabilities of the 80286 to processor extensions. The
PEREQ input requests the 80286 to perform a data oper-
and transfer for a processor extension. The PEACK out-
put signals the processor extension when the requested
operand is being transferred. PEREQis active HIGH and
may be asynchronous to the system clock. PEACK is
active LOW.

BUSY, ERROR

Processor Extension Busy and Error

(Input/Input, Active Low)

Processor Extension Busy and Error indicate the operat-
ing 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 instruc-
tions. These inputs are active LOW and may be asyn-
chronous to the system clock.

RESET

System Reset (Input; Active HIGH)

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) S0, §7, PEACK, A,—A,, BHE, LOCK
0 (LOW) MO, COD/INTA, HLDA
Three-state OFF DD, - .

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. Ap-
proximately 50 system clock cycles are required by the
80286 for internal initializations before the first bus cycle
to fetch code from the power-on execution address is
performed.
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PIN DESCRIPTION (continued)

A LOW-to-HIGH transition of RESET synchronous to the
system clock will begin a new processorcycle at the next
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 systemperiod. Synchronous LOW-
to-HIGH transitions of RESET are only required for sys-
tems where the processor clock must be phase synchro-
nous to another clock.

Vss

System Ground (Input; Active HIGH)
System Ground: 0 volts.

Vee

System Power (Input; Active HIGH)
System Power: +5 volt power supply.

CAP
Substrate Filter Capacitor (Input; Active High)

A 0.047 pF +20% 12 V capacitor must be connected
between this pin and ground. This capacitor filters the
output of the internal substrate bias generator. A maxi-
mum 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 charge-up time is 5 milliseconds
(max.) after Vecand CLK reach their specified AC and
DC parameters. RESET may be applied to prevent spuri-
ous activity by the CPU during this time. After this time,
the 80286 processor clock can be phase synchronized to
another clock by pulsing RESET LOW synchronous to

 the system clock.

80286
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FUNCTIONAL DESCRIPTION
Introduction

The 80286 is an advanced, high-performance micropro-
cessor with specially optimized capabilities for multiple
user and multi-tasking systems. Depending on the appli-
cation, the 80286’s performance is up to 13.3 times
faster than the standard 5-MHz 8086’s, while providing
complete upward software compatibility with AMD’s
iAPX 86, 88, and 186 family of CPUs.

The 80286 operates intwo modes: IAPX 86 real address
mode and protected virtual address mode. Both modes
execute a superset of the iAPX 86 and 88 instruction set.

In IAPX 86 real address mode programs use real ad-
dresses with up to one megabyte of address space. Pro-
grams use virtual addresses in protected virtual address
mode, also called protected mode. In protected mode,
the 80286 CPU automatically maps 1 gigabyte of virtual
addresses per task into a 16-megabyte real address
space. This mode also provides memory protection to
isolate the operating system and ensure privacy of each
task’s programs and data. Both modes provide the same
base instruction set, registers, and addressing modes.

The following pages describe first, the base 80286 archi-
tecture common to both modes; second, iAPX 86 real
address mode; and third, protected mode.

80286 Base Architecture

TheiAPX 86, 88, 186, and 286 CPU family all containthe
same basic set of registers, instructions, and addressing

modes. The 80286 processor is upward-compatible with
the 8086, 8088, and 80186 CPUs.

Register Set

The 80286 base architecture has fifteen registers as
shown in Figure 1. These registers are grouped into the
following four categories:

General Registers: Eight 16-bit general purpose regis-
ters used to contain arithmetic and logical operands.
Four of these (AX, BX, CX, and DX) canbe used eitherin
their entirety as 16-bit words or splitinto pairs of separate
8-bit registers.

Segment Registers: Four 16-bit special purpose regis-
ters select, at any given time, the segments of memory
that are immediately addressable for code, stack, and
data. (For usage, refer to Memory Organization.)

Base and Index Reglsters: Four of the general purpose
registers may also be used to determine offset ad-
dresses of operands in memory. These registers may
containbase addresses orindexes to particular locations
within a segment. The addressing mode determines the
specific registers used for operand address calculations.

Status and Control Reglsters: Three 16-bit special
purpose registers record or control certain aspects of the
80286 processor state. These include the Instruction
Pointer, which contains the offset address of the next
sequential instruction to be executed.

16-Bit Special
Register Register
Name Function 15 0
Bt 07 0 Cs Code Segment Selector
] . -
A(yidressable AX| AH AL Muttiply/Divide bs Data Segment Selector
ks-Bit Register | DX | DH DL VO Instructions ss Stack Segment Selector
Sﬁ?;:) CX| cH CL__ |} Loop/Shift Repeat Count ES Extra Segment Selector
BX i
o BH BL } Base Registers Segment Registers
sl 15 0
bl } Index Registers F Flags
SP Stack Pointer P Instruction Pointer
15 0 MSW Machine Status Word
General Registers

Status and Control Registers
03552-7

Figure 1. Register Set
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Status Flags:

Carry
Parity
Aucxiliary Carry
Zero
Sign
Overflow .
15 14 13 12 11 10 9 8 7 4 3 2 1 0
T
Flags: 10PL OF | DF [ IF | TF | SF
Control Flags: |
Trap Flag |
Interrupt Enable
Direction Flag
Special Fields:
/O Privilege Level
- Nested Task Flag
15 _ ' 3 2 1 0
EM | MP| PE
Task Switch —]
Reserved Processor Extension Emulated ————-—
Monitor Processor Extension
Protection Enable
03552-8 |

Figure 2. Status and Control Register Bit Functions
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Flags Word Description

The Flags word (Flags) records specific characteristics
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 1.

Table 1. Flags Word Bit Functions

Bit

Posltion Name Function

[} CF'  Carry Flag—Set on high-order bit carry or

borrow; cleared otherwise

Parity Flag—Set if low-order 8 bits of re-
sult contain an even number of 1 bits;
cleared otherwise

Set on carry-from or borrow-to the low-or-
der four bits of AL; cleared otherwise

Zero Flag—Set if result is zero; cleared
otherwise

Sign Flag—Saet equal to high-order bit of
result (0 if positive, 1 if negative)
Overflow Flag—Set if result is a too-large
positive number or a too-small negative
number (excluding sign-bit) to fit in desti-
nation operand; cleared otherwise

Single Step Flag—Once set, a single step
interrupt occurs after the next instruction
executes. TF is cleared by the single step
interrupt

Interrupt-Enable Flag—When set, mask-
able interrupts will cause the CPUtotrans-
fer control to an interrupt vector specified
location '

Direction Flag—Causes string instruc-
tions to auto-decrement the appropriate
index registers when set. Clearing DF
causes auto increment.

2 PF

4 AF
6 ZF
7 SF

11 " OF

10 DF

Instruction Set

The instruction set is divided into seven categories: data
transfer, arithmetic, shift/rotate/logical, string manipula-
tion, program transfer, high-level instructions, and proc-
essor control. These categories are summarized in Fig-
ures 3-9.

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 instruc-
tions (e.g., NOP and HLT) are usually one byte long.
One-operand instructions (e.g., INC and DEC) are usu-
ally two bytes long, but some are encoded in only one
byte. One-operand instructions may reference a register
ormemory location. Two-operandinstructions permit the
following six types of instruction operations:

Register to Register

Memory to Register

Immaediate to Register

Memory to Memory

Register to Memory

Immediate to Memory
Two-operand instructions (e.g., MOV and ADD) are usu-
ally three to six bytes long. Memory to memory opera-
tions are provided by a special class of string instructions
requiring one to three bytes. For detailed instruction for-
mats and encodings, refer to the instruction set summary
at the end of this document.

1-76

80286



General Purpose MOvSs Move byte or word string

INS Input bytes or word string
MOV Move byte or word OuTS Output bytes or word string
PUSH Push word onto stack CMPS Compare byte or word string
POP Pop word off stack SCAS Scan byte or word string
PUSHA Push all registers on stack LODS Load byte or word string
POPA Pop all registers from stack STOS Store byte or word string
XCHG Exchange byte or word ‘ REP Repeat
XLAT Translate byte : REPE/REPZ  Repeat while equalizero
REPNE/REPNZ Repeat while not equal/not zero
Input/Output
Figure 5. String Instructions
IN Input byte or word
ouT Output byte or word
Address Object Logicals
; NOT “Not" byte or word
LEA . Load effective address A
LDS Load pointer using DS g"FJ{D “f:l'::?us?\y;eo‘:'[ I‘;vytotrador word
S Load point ing ES
LE oad pointer using XOR “Exclusive or” byte or word
Flag Transfer TEST “Test” byte or word
LAHF .Load AH register from flags Shifts
SAHF - Store AH register in flags
PUSHF Push flags onto stack SHUSAL Shift logical/arithmetic left byte or word
POPF Pop flags off stack SHR Shift logical right byte or word
SAR Shift ari ic ri
Figure 3. Data Transfer Instructions arithmetic right byte or word n
Rotates
ROL Rotate left byte or word
Addition ROR Rotate right byte or word
ADD Add byte or word RCL Rotate through carry left byte or word
ADC " Add byte or word with carry RCR Rotate through carry right byte or word
INC Increment byte or word by 1 Figure 6. Shift/Rotate/Logical
AAA ASClI 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 ASCII adjust for subtraction

DAS Decimal adjust for subtraction

Muitiplication

MUL Multiply byte or word unsigned

IMUL Integer multiply byte or word

AAM ASCII adjust for multiply
Division

DIV " Divide byte or word unsigned

DIV Integer divide byte or word

AAD ASCII adjust for division

CBW Convert byte to word

CWD Convert word to double word

Figure 4. Arithmetic Instructions
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Conditional Transfers

Unconditional Transfers

JAZUNBE Jump if above/not below nor equal CALL Call procedure
JAE/INB Jump if above or equal/not below RET Return from procedure -
JBANAE Jump if below/not above nor equal JMP Jump
JBE/UNA Jump if below or equal/not above
JC Jump if carry Iteration Controls
JENZ Jump if equal/zero
JGANLE Jump if greater/not less nor equal LOOP Loop
JGE/NL Jump if greater or equal/not less LOOPE/NLOOPZ Loop if equal/zero
JUINGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLEANG Jump if less or equal/not greater JCXZ Jump if register CX=0
JNC Jump if not carry
JNEANZ Jump if not equal/not zero Interrupts
JNO Jump if not overflow
JNPAUPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overtiow IRET Interrupt return
JPAPE Jump if parity/parity even
JS Jump if sign
Figure 7. Program Transfer Instructions
Flag Operations 16-bit segment selector and a 16-bit offset. The segment
sTC Set carry flag selector indicates tpe Qesired segme_nt in memory. The
cLC Clear cany flag offset component indicates the desired byte address
CMC Complement carry flag within the segment.
2[3 gfg;';eifég?oﬂz}?ag All instructions that address operands in memory must
STI Set interrupt enable flag specify the segment and the offset. For speed and com-
CLI Clear interrupt enable flag pactinstruction encoding, segment selectors are usually
stored in the high speed segment registers. An instruc-
External Synchronization tion need specify only the desired segment register and
an offset to address a memory operand.
HLT Halt until interrupt or reset ’ :
WAIT Wait for BUSY not active Most instructions need not explicitly specify which seg-
ESC Escape to extension processor ment register is used. The correct segment register is
LOCK Lock bus during next instruction automatically chosen according 1o the rules of Table 2.
: These rules follow the way programs are written (see
No Operation Figure 11) as independent modules that require areas
NOP No operation for code and data, a stack, and access to external data

Execution Environment Control

areas.

LMSW
SMSW

Load machine status word .
Store machine status word

Figure 8. Processor Control Insﬁ'uctions

ENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit
BOUND Detects values outside prescribed range

Figure 9. High-Level Instructions

Memory Organization

Memory is organized as sets of variable length seg-
ments. Each segment is a linear contiguous sequence of
up to 64K(2'%) 8-bit bytes. Memory is addressed using a
two-component address (a pointer) that consists of a

> >
Pointer
P
Segment Offset
‘31 161 15 0: -
& Operand Selected
I Selected Segment
3>
>
-~ ~
¥  Memory ™~
03552-9

Figure 10. Two-Combonent Address
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Table 2. Segment Register Selection Rules

Memory Segment

Reference  Reglster Implicit Segment

Needed Used Selection Rule

Instructions Code (CS)  Automatic with instruction
prefetch

Stack Stack (S8S)  All stack pushes and pops.
Any memory reference which
uses BP as a base register.

Local Data Data(DS)  All data references except
when relative to stack or
string destination.

External Extra (ES)  Alternate data segment and

(Global) Data destination of string operation.

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
that do not reside in one of the fourimmediately available
segments, either a full 32-bit pointer can be used or a
new segment selector must be loaded.

[l "
Code
Module A Data
1] ]
1 1
. ]
Code CPU
Module B =1 | core
; oo Data
Process Stack
Stack
Extra
' ' Segment
' ! Registers
Process
Data
Block 1
t 1
L] L]
Process
Data
Block 2
P, H 03552-10
Memory

Figure 11. Segmented Memory Helps Structure Software

Addressing Modes

The 80286 provides a total of eight addressing modes for
instructions to specify operands. Two addressing modes
are provided for instructions that operate on register or
immediate operands:

Register Operand Mode: The operand is located in one
of the 8- or 16-bit general registers.

Immediate Operand Mode: The operand is included 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: segment
selector and offset. The segment selector is supplied by
a segment register either implicitly chosen by the ad-
dressing mode or explicitly chosen by a segment over-
ride prefix. The offset is calculated by summing any com-
bination of the following three address elements:

the displacement (an 8- or 16-bitimmediate value con-
tained in the instruction)

the base (contents of eitherthe BX or BP base registers)
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 define
the six memory addressing modes here described:

Direct Mode: The operand’s offset is contained in the
instruction as an 8- or 16-bit displacement element.

Register Indirect Mode: The operand’s offset is in one
of the registers Sl, D1, BX, or BP.

Based Mode: The operand’s offset is the sumof an 8- or
16-bit displacement and the contents of a base register
(BX or BP).

Indexed Mode: The operand's offset is the sum of an 8-
or 16-bit displacement and the contents of an index reg-
ister (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
operand’s offset is the sum of abase register's contents,
an index register's contents, and an 8- or 16-bit dis-
placement.

80286
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Data Types

BCD: Abyte (unpacked) representation of the
The 80286 directly supports the following data types: decimal digits 0-9.
Integer: A signed binary numeric value con- Packed BCD: A byle (pqu ed) repres.entatlon 0.' }w_o
. N ; . decimal digits 0-9 storing one digit in
tained in an 8-bit byte or a 16-bit word. "
- . each nibble of the byte.
All operations assume a two's comple-
ment representation. Signed 32- and  Floating Point: A signed 32-, 64-, or 80-bit real number
64-bit integers are supported using the representation. (Floating point oper-
80287 Numeric Data Processor. ands dre supported using the iAPX 287
Ordinal: An unsigned binary numeric value con- Numeric Processor configuration.)
tained in an 8-bit byte or 16-bit word. .Figure 12 graphically represents the data types sup-
Pointer: A 32-bit quantity, composed of a seg- ported by the 80286.
ment selector component and an offset  |/O Space
Sv%r'%ponem. Each comp onenj isa16-bit The /O space consists of 64K 8-bit or 32K 16-bit ports.
' I/Q instructions address the I/O space with either an 8-bit
String: A contiguous sequence of bytes or  port address, specified in the instruction, or a 16-bit port
words. A string may contain from 1 byte  address in the DX register. Eight-bit port addresses are
to 64K bytes. zero extended such that Ais—As are LOW. I/O port ad-
. F8(H) th h 00FF(H) are reserved.
ASCII: A byte representation of alphanumeric dresses 00F8(H) through 00FF(H)
and control characters using the ASCII
standard of character representation.
Interrupts

An interrupt transfers execution to a new program loca-
tion. The old program address (CS:IP) and machine
state (Flags) are saved on the stack to allow resumption
of the .interrupted program. Interrupts fall into three
classes: hardware initiated, INT instructions, and in-
struction exceptions. Hardware initiated interrupts occur
in response to an external input and are classified as
non-maskable or maskable. Programs may cause an
interrupt with an INT instruction. Instruction exceptions
occurwhen an unusual condition, which prevents further
instruction processing, is detected while attempting to
execute an instruction. The return address from an ex-
ception will always point at the instruction causing the
exception and include any leading instruction prefixes.

A table containing up to 256 pointers defines the proper
interrupt service routine for each interrupt. Interrupts
0-31, some of which are used for instruction 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 inter-
nally. INT instructions contain or imply the vector and
allow access to ali 256 interrupts. Maskable hardware-
initiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence. Non-
maskable hardware interrupts use a predefined inter-
nally supplied vector.

Maskable Interrupt (INTR)

The 80286 provides a maskable hardware interrupt re-
quest pin, INTR. Software enables this input by setting
the interrupt flag bit (IF) in the flag word. All 224 user-de-
fined interrupt sources can share this input, yet they can
retain separate interrupt handlers. An 8-bit vector read
by the CPU during the interrupt acknowledge sequence

(discussed in the System Interface section) identifies the
source of the interrupt.

Further maskable interrupts are disabled while servicing
aninterrupt 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 processor prior to the
interrupt. Until the flag word is restored to the flag regis-
ter, the interrupt flag will be zero unless specifically set.
The interrupt returninstructionincludes restoring the flag
word, thereby restoring the original status of IF.

Non-Maskable Interrupt Request (NMI)

A non-maskable interrupt input (NMI) is also provided.
NMI has higher priority than INTR. A typical use of NMI
would be to activate a power failure routine. The activa-
tion of this input causes an interrupt with an internally
supplied vector value of 2. No externalinterrupt acknowl-
edge sequence is performed.

While executing the NMI servicing procedure, the 80286

" will not service further NMI requests, INTR requests, or

the processor extension segment overrun interrupt until
an interrupt return ({RET) instruction is executed or the
CPU is reset. If NMI occurs while currently servicing an
NMI, its presence will be saved for servicing after execut-
ing the first IRET instruction. IF is cleared at the begin-
ning of an NMI interrupt to inhibit INTR interrupts.

Single Step Interrupt

The 80286 has aninternalinterrupt that allows programs
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 afterthe next instruction
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Figure 12. 80286 Supported Data Types

*Supported by iAPX 286/287 Numeric Data Processor Configuration 0355211

80286 1-81



Table 3. Interrupt Vector Assignments

Return Address

Interrupt Related Beforae Instruction
Function Number Instructions Causing Exception?
Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMI interrupt 2 All
Breakpoint interrupt 3 INT.
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
Reserved 8-15
Processor extension error input ) 16 ESC or WAIT
Reserved 17-31
User-defined 32-255

Table 4. Interrupt Processing Order

Table 5. 80286 Initial Register State after RESET

Order Interrupt Flag word 0002(H)
Machine Status Word FFFO{H)

1 INT instruction or exception Instruction pointer FFEFO(H)

2 Single step Code segment FOOO(H)

3 NMI Data segment 0000(H)

4 Processor extension segment overrun Extra segment 0000(H)

5 INTR Stack segment 0000(H)

has been executed. The interrupt clears the TF bit and
uses aninternally supplied vector of 1. The IRET instruc-
tion is used to set the TF bit and transfer control to the
next instruction to be single stepped.

Interrupt Priorities

When simultaneous interrupt requests occur, they are
processed in a fixed order as shown in Table 4. Interrupt
processing involves saving the flags, return address, and
setting CS:IP to point at the first instruction of the inter-
rupt handler. If other interrupts remain enabled, they are
processed before the first instruction of the current inter-
rupt handler is executed. The last interrupt processed is
therefore the first one serviced.

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 inactive 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 values as shown in Table 5.

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 6,
control the processor extension interface. After RESET,
this register contains FFFO(H) which places the 80286 in
iAPX 86 real address mode.

The LMSW and SMSW instructions can load and store
the MSW in real address mode. The recommended use
of TS, EM, and MP is shown in Table 7.

Table 6. MSW Bit Functions

Bit

Position | Name | Function

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.

1 MP
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Table 7. Recommended MSW Encodings For Processor Extension Control

Instructions
TS| MP|EM Recommended Use Causing
Exception

0 0 0 | iAPX 86 real address mode only. Initial encoding after RESET. 80286 operation is None
identical to iAPX 86, 88.

0 0 1 | No processor extension is available. Software will emulate 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.

(o} 1 0 | A processor extension exists. None

1 1 0 | A processor extension exists. The current processor extension context may belongto | ESC or WAIT
another task. The exception on WAIT allows software to test for an error
pending from a previous processor extension operation.

Halt Reserved Memory Locations

The HLT instruction stops program execution and pre-
vents the CPU from using the local bus until restarted.
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.

iAPX 286 Real Address Mode

The 80286 executes a fully upward-compatible superset
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 archi-
tecture (registers and addressing modes) is exactly as
described in the 80286 Base Architecture section.

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one megabyte) addressed by pins Ao
through Assand BHE. Az through Azs are ignored.

Memory Addressing

In real address mode the processor generates 20-bit
physical addresses directly from a 20-bit segment base
address and a 16-bit offset.

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. Seg-
ment addresses, therefore, begin on multiples of 16
bytes. See Figure 13 for a graphic representation of ad-
dress formation.

All segments in real address mode are 64 kbytes in size
and may be read, written, or executed. An exception or
interrupt can occur if data operands or instructions at-
tempt to wrap around the end of a segment (e.g., a word
withitslow orderbyte at offset FFFF(H) andits high order
byte at offset 0000(H)). If, in real address mode, the
information contained in a segment does not use the full
64 kbytes, the unused end of the segment may be over-
laid by another segment to reduce physical memory re-
quirements.

The 80286 reserves two fixed areas of memory in real
address mode (see Figure 1): system initialization area
and interrupt table area. Locations from addresses
FFFFO(H) through FFFFF(H) are reserved for system
initialization. Initial execution begins at location FFFFQ
(H). Locations 00000(H) through 003FF(H) are reserved
for interrupt vectors.

15 0

Offset
Address

Segment

Segment 0000 Address

N J

4 N\
9 0

20-Bit Physical
Memory Address

03552-12
Figure 13. IAPX 86 Real Address Mode
Address Calculation
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Reset Bootstrap FFFFFH
Program Jump
R HRFFFFOH
" 3FFH
Interrupt Pointer v
for Vector 255 3FOH
n . R
- 7H
Interrupt Pointer
for Vector 1 4H
Interrupt Pointer 3H
for Vector-0
OH
03552-13

Figure 14. 1APX 86 Real Address Mode Initially
Reserved Memory Locations

Table 8. Real Address Mode Addressing Interrupts

. Interrupt Related Return Address
Function Number Instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector is not within table limit Yes
Processor extension segment overrun interrupt 9 ESC with memory operand extending No
beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with Yes

offset = FFFF(H) or an attempt to
execute past the end of a segment

Interrupts

Table 8 shows the interrupt vectors reserved for excep-
tions and interrupts which indicate an addressing error.
The exceptions leave the CPU in the state existing be-
fore attempting to execute the failing instruction (except
for PUSH, POP, PUSHA, or POPA). Refer to the next
section on protected mode initialization for a discussion
on exception 8.

Protected Mode Initialization

To prepare the 80286 for protected mode, the LIDT in-
struction 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
iAPX 86, 88 software. LIDT should only be executed in
preparation for the protected mode.

Shutdown

Shutdown occurs when a severe eror is detected that
prevents further instruction processing by the CPU.
Shutdown and halt are externally signaled via a halt bus

operation. They can be distinguished by A1 HIGH for halt
and A1 LOW for shutdown. In real address mode, shut-
down can occur under two conditions:

o Exceptions 8 or 13 happen and the IDT limit does not
include the interrupt vector.

e A CALL, INT, or POP 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 exited via the
RESET input.

Protected Virtual Address Mode

The 80286 executes a fully upward-compatible superset
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 80286 enters protected virtual address mode from
real address mode by setting the PE (Protection Enable)
bit of the machine status word with the Load Machine
Status Word (LMSW) instruction. Protected mode offers
extended physical and virtual memory address space,
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memory protection mechanisms, and new operations to
support operating systems and virtual memory.

All registers, instructions, and addressing modes de-
scribed in the 80286 Base Architecture section remain
the same. Programs for the iAPX 86, 88, 186, and real
address mode 80286 can be run in protected mode;
however, embedded constants for segment selectors
are different.

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 address pin
Az—-Ao 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 restartable exception.

Memory Addressing

As in real address mode, protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset compo-
nents. The selector, however, specifies an index into a
memory resident table rather than the upper 16 bits of a
real memory address.

The 24-bit base address of the desired segment is ob-
tained from the tables in memory. The 16-bit offset is
added to the segment base address to form the physical
address as shown in Figure 15. The tables are automati-
cally referenced by the CPU whenever a segment regis-
ter is loaded with a selector. All 80286 instructions which
load a segment register will reference the memory-
based tables without additional software. The memory-
based tables contain 8-byte values called descriptors.

CPU

31 1615 0
Pointer | Selector | Offset
I Physical Memory
[ A
N
. Memory > Segment
Physical d
Address Operan
Adder J
3
Segment Base ment Segment
Address - Dsfsgmpwr ’?:;gipwr
23 0 [}
’
= R o3552-14

Figure 15. Protected Mode Memory Addressing

Descriptors

Descriptors define the use of memory. Special types of
descriptors also define new functions for transfer of con-
trol and task switching. The 80286 has segment desctip-
tors for code, stack and data segments, and system
control descriptors for special system data segments
and control transfer operations. Descriptor accesses are
performed as locked bus operations to assure descriptor -
integrity in multi-processor systems.

Code and Data Segment Descriptors
(S=1)

Besides segment base addresses, code and data de-
scriptors contain other segment attributes, including
segment size (1 to 64 kbytes), access rights (read-only,
read/write, execute-only, and execute/read), and pres-
ence in memory (for vitual memory systems) (see Fig-
ure 16). Any segment usage violating a segment attrib-
ute indicate by the segment descriptor will prevent the
memory cycle and cause an exception or interrupt.

7 07 0
I
+7 Reserved*® +8
Access +5) P]DPL|S| Type | A Basez ¢ +4
Rights Byte 1 11
43 Baseim +2
+1 Umi!l‘u 0
15 8 7 0
03552-15

*Must be set to 0 for compatibility with iIAPX 386.

Code and data are stored in two types of segments: code
segments and data segments. Both types are identified
and defined by segment descriptors. Code segments are
identified by the executable (E) bit set to 1 inthe descrip-
tor access rights byte. The access rights byte of both
code and data segment descriptor types have three
fields.in common: present (P) bit, Descriptor Privilege
Level (DPL), and accessed (A) bit. I P = 0, any attempted
use of this segment will cause a not-present exception.
DPL specifies the privilege level of the segment descrip-
tor. DPL controls when the descriptor may be used by a
task (refer to privilege discussion). 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 accessing 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 segments may not be writ-
ten into. Data segments may grow in two directions, as
determined by the Expansion Direction (ED) bit: up-
wards (ED = 0) for data segments, and downwards (ED =
1) for a segment containing a stack. The limit field for a

80286
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Access Rights Byte Definition

Bit .
Position Name Function
7 Present (P) P=1 Segment is mapped into physical memory.
P=0 No mapping to physical memory exists; base and limit are
not used. Segment privilege attribute used in privilege tests.
6-5 Descriptor Privilege
Level (DPL)
4 Segment Descriptor (S) S=1 Code or Data segment descriptor
S=0 Non-segment descriptor
3 Executable (E) E=0 Data segment descriptor type is:
2 Expansion Direction ED=0 Grow up segment, offsets must be <limit. T
(ED) ED=1 Grow down segment, offsets must be>limit. | __ Data
1 Writable (W) W=0 Data segment may not be written into. Segment
W=1 Data segment may be written into.
Type ]
Field 3 Executable (E) E=1 Code Segment Descriptor type is:
Definition 2 Conforming (C) C=1 Code segment may only be executed when ]
. CPL>DPL. Code
1 Readable (R) R=0 Code segment may not be read. ™ Segment
R=1 Code segment may be read.
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 16. Code and Data Segment Descriptors

data segment descriptor is interpreted differently de-
pending on the ED bit (see Figure 16).

A code segment (S = 1, E = 1) may be execute-only or
execute/read as determined by the Readable (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 attribute called Conforming
(C). A conforming code segment may be shared by pro-
grams that execute at different privilege levels. The DPL
of a conforming code segment defines the range of privi-
lege levels at which the segment may be executed (refer
to privilege discussion). '

System Segment Descriptors
(S=0, Type 1-3)

In addition to code and data segment descriptors, the
protected mode 80286 defines system segment descrip-
tors. These descriptors define special system data seg-
ments which contain a table of descriptors (Local
Descriptor Table Descriptor) or segments which contain
the execution state of a task (Task State Segment
Descriptor).

Figure 17 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 limit. 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 seg-
mentis not valid. The DPL field is only used in Task State
Segment descriptors and indicates the privilege level at
which the descriptor may be used (see Privilege). Since
the Local Descriptor Table descriptor may only be used
by a special 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 17.
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System Segment Descriptor

Q7 0

+7 Reserved* +6

+5| P|OPL [0]| Type Base;;. +4

111
+3 Basesq +2
|

+1 Limitl.u 0

15 8 7 )

*Must be set to 0 for compatibility with iIAPX 386.
03552-16

System Segment Descriptor Fields

Name Value Descrliption
Type 1 Available Task State Segment
2 Local Descriptor Table Descriptor
3  Busy Task State Segment
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 segment in real memory
Limit 16-bit  Offset of last byte in segment
number

Figure 17. System Segment Format

Gate Descriptors
(S=0, Type =4-7)

Gates are used to control access to entry points within
the target code segment. The gate descriptors are call
gates, task gates, interrupt gates and trap gates. Gates
provide a level of indirection between the source and
destination of the control transfer. This indirection allows
the CPU to automatically perform protection checks and
control the 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 gates does not.

Figure 18 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 descrip-

tor. These gate descriptors contain the entry point to
prevent a program from constructing and using anillegal
entry point. Task gates may only refer to a task state
segment. Since task gates invoke a task switch, the des-
tination offset 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 descrip-
tor 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.

Gate Descriptor

7 07 0
I
+7 Reserved* +6
ss|plorco| Tye |x x x| Hed o
ount «o
! 111 1 1
43 Destination Selector s, X X| 42
) 1 |
o Destination Offset 155 . o
|
15 8 7 [}

03552-17
*Must be set to 0 for compatibility with iAPX 386.

Gate Descriptor Fields

Name Value Description
Type 4 ~Call Gate
5 —Task Gate
6 ~Interrupt Gate
7 ~Trap Gate
P 0 ~Descriptor Contents are not valid
~Descriptor Contents are valid
DPL 0-3  Descriptor Privilege Level
Word 0-31 Number of words to copy from
Count callers stack to called procedures
stack. Only used with call gate.
Destination 16-bit  Selector to the target code segment
Selector selector (Call, Interrupt or Trap Gate)
Selector to the target task state
segment (Task Gate)
Destination 16-bit  Entry point within the target
Offset offset code segment

Figure 18. Gate Descriptor Format
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The access byte format is the same for all gate descrip-
tors. P=1indicates that the gate contents are valid. P=0
indicates the contents are not valid and causes excep-
tion 11 if referenced. DPL is the Descriptor Privilege
Level and specifies when this descriptor may be used by
atask (refer to privilege discussion). Bit 4 must equal 0 to

and selector privilege (RPL), as shown in Figure 19.
These fields select one of two memory-based tables of
descriptors, select the appropriate table entry, and allow
high-speed testing of the selector’s privilege attribute
(refer to privilege discussion).

indicate a system control descriptor. The Type field Selector
specifies the descriptor type as indicated in Figure 18. Index -:- PRL
Segment Descriptor Cache Registers T SR
A segment descriptor cache register is assigned to each
of the four segment registers (CS, SS, DS, ES). Segment  gus  Name Function
descriptors are automatically loaded (cached) into a seg-
ment descriptor cache register (Figure 20) wheneverthe 1-0  Requested Indicates Selector Privilege
associated segment register is loaded with a selector. Privilege Level (RPL) Level Desired
Only segment descriptors may be loaded into segment 2 Table T1=0 Use Global
descriptor cache registers. Once loaded, all references Indicator (T1) Descriptor Table
to that segment of memory use the cached descriptor (GDT) )
information instead of reaccessing memory. The de- Tl=1 Use Local Descriptor
scriptor cache registers are not visible to programs. No Table (LDT)
instructions exist to store their contents. They only 15-3 Index Select Descriptor Entry in
change when a segment register is loaded. Table
Selector Fields Figure 19. Selector Fields
A protected mode selector has three fields: descriptor
entry index, local or global descriptor table indicator (T1),
'PROGRAM VISIBLE '_‘;c_es‘s‘““'ﬁ'pﬁ)‘e'ﬁ?mmm§s‘|_'€ """"" H
Segment Selectors Rights Segment Base Address ~ Segment Size

cs

DS

SS

ES |

15 0 a7 40 39 16 15 ]

Segment Registers |
(Loaded by Program) L

Segment Descriptor Cache Registers

(Loaded by CPU)

03552-18

Figure 20. Descriptor Cache Registers
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Local and Global Descriptor Tables

Two tables of descriptors, called descriptor tables, con-
tain alldescriptors accessible by a task at any given time.
A descriptor table is a linear array of up to 8192 descrip-
tors. The upper 13 bits of the selector value are an index
into a descriptor table. Each table has a 24-bit base
register to locate the descriptor table in physical memory
and a 16-bit limit register that confines descriptor access
to the defined limits of the table as shownin Figure 21. A
restartable exception (13) willoccur 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 ta-
ble, called the Local Descriptor Table (LDT), contains
descriptors that can be private to a task. Each task may
have its own private LDT. The GDT may contain all de-
scriptor types except interrupt and trap descriptors. The
LDT may contain only segment, task gate, and call gate
descriptors. A segment cannot be accessed by a task if
its segment descriptor does not exist in either descriptor
table at the time of access.

The LGDT and LLDT instructions load the base and limit
of the global and local descriptor tables. LGDT and LLDT

are protected. They may only be executed by trusted
programs operating at level 0. The LGDT instruction
loads a six-byte field containing the 16-bit table limit and
24-bit base address of the Global Descriptor Table as
shown in Figure 22. The LLDT instruction loads a selec-
tor which refers to a descriptor in the Local Descriptor
Table. This descriptor contains the base address and
limit for an LDT, as shown in Figure 17.

Interrupt Descriptor Table

The protected mode 80286 has a third descriptor table,
called the Interrupt Descriptor Table (IDT) (see Figure
23), used to define up to 256 interrupts. It may contain
only task gates, interrupt gates andtrap gates. The IDT

“(Interrupt Descriptor Table) has a 24-bit base and 16-bit
limit register inthe CPU. The protected LIDT instruction
loads these registers with a six-byte value of identical
form to that of the LGDT instruction (see Figure 22 and
Protected Mode Initialization).

Referencesto IDT entries are made via INT instructions,
external interrupt vectors, or exceptions. The IDT must
be at least 256 bytes in size to allocate space for all
reserved interrupts. )

CPU
5 0

GDT Limit

) 4

5>
(4

£
]
o
3
>

GDT Base

- r:‘,
¢
. IG

15 0
LDT
Selector

15

LDT,

bT
1
.
. Current
° LoT

| S—

|
|
|
= LDT Base
|

I r
|LDTLimit —i——
1] |
|

Figure 21. Local and Global Descriptor Table Definitions
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7 o 7 0
+5 Reserved*® Baseyy +4
+3 Baseso +2
+1 Limit,s.o 0
1
15 8 7 0

03552-20
*Must be set to 0 for compatibility with iAPX 386.

Figure 22. Global Descriptor Table and Interrupt
Descrliptor Data Types

Q: Memory a
( Gate for
Interrupt #n
Gate for
Interrupt #n-1
. Interrupt
. ’ Descriptor
. Table
(IDT)
Gate for
Interrupt #1
Gate for
Interrupt #0 ]
N X
03552-21

Figure 23. Interrupt Descriptor Table Definition

Privilege

The 80286 has a four-level hierarchical privilege system
which controls the use of privileged instructions and ac-
cess to descriptors (and their associated segments)
within a task. Four-level privilege, as shown in Figure 24,
is an extension of the user/supervisor mode commonly
found in minicomputers. The privilege levels are num-
bered 0 through 3. Level 0 is the most privileged level.
Privilege levels provide protection within a task. (Tasks

task’s CPL may only be changed by control transfers
through gate descriptors to a new code segment (See
Control Transfer). Tasks begin executing at the CPL
value specified by the code segment when the task is
initiated via a task switch operation. A task executing at
Level 0 can access alldata segments defined inthe GDT
and the task’s LDT and is considered the most trusted
level. Atask executed at 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 Privi-
lege Level (DPL) field of the descriptor access byte. DPL
specifies the least trusted privilege level (CPL) at which
a task may access the descriptor. Descriptors with
DPL =0 are the most protected. 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
restricted access) since tasks can access them when
CPL=0, 1, 2, or 3. This rule applies to all descriptors,
except LDT descriptors.

Selector Privilege

Selector privilege is specified by the Requested Privilege
Level (RPL) field in the least significant two bits of a
selector. Selector RPL may establish a less trusted privi-
lege 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 privi-
lege is the numeric maximum of RPL and CPL. A selec-
tor with RPL =0 imposes no additional restriction on its
use while a selector with RPL =3 can only refer to seg-
ments 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 thanthe caller (referto
pointer testing instructions).

Applications

are isolated by providing private LDT’s for each task.)  croced 05 Extensions

Operating system routines, interrupt handlers, and other Soft\gare

system software can be included and protected within ~ ""e"¢ System

the virtual address space of each task using the four

levels of privilege. Tasks may also have a separate stack

for each privilege level.

Tasks, descriptors, and selectors have a privilege level

attribute that determines whether the descriptor may be )

used. Task privilege effects the use of instructions and ~ gSh-Speed

descriptors. Descriptor and selector privilege only effect  system

access to the descriptor. Interfaca

Task Privilege

The task always executes at one of the four privilege

levels. A task privilege level at any specific instant is 03552-22
called the Current Privilege Level (CPL) and is defined

by the lower two bits of the CS register. CPL cannot Figure 24. Hierarchical Privilege Levels
change during execution in a single code segment. A :
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Descriptor Access and Privilege
Validation

Determining the ability of a task to access a segment
involves the type of segment to be accessed, the instruc-
tionused, the type of descriptorused and CPL, RPL, and
DPL. The two basic types of segment accesses are con-
trol transfer (selectors loaded into CS) and data (selec-
tors 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 seg-
ment descriptor. The CPL of the task and the RPL of the
selector must be the same as or more privileged (numeri-
cally equal to or lower than) than the descriptor DPL. In
general, a task can only access 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 incorrect type
of descriptor is referenced (e.g., gate descriptor or exe-
cute 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 segments. The
descriptor privilege (DPL) and RPL must equal CPL.
All other descriptor types or privilege level violation will
cause exception 13. A not-present fault causes excep-
tion12.

Control Transfer

Four types of control transfer can occur when a selector
is loaded into CS by a control transfer operation (see
Table 9). Each transfer type canonly occur if the opera-
tion which loaded the selector references 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 transfer is
also subject to rules of privilege. A CALL or JUMP in-
struction may only reference a code segment 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 |RET 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 selectoir 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 Segment
descriptor, the descriptor DPL must be the same or less
privileged than the task’s CPL. Reference to a valid Task
State Segment descriptor causes a task switch (see
Task Switch Operation). Reference to a Task State Seg-
ment descriptor at a more privileged!evelthan the task’s
CPL generates exception 13.

When an instruction or interrupt references a gate de-
scriptor, the gate DPL must have the same or less privi-
lege than the task CPL. If DPL is at a more privileged
level than CPL, exception 13 occurs. If the destination

Table 9. 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* Cocde Segment GDT/LDT
Intersegment to the same or higher privilege level CALL Call Gate GDT/LDT
Interrupt within task may change CPL Interrupt Instruction, Trap or Interrupt IDT

Exception, External Gate

Interrupt
Intersegment to a lower privilege level (changes task CPL)| RET, IRET* Code Segment GDTADT
Task Switch CALL, JMP Task State Segment GDT

CALL, JMP Task Gate GDT/LDT

IRET**

Interrupt Instruction, Task Gate IDT

Exception, External
Interrupt

* NT (Nested Task bit of flag word) =0
** NT (Nested Task bit of flag word) =1
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selector contained in the gate references a code seg-
ment descriptor, the code segment descriptor DPL must
be the same or more privileged than the task CPL. If not,
Exception 13 is issued. After the control transfer, the
code segment descriptor DPL is the task’s new CPL. If
the destination 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, ajump oran

interrupt which references either a task gate or task
state segment at the same or less privileged level.

Privilege Level Changes

Any control transfer that changes CPL within the task
causes achange of stacks as part of the operation. Initial
values of SS:SP for privilege levels 0, 1,and 2 are keptin
the task state segment (refer to Task Switch Operation).
During a JMP or CALL control 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 instruction operation.
For subroutine calls that pass parameters on the stack
and cross privilege levels, a fixed number of words, as
specified in the gate, are copied from the previous stack
to the current stack. The intersegment RET instruction
with a stack adjustment value will correctly restore the
previous stack pointer upon return.

Protection

The 80286 includes mechanisms to protect critical in-
structions that affect the CPU execution state (e.g., HLT)
and code or data segments from improper usage. These
mechanisms are grouped under the term “protection”
and have three forms:

o Restricted usage of segments (e.g., nowrite allowed
to read-only data segments). The only segments
available for use are defined by descriptors in the
Local Descriptor Table (LDT) and Global Descriptor
Table (GDT).

e 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 determined
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 (Ta-
ble 10), operand reference checks (Table 11), and privi-
leged instruction checks (Table 12). Any violation of the
rules shown will result in an exception. A not-present

exception related to the stack segment causes excep-
tion 12.

The IRET and POPF instructions do not perform some of
their defined functions if CPL is not of sufficient privilege
(numerically small enough). Precisely, these are:

e The IF bit is not changed if CPL > IOPL.
o 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 10. Segment Register Load Checks

Exception
Error Description Number .
Descriptor table limit exceeded 13
Segment descriptor not present 11or12
Privilege rules violated 13

Invalid descriptor/segment type segment
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
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Table 11. 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 12. Privileged Instruction Checks

Exception

Error Description Number

CPL 0 when executing the following
instructions:
LIDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT

CPL > IOPL when executing the following
instructions: 13
INS, IN, OUTS, OUT, STI, CLI, LOCK

Exceptions

The 80286 detects several types of exceptions and inter-
rupts in protected mode (see Table 13). Most are restart-
able after the exceptional condition is removed. Interrupt
handlers for most exceptions receive an eror code,
pushed on the stack after the return address, that identi-
fies 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 instruction that caused the exception; however, the
processor extension registers may contain the address
of the failing instruction.

Special Operations
Task Switch Operation

The 80286 provides a built-in task switch operation
which saves the entire 80286 execution state (registers,
address space, and a link to the previous task), loads a
new execution state, and commences execution in the
newtask. 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, ex-
ception, or external interrupt may also invoke the task
switch operation by selecting atask gate descriptorinthe
associated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure 25)
containing the entire 80286 execution state while a task
gate descriptor contains a TSS selector. The limit field
must be > 002B(H).

Each task must have a TSS associated with it. The cur-
rent 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 segment descriptor
that defines the current TSS. A hidden 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 instruction. lf NT = 0, the
IRET instruction performs the reguiar currenttask return;
when NT=1, IRET performs a task switch operation
back to the previous task.

When a CALL or INT instruction initiates a task switch,
the old and new TSS will be marked busy and the back
link field of the new TSS setto the old TSS selector. The

Table 13. Protected Mode Exceptions

Return Address Error
Interrupt At Falling Always Code
Vector Function Instruction? Restartable? on Stack?

8 Double exception detected Yes No2 Yes

9 Processor extension segment overrun No Noz No

10 Invalid task state segment Yes Yes Yes

1 Segment not present Yes Yes Yes

12 Stack segment overrun or segment not present Yes Yest * Yes

13 General protection Yes Noz? Yes

Notes:

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 wraparound 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.

3. Allthese checks are performed for all instructions and can be split into three categories: Segment Load Checks (Table
10), Operand Reference Checks (Table 11), and Privileged Instruction Checks (Table 12). Any violation of the rules
shown will result in an exception. A not-present exception causes exception 11 or 12 and is restartable.
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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 segment
causes Exception 13.

a2 o~
CPU Reserved
1 Type Description
Task Register D )
s plploftyre|  Basess.
System L 111 1 An Available Task State
TR 29 Segment. May be used as
P Base the Destination of a Task
15 0 150 Switch Operation.
______ — | |
i- L -i | 3 A Busy Task State
Program Invisible Limit 54 | Segment. Cannot be used
| 15 0 | 1 ] as the Destination of a
| ” | * Task Switch.
| tmit = | _:
: Base l | T
| o™ |
| POU PR | I~ X
Byte
) RL] 0] Offset
Task LDT Selector 42
\ —
DS Selector 40 P | Description
SS Selector a8 1 { Base and Limit Fields are Valid.
0 | Segmentis not Presentin Memory,
CS Selector 38 Base and Limit are not defined.
ES Selector 34
DI 32
Si 30
BP 28 CurLenl
> Tasl
SP 2% State
BX 24
Task DX 22
State
Segmemﬁ CX 20
AX 18
Flag Word 16
IP (Entry Point) 14 J
SSfor CPL 2 12
SPforCPL2 10
SS for CPL 1 8 L Initial
Stacks
SPforCPL 1 6 forCPLO, 1,2
SSforCPLO 4
SP for CPLO 2
#
Back Link Selector to TSS 0
X A

03552-23

Figure 25. Task State Segment and TSS Registers
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Processor Extension Context Switching

The context of a processor extension is not changed by
the task switch operation. A processor extension context
need only be changed when a different task attempts 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 caus-
ing the processor extension not present exception (7).
Theinterrupt 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 proc-
essor extension context may belong to a different task
than the cumrent one. The processor extension not pre-
sent 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).

Pointer Testing Instructions

The 80286 provides severalinstructions to speed pointer
testing and consistency checks for maintaining system
integrity (see Table 14). These instructions use the
memory management hardware to verify that a selector
value refers to an appropriate segment without risking an
exception. A condition flag indicates whether use of the
selector or segment will cause an exception.

Table 14. Pointer Test Instructions

Instruction Operands Function

ARPL Selector, Adjust Requested Privilege
Register Level: adjusts the RPL of the
selector to the numeric maxi-
mum of current selector RPL
value and the RPL value inthe
register. Set zero flag if selec-
Selector tor RPL was changed.
VERR VERify for Read: sets the zero
flag is the segment referred to
Selector by the selector can be read.
VERW i VERify for Write: sets the zero
Register, flag if the segment referred to
Selector

by the selector can be written.

LSL Load Segment Limit: reads
the segment limit into the reg-
ister if privilege rules and de-
scriptor type allow. Set zero
flag if successful.

Load Access Rights: reads
the descriptor access rights
byte into the register if privi-
lege rules allow. Set zero
flag if successful.

LAR Register,

Selector

Double Fault and Shutdown

If two separate exceptions are detected during a single
instruction execution, the 80286 performs the double

fault exception (8). If an exception occurs during proc-
essing of the double fauit exception, the 80286 will enter
shutdown. During shutdown no further instructions or
exceptions are processed. Either NMI (CPU remains in
protected mode) or RESET (CPU exits protected mode)
canforce the 80286 out of shutdown. Shutdown is exter-
nally signalled via a HALT bus operation with A1 HIGH.

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, Az2-20 will be HIGH when the
80286 performs memory references relative to the CS
register, until CS is changed. Az-20 will be zero for refer-
ences to the DS, ES, or SS segments. Changing CS in
real address mode will force Azs-20 LOW whenever using
CS thereafter. The initial CS:IP value of FFOO:FFFO
provides 64K bytes of code space for initialization code
without changing CS.

Before placing the 80286 into protected mode, several
registers must be initialized. The GDT and IDT base
registers must referto a valid GDT and IDT. After execut-
ing the LMSW instruction to set PE, the 80286 must
immediately execute an intrasegment JMP instruction to
clear the instruction queue of instructions decoded 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 initial TSS
used in the system. This will load the task register, local
descriptor table register, segment registers and initial
generalregister state. The TR should point atavalid TSS
since a task switch operation involves saving the current

System Interface

The 80286 system interface appearsintwo forms: alocal
bus and a systembus. The local bus consists of address,
data, status, and control signals at the pins of the CPU. A
system bus is any buffered version 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 load-
ing of signals. The 80286 family includes severaldevices
to generate 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 I/0 components. The interface has
24 address lines, 16 data lines, and 8 status and control
signals.

The 80286 CPU, 82284 clock generator, 82C288 bus
controller, 82289 bus arbiter, 8286/7 transceivers, and
8282/3 latches provide a buffered and decoded system
bus interface. The 82284 generates the system clock
and synchronizes READY and RESET. The 82C288 con-
verts bus operation status encoded by the 80286 into
command and bus control signals. These components
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can provide the timing and electrical power drive levels
required for most system bus interfaces including the
MULTIBUS.

Physical Memory and /O Interface

A maximum of 16 megabytes of physical memory canbe
addressed in protected mode. One megabyte can be
addressed in real address mode. Memory 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 while odd bytes
are transferred over Diss. Even-addressed words are
transferred over Diso in one bus cycle, while odd-ad-
dressed words require two bus operations. The first
transfers data on D1s-s, and the second transfers dataon
D7-0. Both byte data transfers occur automatically, trans-
parent to software.

Two bus signals, Ao and BHE, control transfers over the
lower and upper halves of the data bus. Even address
byte transfers are indicated by Ao LOW and BHE HIGH.
Odd address byte transfers are indicated by Ao HIGH
and BHE LOW. Both Ac and BHE are LOW for even
address word transfers.

The I/O address space contains 64K addresses in both
modes. The I/O 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 I/O devices attached to the upper data
byte (Dis-s) are accessed with odd I/O addresses.
Devices on the lower data byte are accessed with even
1/0 addresses. An interrupt controller such as the 8259A
must be connected to the lower data byte (D7-0) for
proper return of the interrupt vector.

Bus Operation

The 80286 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 produce the internal
processor clock, which determines bus state. Each proc-

essor clock is composed of two system clock cycles
named phase 1 and phase 2. The 82284 clock generator
output (PCLK) identifies the next phase of the processor
clock. (See Figure 26.)

Six types of bus operations are supported: memory read,
memory write, I/O read, /O write, interrupt acknowledge,
and halt/shutdown. Data can be transferred at a maxi-
mum rate of one word per two processor clock cycles.

The 80286 bus has three basic states: idle (Ti), send
status (Ts), and perform command (Tc). The 80286 CPU
also has a fourth local bus state called hold (Tn). Tn
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 27
shows the four 80286 local bus states and allowed tran-
sitions.

Bus States

The idie (Ti) state indicates that no data transfers are in
progress or requested. The first active state, Ts, is sig-
nalled by either status line ST or S0 going LOW also
identifying phase 1 of the processor clock. During Ts, the
command encoding, the address, and data (for a write
operation) are available on the 80286 output pins. The
82C288 bus controller decodes the status signals and
generates MULTIBUS-compatible read/write command
and local transceiver control signals.

After Ts, the perform command (Tc) state is entered.
Memory or 1/O devices respond to the bus operation
during Tc, either transferring read data to the CPU or
accepting write data. Tc states may be repeated as often
as necessary to assure sufficient time for the memory or
IO device to respond. The READY signal determines
whether Tc is repeated. A repeated Tc state is called a
wait state.

During hold (Ty), 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 Tn state. The 80286 HLDA
output signal indicates that the CPU has entered Th.

Phase 1

CLK

f@e————— One Processor Clock Cycle ———

f@——————— One Bus T State ———————

fe— of Processor—+— of Processor —
Clock Cycle Clock Cycle

Phase 2

One System
l . Clock Cycle
PCLK /

N__/

03552-24

Figure 26. System and Processor Clock Relationships
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Figure 27. 80286 Bus States

Pipelined Addressing

The 80286 uses a local bus interface with pipelined tim-
ing to allow as much time as possible for data access.
Pipelined timing allows bus operations to be performed
in 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 the next bus operation becomes available
during the current bus operation. Or in other words, the
firstclock of the next bus operation is overlapped withthe
last clock of the current bus operation. Therefore, ad-

dress decode and routing logic can operate in advance of
the next bus operation. External address latches may
hold the address stable for the entire bus operation and
provide additional AC and DC buffering.

The 80286 does not maintain the address of the current
bus operation during all Tc states. Instead, the address
for the next bus operation may be emitted during phase 2
of any Tc. The address remains valid during phase 1 of
the first Tc to guarantee hold time, relative to ALE, for the
address latch inputs.

Read Cycle N Read Cycle N + 1
T Ts | c >
1 2 | ) 2 |
ck _|
ProcCLK I
|<—— 2 Clock Cycle Transfer > 2 Clock Cyc'Ie Transter :q
/ 2.5 Clock Cycle Address fo Data Vald
Aus-Ao Valid Addr (N) [ Valid Addr (N+1) |

DDy

Pipelining: valid address (N + 1) available in last phase of bus cycle (N).

Valid Read Valid Read
Data (N} Data (N +1)
03552-26

Figure 28. Basic Bus Cycle
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Bus Control Signals

The 82C288 bus controller provides control signals: ad-
dress latch enable (ALE), Read/Write commands, data
transmit/'receive (DT/R)< and data enable (DEN) that
control the address latches, data transceivers, write en-
able, and output enable for memory and I/O 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
adress hold time is required to support MULTIBUS and
common memory systems.

The data bus transceivers are controlled by 82C288 out-
puts_Data Enable (DEN) and Data Transmit/Receive
(DT/R). DEN enables the data transceivers while DT/R
controls transceiver direction. DEN and DT/R are timed
to prevent bus contention between the bus master, data
bus transceivers, and system data bus transceivers.

Command Timing Controls

Two systemtiming customization options, command ex-
tension and command delay, are provided on the 80286
local bus.

Command extension allows additional time for external
devices to respond to a command and is analogous to
inserting wait states on the 8086. External logic can con-
trolthe duration of any bus operation such that the opera-
tionis only as long as necessary. The READY input sig-
nal can extend any bus operation for as long as
necessary.

Command delay allows an increase of address or write
data set-up time to system bus command active for any
bus operation by delaying when the system bus com-
mand becomes active. Command delay is controlled by
the 82C288 CMDLY input. After Ts, the bus controller
samples CMDLY at each failing edge of CLK. If CMDLY
is HIGH, the 82C288 will not activate the command sig-
nal. 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 response
time from command active to return read data or accept
write data is less. To customize system bus timing, an
address decoder can determine which bus operations
require delaying the command. The CMDLY input does
not affect the timing of ALE, DEN, or DT/R.

Figure 29 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 delay 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 Ts so that they may
correctly signal the start of the next bus operation after
the completion of the current cycle. No external
indication of Tc exists on the 80286 local bus. The bus
master and bus controller enter Tc directly after Ts and
continue executing Tc cycles until terminated by
READY.
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Figure 29. CMDLY Controls and Leading Edge of the Command

READY Operation

The current bus master and 82C288 bus controller termi-
nate each bus operation simultaneously to achieve maxi-
mum bus bandwidth. Both are informed in advance by
READY active which identifies the last Tc cycle of the
current bus operation. The bus master and bus controller
must see the same sense of the READY signal, thereby
requiring READY be synchronous to the system clock.

Synchronous Ready

The 82284 clock generator provides READY synchroni-
zation from both synchronous and asynchronous
sources (See Figure 30). The synchronous ready input
(SRDY) of the clock generator is sampled with the falling
edge of CLK atthe end of phase 1 of each Tc. The state of

RDY is then broadcast to the bus master and bus con-
troller via the READY output line.

Asynchronous Réady

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 82284
SRDY set-up and hold time requirements. The 82284
asynchronous ready input (ARDY) is designed to accept
such signals. The ARDY input is sampled at the begin-

ning of each Tc cycle by 82284 synchronization logic.
This provides a system CLK cycle time to resolve its
value before broadcasting it to the bus master and bus
controller.

ARDY or ARDYEN must be HIGH at the end of Ts. ARDY
cannot be used to terminate bus cycle with no wait
status.

Each ready input of the 82284 has an enable pin
(SRDYEN and ARDYEN) to select whether the current
bus operation will be terminated by the synchronous or
asynchronous ready. Either of the ready inputs may
terminate a bus operation. These enable inputs are ac-
tive 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 31, 32, and 33 show how the DT/R, DEN, data
bus, and address signals operate for different combina-
tions 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 operations.

80286
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(See Note 2.)

ARDY
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Notes: 1. SRDYEN is active LOW.

(See Note 3.)

2. |f SRDYEN is HIGH, the state of SRDY will not affect READY.

3. ARDYEN is active LOW.

Figure 30. Synchronous and Asynchronous Ready

The data bus is driven with write data during the second
phase of Ts. The delay in write data timing allows the
read data drivers, from a previous read cycle, sufficient
time to enter three-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 Tc to provide sufficient hold time for MULTI-
BUS or other similar memory or /0 systems. During
write-read or write-idle sequences, the data bus enters
three-state OFF during the second phase of the proces-
sor cycle after the last Tc. In a write-write sequence the
databus does not enter three-state OFF between Tc and
Ts.

Bus Usage

The 80286 local bus may be used for several functions:
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 activities which have
special signals or requirements.

HOLD and HLDA

HOLD and HLDA allow another bus master to gain con-
trol of the local bus by placing the 80286 bus into the Tn
state. The sequence of events required to pass control

between the 80286 and another local bus master are
shown in Figure 34.

In this example, the 80286 is initially in the Th, state as
signaled by HLDA being active. Upon leaving Th, as sig-
naled by HLDA going inactive, a write operation is
started. During the write operation another local bus
master requests the local bus from the 80286 as shown
by the HOLD signal. After completing the write operation,
the 80286 performs one Tibus cycle, to guarantee write
data hold time, then enters Th as signaled by HLDA going
active.

The CMDLY signal and ARDY ready are usedto startand
stop the write bus command, respectively. Note that
SRDY must be inactive or disabled by SRDYEN to guar-
antee ARDY will terminate the cycle.

HOLD must not be active during the time from the lead-
ing edge of RESET until 34 CLKs following the trailing
edge of RESET unless the 80286 is in the Halt condition.
To ensure that the 80286 remains in the Halt condition
until the processor Reset operation is complete, no inter-
rupts should occur after the execution of HLT until 34
CLKs after the trailing edge of the RESET pulse.
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Figure 31. Back-to-Back Read-Write Cycles

Lock

The CPU asserts an active lock signal during Interrupt-
Acknowledge cycles, the XCHG instruction, and during
some descriptor accesses. Lock is also asserted when
the LOCK prefix is used. The LOCK prefix may be used
with the following ASM-286 assembly instructions;
MOVS, INS, and OUTS. For bus cycles other than Inter-
rupt-Acknowledge cycles, Lock will be active for the first
and subsequent cycles of a series of cycles to be locked.
Lock will not be shown active during the last cycle to be
locked. Forthe next-to-last cycle, Lock will become inac-
tive at the end of the first Tc regardless of the number of
wait-states inserted. For Interrupt-Acknowledge cycles,
Lock will be active for each cycle, and will become inac-
tive at the end of the first Tc for each cycle regardiess 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 inde-
pendent of the byte alignment of the code segment base
in physical memory.

The prefetcher will perform only a byte code fetch opera-
tion for control transfers to an instruction beginning on a
numerically odd physical address.

Prefetching stops whenever a control transfer or HLT
instruction is decoded by the IU and placed into the in-
struction queue.

In real address mode, the prefetcher may fetch upto 5
bytes beyond the last control transfer or HLT instruction
in a code segment.

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. Excep-
tion 13 will occur if the program attempts to execute
beyond the last full instruction in the code segment.

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.

80286

1-101




CLK

As-Ao

P — ’ Valid Write Data / \\-— )—
MRS / \\_

MWTC
DEN
DT/R
03552-30
Figure 32. Back-to-Back Write-Read Cycles
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Figure 33. Back-to-Back Write-Write Cycles
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03552-32

Notes: 1. Status lines are not driven by 80286, yet remain high due to pull-up resistors in 82C288 and 82289 during
HOLD state.

2, Address, M/IO and COD/INTA may start may start floating during any TC, depending on when internal
80286 bus arbiter decides to release bus to external HOLD. The float starts in $2 of TC.

3. BHE and LOCK may start floating after the end of any TC, depending on when intemal 80286 bus arbiter
decides to release bus to external HOLD.

4. The minimum HOLD ! to HLDA ! time is shown. Maximum is one T, longer.
5. The earliest HOLD T time is shown which will always allow a subsequent memory cycle if pending.

6. The minimum HOLD T to HLDA T time is shown. Maximum is a function of the instruction, type of bus cycle
and other machine status (i.e., Interrupts, Waits, Lock, etc.).

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this
example. Synchronous ready state is ignored after ready is signaled via the asynchronous input.

Figure 34. MULTIBUS Write Terminated by Asynchronous Ready with Bus Hold
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Processor Extension Transfers

The processor extension interface uses I/O port ad-
dresses 00F8(H), and 00FA(H), and 00FC(H) which are
part of the I/O port address range and is a reserved area.
An ESC instruction with EM=0 and TS =0 will perform
1/0 bus operations to one or more of these I/O port ad-
dresses independent of the value of IOPL and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor extension
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,
one word transfer with 1/0 port address 00FA(H), and
one or two bus operations with memory are performed.
Three bus operations are required for each word oper-
and aligned on an odd byte address.

Interrupt Acknowledge Sequence

Figure 35 illustrates an interrupt acknowledge sequence
performed by the 80286 inresponse to anINTR input. An
interrupt acknowledge sequence consists of two INTA
bus operations. The first allows a master 8259A Pro-
grammable Interrupt Controller (PIC) to determine
which, if any, of its slaves should return the interrupt
vector. An eight-bit vector is read by the 80286 during the
second INTA bus operation to select aninterrupt handler
routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the 82C288
is used to enable the cascade address drivers, during
INTA bus operations (see Figure 35), onto the local ad-
dress bus for distribution to slave interrupt controllers via
the system address bus. The 80286 emits the LOCK
signal (active LOW) during Ts of the first INTA bus opera-
tion. A local bus “hold” request will not be honored until
the end of the second INTA bus operation.

Three idle processor clocks are provided by the 80286
between INTA bus operations to allow for the minimum
INTAto INTAtime and CAS (cascade address) out delay
of the 8259A. The second INTA bus operation must al-
ways have at least one extra Tc state added via logic
controlling READY. Az—Ao are in three-state OFF until
afterthe first Tc state of the second INTA bus operation.
This prevents bus contention between the cascade ad-
dress drivers and CPU address drivers. The extra Tc
" state allows time for the 80286 to resume driving the
address lines for subsequent bus operations.

Local Bus Usage Priorities

The 80286 local bus is shared among several internal
units and external HOLD requests. In case of simultane-
ous requests, their relative priorities are:

(Highest)  Any transfers which assert LOCK either ex-
plicitly (via the LOCK instruction prefix) or
implicitly (i.e., segment descriptor access,
interrupt acknowledge sequence, or an

XCHG with memory).

The second of the two-byte bus operations
required for an odd aligned word operand.

Local bus request via HOLD input.

Processor extension data operand transfer
via PEREQ input.

Datatransfer performed by EU aspartof an
instruction.

/
(Lowe'st) An instruction prefetch request from BU.
The EU will inhibit prefetching two proces-
sor clocks in advance of any data transfers
to minimize waiting by EU for a prefetch to
finish.

Halt or Shutdown Cycles

The 80286 externally indicates halt or shutdown condi-
tions as a bus operation. These conditions occurduetoa
HLT instruction or multiple protection exceptions while
attemptingto execute one instruction. A halt or shutdown
bus operation is signalled when S1, S0 and COD/INTA
are LOW and M/IO is HIGH. A1 HIGH indicates hatt, and
A1 LOW indicates shutdown. The 82C288 bus controller
does not issue ALE, nor is READY required to terminate
a halt or shutdown bus operation.

During halt or shutdown, the 80286 may service PEREQ
orHOLD requests. A processor extension segment over-
run exception during shutdown will inhibit 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 ex-
ception will also force the 80286 out of halt.

System Configurations

The versatile bus structure of the 80286 microsystem,
with a full complement of support chips, allows flexible
configuration of a wide range of systems. The basic con-
figuration, shown in Figure 36, is similar to an iAPX 86
maximum mode system. It includes the CPU plus an
8259A interrupt controller, 82284 clock generator, and
the 82C288 Bus Controller. The iAPX 86 latches (29843
and 29845) and transceivers (29833 and 29863) may be
used in an 80286 microsystem.
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03552-33

Data is ignored.

First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.
Second INTA cycle must have at least one wait state inserted since the CPU will not drive A,~A,, BHE, and LOCK
until after the first T, state. )

The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by
MCE | and address outputs.

Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second
INTA cycle. The 8259A also requires one wait state for minimum INTA pulse width.

LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a
multi-master system.

A,—A, exits three-state OFF during ¢2 of the second T in the INTA cycle.

Figure 35. Interrupt Acknowledge Sequence
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Figure 36. Basic 80286 System Configuration

As indicated by the dashed lines in Figure 36, the ability
to add processor extensions is an integral feature of
80286 microsystems. The processor extension interface
allows external hardware to perform special functions
andtransterdata concurrent with CPU execution of other
instructions. Full system integrity is maintained because
the 80286 supervises all data transfers and instruction
execution for the processor extension.

The 80286 with the 80287 numeric processor extension
(NPX) uses this interface. The iAPX 286/287 has all the
instructions and data types of an iAPX 86/87 or iAPX
88/87. The 80287 NPX can perform numeric calculations
and data transfers concurrently with CPU program exe-
cution. Numerics code and data have the same integrity
as all other information protected by the 80286 protec-
tion mechanism.

The 80286 can overlap chip select decoding and ad-
dress propagation during the data transfer for the previ-
ous bus operation. This information is latched into the
29843/45's by ALE during the middle of a Ts cycle. The
latched chip select and address information remains sta-
ble during the bus operation while the next cycle’s ad-
dress is being decoded and propagated into the system.
Decode logic can be implemented with a high-speed
bipolar PROM.

The optional decode logic shown in Figure 36 takes ad-
vantage of the overlap between address and data of the
80286 bus cycle to generate advanced memory and l/O-
select signals. This minimizes system performance deg-
radation caused by address propagation and decode
delays. In addition to selecting memory and 1/0, the ad-
vanced selects may be used with configurations support- -
ing local and systembuses to enable the appropriate bus
interface for each bus cycle. The COD/INTA and M/IO
signals are applied to the decode logic to distinguish
between interrupt, I/0, code and data bus cycles.

By adding the 82289 bus arbiter chip, the 80286 provides
a MULTIBUS system bus interface as shown in Figure
37. 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 MULTI-
BUS address and write data set-up times. This arrange-
ment will add at least one extra Tc 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 37. 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 38 shows the interface of the 80286 with the
Am2968 Dynamic Memory Controller. The interface is a
timing controller which consists of some control logic and
adelay line. The timing controller runs asynchronously to
the CPU. It arbitrates between memory requests and
refresh requests by generating the proper signals to the
dynamic memory controller and memory. The design
described is a simple, cost-effective solution to interfac-

ing the 80286 with the Am2368. A further description
about DRAM selection based on processor speed may
be found in the Am2968 Application Note.

Two-operand instructions (e.g., MOV and ADD) are usu-
ally three to six bytes long. Memory-to-memory opera-
tions are provided by a special class of string instructions
requiring one to three bytes.

80286
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Figure 38. 80286 Interface with the Am2968 Dynamic Memory Controller
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Table 15. 80286 Systems Recommended Pull-up Resistor Values

80286 Pin and Name Pull-up Value Purpose
4-51
= Pull 38, 3T, and PEACK inactive during 80286
5-S0 20KQ+10% hold periods.a "
6-PEACK
53-ERROR Pull ERROR and BUSY inactive when 80287
' 20KQ+10% not present  (or temporarily removed from
54-BUSY socket),
Pull READY inactive within required minimum
63-READY : 910Q+5% time (C, = 150 pF, Ix < 7mA).qu
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Byte 1 Byte 2 Byte 3 Byte 4 Byte § Byte6
76543210765 4321

1
l Low Disp/Data High Disp/Data Low Data High Data |
Opcode d|w|mod] reg m _

L Register Operand/Registers to use in Offset Calculation
Register Operand/Extension of Opcode
Register Mode/Memory Mode with Displacement Length

Word/Byte Operation
Direction is to Register/Direction is from Register
Operation (Instruction) Code
A. Short Opcode Format Example 0355237
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 !
zlel5]4I9|2I1|o|7lslslalalzl1|o 7|s 5[4] 2]1[0 [ 9 |
Long Opcode mod| reg | um __Liwziw I _-_Hf_h Disp J
B. Long Opcode Format Example ‘

. 03552-38 ‘
Flgure 39. 80286 Instruction Format Examples
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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 calculated clock count,
due to instruction sequences which execute faster than
they can be fetched from memory.

To calculate elapsed times for instruction sequences,
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 systemclock (CLK
input) of 16 MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded, and
is ready for execution. Control transfer instruction
clock counts include all time required to fetch, de-
code, 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
ifw=1

then to register; if d = 0 then from register
then word instruction; if w=0 then byte
instruction
if s=0 then 16-bit immediate data to form the
operand .
then an immediate data byte is sign-
extended 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 oper-
and.

*

fs=0

= add one clock if offset calculation requires sum-
ming 3 elements

n= number of times repeated

m=_number of bytes of code in next instruction

Level (L)—Lexical nesting level of the procedure
The following comments describe possible exceptions,

side effects, and allowed usage for instructions in both
operating modes of the 80286.

Real Address Mode Only

1. Thisis aprotected mode instruction. Attempted exe-
cution in real address mode will result in an unde-
fined opcode exception (6).

2. Asegmentoverrun exception (13) will occurif aword
operand reference at offset FFFF(H) is attempted.

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 segment 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 operand
transfers. ‘

Protected Virtual Address Mode Only

9. A general protection exception (13) will occur if the
memory operand cannot be used due to either a
segment limit or access rights violation. If a stack
segment limit is violated, a stack segment overrun
exception (12) occurs.

10. For segment load operations, the CPL, RPL, and
DPL must agree with privilege rules to avoid an ex-
ception. The segment must be present to avoid a
not-present exception (11). If the SS register is the
destination, and a segment-not-present violation oc-
curs, a stack exception (12) occurs.

11. All segment descriptor accesses inthe GDT or LDT
made by this instruction will automatically assert
LOCK to maintain descriptor integrity in multiproces-
sor systems.

12. JMP, CALL, INT, RET, IRET instructions referring to
another code segment will cause a general protec-
tion exception (13) if any privilege rule is violated.

13. A general protection exception (13) occurs if
CPL=0.

14. A general protection exception (13) occurs if
CPL>IOPL.

15. The IF field of the flag word is not updated it
CPL>IOPL. The IOPL field is updated only if
CPL=0.

16. Any violation of privilege rules as applied to the se-
lector operand do not cause a protection exception;
rather, the instruction does notreturn aresultand the
zero flag is cleared.

17. If the starting address of the memory operand vio-
lates a segment limit, or an invalid access is at-

1-110

80286



tempted, a general protection exception (13) willoc-  18. The destination of an INT, JMP, CALL, RET, or IRET

cur before the ESC instruction is executed. A stack instruction must be in the defined limit of a code
segment overrun exception (12) will occur if the segment or a general protection exception (13)
stack limit is violated by the operand’s starting ad- will occur.

dress. If a segment limit is violated during an at-
tempted data transfer, then a processor extension
segment overrun exception (9) occurs.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature ........... -6510 + 150°C " Commercial (C) Devices

Voltage on Any Pin with Temperature (TC) .......... Oto+85°C
Respectto Ground ........... -1.0t0+7.0V Supply Voltage (Vee) ........ 5 V5%

Power Dissipation .................. 3.15 Watts

Operating ranges define those limits between which the
functionality of the device is guaranteed.

Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent device failure.
Functionality at or above these limits is not implied. Ex-
posure to absolute maximum ratings for extended peri-
ods may affect device reliability.

DC CHARACTERISTICS (Vec=5V +5%, Toase =0 to +85° C)

Parameter; Description Test Conditions Min. Max. Unit
ViL Input LOW Voltage -5 8 \"
Vi Input HIGH Voltage 2.0 Vce+.5 \
Vie CLK Input LOW Voltage -5 .6 \'
ViHe CLK Input HIGH Voltage 3.8 Vee+.5 \'
VoL Output LOW Voltage loe=2.0 mA .45 V-
VoH Output HIGH Voltage lon=—400 pA 2.4 Vv
lui Input Leakage Current 0V <VN< Ve +10 pA
lo Qutput Leakage Current 0.45 V< Vour<Vee +10 LA
lec Supply Current (turn on, 0°C) Note 1 600 mA
Cewk CLK Input Capacitance Fc=1 MHz 20 pF
Cn Other Input Capacitance Fc=1 MHz 10 pF
Co Input /Output Capacitance Fc=1 MHz 20 pF
lo Output Leakage Current 0V <Vour <045V +1 mA
I Input Sustaining Current on Vn= 0OV 30 500 HA

BUSY and ERROR pins
l.er Input CLK Leakage Current 0.45 < VN < Vee +10 LA
ILen Input CLK Leakage Current 0V< Vi £0.45V +1 mA

Note: Low temperature is worst case.
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SWITCHING CHARACTERISTICS

Vee =45V 5%, Tease =0°to +85° C
AC Timings are referencedto 0.8 Vand 2.0 V points of signals asillustrated in datasheet waveforms, unless otherwise

noted.
8 MHz 10 MH2z
Parameters{ Description Test Conditions | Min. | Max. | Min.| Max. | Unit
1 System Clock (CLK) Period 62 125 50§ 125 | ns
2 System Clock (CLK) LOW Time at 1.0V 15 100 12 109 | ns
3 System Clock (CLK) HIGH Time at 3.6V 25 110 16| 113 | ns
17 System Clock (CLK) Rise Time 1.0V to 3.6V 10 8 ns
18 System Clock (CLK) Fall Time 3.6Vio1.0V 10 8 | ns
4 Asynchronous Inputs Setup Time Note 1 20 20 ns
5 Asynchronous Inputs Hold Time Note 1 20 20 ns
6 RESET Setup Time 28 23 ns
7 RESET Hold Time 5 5 ns
8 Read Data Setup Time 10 8 ns
9 Read Data Hold Time 8 8 ns ‘
10 READY Setup Time 38 26 | ns \
11 READY Hold Time 25 25 ns |
12 Status/PEACK Valid Delay Note 2, Note 3 1 40 - - | ns
123 Status/PEACK Active Delay Note 2, Note 3 - 1| 22 | ns
12b Status/PEACK Inactive Delay Note 2, Note 3 - - 1 30 | ns
13 Address Valid Delay Note 2, Note 3 1 60 1 35 | ns
14 Write Data Valid Delay Note 2, Note 3 0 50 0 30 | ns
15 Address/Status/Data Float Delay Note 2, Note 4 0 50 0 47 | ns
16 HLDA Valid Delay Note 2, Note 3 0 50 0 47 | ns
19 Address Valid to Status Note 3, Note 5, 38 27 ns
Valid Setup Time Note 6

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.

Qs WN

going inactive reaching 0.8 V.

6. Forload capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for

10 MHz spec.

. 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.
. Output load: C, =100pF.
. Float condition occurs when output current is less than i, in magnitude.

. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status

80286
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SWITCHING CHARACTERISTICS (continued)

Vee =+5 V5%, Tcase=0°to +85° C

AC Timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

12.5MHz 16 MHz
Parameters| Description Test Conditions Min. | Max.| Min.{ Maxj Unit

1 System Clock (CLK) Period 40 125 31| 125| ns

2 System Clock (CLK) LOW Time at 1.0V 11 112 10| 113] ns

3 System Clock (CLK) HIGH Time at 3.6V 13 114 12| 115| ns
17 System Clock (CLK) Rise Time 1.0V io 3.6V 8 8 ns
18 System Clock (CLK) Fall Time 3.6Vio1.0V 8| 8 ns
4 Asynchronous Inputs Setup Time | Note 1 15 11 ns

5 Asynchronous Inputs Hold Time Note 1 15 11 ns

6 RESET Setup Time 18 14 ns

7 RESET Hold Time 5 3 ns

8 Read Data Setup Time 5 5 ns

9 Read Data Hold Time 6 5 ns

" 10 READY Setup Time ' 22 15 ns
11 READY Hold Time 20 ns
12 Status/PEACK Valid Delay Note 2, Note 3 - - 1 18| ns
12a Status/PEACK Active Delay Note 2, Note 3 3 18 1 18| ns
12b Status/PEACK Inactive Delay Note 2, Note 3 3 20 1 20| ns
13 Address Valid Delay Note 2, Note 3 1 32 1 29| ns
14 Write Data Valid Delay Note 2, Note 3 0 30 0 22| ns
15 Address/Status/Data Float Delay Note 2, Note 4 0 32 0 29| ns
16 HLDA Valid Delay Note 2, Note 3 0 25 0 25 ns
19 Address Valid to Status Note 3, Note 5, 22 22 ns

Valid Setup Time Note 6

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.

. 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.
. Output load: C, =100 pF.
. Float condition occurs when output current is less than I, in magnitude.

. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status
going inactive reaching 0.8 V.

6. Forload capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for

Qs ON

10 MHz spec.
Device
Output I
CL
Note: 7. AC Test Loading on Outputs I 03552-39
40V
CLK Input

045V
03552-40

Note: 8. AC Drive and Measurement Points-CLK Input
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4.0V

36V 36V

CLK Input / k
— 1.0V
0.45V. \ 1oV
2 4 v tSETIJI’ e ‘HOLD
Other ’ 20V | 2.0V
Device 0sv | 0sv
fput 45y : -
[*— toear
Output 08V
03552-41
Note: AC Setup, Hold and Delay Time Measurement—General
L)
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SWITCHING WAVEFORMS

Major Cycle Timing
Read Cycle lllustrated Write Cycle lllustrated
with zero wait states with one wait state

s Ts Te TiorTs
K
—
—
8 Valld Address alid Address Valid ¥ Tg
N
o
@
Valid Control Valid Control X alid i Ts

OisDg ——

Valid Write Data

82284

gl wm i’
s —4@ la— — @ |
b )
|
— @ la—
DT/R \
X Y _
@—— -— - 1)
| DN A Y
Note: The modified timing is due to the CMDLY signal being active. 0355042
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SWITCHING WAVEFORMS (continued)

80286 Asynchronous Input Signal Timing 80286 Reset Input Timing and Subsequent
Processor Cycle Phase

Bus Cycle Type fat——— T,

Vou 1 2
CLK ._v/___)c__j?__}

iclr=2ie

rs(:e';KNote1,) _-\__1F

a ® E“

INTR, NMI,
HOLD, PEREQ
(See Note 2.)

ERROR,BUSY = ™
(See Note 2.)

03552-43

Notes: 1. PCLK indicates which processor cycle phase will
occur on the next CLK. PCLK may notindicate the
correct phase untilthe firstbus cycle is performed.

2. These inputs are asynchronous. The setup and Note: When RESET meets the set-up time shown, the next
hold times shown assure recognition for testing CLK will start or repeat ¢1 of a processor cycle. ‘
purposes.

Exiting and Entering Hold

_Bus Cycle Type Tu T,orT, T,. Tu

A A A A

{See Note 4.)
HLDA * «
o @ . )
(See Note 3.) =ind @ p— P —t @ Il)— (See Note 3.)
8 5% @lr Ty o
8 - @ ?
— @ fe—
—-® « O+ -
PEACR I N ” 1
k- it NPX Transfer c’ (SeoNcta 1)
BRE, [CR (SeoNote5) ] © l-

AasAg

M0,
COD/TNTK (See Note 6.)
DygDly o o e e e e e e e e e e ]
B PCLK
3 /Y e Y s N e Y
-}

03552-45
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.
. The data bus will be driven as shown if the last cycle before T, in the diagram was a write T,.
. The 80286 floats its status pins during T,,. External 20 kQ resistors keep these signals high (see Table 15).
. For HOLD request set-up to HLDA, refer to Figure 34.
. BHE and [OCK are driven at this time but will not become valid until T.
. The data bus will remain in three-state OFF if a read cycle is performed.

o0 s~ ODN
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SWITCHING WAVEFORMS (continued)

80286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only

Bus Cycle Type
T
Ven 2
CLK_L/L\
Ve
57-50

VO Read ¥ proc. ext. to memory
/ Memory Read if memory 1o proc. ext.

_ 1 Ve

N/

Memory address I proc. ext. to memory transfer
VO port address COFA(H) i memory to proc. ext. transfer

Memory Write if proc. ext. to memory
VO Write if memory to proc. ext.

X

X

[~ VO port address OOFA(H) ¥ proc. ext. to memory transfer
Memory address ¥ memory to proc. ext. transfer

=@ o €
PEACK {See Note 1.)

—
———— (S0 Not 2.) =——tb>}

@-—

Y, Yy, Y, g, e Y, ", i,
PEREQ 2 "*}%:%?"{"‘n,,""'«:‘ ""?'"':"’*::z":"'*':%":ﬁ "o "'3”:"‘«, "‘:’"’mb

[ Of

-x

03552-46

Assuming word-aligned memory operand; if odd-aligned, 80286 transfers to/from memory byte-at-a-time

with two memory cycles.

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 /O 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

1-11 max-4 min. The actual, configuration dependent, maximum timeis:3x 1-11 max—4 min + Ax2x 1. Aisthe
number of extra T, states added to either the first or second bus operation of the processor extension data operand

transfer sequence.
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Initial 80286 Pin State During Reset

Bus Cycle Type
Tx Tx Tx
5 Q_/QZ_\ ‘ 2 1 2 L/Ql—)
CLK
AR
(See Note 1)
RESET
| At least I
1 16 CLK Periods | |g— @_.
5.5 @~ ss
PEACK Unknown A+
e
A’B’?H'% Unknown 7f
- ® |-
wWiG X
COD/ANTA Unknown N £
(®)]
y <%
[Lereilg Unknown 7
- ® (See Note 3.)
DATA (J% |
~ If hold is NOT active (See Note 4.)
HLDA Unknown «

1 (24

0972947

Notes: 1. Set-up time for RESET T may be violated with the consideration that ¢1 of the processor clock may begin one
system CLK period later. |

2. Set-up and hold times for RESET { must be met for proper operation, but RESET | may occur during 61 or ¢2.
. The data bus is only guaranteed to be in three-state OFF at the time shown.

4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins tofloat. if HOLD remains
active while RESET goes inactive, the 80286 remains in HOLD state and will not perform any bus accesses until
HOLD isdeactivated.

w
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80286 INSTRUCTION SET SUMMARY

Clock Count Comments
Protected
Aggzalss Aﬁgrueasls Agg::ss Zrﬁ:’?g:d
Function Format Mode Mode Mode Mods”
DATA TRANSFER
MOV =Move:
Register to Register/Memory] 1000100w| mod reg r/m 2,3 2,3* 2 9
Register/Memory to Register] 100010 1w| mod reg r/m 2,5" 2,5* 2 9
Immediate to register/ 110001 1w| mod00O/m data data ifw=1 2,3" 2,3" 2 9
Memory
Immediate to register 1011wreg data dataifw=1 2 2
Memory to accumulator 1010000w| addr-low addr-high 5 5 2 9
Accumulator to memory 1010001w| addr-low addr-high 3 3 2 9
Register/memory to 10001110 | modOregr/m 2,5* 17,19* 2 9,10,11
segment register
Segment register to I 10001100 I modOregr/m | 2,3* 2,3" 2 9
register/memory
PUSH=Push:
Memory 11111111 | mod110rm | 5 5 2 9
Register 01010reg 3 3 2 9
Segment register 000reg110 3 3 2 9

POP=Pop )

Memory 10001111 }Imod000r/m 5* 5* 2 9

Register 01011reg 5 5 2 9
i 000reg111 01 5 20 2

XCHG =Exchange:
Register/memory with [ 1000011 wI modreg r/m | 35" 35" 2,7 79

register

Register with accumulator | 10010reg 3 3

IN =Input from:

Fixed port 1110010w| port | 5 5 14
Variable port 1110110w 5 5 14
OUT=Output to:

Fixed port 1110011w| port | 3 3 14
Variable port 1110111w 3 3 14
XLAT =Translate byte to AL| 11010111 5 5 9
LEA=load EA toregister | 10001101 jmodregr/m 3* 3*

LDS =Load pointer to DS 11000101 | modregr/m | (mod = 11) 7 21" 2 9,10,11
LES =Load pointer to ES 11000100 | modregr/m {(mod=11) 7" 21 2 9,10,11
LAHF =Load AH with flags | 10011111 2 2

SAHF=Store AH into flags | 10011110 2 2

PUSHF =Push flags 10011100 : 3 3 2 9
POPF =Pop flags 10011101 5 5 24 9,15

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

See footnotes at end of this document.
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80286 INSTRUCTION SET SUMMARY (continued)

Clock Count Ci

Real | Virtual | Real | Virtuat
Address | Address | Address | Address

Function Format Mode | Mode | Mode | Mode
ARITHMETIC
ADD=Add:
Reg/memory with register to either |000000dw | modregr/m 2,7 2,7 2 9
Immediate to register/memory 100000sw | mod0OWm data dataifsw=01] 3,7*| 3,7* 2 9
Immediate to accumulator 0000010w{ data dataifw=1 3 3

ADC = Add with carry:

Reg/memory with register to either |000100dw | modregr/m 2,7} 2,7 2 9
Immediate to register/memory 100000sw| mod010rm| data dataifsw=01} 3,7*| 3,7* 2 9
Immediate to accumulator 0001010w | data dataifw=1 3 3
INC=Increment:

Register/memory 1111111w| mod00Or/m I 27| a7 2 9
Register 01000reg 2 2

SUB =Subtract:

Reg/memory and registerto either  |001010dw | modregr/m 27| 7 2 9
Immediate from register/memory 100000sw| mod10tr/m| data dataif sw=1 3,7 3,7 2 9
Immediate from accumulator 0001110w| data dataifw=1 3 3

SBB =Subtract with borrow:

Reg/memory and registerto either |000110dw | modregr/m 27| 27 2 9
Immediate from register/memory 100000sw | modO11r/m data data if sw=01 37| 3,7 2 9
Immediate from accumulator 0010110w| data data ifw=1 3 3 ‘
DEC =Decrement:

Register/memory 1111111w| mod001um} 27| 2.7 2 9
Register 01001reg 2 2

CMP =Compare:

Register/memory with register 0011101w| modregr/m 2,6' 2,6 2 9
Register with register/memory 0011100w| modregr/m 27| 27 2 9
Immediate with register/memory 100000sw| modi1tirm| data dataifsw=01| 3,6*| 3,6* 2 9
Immediate with accumulator 0011110w| data dataifw=1 3 3

NEG =Change sign 1111011w| mod011r/m 2 Il 2 7
AAA = ASCI| adjust for add 60110111 3 3

DAA = Decimal adjust for add 00100111 3 3

AAS = ASCH adjust for subtract 00111111 3 3

DAS = Decimal adjust for subtract 00101111 3 3

MUL = Multiply (unsigned) 1111011w| mod1 OOr/nT]

Register-Byte 13 13

Register-Word 21 21

Memory-Byte 16" 16* 2 9
Memory-Word 24* | 24 2 9

Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9
Memory-Word 24" 24* 2 9

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
See footnotes at end of this document.
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80286 INSTRUCTION SET SUMMARY (continued)

Function

Format

Clock Count

Comments

Real
Address
Mode

Real
Address
Mode

DIV = Divide (unsigned):
Register-Byte
Register-Word
Memory-Byte
Memory-Word

IDIV =Integer divide (signed)
Register-Byte

Register-Word

Memory-Byte

Memory-Word

AAM = ASCI| adjust for muitiply
AAD =ASCI| adjust for divide

CBW =Convert byte to word

CWD = Convert word to double word

LOGIC
ShiftRotate Instructions:

Register/Memory by 1

Register/Memory by CL

[t111011w]

mod 1101/m |

l1111011w]

mod111rm |

11010100

00001010

11010101

00001010

10011000

10011001

mod TTT r/m |

[t1o1000w|

[t101001w|

mod TTT r/m l

Instruction

T
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND=And:
Reg/memory and register to either  [001000dw | modreg r/m
Immediate to register/memory 1000000w| mod100r/m| data dataifw=1
Immediate to accumulator 0010010w | data dataifw=1
TEST = And function to flags, no result:
Register/memory and register 1000010w | modregr/m
Immediate data and register/memory [1111011w| mod000r/m} data dataifw=1
Immediate data and accumulator 1010100w | data dataifw=1
OR=Or: )
Reg/memory and register to either 0000 10dw | mod reg r/m
Immediate to register/memory 1000000w | mod001r/m] data dataifw=1
Immediate to accumulator 0000110w | data data ifw=1
XOR =Excluslve or:
Reg/memory and registerto either [001100dw | modreg r/m
Immediate to register/memory 1000000w| mod110r/m| data dataifw=1
Immediate to accumulator 0011010w | data dataifw=1
NOT =Invert register/memory 1111011w| mod010r/m

2,7

5+n,
8+n*

2,7
3,7

2,6"
3,6"

2,7
3,7

2,7
3,7

2,7

14
22
17"
25*

17
25
20
28*
16

14

2,7

54n,
8+n*

2,7
3,7

2,6"
3,6"

2,7
3,7

2,7
3,7

2,7

2,6} 69
26| 69
2 9
2 9
2 9
2 9

2

2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

See footnotes at end of this document.
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80286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments

Protected Protected

Real Virtual Real Virtual
Address Address Address| Address

Function Format Mode Mode Mode Mode

STRING MANIPULATION:
MOVS = Move byte/word 1010010w 5 5 2 9
CMPS =Compare byte/word 1010011w 8 8 2 9
SCAS = Scan byte/word 1010111w 7 7 2 9
LODS =Load byte/wd to ALVAX 1010110w 5 5 2 9
STOS = Stor byte/wd from ALA 1010101w 3 3 2 9
0110110w

MOVS = Move string 11110010 | 1010010w 5+4n 5+4n 2 9
CMPS = Compare string 1111001z | 101001 1w 5+9n 5+9n 2 9
SCAS =Scan string 1111001z | 1010111w 5+8n 548n 2 9
LODS = Load string 1111010 1010110w 5+4n S+4n 2 9

i 11110010 | 1010101w 2 9

CALL=Call:
Direct within segment 11101000 | displow disp-high 7+m 7+m 2 8
Register memory indirect 11111111 | modO10r/m 7+mA1+m| 7+m,11+m 2 8,9
within segment
Direct intersegment 10011010 segment offset 13+m 26+m 2| 811,12
segment selector
Protected Mode Only (Direct Intersegment):
Via call gate to same privilege level 41+m 8,11,12
Via call gate to different privilege level, no parameters 82+m 8,11,12 |
Via call gate to different privilege level, x parameters 86+4x+m 8,11,12
Via TSS 177 +m 8,11,12
Via task gate 182+m 8,11,12
Indirect intersegment [19111111 [ modo11em | (mod«11) 16+m|  29+m* 2 |89,11,12
Protected Mode Only (Indirect Intersegment):
Via call gate to same privilege level 44+m* 8,9,11,12
Via call gate to different privilege level, no parameters 83+m* 8,9,11,12
Via call gate to different privilege level, x parameters 90 +4x+m* 8,9,11,12
Via TSS 180+m* 8,9,11,12
Via task gate 185+m* 89,11,12
JMP = Unconditional jump
Short/long 11101011 | displow 7+m 7+m 8
Direct within segment 11101001 | displow disp-high 7+m 7+m 8
Register/mem indirect within segmen{ 11111111 | mod100r/m 7+m 11 +m* |7 +m,11+m* 2 8,9
Direct intersegment 11101010 segment offset 11+m 23+m 8,11,12
segment selector
Protected Mode Only (Indirect Intersegment):
Via call gate to same privilege level 38+m 8,11,12
Via TSS : 175+m 8,11,12
Via task gate 180+m 8,11,12
Indirect intersegment |1 1111111 | mod 101 r/m | {mod » 11) 15+m* 26+m* 2 |89,11,12
Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
See footnotes at end of this document.
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80286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments
Protected Protected
Real Virual Resl Virtusl
Address Address Address | Address
Function Format Mode Mode Mode Mode
CONTROL TRANSFER (Continued):
Protected Mode Only (Indirect Intersegment)
Via call gate to same privilege level 41+m* 8,9,11,12
Via TSS 178+m* 8,9,11,12
Via task gate 183+m* 8,9,11,12
RET =Return from CALL:
Within segment ' 11000011 11+m 11+m 2 89
Within seg adding immed to SP 11000010[ datalow | datahigh | 114m 114m 2 89
Intersegment 11001011 15+m 25+m 2 [89,11,12
Intersegment adding immediate to SP| 11001010 datalow | data-high | 15+4m 2 [8g,11,12
Protected Mode Only (RET):
To different privilege level 55+m
JENZ =Jump on equal zero I 01110100 l disp I 7+mor3 | 7+mor3 8
JL/UNGE=
Jump on less not greaterorequal | 01111100} disp | 7+#mor3 | 7+mor3 8
JLEWJNG =
Jump on less or equal not greater I 01111110 | disp | 7+mor3 | 7+mor3 8
JB/INAE =
Jump on below not aboye or equal I 01110010 I disp ] 7+mor3 | 7+mor3 8
JBEAUNA= ,
Jump on below or equal not above 01110110 disp 7+mor3 | 7+mor3 8
| JPIJPE = Jump on parity/parityeven | 01111010 disp 7+mor3 | 7+mor3 8
JO =Jump on overflow 01110000 disp 7+mor3 | 7+mor3 8
JS =Jump on sign 01111000 disp 7+mor3 | 7+mor3 8
JNE/INZ =
Jump on not equal not zero {ot110101] disp | 7+4mord | 74mor3 8
JNLJGE = )
Jump on not less greaterorequal | 01111101] disp | 7+mor3 | 7+mor3 8
JNLENG =
Jump on not less or equal greater | 01111111 | disp I 7+mor3 | 7+mor3 8
JNB/JAE= :
Jump on not below above or equal I 01110011 I disp I 7+mor3 | 7+mor3 8
JNBEJA= )
Jump on not below or equal above 01110111 disp 7+mor3 | 7+4mor3 8
JNP/JPO =Jump on not par/parodd | 01111011 disp 7+mor3 | 7+mor3 8
JNO =Jump on not overflow 01110001 disp 7+4mor3 | 7+mor3 8
JNS =Jump on not sign 01111001 disp 7+mor3 | 7+mor3 8
LOOP=Loop CX Times 11100010 disp 8+mord4 | 8+mord 8
LOOPZ/LOOPE =
Loop while zero equal [ 11100001] disp | 8+smord | 8wmord 8
LOOPNZ/LOOPNE =
Loop while not zero equal 11100000 disp 8+mor4 | 8+mord 8

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
See footnotes at end of this document.
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80286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments
Protected Protected
Real Virtual Real Virtual
Address Address Address Address
Function Format Mode Mode Mode Mode
CONTROL TRANSFER (Continued):
INT =Interrupt:
Type specified 11001101 type I 23+m 2
Type 3 11001100 : 23+m 2
INTO = Interrupt on overflow 11001110 24-mor3| 24-or3 2
(3if no) (3 if no),
(Interrupt) | (Interrupt)
Protected Mode Only:
Via interrupt or trap gate to same privilege level 40+m 8,11,12
Via interrupt or trap gate to fit different privilege level 78+m 8,11,12
Via Task Gate 167+m 8,11,12
IRET = Interrupt retum 17+m|  31+m| 24| 8o,
12,15
Protected Mode Only:
To different privilege level 55+m 8,9,11,
12,15
To different task (NT = 1) 169+m | 8,9,11,12

PROCESSOR CONTROL
CLC=Clear carry 11111000 2 2
CMC = Complement carry 1110101 2 2
STC=Set carry 11111001 2 2
CLD =Clear direction 11111100 2 2
STD=Set direction 11111101 2 2
CLI=Clear interrupt 11111010 3 3| 14
STI=Set interrupt 11111011 2 2 14
HLT =Halt 11110100 2 2 13
WAIT = Wait 10011011 3 3
LOCK =Bus lock prefix 11110000 0 [ 14
CTS =Clear task switched flag 00001111| 00000110 2 2| 3 13
ESC =Processor Extension Escape [ 10011 TTT| modLLLt/m | 9-20* 9-20" 5 17
(TTT LL are opcode to processor extension)

SEG =Segment override prefix reg 0 [o)

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

See footnotes at end of this documant.
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80286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
See footnotes at end of this document.
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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

if mod = 10 then DISP = disp-high: disp-low
it t/m= 000 then EA = (BX) +(Sl) + DISP

it t/m =001 then EA=(BX) + (D) + DISP

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

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

it f/m=100 then EA=(Sl) + DISP

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

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

it /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.

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the following:

Segment -
REG Register
00 ES
01 Cs
10 SS
11 DS

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 segment
register. The physical addresses of the destination op-
erands of the string primitive operations (those ad-
dressed by the DI register) are computed using the ES
segment, which may not be overridden.

80286
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80C286

High-Speed CMOS 80286 Microprocessor

= |

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B Ultra high-performance processor
—Dver 20X performance of 8086
—Over 1.5X performance of 386SX-16"
—Comparable performance to 386 at same clock
speed”
B Wide range of clock rates
—25 MHz (80C286-25)
—20 MHz (80C286-20)
—16 MHz (80C286-16)
~—12.5 MHZ (80C286-12)

*When running 16-bit code (i.e., DOS or 0S/2)

¥ 100% functionally and pin compatible with

NMOS 286

B Static CMOS design for low power operation

—Standby mode lcc=5 mA maximum
—Operating mode Icc

220 mA max at 12.5 MHz

260 mA at max 16 MHz

310 mA at max 20 MHz

360 mA at max 25 MHz

B g8-lead LCC and 68-lead PLCC packages

GENERAL DESCRIPTION

AMD’s 80C286 is a high-speed implementation of the in-
dustry standard 80286 microprocessor. It is 100% func-
tionally compatible with the NMOS version and is a plug
compatible replacement. AMD’s high-speed CMOS
process allows clock speeds much higher than those at-
tainable with NMOS. This CMOS 80286 operates at
clock speeds up to 25 MHz.

This CMOS design is a static implementation which al-
lows the processor to be clocked down to DC and still

retain full register status. This is useful for designs where
power consumption is a consideration as the 80C286
uses only 5 mA of supply current when in standby mode.
The 80C286 also retains full functionality from it's maxi-
mum clock frequency through very low frequencies down
to DC. Since power consumption is proportional to clock
speed, the 80C286 may be clocked at a slower rate to
draw less current.

BLOCK DIAGRAM
I [T I e e I s S — A
Address Unit (AU)
Address Ao
ohysica J l N Latches and Drivers ?[H}: MG
S| Q
'Address Processor » PEACK
Adder Prefetcher Extension peREQ
Segment nterface READY,
Bases 51, 50, COD/INTA
Offsat Bus [GCK, HLDA
Segment | Segment |
Limit Sizes D D.s:D
Checker ata hs-Da
6-Byte !
Prafaich |
Queue ]
L —_—— e e ] J Bus Unit (BU) |
A =23 === [==——== i N I N B H
| ALU 1
! _':> | i'_ Hommdic:
| Regi Control i ?nls)m:g Insvrucugn ) I ¢— CL
| < e Bl A N
| ) ) [ —==—===x= T J e Vec
L _Ef_e_mnon Unit (EU) a
NMI BUS
INTR' ERROR
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CONNECTION DIAGRAMS

Component Pad Views—
as viewed from underside
of component on the PC
board.

CD005613

Pin no. 1 mark

”

pd
< <

PC Board Views—as viewed
from the component side of
the PC board. Vss

Do
De
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Ds
D,
Do
Ds
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D2
De
Dis
Ds
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D;
Dis

|
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I
Lokl bleapdka 2 bellelbel

| A,
= ok

A
ElA
E VCC
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INTR[Z]
E]
2]
2]
2]
B
H|

BUSY
N.C
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E3|

|
C.I3
N.C.[Z]

N.C.
ERROR

There are no electrical connections on the bottom of this package. : O
Pin no. 1 mark
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CONNECTION DIAGRAMS (continued)

PLCC
As viewed from top of package E (¢}
{PC side of component board. o) o8 SE o o =6 6o E E .
SFEHREEEE ¥
Pin no. 1 mark jﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂ l_l\
.
BRE[]|* ] Dss
Ne [ ] b,
NC [: j Dyt
st ] j Ds
& [ ] D
PEACK ] [ 1Ds
Az E j Dy2
A& E __-l D‘
Ves E j Du
Ax [ 1D,
Azo j D!O
Am : Dz
A E : Dy
Aw C D Dy
A C 1 0s
A [] 1],
A“ D j VSS
LTSS <"§ >8§ << <
b CDO10641
PIN DESIGNATIONS
(sorted by pin number) ,
Pin Pin Pin Pin Pin Pin
No. Name No. Name No. Name
1 BHE 24 A7 47 D13
2 NC 25 As . 48 Ds
3 NC 26 As 49 Dis
4 St 27 A4 50 D7
5 SO 28 Aa 51 Dis
6 PEACK 29 RESET 52 NC
7 Az 30 Vee 53 ERROR
8 Az 31 CLK 54 BUSY
9 Vss 32 Az 55 NC
10 Az 33 At 56 NC
11 Az 34 Ao 57 INTR
12 A 35 Vss 58 NC
13 Ase 36 Do 59 NMI
14 Az 37 Ds 60 Vss
15 A 38 D1 61 PEREQ
16 Ais 39 De 62 Vee
17 A 40 D2 63 READY
18 Az 41 Dto 64 HOLD
19 Az 42 Ds 65 HLDA
20 A 43 D11 66 COD/INTA
21 A 44 Da 67 M/10
22 As 45 D12 68 LOCK
23 As 46 Ds
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordenng number
(Valid Combination) is formed by a combination of: - a. Device Number

b .Package Type

c. Temperature Range

d. Speed Option

e. Optional Processing

. R 80C286 -16

L_ d. SPEED OPTION

~12 = 12.5 MHz
-16 = 16 MHz
~20 = 20 MHz
-25 = 256 MHz

a. DEVICE NUMBER/DESCRIPTION
80C286
High-Speed CMOS 80286 Microprocessor

b. PACKAGETYPE
R = 68-Pin Ceramic Leadless Chip Carrier
(CA2068)

N = 68-Lead Plastic Leaded Chip Carrier
(PLOBSB)

L c. TEMPERATURE RANGE
Blank = Commercial (TC =0 to +85°C)

Valid Combinations

80C286-25
80C286-20
80C286-16
80C286-12

RN

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm avaitability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD’s standard military grade products.
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PIN DESCRIPTION

CLK
System Clock (Input; Active HIGH)

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 LOW-to-HIGH transition on the RESET
input.

Do-Dis
Data Bus (Input/Output; Active HIGH)

Data Bus inputs data during memory, I/O, and interrupt
acknowledge read cycles; outputs data during memory
and I/O write cycles. The data bus is active HIGH and
floats to three-state OFF during bus hold acknowledge.

A23-A0
Address Bus (Output; Active HIGH)

Address Bus outputs physical memory and I/O port ad-
dresses. Ao is LOW when data is to be transferred on
pins Dzo. Az-Ate are LOW during I/O transfers. The
address bus is active HIGH andfloats to three-state OFF
during bus hold acknowledge.

BHE
Bus High Enable (Output; Active LOW)

Bus High Enable indicates transfer of data on the upper
byte of the data bus Diss. Eight-bit oriented devices as-
signed to the upper byte of the data bus would normally
use BAE to condition chip select functions. BHE is active
LOW and floats to three-state OFF during bus hold ac-
knowledge.

BHE and A, Encodings

BHE A,
Value Value Function

0 0  Word transfer
0 1 Byte transfer on upper half of data bus (D,,,)
1 0  Bytetransfer on lower half of data bus (D,,)
1 1 Reserved

51,50

Bus Cycle Status (Output; Active LOW)

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 Ts state whenever one or both are
LOW. S1 and SO are active LOW and float to three-state
OFF during bus hold acknowledge.

80C286 Bus Cycle Status Definition

cob/ o
INTA M/IO S1 S0 Bus cycle initlated

O(LOW) ©0 0 0 Interrupt acknowledge

0 0 0 1 Reserved

0 0 1 0 Reserved

0 0 1 1 None;not a status cycle

0 1 0 0 IFA,=1then halt; else shutdown
0 1 0 1 Memory data read

0 1 1 0 Memory data write

0 1 1 1 None; not a status cycle
1(HIGH) 0 0 0 Reserved

1 0 0 1 IORead

1 0 1 0 VOWrite

1 0o 1 0 None; not a status cycle

1 1 0 0 Reserved

1 1 0 1 Memory instruction read

1 1 1 0 Reserved

1 1 1 1 None; not a status cycle

M0

Memory/IO Select (Output)

Memory/lO Select distinguishes memory access from
/0 access. |f HIGH during Ts, a memory cycle or a
halt/shutdown cycle is in progress. If LOW, an 1/O cycle
or an interrupt acknowledge cycle is in progress M/IO
floats to three-state OFF during bus hold acknowledge.

COD/INTA

Code/Interrupt Acknowledge (Output)
Code/Interrupt Acknowledge distinguishes instruction
fetch cycles from memory data read cycles. Also distin-
guishes interrupt acknowledge cycles from I/O cycles.
COD/INTA floats to three-state OFF during bus hold ac-
knowledge.

LOCK

Bus Lock (Output; Active LOW)

Bus Lock indicates that other system bus masters are not
to gain control of the system bus following the current
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 three-state OFF during hold
acknowledge.
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PIN DESCRIPTION (continued)

READY
Bus Ready (Input; Active LOW)

Bus Ready terminates a bus cycle. Bus cycles are ex-
tended without limit until terminated by READY LOW.
READY is an active LOW synchronous input requiring
set-up and hold times relative to the system clock be met
for correct operation. READY is ignored during bus hold
acknowledge.

HOLD, HLDA
Bus Hold Request and Hold Acknowledge
(Input/Output; Active HIGH)

Bus Hold Request and Hold Acknowledge control owner-
ship 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 three-state OFF and then active 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
buys. This terminates the bus hold acknowledge condi-
tion. HOLD may be asynchronous to the system clock.
These signals are active HIGH.

INTR
Interrupt Request (Input; Active HIGH)

Interrupt Request requests the 80C286 to suspend its
current program execution and service a pending exter-
nal request. Interrupt requests are masked wheneverthe
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 inter-
rupt 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 sensi-
tive, active HIGH, and may be asynchronous to the sys-
tem clock.

NMI
Non-maskable Interrupt Request
(Input; Active HIGH)

Non-maskable Interrupt Request interrupts the 80C286
with an internally supplied vector value of 2. No interrupt
acknowledge cycles are performed. The interrupt enable
bitin 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 syn-
chronization. For proper recognition, the input must have
been previously LOW for at least four system clock cy-

cles and remain HIGH for at least four system clock
cycles.

PEREQ, PEACK

Processor Extension  Operand Request
Acknowledge (Input/Output)

Processor Extension Operand Request and Acknowl-
edge extends 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 re-
quested operand is being transferred. PEREQ is active
HIGH and may be asynchronous to the system clock.
PEACK is active LOW.

BUSY, ERROR
Processor Extension Busy and Error

Processor Extension Busy and Error indicate the operat-
ing 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 exten-
sion interrupt when executing WAIT or some ESC in-
structions. These inputs are active LOW and may be
asynchronous to the system clock.

RESET
System Reset (Input; Active HIGH)

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:

and

80C286 Pin State during Reset

Pin Value Pin Names
1 (HIGH) 'S'GE , PEACK, A,,-A,, BHE, LOCK
0 (LOW) MAO, COD/NTA, HLDA

three-state OFF D,s-D,

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. Ap-
proximately 50 system clock cycles are required by the
80C286 for internal initializations before the first bus
cycle to fetch code from the power-on execution address
is performed.

80C286
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PIN DESCRIPTION (continued)

ALOW-to-HIGH transition of RESET synchronous to the
systemclock, willbegin a new processor cycle atthe next
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 duringthe next system period. Synchronous LOW-
to-HIGH transitions of RESET are only required for sys-
tems where the processor clock must be phase synchro-
nous to another clock.

Vss
System Ground (Input; Active HIGH)

System Ground: 0 volts.

Vee

System Power (Input; Active HIGH)
System Power: +5 volt power supply.
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FUNCTIONAL DESCRIPTION
Introduction

The 80C286 is a fully static advanced, high-performance
microprocessor with specially optimized capabilities for
multiple user and multitasking systems. Depending on
the application, the 80C286’s performance is up to 20
times tasterthan the standard 5-MHz 8086, while provid-
ing complete upward software compatibility with AMD’s
iAPX 86, 88, and 186 family of CPUs.

Static Operation

AMD’s 80C286 is composed of complete static circuitry.
Unlike the dynamic circuit design, the 80C286's internal
registers, counters, and latches are static and do not
require refresh which eliminates the minimum operat-
ing frequency restriction that is typically placed on
microprocessors.

AMD’s 80C286 can operate from DC to the specified
upper frequency limit. The clock to the processor may be
stopped at any point (either phase one or phase two of
the processor clock cycle) and held there indefinitely.
Additionally, a significant decrease in power requirement
occurs if the clock is stopped in phase two of the proces-
sor clock cycle. Details on clock relationships can be
found in the Bus Operation section.

Note that the ability to stop the clock to processor is
useful for system debug or power critical applications
such as battery-powered laptop personal computers.
The 80C286 can be single-stepped using only the CPU
clock, and this state can be maintained as long as neces-
sary. Single step clock operation allows for simple inter-
face circuitry to provide critical information during system
debug.

Static design allows very low frequency operation (down
to DC). In a power critical situation, this can provide low
power operation since 80C286 power dissipation is di-
rectly related to operating frequency. As the system fre-
quency is reduced, so is the operating power until, ulti-
mately, with the clock stopped in phase two of the
processor clock cycle, the 80C286 power requirement is
the standby current (5 mA maximum).

The 80C286 operates in two modes: iAPX 86 real ad-
dress mode and protected virtual address mode. Both

modes execute a superset of the iAPX 86 and 88 instruc-

tion set.

In iAPX 86 real address mode programs use real ad-
dresses with up to one megabyte of address space. Pro-
grams use virtual addresses in protected virtual address

mode, also called protected mode. In protected mode,
the 80C286 CPU automatically maps 1 gigabyte of vir-
tual addresses per task into a 16 megabyte real address
space. This mode also provides memory protection to
isolate the operating system and ensure privacy of each
task’s programs and data. Both modes provide the same
base instruction set, registers, and addressing modes.

The following pages describe first, the base 80C286 ar-
chitecture common to both modes; second, iAPX 86 real
address mode; and third, protected mode.

80C286 Base Architecture

The iAPX 86, 88, 286, and C286 CPU family all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80C286 processor is upward com-
patible with the 8086, 8088, and 80186 CPUs.

Register Set

The 80C286 base architecture has fifteen registers as
shown in Figure 1. These registers are grouped into the
following four categories: ‘

General Registers: Eight 16-bit general purpose regis-
ters used to contain arithmetic and logical operands.
Fourof these (AX, BX, CX, and DX) canbe used eitherin
theirentirety as 16-bit words or splitinto pairs of separate
8-bit registers.

Segment Registers: Four 16-bit special purpose regis-
ters select, at any given time, the segments of memory
that are immediately addressable for code, stack, and
data. (For usage, refer to Memory Organization.)

Base and Index Registers: Four of the general purpose
registers may also be used to determine offset ad-
dresses of operands in memory. These registers may
containbase addresses orindexesto particular locations
within a segment. The addressing mode determines the
specific registers used for operand address calculations.

Status and Control Registers: Three 16-bit special
purpose registers record or control certain aspect of the
80C286 processor state. These include the Instruction
Pointer, which contains the offset address of the next
sequential instruction to be executed.

80C286
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16-Bit Special
Register Register 15 0
Name Function
07 0 CS Code Segment Selector
%L",essab.e AX[ AH AL Multiply/Divide Ds Data Segment Selector
(8-Bit Register ] DX { DH DL VO Instructions ss Stack Segment Selector
gﬁg’;: CS| CH CcL } Loop/Shift Repeat Count  ES Extra Segment Selector
BX i
BH BL Base Registers Segment Registers
BP
S| ‘ 15 0
DI } Index Registers E Flags
SP } Stack Pointer P Instruction Pointer
15 Y MSW Machine Status Word
General Registers Status and Control Registers
Figure 1. Register Set
Status Flags:
. Carry
Parity
Auxiliary Carry
Zero
Sign
Overflow
15 14 13 12 11 10 9 8 7 4 3 2 1 0
oy ] T
Flags: NT ort | oF | DF | IF | TF | SF

Control Flags:
Trap Flag
Interrupt Enable
Direction Flag

Special Fields:
/O Privilege Level
Nested Task Flag

15

3 2 1 0

TS| EM MP| PE

Reserved

Task Switch ——-I

Processor Extension Emulated
Monitor Processor Extension
Protection Enable

Figure 2. Status and Control Register Bit Functions

1-136

80C286



Flags Word Description

The Flags word (Flags) records specific characteristics
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 1.

Table 1. Flags Word Bit Functions

Position Name Function

operand instructions may reference a register or mem-
ory location. Two-operand instructions permit the follow-
ing six types of instruction operations:

Register to Register

Memory to Register

Immediate to Register

Memory to Memory

Register to Memory

Immediate to Memory :
Two-operand instructions (e.g., MOV and ADD) are usu-
ally three to six bytes long. Memory to memory opera-
tions are provided by a special class of string instructions
requiring one to three bytes. For detailed instruction for-

0 CF  Carnry Flag—Set on high-order bit carry mats and encodings, refer to the instruction set summary
or borrow; cleared otherwise at the end of this document.
2 PF . Parity Flag—Set if low-order 8 bits of . . .
result contain an even number of 1 bits; Memory is organized as sets of variable length seg-
cleared otherwise ) ments. Each segment is a linear contiguous sequence of
4 AF  Set on carry-from or barrow-o the up to 64K(*16) 8-bit bytes. Memory is addressed using a
low-order four bits of AL; cleared two-component address (a pointer) that consists of a
otherwise 16-bit segment selector and a 16-bit offset. The segment
6 ZF Zero Flag—Set if result is zero; cleared selector indicates the desired segment in memory. The
~ otherwise offset component indicates the desired byte address
7 SF  Sign Flag—Set equal to high-order bitof ~ Within the segment.
result (0 if positive, 1 if negative) ol
1 OF  Overflow Flag—Set if result is a Memory Organization
too-large large positive number or a All instructions that address operands in memory must
too-small negative number (excluding specify the segment and the offset. For speed and com-
5:9"‘bg) to fit in destination operand; pactinstruction encoding, segment selectors are usually
cleared otherwise , stored in the high speed segment registers. An Instruc-
8 TF Stmgle tStep flag—On%e sfrt{ a smtgie tion need specify only the desired segment register and
step Interrupt occurs arter the nex
instruction executes. TF is cleared by the . an offset to address a memory operand.
single step interrupt
9 IF Interrupt-Enable Flag—When set, General Purpose
maskable interrupts will cause the CPU MoV Move byte or word
to trqn_sfer control to an interrupt vector PUSH - Push word onto stack
specified location ‘ POP Pop word off stack
10 DF  Direction Flag—Causes string PUSHA Push al registers on stack
instructions to auto decrement the POPA Pop all registers from stack
appropriate index registers when set. XCHG Exchange byte or word
Clearing DF causes auto increment. XLAT Translate byte
) Input/Output
H IN Input byte or word
Instruction Set ouT Output byte or word
The instruction set is divided into seven categories: data Address Object
transfer, arithmetic, shift/rotate/logical, string manipula- LEA Load effective address
" tion, program transfer, high-level instructions, and proc- LDS Load pointer using DS
essor control. These categories are summarized in Fig- LES Load pointer using ES
ures 3-9. Flag Transfer
An 80C286 instruction can reference zero, one, or two LAHF Load AH register f-mm flags
" . " s SAHF Store AH register in flags
operands where an operand resides in a register, in the
; S . g - PUSHF Push flags onto stack
instruction itself orin memory. Zero-operand instructions
POPF Pop flags off stack
(e.g., NOP and HLT) are usually one byte long. One-op-
erand instructions (e.g., INC and DEC) are usually two Figure 3. Data Transfer Instructions
bytes long, but some are encoded in only one byte. One-
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MOVS

Addition Move byte or word string
ADD Add byte or word INS " Input bytes or word string
ADC Add byte or word with carry OuTs Output bytes or word string
INC Increment byte or word by 1 CMPS Compare byte or word string
AAA ASCII adjust for addition SCAS Scan byte or word string
DAA Decimal adjust for addition LODS Load byte or word string
Subtraction STOS Store byte or word string
SUB . Subtract byte or word REP Repeat
SBB Subtract byte or word with borrow REPE/REPZ Repeat while equal/zero
DEC Decrement byte or word by 1 REPNE/REPNZ Repeat while not equal/not zero
NEG Negate byte or word Figure 5. String Instructions
CMP Compare byte or word
AAS ASCII adjust for subtraction
DAS Decimal adjust for subtraction
Multiplication Loglcals
MUL Multiply byte or word unsigned Sog
IMUL Integer multiply byte or word NOT "No:j'byte or w°“:!
AAM ASCl! adjust for multiply AND “An ' byte or ;’°’ g
DIV Divide byte or word unsigned OR "Inc usive or” byte or wor 4
DIV Integer divide byte or word XOR Exclgsuve or bV’Z‘" wor
AAD ASCII adjust for division TEST “Test” byte or wor
Division Sh!fts " . .
CBW Convert byte to word SHL/SAL Sh}ﬂ Iog_rcal/a.nthmetlc left byte or word
CWD Convert word to doubleword SHR Shift logical right byte or word
SAR Shift arithmetic right byte or word
Figure 4. Arithmetic Instructions Rotates
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 6. Shift/Rotate/Logical Instructions
Conditional Transfers Unconditional Transfers
JAUNBE Jump if above/not below nor equal CALL Call procedure
JAE/INB Jump if above or equal/not below RET Return from procedure
JBUNAE Jump if below/not above nor equal JMP Jump
JBEAJNA Jump if below or equal/not above
JC Jump if carry Iteration Controls
JENZ Jump if equal/zero
JGNNLE Jump if greater/not less nor equal LOOP Loop
JGEANL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JLAUNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLEAUNG Jump if less or equal/not greater JCXZ Jump if register CX=0
JNC Jump if not carry
JNEANNZ Jump if not equal/not zero Interrupts
JNO Jump if not overflow
JNPAJPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET Interrupt return
JPUPE Jump if parity/parity even
Js Jump if sign
Figure 7. Program Transfer Instructions
1-138 80C286



Flag Operations

STC Set carry flag

CLC Clear carry flag .

CMC Complement carry flag

STD Set direction flag

CLD Clear direction flag

STI Set interrupt enable flag

cL Clear interrupt enable flag
External Synchronization

HLT Halt until interrupt or reset

WAIT Wait for BUSY not active

ESC Escape to extension processor

LOCK Lock bus during next instruction
No Operation
NOP No operation
Execution Environment Control
LMSW Load machine status word
SMSW Store machine status word
Figure 8. Processor Control Instructions
ENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit
BOUND . Detects values outside prescribed range
Figure 9. High-Level Instructions
=] =~
Pointer
Segment Offset
3 16,15 [}
Operand Selected
T Selected Segment
~ Memory =%

Figure 10. Two-Component Address

All instructions that address operands in memory must
specify the segment and the offset. For speed and in-
struction encoding, segment selectors are usually stored
in the high speed segment registers. An instruction need
specify only the desired segmentregister and anoffset to
address a memory operand.

Most instructions need not explicitly specify which seg-
ment register is used. The correct segment register is
automatically chosen according to the rules of Table 2.
These rules follow the way programs are written (see
Figure 11) as independent modules that require areas
for code and data, a stack, and access to external data

. areas.

Memory Segment

Reference  Register Selection Rule

Needed Used Selection Rule

Instructions  Code (CS)  Automatic with instruction
prefetch

Stack Stack (8S)  All stack pushes and pops.
Any memory reference which
uses BP as a base register.

Local Data Data(DS)  All data references except
when relative to stack or
string destination.

External Extra (ES)  Alternate data segment and

(Global) Data destination of string operation.

Table 2. Segment Register Selection Rules

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
thatdo not reside in one of the four immediately available
segments, either a full 32-bit pointer can be used 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 addressing
modes are provided for instructions that operate on reg-
ister or immediate operands:

Register Operand Mode: The operand is located inone
of the 8- or 16-bit general registers.

Immediate Operand Mode: The operand is included in
the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand ad-
dress consists of two 16-bit components: segment selec-
tor and offset. The segment selector is supplied by a
segment register either implicitly chosen by the address-
ing mode or explicitly chosen by a segment override

80C286
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prefix. The offsetis calculated by summing any combina-
tion of the following three address elements:

the displacement (an 8- or 16-bit immediate value con-
tained in the instruction) -

the base (contents of either the BX or BP base registers)
the Index (contents of either the St or Dlindex 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 define
the six memory addressing modes, here described.

Direct Mode: The operand’s offset is contained in the
instruction as an 8- or 16-bit displacement element.

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).

CODE
Module A
DATA
1 1]
1 L]
CODE cPU
Module B |
DATA CODE
: o L DATA
Process
Stack STACK
EXTRA
' ' Segment
Registers
Process
Data
Block 1
: :
Process
Data
Block 2
beann- i
Memory

DF003660

Figure 11. Segmented Memory Helps Structure Software

Indexed Mode: The operand’s offset is the sum of an 8-
or 16-bit displacement and the contents of an index reg-
ister (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 oper-

. and's offset is the sum of a base register’s contents, an

index register's contents, and an 8- or 16-bit displace-
ment.

Data Types
The 80C286 directly supports the following data types:

Integer: A signed binary numeric value con-
fained in an 8-bit byte or a 16-bit word.
All operations assume a two’s comple-
ment representation. signed 32- and
64-bit integers are supported using the

80C287 Numeric Data Processor.

Ordinal: An unsigned binary numeric value con-

tained in an 8-bit byte or 16-bit word.

Pointer: A 32-bit quantity, composed of a seg-
ment selector component and an offset
component. Each componentis a 16-bit

word.

A contiguous séquencé of bytes or
words. A string may containfrom 1 byte
to 64K bytes. )

A byte representation of alphanumeric
and control characters using the ASCH
standard of character representation.

String:
ASCIL:

BCD: Abyte (unpacked) representation of the

decimal digits 0-9.

Packed BCD: A byte (packed) representation of two
decimal digits 0-9 storing one digit in .

each nibble of the byte.

Floating Point: A signed 32-, 64-, or 80-bit real number
representation. (Floating point oper-
ands are supported using the 80C287
Numeric Processor configuration.)

Figure 12 graphically represents the data types sup-
ported by the 80C286.
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' 7 0
Signed TT TT
Byte Lk
Sign Bit
Magnitude
7 0
Unsigned [TTT [T
Byte
L MSB
Magnitude
Signed 154 g, O 0
l\?\;:)el’d_ ll]—lllITll]ﬁl
SignBit- LMSB_
Magnitude
. a1 +3 +2 1615 +1 0 o
g?&'ﬁg lllllllr||||1||'l'r'l'r|"|"l"rl'1'|'|"l'!'1"
Word
Sign Bit— LL-MSB _
: Magnitude
+7 +6 +5 +4 +3 +2 +1 0o
Signed 48 47 _3231 16 15 0
Quad T |
Word
Sign Bit ~J LL=MSB _
Magnitude
15 +1 ) o
Unsigned|||||”|ll||||”'
Word
L. MSB
Magnitude
Binary 7N o 7 M e, 0,
Coded oo i|”||”
Decimal i
(BCD) BCD BCD BCD
Digit N . Digit 1 Digit 0
; N ) 7t o4 O )
ASCII coo lﬂlllrllllllllll
ASCH ASCII ASCIHI
Character, Character, Character,
; N, 7+ , 0
Packed" TTT{VTTITT[TTT
s [T+ [T
Most Significant Digit Least Significant Digit
718 N, 715 * 0715 O 0
Byte Word N Byte Word 1 Byte Word 0
2 +3 +2 16 15 +1 0
Pointer Illllllllll TTT llllllllllllllf
1
Selector Offset

+9 +8 +7 +6 +5 +4 +3 +2 +1 [}

I
Som [ [ [ [ T [ [ T1

Sign Bit— | i
Exponent : Magnitude

*Supported by iIAPX 80C286/80C287 Numeric Data Processor Configuration DF003670
Figure 12. 80C286 Supported Data Types

80C286 1-141



1/0 Space

The 1/O space consists of 64K 8-bit or 32K 16-bit ports.
/O instructions address the I/0 space with either an 8-bit

port address, specified in the instruction, or a 16-bit port
address in the DX register. Eight-bit port addresses are
zero extended such that A15-A8 are LOW. I/O port ad-
dresses 00F8(H) through 00FF(H) are reserved.

Table 3. Interrupt Vector Assignments

Return Address
Interrupt Related Before Instruction
Function Number Instructions Causing Exception?
Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMI interrupt 2 All
Breakpoint interrupt 3 INT
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
Reserved 8-15 )
Processor extension error input 16 ESC or WAIT
Reserved 17-31
User defined 32-255
Interrupts Further maskable interrupts are disabled while servicing

An interrupt transfers execution to a new program loca-
tion. The old program address (CS:IP) and machine
state (flags) are saved on the stack to allow resumption
of the interrupted program. Interrupts fall into three
classes: hardware initiated, INT instructions, and in-
struction exceptions. Hardware initiated interrupts occur
in response to an external input and are classified as
non-maskable or maskable. Programs may cause an
interrupt with an INT instruction. Instruction exceptions
occur when an unusual condition, which prevents further
instruction processing, is detected while attempting to
execute an instruction. The return address from an ex-
ception will always point at the instruction causing the
exception and include any leading instruction prefixes.

A table containing up to 256 pointers defines the proper
interrupt service routine for each interrupt. Interrupts
0-31, some of which are used for instruction 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 inter-
nally. INT instructions contain or imply the vector and
allow access to all 256 interrupts. Maskable hardware-
initiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence. Non-
maskable hardware interrupts use a predefined inter-
nally supplied vector.

Maskable Interrupt (INTR)

The 80C286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by setting
the interrupt flag bit (IF) in the flag word. All 224 user-de-

fined interrupt sources can share this input, yet they.can -

retain separate interrupt handlers. An 8-bit vector read
by the CPU during the interrupt acknowledge sequence
(discussed in System Interface section) identifies the
source of the interrupt.

aninterrupt by resetting the IF but as part of the response
{0 an interrupt or exception. The saved flag word will
reflect the_enable status of the processor prior to the
interrupt. Until the flag word is restored to the flag regis-
ter, the interrupt flag will be zero unless specifically set.
The interrupt return instruction 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 provided.
NMI has higher priority than INTR. A typical use of NMi
would be to activate a power failure routine. The activa-
tion of this input causes an interrupt with an internally
supplied vector value of 2. No externalinterrupt acknowl-
edge sequence is performed.

While executing the NMI servicing procedure, the
80C286 will not service further NMI requests, INTR re-
quests, or the processor extension segment overrun in-
terrupt until an interrupt return (IRET) instruction is exe-
cuted 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 inter-
rupts.

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 (TFy in the flag word. Once this bit is set, an
internal single step interrupt will occur after the next in-
struction 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 instruction to be single stepped.
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Interrupt Priorities

When simultaneous interrupt requests occur, they are
processed in a fixed order as shown in Table 4. Interrupt
processing involves saving the flags, return address, and
setting CS:IP to point at the first instruction of the inter-
rupt handler. If other interrupts remain enabled, they are
processed before the first instruction of the current inter-
rupt handler is executed. The last interrupt processed is
therefore the first one serviced.

Table 4. Interrupt Processing Order

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 6,
control the processor extension interface. After RESET,
this register contains FFFO(H) which places the 80C286
in iAPX 86 real address mode.

Table 6. MSW BIt Functions

Order Interrupt

INT instruction or exception

Single step

NMI

Processor extension segment overrun
INTR

o il —

Initialization and Processor Reset

Processor initialization or start up is accomplished by
driving the RESET input pin HIGH. RESET forces the
80C286 to terminate all execution and local bus activity.
No instruction or bus activity willoccur as long as RESET
is active. After RESET becomes inactive and an internal
processing interval elapses, the 80C286 begins execu-
tion in real address mode with the instruction at physical
location FFFFFO(H). RESET also sets some registers to
predefined values as shown in Table 5.

Table 5. 80C286 Inﬁial 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)

Bit

Position| Name | Function

0 PE | Protected mode Enable places the
80C286 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.

1 MP

The LMSW and SMSW instructions can load and store
the MSW in real address mode. The recommended use
of TS, EM, and MP is shown in Table 7.

Table 7. Recommended MSW Encodings For Processor Extension Control

Instructions
TS| MP| EM Recommended Use Causing
Exception
0 0 0 { iAPX 86 real address mode only. Initial encoding after RESET. 80C286 operation is None
identical to iAPX 86, 88. ]
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.
o] 1 A processor extension exists. None
1 1 0 | A processor extension exists. The current processor extension context may belong to ESC or WAIT
another task. The exception (number 7) on WAIT allows software to test for an error
pending from a previous processor extension operation.

Halt

The HLT instruction stops program execution and pre-
vents the CPU from using the local bus until restarted.

Either NMI, INTR with IF=1, or RESET will force the
80C286 out of halt. If interrupted, the saved CS:IP will
point to the next instruction after the HLT.

80C286
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iAPX 80C286 Real Address Mode

The 80C286 executes a fully upward-compatible super-
set 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 addressing modes) is exactly
as described.in the 80C286 Base Architecture section.

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one megabyte) addressed by pins A0
through A19 and BHE. A20 through A23 are ignored.

Memory Add reésing

In real address mode the processor generates 20-bit
physical addresses directly from a 20-bit segment base
address and a 16-bit offset.

The selector portion of a pointer is interpreted as the
upper 16 bits of a 20-bit segment address. The lower four
bits ofthe 20-bit segment address are always zero. Seg-
ment addresses, therefore, begin on multiples of 16
bytes. See Figure 13 for a graphic representation of ad-
dress formation. :

) Offset
r - Offset Address
N J
N
8
L
4 N\
Q
20-Bit Physical
Memory Address
DF003680

Figure 13. 80C286 Real Address Mode Address
Calculation

All segments in real address mode are 64K bytes in size
and may be read, written, or executed. An exception or
interrupt can occur if data operands or instructions at-
tempt to wrap around the end of a segment (e.g., aword
with its low order byte at offset FFFF(H) andits highorder
byte at offset 0000(H). If, in real address mode, the infor-
mation 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 require-
ments.

Reserved Memory Locations

The 80C286 reserves two fixed areas of memory in real
address mode (see Figure 14): systeminitialization area
and interrupt table area. Locations from addresses
FFFFO(H) through FFFFF(H) are reserved for system
initialization. Initial execution begins at location
FFFFO(H). Locations 00000(H) through 003FF(H) are
reserved for interrupt vectors.

Reset Bootstrap FFFFFH
~ Program Jump
B | FFFFOH
R : *
- 3FFH
Interrupt Pointer
For Vector 255 3FOH
- 7H
Interrupt Pointer
For Vector 1 4H
Interrupt Pointer 3H
For Vector 0
OH
DF003690

Figure 14, 80C286 Real Address Mode inltlally Reserved
) Memory Locations
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Table 8. Real Address Mode Addressing Interrupts

Interrupt ~ Related Return Address
Function Number Instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector not within table limit Yes
Processor extension segment overrun interrupt 9 ESC with memory operand extending No
beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with Yes

offset = FFFF(H) or an attempt to
execute past the end of a segment

Interrupts

Table 8 shows the interrupt vectors reserved for excep-
tions and interrupts which indicate an addressing error.
The exceptions leave the CPU in the state existing be-
fore attempting to execute the failing instruction (except
for PUSH, POP, PUSHA, or POPA). Refer to the next
section on protected mode initialization 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 initialized to 000000(H) and its
size set to 03FF(H). These values are compatible with
iAPX 86, 88 software. LIDT should only be executed in
preparation for the protected mode.

Shutdown

Shutdown occurs when a severe error is detected that

prevents further instruction processing by the CPU.

Shutdown and halt are externally signaled via a halt bus

operation. They canbe distinguished by A1 HIGH for halt
and A1 LOW for shutdown. In real address mode, shut-

down can occur under two conditions:

o Exceptions8or 13 happenandthe IDT limitdoes not
include the interrupt vector.

e A CALL, INT, or POP 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 exited via the
RESET input. -

Protected Virtual Address Mode

The 80C286 executes a fully upward-compatible super-
setofthe 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 (Protection Enable)
bit of the machine status word with the Load Machine
Status Word (LMSW) instruction. Protected mode offers
extended physical and virtual memory address space,
memory protection mechanisms, and new operations to
support operating systems and virual memory.

All registers, instructions, and addressing modes de-
scribed in the 80C286 Base Architecture section remain
the same. Programs for the iAPX 86, 88, 186, and real
address model 80C286 can be run in protected mode;
however, embedded constants for segment selectors
are different.

Memory Size

The protected mode 80C286 provides a 1 gigabyte vir-
tual address space pertask mapped into a 16-megabyte
physical address space defined by the address pin
A23-A0 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 restartable exception.

Memory Addressing

As in real address mode, protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset compo-
nents. The selector, however, specifies an index into a
memory-resident table rather thanthe upper 16-bits of a
real memory address.

The 24-bit base address of the desired segment is ob-
tained from the table in memory. The 16-bit offset is
added to the segment base address to form the physical
address as shownin Figure 15. The tables are automati-
cally referenced by the CPU whenever a segment regis-
ter is loaded with a selector. All 80286 instructions which

load a segment register will reference the memory-.

based tables without additional software. The memory-
based tables contain 8-byte values called descriptors.

80C286
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Figure 15. Protected Mode Memory Addressing

Descriptors

Descriptors defined the use of memory. Special types of
descriptors also define new functions for transfer of con-
trol and task switching. The 80C286 has segment de-
scriptors for code, stack and data segments, and system

control descriptors for special system data segments
and control transfer operations. Descriptor accesses are
performed as locked bus operations to assure descriptor
integrity in multi-processor systems.

Code and Data Segment Descriptors
(S=1)

Besides segment base addresses, code and data de-
scriptors contain other segment attributes, including
segment size (1 to 64K bytes), access rights (read-only,
read/write, execute-only, and execute/read), and pres-
ence in memory (for virtual memory systems) (see Fig-
ure 16). Any segment usage violating a segment attrib-
ute indicate by the segment descriptor will prevent the
memory cycle and cause an exception or interrupt.

0 T 7 0
+7 RESERVED* +6
Access +5| P|opL|s|Tvee A BASEzs.s +4
Rights Byte R
+3 BA|SE20-19 +2
+1 LIMl'Tzs—u 0
15 8 7 0

* Must be set to 0 for compatibility with iIAPX 386 and

future upgrades DF003710

Access Rights Byte Definition

Bit
Position Name Function
7 Present (P) P=1 Segment is mapped into physical memory.
P=0 No mapping to physical memory exists; base and limit are
not used. Segment privilege attribute used in privilege tests.
6-5 Descriptor Privilege
Level (DPL)
4 Segment Descriptor (S) S=1  Code or Data Segment descriptor
S=0 Non-segment descriptor —
3 Executable (E) E=0 Data segment descriptor type is:
2 Expansion Direction =~ ED=0 Grow up segment, offsets must be <limit. Data
(ED) ED=1 Grow down segment, offsets must be>limit. [~ Segment
Type 1 Writable (W) W=0 Data segment may not be written into.
Field W=1 Data segment may be written into. -
Definition 3 Executable (E) E=1 Code Segment Descriptor type is: ] .
2 Conforming (C) C=1 Code segment may only be executed when
Code
CPL>DPL. ™ Segment
1 Readable (R) R=0 Code segment may not be read.
R=1 Code segment may be read. -
0 Accessed (A) A=0 Segment has not been accessed.
A=1 Segment selector has been loaded into segment register

or used by selector tast instructions.

Figure 16. Code and Data Segment Descriptors

Code and data are stored intwo types of segments: code
segments and data segments. Both types are identified
anddefined by segmentdescriptors. Code segments are
identified by the executable (E) bit set to 1 in the descrip-
tor access rights byte. The access rights byte of both

code and data segment descriptor types have three
fields in common: present (P) bit, Descriptor 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 descrip-
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tor. DPL controls when the descriptor may be used by a
task (refer to privilege discussion). 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 accessing 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 segments
may not be written into.

Data segments may grow in two directions, as deter-
mined by the Expansion Direction (ED) bit; upward (ED =
0) for data segments, and downward (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 16).

A code segment (S = 1, E = 1) may be execute-only or
execute/read as determined by the Readable (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 attribute called Conforming
(C). A conforming code segment may be shared by pro-
grams that execute at different privilege levels. The DPL
of a conforming code segment defines the range of privi-
lege levels at which the segment may be executed (refer
to privilege discussion).

System Segment Descriptors
(S=0, TYPE 1-3)

In addition to code and data segment descriptors, the
protected mode 80C286 defines system segment de-
scriptors. These descriptors define special system data
segments which contain a table of descriptors (Local
Descriptor Table Descriptor) or segments which contain
the execution state of a task (Task State Segment De-
scriptor).

Figure 17 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 limit. 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 whichthe descriptor may be used (see Privilege).
Since the Local Descriptor Table descriptor may only be
used by a special privileged instruction, the DPL field is
notused. Bit 4 of the access byte is 0 to indicate that itis a
system control descriptor. The Type field specifies the
descriptor type as indicated in Figure 17.

System Segment Descriptor
7 0 7 0
+7 RESERVED* +6

+5| P|DPUSTYPE Al BASE,. +4

+3 BA§Eza-16 +2
+1 LlMlszus 0
15 8 7 0

“ Must be set to 0 for compatibility with iAPX 386 and
future upgrades TB0000880

System Segment Descriptor Fields

Name Value Description
TYPE 1 Available Task State Segment
2 Local Descriptor Table Descriptor
3 Busy Task State Segment
P 0 Descriptor contents are not valid
. 1 Descriptor contents are valid
DPL -3 Descriptor Privilege Level
BASE 24-bit  Base Address of special system data
number segment in real memory
LIMIT 16-bit  Offset of last byte in segment
number

Figure 17. System Segment Format

Gate Descriptors

(=0, TYPE = 4-7)

Gates are used to control access to entry points within
the target code segment. The gate descriptors are call
gates, task gates, interrupt gates and trap gates. Gates
provide a level of indirection between the source and
destination of the control transfer. This indirection allows
the CPU to automatically perform protection checks and
control the 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 gates does not.

Figure 18 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
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gate, and call gate must refer to a code segment descrip-
tor. These gate descriptors contain the entry point to
prevent a program from constructing and using anillegal
entry point. Task gates may only refer to a task state
segment. Since task gates invoke atask switch, the des-
tination offset 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 descrip-
tor 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. -

Gate Descriptor

o .7
+7 RESERVED® +6
+5 | P{DPUS|TYPR Al X x x|, | ] +4
+3 Destination Selector ys s [ X} +2
+1 Destinallion Qffset 55 46 ) 0
15 8 7 0

* Must be set to 0 for compatibility with iAPX 386
and future upgrades

TB0000880

Gate Descriptor Flelds

The access byte format is the same for all gate descrip-
tors. P = 1 indicates that the gate contents are valid. P=0
indicates the contents are not valid and causes excep-
tion 11 if referenced. DPL is the descriptor Privilege
Level and specifies when this descriptor may be used by
atask (referto privilege discussion). Bit 4 must equal O to
indicate a system control descriptor. The Type field
specifies the descriptor type as indicated in Figure 18.

Segment Descriptor Cache Registers

A segment descriptor register is assigned to each of the
four segment registers (CS, SS, DS, ES). Segment de-
scriptors are automatically loaded (cached) into a seg-
ment descriptor cache register (Figure 20) whenever the
associated segment register is loaded with a selector.
Only segment descriptors may be loaded into segment
descriptor cache registers. Once loaded, all references
fo that segment of memory use the cached descriptor
information instead of reaccessing memory. 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: descriptor
entry index, local or global descriptor table indicator (Tl),
and selector privilege (RPL), as shown in Figure 19.
These fields select one of two memory-based tables of
descriptors, select the appropriate table entry, and allow
high-speed testing of the selector's privilege attribute
(refer to privilege discussion). )

Name Value Description
Selector
TYPE 4 —Call Gate
5  -Task Gate Index T PRL
6 _lntenupt Gate | S WS VN W WA B B | 11 1 1 1
7 Trap Gate 15 & 7 21 0
P 0 —Descriptor Contents are not valid
1 ~Descriptor Contents are valid Bits  Name Function
DPL 0-3  Descriptor Privilege Level 1-0  Requested ) Indicates Selector Privilege
Privilege Level (RPL) Level Desired
WORD 0-31  Number of words to copy from
2 Table Tl=0 To use Global
COUNT callers stack to called procedures Indicator (T) Descriptor Table (GDT)
stack. Only used with call gate. Tl=1 Use Local Descriptor
DESTINATION 16-bit  Selector to the target code segment Table (LOT) ,
SELECTOR  selector (Call, Interrupt or Trap Gate) 15-3 Index ‘?‘:Eld Descriptor Entry in
Selector to the target task state e
segment (Task Gat
egment (Task Gate) Figure 19. Selector Fields
DESTINATION 16-bit Entry point within the target
OFFSET offset code segment
Figure 18. Gate Descriptor Format
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PROGRAM VISIBLE Access PROGRAM INVISIBLE
Segment Selectors Rights Segment Base Address ~ Segment Size
cs
DS
Ss
ES
15 4] 47 40 39 16 15 0
Segment Registers Segment Descriptor Cache Registers
(Loaded by Program (Loaded by CPU 1

DF003720

Figure 20. Descriptor Cache Reglsters

Local and Global Descriptor Tables

Two tables of descriptor tables, contain all descriptors
accessible by atask at any giventime. A descriptor table
is a linear array of up to 8192 descriptors. The upper 13
bits of the selector value are an index into a descriptor
table. Each table has a 24-bit base register to locate the
descriptor table in physical memory and a 16-bit limit
register that confines descriptor access to the defined
limits of the table as shown in Figure 21. A restartable
exception (13) will occur if an attempt is made to refer-
ence a descriptor outside the table limits.

A .
A Memory ?:,‘
4
CPU
i 9 o . GDT
[- GDT Limit °
GDT Base
1S ) LDT,
LoT ¢
Selector
_______ e . Current
15 M LDT
LDT Limit

~
A A

(49

—
“~’DF003730
Figure 21. Local and Global Descriptor Table Definition

One table, called the Global Descriptor Table (GDT),
contains descriptors available to all tasks. The other ta-
ble, called the Local Descriptor Table (LDT), contains
descriptors that can be private to a task. Each task may
have its own private LDT. The GDT may contain all de-

scriptor types except interrupt and trap descriptors. A
segment cannot be accessed by a task if its segment
descriptor does not exist in either descriptor table at the
time of access. -

The LGDT and LLDT instructions load the base and limit
of the global and local descriptortables. LGDT and LLDT
are protected. They may only be executed by trusted
programs operating at level 0. The LGDT instruction
loads a six byte field containing the 16-bit table limit and
24-bit base address of the Global Descriptor Table as
shown in Figure 22. The LLDT instruction loads a selec-

~ tor which refers to a descriptor in the Local Descriptor

Table. This descriptor contains the base address and
limit for an LDT, as shown in Figure 17.

7 0 7 0
+5 RESERVED* BASE,; ¢ +4
+3 BASE,,, +2
+1 LIMIT,, 0
15 8 l7 0
TB000090

Figure 22. Global Descriptor Table and Interrupt
Descriptor Data Type

* Must be set to 0 for compatibility with iAPX 386 and future
upgrades.

Interrupt Descriptor Table

The protected mode 80C286 has athird descriptortable,
called the Interrupt Descriptor Table (IDT) (see Figure
23), 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 base and 16-bit
limit register in the CPU. The protected LIDT instruction
loads these registers with a six-byte value of identical
form to that of the LGDT instruction (see Figure 22 and
Protected Mode Initialization).

80C286
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A Memory o
( Gate for \
Gate for
. ‘Imerrupt
. Descriptor -
CPU . Table
DT,
Gate for om
IDT Limit}~ Gato for
IDT Base L |/
2 °] X ~
DF003740

Figure 23. Local and Global Descriptor Table Definition

Referencesto IDT entries are made via INT instructions,
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 sys-
tem which controls the use of privileged instructions and
access 1o descriptors (and their associated segments)
within a task. Four-level privilege, as shown in Figure 24,
is an extension of the user/supervisor mode commonly
found in minicomputers. The privilege levels are num-
bered 0 through 3. 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
system software can be included and protected within
the virtual address space of each task using the four
levels of privilege. Tasks may also have a separate stack
for each privilege level.

Tasks, descriptors, and selectors have a privilege level
attribute that determines whether the descriptor may be
used. Task privilege effects the use of instructions and
descriptors Descriptor and selector privilege only effect
access to the descriptor.

Applications

CPU -
Enforced OS Extensions
Software
Interfaces Ssey:/tigzs
, Pl
Kernel
PL=0
High Speed
Operating
System

Interface

AF003230

Figure 24. Hierarchical Privilege Levels

Task Privilege

The task always executes at one of the four privilege
levels. A task privilege level at any specific instant is
called the Current Privilege Level (CPL) and is defined
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 control transfers
through gate descriptors to a new. code segment (See
Control Transfer). Tasks begin executing at the CPL
value specified by the code segment when the task is
initiated via a task switch operation. A task executing at
Level 0 can access all data segments definedinthe GDT
and the task’s LDT and is considered the most trusted
level. A task executed at Level 3 has the most restricted
access to data and is considered the least trusted level.

Descrlplor Privilege

Descnptor privilege is specified by the Descnptor Privi-
lege Level (DPL) field of the descriptor access byte. DPL
specifies the least trusted privilege level (CPL) atwhich a
task may access the descriptor. Descriptors with DPL =3
are the least protected (i.e. have the least restricted
access) since tasks can accessthemwhenCPL=0, 1,2,
or 3. This rule applies to all descriptors, except LDT
descriptors.

Selector Privilege

Selector privilege is specified by the Requested Privilege
Level (RPL) field in the least significant two bits of a
selector. Selector RPL may establish a less trusted privi-
lege 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 privi-
lege is the numeric maximum of RPL and CPL. A selec-
tor with RPL=0 imposes no additional restriction on its
use while a selector with RPL =3 can only refer to seg-
ments 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
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use data ata more privileged levelthanthe caller (referto
pointer testing instructions).

Descriptor Access and Privilege
‘Validation

Determining the ability of a task to access a segment
involvesthe type of segment to be accessed, the instruc-
tion used, the type of descriptor used and CPL, RPL, and
DPL. The two basic types of segment accesses are con-
trol transfer (selectors loaded into CS) and data (selec-
tors loaded into DS, ES, or SS).

Data Segment Access

Instructions that load selectors into DS and ES must
referto a data segment descriptor or readable code seg-
ment descriptor. The CPL of the task and the RPL of the
selector must be the same as or more privileged (numeri-
cally equal to or lower than) than the descriptor DPL. In

general, a task can only access data segments at the

same or less privileged levels than the CPL or RPL
(whichever is numberically 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 anincorrect type
of descriptor is referenced (e.g. gate descriptor or exe-
cute only code segment), exception 13 occurs. If the
segment is not present, exception 11 is generated.

Instructions that load selectors into SS must referto data
segment descriptors for writable data segments. The
descriptor privilege (DPL) and RPL must equal CPL. All
other descriptor types of privilege level violation will
cause exception 13. A not present fault causes excep-
tion 12.

Control Transfer

Four types of control transfer can occur when a selector
is loaded into CS by a control transfer operation (see
Table 10). Eachtransfertype canonly occur if the opera-
tion which loaded the selector references 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 transfer is
also subject to rules of privilege. A CALL or JUMP in-
struction may only reference a code segment descriptor
with DPL equalto 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 Segment
descriptor, the descriptor DPL must be the same or less
privileged thanthe task’s CPL. Reference o a valid Task
State Segment descriptor causes a task switch (see
Task Switch Operation). Reference to a Task State Seg-
ment descriptor at a more privileged level than the task’s
CPL generates exception 13.

When an instruction or interrupt references a gate de-
scriptor, the gate DPL must have the same or less privi-
lege than the task CPL. If DPL is at a more privileged
level than CPL, exception 13 occurs. If the destination
selector contained in the gate references a code seg-
ment descriptor, the code segment descriptor DPL must
be the same or more privileged than the task CPL. If not,
Exception 13 is issued. After the control transfer, the
code segment descriptor DPL is the task’s new CPL. If
the destination 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-con-
forming segment at the same privilege level.

~interrupts within the task or calls that may change privi-

" lege levels canonly transfer control through a gate at the

same or a less privileged level than CPL to a code seg-
ment at the same or more privileged level than CPL.

~retum instructions that don’t switch tasks can only re-
turn control through a gate at the same or a less privi-
leged level than CPL to a code segment at the same or
more privileged level than CPL.

—retum instructions that don’t switch tasks can only re-
turn control to a code segment at the same or less privi-
leged level.

—task switch can be performed by a call, a jump or an
interrupt which references either atask gate ortask state
segment at the same or less privileged level.
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Table 9. Descriptor Types Used for Control Transfer

Descriptor Descriptor
Control Transfer Types Operation Types Referenced Tabie
Intersegment within the same privilege level JMP, CALL, RET, IRET* Code Segment GDT/LDT
Intersegment to the same or higher privilege level CALL Call Gate GDT/LDT
Interrupt within task may change CPL Interrupt Instruction, Trap or Interrupt IDT
Exception, External Gate
Interrupt
Intersegment to a lower privilege level (changés task CPL) RET, IRET* Code Segment GDT/LDT
Task Switch CALL, JMP Task State Segment  GDT
CALL, JMP Task Gate GDT/LDT
IRET™*
Interrupt Instruction, Task Gate DT

* NT (Nested Task bit of flag word) =0
** NT (Nested Task bit of flag word) =1

Exception, External
Interrupt

Privilege Level Changes

Any control transfer that changes CPL within the task
causes a change of stacks as part of the operation. 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 control 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 origina! privilege level, its stack is
restored as part of the RET or IRET instruction operation.
For subroutine calls that pass parameters on the stack
and cross privilege levels, a fixed number of words, as

leged instruction checks (Table 12). Any violation of the
rules shown will result in an exception. A not-present
exception related to the stack segment causes excep—
tion12. .

The IRET and POPF instructions do not perform some of
their defined functions if CPL is not of sufficient privilege
(numerically small enough). Precisely these are:

¢ The IF bit is not changed if CPL>I0OPL. The IOPL
field of the flag word is not changed if CPL > 0.

* No exceptions or other indication are given when these
conditions occur.

specified in the gate, are copied from the previous stack -

to the current stack. The intersegment RET instruction
with a stack adjustment value will correctly restore the
previous stack pointer upon return,

Protection

The 80C286 includes mechanisms to protect critical in-
structions that affect the CPU execution state (e.g., HLT)
and code or data segments from improper usage. These
mechanisms are grouped under the term “protection”
and have three forms:

Restricted usage of segments (e.g., no write allowed
to read-only data segments). The only segments
available for use are defined by descriptors in the
Local Descriptor Table (LDT) and Global Descriptor
Table (GDT). , ‘

e 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 determined
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 (Ta-
ble 10), operand reference checks (Table 11), and privi-

Table 10. Segment Register Load Checks

: Exception
Error Description Number
Descriptor table limit exceeded 13
Segment descriptor not-present 11or12
Privilege rules violated 13
Invalid descriptor/segment type segment
register load:
— Read only data segment load to SS
— Special control descriptor load to DS,
ES, SS 13
— Execute only segment load to DS, ES,
SS i
— Data segment load to CS
— Read/Execute code segment load
to SS

Table 11. 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.
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Table 12. Privileged Instruction Checks

Exception
Error Description Number
CPL#0 when executing the following
instructions: 13
LIDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT
CPL > IOPL when executing the following
instructions 13
INS, IN, OUTS, OUT, STI, CLI, LOCK

Exceptions

The 80C286 detects several types of exceptions and
interrupts in protected mode (see Table 13). Most are
restartable after the exceptional condition is removed.
Interrupt handlers for most exceptions receive an error
code, pushed on the stack after the return address, that
identifies the selector involved (0 if none). The retum
address normally points to the failing instruction, includ-
ing all leading prefixes. For a processor extension seg-
ment overrun exception, the return address will not point
at the ESC instruction that caused the exception; how-
ever, the processor extension registers may contain the
address of the failing instruction.

Table 13. Protected Mode Exceptions

Return
Address Error
Interrupt At Falling Always Code
Vector Function Instruction? Restartable? on Stack?

8 Double exception detected Yes Noz 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 segment not present Yes © Yest Yes
13 General protection Yes Noz? Yes

Notes 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.

3. Allthese checks are performed for all instructions and can be split into three categories: Segment Load Checks (Table
10), Operand Reference Checks (Table 11), and Privileged Instruction Checks (Table 12). Any violation of the rules
shown will result in an exception. 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 (regis-
ters, address space, and a link to the previous task),
loads a hew execution state, and commences execution
inthe 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 in-
voke the task switch operation by selecling a task gate
descriptor in the associated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure 25)
containing the entire 80C286 execution state while atask
gate descriptor contains a TSS selector. The limit field
must be > 002B(H).

Each task must have a TSS associated with it. The cur-

rent 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 segment descriptor
that defines the current TSS. A hidden 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 instruction. If NT = 0, the
IRET instruction performs the regular current task return;
when NT=1, IRET performs a task switch operation
back to the previous task.

When a CALL, JMP or INT instruction initiates a task
switch, the old 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 segment
causes Exception 13.

80C286

1-153




Processor Extension Context Switching

The context of a processor extension is not changed by
the task switch operation. A processor extension context
need only be changed when a different task attempts to
use the processor extension (which still contains the
context of a previous task). The 80C286 detects the first
use of a processor extension after a task switch by caus-
ing the processor extension not present exception (7).
The interrupt handler may then decide whether acontext
change is necessary.

Whenever the 80C286 switches tasks, it sets the Task
Switched (TS) bit of the MSW. TS indicates that a proc-
essor extension context may belong to a ditferent task

than the current one. The processor extension not pre-
sent 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).

Pointer Testing Instructions
The 80C286 provides several instructions to speed

~ pointer testing and consistency checks for maintaining

system integrity (see Table 14). These instructions use
the memory management hardware to verify that a se-
lector value refers to an appropriate segment without
risking an exception. A condition flag indicates whether
use of the selector or segment will cause an exception.
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Figure 25. Task State Segment and TSS Registers
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Table 14. Pointer Test Instructions

Instruction Operands Functloh

ARPL  Selector, Register Adjust Requested Privilege
Level: adjusts the RPL of the
selector to the numeric maxi-
mum of current selector RPL
value and the RPL value in the

register. Set zero flag if selec-

tor RPL was changed.

VERR  Selector VERify for Read: sets the zero
flag is the segment referred to
by the selector can be read.

VERW  Selector VERIfy for Write: sets the zero

flag if the segment referred 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 suc-
cessful.

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 single
instruction execution, the 80C286 performs the double
fault exception (8). If an exception occurs during proc-
essing of the double fault exception, the 80C286 will
enter shutdown. During shutdown no further instructions
or exceptions are processed. Either NMI (CPU remains
in protected mode) or RESET (CPU exits protected
mode) can force the 80C286 out of shutdown. Shutdown
is externally signalled via a HALT bus operation with A
HIGH.

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, Azs-20 will be HIGH when the
80C286 performs memory references relative to the CS
register, until CS is changed. Azs-20 will be zero for refer-
ences to the DS, ES, or SS segments. Changing CS in

real address mode will force A2s-20 LOW whenever using-

CS thereafter. The initial CS:IP value of FFOO:FFFO
provides 64K bytes of code space for initialization code
without changing CS.

Before placing the 80C286 into protected mode, several
registers must be initialized. The GDT and IDT base
registers mustreferto avalid GDT and IDT. After execut-

ing the LMSW instruction to set PE, the 80C286 must
immediately execute an intrasegment JMP instruction to
clear the instruction queue of instructions decoded 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
generalregister state. The TR should point at a valid TSS
since a 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 version 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 tim-
ing and loading of signals. The 80C286 family includes
severaldevices to generate standard systembuses such
as the |IEEE 796 Standard MULTIBUS®.

Bus Interface Signals and Timing

The 80C286 microsystem local bus interfaces the 80286
to local memory and /O components. The interface has
24 address lines, 16 data lines, and 8 status and control
signals.

The 80C286 CPU, and peripheral chips performing the
duties of clock generator, bus.controller, bus arbiter,
transceivers, and latches, provide a buffered and de-
coded system bus interface. A clock generator periph-
eral chip generates the system clock and synchronizes
READY and RESET. A bus controller peripheral chip con-
verts bus operation status encoded by the 80C286 into
command and bus control signals. These components
can provide the timing and electrical power drive levels
required for most system bus interfaces including the
multibus. .

Bus Hold Circuitry

Bus-hold circuitry has been used on 80C286 pins to
avoid high current conditions that may be caused by
floating inputsto CMOS devices. Figure 25A shows the
circuit that will maintain the last valid logic state if no
driving source is present (i.e., an unconnected pin or
driving ‘source that goes to a high impedance state).
Figure 25B shows the circuit that will maintain a high
impedance logic state if no driving source is present. In
order to overdrive the “bus-hold” circuits, an external
driver must be able to sink or source approximately
400 pAmps at valid input voltage levels. Since this bus-
hold circuitry is active and not a resistive type element,
the power supply current associated with it is negfigible.
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Physical Memory and I/O Interface

A maximum of 16 megabytes of physical memory canbe
addressed in protected mode. One megabyte can be
addressed in real address mode. Memory 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 Dz-o while odd bytes
are transferred over Disa. Even-addressed words are

transferred over Dis< in one bus cycle, while odd-ad-
dressed words require two bus operations. The first
transfers data on D1s-s, and the second transfers dataon
Dr-0. Both byte datatransfers occurautomatxcally, trans-
parent to software.

Two bus signals, Ac and BHE, control transfers over the
lower and upper halves of the data bus. Even address
byte transfers are indicated by AcLOW and BHE HIGH.
Odd address byte transfers are indicated by Ao HIGH
and BHE LOW. Both Ao and BHE are LOW for even
address word transfers.

The I/0 address space contains 64K addresses in both
modes. The /O 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 (D1s-s) are accessed with odd /O addresses. De-
vices on the lower data byte are accessed with even /O
addresses. An interrupt controller such as the 8259A
must be connected to the lower data byte (D7) for
proper return of the interrupt vector.

Bus Operation

The 80C286 uses a double frequency systemclock (CLK
input) to control bus timing. Al signals on the local bus
are measured relative to the system CLK input. The CPU
divides the system clock by 2 to produce the internal
processor clock, which determines bus state. Each proc-
essor clock is composed of two system clock cycles
named phase 1 and phase 2. The 82284 clock generator
output (PCLK) identifies the next phase of the processor .
clock. (See Figure 26.)

Phase 1
e— of Processor
" Clock Cycle

CLK

fe——-———- One Processor Clock Cycle ———

[¢—————— One Bus T State —————»]

— of Processor —

One System
I * Clock Cycle
PCLK /

Phase 2

Clock Cycle

N/

AF003241

Figure 26. System and Processor Clock Relationships

Six types of bus operations are supported: memory read,
memory write, /O read, I/O write, interrupt acknowledge,
and halt/shutdown. Data can be transferred at a maxi-
mum rate of one word per two processor clock cycles.

The 80C286 bus has three basic states: idle (Ti), send
status (Ts), and perform command (Tc). The 80C286
CPU also has a fourth local bus state called hold (Th). Tn

indicates that the 80C286 has sumrendered control of the
local bus to another bus master m response to a HOLD
request.

Each bus state is one processor clock long. Figure 27
shows the four 80C286 local bus states and allowed
transitions. :
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Figure 27. 80C286 Bus States

Bus States

The idle (Ti) state indicates that no data transfers are in
progress or requested. The first active state, Ts, is sig-
nalled by either status line S1 or SO going LOW also
identifying phase 1 of the processor clock. During Ts, the
command encoding, the address, and data (for a write
operation) are available on the 80C286 output pins. The
bus controller peripheral chip decodes the status signals
and generates Multibus compatible read/write command
and local transceiver control signals.

After Ts, the perform command (Tc) state is entered.
Memory or /O devices respond to the bus operation

~ during Tc, either transferring read data to the CPU or
accepting write data. Tc states may be repeated as often
as necessary to assure sufficient time for the memory or
/O device to respond. The READY signal determines
whether Tc is repeated. A repeated Tc state is called a
wait state.

During hold (Th), the 80C286 will float all address, data,
and status output pins, enabling another bus master to

use the local bus. The 80C286 HOLD input signalis used
to place the 80C286 into the Th state. The 80C286 HLDA
output signal indicates that the CPU has entered Tw.

‘Pipelined Addressing

The 80C286 uses a local bus interface with pipelined
timing to allow as much time as possible for data access.
Pipelined timing allows bus operations to be performed
in 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 the next bus operationbecomes available
during the current bus operation. Or in other words, the
first clock of the nextbus operation is overlapped with the
last clock of the current bus operation. Therefore, ad-
dress decode and routing logic can operate in advance of
the next bus operation. External address latches may
hold the address stable for the entire bus operation and
provide additional AC and DC buffering.
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The 80C286 does not maintain the address of the current
bus operation during all Tc states. Instead, the address
for the next bus operation may be emitted during phase 2
of any Te. The address remains valid during phase 1 of
the first Tc to guarantee hold time, relative to ALE, forthe
address latch inputs.

Bus Control Signals

The bus controller peripheral chip provides control sig-
nals: address latch enable (ALE), Read/Write com-
mands, data transmit/receive (DT/R), and data enable
(DEN) that control the address latches, data transceiv-
ers, write enable, and output enable for memory and I/O
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 the bus con-
troller peripheral chip outputs Data Enable (DEN) and
Data Transmit/Receive (DT/R). DEN enables the data
transceivers while DT/R controls transceiver direction.
DEN and DT/R are timed to prevent bus contention be-
tweenthe bus master, data bus transceivers, and system
data bus transceivers.

Command Timing Controls

Two system timing customization options, command ex-
tension and command delay, are provided on the
80C286 local bus.

Command extension allows additional time for external
devices to respond to a command and is analogous to
inserting wait states onthe 8086. External logic can con-
trol the duration of any bus operation such that the opera-
tion is only as long as necessary. The READY input sig-
nal can extend any bus operation for as long as
necessary.

Command delay allows an increase of address or write
data set-up time to system bus command active for any
bus operation by delaying when the system bus com-
mand becomes active. Command delay is controlled by
the bus controller peripheral chip CMDLY input. After Ts,
the bus controller samples CMDLY at each failing edge
of CLK. If CMDLY is HIGH, the bus controller peripheral
chip will not activate the command signal. When CMDLY
is LOW, the bus controller peripheral chip will activate
the command signal. After the command becomes ac-
tive, the CMDLY input is not sampled.

When a command is delayed, the available response
time from command active to return read data or accept
write data is less. To customize system bus timing, an
address decoder can determine which bus operations
require delaying the command. The CMDLY input does
not affect the timing of ALE, DEN, or DT/R.

80C286
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Figure 29. CMDLY Controls and Leading Edge of the Command

Figure 29 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 delay for cycle N.

Bus Cycle Termination

At maximum transfer rates, the 80C286 bus alternates
between the status and command states. The bus status
signals become inactive after Ts so that they may cor-
rectly signal the start of the next bus operation after the
completion of the current cycle. No external indication of
Te exists on the 80C286 local bus. The bus master and
bus controller enter Tc directly after Ts_and continue
executing Tc cycles until terminated by READY.

READY Operation

The current bus master and bus controller peripheral
chip terminate each bus operation simultaneously to

achieve maximum bus bandwidth. Both are informed in
advance by READY active which identifies the last Tc
cycle of the current bus operation. The bus master and
bus controller must see the same sense of the READY
signal, thereby requiring READY be synchronous to the
system clock.

Synchronous Ready

The clock generator peripheral chip provides READY
synchronization from both synchronous and asynchro-
nous sources (See Figure 30). The synchronous ready
input (SRDY) of the clock generator is sampled with the
falling edge of CLK at the end of phase 1 of each Tc. The
state of SRDY is then broadcast to the bus master and
bus controller via the READY output line.
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Figure 30. Synchronous and Asynchronous Ready

Notes: 1.SRDYEN is active LOW.

2.1f SRDYEN is HIGH, the state of SRDY will not effect READY.

3.ARDYEN is active LOW.

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 clock
generator peripheral chip SRDY set-up and hold time
requirements. The clock generator peripheral chip asyn-
chronous ready input (ARDY) is designed to accept such
signals. The ARDY input is sampled at the beginning of
each Tc cycle by 82284 synchronization logic. This pro-
vides a system CLK cycle time to resolve its value before
broadcasting it to the bus master and bus controller.

ARDY or ARDYEN must be HIGH at the end of Ts. ARDY
cannot be used to terminate bus cycle with no wait
status. .

Each ready input of 82284 has an enable pin (SRDYEN
and ARDYEN) to select whether the current bus opera-
tion will be terminated by the synchronous or asynchro-
nous ready. Either of the ready inputs 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 cur-

rent bus operation should be terminated by ARDY or
SRDY.

Data Bus Control

Figures 31, 32, and 33 show how the DT/R, DEN, data
bus, and address signals operate for different combina-
tions 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 operations.

The data bus is driven with write data during the second
phase of Ts. The delay in write data timing allows the
read data drivers, from a previous read cycle, sufficient
time to enter three-state OFF before the 80C286 begins
driving the local data bus for write operations. Write data
will always remain valid for one systemclock past the last
Tc to provide sufficient hold time for Multibus or other
simifar memory or /O systems. During write-read or
write-idle sequences the data bus enters three-state
OFF during the second phase of the processor cycle
after the last Tc. In a write-write sequence the data bus
does not enter three-state OFF between Tc and Ts.

80C286
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Figure 31. Back-to-Back Read-Write Cycles
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Figure 32. Back-to-Back Write-Read Cycles
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Figure 33. Back-to-Back Write-Write Cycles
Bus Usage ditionuntilthe processor Reset operation is complete, no

The 80C286 may be used for several functions: instruc-
tion data transfers, data transfers by other bus masters,
instruction fetching, processor extension data transfers,
interrupt acknowledge, and halt/shutdown. This section
describes local bus activities which have special signals
or requirements.

HOLD and HLDA

HOLD and HLDA allow another bus master to gain con-
trol of the local bus by placing the 80C286 bus into the Th
state. The sequence of events required to pass control
between the 80C286 and another local bus master are
shown in Figure 34.

In this example, the 80C286 is initially in the T, state as
signaled by HLDA being active. Upon leaving Th, as sig-
naled by HLDA going inactive, a write operation is
started. During the write operation another local bus
masterrequests the localbus fromthe 80C286 as shown
by the HOLD signal. After completing the write operation,
the 80C286 performs one Tibus cycle, to guarantee write
data hold time, then enters Tr as signaled by HLDA going
active.

The CMDLY signal and ARDY ready are usedto start and
stop the write bus command, respectively. Note that
SRDY must be inactive or disabled by SRDYEN to guar-
antee ARDY will terminate the cycle.

HOLD must not be active during the time from the lead-
ing edge of RESET until 34 CLKs following the. trailing
edge of RESET unless the 80C286 is in the Halt condi-
tion. To ensure that the 80C286 remains in the Halt con-

interrupts should occur after the execution of HLT until
34 CLKs after the trailing edge of the RESET pulse.

Lock

The CPU asserts an active lock signal during Interrupt-
Acknowledge cycles, the XCHG instruction, and during
some descriptor accesses. Lock is also asserted when
the LOCK prefix is used. The LOCK prefix may be used
with the following ASM-286 assembly instructions;
MOVS, INS, and QUTS. For bus cycles other than Inter-
rupt-Acknowledge cycles, Lock will be active for the first
and subsequent cycles 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 inac-
tive at the end of the first Tc regardless of the number of
wait-states inserted. For Interrupt-Acknowledge cycles,
Lock will be active for each cycle, and will become inac-
tive at the end of the first Tc for each cycle 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:

Aprefetchbus operation starts when at least two bytes of
the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches inde-
pendent of the byte alignment of the code segment base
in physical memory.

80C286
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The prefetcher will perform only a byte code fetch opera-
tion for control transfers to an instruction beginning on a
numerically odd physical address.

Prefetching stops whenever a control transfer or HLT
instruction is decoded by the U and placed into the in-
struction queue.

In real address mode, the prefetcher may fetchupto 5
bytes beyond the last control transfer or HLT instruction
in a code segment. '

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. Excep-
tion 13 will occur if the program attempts to execute
beyond the last full instruction in the code segment.

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.
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Figure 34. MULTIBUS Write Terminated by Asynchronous Ready with Bus Hold

Notes: 1. Status lines are not driven by 80C288, yet remain high due to pull-up resistors in the peripheral chips during HOLD state.

2.Address, M/I0 and COD/INTA may start may start floating during any TC depending on when internal 80C286 bus arbiter
decides to release bus to external HOLD. The float starts in @2 of TC.

3.BHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter decides to
release bus to external HOLD.

4.The minimum HOLD ! to HLDA ! time is shown. Maximum is one T, longer.

5.The earliest HOLD T time is shown which will always allow a subsequent memory cycle if pending.

6.The minimum HOLD T to HLDA T time is shown. Maximum is a function of the instruction, type of bus cycle and other
machine status (i.e., Interrupts, Waits, Lock, etc.)

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready inthis example. Synchro-
nous ready state is ignored after ready is signaled via the asynchronous input.
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Processor Extension Transfers

The processor extension interface uses IO port ad-
dresses 00F8(H), and 00FA(H), and 00FC(H) which are
part of the I/O port address range and is a reserved area.
An ESC instruction with EM=0 and TS=0 will perform
1/0 bus operations to one or more of these I/O port ad-
dresses independent of the value of IOPL and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor extension
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,
one word transfer with 1/0 port address 00FA(H), and
one or two bus operations with memory are performed.
Three bus operations are required for each word oper-
and aligned on an odd byte address.

Interrupt Acknowledge Sequence

Figure 35 illustrates an interrupt acknowledge sequence
performed by the 80C286 in response to an INTR input.
An interrupt acknowledge sequence consists of two
INTAbus operations. The first allows a master Program-
mable Interrupt Controller (PIC) to determine which if
any of its slaves should return the interrupt vector. An

eight bit vector is read by the 80C286 during the second
INTAbus operation to select an interrupt handler routine
from the interrupt table.

The Master Cascade Enable (MCE) signal of the bus
controller peripheral is used to enable the cascade ad-
dress drivers, during INTA bus operations (see Figure
35), 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 Ts of
the first INTA bus operation. A local bus “hold” request
will not be honored until the end of the second INTA bus
operation.

Three idle processor clocks are provided by the 80C286
between INTA bus operations to allow for the minimum
INTAto INTAtime and CAS (cascade address) out delay
of the interrupt controller peripheral. The second INTA
bus operation must always have at least one extra Tc
state added via logic controlling READY. Az-Ac are in
three-state OFF until after the first Tc state of the second
INTA bus operation. This prevents bus contention be-
tween the cascade address drivers and CPU address
drivers. The extra Tc state allows time for the 80C286 to
resume driving the address lines for subsequent bus
operations. ‘
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Figure 35. Interrupt Acknowledge Sequence

Notes: 1. Data is igno}ed.

2.First INTA cycle should have at least one wait state inserted to meet the interrupt controller peripheral minimum INTA
pulse width.

3.Second INTA cycle must have at Ieast one wait state inserted since the CPU wiil not drive A,—~A,, BHE, and LOCK until
after the first T, state.
The CPU lmposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE {
and address outputs.
Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA
cycle. The interrupt controller peripheral also requires one wait state for minimum INTA pulse width.

4.TOCK is active for the first INTA cycle to prevent the bus arbiter peripheral from releasing the bus between ITNA cycles in
a multi-master system.

5.A,~A, exits three-state OFF during @2 of the second T, in the INTA cycle.
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Local Bus Usage Priorities

The 80C286 local bus is shared among several internal
units and external HOLD requests. In case of simultane-
ous requests, their relative priorities are:

(Highest)  Anytransfers which assert LOCK either ex-
plicitly (via the LOCK instruction prefix) or
implicitly (i.e., segment descriptor) access,
interrupt acknowledge sequence, or an
XCHG with memory).

The second of the two byte bus operations
required for an odd aligned word operand.

Local bus request via HOLD input.

Processor extension data operand transfer
via PEREQ input.

Datatransfer performed by EU as part of an
instruction. :

(Lowest)  An instruction prefetch request from BU.
The EU will inhibit prefetching two proces-
sor clocks in advance of any data transfers
to minimize waiting by EU for a prefetch to
finish.

Halt or Shutdown Cycles

The 80C286 extemally indicates halt or shutdown condi-
tions as abus operation. These conditions occurdue to a
HLT instruction or multiple protection exceptions while
attempting to execute one instruction. A haltor shutdown
bus operation is signalled when S1, S0 and COD/INTA
are LOW and M/IO is HIGH. A HIGH indicates halt, and
A1 LOW indicates shutdown. The bus controlier does not
issue ALE, nor is READY required to terminate a halt or
shutdown bus operation.

During halt or shutdown, the 80C286 may service
PEREQ or HOLD requests. A processor extension seg-
ment overrun exception during shutdown will inhibit fur-
ther 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 seg-
ment overrun exception will also force the 80C286 out of
halt. - .

System Configurations

The versatile bus structure of the 80C286 microsystem,
with a full complement of support chips, allows flexible

configuration of a wide range of systems. The basic con-
figuration, shown in Figure 36, is similar to an iAPX 86
maximum mode system. It includes the CPU plus an
interrupt controller, clock generator, and the Bus Con-
troller. The IAPX 86 latches (29843 and 29845) and
transceivers (29833 and 29863) may be used in an
80C286 microsystem.

As indicated by the dashed lines in Figure 36, the ability
to add processor extensions is an integral feature of
80C286 microsystems. The processor extension inter-
face allows external hardware to perform special func-
tions andtransfer data concurrent with CPU execution of
otherinstructions. Full system integrity is maintained be-
cause the 80C286 supervises all data transfers and in-
struction execution for the processor extension.

The 80C286 with the 80C286 numeric processor exten-
sion (NPX) uses this interface. The IAPX C286/C287 has
all the instructions and data types of an iAPX 86/87 or
IAPX 88/87. The 80C286 NPX can perform numeric cal-
culations 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 ad-
dress propagation during the data transfer for the previ-
ous bus operation. This information is latched into the
29843/45s by ALE during the middle of a Ts cycle. The
latched chip select and address information remains sta-
ble during the bus operation while the next cycle’s ad-
dress is being decoded and propagated into the system.
Decode logic can be implemented with a high-speed
bipolar PROM.

The optional decode logic shown in Figure 36 takes ad-
vantage of the overlap between address and data of the
80C286 bus cycle to generate advanced memory and
1/O-select signals. This minimizes system performance
degradationcaused by address propagation and decode
delays. In addition to selecting memory and 1/Q, the ad-
vanced selects may be used with configurations support-
ing local and system buses to enable the appropriate bus
interface for each bus cycle. The COD/INTA and M/IO
signals are applied to the decode logic to distinguish
between interrupt, /0, code and data bus cycles.
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G 1 -l TINTA p=— Bus
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- NMI VAN
—==J1 Hhow TF
—— )/
——— ]
I —— @: TR CASe &S o setect
1|} = —a{ PEREQ 550056 > g‘
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Processor | 4 :l1> De-Dinterrupt K ; IR-IR,
Extension K ——— ] Function
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—
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o [
or Bus .
¢ | 720863
w|lransceiver

BD003984

Figure 37. Multibus System Bus Interface

By adding the bus arbiter chip, the 80C286 provides a
" Multibus system bus interface as shown in Figure 37.
The ALE output of the 82C288 for the Multibus bus is
connected to its CMDLY input to delay the start of com-
mands one system CLK as required to meet Multibus
address and write data set-up times. This arrangement
will add atleast one extra TC state to each bus operation
which uses the Multibus.

A second bus controller and additionallatches andtrans-
ceivers could be added to the local bus of Figure 37. This

. configuration allows the 80C286 to support an on-board

bus for local memory and peripherals and the Multibus
for system bus interfacing.
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I Address Bus > A,
AO —A A|9—A2°_/_> SELO, 1
118
A—Ay, Decoder Am2968
3 l Q, ) o A-A,
' RASI o 7
CS Yy
© MSEL RASh —¢2 FAS
[*— Delay CASI
[*1 Line A
CLont_roI RFRQ MCl . CASn[—7 CAS
ogic .
A0Q AmPAL r MCO
BHE _ DRAM
80C286 EN Am9064
16 MH Am90C256
n]
~zI™ ViE,
QLK [ 82284 WE,
CLK
Generator
READY LFuncﬁon
L 82C288 | DEN D,Q
Bus {16
Controller p—
Ds-Dis Function DTR EN
TR 2946
Data Bus |
BD00S5152

Figure 38. 80C286 Interface with the

Am2968 Dynamic Memory Controller

Figure 38 shows the interface of the 80286 with the
Am2968 Dynamic Memory Controller. The interface is a
timing controller which consists of some control logic and
adelay line. The timing controller runs asynchronously to
the CPU. It arbitrates between memory requests and
refresh requests by generating the proper signals to the

dynamic memory controller and memory. The design
described is a simple, cost-effective solution to interfac-
ing the 80C286 with the Am2968. A further description
about DRAM selection based on processor speed may
be found in the Am2968 Application Note.

80C286
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Byte 1 Byte 3 Byte 4 Byte 5 Byte 6
1
| 1111 L] Low DISP/DATA | High DISP/DATA| Low DATA | High DATA
Opcode |dfw|m: re | vm R - _
[ ] 1
Register Operand/Registers to use in Offset Calculation
Register Operand/Extension of 0£c
Register Mode/Memory Mode with Displacement Length
Word/Byte Operation
Direction is to Register/Direction is from Register
Operation (Instruction) Code
A. Short Opcode Format Example DF003760
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5
EEEREERRERRERRNENINRNE! .
High DISP
Long,Opcode mod req | r/m Low DISP 9
B. Long Opcode Format Example
DF003770

Figure 39. 80C286 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 pro-
gram will average 5% more than the calculated clock
count, dueto instruction sequences which execute faster
thanthey can be fetched from memory.

To calculate elapsed times for instruction sequences,
multiply the sum of all instruction clock counts, as listed
in the table below, by the processor clock period. A 12.5
processor clock has a clock period of 80 nanoseconds
and requires an 80C286 system clock (CLK input) of 25
MHz,

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded, and
is ready for execution. Control transfer instruction
clock counts include all time required to fetch, de-
code, 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 figld are
ot 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 .

if d=1 then to register; if d=0 then from register
it w = 1 then word instruction; if w = 0 then byte instruction
if s =0 then 16-bit immediate data to form the operand

if s =0 then an immediate data byte is sign-extended 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 oper-
and.

* = add one clock if offset calculation requires summing 3
elements

n=number of bytes of code in next instruction
Level (L)—Lexical nesting level of the procedure

The following comments describe possible exceptions
side effects, and allowed usage for |nstmctlons in both
operating modes of the 80C286.

Real Address Mode Only

1. Thisis a protected mode instruction. Attempted exe-
cution in real address mode will result in an unde-
fined opcode exception (6).

2. Asegmentovernrun exception (13) will occurif aword
operand reference at offset FFFF(H) is attempted.
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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 oceur if the operand exceeds the segment limit.

Either Mode

6. An exception may occur, depending on the value of
the operand.

7. [OCK is automatically asserted regardless of the
presence or absence of the LOCK instruction prefix.

8. LOCK does not remain active between all operand
transfers.

Protected Virtual Address Mode Only

9. A general protection exception (13) will occur if the
memory operand cannot be used due to either a
segment limit or access rights violation. If a stack
segment limit is violated, a stack segment overrun
exception (12) occurs.

10. For segment load operations, the CPL, RPL, and
DPL must agree with privilege rules to avoid an ex-
ception. The segment must be present to avoid a
not-present exception (11). if the SS register is the
destination, and a segment not-present violation oc-
curs, a stack exception (12) occurs.

“11. All segment descriptor accesses in the GDT or LDT
made by this instruction will automatically assert
LOCK to maintain descriptor integrity in multiproces-
sor systems.

12

13.

14.

15.

16.

17.

18.

JMP, CALL, INT, RET, IRET instructions referring to
another code segment will cause a general protec-
tion 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>IOPL. The IOPL field is updated only if
CPL=0.

Any violation of privilege rules as applied to the se-
lector operand do not cause a protection exception;
rather, the instruction does notreturn aresultandthe
zero flag is cleared.

If the starting address of the memory operand vio-
lates a segment limit, or an invalid access is at-
tempted, a general protection exception (13) will oc-
cur before the ESC instruction is executed. A stack
segment overrun exception (12) will occur if the
stack limit is violated by the operand’s starting ad-
dress. If a segment limit is violated during an at-
tempted 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.

80C286
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ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ...............coiitn. +8.0V
Input, Output or /O

Voltage Applied GND-1.V to VDD+1.0V
Power Disslpation/Speed
25MHz ........ 21W

12MHz ........ 1.2W
Storage Temperature Range .... -65°C to +150°C
Junction Temperature .................. +175°C
Lead Temperature
(Soldering, Ten Seconds)

Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent device failure.
Functionality at or above these limits is not implied. Ex-
posure to absolute maximum ratings for extended peri-
ods may affect device reliability.

DC CHARACTERISTICS over operating range

OPERATING RANGES
Operating Voltage Range ....... +4.5V10+5.5V
80C286-20 and-250nly ..... +4.75Vto +5.25V

Operating Temperature Range .. 0 to +70°C Ambient
(also meets 0to 100°C Case Temperature for laptop
requirements)

Operating ranges define those limits between which the
functionality of the device is guaranteed.

Vee =45 Vi 10%, for 80C286-12 and 80C286-16, Ve = +5 V £5% for 80C286~20 and 80C286—25, Ta=0°Cto0 +70°C

Parameter Parameter
Symbol Description Test Conditions Min. Max. Unit
Vi, Input LOW Voltage -0.5 0.8 Vv
Viu Input HIGH Voltage 2.0 Vec+ 0.5 \'
Vie CLK Input LOW Voltage -0.5 1.0 \'
Ve CLK Input HIGH Voltage 3.6 Vec+0.5 \
VoL Qutput LOW Voltage - 0.4 \J
Von : Output HIGH Voltage 3.0 - \
Vec—0.4 \'J
h Input Leakage Current -10 10 HA
IsH Input Sustaining Current on+ -30 -500 A
BUSY and ERROR Pins ,
lem Input Sustaining Current Hi n=1.0V (see Note 1) 38 200 pA
Tesa input Sustaining Curfent:HIGH?| Vin=3.0V (see Note 2) -50 —400 pA
lo Vo=GND or Vcc -10 10 HA
Pins 1, 7-8, 10-28, 32-34
lecop 80C286-12 (see Note 4) - 220 mA
80C286-16 (see Note 4) - 260 mA
80C286-20 (see Note 4) - 310 mA
80C286-25 (see Note 4) - 360 mA
lcess Standby Power Supply Current | (see Note 3) ) - 5 mA
Notes:

1. Iy, should be measured after lowering V,, to GND and then raising to 1.0V on the following pins: 36-51, 66, 67.
.y Should be measured after raising V,, to V.. and then lowering to 3.0 V on the following pins: 4-6, 36-51, 66-68.

+ oo

0.4 (/ Ve =5.5V, outputs unloaded.

2
3. :1ucss tested with the clock stopped in phase two of the processor clock cycle. V,, =V or GND, V. =5.5 V, outputs unloaded.
4 measured at 12.5 MHz for the 80C286-12, 16 MHz for the 80C286-16, and 20 MHz for the 80C286-20. V,,=2.4V or

5. |y should be measured after raising V), to V.. and then lowering to GND on pins 53 and 54.
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CAPACITANCE (Tz=+25°C; All Measurements Referenced to Device GND)

Parameter Parameter

Symbol » {iTest Conditlons
Cax oLk inpht capdoitands _, {1 O/ 1 1] W “ | FREQ= 1Mz
Cin Other lnput Capacntance

Cro 1/0 Capacitance 10 pF
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SWITCHING CHARACTERISTICS over operating range
Ve =+5 V+10%, Ta=0°C to +70°C (80C286-12 and 80C286—16)
Vee=+5 V5%, Ta=0°C to +70°C (80C286-20 and 80C286-25)

AC Timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet waveforms, unless
otherwise specified.

Parameter Parameter | _12.5MHz 16 MHz
Symbol Description Test Conditions Min. | Max. | Min. | Max. | Unit
Timing Requirements

System Clock (CLK) Period 40 - 31 — ns
2 System Clock (CLK) LOW Time 11 - 7 - ns
3 System Clock (CLK) HIGH Time 13 -~ 11 - ns
17 System Clock (CLK) RISE Time 8 — 5 ns
18 System Clock (CLK) FALL Time - 8 — 5 ns
4 Asynchronous Inputs SETUP Time 15 - 5 - ns
5 Asynchronous Inputs HOLD Time 15 — 5 - ns
6 RESET SETUP Time 10 - 10 - ns
7 RESET HOLD Time 0 - 0 - ns
8 Read Data SETUP Time 5 - 5 -~ ns
9 Read Data HOLD Time 4 - 3 - ns
10 READY SETUP Time 20 - 12| - ns
1 READY HOLD Time 20 - 5 ns
20 Input RISE/FALL Times - 8 - 6 ns

- Timing Responses )

12A Status/PEACK Active Héla 1, (Notes 3, 7) 1 22 1 18 ns
12B PEACK gD 1, (Notes 3, 6) 1 24 1 20 ns
13 1, (Notes 2, 3) 1 32 1 27 ns
14 Write Data Valid Defay. 1, (Notes 2, 3) 0 31 0 28 ns
15 Address/Status/Data Float Delay 2, (Note 5) 0 32 0 29 ns
16 HLDA Valid Delay 1, (Notes 3, 8) 0 25 0 25 ns
19 Address Valid to Status SETUP 1, (Notes 3, 4) 22 - 16| - ns

Time :

Notes: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specmcatlon is given only for testing
purposes, to assure recognition at a specific CLK edge.

2. Delay from 1.0V onthe CLKto 0.8V or2.0V.
3. Qutput load: C_ = 100pF.

. Detay measured from address either reaching 0.8 V or 2.0 V (valid) o status going active reaching 0.8 V or status going
inactive reaching 2.0 V.

. Delay from 1.0V on the CLK to Float (no current drive) condition.

. Delay from 1.0V on the CLK to 0.8 V for min. (HOLD time) and to 2.0V for max. (inactive delay).
. Delay from 1.0V on the CLK to 2.0V for min. (HOLD time) and to 0.8 V for max. (active delay).

. Delay from 1.0V on the CLKto 2.0V.

F

0 N0
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Switching Test Conditions ‘ _
Test Condition I (Constant Current Source CcL

40V
36V
cikmput/ k 38V
- 1.0V

iov

0.45V:

tSetuy| Hold!

: 24V
Other 4 20V | 20v-
Dovies ) 0.8V | 0.8V
Input 40V . .
fa— tDelay—
Device
Output

AC Setup, Hold and Delay Time Measdrement—-Goneral

WF024261
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SWITCHING CHARACTERISTICS (continued)

Vee=+5 V1 10%, Ta=0°C to +70°C (80C286-12 and 80C286—16)

Vee=45V15%, Ta=0°C to +70°C (80C286-20 and 80C286-25)

AC timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet waveforms, uniess
otherwise specified.

Parameter, Parameter L__20MHz 25 MHz
Symbol Description Test Conditions Min.| Max.| Min. | Max. | Unit
Timing Requirements

System Clock (CLK) Period 25 - 200 - ns
2 System Clock (CLK) LOW Time @1.0V 4 6 - 5 — ns
3 System Clock (CLK) HIGH Time | @ 3.6V W - 7| - | ns
17 System Clock (CLK) RISE Time 1.0Vto 3.6V ; 4 - 4 ns
18 System Clock (CLK) FALL Time 3.6Vto 1.0V 4 - 4-1] ns
4 Asynchronous Inputs SETUP Time 4 - 4 - ns
5 Asynchronous Inputs HOLD Time 4 - 4 — ns
6 - RESET SETUP Time 10 - 10| - ns
7 RESET HOLD Time 0 - 0 - ns
8 Read Data SETUP Time 3 - 3 - ns
9 Read Data HOLD Time 2 - 2 - ns
10 READY SETUP Time 0] - 9| - [ ns
11 READY HOLD Time & 3 - 3 - ns
20 Input RISE/FALL Time 0.8Vio2.0V - 6 - 6 ns
Timing Responses
12A Status/PEAC! ’»Adrve De ay 1, (Notes 3, 6) 1 15 1 9 ns
12B Status/PEAS KAnactnve Delay 1, (Notes 3, 6) 1 16 1 13 ns
13 . Address Valid Délay , 1, (Notes 2, 3) 1 23 1 18 ns
14 Write Data Valid Delay 1, (Notes 2, 3) 0 27 - 24 ns
15 Address/Status/Data Float Delay 2, (Note 5) 0 25 - 15 ns
16 HLDA Valid Delay 1, (Notes 2, 3) 0 20 - 19 ns
19 Address Valid to Status SETUP 1, (Notes 3, 4) 13 - 13| - ns

Time

Notes: 1. Asynchronous inputs are INTR, NM!, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing
purposes, to assure recognition at a specmc CLK edge. )

2. Delay from 1.0V on the CLKt0 0.8V or 2.0V.
. Output load: C, =100pF.

4, Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 0.8 V or status going
inactive reaching 2.0V.

5. Delay from 1.0V on the CLK to Float {no current drive) condition.
6. Delay from 1.0V on the CLK to 0.8 V for min. (HOLD time) and to 2.0 V for max. (inactive delay).

w
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Switching Test Conditions
Tast Condition

40V
3.6V
" CLK Input / k- 36V
1 oV

045V 1.0V
tSetu| Hold i
Daevice
Input 40V 0.8V | 0.8V-
ja—— Delay—

Device 15V
Output

AC Setup, Hold and Delay Time Measurement—For 20/25 MHz only

WF024251
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SWITCHING WAVEFORMS '
MAJOR CYCLE TIMING

Read Cycle Illustrated Write Cycle illustrated
with zero wait states " with one walt state o
s Ts T, TORTg
[¢&— 2 2 1 2
R/ WE VA YA WE
@
—
/
Valid Address alid Address >' Valid # Tg
Valid Control Valid Control ). ¢ alid f Tg
l—
DisDp = o o e ——— i,

Valid Write Data

AFDY + AFDVER

PCLK

ALE

eMDLY .

DTR

DEN

WF007982

Note: The modified timing is due to the CMDLY signal being active.
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SWITCHING WAVEFORMS (continued)

80C286 Asynchronous Input Signal Timing 80C286 Reset Input Timing and Subsequent Processor
Bus Cycle Type Cycle Phase
v
CLK. ﬁ
CLK
PCLK
(See Note 1) o
Reset 7 ¥t -1/
INTR, NM,
HOLD, PEREQ le T »f
(See Note 2) Ve
ERFOR BUSY oK
(See Note 2) = i S Va (@)
WF009930 E
Notes: 1.PCLK indicates which processor cycle phase will oc- Reset — | WF007930
cur on the next CLK..PCLK may not indicate thecor-  Note When RESET meets the set-up time shown, the next
rect phase until the first bus cycle is performed. CLK will start or repeat ¢1 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 ) T TorT, T,
R ﬁﬁﬁ ' r_/qp_3
CLK ._/—!
VCL
HLDA 3{_ (Sea Note 4) ®
£
o @ [ P4
-5 (See Note3) —oi @ pe— « —> @ j*— (See Note 3)
X 1 Tl o
— @ % ., ) l
— je—
- - () |-
PEACK ! Xt dNPX Trans1§sr @*
——? (See Note 1)
BHE, LOCK @ jo—
~/A, .
/10,
COD/INTA
Dls“Do
ek —7/ N~/ I\ _/ \_/

WF009942
Notes: 1. These signals may not be driven by the 80C286 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 80C286 floats its status pins during T,,. External 20 k<2 resistors keep these signals high (see Table 15).
4.For HOLD request set-up to HLDA, refer to Figure 34.
5.BHE and LOCK are driven at this time but will not become valid until T.
6.The data bus will remain in three-state OFF if a read cycle is performed.
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SWITCHING WAVEFORMS (continued)

80C286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only

Bus Cycle
Type Veu , Ts . Te . , Ts \ Te \ Ts »
CLKM
Ve I/0 Read if proc. ext. to memory . Memory Write if proc. ext. to memory
Memory Read jf memory to proc. ext. / /O Write if memory to proc. ext.

51-50
Memory address if proc. ext. to memory transfer
3_/_1%, , 'l/ro port address OOFA(H) if memory to proc. ext.
copr XXX - XX X

"’@'— 1/O port address OOFA(H) if proc. ext. to memory transfer
=2 Memory address if memory to proc. ext. transfer -

- (See Note 1) -

PEACK—————

JOG

—
l«— (See Note 2)—w]@®
PEREQ )r

' WF007953
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/O 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
1-12a max—4 min. The actual, configuration dependent, maximum time is: 3 x 1-12a max—4 min + Ax2x 1. Ais the
number of extra T, states added to either the first or second bus operation of the processor extension data operand

transfer sequence.

1-182 80C286



VCH 2
CL

Initial 80C286 Pin State During Reset

Ty
A~

(Sea Note 1)

| Atleast |

116 CLK Perlods!

UNKNOWN

UNKNOWN

M/IO
COD/

UNKNOWN

INTA

[OCK

UNKNOWN

HLDA

UNKNOWN

WF007962

Notes: 1. Set-up time for RESET T may be violated with the consideration that @1 of the processor clock may begin one system

CLK period later.

2.Set-up and hold times for RESET | must be met for proper operation, but RESET { may occur during ¢1 or $p2.
3.The data bus is only guaranteed to be in three-state OFF at the time shown.

4.HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains
active while RESET goes inactive, the 80C86 remains in HOLD state and will not perform any bus accesses until HOLD is

deactivated.

80C286
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80C286 INSTRUCTION SET SUMMARY

Clock Count Comments
Prote Protected
Real Virtual Real Virtuat
. Addreas | Address | Address| Address
Functlon Format Mode Mode | Mode | Mode
DATATRANSFER
MOV =Move:
Register to Register/Memory’ 1000100w mod reg r/m 2,8* 2,3 2 9
' Register/memory to register 1000101w mod reg /m 2,5 2,5* 2 9
immediate to register/memory 1100011w mod000rm data dataifw=1 I 2, 3f 2,3 2 9
Immediate to register 101 1wreg data dataifw=1 2 2
Memory to accumulator 1010000w addr-low addr-high 5 5 2 9
Accumulator to memory 1010001w addr-low addr-high 3 3 2 9
Register/memory to segment register | 10001110 mod 0 reg r/m 2,5 17,19* 2 {9,10,11
Segment register to register/memory | 10001100 mod O reg r/m 2,3 2,3 2 9
PUSH=Push:
Memory 11111111 mod110r/m 2,3 2,3 2 9
Register 01010reg 3 3 2 9
Segment register 000reg110 3 3 2 9

=Po
Memory P

Register

Segment register

10001111 mod000rm
01011reg
000reg111 (reg 01}

9
9
9,10,11

= nge:
Register/memory wngth register

Register with accumutator

IN =Input from:
Fixed port

Variable port .

OUT=0Output to:
Fixed port

Variable port

XLAT =Translate byte to AL
LEA=Load EA to register
LDS = Load pointer to DS
LES=Lload pointer 0 ES
LAHF =Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF =Pop flags

100001 1w

mod reg r/m I

10010reg

1110110w

port j

1110110w

1110011w

pot |

11101 11w

11010111

10001101

mod reg r/m

11000101

mod reg m {modp11)

11000100

mod reg r/m (modp 11)

10011111

10011110

10011100

10011101

W NN

2,7

2,4

7.9

9,10,11
9,10, 11

9,15

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments

Resl | Virtual | Reat | Virtual
Address | Address | Address { Address

Function Format Mode Mode | Mode | Mode
ARSI

Reg/memary with register to either 000000dw mod reg /m 2,7t 2,7* 2 9
Immediate to register/memory 100000sw mod 0 0 r/m data data if sw =01 3,7 3,7 2 9
Immediate to accumulator 0000010w data dataifw=1 3 3

Immediate to register 1011wreg data dataifw=1 2 2

ADC = Add with carry: )

Reg/memory with register to either 000100dw mod reg r/m 2,7 2,7 2 9
Immediate to register/memory 100000sw mod010rm data data if smﬂ] 3,7 3,7 2 9
Immediate to accumulator 0001010wW data dataifw=1 3 3

INC =Increment:

Register/memory 1T111111w mod 000 r/m 2,7t 2,7* 2 9
Register 01000reg ‘ 2 2

SUB =Subtract: - -

Reg/memory and register to either 001010dw mod reg r/m 2,7 2,7" 2 9
Immediate from register/memory 100000sw mod 101 r/m data dataif sw=1 l 3,7 3,7 2 9
Immediate from accumulator 0001110w data dataifw=1 3 3

SBB =Subtract with borrow:

Reg/memory and register to either 000110dw mod reg r/m 2,7 2,7 2 9
Immediate from register/memory 100000sw mod011r/m data data if s:w =01 l 3,7 3,7 2 9
Immediate from accumulator 0001110w data dataifw=1 3 3

DEC =Decrement:

Registerimemory T1111t1w mod 00 1 nﬂ - 27 | 27 ] 2 9
Register 01001reg 2 2

CMP =Compare:

Register/memory with register 0011101w mod00 tr/m ) 2,6* 2,6 2 S
Register with register/memory 0011100w mod reg /m ) 2,7 2,7 2 9
Immediate with register/memory 100000sw mod 111r/m data data if sw=01 3,6" 3,6° 2 9
Immediate with accumulator 0011110w . data dataifw=1 3 3

NEG =Change sign ' 1111011w | modo11um 2 7 |2 |7
AAA=ASCl adjust for add 00110111 3 3

DAA =Decimal adjust for add 00100111 3 3

AAS = ASC!I adjust for subtract 00111111 3 3

DAS = Decimal adjust for subtract 00101111 3 3

MUL = Multiply (unsigned) 1111011w mod 100rm

Register-Byte
Register-Word
Memory-a)/te 2

: w ]
Register-Word 21 21

Memory-‘BAyte : . 16* 16" 2 9
Memory-Word : -y 24" 2 9

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Function

Format

Clock Count Comments
Protected Prowected

Real Virtual Real | Virtual
Address | Address |Addressi Address

Mode Mode Mode | MWode

DIV =Divide {unsigned):

Register-Byte
Register-\l\yord
Memory-ay!e

Memory-Word

IDIV = Integer divide (signed)
Register-Byte

Register-Word

Memory-a}/te

Memory-Word

AAM = ASCH! adjust for multiply
AAD = ASCII adjust for divide
CBW=Convert byte to word

CWD=Convert word to double word

LOGIC
Shift/Rotate Instructions:
Register/Memory by 1 .

Register/Memory by CL ‘

rnnonwl

mod 11 0r/nT|

I1111011w I

mod111r/m|

11010100 00001010
11010101 00001010
10011000
10011001
1101000w mod TTT /m
1101001w mod TTT r/m

2,3 2,3
14 14
22 22
17* 17*

25" 25*
17 17
25 25

20* 20°
25* 25*
16 16
14 14
2 2
2 2

2,7 ' 2,7

§4n,8+n* ] 54n,84n° ‘

2 9
26 (6,9
26 |69
2 9
2 9
2 9
2 9

AND =And:
Reg/memory and register 1o either

Immediate to register/memory
Immediate to accumulator
TEST = And function to flags,
no result

Register/memory and register
Immediate data and register/memory
Immediate data and accumulator

OR=0r: .
Reg/memory and register to either

Immediate to register/memory
Immediate to accumulator

XOR =Exclusive or:
Reg/memory and register to either

Immediate to register/memory
Immediate to accumulator

NOT =Invert register/memory

TTT Instruction

000 ROL

001 ROR

010 RCL

011 RCR .

100 SHL/SAL

101 SHR

111 SAR
001000dw mod reg r/'m
1000000w mod 100r/m data dataifw=1_]
0010010w data dataifw=1
1000010w mod reg /m
1111011w mod000rm |- data dahaifw=q
1010100w data dataifw=1
000010dw mod reg r/m
1000000w mod 00 1um data dataifw=1 l
0000110wW data dataifw=1
001100dw ‘modvegr/m
1000000w mod110r/m data dataifw=1—|
0011010w data dataifw=1 ‘
1111011w mod010rm

2,7 2,7
3,7 3,7
3 3
2,6 2,6*
3,6 3,6
3 3
2,7* 2,7
3,7 3,7
3 3
2,7 2,7
3,7 3,7
3 3
2,7 2,7

2 9
2 9
2 9
2 ]
2 9
2 9
2 9
2 9

Shaded areas indicate instructions not available in iAPX 86, 88 miérosystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments
Protected Protected
Real Virtual Real | Virtual
Address| Address {Address| Address
Function Format Mode | Mode | Mode | Mode
STRING MANIPULATION: .
MOVS =Move Byteword 1010010w 5 5 2 9
CMPS =Compare byte/word 1010011w 8 8 2 9
SCAS =Scan byteiword 10101 11w 7 7 2 9
LODS =Load byte/wd to ALUAX 1010110w 5 5 2 9
STOS = Stor byte/wd from AUA 1010101w 3 3 2 9
INS = Input byte/wd from DX port 0110110w 5 5 2 9,14

MOVS = Move string 11110010 1010010w
CMPS =Compare string 1111001z 1010011w
SCAS = Scan string 11110012z 1010111w
LODS =Load string 1110010 1010110w
STOS=Storestririg 11110010 1010101 w

5+4n

5+9n
5+8n

5+4n

4+3n

5+4n
549n
548n
5+4n

443n

N NN NN

0 W O W ©

CONTROL TRANSFER
CALL=Call:
Direct within segment 11101000 disp-low disp-high 7+m 7+m 2 8
Register memory indirect 11111111 mod010r/m 7+m,11+my 7+m,11+m} 2 8,9
within segment
Direct intersegment 10011010 segment offset 13+m 26+m 2 Bi112
segment selector
Protected Mode Only (Direct Intersegment):
Via call gate to same privilege level 41+4m 8,11,12
Via call gate to different privilege level, no parameters 82+m 8,11,12
Via call gate to different privilege level, x parameters 86+4x+m 8,11,12
ViaTSS 177+m 8,11,12
Via task gate 182+m 8,11,12
Indirect intersegment l 11111111 mod011r/m (mod « 11) 16+m 29+m* 2 8,9,11,12
Protectad Mode Only {Indirect Imarsa?ment):
Via call gate to same privilege level 44+m 8,9,11,12
Via call gate to different privilege level, no parameters 83+m 8,9,11,12
Via call gate to different privilege level, x parameters 90+4x+m 8,9,11,12
ViaTSS 180+m 89,11,12
Via task gate 185+m 8,9,11,12
JMP =Unconditional jump
Shortlong 11101011 disp-low 7+m 7+m 8
Direct within segment 11101001 disp-low disp-high 7+m 7+m 8
Register/mem indirect within segment} 11111111 mod100r/m [7+m,11+m{ 7+m,114+m} 2 8,9
Direct intersegment 11101010 segment offset 11+m 23+m 2 B2
segment selector '
. Protected Mode Only (Indirect Imarso?mant):
Via call gate to same privilege level 38+m 8,11,12
ViaTSS 175+m 8,11,12
Via task gate 180+m 8,11,12
Indirect intersegment l 11111111 l mod101r/m I (mod » 11) 15+m 26+m* 2 8,9,11,12
Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments
Protected Protected
Real Virtual Real | Virtual
Address | Address Add Address
Function Format Mode Mode | Mode | Mode
CONTROL TRANSFER (continued):
Protected Mode Only (Indirect Intarse?manl)
Via call gate to same privilege level 41+4m* 8,9,11,12
ViaTSS 178+m* 8,9,11,12
Via task gate 183+m* 8,9,11,12
RET=Return from CALL:
Within segment 11000011 11+m 11+m 2 8,8
Within seg adding immed to SP 11000010 data-low l data-high I 11+m 11+m 2 8.9
Intersegment 11001011 15+m 25+m 2 189,11,12
Intersegment adding immediate to SP{ 11001010 data-low | data-high ‘ 15+4m 2 89,1112
Protected Mode Only (RET):
To different privilege leve! - -
JENZ=Jump on equal zero 01110100 disp 7+4mor3 | 7+mor 3 8
JUINGE =Jump on less
not greater or equal 01111100 disp 7+mor3 | 7+4mor 3 8
JLE/UNG =Jump on less
or equal not greater l 01111110 disp 7+mor3 | 7+4meor 3 8
JB/JNAE =Jump on below
not above or equal I—O 1110010 l disp 7+mor3 ] 7+4mor3 8
JBE/JNA =Jump on below or SN
equal not above 0111011 04' disp 7+mor3 | 7+mor3 8
JP/JPE =Jump on parity/ '
parity even 01111010 disp 7+mor3 | 7+4mor3 8
JO =Jump on overflow 01110000 disp 7+mor3 | 7+4mor3 : 8
JS =Jump on sign ‘ 01111000 ‘ disp l 7+mor3 ) 7+4mor3 [
JNE/JINZ = Jump on not equal
not zero [o1110101 ] disp | 7+mor3 | 7+mor3 8
JNLNGE =Jump on not less
greater or equal l 01111101 l disp j 7+mor3 | 7+mor 3 8
JNLENG=Jump on not less
or equal greater I 01111111 I disp 1 7+mor3 | 7+mor3 ‘ 8
JNB/JAE =Jump on not below
above or equal I 01110011 l disp l 7+mor3 § 7+4mor3 8
JNBENA= Jump on not befow
or equal above | 01110111 I disp I 7+mor3 | 7+4mor3 8
JNP/JPO=Jump on not .
par/par odd 01111011 disp 7+4mor3 | 7+4mor3 8
JNO=Jump on not averflow 01110001 disp 7+mor3 | 7+4mor3 8
JNS =Jump on not sign 01111001 disp 7+mor3 [ 7+mor3 8
LOOP=Loop CX Times 11100010 . disp 8+mor 34| 8+mor 4 8
LOOPZ/LOOPE =Loop while - .
zero equal [ 11100001 ] disp | 8+mor34| 8+4mor 4 8
LOOPNZ/LOOPNE = Loop while
I 11100000 I disp l

' Shaded areas indicate instructions not available in IAPX 86, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments

Py d Protected
Real Virtual Real Virtual

Addressf  Add Address
Function Format Mode Mode | Mode | Mode
CONTROL TRANSFER (continued):
INT =intarrupt:
Type specified I 11001101 type 23+m 2
Type 3 |11001100 23+m 2
INTO = Interrupt on overflow 24-mor3| 24-0r3 | 2
3ifno Bitno
interrupt) | interrupt)
Protectad Mode Only:
Via interrupt or trap gate 1o same privilege level 40+m 8,11,12
Via interrupt or trap gate to fit different privilege level 78+m 8,11,12
Via Task Gate 167+m 8,11,12
IRET =Interrupt return 11001111 17+m 31+m 24 B'g"é'
121
Protected Mode Only:
To different privilege level 5§5+m a,gA é '
121
To different task (NT =1} 169+m 8,9,11,12

PROCESSOR CONTROL

CLC=Clear carry : 2 2

CMC =Complement carry 11110101 2 2

STC=Set carry [F1111007] 2 2

CLD =Clear direction 11111100 2 2

STD=Set direction B EEEEEELE 2 2

CLI=Clear interrupt 11111010 3 3 14
STl=Set interrupt 2 2 14
HLT =Halt 11110100 2 2 13
WAIT = Wait 10011011 3 3

LOCK = Bus lock prefix 11110000 o 0 14 .
CTS =Clear task switched flag 00001111 00000110 2 2 3 13
ESC=Processor Extension Escape 10011TTT mad LLL r/m 9-20* 9-20* 5 17

{TTT LL are opcode to processor extension)

SEG=Segment override prefix 001reg110 0 0

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80C286 INSTRUCTION SET SUMMARY (continued)

Clock Count Comments

Protected
Real Virtual Real

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

REG is assigned according to the following:

|Protected
Virtual

Address | Address | Address | Address
Function Format Mode Mode Mode

Mode

Footnotes : egment
) REG Regist:
The effective Address (EA) of the memory operand is oomputed ac- ’ 00 °§§ er
cording to the mod and r/m fields: 01 cs
if mod =11 then r/m is treated as a REG field 10 Ss
if mod=00 then DISP =0*, disp-low and disp-high are absent 1 DS
if mod =01 then DISP =disp-low sign-extended to 16-bits, disp-high is
i mo djfg%’:é n DISP = disp-high; disp-ow ~ REG is assigned according to the following table:
if mod=000 then EA =(BX) +(Sl) + DISP : i 16-Bit (w=1) ) 8-Bit(w=0) .
if mod=001 then EA =(BX) +(DI) + DISP i 000 AX AL
if mod=010 then EA=(BP) +(Sl) + DISP 001 cX 001 cL
if mod=011 then EA=(BP)+(DI) + DISP -~ 010 DX 010 DL
if mod= 100 then EA =(SI)+ DISP : 011 BX 011 BL
if mod= 101 then EA = (DI} + DISP . 100 SP 100 AH
if mod=110 then EA = (BP) + DISP* ) 101 BP 101 CH
if mod= 111 then EA =(BX) + DISP 110 Sl 110 DH
DISP follows 2nd byte of instruction (before data if required) m DI m BH
*except if mod =00 and r/m = 110 then EA =disp-high: disp-low. - The physical addresses of all operands addressed by the BP register
SEGMENT OVERRIDE PREFIX are computed using the SS segmentregister. The physical addresses

| 00 1 reg 1 1 0]

of the destination operands of the string primitive operations (those
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80L 286

Low-Power High-Performance Microprocessor
with Memory Management and Protection

'

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B High-performance processor (up to 13.3 times
IAPX 86 when using the 16 MHz 80L286)

B |dentical to the 80286 except consumes less
power

B Available in cost-effective Plastic Leaded Chip
Carrier (PLCC) package

B Socketed PLCC footprint is compatible with
socketed LCC and PGA footprints

B Surface-mountable PLCC for high density
board utilization

8, 10, and 12.5 and16 MHz operation

B Large address space
- 16 megabytes physical
- 1 gigabyte virtual memory per task

B Integrated memory management, four-level
memory protection and support for virtual
memory and operating systems

GENERAL DESCRIPTION

The80L286 is an advanced, high performance micropro-
cessor, identical to the 80286, except consumes less
power. Its reduced power enables the 80L286 to be
packaged in low-cost, Plastic Leaded Chip Carrier
(PLCC) without a heat sink or heat spreader. Cooler
operation also enhances reliability. The PLCC package
canbe surface-mounted or socketed. The footprint of the
socketed PLCC package is identicalto the socketed LCC
or PGA packages so no board layout change is needed.
The 80L286 is available in 8, 10, and 12 and 16 MHz
speeds and s fully compatible with the 82C288 Bus Con-
troller and the 82284 Clock Driver functions.

The 80L286 is upward compatible with iAPX 86 and 88
software. Using iAPX real address mode, the 801286 is
object code compatible with existing iIAPX 86, 88 soft-
ware. In protected virtual address mode, the 80L286 is
source code compatible with iAPX 86, 88 software and
may require upgrading to use virtua! addresses sup-
ported by the 80L286's integrated memory management
and protection mechanism. Both modes operate at full
80L286 performance and executea supersetof the iAPX
86 and 88 instructions.

BLOCK DIAGRAM
—_— — F—————————— — 1
Address Unit (AU) o AusAo
'—-L:> ress
Physical T T Latches and Drivers i ﬁ, MG
ysi >
Address Processor » PEACK
Adder Prefetcher Iixte'r'fxsion i PEREQ
Segment nterface T READY, HOLD
Bgses — | 51, 50, COD/INTA
Offset Bus OCK, HL
Adder Segment | Segment | |
chimit | Sizes > Data Ds-D
er N M
|
| 6-Byte |
| Prefetch |
| Queue ]
U e d b e ] a4 Bus Unit (BU) |
- === p———— ! b f——————— 4
| ALU |
(- | e T
3 Decode: i
| Reg Control . l " &ucﬁon Irll)seugocglec;n stucton | —— S:.s
| eue unityy V.
| ] e —— —_ e Y
L Execution Unit (EU) H
NMI BUSY
INTR' ERROR BD003960
Publication # (0g511 Rev. D Amendment /0
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GENERAL DESCRIPTION (continued)

The 80L286 provides special operations to support the  load its state, and start execution of the new task. The
efficient implementation and execution of operating  80L286 also supports virtual memory systems by provid-
systems. For example, one instruction can end exe- ing a segment-not-present exception and restartable
cution of one task, save its state, switch to a new task, instructions.

CONNECTION DIAGRAM
Top View -
PLCC
E

N [e)
As viewed from top of package = (=] v} >
(PC side of component board.) 1o —‘E ol L= & t 2 o

SEEE-RIREEITE N F

K
rore- e —— INOOOOOANONANOOALT

BRE[ |1 Dis
Ne ] D;
NC E Dus
S1 E Ds
% ] D3

FFCR[: ’ Ds

Az E Ds2
Az E D4
Vss E Dy
A21 E Dj
Ax O Dio
Ay E D:
A E Dy
:17 E ) Dy

16 E Ds

A ] Do

Al Vss
O O

LTSS BH5 <L
)

RES|

CD010641
As viewed from top of package (PC side of component board)
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ORDERING INFORMATION
Standard Products

AMD commodity products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Temperature Range

N BoL26

b. Package Type

c. Device Number

d. Speed Option

e. Optional Processing

-16

T;——— d. SPEED OPTION
-16 = 16 MHz
—12 = 125 MHz
=10 = 10 MHz
-8 =8MHz

c. DEVICE NUMBER/DESCRIPTION

801286
Low-Power High-Performance Microprocessor
with Memory Management and Protection

b. PACKAGE TYPE

N = 68-Pin Plastic Leaded Chip Carrier (PL 068)

a. TEMPERATURE RANGE

Blank = Commercial (Tcase=0 to +85°C)

Valid Combinations

80L286-16
N 80L286-12
80L286-10
80L286-8

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional

data on AMD's standard military grade products.

80L.286
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PIN DESCRIPTION

CLK

System Clock (Input; Active HIGH)

System Clock provides the fundamental timing for
80L286 systems. It is a 16 MHz signal divided by two
inside the 80L286 to generate the 8 MHz processor
clock. The internal divide-by-two circuitry can be syn-
chronized to an external clock generator by a LOW-to-
HIGH transition on the RESET input.

Do-D1s
Data Bus (Input/Output; Active HIGH)

Data Bus inputs data during memory, I/O, and interrupt
acknowledge read cycles; outputs data during memory
and I/O write cycles. The data bus is active HIGH and
floats to three-state OFF during bus hold acknowledge.

A23‘A0

Address Bus (Output; Active HIGH)

Address Bus outputs physical memory and 1/O port ad-
dresses. Ao is LOW when data is to be transferred on
pins D7o. Az2s-Ais are LOW during IO transfers. The
address bus is active HIGH andfloats to three-state OFF
during bus hold acknowledge.

BHE

Bus High Enable (Output; Active LOW)

Bus High Enable indicates transfer of data on the upper
byte of the data bus Diss. Eight-bit oriented devices as-
signed to the upper byte of the data bus would normally
use BHEto condition chip select functions. BHE is active
LOW and floats to three-state OFF during bus hold ac-
knowledge.

BHE and A, Encodings

BHE

Value Value Function
0 0  Word transfer
0 1 Byte transfer on upper half of data bus (D,)
1 0  Byte transfer on lower half of data bus (D,.,)
1 1 Reserved

51,50

Bus Cycle Status (Output; Active LOW)

Bus Cycle Status indicates initiation of a bus cycle and,
along with M710 and COD/INTA, defines the type of bus
cycle. The bus is in a Ts state whenever one or both are
LOW. S and S0 are active LOW and float to three-state
OFF during bus hold acknowledge.

80L286 Bus Cycle Status Definition

cop/ _

INTA MTO §7 50 Bus cycle Inltiated

0 (LOW) Interrupt acknowledge
Reserved

Reserved

None; not a status cycle
IF A, =1 then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Reserved

/0 Read

/O Write

None; not a status cycle
Reserved

Memory instruction read
Reserved

None; not a status cycle

(HIGH)

-,k L L L0000 000O

0
0
0
(o]
1
1
1
1
0
0
0
0
1
1
1
1

P N e R R o N o R SN, I PN W Y
O+ 0—-0=0=0—=20-=20=20

M/IO

Memory/lO Select (Output) B
Memory/IO Select distinguishes memory access from
/0 access. If HIGH during Ts, a memory cycle or a
halt/shutdown cycle is in progress. If LOW, an /O cycle
or an interrupt acknowledge cycle is in progress M/IO
floats to three-state OFF during bus hold acknowledge.

COD/INTA

Code/Interrupt Acknowledge (Output)
Code/Interrupt Acknowledge distinguishes instruction
fetch cycles from memory data read cycles. Also distin-
guishes interrupt acknowledge cycles from )/O cycles.
COD/INTA floats to three-state OFF during bus hold ac-
knowledge.

LOCK

Bus Lock (Output; Active LOW)

Bus Lock indicates that other system bus masters are not
to gain control of the system bus following the current
bus cycle. The LOCK signal may be activated explicitly
by the “LOCK” instruction prefix or automatically by
80286 hardware during memory XCHG instructions, in-
terrupt acknowledge, or descriptor table access. LOCK
is active LOW and floats to three-state OFF during hold
acknowledge.
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PIN DESCRIPTION (continued)

READY
Bus Ready (Input; Active LOW)

Bus Ready terminates a bus cycle. Bus cycles are ex-
tended without limit until terminated by READY LOW.
READY is an active LOW synchronous input requiring
set-up and hold times relative to the system clock be met
for correct operation. READY is ignored during bus hold
acknowledge.

HOLD, HLDA
Bus Hold Request and Hold Acknowledge
(Input/Output; Active HIGH)

Bus Hold Request and Hold Acknowledge control owner-
ship of the 80L286 local bus. The HOLD input allows
another local bus master to request control of the local
bus. When control is granted, the 80L286 will float its bus
drivers to three-state OFF and then active 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 80L286
deactivating HLDA and regaining control of the local
buys. This terminates the bus hold acknowledge condi-
tion. HOLD may be asynchronous to the system clock.
These signals are active HIGH.

INTR
Interrupt Request (Input; Active HIGH)

Interrupt Request requests the 80L286 to suspend its
current program execution and service a pending exter-
nalrequest. Interrupt requests are masked wheneverthe
interrupt enable bit in the flag word is cleared. When the
80L286 responds to aninterrupt request, it performs two
interrupt acknowledge bus cycles to read an 8-bit inter-
rupt 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 sensi-
tive, active HIGH, and may be asynchronous to the
system clock.

NMI
Non-maskable Interrupt Request
(Input; Active HIGH)

Non-maskable Interrupt Request interrupts the 801.286
with an internally supplied vector value of 2. No interrupt
acknowledge cycles are performed. The interrupt enable
bit inthe 80L286 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 syn-
chronization. For proper recognition, the input must have
been previously LOW for at least four system clock cy-

cles and remain HIGH for at least four system clock
cycles.

PEREQ, PEACK

Processor Extension Operand Request and
Acknowledge (Input/Output)

Processor Extension Operand Request and Acknowl-
edge extends the memory management and protection
capabilities of the 80L286 to processor extensions. The
PEREQ input requests the 80L286 to perform a data
operand transfer for a processor extension. The PEACK
output signals the processor extension when the re-
quested operand is being transferred. PEREQ is active
HIGH and may be asynchronous to the system clock.
PEACK is active LOW.

BUSY, ERROR
Processor Extension Busy and Error (Input; Active
LOW)

Processor Extension Busy and Error indicate the operat-
ing condition of a processor extension to the 80L286. An
active BUSY input stops 80L286 program execution on
WAIT and some ESC instructions until BUSY becomes
inactive (HIGH). The 80L286 may be interrupted while
waiting for BUSY to become inactive. An active ERROR
input causes the 80L286 to perform a processor exten-
sion interrupt when executing WAIT or some ESC in-
structions. These inputs are active LOW and may be
asynchronous to the system clock.

RESET

System Reset (Input; Active HIGH)

System Reset clears the internal logic of the 80L286 and
is active HIGH. The 80L286 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:

80L286 Pin State during Reset

Pin Value Pin Names
1 (HIGH) 50, ST, PEACK, Ax-Ao, BHE, LOCK
0 (LOW) M/IO, COD/INTA, HLDA

three-state OFF Dis-Do

Operation of the 80L286 begins after a HIGH-to-LOW
transition on RESET. The HIGH-to-LOW transition of
RESET must be synchronous to the system clock. Ap-
proximately 50 system clock cycles are required by the
80L286 for internal initializations before the first bus cy-
cle to fetch code from the power-on execution address is
performed.

80L286
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PIN DESCRIPTION (continued)

A LOW-to-HIGH transition of RESET synchronous to the
system clock, willbegin anew processor cycle atthe next
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
occurduring the next system period. Synchronous LOW-
to-HIGH transitions of RESET are only required for sys-
temswhere the processor clock must be phase synchro-
nous to another clock.

Vss

System Ground (Input; Active HIGH)
System Ground: 0 volts.

Vee

System Power (Input; Active HIGH)
System Power: +5 volt power supply.

CAP
Substrate Fllter Capacitor (Input; Active HIGH)

Substrate Filter Capacitor: a 0.047 uf £20% 12 V capaci-
tor 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 80L286, the substrate bias
generator must charge this capagcitor to its operating
voltage. The capacitor charge-up time is 5 milliseconds
(max.) after Vec and CLK reach their specified AC and
DC parameters. RESET may be applied to prevent spuri-
ous activity by the CPU during this time. After this time,
the 80L286 processor clock can be phase synchronized
to another clock by pulsing RESET LOW synchronous to
the system clock.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............ —65 to +150°C
Voltage on Any Pin with

RespecttoGround ............. -1.0 to 7.0V
Power Dissipation ................... 2.89 Watts

Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent device failure.
Functionality at or above these limits is not implied. Ex-
posure to absolute maximum ratings for extended peri-

OPERATING RANGES

Operating Voltage Range . ..
C80C286-200nly .......

Operating Temperature Range . ..

+45Vto +65V
+4.75Vto +5.V
0to +70°C

Operating ranges define those limits between which the
functionality of the device is guaranteed.

ods may affect device reliability.

DC CHARACTERISTICS over operating range
(Tease=0 to 85°C, Vec =5V +5%)

Parameter Parameter
Symbol Description Test Conditions Min. Max. Unit
ViL - Input LOW Voltage -5 08 \
ViH Input HIGH Voltage 2.0 Vec+.5 \
Vi CLK Input LOW Voltage -5 .6 \
Viie CLK Input HIGH Voltage 3.8 Vec+.5 \
VoL Output LOW Voltage loL=2.0 A 45 \
VoH Output HIGH Voltage lon=—400 pA 2.4 Vv
lu Input Leakage Current 0V<ViNSVee pA
lo Output Leakage Current .45V <Vour<Vee + pHA
lec Supply Current Te=0°C 550 mA
Tc=85°C 475 mA
Cclk CLK Input Capacitance Fc=1 MHz 20 pF
Cin Other Input Capacitance Fc=1 MHz 10 pF
Co Input/Qutput Capacitance Fc=1MHz 20 pF
lo Output Leakage Current 0V<Vour<.045V +1 mA -
I Input Sustaining Current on
BUSY and ERROR pins Vin=0V 30 500 pA
[T Input CLK Leakage Current 0.45<ViN<Vceo +10 pA
ler Input CLK Leakage Current 0V<Vin<0.45V +1 mA
Note: Low temperature is worst case.
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SWITCHING CHARACTERISTICS

Vee=+5 V5%, Tease =0 to +85°C
AC timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet waveforms, unless
otherwise noted.

Parameter Parameter 8 MHz 10 MHz

Symbol Description Test Conditions Min. | Max. | Min. | Max. Unit
1 System Clock (CLK) Period 62 125 50] 125} ns
2 System Clock (CLK) LOW Time @1.0V 15 100 12| 109 ns
3 System Clock (CLK) HIGH Time @3.6V 25 110 16| 113 ns
17 System Clock (CLK) RISE Time 1.0Vto 3.6V 10 8 ns
18 System Clock (CLK) FALL Time 3.6Vio1.0V 10 8 ns
4 Asynchronous Inputs SETUP Tjme| (Note 1) 20 20 ns
5 Asynchronous Inputs HOLD Time | (Note 1) 20 20 ns
6 RESET SETUP Time 28 23 ns
7 RESET HOLD Time 5 5 ns
8 Read Data SETUP Time 10 8 ns
9 Read Data HOLD Time 8 8 ns
10 READY SETUP Time . 38 | . 26 ns
11 READY HOLD Time 25 25 ns
12 Status/PEACK Valid Delay (Notes 2, 30 1 40 - | - ns
12A Status/PEACK Active Delay (Notes 2,3) - - 1 22 ns
12B Status/PEACK Inactive Delay . | 1(Notes 2,3) -] - 1 30 ns
13 Address Valid Delay {Notes 2, 3) 1 60 1 35 ns
14 Write Data Valid Delay (Notes 2, 3) 0 50 0 30 ns
15 Address/Status/Data Float Delay (Notes 2, 4) 0 50 0 47 ns
16 HLDA Valid Delay (Notes 2, 3) 0 50 0 47 ns
19 fr\'ddress Valid to Status SETUP. (Notes 3, 5, 64) 38 27 ns

ime
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SWITCHING CHARACTERISTICS (continued)

Parameter Parameter 12.5 MHz 16 MHz
Symbol Description Test Conditions Min. | Max. | Min. | Max. | Unit
1 System Clock (CLK) Period 40 125 31 125 ns
2 System Clock (CLK) LOW Time @10V 11 112 10 113 ns
3 System Clock {CLK) HIGH Time @36V 13 114 12 | 115 ns
17 System Clock (CLK) RISE Time 1.0Vto 3.6V 8 5 ns
18 System Clock (CLK) FALL Time 3.6Vio 1.0V 8 4 ns
4 Asynchronous Inputs SETUP Time| (Note 1) 15 11 ns
5 Asynchronous Inputs HOLD Time | (Note 1) 15 11 ns
6 RESET SETUP Time 18 14 ns
7 RESET HOLD Time 5 3 ns
8 Read Data SETUP Time 5 5 ns
9 Read Data HOLD Time 6 5 ns
10 READY SETUP Time 22 15 ns
11 READY HOLD Time 20 15 ns
12 Status/PEACK Valid Delay (Notes 2, 30 - - — - ns
12A Status/PEACK Active Delay (Notes 2,3) 3 18 1 18 ns
12B Status/PEACK Inactive Delay 1(Notes 2,3) 3 20 1 20 ns
13 Address Valid Delay (Notes 2, 3) 1 32 1 29 ns
14 Write Data Valid Delay (Notes 2, 3) 0 30 0 22 ns
15 Address/Status/Data Float Delay (Notes 2, 4) 0 32 0 29 ns
16 HLDA Valid Delay (Notes 2, 3) 0 25 0 25 ns
19 Address Valid to Status SETUP (Notes 3, 5, 64) 22 22 ns
Time . ‘

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 10 0.8V or 2.0V or float on the output as appropriate for valid or floating condition..
3. Output load: C,=100pF. |
4. Float condition occurs when output current is less than ILO in magnitude.
5. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status going
inactive reaching 0.8 V.
6. For load capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for
10 MHz spec.
DEVICE
OUTPUT |
I )
NOTE 7: =
AC Test Loading on Outputs TC004190
40V
CLKINPUT
045V
NOTE 8:
AC Drive and Measurement Points—CLK Input B WF024240
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SWITCHING WAVEFORMS
MAJOR CYCLE TIMING

" _READ
F__ , ’ Te , Ts T , TIORTs
f L/_’xg/gL/_’L/_’L/_’L/_’L/'_’R_/’_’\_/L‘L_
o
Valid Addres ), &5 Val Addross
:

D5~ —_—

Valid if Tg

-

id Control > 4 alid # Ts

Valid Write Data

J S

DEN
!

WF007983

Note: MWTG is valid at this point onlyu if CMDLY is LOW.
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SWITCHING WAVEFORMS (continued)

80L280 Asynchronous Input Signal Timing 80L286 Reset Input Timing and Subsequent Processor
Cycle Phase

Bus Cycle Type [e— Ty

CLK
PCLK
(See Note 1.)

Reset

INTR, NM),
HOLD, PEREQ
(See Note 2.)

ERROR, BUSY
(See Note 2.)

CLK

WF009930

Notes: 1. PCLK indicates which processor cycle phase will oc- ‘ WF007930
cur on the next CLK. PCLK may not indicate the cor- Note: When RESET meets the set-up time shown, the next
rect phase until the first bus cycle is performed. CLK will start or repeat k1 of a processor cycle.

2.These inputs are asynchronous. The setup and hold
times shown assure recognition for testing purposes.

Reset

Exiting and Entering Hold

_Bus Cycle Type T,orT, T T
c_/ﬂs 2 ! 1 Ev_/ozj 1 2
CLK
—y
HLDA (See Note 4.)
I
OF >
5.5 (Seo Note 3) —f @ le— « —] @ "— (See Note 3.)
________ - X, fod -
r 5
. ® S
=% @ [ — <
PEACR _ — @ « O] — _
X ONPX Transtor  o” |
] (See Note 1.)
Az—~Ay >
M0, See Note 2.
COD/INTA @” o2
DeDy — -~ T T T T TTITTTTTTORASS ST T T T T T T T T
o N_/ Y/ _/

WF009942
Notes: 1. These signals may not be driven by the 801286 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 80C286 floats its status pins during T,,. External 20 k2 resistors keep these signals high.

4. For HOLD request set-up to HLDA, refer to Figure 34.

5.BHE and LOCK are driven at this time but will not become valid until Tg.

6. The data bus will remain in three-state OFF if a read cycle is performed.
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SWITCHING WAVEFORMS (continued)

80L286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only

Bus Cycle Type
VCH

170 Read it proc. ext. to memory Memory Write if proc. ext. to memory
/ Memory Read if memory to proc. ext. VO Writs if memory to proc. ext.

Memory address if proc. ext. to memory transfer
VO port address OOFA(H) if memory to proc. ex!. transfer

e XX XX X

COD/INTA
"@“ - @"" VO port address OOFA(H) I proc. ext. to memory transler
— @ l— " @ l— Memory address if memory to proc. ext. transfer
_3‘- (See Note 1.) 7!

pat—— (Seo Note 2.) =1t

—
=0
N

WF007953
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/O 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
1—12a max—4 min. The actual, configuration dependent, maximum time is: 3 x 1-12a max—4 min + Ax2x 1. Ais the
number of extra T, states added to either the first or second bus operation of the processor extension data operand
transfer sequence.
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Initial 80L286 Pin State During Reset

Bus Cycle Type
Tx Tx Tx
; L_/g&‘ 1 2 | 2 x_/m3 2
{See Note 1)
RESET
| At least ]
116 CLK Periods! [¢— @_.
I —
| 515 @ | 14
PEACK UNKNOWN 7F
|
| AusiA e AON e
2 0 "
BHE UNKNOWN 7r
WS — @34-
coD/ UNKNOWN
NTA A %
£\
~ £C
ok UNKNOWN JL 4
!
DT A e oy o e ey oy g oy e e NG

e ®
HLDA UNKNOWN

T 224

WF007962
Notes: 1.Set-up time for RESET T may be violated with the consideration that @ 1 of the processor clock may begin one system
CLK period later.
2.Set-up and hold times for RESET | must be met for proper operation, but RESET | may occur during @1 or @2,
3.The data bus is only guaranteed to be in three-state OFF at the time shown.

4.HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains
active while RESET goes inactive, the 80C86 remains in HOLD state and will not perform any bus accesses untilHOLD is
deactivated.
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AMD 80C287

80-Bit CMOS Numeric Processor

Pm

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

« Pin compatible and functionally equivalent to
the Intel 80287

= High-performance CMOS process ylelds 10-
MHz, 12-MHz, and 16-MHz speed grades

» Available in space-saving 44-pin PLCC as well
as 40-pin DIP

« 80-bit numeric accelerator for 80C286 and
80286-based systems

« Compatible with IEEE floating-point standard
754

» Static CMOS design does not require a
minimum clock rate, resulting in significantly
lower power dissipation

« Performs single-, double-, and extended-
precision floating-point, as well as word, short,
and long integer and 18-digit BCD conversions

« Adds trigonometric, logarithmic, exponential,
and arithmetic Instructions to the 80C286
Instruction set

GENERAL DESCRIPTION

The 80C287 is implemented in AMD’s advanced static
CMOS process that allows for significantly higher
speeds at a much lower power dissipation than
traditional NMOS versions or standard CMOS.

-~ [Functionally equivalent to the Intel 80287, the 80C287

is ‘a high-performance arithmetic processor that
expands the 80C286 instruction set with floating-point
instructions including transcendentals, and integer and

BCD conversions. The floating-point.operations comply
with the IEEE Standard 754. The device is available in
8-, 10-, 12-, and 16-MHz speed grades and is provided
in 44-pin PLCC and 40-pin DIP packages. When
coupled with the 80C286, the 80C287 provides a
complete solution . for high-performance numeric
processing applications.

BLOCK DIAGRAM
‘ Bus Interface Unit Instruction Numeric Execution Unit -
Address A
Operand
Address -t »| Exponent
Control ;
D Word ‘}
a2 la—p Status
t Word 416 |lam| shitter
Data -s—p  a Tag Word .
E | [nstruction Arthat
: - ; rithmetic
Address-g—m~ . ¢ Unit 16 > Unit
f e
Control-t—m~ ¢ -t v 4 s /r 64
: r .
16
t i i
Register
Stack
l‘ ~ 80 Bits > ] 11671-001A
: Publication # Rev. Amendment
. 11671 B 70
AMD 80C287 | Issue Date: June 1989
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CONNECTION DIAGRAM

DIP
nvedte ~ 40 ANG
Ne 2 39 [1CKM
Nne g3 38 ONC
Ne 4 37 [AN/C
Dis 05 36 QPEACK
D [0 6 35 M RESET
Dis Q7 34 INPS,
D, O 8 33 ANPS,
Vee O 9 32 ACLK
Vss [ 10 31 QCMD,
D,y O 11 30 [V
Dy O 12 29 [1CMD,
Nc O 13 28 O NPWR
D, [] 14 27 [INPRD
Dy O] 15 26 QERROR
D, ] 16 25 QBUSY
D 017 24 OPEREQ
D, O 18 23 1D,
D, O 19 22 Op,
D, O] 20 21D,

Note: N/C pins should not be connected.
Pin 1 is marked for orientation.

PLCC
e
= (&]
Q aQQQQIzQQ 5 0
20 Z2Z2ZZo0o0=ZzZ2d 2
mimininlniniziniainlinl
/65 4 3 2 1 444342 4140 )
Dy []7 °
D[]8
D29
\ecq 10
N/C[7 11 TBD
%s 12
Du[113
D[] 14
Nl 15
Do[] 18
Ds[]17
18 192022 2123 24 25 26 27 28
U IO U IoInd

58555%35585

el
w o
a

11671-002A

PIN DESCRIPTION
BUSY Busy Status (Output; Active Low)

A LOW level indicates that the 80C287 is currently
executing a command.

CKM Clock Mode Signal (Input)

When CKM is HIGH, the CLK is used directly. When CKM
is LOW, CLK is divided by three. This input must be either
HIGH or LOW 20 CLK cycles before RESET goes LOW.

CLK  Clock (Input)
Provides timing for 80C287 operations.

CMD,, CMD, Command Lines (Input)
CMD, and CMD,, along with select inputs, allow the CPU

to direct the 80C287 operations. These inputs are timed
relative to the read and write strobes.

D,~D, Data (Input/Output)
Bidirectional data bus. These inputs are timed relative to

the read and write strobes.
ERROR Error Status (Output; Active Low)
Reflects the error summary status bit of the status word. A

LOW level indicates that an unmasked - exception
condition exists.

NPRD Numeric Processor Read (Input; Active Low)

A LOW level enables transfer of data from the 80C287.
This input may be asynchronous to the 80C287 clock.

NPS,, NPS, Numeric Processor Selects (Input)
Indicates the CPU is transferring data to and from the
80C287. Asserting both signals (NPS, LOW and NPS,
HIGH) enables the 80C287 to transfer floating-point data
or instructions. No data transfers involving the 80C287 will

occur unless the 80C287 is selected via NPS, and NPS,.
These inputs are timed relative to the read and write
strobes. .

NPWR Numeric Processor Write {Input; Active Low)

A LOW level enables transfer of data from the 80C287.
This input may be asynchronous to the 80C287 clock.

PEACK Processor Extension Acknowledge (Input;
~ Active Low)
A LOW level indicates that the request signal (PEREQ)
has been recognized. PEACK causes the request
(PEREQ) to be withdrawn when no more transfers are
required. PEACK may be asynchronous to the 80C287
clock. :

PEREQ  Processor Extension Request (Output)
A HIGH level indicates that the 80C287 is ready to transfer
data. PEREQ will be disabled upon assertion of PEACK or
upon actual data transfer, whichever occurs first, when no
more transfers are required.

RESET System Reset (Input)
Reset causes the 80C287 to immediately terminate its
present activity and enter a dormant state. Reset must be
HIGH for more than :four CLK cycles. For proper
initialization the HIGH-LOW transition must occur no
sooner than 50 ps after V. and CLK meet their DC and
AC specifications.

Vec +5V Supply (Input)

Vss System Ground (Input)
" Both pins must be connected to ground.

AMD 80C287
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ORDERING INFORMATION
Commodity Products

AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed by a

combination of:

a. Temperature Range

b. Package Type

c. Device Number

d. Speed Optlon (if applicable)
e. Optional Processing

Valid Combination
80C287-16
80C287-12

DN, P 80C287-10
80C287-8

80C287 -10
L d. SPEED OPTION
-16 = 16 MHz
-12 = 125 MHz
-10 = 10 MHz
-8 = 8 MHz

c. DEVICE NUMBER/DESCRIPTION
80C287 )
80-Bit CMOS Numeric Processor

b. PACKAGE TYPE
D = 40-pin Ceramic DIP (CD 040)
N = 44-pin Plastic Leaded Chip Carrier (PL 044)
P = 40-pin Plastic DIP (PD 040)

a. TEMPERATURE RANGE
Blank = Commercial (TC = 0 to 70°C)

Valid Combination

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local AMD
sales office to confirm availability . of specific valid
combinations and to check on newly released valid
combinations. :
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SIMPLIFIED FUNCTIONAL DESCRIPTION

The 80C287 is internally divided into two basic
processing units; the numeric execution unit, and the
bus interface unit as shown in the block diagram. The
numeric execution unit performs numeric instructions.
The bus interface unit receives and decodes in-
structions, executes processor control instructions, and
requests operands transfers to and from memory. The
80C286 may execute non-numeric instruction con-
currently with numeric instruction executed on the
80C287. Synchronization and error recognition occurs
when the next numeric instruction is decoded by the
80C286.

The Numeric Execution Unit

The numeric execution data path is 80 bits wide. All
operands are converted to the internal 80-bit format
before use. These instructions include arithmetic, trans-
cendental, constant, and data transfer instructions.

The Bus Interface Unit

The bus interface unit decodes the ESC instruction
executed by the 80C286. The signal BUSY is activated
for 80C286/80C287 synchronization and the signal
ERROR is. activated for error detection. BUSY is
activated when an instruction is transferred and de-
activated when the instruction completes. ERROR will
be asserted if an error has occurred when BUSY is
deactivated.

The signals PEREQ, PEACK, NPRD, NPWR, NPS,,
CMD,, CMD,, and NPS, control data transfers between
the 80C287 and the 80C286. The 80C286 performs the
actual data transfer with memory.

The Register Stack

The register stack contains eight 80-bit data registers,
organized as a push down stack. Operations are per-
formed on the stack top, between the stack top and
another register, or between the stack top and memory.

System Configuration with 80C286

A simplified block diagram of the 80C287 interface to a
80C286 CPU is shown in Figure 1. The 80C287 can
operate concurrently with the host CPU. The signals
PEREQ, PEACK, BUSY, NPRD, NPWR, CMD,, and
CMD, allow the 80C287 to receive instructions and data
from the 80C286. Detection of errors are indicated to
the CPU by asserting the signal ERROR. The address
decode logic, bus control and timing logic is shown in
this implementation using AMD PAL® devices but may
also be accomplished using standard chip sets.

The 80C287 operates either directly from the CPU clock
or with a dedicated clock. The 80C287 functions at two-
thirds the frequency of the 80C286 when operating with
the CPU clock (i.e., for a 16-MHz 80C286, the 32-MHz
clock is divided down to 10.6 MHz).

AMD 80C287
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Address Bus

<

v

v

CLK286, -
RESET > MO >
P COD/INTA g Address
go g Decoder
! ' Logic
80C286 (16R8)
fj Lo
W) - Bus _
o > Control DEN
> wlio - and DIR
l% E (i E Timing
o w|alla Logic
/ (16R8)
L]
OLK287 N CLK
—_—0
Vo ckm
8V
NPWR |-
NPRD |-%-
CMD, |es
CMD, =
NPS, -
80C827 ——————
16 o
Z
4
7
Data Bus Bus
Transceiver

Am29C853

Figure 1. 80C286/80C287 Simplified System Configuration

11671-003A
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65to +150° C
Ambient Temperature Under Bias................... -5510 +125°C
Supply Voltage to Ground Potential

Continuous -1.0to +7.0V
DC Voltage Applied to Outputs

for HIGH Output Stata..........ccoeune.. -0.3 V1o +V,+0.3V
DC Input Voltage -0.3t0 V;+0.3V
DC Output Current, into LOW Outputs .......cccoeecreecninne 30mA
DC Input Current .........cccveeeinieiinesnnnnes -10to +10 mA
Power Dissipation (max.) 1.5W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect devices
reliability. '

OPERATING RANGES

Commaercial (C) Davices
Temperature, Ambient (T,) ccvveeeeeeriencrrnrnenee. 0to +70°C
(also meets 0 to 100°C Case Temperature (T) for
laptop requirements)
Supply Voltage (Vo) -reeeeeesnrserenaneansnnns +4.7510+5.25 V
Operating ranges define those limits between which the
functionality of the device is guaranteed. '

DC CHARACTERISTICS gveroperating range unless otherwise specified (for APL Products, Group A, Subgroups 1, 2,

3 are tested unless otherwise noted)

Parameter Parameter
Symbol Description Test Conditions Min. | Max.| Unit
Vou QOutput HIGH Voltage Ve = Min. loy = -0.4 mA 2.4 v
Vin=ViLor Vi )
Vou Output LOW Voltage Vg = Min. 0.45
Vin = Vi 0" Vi
Viu Guaranteed Input Logical 2.0 Vee v
HIGH Voltage (see note below) 0.5
ViL Guaranteed Input Logical -05 | 08 v
LOW Voltage (see note below)
Vine Clock Input HIGH Voltage
CKM =1 20 Ve \"
+1.0
CKM =0 3.8 Vee v
+1.0
Viie Clock Input Low Voltage
CKM =1 -05 | 08 v
CKM =0 -05 | 0.6 \
Iy Input Leakage Current 0VsVysSVee +10 | pA
lozu Off-State (HIGH Imp Voo = Max., Vy =24V 10 | pA
Output Current )
lozt Off-State (HIGI Voo = Max., V, =045V -10 | pA
leco Ve = Max. 10 mA/MHz
Outputs Unloaded
: o
Iccs Por g{ Supply Current, Static Vcc =Max., Vm' Vcc orGND, |, =0pA 5mA

Note: These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not

functionally tested).

AMD 80C287
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range

80C287-8
No. Parameter Description Test Conditions Min. | Max. | Unit
1 Clock Period
ClM =1 125 ns
CLM=0 50 ns
2 Clock LOW Time
CLM= 68 ns
ClM=0 15 ns
3 Clock HIGH Time
CLM = ns
CLM=0 ns
4 Clock Rise Time i0 ns
5 Clock Fall Time 10 ns
6 Data Setup to
NPWR Inactive ns
7 Data Hold from
NPWR Inactive ns
8 NPWR, NPRD
Active Time ns
9 Command Valid
Setup Time ns
10 PEREQ Active to
NPRD Active ns
11 PEACK Active Time ns
12 PEACK Inactive Time ns
13 PEACK Inactive to
NPRD, NPWR Inactive ns
14 NPRD, NPWR Inactive
to PEACK Active ns
15 Command Valid
Hold Time 30 ns
16 PEACK Active Setup )
to NPRD, NPWR 40 ns
17 NPRD, NPWR to
CLK Setup 70 ns
18 NPRD, NPWR CLK Hold 45 ns
19 20 ns
20 RESE 20 ns
21 . NPRD Inactive to
Data Float 35 ns
22 NPRD Active to
Data Valid 60 ns
23 ERROR Active to
BUSY Inactive 100 ns
24 NPWR, Active to
BUSY Active 100 ns
25 PEACK Active to
PEREQ Inactive 127 ns
26 NPRD, NPWR Active to
PEREQ Inactive 100 ns
27 Command Inactive Time
Write to Write ns
Read to Read ns
Write to Read ns
Read to Write ns
28 Data Hold from Time
NPRD Inactive ns
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SWITCHING CHARACTERISTICS over COMMERCIAL. operating range {continued)

80C287-10 80C287-12 80C287-16
No. Parameter Description Test Conditions Min. | Max. | Min. | Max. | Min. | Max. | Unit
1 Clock Period
ClM =1 100 80 62.5 ns
ClM=0 40 35 30 ns
2 Clock LOW Time
CLM=1 62 50 37 ns
CLM=0 18 13 8 ns
3 Clock HIGH Time
ClM=1 28 22 17 ns
CiM=0 18 13 12 ns
4 Clock Rise Time 4 ns
5 Clock Fall Time 4 ns
6 Data Setup to
NPWR Inactive 60 ns
7 Data Hold from
NPWR Inactive 10 ns
8 NPWR, NPRD
Active Time 50 ns
9 Command Valid
Setup Time - 0 ns
10 PEREQ Active to
NPRD Active 62 ns
11 PEACK Active Time 36 ns
12 PEACK Inactive Time 125 ns
13 PEACK Inactive to
NPRD, NPWR Inactive 25 ns
14 NPRD, NPWR Inactive
to PEACK Active -30 ns
15 Command Valid
i Hold Time 15 ns
16 PEACK Active Setup
to NPRD, NPWR 40 30 30 ns
17 NPRD, NPWR to
CLK Setup 53 40 30 ns
18 NPRD, NEwB_ CLK Hold 37 29 22 ns
19 RESET to CLK Setup 20 20 20 ns
20 RESE 20 20 20 ns
21 NPRD Inactive to
Data Float 21 17 13 ns
22 NPRD Active to
alid 60 50 40 ns
23
BUSY Inactive 100 100 100 ns
24 NPWR, Active to
BUSY Active 100 80 60 ns
25 PEACK Active to
PEREQ Inactive 100 80 60 ns
26 NPRD, NPWR Active to
PEREQ Inactive 100 80 60 ns
27 Command Inactive Time
Write to Write 75 60 50 ns.
Read to Read 75 60 50 ns
Write to Read 75 60 50 ns
Read to Write 75 60 50 ns
28 Data Hold from Time
NPRD Inactive 3 1 1 ns
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SWITCHING WAVEFORMS

CKM = 0

3.6VCKM =0
2.0V CKM =1

045 VCKM =
0.45V CKM=1 .8 V CKM =1 0.8 VCKM =1

| 5 [— 20— 4 |=-

AC Drive and Measurement Polnts—CLK Input

v
VCKM =1 3.6V CKM =0
20VCKM =1

24V

OTHER
DEVICE
INPUT

045V

DEVICE
OUTPUT -

AC Setup, Hold and Delay Time Measurement—General

DEVICE
" OUTPUT

AC Test Loading on Outputs 11959004
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SWITCHING WAVEFORMS (continued)

CMDO, CMD1 v v
RPS1, NPS2 )‘; VALID ><
1§ ——————
12310 [P
- > 21—
/) DATAOUT
oo &KX VALD
Read Timing From 80C287
CMDO, CMD1 V3 3
NFS1, NPS2 )‘t VALID _><
g -l—— g — | ————15
T\ /
G - 7D
poots DATA MAY CHANGE y DATA IN 5( DATA MAY CHANGE
- VALID b
— 24 |-
¥
susY v ><:
11959-005A

Write Timing From 80C287
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SWITCHING WAVEFORMS (continued)

CMDO, CMD1 —'l vi

NP1, NPS2 % C VALID K
- 9 |- - 15 |a-
WWPW—R—\
N y 27 ;L
n 10 = 26— 14| |
PEREQ ( 14 ] |-
<—-——-—-25-—-———>“

13

- o 12

-

Data Channel Timing (Initiated by 80C287)

11959-006A
wosv /
23—
ERACR )
Error Output Timing
CLK
(IF CKM = 1)
119530074
NOTE: Clk, Reset Timing (Ckm = 1)
Reset, NPWR, NPRDare Inputs 1o CLK. Timing requir above are given for testing purposes only,

to assure recognition at a specific CLK edge.
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SWITCHING WAVEFORMS (continued)

CLK
(IF CKM = 1)

LA NN

“RPWR

CLK, NPRD, NPWR Timing (CKM = 1)

(3 L) 2 3l

CLK PHASE INDETERMINATE

(IF CKM = 1)

18— —A7 —

NN

——

RESET

NOTE:
Reset must meet timing shown to guarantee known phase of internal + 3 circuit.

CLK, RESET Timing (CKM = 0)

CLK
(IF CKM = 0)

18>
BN\ g

CLK, NPRD, NPWR Timing (CKM = 0) 11959-008A
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AMD 80EC287

Enhanced 80-Bit CMOS Numeric Processor

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

- Pin compatible and functionally equivalent to
the Intel 80287

+ High-performance CMOS process yields 10-
MHz, 12-MHz, and 16-MHz speed grades

» Enhanced sleep feature automatically shuts off
the internal clock when no instruction is
executing, reducing power consumption. This
feature is transparent to the user

+ Available in space-saving 44-pin PLCC as well
as 40-pin DIP

« 80-bit numeric accelerator for 80C286 and
80286-based systems

- Compatible with IEEE floating-point standard
754

« Static CMOS design does hot requirea
minimum clock rate, resulting in significantly
lower power dissipation

+  Performs single-, double-, and extended-
precision floating-point, as well as word, short,
and long integer and 18-digit BCD conversions

« Adds trigonometric, logarithmic, exponential,
and arithmetic instructions to the 80C286
instruction set

GENERAL DESCRIPTION

The 80EC287 is implemented in AMD’s advanced static
CMOS process that allows for significantly higher
speeds at a much lower power dissipation than
traditional NMOS versions or standard CMOS. The
80EC287 is a high-performance arithmetic processor
that expands the 80C286 instruction set with floating-
point instructions including transcendentals, and integer
and BCD conversions. The 80EC287 is functionally
equivalent to the Intel 80287 and AMD 80C287 plus
adds a low power sleep feature for battery powered

applications. This enhanced 80EC287 can be a direct
replacement for an AMD 80C287. The sleep feature is
an automatic inherent feature of the device and thus
requires no external entry. The floating-point operations
comply with the IEEE Standard 754. The device is
available in 12- and 16-MHz speed grades and is
provided in 44-pin PLCC and 40-pin DIP packages.
When coupled with the 80C286, the 80EC287 provides
a complete solution for high-performance numeric
processing applications.

BLOCK DIAGRAM

Bus Interface Unit

Numeric Execution Unit

Instruction
Address A
Operand
Address - »| Exponent
Control :
D Word A
a < Status
! Word 116 <> Shitter
Data -g—m~ a Tag Word
E Instruction’ Arthmet
o i ‘ rithmetic
Address-<g—p1 ¢ Unit - 16 - Unit
f et
Control<g—-] o |t v - A 64
r
16
s [ Y
Register
Stack
11953.001A
[ 80Bits —™ ‘
Publication # Rev. Amendment
11959 :)
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CONNECTION DIAGRAM

DIP
neg1s ~ 40 ANG
NC 2 39 AOCKM
NeCc O3 38 AN/C
N/Cc ] 4 37 [N/C
Dis 5 36 [IPEACK
D14 6 35 [JRESET
Dis 7 34 [ANPS,
Dy, O 8 33 AINPS,
Vee O 9 32 ACLK
Vss E 10 31 JCMD,
Dy 1 30 OVge
Dy O 12 29 [1CMD 4
N/C [ 13 28 [INPWR
D, O} 14 27 ONPRD _
Dy [ 15 26 [JERROR
D, O 16 25 OBUSY
De O 17 24 OPEREQ
D, O 18 23 (D,
D, O 19 22 AD,
D, O 20 210D,

Note: N/C pins should not be connected.
Pin 1 is marked for orientation.

PLCC

= S
0 eQQQQ]xQQ 50
2022220220 2
/65 4 32 14443424140
D.[]7 * RESET
D[]8 NFS,
D[]9 NPS;
\ecq 10 CLK
N/C] 11 TBD- CMD,
Vs 12 Vs
Du[]13 N/C
D] 14 CMD,
N/C[] 15 NPWR
Ds[] 186 NPRD
Ds[] 17 ERROR
18192022 2123 24 25 26 27 28
vy
S883888a835
[Vaggee]
w m
o
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PIN DESCRIPTION

BUSY Busy Status (Output; Active Low)
A LOW level indicates that the 80EC287 is currently
executing a command.

CKM Clock Mode Signal (Input)
When CKM is HIGH, the CLK is used directly. When CKM
is LOW, CLKis divided by three. This input must be either
HIGH or LOW 20 CLK cycles before RESET goes LOW.

CLK Clock (Input)
Provides timing for 80EC287 operations.

CMD,, CMD, Command Lines (Input)
CMD, and CMD,), along with select inputs, allow the CPU
to direct the 80EC287 operations. These inputs are timed
relative to the read and write strobes.

D,~D, Data (Input/Output)

Bidirectional data bus. These inputs are timed relative to
the read and write strobes.

ERROR Error Status (Output; Active Low)
Reflects the error summary status bit of the status word. A
LOW level indicates that an unmasked exception
condition exists.

NPRD Numeric Processor Read (Input; Active Low)

A LOW level enables transfer of data from the 80EC287.
This input may be asynchronous to the 80EC287 clock.

NPS,, NPS, Numeric Processor Selects (Input)
Indicates the CPU is transferring data to and from the
80EC287. Asserting both signals (NPS, LOW and NPS,
HIGH) enables the 80EC287 to transfer floating-point data
or instructions. No data transfers involving the 80EC287

will occur unless the 80EC287 is selected via NPS, and
NPS,. These inputs are timed relative to the read and
write strobes.

NPWR ' Numeric Processor Write (Input; Active Low)

A LOW level enables transfer of data from the 80EC287.
This input may be asynchronous to the 80EC287 clock.

PEACK Processor Extension Acknowledge (Input;
Active Low) .
A LOW level indicates that the request signal (PEREQ
has been recognized. PEACK causes the request
(PEREQ) to be withdrawn when no more transfers are
required. PEACK may be asynchronous to the 80EC287
clock.

PEREQ Processor Extension Request (Output)
A HIGH level indicates that the 80EC287 is ready to
transfer data. PEREQ will be disabled upon assertion of
PEACK or upon actual data transfer, whichever occurs
first, when no more transfers are required.

RESET System Reset (Input)
Reset causes the B0EC287 to immediately terminate its
present activity and enter a dormant state. Reset must be
HIGH for more than four CLK cycles. For proper
initialization the HIGH-LOW transition must occur no
sooner than 50 ys after V. and CLK meet their DC and
AC specifications.

VCC

vSS

+5 V Supply (Input)

System Ground (Input)
Both pins must be connected to ground.

AMD 80EC287
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ORDERING INFORMATION

AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed by a
combination of: a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option (if applicable)

e. Optlional Processing

o

80EC287 12

—L—— d. SPEED OPTION

~16 = 16 MHz
-12 = 125 MHz

c. DEVICE NUMBER/DESCRIPTION
80EC287 .
Enhanced 80-Bit CMOS Numeric Processor

b. PACKAGE TYPE
D = 40-pin Ceramic DIP (CD 040)
N = 44-pin Plastic Leaded Chip Carrier (PL 044)
P = 40-pin Plastic DIP (PD 040)

a. TEMPERATURE RANGE
Blank = Commercial (TC = 0 to 70°C)

Valid Combination Valid Comblination

Valid Combinations list configurations planned to be
D,N,P 80EG287-16 supported in volume for this device. Consult the local AMD
80EC287-12 ’ sales office to confirm availability of specific valid
combinations and to check on newly released valid
combinations.

1-218 ' - AMD 80EC287



SIMPLIFIED FUNCTIONAL DESCRIPTION

The 80EC287 is internally divided into two basic
processing units; the numeric execution unit, and the
bus interface unit as shown in the block diagram. The
numeric execution unit performs numeric instructions.
The bus interface unit receives and decodes in-
structions, executes processor control instructions, and
requests operands transfers to and from memory. The
80C286 may execute non-numeric instruction con-
currently with numeric instruction executed on the
BOEC287. Synchronization and error recognition occurs
when the next numeric instruction is decoded by the
80C286.

The Numeric Execution Unit

The numeric execution data path is 80 bits wide. All
operands are converted to the internal 80-bit format
before use. These instructions include arithmetic, trans-
cendental, constant, and data transfer instructions.

The Bus Interface Unit

The bus interface unit decodes the ESC instruction
executed by the 80C286. The signal BUSY is activated
for 80C286/80EC287 synchronization and the signa!
ERROR is activated for error detection. BUSY is
activated when an instruction is transferred and de-
activated when the instruction completes. ERROR will
be asserted if an error has occurred when BUSY is
deactivated.

The signals PEREQ, PEACK, NPRD, NPWR, NPS,,
CMD,, CMD,, and NPS, control data transfers between
the 80EC287 and the 80C286. The 80C286 performs
the actual data transfer with memory.

The Register Stack

The register stack contains eight 80-bit data registers,
organized as a push down stack. Operations are per-
formed on the stack top, between the stack top and
another register, or between the stack top and memory.

System Configuration with 80C286

A simplified block diagram of the 80EC287 interface to a
80C286 CPU is shown in Figure 1. The 80EC287 can
operate concurrently with the host CPU. The signals
PEREQ, PEACK, BUSY, NPRD, NPWR, CMD,, and
CMD, allow the 80EC287 to receive instructions and
data from the 80C286. Detection of errors are indicated
to the CPU by asserting the signal ERROR. The
address decode logic, bus control and timing logic is
shown in this implementation using AMD PAL® devices
but may also be accomplished using standard chip sets.

The 80EC287 operates either directly from the CPU
clock or with a dedicated clock. The 80EC287 functions
at two-thirds the frequency of the 80C286 when
operating with the CPU clock (i.e., for a 16-MHz

80C286, the 32-MHz clock is divided down to 10.6 .

MHz).

Sleep Feature ,

The 80EC287 clock runs only while an instruction is
executing. The internal clock shuts itself off when no
instruction is executing, thus reducing power
consumption. This feature is completely transparent to
the user and requires no external circuitry or design
interface.

The 80EC287 is completely static. For absolute
minimum power consumption, lower than that of the
sleep feature, the external clock can be stopped in
phase 2.

AMD 80EC287
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Figure 1. 80C286/80EC287 Simplified System Configuration
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65to +150°C
Ambient Temperature Under Bias .................. -551t0 +125°C
Supply Voltage to Ground Potential

Continuous.... -1.0to +7.0V
DC Voltage Applied to Outputs

for HIGH Output State .............c..... ~03Vto +V 403V
DC Input Voltage -0.3to V+03V
DC Output Current, into LOW Outputs ........ccoervnrireanee 30 mA
DC Input Current ~10to +10 mA
Power Dissipation (max.) 1.5W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect devices
reliability.

OPERATING RANGES

Commercial (C) Devices
Temperature, Ambient (T,) ..ccovvecivecrisnreriunncns 0to +70°C
(also meets 0 ta 100°C Case Temperature (T;) for
laptop requirements)

Supply Voltage (Vog) «reeemmmsssssescnsnne +4.75t0+5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range unless otherwise specified {for APL Products, Group A, Subgroups 1,

2, 3 are tested unless otherwise noted)

Parameter Parameter
Symbol. Description Test Conditions Min. | Max. | Unit
Vou Qutput HIGH Voltage Ve = Min. loyy = -0.4 mA 24 \
Vin=ViLorViy
VoL Output LOW Voltage Vec = Min. 0.45
Vin = ViLor Vi
Vin Guaranteed Input Logical 2.0 Vee v
HIGH Voltage (Note 1) +05
ViL Guaranteed Input Logical -05 | 08 v
LOW Voltage (Note 1)
Vine ! Clock Input HIGH Voltage
CKM =1 20 | Vo | V
+1.0
CKM=0 38 [ Ve | V
+1.0
Vie Clock Input Low Voltage
CKM =1 -0.5 0.8 \
CKM =0 -05 | 06 \
I, Input Leakage Current 0 V<V <V 110 | pA
lozn Off-State (HIGH Imp Voo = Max,, Vo =24V 10 | pA
Output Current
lozt Off-State (HIGH Ve = Max., Vo = 045 V -10 | pA
Output Current’
lecs Power Suppt Vo = Max., V-V  or GND, 1,=0 pA 5mA
static
leen Supp! rent, operating Vec=Max. 10 mA/MHz
Outputs Unloaded (Note 2)
lecg,, Power'Supply Current, Sleep Mode | V., = Max. Outputs Unloaded 1 mA/MHz
Notes: 1. These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment

(not functionally tested).

2. This reduces to I, when no instruction is executing, reducing overall power consumption.

AMD 80EC287
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range

B80EC287-12 80EC287-16
No. ' | Parameter Description Test Conditions Min. | Max. | Min. | Max. | Unit
1 Clock Period
ClM=1 80 00 62.5 00 ns
ClM=0 35 30 ns
2 Clock LOW Time
CLM = 1 50 37 ns
ClM=0 9 8 ns
3 Clock HIGH Time
CiM=1 22 17 ns
CiM=0 13 12 ns
4 Clock Rise Time 8 4 ns
5 Clock Fall Time 8 4 ns
6 Data Setup to
NPWR Inactive 75 60 ns
7 Data Hold from
NPWR Inactive 10 10 ns
8 NPWR, NPRD
Active Time 70 50 ns
9 Command Valid
Setup Time ns
10 PEREQ Active to
NPRD Active ns
11 PEACK Active Time ns
12 PEACK Inactive Time ns
13 PEACK Inactive to
NPRD, NPWR Inactive ns
14 NPRD, NPWR Inactive
to PEACK Active ns
15 Command Valid
Hold Time ns
16 PEACK Active Setup
to NPRD, NPWR ns
17 NPRD, NPWR to
CLK Setup ns
18 NPRD, NPWR CLK Hold ns
19 RESET to CLK Setup ns
20 RESET from CLK Hold ns
21 NPRD Inactive to
Da_lg Float 17 13 ns
22 NPRD Active to
Data Valid 50 40 ns
23 ERROR Active to
BUSY Inactive_ . 100 100 ns
24 NPWR, Active
BUSY Active 80 60 ns___
25 PEACK Active to *
PEREQ Inactive 80 60 ns
26 NPRD, NPWR Active to
PEREQ Inactive 80 60 ns
27 Command Inactive Time
Write to Write 60 50 ns
Read to Read 60 50 ns__
Wirite to Read 60 50 ns
Read to Write 60 50 ns
28 Data Hold from Time
NPRD Inactive 1 1 ns
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SWITCHING WAVEFORMS

CKM =0

0.45V CKM = . 1.0VCKM =0
0.45V CKM=1 .8 V CKM =1 0.8 VCKM =1

»| 5 |4—o—»] 4 |
AC Drive and Measurement Points—CLK Input

40VCKM =0
.4 V CKM =1

CLK
INPUT

0.45VCKM = 0
045V CKM =1

< SETUF

DEVICE .:i:i:i:i:i:i;\i’: 20V
OUTPUT SHRHHREKS

o8V

AC Setup, Hold and Delay Time Measurement—General

DEVICE
QUTPUT

AC Test Loading on Outputs 11959-004
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SWITCHING WAVEFORMS (continued)

CMDO, CMD1 F X
NPSi, NPS2 )‘L VALID ><

— - 15 ————— =

NPRD

G — 21—
-l 20 |- <—28—»
DO-DI5 LY DATA OUT
AN VALID

Read Timing From 80EC287

CM

8

, CMD1 VALID

-t -l t——  —— P ————— 15 — ]

T\ /

- 5 7
Do-D15 Ve DATA IN
DATA MAY CHANGE )g VALID _5( DATA MAY CHANGE
— 24 |-—
v
wosr )
K

Write Timing From 80EC287

11959-005A
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SWITCHING WAVEFORMS (continued)

ey o ¢
- 9 - 15 |

mﬁiﬂﬁ—\
N y - 27 ———»
N 10 ———»-|a—— 26 —»| le 14 »
PEREQ (

14 —»| -

- 13

et — =~ — = L j 2

Data Channel Timing (Initiated by 80EC287)

11959-006A

23—

ERROR
Error Output Timing
| o |2 | o1 | ¢2
CLK \ / Sk
(IF CKM = 1)

20 —»L—><—19 —»,

11953-007A

CLK, Reset Timing (CKM = 1)

NOTE: Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements above are given for
testing purposes only, to assure recognition at a specific CLK edge.
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SWITCHING WAVEFORMS (continued)

CLK
(IFCKM = 1)

LA NNNN\\N

NPWR

CLK, NPRD, NPWR TIMING (CKM = 1)

92
CLK PHASE INDETERMINATE

(IF CKM = 1}

00—

RESET

S N\

NOTE:
Reset must meet timing shown 1o guarantee known phase of internal + 3 circuit.

CLK, RESET TIMING (CKM = 0)

CLK
(IF CKM = 0)

[ 17—

NN\ 18~>J,///)’

CLK, NPRD, NPWR TIMING (CKM = 0)

11959-008A
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Am9517A/8237A

Multimode DMA Controller
FINAL

DISTINCTIVE CHARACTERISTICS

® Four independent DMA channels, each with separate
registers for Mode Control, Current Address, Base
Address, Current Word Count and Base Word Count
Transfer modes: Block, Demand, Single Word, Cascade
Independent Autoinitialization of all channels
Memory-to-memory transfers

Memory block initialization

Address increment or decrement

Master system disable

Enable/disable control of individual DMA requests
Directly expandable to any number of channels

® End of Process input for terminating transfers

® Software DMA requests

® Independent polarity control for DREQ and DACK
signals

o Compressed timing option speeds transfers—up to
2.5M bytes/second

@ +5 volt power supply

e N-channel silicon gate MOS technology

® 40-pin Hermetic DIP package, 44-pin PLCC package

® 9517A-5 5 MHz version for higher speed CPU compati-

bility

GENERAL DESCRIPTION

. The Am9517A/8237A Multimode Direct Memory Access

(DMA) Controller is a peripheral interface circuit for micro-
processor systems. It is designed to improve system
performance by allowing external devices to directly trans-
fer information to or from the system memory. Memory-to-
memory transfer capability is also provided. The Am9517A/
8237A offers a wide variety of programmable control
features to enhance data throughput and system optimiza-
tion and to allow dynamic reconfiguration under program
control.

The Am9517A/8237A is designed to be used in conjunc-
tion with an external 8-bit address register such as the

Am74LS373. It contains four independent channels and
may be expanded to any number of channels by cascading
additional controller chips.

The three basic transfer modes allow programmability of
the types of DMA service by the user. Each channel can be
individually programmed to Autoinitialize to its original
condition following an End of Process (EOP).

Each channel has a full 64K address and word count
capability. An external EOP signal can terminate a DMA or
memory-to-memory transfer. This is useful for block search
or compare operations using external comparators or for
intelligent peripherals to abort erroneous services.

BLOCK

DIAGRAM

DECREMENTOR

INC/DECREMENTOR

TEMP WORD

TEMP ADDRESS

1/0 BUFFER

COUNT REG (16} REG (16}

EOP (]

RESET ——orf
16 81T 8US
& —g 16 817 BUS e
o
BUFFER

CLock ——=1 NG READ BUFFER READ/WRITE BUFFER

AEN —— 4 AND

CONTROL BASE [ BAsE CURRENT I CuRRENT

ADSTB ——— AoDRESS | OO ADDRESS Punied
MEMR =g a6 06 ne (16)
MEMW ~wme(]} E

oA ; COMMAND

0R ~—d 2 CONTROL

OW =g

WRITE BUFFER READ BUFFER
0001
NI 080087
DREQO-DREQ3 %&— PRIORITY COMMAND (8) INTERNAL DATA BUS 1/0 BUFFER _

HACK ——]  ENCODER

ROTATING
PRIORITY

HREQ <ot

DACKO DACKS =—s ]

LOGIC

READ/WRITE

MODE
4x6)

STATUS (8) TEMPORARY (8)

REQUEST (4)

BD003250
*The 8237A is an AMD-invented device more commonly referred to as the Am9517A.
.Publication # Rev. Amendment
03040 D
issue Date: August 1989 AmS517A/8237A
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CONNECTION DIAGRAMS

Top View
DIPs PLCC
iOR -.—.: 1@ N 40 :—- A7 2
oW =] 2 [ }—— A5 05|5|;|‘Io'\wmv‘8
MEMR —-——{ |3 38 [ e as ZEEQ0z << < <D
e i = 5 5 4.3 2 1 444342 4140
*(NoTE 11) — {5 36 [ Jo—r EOF «wore i 7 ° a hinc
READY —{ 16 35 |_J— A3
HACK —=[17 34 [} A2 READY[] 8 38 D A3
ADSTS ~e—r_ |8 33 e a1 HACK[] 9 37 [] A2
AEN ~=—{"]9 32 [ Je—e A0 ADSTB[] 10 36 [ A1
Hrea =——(} 10 31 [F—— veectssv) AEN[ 1 35 [] A0
s —jn 30 [“}=—= D8O HREQ[] 12 34 Ovee
ok —{] 12 29 [ }=—e pg1 csQ 13 33 [ beo
RESET —={ 13 28 [}=—= 082 ok 14 32 [ pB1
pACK2 =——{ ] 14 27 [=—" D83 RESET [} 15 31 [1 pe2
pack3 =—(]15 26 [J=—= o084 packz2[] 16 30 P os3
—{"]1s 25 [} DACKO nel 17 29 §] DB4
ﬂ:igi — PT) 2 [ pacK1 | 18 19 20 21 22 23 24 25 26 27 28 z
. | N N N SN N N NN N N Sy
pReqr ——={] 18 23 [ J=—= 085 08858258858
oreao —{] 19 22 [ J=——e DB6 2@&‘&]8;’00020
(GND) V§S§ —— ] 20 21 DB? 55865 58
CD005072 CD009911

Note: Pin 1 is marked for orientation.
*See Note 11 under DC Characteristics table.
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ORDERING INFORMATION
Am9517A

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by
a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AMS517A =4 D

o

B
|——~———e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE*
C = Commercial (0 to +70°C)
| = Industrial (-40 to +85°C)

c. PACKAGE TYPE
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)
J = 44-Pin Plastic Leaded Chip Carrier
(PL 044)

b. SPEED OPTION
-4=4 MHz
-5=5 MHz

a. DEVICE NUMBER/DESCRIPTION
Am9517A
Multimode DMA Controller

Valid Combinations

Valid Combinations list configurations planned to be

Valid Combinations supported in volume for this device. Consult the local AMD

AM9517A-4 DC, DCB, DIB, PC sales office to confirm availability of specific valid

AMO517A-5 DC, DCB, PC, JC combinations, to check on newly released combinations, and
to obtain additional data on AMD's standard military grade
products.
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ORDERING INFORMATION (continued)
8237A

AMD commaodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of: a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option

e. Optional Processing

| .
[l
O

8237A -5

P

4

OPTIONAL PROCESSING
Blank = Standard Processing
B = Burn-in

d. SPEED OPTION
-4 =4 MHz
-5=5 MHz

o

DEVICE NUMBER/DESCRIPTION
8237A
Multimode DMA Controller

b. PACKAGE TYPE .
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)

a. TEMPERATURE RANGE
Blank = Commercial (0 to +70°C)

Valid Combinations
Valid Combinations

SoITAA - Valid Combinations list configurations planned to be

P, D supported in volume for this device. Consult the local AMD

8237A-5 sales office to confirm availability of specific valid

8237A-4B D combinations, to check on newly released valid combinations,

8237A-5B } and to obtain additional data on AMD's standard military
grade products.
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AMD standard

ORDERING INFORMATION (continued)
Standard Military Drawing (SMD)/DESC Products

products for Aerospace and Defense applications are available in several packages and operating ranges.

Standard Military Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The order number
(Valid Combination) for SMD/DESC products is formed by a combination of: a. Military Drawing Part Number

b. Device Type
¢. Case Outline

d. Lead Finish
5962-87575 01 Q X
T—————d. LEAD FINISH
X = Any Lead Finish Acceptable
c. CASE OUTLINE
Q=40 pin Ceramic DIP (CD 040)
b. MILITARY DEVICE TYPE
01=3 MHz (9517A)
02 =4 MHz (9517A-4)
a. MILITARY DRAWING NO./DESCRIPTION
5962-87575
Multimode DMA Controller
Valid Combinations
Valid Combinations Valid Combinations list configurations planned to be
5962-8757501 supported in volume for this device. Consult the local AMD
5962.675702 ax sales office to confirm availability of specitic valid

combinations, to check on newly released combinations.

Group A Tests
Group A tests consist of Subgroups
1, 2,378 9, 10, 11,
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ORDERING INFORMATION (continued)
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL
products is formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Device Class

d. Package Type

e. Lead Finish
AMY517A =4 /B Q A
|_—e. LEAD FINISH
A = Hot Solder Dip
d. PACKAGE TYPE
Q = 40-Pin Ceramic DIP (CD 040)
c. DEVICE CLASS
/B=Class B
b. SPEED OPTION
Blank =3 MHz
-4=4 MHz
a. DEVICE NUMBER/DESCRIPTION
Am9517A
Multimode DMA Controller
Valid Combinations
Valid Combinations - Valid Combinations list configurations planned to be
AMO517A supported in volume for this device. Consult the local AMD
/BQA sales office to confirm availability of specific valid
AMY517A-4 Lo "
combinations or to check for newly released valid
combinations.

Group A Tests

Group A tests consist of Subgroups
1, 2,3,7,8,9, 10, 11.

1-232 Am9517A/8237A



PIN DESCRIPTION

Pin No.*

Name

170

Description

31

Vce

Power: +5 volt supply.

20

Vss

Ground.

12

CLK

Clock Input: Clock Input controls the internal operations of the Am9517A/8237A and its rate of data
transfers. The input may be driven at up to 3MHz for the standard Am3517A/8237A and up to 5
MHz for the Am9517A-5/8237A-5.

Chip Select: Chip Select is an active low input used to select the Am9517A/8237A as an I/0 device
during the Idle cycle.This allows CPU communication on the data bus.

RESET

Reset: Reset is an active high input which clears the Command, Status, Request and Temporary
registers. It also clears the First/Last Flip/Flop and sets the Mask register. Following a Reset the
device is in the Idle cycle.

READY

Ready: Ready is an input used to extend the memory read and write pulses from the Am9517A/
8237A to accommodate slow memories or I/0 peripheral devices. Ready must not make transitions
during its specified setup/hold time.

HACK

Hold Acknowledge: The active high Hold Acknowledge from the CPU indicates that it has
relinquished control of the system buses.

19-16

DREQO-DREQ3

DMA Request: The DMA Request lines are individual asynchronous channel request inputs used by
peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest priority and
DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a channel.
DACK will acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable. Reset
initializes these lines to active high. DREQ must be maintained until the corresponding DACK goes
active.

30-26,
23-21

DB0-DB7

170

DATA Bus: The Data Bus lines are bidirectional three-state signals connected to the system data
bus. The outputs are enabled in the Program condition during the I/0 Read to output the contents
of an Address register, a Status register, the Temporary register or a Word Count register to the
CPU. The outputs are disabled and the inputs are read during an 1/0 Write cycle when the CPU is
programming the Am9517A/8237A control registers. During DMA cycles the most significant 8 bits
of the address are output onto the data bus to be strobed into an external latch by ADSTB. In
memory-to-memory operations, data from the memory comes into the Am3517A/8237A on the
data bus during the read-from-memory transfer. In the write-to-memory transfer, the data bus
outputs place the data into the new memory location.

g
3

110

1/0 Read: 10 Read is a bidirectional active low three-state line. In the Idle cycle, it is an input
control signal used by the CPU to read the control registers. In the Active cycle, it is an output
control signal used by the Am9517A/8237A to access data from a peripheral during a DMA Write
transfer.

g

110

170 Write: 110 Wirite is a bidirectional active low three-state line. In the ldle cycle, it is an input
control signal used by the CPU to load information into the Am9517A/8237A. In the Active cycls, it
is an output control signal used by the Am9517A/8237A to load data to the peripheral during a DMA
Read transfer.

36

m
e

110

End of Process: End of Process is an active low bidirectional open-drain signal. Information
concerning the completion of DMA service is available at the bidirectional EOP pin. The Am9517A/
8237A allows an external signal to terminate an active DMA service. This is accomplished by pulling
the EOP input low with an external EOP signal. The Am9517A/8237A also generates a pulse when
the terminal count (TC) for any channel is reached. This generates an EOP signal which is output
through the EOP Line. The reception of EOP, either internal or external, will cause the Am3517A/
8237A to terminate the service, reset the request, and, if Autoinitialize is enabled, to write the base
registers to the current registers of that channel. The mask bit and TC bit in the status word will be
set for the currently active channel by EOP unless the channel is programmed for Autoinitialize. In
that case, the mask bit remains unchanged. During memory-to-memory transfers, EOP will be
output when the TC for channel 1 occurs. EOP should be tied high with a pull-up resistor if it is not
used to prvent erroneous end of process inputs.

32-35

A0-A3

110

Address: The four least significant address lines are bidirectional three-state signals. In the Idle
cycle, they are inputs and are used by the CPU to address the registers to be load or read. In the
Active cycle, they are outputs and provide the lower 4 bits of the cutput address.

37-40

A4-A7

Address: The four most significant address lines are three-state outputs and provide 4 bits of
address. These lines are enabled only during DMA service.

10

HREQ

Hold Request: This is the Hold Request to the CPU and is used to request control of the system
bus. If the corresponding mask bit is clear, the presence of any valid DREQ causes the Am3517A/
8237A to issue the HRQ. After HRQ goes active, at least one clock cycle (TCY) must occur before
HLDA goes active.

25, 24
14, 15

DACKO-DACK3

DMA Acknowledge: DMA Acknowledge is used to notify the individual peripherals when one has
been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to
active low.

AEN

Address Enable. Address Enable enables the 8-bit latch containing the upper 8 address bits onto
the system address bus. AEN can also be used to disable in other system bus drivers during DMA
transfers. AEN is active-high.

Address Strobe. The active-high Address Strobe is used to strobe the upper address byte into an
external latch.

Memory Read: The Memory Read signal is an active low three-state output used to access data
from the selected memory location during a DMA Read or a memory-to-memory transfer.

Memory Write: The Memory Write signal is an active low three-state output used to write data to the

selected memory location during a DMA Write or a a memory-to-memory transfer.

*Applies to

DIPs only.
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Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Am9517/8237A Internal Registers.

DETAILED DESCRIPTION

The Am9517A/8237A block diagram includes the major logic
blocks and all of the internal registers. The data interconnec-
tion paths are also shown. Not shown are the various control
signals between the blocks. The Am9517A/8237A contains
344 bits of internal memory in the form of registers. The table
shown above lists these registers by name and shows the size
of each. A detailed description of the registers and their
functions can be found under Register Description.

The Am9517A/8237A contains three basic blocks of control
logic. The Timing Control block generates internal timing and
external control signals for the Am9517A/8237A. The Pro-
gram Command Control block decodes the various commands
given to the Am9517A/8237A by the microprocessor prior to
servicing a DMA Request. It also decodes each channel's
Mode Control word. The Priority Encoder block resolves
priority contention among DMA channels requesting service
simultaneously.

The Timing Control block derives internat timing from the clock
input. In AM90B0A systems this input will usually be the ¢2
TTL clock from an Am8224. However, any appropriate system
clock will suffice.

DMA Operation

The Am9517A/8237A is designed to operate in two major
cycles. These are called Idle and Active cycles. Each device
cycle is made up of a number of states. The Am9517A/8237A
can assume seven separate states, each composed of one
full clock period. State | (S)) is the inactive state. It is entered
when the Am9517A/8237A has no valid DMA requests
pending. While in SI, the DMA controller is inactive but may be
in the Program Condition, being programmed by the proces-
sor. State 0 (SO) is the first state of a DMA service. The
Am9517A/8237A has requested a hold but the processor has
not yet returned an acknowledge. An acknowledge from the
CPU will signal that transfers may begin. S1, S2, S3, and S4
are the working states of the DMA service. If more time is
needed to complete a transfer than is available with normal
timing, wait states (SW) can be inserted before S4 by the use
of the Ready line on the Am9517A/8237A.

Memory-to-memory transfers require a read-from and a write-
to-memory to complete each transfer. The states, which
resemble the normal working states, use two digit numbers for
identification. Eight states are required for each complete
transfer. The first four states (S11, S12, S13, S14) are used for
the read-from-memory half and the last four states (S21, S22,
8§23 and S24) for the write-to-memory haif of the transfer. The
Temporary Data register is used for intermediate storage of
the memory byte.

Idle Cycle

When no channel is requesting service, the Am8517A/8237A
will enter the Idle cycle and perform "SI" states. In this cycle
the Am9517A/8237A will sample the DREQ lines every clock
cycle to determine if any channel is requesting a DMA service.
The device will also sample CS, looking for an attempt by the
microprocessor to write or read the internal registers of the
Am9517A/8237A. When CS is LOW and HACK is LOW, the
Am9517A/8237A enters the Program Condition. The CPU can
now establish, change or inspect the internal definition of the
part by reading from or writing to the internal registers.
Address lines A0 - A3 are inputs to the device and select
which registers will be read or written. The IOR and TOW lines
are used to select and time reads or writes. Due to the number
and size of the internal registers, an internal flip/flop is used to
generate an additional bit of address. This bit is used to
determine the upper or lower byte of the 16-bit Address and
Word Count registers. The flip/flop is reset by Master Clear or
Reset. A separate software command can also reset this flip/
flop.

Special software commands can be executed by the
Am9517A/8237A in the Program Condition. These commands
are decoded as sets of addresses when both TS and TOW are
active and do not make use of the data bus. Functions include
Clear First/Last Flip/Flop and Master Clear.

Active Cycle

When the Am9517A/8237A is in the idle cycie and a channel
requests a DMA service, the device will output a HREQ to the
microprocessor and enter the Active cycle. It is in this cycle
that the DMA service will take place in one of four modes:

Single Transfer Mode: In Single Transfer mode, the
Am9517A/8237A will make a one-byte transfer during each
HREQ/HACK handshake. When DREQ goes active, HREQ
will go active. After the CPU responds by driving HACK active,
a one-byte transfer will take place. Following the transfer,
HREQ will go inactive, the word count will be decremented
and the address will be either incremented or decremented.
When the word count goes to zero, a Terminal Count (TC) will
cause an Autoinitialize if the channel has been programmed to
do so.

To perform a single transfer, DREQ must be held active only
until the corresponding DACK goes active. If DREQ is held
continuously active, HREQ will go inactive following each
transfer and then will go active again and a new one-byte
transfer will be made following each rising edge of HACK. In
B080A/AmM9080A systems, this will ensure one full machine
cycle of execution between DMA transfers. Details of timing
between the Am9517A/8237A and other bus contro!l proto-
cols will depend upon the characteristics of the microproces-
sor involved.

Block Transfer Mode: In Block Transfer mode, the
Am9517A/8237A will continue making transfers until a TC
(caused by the word count going to zero) or an external End of
Process (EOP) is encountered. DREQ need be held active
only until DACK becomes active. An Autoinitialize will occur at
the end of the service if the channel has been programmed
for it. '

Demand Transfer Mode: In Demand Transfer mode the
device will continue making transfers until a TC or external
EOP is encountered or until DREQ goes inactive. Thus, the
device requesting service may discontinue transfers by bring-
ing DREQ inactive. Service may be resumed by asserting an
active DREQ once again. During the time between services
when the microprocessor is allowed to operate, the intermedi-
ate values of address and word count may be read from the
Am9517A/8237A Current Address and Current Word Count
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registers. Autoinitialization will only occur following a TC or
EOP at the end of service. Following Autoinitialization, an
active-going DREQ edge is required to initiate a new DMA
service.

Cascade Mode: This mode is used to cascade more than one
Am9517A/8237A together for simple system expansion. The
HREQ and HACK signals from the additional Am8517A/
8237A are connected to the DREQ and DACK signals of a
channel of the initial Am9517A/8237A. This allows the DMA
requests of the additional device to propagate through the
priority network circuitry of the preceding device. The priority
chain is preserved and the new device must wait for its turn to
acknowledge requests. Since the cascade channel in the
initial device is used only for prioritizing the additional device, it
does not output any address or control signals of its own.
These would conflict with the outputs of the active channel in
the added device. The Am9517A/8237A will respond to
DREQ with DACK but all other outputs except HREQ will be
disabled.

Figure 1 shows two additional devices cascaded into an initial
device using two of the previous channels. This forms a two
level DMA system. More Am9517A/8237As could be added at
the second level by using the remaining channels of the first
level. Additional devices can also be added by cascading into
the channels of the second level devices forming a third level.

2ND LEVEL

ST LEVEL AmES17A/8237TA
yoLDReQ HREQ DREQ HREQ
A
ROLDATK L vack  pack HACK
AmI5ITA/B2ITA
DREQ HREQ
DACK HACK
INITIAL DEVICE Am9517A/B237A
ADDITIONAL
DEVICES
AF002171

Figure 1. Cascaded Am9517A/8237As

Transfer Types

Each of the three active transfer modes can perform three
different types of transfers. These are Read, Write and Verify.
Write transfers move data from an I/0 device to the memory
by activating [OR and MEMW. Read transfers move data from
memory to an 1/0 device by activating MEMR and TOW. Verify
transfers are pseudo transfers; the Am9517A/8237A operates
as in Read or Write transfers generating addresses, respond-
ing to EOP, etc. However, the memory and 1/0 control lines
remain inactive.

Memory-to-Memory: The Am9517A/8237A includes a block
move capability that allows blocks of data to be moved from
one memory address space to another. When Bit CO in the
Command register is set to a logical 1, channels 0 and 1 will
operate as memory-to-memory transfer channels. Channel 0
forms the source address and channel 1 forms the destination
address. The channe! 1 word count is used. A memory-to-
memory transfer is initiated by setting a software DMA request
for channel 0. Block Transfer Mode should be used for
memory-to-memory. When channel 0 is programmed for a
fixed source address, a single source word may be written into
a block of memory.

When setting up the Am93517A/8237A for memory-to-memory
operation, it is suggested that both channels 0 and 1 be
masked out. Further, the channel 0 word count should be
initialized to the same value used in channel 1. No DACK
outputs will be active during memory-to-memory transfers.

The Am9517A/8237A will respond to external EOP signals
during memory-to-memory transfers. Data comparators in
block search schemes may use this input to terminate the
service when a match is found. The timing of memory-to-
memory transfers may be found in Timing Diagram 2.

Autoinitialize: By programming a bit in the Mode register, a
channe! may be set up for an Autoinitialize operation. During
Autoinitialization, the original values of the Current Address
and Current Word Count registers are automatically restored
from the Base Address and Base Word Count registers of that
channel following EOP. The base registers are loaded simulta-
neously with the current registers by the microprocessor and
remain unchanged throughout the DMA service. The mask bit
is not set by EOP when the channel is in Autoinitialize.
Following Autoinitialize the channel is ready to repeat its
service without CPU intervention.

Priority: The Am9517A/8237A has two types of priority
encoding available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order based
upon the descending value of their number. The channel with
the lowest priority is 3 followed by 2, 1 and the highest priority
channel, 0.

The second scheme is Rotating Priority. The fast channel to
get service becomes the lowest priority channel with the
others rotating accordingly. With Rotating Priority in a single
chip DMA system, any device requesting service is guaranteed
to be recognized after no more than three higher priority
services have occurred. This prevents any one channel from
monopolizing the system.

1st Service 2nd Service 3rd Service
highest 0 2 —a— service 3 —-—— service
1 ~e— service 3 ~s— request o
2 \0 1
lowest 3 1 2
TB000008

The priority encoder selects the highest priority channel
requesting service on each active-going HACK edge. Once a
channel is started, its operation will not be suspended if a
request is received by a higher priority channel. The high
priority channel will only gain control after the lower priority
channel releases HREQ. When control is passed from one
channel to another, the CPU will always gain bus control. This
ensures generation of rising HACK edge to be used to initiate
selection of the new highest-priority requesting channel.

Compressed Timing: To achieve even greater throughput
where system characteristics permit, the Am9517A/8237A
can compress the transfer time to two clock cycles. From
Timing Diagram 3 it can be seen that state S3 is used to
extend the access time of the read pulse. By removing state
S3 the read pulse width is made equal to the write pulse width,
and a transfer consists only of state S2 to change the address
and state S4 to perform the read/write. S1 states will still
occur when A8 - A15 need updating (see Address Genera-
tion). Timing for compressed transfers is found in Timing
Diagram 4.

Extended Write: For Flyby Transactions late write is normally
used, as this allows sufficient time for the TOR signal to get
data from the peripheral onto the bus before MEMW s
activated. In some systems, performance can be improved by
starting the write cycle earlier. This is especially true for
memory-to-memory transactions.

Am9517A/8237A
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Address Generation: To reduce pin count, the Am9517A/
8237A multiplexes the eight higher order address bits on the
data lines. State S1 is used to output the higher order address
bits to an external latch from which they may be placed on the
address bus. The falling edge of Address Strobe (ADSTB) is
used to load these bits from the data lines to the latch.
Address Enable (AEN) is used to enable the bits onto the
address bus through a three-state enable. The lower order
address bits are output by the Am9517A/8237A directly. Lines
A0 -A7 should be connected to the address bus. Timing
Diagram 1 shows the time relationships between CLK, AEN,
ADSTB, DBO-DB7 and A0-A7.

During Block and Demand Transfer mode services which
include multiple transfers, the addresses generated will be
sequential. For many transfers the data held in the external
address latch will remain the same. This data need only
change when a carry or borrow from A7 to A8 takes place in
the normal sequence of addresses. To save time and speed
transfers, the Am9517A/8237A executes S1 states only when
updating of A8 - A15 in the latch is necessary. This means for
long services that S1 states may occur only once every 256
transfers, a savings of 255 clock cycles for each 256 transfers.

Register Description

Current Address Register: Each channel has a 16-bit
Current Address register. This register holds the value of the
address used during DMA transfers. The address is automati-
cally incremented or decremented after each transfer and the
intermediate values of the address are stored in the Current
Address register during the transfer. This register is written or
read by the microprocessor in successive 8-bit bytes. It may
also be reinitialized by an Autoinitialize back to its original
value. Autoinitialization takes place only after an EOP.

Current Word Count Register: Each channel has a 16-bit
Current Word Count register. This register should be pro-
grammed with, and will return on a CPU read, a value one less
than the number of words to be transferred. The word count is
decremented after each transfer. The intermediate value of
the word count is stored in the register during the transfer.
When the value in the register goes to zero, a TC will be
generated. This register is loaded or read in successive 8-bit
bytes by the microprocessor in the Program Condition. Follow-
ing the end of a DMA service, it may also be reinitialized by an
Autoinitialize back to its original value. Autoinitialize can occur
only when an EOP occurs. Note that the contents of the Word
Count register will be FFFF (hex) following on internally
generated EOP.

Base Address and Base Word Count Registers: Each
channel has a pair of Base Address and Base Word Count
registers. These 16-bit registers store the original values of
their associated current registers. During Autoinitialize these
values are used to restore the current registers to their original
values. The base registers are written simultaneously with
their corresponding current register in 8-bit bytes during DMA,
programming by the microprocessor. Accordingly, writing to
these registers when intermediate values are in the Current
registers will overwrite the intermediate values. The Base
registers cannot be read by the microprocessor.

Command Register: This 8-bit register controls the operation
of the Am9517A/8237A. Itis programmed by the microproces-
sor in the Program Condition and is cleared by Reset. The
following table lists the function of the command bits. See
Figure 2 for address coding.

7 6 5 4 3 2 1 0 ==—BitNumber

LITTT]

0 Memory-to-memory disable
1 Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable
Ifbit0=0

X = o

o

Controller enable
Controller disable

-

0 Normal timing
Compressed timing
X Ifbit0=1

-

Fixed Priority
Rotating Priority

0 Late write selection
Extended write selection
Ifbit3=1

X =

0 DREQsense active high
1 DREQsense active low

DACK sense active low
DACK sense active high

DFQ00970

MALLLLLL

- O

Mode Register: Each channel has a 6-bit Mode register
associated with it. When the register is being written to by the
microprocessor in the Program Condition, bits 0 and 1
determine which channel Mode register is to be written to.

7 6 5 4 3 2 1 0 -=—B8it Number

00 Channel O select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select
00 Verify transfer

01 Write transfer

10 Read transfer

11 1legal

XX Ifbits6and 7 =11

0 Autoinitialize disable
Autoinitialize enable

-

0 Address increment select
Address decrement select

-

00 Demand mode select

01 Single mode select

10 Block mode select

11 Cascade mode select
DF000980

Request Register: The Am9517A/8237A can respond to
requests for DMA service which are initiated by software as
well as by a DREQ. Each channel has a request bit associated
with it in the 4-bit Request register. These are nonmaskable
and subject to prioritization by the Priority Encoder network.

1-236

Am9517A/8237A




Each register bit is set or reset separately under software
control or is cleared upon generation of a TC or external EOP.
The entire register is cleared by a Reset. To set or reset a bit,
the software loads the proper form of the data word. See
Figure 2 for address coding.

7 6 5 4 3 2 1 0 -=— BitNumber

LLI T[T ]

Don‘t Care

00 Select channel O
01 Select channel 1
10 Select channel 2
11 Select channel 3

0 Reset request bit
1 Set request bit

DF000990

Software requests will be serviced only if the channel is in
Block mode. When initiating a memory-to-memory transfer,
the software request for channel 0 should be set.

Mask Register: Each channel has associated with it a mask
bit which can be set to disable the incoming DREQ. Each
mask bit is set when its associated channe! produces an EOP
if the channel is not programmed for Autoinitialize. Each bit of
the 4-bit Mask register may also be set or cleared separately
under software control. The entire register is also set by a
Reset. This disables all DMA requests until a clear Mask
register instruction allows them to occur. The instruction to
separately set or clear the mask bits is similar in form to that
used with the Request register. See Figure 2 for instruction
addressing.

7 6 3 2 1 0 -=— Bit Number

(TTTITTT]

00 Select channel 0 mask bit
01 Select channet 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit

All four bits of the Mask Register may also be written with a
single command.

Don’t Care

DF001000

7 6 5 4 3

LTI T

q 0 Clear Channel 0 mask bit

1 0 -=—Bit Number

1 Set Channel 0 mask bit

Clear Channel 1 mask bit
Set Channel 1 mask bit

! 0

1
0 Clear Channel 2 mask bit
1 Set Channel 2 mask bit
0
1

Clear Channel 3 mask bit
Set Channel 3 mask bit

DF001010

Status Register: The Status registers may be read out of the
Am@517A/8237A by the microprocessor. It indicates which
channels have reached a terminal count and which channels
have pending DMA requests. Bits 0 - 3 are set each time a TC
is reached by that channel, including after each Autoinitializa-
tion. These bits are cleared by Reset and each Status Read.
Bits 4 -7 are set whenever their corresponding channel is
requesting service.

7 6 5 4 3 2 1 0 —=—BitNumber

LITTTTT1]

1 Channel O has reached TC

—— 1 Channel 1 has reached TC
1 Channel 2 has reached TC
1

Channel 3 has reached TC

Channel 0 request

Channel 1 request
Channel 2 request
Channel 3 request

DF001020

Temporary Register: The Temporary register is used to hold
data during memory-to-memory transfers. Following the com-
pletion of the transfers, the last word moved can be read by
the microprocessor in the Program Condition. The Temporary
register always contains the last byte transferred in the
previous memory-to-memory operation, unless cleared by a
Reset.

Software Commands: There are three special software
commands which can be executed in the Program Condition.
They do not depend on any specific bit pattern on the data
bus. The three software commands are:

Clear First/Last Flip/Flop: This command may be issued
prior to writing or reading Am9517A/8237A address or word
count information. This initializes the Flip/Flop to a known
state so that subsequent accesses to register contents by
the microprocessor will address lower and upper bytes in
the correct sequence. When the Flip/Flop is cleared it
addresses the lower byte and when set it addresses the
upper byte.

Master Clear: This software instruction has the same effect
as the hardware Reset. The Command, Status, Request,
Temporary and Internal First/Last Flip/Flop registers are
cleared and the Mask register is set. The Am9517A/8237A
will enter the Idle cycle. '

Clear Mask Register: This command clears the mask bits of
all four channels, enabling them to accept DMA requests.
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Interface Signals
A3 A2 A1 A0 IOR IOW | Operation
1 0 0 0 0 1 Read Status Register
1 0 0 0 1 0 Write Command Register
1 0 0 1 0 1 llegal
1 0 0 1 1 0 Write Request Register
1 o] 1 0 0 1 lllegal
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 0 1 Ilegal
1 0 1 1 1 0 Write Mode Register
1 1 0 0 0 1 llegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1. 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 llegal
1 1 1 0 1 0 Clear Mask Register
1 1 1 1 0 1 Illegal
1 1 1 1 1 0 Write All Mask Register Bits

Figure 2. Register and Function Addressing

Signals
Channel Register Operation — Flln '7::” g;toa BDuBs7
: €S TOR TOW A3 A2 A1 A0 p/Flop -
0 Base & Current Write 0 1 0 0 0 0 0 0 AD-A7
Address 0 1 0 0 0 0 0 1 AB-A15
Current Read 0 0 1 0 0 0 0 0 AD-A7
Address 0 0 1 0 0 0 0 1 AB ~A15
Base & Current Write 0 1 0 ] 0 0 1 0 WO - W7
Word Count 0 1 0 0 0 0 1 1 W8 -Wi15
Current Read 0 [ 1 0 0 0 1 0 WO -W7
Word Count 0 0 1 0 0 0 1 1 W8 -Wi15
1 Base & Current Wiite 0 1 ] 0 0 1 0 4] A0-A7
Address 0 1 0 0 0 1 0 1 AB-A15
Current Read 0 0 1 0 [ 1 0 0 A0 - A7
Address 0 0 1 0 0 1 0 1 AB-A15
Base & Current Write 0 1 0 0 0 1 1 0 W0 -W7
Word Count 0 1 0 0 0 1 1 1 w8 -Wi5
Current Read 0 0 1 0 0 1 1 0 WO -w7
Word Count 0 0 1 0 0 1 1 1 W8 -Wi15
) Base & Current N [} 1 0 0 1 0 0 0 A0~ A7
2 Address Write 0 1 0 0 1 0 0 1 AB- A15
Current Read 0 0 1 0 1 0 0 0 AD-A7
Address 0 0 1 0 1 0 0 1 AB-A15
Base & Current Wiite 0 1 0 0 1 0 1 0 WO -wW7
Word Count 0 1 0 0 1 0 1 1 W8 -W15
Current Read 0 0 1 0 1 0 1 v} WO -W7
Word Count 0 0 1 0 1 0 1 1 W8 -Wi15
Base & Current . 0 1 0 0 1 1 0 0 A0 - A7
s Address Write 0 1 0 0 1 1 0 1 A8~ A15
Current Read 0 0 1 0 1 1 0 0 A0~ A7
Address 0 0 1 0 1 1 0 1 A8-A15
Base & Current Write 0 1 0 0 1 1 1 0 W0 -wW7
Word Count 0 1 0 0 1 1 1 1 W8 -Wi15
Current Read 0 0 1 0 1 1 1 0 W0 -W7
Word Count 0 0 1 0 1 1 1 1 W8 -W15

Figure 3. Word Count and Address Register Command Codes
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APPLICATIONS INFORMATION

Figure 4 shows a convenient method for configuring a DMA
system with the Am9517A/8237A Controller and a micropro-
cessor system. The Multimode DMA Controller issues a Hold
Request to the processor whenever there is at least one valid
DMA Request from a peripheral device. When the processor
replies with a Hold Acknowledge signal, the Am9517A/8237A
takes control of the Address Bus, the Data Bus and the
Control Bus. The address for the first transfer operation

comes out in two bytes - the least significant eight bits on the
eight Address outputs and the most significant eight bits on
the Data Bus. The contents of the Data Bus are then latched
into the Am74LS373 register to complete the full 16 bits of the
Address Bus. The Am74LS373 is a high-speed, low power, 8-
bit, three-state register in a 20-pin package. After the initial
transfer takes place, the register is updated only after a carry
or borrow is generated in the least significant address byte.
Four DMA channels are provided when one Am9517A/8237A
is used.

ADDRESS BUS AG-A15 X >

AB-A15
1 —Do—de
Am74LS373
cp
& L 8-BIT LATCH
A0-A1S5 741874 AEN  A0-A3  A4-A7 TS ADSTB 17\
HLDA D a HACK
Am9517A/8237A T § Dbso-
cp - & DB7
r- o= 8 €
x @« [ |2 =z |z o Qo
HLDRQ wea 3 2 [2 218 B & &
cPu f 0 O
cLOCK P s
RESET
MEMR jO—
MEMW [O CONTROL
0RO BUS
TOW jJo—
DBO-DB7

SYSTEM DATA BUS

-

AF002182

Figure 4. Basic DMA Configuration
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage temperature ....—65 to +150°C Commercial (C) Devices

Vce with Respect to Vgs ....-05t0 +70 V Temperature (TA)....covvviiiiiiiiniiii 0 to 70°C

All Signal Voltages with Respect Supply Voltage {(VEE) - vvevevreenrininenniainnns 5V £5%
to Vss e e -05Vto+70V Industrial (1) Devices

Power Dissipation (Package Limitation) .................. 15 W Temperature (TA)..oocvvviveiiiiiiiiiininenenn.. -40 to +85°C

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage (VCC) «vvevevreverinnriniiininnn. 5V £10%

RATINGS may cause permanent device failure. Functionality

at or above these limits is not implied. Exposure to absolute Operating ranges define those limits between which the

maximum ratings for extended periods may affect device functionality of the device is guaranteed.

reliability.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified. (Note 1)

Parameters Description Test Conditions Min Typ Max Units
VOH Output HIGH Voltage 0H = ~200 uA 24 Volts
P 9 1OH =-100 pA, (HREQ Only) 3.3
VOL Output LOW Voltage IOL=3.2 mA 040 V Volts
VIH Input HIGH Voltage 20 VCC +0.5 Volts
VIL Input LOW Voltage -05 0.8 Volts
X Input Load Current V8S < VI VCC -10 +10 HA
{o74 Output Leakage Current VCC <VO < VSS +0.40 -10 +10 HA
Ta=+25°C 65 130
ICC VCC Supply Current TA=0°C 75 150 mA
co Output Capacitance (Note 14) 4 8 pF
Cl Input Capacitance fc = 1.0 MHz, Inputs=0 V 8 15 pF
Cclo /0 Capacitance . 10 18 pF
COHREQ Output Capicitance (HREQ) fc = 1.0 MHz, Inputs =0 V 18 20 pF
Notes:
1. Typical values are for Tp = 25°C, nominal supply voltage and nominal processing parameters.
2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0
V for HIGH and 0.8 V for LOW, unless otherwise noted.
3. Output loading is 1 Standard TTL gate plus 50 pF capacitance unless noted otherwise. _
4. The new TOW or MEMW pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net TOR or
MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.
5. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0 V. TDQ2 is measured at 3.3 V. The value for TDQ2
assumes an external 3.3 k§2 pull-up resistor connected from HREQ to VCC.
6. DREQ should be held active until DACK is returned.
7. DREQ and DACK signals may be active high or active low.
Timing diagrams assume the active high mode.
8. Output loading on the data bus is 1 Standard TTL gate plus 15 pF for the minimum value and 1 Standard TTL gate plus 100 pF for the
maximum value.
9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least
450 ns for the Am9517A-4/8237A-4, and 400 ns for the Am9517A-5/8237A-5 as recovery time between active read or write pulses.
10. Parameters are listed in alphabetical order.
11.  Pin 5 is an input that should always be at a logic high level.
An internal pull-up resistor will establish a logic high when the pin is left floating. Alternatively, pin 5 may be tied to VCC.
12. Signals READ and WRITE refer to IOR and MEMW respectively for peripheral-to-memory DMA operations and to MEMR and IOW
respectively for memory-to-peripheral DMA operations.
13.  |f N wait states are added during the write-to-memory half of a memory-to-memory transfer, this parameter will increase by N (TCY).
14. Al output pins except HREQ. R
15.  Because EOP high from clock high is load dependent, users wishing 1o test these parameters should use a 2k pull-up resistor and a tester

with 50 pF or less load capacitance. Time constant RC = 120 ns is added to the specified number in the data sheet for testing.

SWITCHING TEST INPUT WAVEFORM

24
20 20

TEST POINTS

08 08
0.45

WF003310
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage temperature..................eoieinnnnt -65 to +150°C Military (M) Devices
Vo with Respect 1o Vgg covveviineniininnnen. -05t0 +70 V Temperature (Tg) .-55 to +125°C
All Signal Voltages with Respect to Vgs ..-0.5 to +7.0 V Supply Voltage (Vce) 5V £10%

Power Dissipation (Package Limitation) .................. 1.5 W Operating ranges define those limits between which the

Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed.
RATINGS may cause permanent device failure. Functionality

at or above these limits is not implied. Exposure to absolute

maximum ratings for extended periods may affect device

reliability.

DC CHARACTERISTICS over MILITARY operating range (for SMD/DESC and APL Products, Group A,
Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter

Symbol Description Test Conditions Min. Max. Unit
VOH Output HIGH Voltage lon = -200 pA Vg =45 ¥ 24 %

IoH =-100 A, (HREQ Only) 33

VoL Qutput LOW Voltage loL=32 mA, Vec=55V 045 V \
VIH Input HIGH Voltage Vcc=45V, 55V . 22 Veg +0.5° \
VIHCLK Input HIGH Voltage Vcc =45V, 55 V (CLK Only) 2.35 Vce +0.5° v
ViL Input LOW Voltage Vcc=45V, 55V -0.5* 07 \'Z
lix Input Load Current Vs <VI<Vce. Veg=55V -10 +10 HA
loz Output Leakage Current xgg fg/g) § Vgs +0.40, -10 +10 KA
lcc Vce Supply Current {Note 1) : 150 mA
Co t Output Capacitance (Note 12) 8* pF
C T Input Capacitance fc = 1.0 MHz, Inputs =0 V 15* pF
Co t I/O Capacitance 18* pF

* Guaranteed by design.

1 Not included in Group A tests.

Notes:

1. Igc is measured in a dynamic condition with outputs in a worst-case state having no loads applied.

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are
2.0 V for HIGH and 0.8 V for LOW, unless otherwise noted.

3. The new IOW or MEMW pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net TOR or
MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.

4. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0 V. TDQ2 is measured at 3.3 V. The value for TDQ2

assumes an external 3.3 k§2 pull-up resistor connected from HREQ to Vce.

DREQ should be held active until DACK is returned.

DREQ and DACK signals may be active HIGH or active LOW. Timing ‘diagrams assume the active-HIGH mode.

Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least

600 ns for the Am9517A, at least 450 ns for the Am9517A-4 as recovery time.between active read or write pulses.

Parameters are listed in alphabetical order.

Pin 5 is an input that should always be at a logic-HIGH level. An internal pull-up resistor will establish a logic HIGH when the pin is left

floating. Alternatively, pin 5 may be tied to Vcc.

10. Signals READ and WRITE refer to IOR and MEMW respectively for peripheral-to-memory DMA operations and to MEMR and 1OW
respectively for memory-to-peripheral DMA operations.

11, If N wait states are added during the write-to-memory half of a memory-to-memory transfer, this parameter will increase by N (TCY).

12.  All output pins except HREQ.

13. Because EOP HIGH from clock HIGH is load-dependent, users wishing to test these parameters should use a 2k pull-up resistor and a
tester with 50 pF or less load capacitance. Time constant Rg =120 ns is added to the specified number in the data sheet for testing.

N,

©®
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

ACTIVE CYCLE (Notes 2, 3, 10, 11, and 12)

Am9517A-4/8237A-4 | Am9517A-5/8237A-5

Parameters Description Min Max Min Max Units
TAEL AEN HIGH from CLK LOW (S1) Delay Time 225 200 ns
TAET AEN LOW from CLK HIGH (S1) Delay Time 150 130 ns
TAFAB ADR Active to Float Delay from CLK HIGH 120 90 ns
TAFC READ or WRITE Float from CLK HIGH 120 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 190 170 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 30 30 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 ns

DACK Valid from CLK LOW Delay Time 220 170 ns
TAK EOP HIGH from CLK HIGH Delay Time 190 170 ns

EOP LOW to CLK HIGH Delay Time 190 170 ns
TASM ADR Stable from CLK HIGH 190 170 ns
TASS DB to ADSTB LOW Set-up Time 100 100 ns
TCH Clock High Time (Transitions << 10ns) 100 80 ns
TCL Clock Low Time (Transitions < 10ns) 110 68 ns
TCY CLK Cycle Time 250 200 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 4) 200 190 ns
TDCTR Read HIGH from CLK HIGH (S4) Delay Time (Note 4) 210 190 ns
TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time (Note 4) 150 130 ns
TDQ1 120 120 ns
TDG2 HREQ Valid from CLK HIGH Delay Time (Note 5) 190 120 ns
TEPS EOP LOW from CLK LOW Set-up Time 45 40 ns
TEPW EOP Pulse Width 225 220 ns
TFAAB ADR Float to Active Delay from CLK HIGH 190 170 ns
TFAC READ or WRITE Active from CLK HIGH 150 150 ns
TFADB DB Float to Active Delay from CLK HIGH 225 200 ns
THS HACK Valid to CLK HIGH Set-up Time 75 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 4] ns
TIDS Input Data to MEMR HIGH Set-up Time 190 170 ns
TODH Qutput Data from MEMW HIGH Hold Time 20 10 ns
TODV Output Data Valid to MEMW HIGH (Note 13) 125 125 ns
TQS DREQ to CLK LOW (S1, S4) Set-up Time 0 [ ns
TRH CLK to READY LOW Hold Time 20 20 ns
TRS READY to CLK LOW Set-up Time 60 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 150 130 ns
TSTT ADSTB LOW from CLK HIGH Delay Time 110 90 ns
TQH DREQ from DACK Valid Hold Time 0 [ ns
TRQHA HREQ to HACK Delay Time 1 1 c/k
PROGRAM CONDITION (Idle Cycle) (Notes 2, 3, 10, and 11)
TAR ADR Valid or CS LOW to READ LOW 50 50 ns
TAW ADR Valid to WRITE HIGH Set-up Time 150 130 ns
TCW CS LOW to WRITE HIGH Set-up Time 150 130 ns
TDW Data Valid to WRITE HIGH Set-up Time 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 ns
TRDE Data Access from READ LOW (Note 8) 200 140 ns
TROF DB Float Delay from READ HIGH 20 100 0 70 ns
TRSTD Power Supply HIGH to RESET LOW Set-up Time 500 500 us
TRSTS RESET to First [OWR 2TCY 2TCY ns
TRSTW RESET Pulse Width 300 300 ns
TRW READ Width 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 ns
TWD Data from WRITE HIGH Hold Time 30 30 ns
TWWS Write Width 200 160 ns

Notes: See notes under DC Characteristics table.
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SWITCHING CHARACTERISTICS over MILITARY operating range (for SMD/DESC and APL Products,
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted)

ACTIVE CYCLE (Notes 2, 8, 9, and 10)

Am9517A Am9517A-4
Parameters Description Min. Max. Min. Max. Unit
TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 225 ns
TAET AEN LOW from CLK HIGH (S1) Delay Time 200 150 ns
TAFAB ADR Active to Float Delay from CLK HIGH 150 120 ns
TAFC READ or WRITE Float from CLK HIGH 150 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 250 190 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 ns
TAHS DB from ADST8 LOW Hold Time 30 30 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 ns
DACK Valid from CLK LOW Delay Time 280 220 ns
TAK EOP HIGH from CLK HIGH Delay Time 250 190 ns
EOP LOW to CLK HIGH Delay Time 250 190 ns
TASM ADR Stable from CLK HIGH 250 190 ns
TASS DB to ADSTB LOW Setup Time 100 100 ns
TCH Clock High Time (Transitions < 10ns) 120 100 ns
TCL Clock Low Time (Transitions < 10ns) 150 110 ns
TCY CLK Cycle Time 320 250 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 3) 270 200 ns
TDCTR Read HIGH from CLK HIGH (S4) Delay Time (Note 3) 270 210 ns
TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time (Note 3) 200 150 ns
TDQ1 160 120 ns
TD02 HREQ Valid from CLK HIGH Delay Time (Note 4) 2TCY + 250 2TGY 190 ns
TEPS EOP LOW from CLK LOW Setup Time 60 45 ns
TEPW EOCP Pulse Width 300 225 ns
TFAAB ADR Float to Active Delay from CLK HIGH 250 190 ns
TFAC READ or WRITE Active from CLK HIGH 200 150 ns
TFADB DB Float to Active Delay from CLK HIGH 300 225 ns
THS HACK Valid to CLK HIGH Setup Time 100 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 0 ns
TIDS Input Data to MEMR HIGH Setup Time 250 190 ns
TODH Output Data from MEMW HIGH Hold Time 20 20 ns
TODV Output Data Valid to MEMW HIGH (Note 11) 200 125 ns
TQs DREQ to CLK LOW (S1, S4) Setup Time 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 ns
TRS READY to CLK LOW Setup Time 100 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 200 150 ns
T8TT ADSTB LOW from CLK HIGH Delay Time 140 110 ns
TQH DREQ from DACK Valid Hold Time 0 0 ns
TRQHA HREQ to HACK Delay Time 1 1 clk
AC Device Test Conditions: Vcc=4.5V, 55 V
VIL=045V, Vjy=24 V
VoL=08V, Vopy=20V
loL =32 mA, loy =200 pA
CL =100 pF +20 pF
Notes: See notes following DC Characteristics.
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued)

PROGRAM CCNDITION (ldle Cycle) (Notes 2, 3, 10, and 11)

Am9517A Am9517A-4
Parameters Description Min. Max. Min. Max. Unit
TAR ADR Valid or CS LOW to READ LOW 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 150 ns
TCW CS LOW 