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DISTINCTIVE CHARACTERISTICS

B High-performance processor (up to 13.3 times
IAPX 86 when using the 16 MHz 80286)

® Large address space
-16 megabytes physical
-1 gigabyte virtual memory per task

B Integrated memory management, four-level
memory protection and support for virtuat
memory and operating systems

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

B High bandwidth bus interface
(16 megabyte/sec)

B Range of clock rates
-8 MHz 80286-8
-10 MHz 80286-10
-12 MHz 80286-12
~16 MHz 80286-16

GENERAL DESCRIPTION

The 80286 is an advanced, high-performance micropro-
cessor with specially optimized capabilities for muitiple
user and multi-tasking systems. The 80286 has built-in
memory protection that supporis operating system and
task isolation as well as program and data privacy within

tasks. A 16-MHz 80286 provides upto 13.3times greater
throughput than the standard 5-MHz 8086. The 80286 in-
cludes memory management capabilities that map up to
2%bytes (one gigabyte) of virtual address space pertask
into 2% bytes (16 megabytes) of physical memory..
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ADVANCED MICRO DEVICES

GENERAL DESCRIPTION (continued)

The 80286 Is upward-compatible with iAPX 86 and 88
software. Using IAPX 86 real address miode, 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 exacute a superset of the IAPX 86 and
88 instructions.

28E D

T- 49175

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 1-67
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CONNECTION DIAGRAMS
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PC Board Views—As viewed from the
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PGA (continued)
Bottom View
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PIN DESIGNATIONS
(Sorted by pin numbet)
Pin Pin Pin Pin Pin Pin
No. Name No. Name No. Name
1 BHE 24 Ar 47 Dua
2 NC 25 As 48 Ds
3 NC 26 As 49 D
4 s 27 A 50 D7
5 S0 28 As 51 Dis
6 PEACK 29 RESET 52 CAP
7 Az 30 Vee 53 ERROR
8 Az 31 CLK 54 BUSY
9 Vss 32 Az 55 NC
10 Azt 33 At 56 NC
11 Az 34 Ao 57 INTR
12 A 35 Vss 58 NC
13 Ass 36 Do 59 NM1
14 An 37 Ds 60 Vss
15 Ase as Di 61 PEREQ
16 Ass 39 Do 62 co
17 Au 40 D2 63 READY
18 A 41 D1o 64 HOLD
19 A 42 Ds 65 HLDA
20 An 43 Du 66 CQOD/INTA
21 Aw 44 Da 67 M/IO
22 As 45 D2 68 LOCK
23 As 46 Ds
.80286 1-69
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ORDERING INFORMATION
Commodity Products

AMD standard products are available in seve

(Valid Combination) is formed by a combination of:

cdE D WE 0257525 0034431 7 W AMD
T-49-17-15

ral packages and operating ranges, The ordering number

a. Temperature Range

b. Package Type

¢. Device Number

d. Spead Optlon (if applicable)
8. Optlonal Processing

R 80286 16

d. SPEED OPTION
-16=16 MHz
-12=125 MHz
-10=10 MHz
- 8=8 MHz

c. DEVICE NUMBER/DESCRIPTION
80286

High-Performance Microprocessor

a. TEMPERATURE RANGE

b. PACKAGE TYPE ’
R = 68-Pin Ceramic Leadless Chip Carrie
(CA2068) )
A = 68-Pin Grid Array (CGX068)
N = 68-Pin Plastic Leaded Chip Carrier
(PLOGS)"

Blank = Commercial (TG = 0 to +85° C)

Valid Combinations

80286-8
80286-10
80286-12

80286-8
R 80286~10

80286-12
80286-16

Valld Combinations

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

*The PLCC package Is not a valid ordering part numbar for the the local AMD sales office to confirm availability of

80286. The PLCC package is valid for the 801286 part number, See specific valid combinations, to chack on newly re-

the 801286 data sheet (order #08511D) for ardering information and leased combinations, and to obtain additional

DC and AC paramatrics. data on AMD's standard military grade products,
1-70 80286
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PIN DESCRIPTION T-49-17-15
CLK — -
System Clock (Input; Active HIGH) 80286 Bus CYcle Status Definition
System Clock provides the fundamental timing for80286  cpp;
systems. itis divided by two inside the 80286togenerate  INTA MI0O 351 S0 Bus Cycle Status Definition
the processor clock. The internal divide-by-two circuitry
can be synchronized to an external clock generator by 0(LOW) 0 0 0 Interrupt acknowledge
LOW-to-HIGH transition on the RESET input. o 0 0 1 Resarved

0 o 1 0 Reserved
Do-D1s5 0 0 1 1 None;not a status cycle

. 0 1 0 0 [fA =1then hal; else shutdown

Data Bus (Input/Output; Active HIGH) 0 1 0 1 Mer'nory data read
Data Bus inputs data during memory, /0, and interrupt 0 1 1 0 Memory data write
acknowledge read cycles; oulputs data during memory 0 1 1 1 None; not a status cycle
and /O write cycles. The data bus is active HIGH and 1 (HIGH) 8 8 ? lF;Ssgre\féi
floats to three-state OFF during bus hold acknowledge. 1 0 1 0 VOWie

1 0 1 1 None;not a status cycle
Az—Ao 1 1 0 0 Reserved
Address Bus (Output; Active HIGH) 1 1 0 1 Hemory(ijnstruction read

. 1 1 1 0 Reserve

Address Bus outputs physical memory and /O port ad- .
dresses. Ao is LOW when data is to be transferred on ! ! 1 1 Nonejnotastalus cycle
pins D7o. Aza~Ats are LOW during /O transfers. The
address bus is active HIGH and floats to three-state OFF Mio

during bus hold acknowledge.

BHE
Bus High Enable (Qutput; 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 LOW and floats to three-state OFF during bus hold
acknowl-

edge.
BHE and A, Encodings
BHE A,
Value Valle Function
0 0  Word transfer
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
§1,50

Bus Cycle Status (Output; Active LOW) Bus Cycle
Staltus indicates initiation of a bus cycle and, along with
M/IO and COD/INTA, defines the type of bus cycle. The

Memory/I0 Select (Output)

Memory/i0 Select distinguishes memory access from
/O 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. MO
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/0 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-

terry

pt acknowledge, or descriptor table access. LOCK

is active LOW and floats to three-state OFF during hold

bus is in a Ts state whenever one or both are LOW. ST acknowledge.
and SO are active LOW and float to three-state OFF
during bus hold acknow!edge.
80286 1-71
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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 contro! 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 externat
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.

D

BN 0257525 0034433 0 WE AMD
T-49-17-15
PEREQ, PEACK

Processor Extension Operand Request and
Acknowledge (Input/Qutput)

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 adata oper-
and transfer for a processor extenslon. The PEACK out-
put signals the processor extension when the requested
operand is being transterred. PEREQ s 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 ESGC 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 fransition 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) 50, 57, PEACK, A,~A,, BHE, LOCK
0 (LOW) M/O, COD/INTA, HLDA

Three-state OFF D,s-D,

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.

1-72
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PIN DESCRIPTION (continued)

A LOW-to-HiGH transition of RESET synchronous to the
system clock will begin a new processor cycle 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 system petiod. 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.

D N 0257525 0034434 2 MR AMD
T-49-17-15

CAP
Substrate Fiiter Capacitor (Input; Active High)

A 0.047 uF £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 Vec and CLK reach their specified AC and
DC parameters. RESET may be appliedto 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 capabiiities for multiple
user and muiti-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 sat.

In JAPX 86 real address mode programs use real ad-
dresses with up to one megabyle of address space. Pro-
grams use vilual 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 pagss describe first, the base 80286 archi-
tecture common to both modes; second, IAPX 86 real
address mode; and third, protected mode.

80286 Base Architecture

The IAPX 86, 88, 186, and 286 CPU family all contain the
same basic set of registers, instructions, and addressing

c8E D
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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 eftherin
their entirety as 16-bit words or split into pairs of separate
8-bit registers.

Segment Reglsters: 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 detéermine offset ad-
dresses of operands in memory. These registers may
containbase addresses or indexes to particularlocations
within a segment. The addressing mode determines the
specilic registers used for operand address calculations.

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

18-Bit Speclal
Register Register
Name Function 15 0
8 7 07 0 cs Code Sagment Selector
] . -
Agtdressable AX| AH AL Muttiply/Divide Ds Data Segment Selector
(8-Bit Register | DX | DH DL VO Instructions ss Stack Segment Selector
gﬁg‘\::) CX| cH CL__ |} Loop/Shitt Repeat Count ES Extra Segment Selector
BX -
o BH BL } Base Registers Segment Registers
S| 15 0
DI } Index Registers E Flags
SP } Stack Pointer IP Instruction Pointer
15 0 MSW Machine Status Word
General Registers -
Status and Control Reglsters
03552-7
Figure 1. Reglster Set
1-74 80286
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Status Flags:
Carry
Parity
Auxiliary Carry
Zero
Sign
Overflow
13 12 1110 9 8 7
3 1
Flags: }. IOPL OF | DF | IF | TF | SF
Control Flags:
Trap Flag
Interrupt Enable
Direction Flag
Spacial Flelds:
VO Privilege: Level
Nested Task Flag

3 2 1 0

TS | EM| MP| PE

Processor Extension Emulated
Monitor Processor Extension
Protection Enable

03552-8
Figure 2. Status and Control Reglster Bit Functions

80286 1-;15
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Flags Word Description

The Flags word (Fiags) records specific characteristics
of the result of loglcal and arithmetic instructions (bits 0,
2,4, 8,7, 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

0 CF  Cany 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

Zoro Flag—Set if result is zero; cleared
otherwise

Sign Flag—Set 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 CPU to trans-
fer control to an intarrupt vector specified
location

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

2 PF

4 AF
8 ZF
7 SF

1 OF

10 DF

28E D

Instruction Set 1-49-17-15

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-operand instructions permit the
following six types of instruction operations:

Reglster to Ragister

Memory to Register

Immediate to Register

Memory to Mamory

Register to Memory

Immediate to Memory
Two-operand instructions (e.g., MOV and ADD) are usu-
ally three to six bytes kong. 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 encedings, refer to the instruction set summary
at the end of this document.

1-76
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General Purpose MOVS 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 equal/zero
REPNE/REPNZ Repeat while not equaV/not zero
Input/Qutput )
Figure 5. String Instructions
IN Input byte or word -
ouT Output byte or word
Address Object Loglcals
LEA Load effective address ;’8; :;"°g_‘§"° or W°“z
LDS Load pointer using DS OR "In?:lusi\ﬁeo: bwy‘:re or word
LES Load pointer using ES XOR *Exclusive or” byte or word
Flag Transfer TEST "Test"rbyte or word
LAHF Load AH register from flags Shifts
SAHF Store AH ragister in flags - —
PUSHE Push flags onto stack SHL/SAL Shift logical/arithmetic left byte or word
POPF Pop flags off stack 222 g:ﬁ logi:al right bzt% or word 4
ift arithmetic right
Flgure 3, Data Transfer Instructions arthmetic right byta or wor
Rotates
ROL Rotate left byte or word
Addition ROR Rotate right byte or word
RCL Rotate through carry left byte or word
ADD Add 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 ASCI| adjust for addition
DAA Decimal adjust for addition
Subtraction
SuUB 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 Dacimal adjust for subtraction
Multiplication
MUL Mutltiply byte or word unsigned
IMUL Integer multiply byte or word
AAM ASCI! adjust for muitiply
Division
DI Divide byte or word unsigned
IDIV Integer divide byte or word
AAD ASCI adjust for division
cBW Convert byte to word
CwWD Convert word to double word

Figure 4. Arithmetlc Instructlons

80286
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Conditional Transfers Unconditional Transfers
JA/INBE Jump if above/not balow nor equal CALL ' Call procedure
JAE/UNB Jump if above or equal/not below RET Return from procedure
JBAUNAE Jump if below/nat above nor equal JMP Jump
JBEANA Jump if below or equal/not abova
JC . Jump if carry lteration Controls
JENZ Jump if equal/zero
JGANLE Jump if greater/not less nor equal LOOP Loop
JGEAUNL Jump it greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JLINGE 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
JNGC Jump if not carry
JNEAUNZ 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
JOo Jump if overflow IRET Interrupt return
JPUPE 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
selector indicates the desired segment in memory. The
g[g gf;;aézgﬁ?ag offset component indicates the desired byte address
CMC Complement carry flag within the segment.
g{g gfga‘i'ﬁf;g?ogaﬁag All instructions that address operands in memory must
STI Set interrupt enable flag specify the segment and the offset. For speed and com-
CLl 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-
EggK Esgf(‘%e to d9XF°”3‘°“tE”°°°sslP’ ment register is used. The correct segment register is
0ck bus during next instruction automatically chosen according to the rules of Table 2.
No Operation These rules follow the way programs are writien (see
Figure 11) as independent modules that require areds
NOP No operation for code and data; a stack, and access to external data

areas.

LMSW
SMSW

Load machine status word
Store machine status word

Flgure 8. Processor Control Instructions

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

Flgure 9. High-Level Instructions

Memory Organization

Memory is organized as sets of variable length seg-
ments. Each segment s 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

> x>
Painter
N
Segment Offset
31 16 15 ] [}
— - / Operand Selected
L, Selacled Segment
>
»
-~ ~~
~ Memory ™~ )
03552-9

Figure 10. Two-Component Address
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Table 2. Segment Registar Selsction Rules

Mamory Segment

Reference  Reglster Implicit Segment

Needed Usad 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 excapt
when relative to stack or
string destination.

External Extra (ES)  Alternate data segment and

{Global) Data destination of string operation.

Speclal 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 four immediately available
segments, either a full 32-bit pointer can be used or a
new segment selector must be loaded.

poee== a
Code
Module A Data
] )
[ []
1 L]
Code CPY
Module B Dot | oo
' : L Data
Process St
Stack ack
Extra
] [} Segment
' ! Registers
Process
Data
Block 1
) 1
) ]
Process
Data
Block 2
Cemcnnad 03552-10
Memory

Figure 11. Segmented Mamory Halps Structure Software
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Addressing Modes T-49-17-15

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 inone
of the 8- or 16-bit general registers.

ImmedIlate 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-bit immediate value con-
tained in the instruction)

the base (contents of eltherthe BX or BP base registers)
the index (contents of either the Sl or Dl index registers)

Any carry out fromthe 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 Indlrect Mode: The operand's offset is in one
of the registers Sl, DI, BX, or BP.

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

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
The 80286 directly supports the following data types:

Integer: A signed binary numeric value con-
tained in an 8-bit byte or a 16-bit word.
All operations assume a two’s comple-
ment representation. Signed 32- and
64-bit integers are supported using the

80287 Numeric Data Processor.

Ordinal: An unsigned binary numeric value con-

tained in an 8-bit byte or 16-bit word.

A 32-bit quantity, composed of a seg-
ment selector component and an offset
component. Each componentis a 16-bit
word.

Pointer:

String: A contiguous sequence of bytes or
words. A string may contain from 1 byte

to 64K bytes.

A byte representation of alphanumeric
and control characters using the ASCIl
standard of character representation.

ASCli:

28k D
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BCD: Abyte (unpacked) representation of the

decimal digits 0-9,

A byte (packed) representation of two
decimal digits 0-9 storing one digit in
each nibble of the byte,

Floating Point: A signed 32-, 64-, or 80-bit real number
representation. (Floating point oper-
ands are supported using the iAPX 287
Numeric Processor configuration,)

Figure 12 graphically represents the data types sup-
ported by the 80286.

/O Space

The VO space consists of 64K 8-bit or 32K 16-bit ports.
/Q instructions address the I/O 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 Ais-As are LOW. /O port ad-
dresses 00F8(H) through 00FF(H) are reserved.

Packed BCD:

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
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.

Atable 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 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 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 inthe 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 return instruction includes restoring the flag
word, thereby restoring the original status of IF.

Non-Maskable Interrupt Request (NM!)

A non-maskable interrupt input (NMI) is also provided.
NMI has higher priority than INTR. A typical use of NM}
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 external interrupt 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 (IRET). instruction is executed or the
CPU is reset. If NMI occurs while currently servicing an
NMI, its presence will be saved for servicing after 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 an intemal interrupt 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 after the next instruction

1-80
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Flgure 12. 80286 Supported Data Types

*Supported by iAPX 286/287 Numeric Data Processor Configuration
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Table 3. Interrupt Vector Assignments T=49-~1 7-15
Return Address
interrupt Related Before Instruction

Functlon 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 overtlow exception 4 INTO No

BOUND range exceaded exception 5 BOUND Yes

Invalid opcode exception 6 Any undefined opcade Yeas

Processor extension not available exception 7 ESC or WAIT Yes

Resarved 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 nitial Register State afier RESET

Order Interrupt Flag word 0002(H)
Machine Status Word FEFO(H)

1 INT instruction or exception Instruction pointer FFEO(H)

2 Single step Code segment FO00(H)

3 NMI Data segment 0000(H)

4 Processor extension segment overrun Exira segment 0000(H)

5 INTR Stack sagment 0000({H)

has been executed. The interrupt clears the TF bit and
uses an internally supplied vector of 1. The IRET instruc-
tion is used to set the TF bit and transter 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
processinginvolves 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
predetined 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 info protected
mode, while the other three bits, as shown in Table 6,
conlrol 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 | Functlon

Protected mode Enable places the
80286 into protected made and
cannot be cleared except by RESET,

Monitor Pracessor 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
instructlons 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.

0 PE

1 Mp
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Table 7. Recommended MSW Encodings For Processor Extenslon Cantrol T"49‘] 7-1 5
instructions
TS| MP | EM Recommended Use Causling
Exception
0 0 0 | IAPX 86 real address mode only. Initial encoding after RESET. 80286 opgration 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 currant ESC
processor extension context may belong to another task.
0 1 | 0 | Aprocessor 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 procassor extension operation.
Halt Reserved Memory Locations

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

{APX 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 Ae
through Ass and BHE. Azo through Azs are ignored.

Memory Addressing

In real address mode the processor generates 20-bit
physical addresses directly from a 20-bit ssgment 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
with its low order byte at offset FFFF(H) and its high order
byte at offset 0000(H)). if, in real address mode, the
information contained in a segment does not use the full
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 FFFF0
(H). Locations 00000(H) through 003FF(H) are reserved
for interrupt vectors.

15 0
Offset
Offset Address
N J
N
5
Segment 0000 ?\gg;l;ggt
\ J
Adder
J N
4 DY
9 0
20-Bit Physlcal
Memory Address

03552-12
Figure 13, IAPX 86 Real Address Mode
Address Calculation
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T-49-17-15
Reset Bootstrap FFFFFH
Program Jump
R ‘RFFFFOH
3FFH
interrupt Pointer
for Vector 255 aFoH
R . $r .
7H
Interrupt Pointer
for Vector 1 4H
Intferrupt Painter 3H
Vactor 0
or Vecto oH
03552-13
Figure 14. 1APX 86 Real Address Made 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 sagment

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 attempling 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 error 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 hatt
and A1 LOW for shutdown. In real address mode, shut-
down can occur under two conditions:

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

¢ 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 virlual 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 protaction 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 oftset 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.

CPY

3 1615 0
Pointer Offsot
Physical Memory
e a2
\
X Memaory > Segment
Physical Operand g
Address
Adder
\
Segpem Base S )Be«- ol
ddi : scriptor
Descriptor Table
23 0 [}
/7
] 2

03552-14
Figure 15. Protected Mode Memory Addressing

Descriptors T-49-17-15

Descriptors define the use of memory. Special types of
descriptors also define new functions for transfer of con-
trot and task switching. The 80286 has segmient deschip-
tors for code, stack and data segments, and system
control descriptors for special system data segments
and controltransfer 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
sagment size (1 to 64 kbytes), access rights (read-only,
read/write, execute-only, and execute/read), and prés-
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.

7 0 7 0
1
+7 Reserved* 8
Access +5) PIDPL|S| Type | A Basess s +4
Rights Byte 1 il
+3 Bas?.u 2
+1 Umi:m. ]
15 T8 7 ) ]
03552-15

‘Must be set to 0 for compatibility with iAPX 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. if P = 0, any attempted
use of this segment will cause a not-present exception.
DPL specifies the privilege levet of the segment descrip-
tor. DPL controls whenthe 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 vitual 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 1-49-17-15
BIt
Posltion Name Function
7 Present (P) P=1 Segment is mapped info 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 typa is:
2 Expansion Direction ED =0 Grow up segment, offsets must ba <limit,
(ED) ED =1 Grow down segment, offsets must be>limit. | _ Data
1 Writable (W) W=0 Data segment may not be written into. Segment
T W=1 Data segment may be written into, _
ype ) =
Fleld 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 bean accessed.
A=1  Segment selactor has been loaded into segment register

or used by selactor test instructions.

Figure 16. Code and Data Segment Descriptors

data segment descriptor is interpreted differently de-
pending on the ED bit (see Figure 186).

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 cade 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
(=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. it P= 0, the seg-
mentis notvalid. 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 itis a
system control descriptor. The Type field specifies the
descriptor type as indicated in Figure 17.

1-86

80286































































































































