



































































































































































































































































































































































































































































































































































































































































































































THE IAPX 286 INSTRUCTION SET

IN—Input from Port

Opcode Instruction Clocks Description

E4 db IN AL,db 5 Input byte from immediate port into AL

EC IN AL,DX 5 Input byte from port DX into AL

ES db IN AX,db 5 Input word from immediate port into AX

ED IN AX,DX 5 Input word from port DX into AX
FLAGS MODIFIED I/O in the instruction. The upper 8 bits of the
None port address will be zero when an 8-bit port

FLAGS UNDEFINED
None

OPERATION

IN transfers a data byte or data word from
the port numbered by the second operand into
the register (AL or AX) given as the first
operand. You can access any port from 0 to
65535 by placing the port number in the DX
register then using an IN instruction with DX
as the second parameter. These I/O instruc-
tions can be shortened by using an 8-bit- port
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/0O is used.

Intel has reserved I/O port addresses 00FSH
to 00FFH; they should not be used.

PROTECTED MODE EXCEPTIONS

#GP(0) if the current privilege level is bigger
(has less privilege) than IOPL, which is the
privilege level found in the flags register.

REAL ADDRESS MODE EXCEPTIONS
None
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INC—Increment by 1

Opcode Instruction Clocks
FE /0 INC eb 2,mem==7
FF /O INC ew 2,mem=7
40+ rw INC r'w 2

Description

Increment EA byte by 1
Increment EA word by 1
Increment word register by 1

FLAGS MODIFIED
Overflow, sign, zero, auxiliary carry, parity

FLAGS UNDEFINED
None

OPERATION

1 is added to the operand. Note that the carry
flag is not changed by this instruction. If you
want the carry flag set, use the ADD instruc-
tion with a second operand of 1.
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PROTECTED MODE EXCEPTIONS

#GP(0) if the operand is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEP'ﬁONS

Interrupt 13 for a word operand at offset
OFFFFH.
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INS/INSB/INSW —input from Port to String

Opcode Instruction Clocks Description
6C INS eb,DX 5 Input byte from port DX into ES:[DI]
6D INS ew,DX 5 Input word from port DX into ES:[DI]
6C INSB 5. Input byte from port DX into ES:[DI]
6D INSW 5 Input word from port DX into ES:[DI]
FLAGS MODIFIED INS can be preceded by the REP prefix for
None block input of CX bytes or words. Refer to
the REP instruction for ‘details of this
FLAGS UNDEFINED operation.
None
Intel has reserved 1/O port addresses 00F8H
to 00FFH; they should not be used.
OPERATION S ' :

INS transfers data from the input port
numbered by the DX register to the memory
byte or word at ES:DI. The memory operand
must be addressable from the ES register; no
segment override is possible.

INS does not allow the specification of the
port number as an immediate value. The port
must be addressed through the DX register.

After the transfer is made, DI is automati-
cally advanced. If the direction flag is 0 (CLD
was executed), DI increments; if the direction
flag is 1 (STD was executed), DI decrements.
DI increments or decrements by 1 if a byte
was moved; by 2 if a word was moved.
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NOTE

Not all input port devices can handle the
rate at which this instruction transfers
input data to memory.

PROTECTED MODE EXCEPTIONS

#GP(0) if CPL > IOPL. #GP(0) if the desti-
nation is in a non-writable segment. #GP(0)
for an illegal memory operand effective
address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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INT/INTO—call to Interrupt Procedure

Opcode Instruction Clocks!"
CcC INT 3 230

CcC INT 3 40

CcC INT 3 78

CcC INT 3 167

CD db INT db 232

CD db INT db 40

CD ab INT db 78

CD db INT db 167

CE INTO 24,noj=3(2)

Description

Interrupt 3 (trap to debugger)

Interrupt 3, protected mode, same privilege
Interrupt 3, protected mode, more privilege
Interrupt 3, protected mode, via task gate
Interrupt numbered by immediate byte
Interrupt, protected mode, same privilege
Interrupt, protected mode, more privilege
Interrupt, protected mode, via task gate
Interrupt 4 if overflow flag is 1

() = Add one clock for each byte of the next instruction executed.

@ = (real mode)

FLAGS UNDEFINED
None

FLAGS MODIFIED

All if a task switch takes place; none if no
task switch occurs.

OPERATION

The INT instruction generates via software a
call to an interrupt procedure. The immedi-
ate operand, from 0 to 255, gives the index
number into the Interrupt Descriptor Table
of the interrupt routine to be called. In
protected mode, the IDT consists of 8-byte
descriptors; the descriptor for the interrupt
invoked must indicate an interrupt gate, a trap
gate, or a task gate. In real address mode, the
IDT is an array of 4-byte long pointers at the
fixed location 00000H.

The INTO instruction is identical to the INT
instruction except that the interrupt number
is implicitly 4, and the interrupt is made only
if the overflow flag of the iAPX 286 is on.
The clock counts for the four forms of INT

INTERRUPT

db are valid for INTO, with the number of
clocks increased by 1 for the overflow flag
test. .

The first 32 interrupts are reserved by Intel
for systems use. Some of these interrupts are
exception® handlers for internally-generated
faults. Most of these exception handlers
should not be invoked with the INT
instruction.

Generally, interrupts behave like far CALLs
except that the flags register is pushed onto
the stack before the return address. Interrupt
procedures return via the IRET instruction,
which pops the flags from the stack.

In Real Address mode, INT pushes the flags,
CS, and the return IP onto the stack in that
order, then jumps to the long pointer indexed
by the interrupt number.

In Protected mode, the precise semantics of
the INT instruction are given by the
following listing:

Interrupt vector must be within IDT table limits else #GP (vector number X 8+2+EXT) )
Descriptor AR byte must indicate interrupt gate, trap gate, or task gate else #GP (vector number X 8+2-+EXT)
If INT instruction then gate descriptor DPL must be = CPL else #GP (vector number X 8+2-+EXT)
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Gate must be PRESENT élse #NP (vector number X 8+2+EXT)
If TRAP GATE or INTERRUPT GATE: ‘
Examine CS selector and descriptor given in the gate descriptor:
Selector must be non-nuli else #GP (EXT)
Selector must be within its descriptor table limits else #GP (selector+EXT)
Descriptor AR byte must indicate code segment else #GP (selector + EXT)
Segment must be PRESENT else. #NP (selector +EXT)
If code segment is non-conforming and DPL < CPL then
INTERRUPT TO INNER PRIVILEGE:
" . Check selector and descriptor for new stack in current Task State Segment:
Selector must be non-null else #GP(EXT)
Selector index must be within its descriptor table limits else #TS (SS selector+EXT)
Selector’s RPL must equal DPL of code segment else #TS (SS selector +EXT)
~ Stack segment DPL must equal DPL of code segment else #TS (SS selector+EXT)
Descriptor must indicate writable data segment else #TS (SS selector+EXT)
Segment must be PRESENT else #SS (SS selector+EXT)
New stack must have room for 10 bytes else #SS(0)
IP must be in CS limit else #GP(0)
Load new SS and SP value from TSS
Load new CS and IP value from gate
Load CS descriptor
Load SS descriptor
Push long pointer to old stack onto new stack
Push return address onto new stack
Set CPL to new code segment DPL
Set RPL of CS to CPL
If INTERRUPT GATE then set the lnterrupts Enabled Flag to 0 (disabled)
Set the Trap Flag to 0
Set the Nested Task Flag to 0
If code segment is conforming or code segment DPL = CPL then
INTERRUPT TO SAME PRIVILEGE LEVEL:
Current stack limits must allow pushing 6 bytes else #SS(0)
If interrupt was caused by fault with error code then
Stack limits must allow push of two more bytes else #SS(0)
IP must be in CS limit else #GP(0)
Push flags onto stack
Push current CS selector onto stack
Push return offset onto stack
Load CS:IP from gate
Load CS descriptor
Set the RPL field of CS to CPL
Push error code (if any) onto stack
If INTERRUPT GATE then set the Interrupts Enabled Flag to 0 (disabled)
Set the Trap Flag to 0
Set the Nested Task Flagto 0

Else #GP (CS selector + EXT)

If TASK GATE:

Examine selector to TSS, given in Task Gate descrlptor
Must specify global in the local/global bit else #GP (TSS selector)
Index must be within GDT limits else #GP (TSS selector)
AR byte must specify available TSS (bottom bits 00001) else #GP (TSS selector)
Task State Segment must be PRESENT else #NP (TSS selector)

SWITCH_TASKS with nesting to TSS

If interrupt was caused by fault with error code then
Stack limits must allow push of two more bytes else #SS(0)
Push error code onto stack

IP must be in CS limit else #GP(0)
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NOTE

EXT is 1 if an external event (i.e., a single
step, an external interrupt, an MF excep-
tion, or an MP exception) caused the
interrupt; 0 if not (i.e.,, an INT instruc-
tion or other exceptions).
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PROTECTED MODE EXCEPTIONS
#GP, #NP, #SS, and #TS, as indicated in the
list above.

REAL ADDRESS MODE EXCEPTIONS
None
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IRET —Interrupt Return

Opcode Instruction Clocks®
CF IRET 17,pm=31
CF IRET 55

CF IRET 169

Description

Interrupt return (far return and pop flags)
Interrupt return, lesser privilege
Interrupt return, different task (NT=1)

*Add one clock for each byte in the next instruction executed.

FLAGS MODIFIED
Entire flags register popped from stack

FLAGS UNDEFINED
None

OPERATION

In real address mode, IRET pops IP, CS, and
FLAGS from the stack and resumes the
interrupted routine.

In protected mode, the action of IRET
depends on the setting of the Nested Task
Flag (NT).
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If NT=0, IRET returns from an interrupt
procedure without a task switch. The code
returned to must be equally or less privileged
than the interrupt routine.

If NT=1, IRET reverses the operation of a
CALL or INT that caused a task switch. The
task executing IRET has its updated state
saved in its Task State Segment. This means
that if the task is re-entered, the code that
follows IRET will be executed.

The exact checks and actions performed by
IRET in protected mode are given on the
following page.
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INTERRUPT RETURN:
If Nested Task Flag=1 then
RETURN FROM NESTED TASK:

Examine Back Link Selector in TSS addressed by the current Task Register:
Must specify global in the local/global bit else #TS (new TSS selector)
Index must be within GDT limits else #TS (new TSS selector)

AR byte must specify TSS else #TS (new TSS selector)

New TSS must be busy else #TS (new TSS selector)

Task State Segment must be PRESENT else #NP (hew TSS selector)
SWITCH_TASKS without nesting to TSS specified by back link selector
Mark the task just abandoned as NOT BUSY
IP must be in code segment limit else #GP(0)

If Nested Task Flag=0 then
INTERRUPT RETURN ON STACK:

Second word on stack must be within stack limits else #SS(0)
Return CS selector RPL must be = CPL else #GP (Return selector)
If return selector RPL = CPL then
INTERRUPT RETURN TO SAME LEVEL:
Top 6 bytes on stack must be within limits else #SS(0)
Return CS selector (at SP+2) must be non-null else #GP(0)
Selector index must be within its descriptor table limits else #GP( Return selector)
AR byte must indicate code segment else #GP (Return selector)
If non-conforming then code segment DPL must = CPL else #GP (Return selector)
If conforming then code segment DPL must be =< CPL else #GP (Return selector)
Segment must be PRESENT else #NP (Return selector)
IP must be in code segment limit else #GP(0)
Load CS:IP from stack
Load CS-cache with new code segment descriptor
Load flags with third word on stack
Increment SP by 6
Else
INTERRUPT RETURN TO OUTER PRIVILEGE LEVEL:
Top 10 bytes on stack must be within limits else #SS(0)
Examine return CS selector (at SP+2) and associated descriptor:
Selector must be non-null else #GP(0)
Selector index must be within its descriptor table limits else #GP (Return selector)
AR byte must indicate code segment else #GP (Return selector)
If non-conforming then code segment DPL must = CS selector RPL else #GP (Return selector)
If conforming then code segment DPL must be > CPL else #GP (Return selector)
Segment must be PRESENT else #NP (Return selector)
Examine return SS selector (at SP+8) and associated descriptor:
Selector must be non-null else #GP(0)
Selector index must be within its descriptor table limits else #GP (SS selector)
Selector RPL must equal the RPL of the return CS selector else #GP (SS selector)
AR byte must indicate a writable data segment else #GP (SS selector)
Stack segment DPL must equal the RPL of the return CS selector else #GP (SS selector)
SS must be PRESENT else #NP (SS selector)
IP must be in code segment limit else #GP(0)
Load CS:IP from stack
Load flags with values at (SP+4)
Load SS:SP from stack
Set CPL to the RPL of the return CS selector
Load the CS-cache with the CS descriptor
Load the SS-cache with the SS descriptor
For each of ES and DS:
If the current register setting is not valid for the outer level, then zero the register and
clear the valid flag
To be valid, the register setting must satisfy the following properties:
Selector index must be within descriptor table limits
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AR byte must indicate data or readable code segment
If segment is data or non-conforming code, then:

DPL must be = CPL, or

DPL must be = RPL.

PROTECTED MODE EXCEPTIONS REAL ADDRESS MODE EXCEPTIONS
#GP, #NP, or #SS, as indicated in the above Interrupt 13 if the stack is popped when it
listing. has offset OFFFFH.
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Jcond—Jump Short If Condition Met

Opcode Instruction Clocks"
77 c¢b JA ¢b 7,n0j=3
73 o¢b JAE ¢b 7,n0j=3
72 o¢ob JB ¢b 7,n0j=3
76 c¢b JBE ¢b 7,n0j=3
72 c¢b JC cb 7,n0j=3
E3 c¢b JCXZ cb 8,noj=4
74 ob JE ¢b 7,noj=3
7F cb JG ¢b . 7,n0j=3
70 b JGE c¢b 7,n0j=3
7C c¢b JL ¢cb 7,n0j=3
7E ¢b JLE ¢b 7,n0j=3
76 c¢b JNA cb 7,n0j=3
72 c¢b JNAE ¢b 7,n0j=3
73 o¢b JNB cb 7,n0j=3
77 b JNBE c¢b 7,n0j=3
73 c¢b JNC ¢b 7,n0j=3
75 o¢b JNE ¢cb 7,n0j=3
7E ob JING cb 7,n0j=3
7C ob JNGE c¢b 7,n0j=3
7D c¢b JNL cb 7,n0j=3
7F c¢b JNLE c¢b 7,noj=3
71 c¢b JNO cb 7,noj=3
7B ¢b JNP cb 7,n0j=3
79 ob JNS cb 7,n0j=3
75 ¢b JINZ cb 7,n0j=3
70 o¢b JO ¢b 7,n0j=3
7A ¢b JP ¢b 7,n0j=3
7A c¢b JPE cb 7,n0j=3
7B ¢b JPO ¢b 7,n0j=3
78 cb JS ¢cb 7,n0j=3
74 c¢b JZ ¢cb 7,n0j=3

Description

Jump short if above (CF=0 and ZF=0)
Jump short if above or equal (CF=0)
Jump short if below (CF=1)
- Jump short if below or equal (CF=1 or ZF=1)
Jump short if carry (CF=1)
Jump short if CX register is zero
Jump short if equal (ZF=1)
Jump short if greater (ZF=0 and SF=0F)
Jump short if greater or equal (SF=O0OF)
Jump short if less (SF/=0F)
Jump short if less or equal (ZF=1 or SF/=0F)
Jump short if not above (CF=1 or ZF=1)
Jump short if not above/equal (CF=1)
Jump short if not below (CF=0)
Jump short if not below/equal (CF=0 and
ZF=0)
-Jump short if not carry (CF=0)
Jump short if not equal (ZF=0)
Jump short if not greater (ZF=1 or SF/=0F)
Jump short if not greater/equal (SF/=0OF)
Jump short if not less (SF=0F)
Jump short if not less/equal (ZF=0 and
SF=O0F)
Jump short if not overflow (OF=0)
Jump short if not parity (PF=0)
Jump short if not sign (SF=0)
Jump short if not zero (ZF=0)
Jump short if overflow (OF=1)
Jump short if parity (PF=1)
Jump short if parity even (PF=1)
Jump short if parity odd (PF=0)
Jump short if sign (SF=1)
Jump short if zero (ZF=1)

*When a jump is taken, add one clock for every byte of the next instruction executed.

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

Conditional jumps (except for JCXZ,
explained below) test the flags, which
presumably have been set in some meaning-
ful way by a previous instruction. The condi-
tions for each mnemonic are given in
parentheses after each description above. The

B-51

terms “‘less” and ‘“‘greater’” are used for
comparing signed integers; ‘‘above” and
“below” are used for unsigned integers.

If the given condition is true, then a short
jump is made to the label provided as the
operand. The operand must be in the range
from 126 bytes before the instruction to 127
bytes beyond the instruction. This range is
necessary for the assembler to construct a one-
byte signed displacement from the end of the
current instruction. If the label is out-of-
range, or if the label is a FAR label, then you
must perform a jump with the opposite
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condition around an unconditional jump to the
non-short label.

Because there are, in many instances, several
ways to interpret a particular state of the
flags, ASM286 provides more than one
mnemonic for most of the conditional jump
opcodes. For example, consider that a
programmer who has just compared a
character to another in AL might wish to
jump if the two were equal (JE), while
another programmer who had just ANDed
AX with a bit field mask would prefer to
consider only whether the result was zero or
not (he would use JZ, a synonym for JE).

JCXZ differs from the other conditional
jumps in that it actually tests the contents of
the CX register for zero, rather than interro-
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gating the flags. This instruction is useful
following a conditionally repeated string
operation (REPE SCASB, for example) or a
conditional loop instruction (such as
LOOPNE TARGETLABEL). These
instructions implicitly use a limiting count in
the CX register. Looping (repeating) ends
when either the CX register goes to zero or
the condition specified in the instruction (flags
indicating equals in both of the above cases)
occurs. JCXZ is useful when the termina-
tions must be handled differently.

PROTECTED MODE EXCEPTIONS

#GP(0) if the offset jumped to is beyond the
limits of the code segment.

REAL ADDRESS MODE EXCEPTIONS
None
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JMP—Jump

Opcode Instruction Clocks’
EB c¢b JMP ¢cb 7

EA cd JMP cd 180

E9 ow JMP cw 7

EA cd JMP cd 11,pm=23
EA cd JMP cd 38

EA cd JMP cd 175

FF /4 JMP ew 7,mem=11
FF /5 JMP md 15,pm=26
FF /5 JMP md 41

FF /5 JMP md 178

FF /5 JMP md 183

Description

Jump short

Jump to task gate

Jump near

Jump far (4-byte immediate address)
Jump to call gate, same privilege

Jump via Task State Segment

Jump near to EA word (absolute offset)
Jump far (4-byte address in memory double-
word)

Jump to call gate, same privilege

Jump via Task State Segment

Jump to task gate

*Add one clock for every byte of the next instruction executed.

FLAGS MODIFIED

All if a task switch takes place; none if no
task switch occurs.

FLAGS UNDEFINED
None

OPERATION

The JMP instruction transfers program
control to a different instruction stream
without recording any return information.

For inter-segment jumps, the destination can
be a code segment, a call gate, a task gate, or
a Task State Segment. The latter two desti-
nations cause a complete task switch to take
place.

Control transfers within a segment use the
JMP cw or JMP cb forms. The operand is a
relative offset added modulo 65536 to the
offset of the instruction that follows the JMP,
The result is the new value of IP; the value of
CS is unchanged. The byte operand is sign-
extended before it is added; it can therefore
be used to address labels within 128 bytes in
either direction from the next instruction.
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Indirect jumps within a segment use the JMP
ew form. The contents of the register or
memory operand is an absolute offset, which
becomes the new value of IP. Again, CS is
unchanged.

Inter-segment jumps in real address mode
simply set IP to the offset part of the long
pointer and set CS to the selector part of the
pointer.

In protected mode, inter-segment jumps cause
the iAPX 286 to consult the descriptor
addressed by the selector part of the long
pointer. The AR byte of the descriptor deter-
mines the type of the destination. (See table
B-3 for possible values of the AR byte.)
Following are the possible destinations:

I. Code segment—The addressability and
visibility of the destination are verified,
and CS and IP are loaded with the desti-
nation pointer values.

2. Call gate—The offset part of the desti-
nation pointer is ignored. After checking
for validity, the processor jumps to the
location stored in the call gate descriptor.
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3. Task gate—The current task’s state is 4. TSS—The current task is suspended and
saved in its Task State Segment (TSS), the new task is initiated as in 3 above
_and the TSS named in the task gate is except that there is no intervening gate.

used to load a new context. The outgoing
task is marked not busy, the new TSS is
marked busy, and execution resumes at

the point at which the new task was last Following is the list of checks and actions
suspended. : . taken for long jumps in protected mode:
JUMP FAR:

If indirect then check access of EA doubleword #GP(0) or #SS(0) if limit violation
Destination selector is not null else #GP(0)

Destination selector index is within its descriptor table limits else #GP (selector)
Examine AR byte of destination selector for legal values:

JUMP CONFORMING CODE SEGMENT:
Descriptor DPL must be = CPL else #GP (selector)
Segment must be PRESENT else #NP (selector)
IP must be in code segment limit else #GP(0)
Load CS:IP from destination pointer
Load CS-cache with new segment descriptor
Set RPL field of CS register to CPL

JUMP NONCONFORMING CODE SEGMENT:
RPL of destination selector must be < CPL else #GP (selector)
Descriptor DPL must = CPL else #GP (selector)
Segment must be PRESENT else #NP (selector)
IP must be in code segment limit else #GP(0)
Load CS:IP from destination pointer
Load CS-cache with new segment descriptor
Set RPL field of CS register to CPL

JUMP TO CALL GATE:

Descriptor DPL must be = CPL else #GP (gate selector)

Descriptor DPL must be = gate selector RPL else #GP (gate selector)

Gate must be PRESENT else #NP (gate selector)

Examine selector to code segment given in call gate descriptor:
Selector must not be null else #GP(0)
Selector must be within its descriptor table limits else #GP (CS selector)
Descriptor AR byte must indicate code segment else #GP (CS selector)
If non-conforming, code segment descriptor DPL must = CPL else #GP (CS selector)
If conforming, then code segment descriptor DPL must be < CPL else #GP (CS selector)
Code Segment must be PRESENT else #NP (CS selector)
IP must be in code segment limit else #GP(0)
Load CS:IP from call gate

Load CS-cache with new code segment

Set RPL of CS to CPL

JUMP TASK GATE:

Gate descriptor DPL must be = CPL else #GP (gate selector)

Gate descriptor DPL must be = gate selector RPL else #GP (gate selector)

Task Gate must be PRESENT else #NP (gate selector)

Examine selector to TSS, given in Task Gate descriptor:
Must specify global in the local/global bit else #GP (TSS selector)
Index must be within GDT limits else #GP (TSS selector) )
Descriptor AR byte must specify available TSS (bottom bits 00001) else #GP (TSS selector)
Task State Segment must be PRESENT else #NP (TSS selector)
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SWITCH_TASKS without nesting to TSS
IP must be in code segment limit else #GP(0)

JUMP TASK STATE SEGMENT:
TSS DPL must be = CPL else #GP (TSS selector)
TSS DPL must be = TSS selector RPL else #GP (TSS selector)
Descriptor AR byte must specify available TSS (bottom bits 00001) else #GP (TSS selector)
Task State Segment must be PRESENT else #NP (TSS selector)
SWITCH_TASKS with nesting to TS. )
IP must be in code segment limit else #GP(0)

Else GP (selector)

PROTECTED MODE EXCEPTIONS REAL ADDRESS MODE EXCEPTIONS
For NEAR jumps, #GP(0) if the destination #UD if indirect inter-segment jump operand
offset is beyond the limits of the current code is a register.

segment. For FAR jumps, #GP, #NP, #SS,
and #TS, as indicated above. #UD if indirect
inter-segment jump operand is a register.
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LAHF—Load Flags into AH Register

Opcode Instruction Clocks

9F LAHF 2

Description

Load: AH = flags SF ZF xx AF xx PF xx CF

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The low byte of the flags word is transferred
to AH. The bits, from top to bottom, are as

B-56

follows: sign, zero, indeterminate, auxiliary
carry, indeterminate, parity, indeterminate,
and carry.

PROTECTED MODE EXCEPTIONS
None

REAL ADDRESS MODE EXCEPTIONS
None
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LAR—Load Access Rights Byte

Opcode Instruction Clocks

OF 02 /[/r LAR rw,ew

14,mem=16

Description

Load: high(rw)= Access Rights byte,selector
ew

FLAGS MODIFIED
Zero

FLAGS UNDEFINED
None

OPERATION

LAR expects the second operand (memory or
register word) to contain a selector. If the
associated descriptor is visible at the current
privilege level and at the selector RPL, then
the access rights byte of the descriptor is
loaded into the high byte of the first (regis-
ter) operand, and the low byte is set to zero.
The zero flag is set if the loading was
performed (i.e., the selector index is within the
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table limit, descriptor DPL = CPL, and
descriptor DPL = selector RPL); the zero
flag is cleared otherwise.

Selector operands cannot cause protection
exceptions.

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTION

INTERRUPT 6; LAR is unrecognized in
Real Address mode.
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LDS/LES—Load Doubleword Pointer

Opcode Instruction Clocks
C5 Jr LDS rw,ed 7,pm=21
Cc4 r LES rw,ed - 7,pm=21

Description

Load EA doubleword into DS and word
register
Load EA doubleword into ES and word
register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The four-byte pointer at the memory location
indicated by the second operand is loaded into
a segment register and a word register. The
first word of the pointer (the offset) is loaded
into the register indicated by the first operand..
The last word of the pointer (the selector) is
loaded into the segment register (DS or ES)
given by the instruction opcode.

If selector is non-null then:

When the segment register is loaded, its
associated cache is also loaded. The data for
the cache is obtained from the descriptor table
entry for the selector given.

A null selector (values 0000-0003) can be
loaded into DS or ES without a protection
exception. Any memory reference using such
a segment register value will cause a #GP(0)
exception but will not result in a memory
reference. The saved segment register value
will be null.

Following is a list of checks and actions taken
when loading the DS or ES registers:

Selector index must be within its descriptor table limits else #GP (selector)

Examine descriptor AR byte:

Data segment or readable non-conforming code segment

Descriptor DPL = CPL else #GP (selector)

Descriptor DPL = selector RPL else #GP (selector)

Readable conforming code segment
No DPL, RPL, or CPL checks

Else #GP (selector)

Segment must be present else #NP (selector)
Load registers from operand
Load segment register descriptor cache

If selector is null then:
Load registers from operand
Mark segment register cache as invalid
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PROTECTED MODE EXCEPTIONS

#GP or #NP, as indicated in the list above.
#GP(0) or #SS(0) if operand lies outside
segment limit. #UD if the source operand is
a register.
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REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for operand at offset OFFFFH
or OFFFDH. #UD if the source operand is a
register.
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LEA—Load Effective Address Offset

Opcode Instruction Clocks.

8D [r LEA rw,m 3

Description

Calculate EA offset given by m, place in rw

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION
The effective address (offset part) of the
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second operand is placed in the first (regis-
ter) operand.

PROTECTED MODE EXCEPTIONS
#UD if second operand is a register.

REAL ADDRESS MODE EXCEPTIONS
#UD if second operand is a register.
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LEAVE —High Level Procedure Exit

Opcode Instruction Clocks

Co LEAVE 5

Description

Set SP to BP, then POP BP

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

LEAVE is the complementary operation to
ENTER; it reverses the effects of that
instruction. By copying BP to SP, LEAVE
releases the stack space used by a procedure
for its dynamics and display. The old frame
pointer is now popped into BP, restoring the
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caller’s frame, and a subsequent RET nn
instruction will follow the back-link and
remove any arguments pushed on the stack
for the exiting procedure.

PROTECTED MODE EXCEPTIONS

#SS(0) if BP does not point to a location
within the current stack segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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LGDT/LIDT—Load Global/Interrupt
Descriptor Table Register

¢ Opcode

Instruction Clocks
OF 01 /2 LGDT m 1
OF 01 /3 LIDT m 12

Description

Load m into Global Descriptor Table reg
Load minto Interrupt Descriptor Table reg

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The Global or the Interrupt Descriptor Table
Register is loaded from the six bytes of
memory pointed to by the effective address
operand. The LIMIT field of the descriptor
table register loads from the first word; the
next three bytes go to the BASE field of the
register; the last byte is ignored.

LGDT and LIDT appear in operating systems
software; they are not used in application
programs.
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PROTECTED MODE EXCEPTIONS
#GP(0) if the current privilege level is not 0.

#UD if source operand is a register.

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment '

REAL ADDRESS MODE EXCEPTIONS

These instructions are valid in Real Address
mode to allow the power-up initialization for
Protected mode

Interrupt 13 for a word operand at offset
OFFFFH. #UD if source operand is a
register.
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LLDT—Load Local Descriptor Table Register

Opcode Instruction Clocks

OF 00 /2 LLDT ew

17,mem=19

Description

Load selector ew into Local Descriptor Table
register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The word operand (memory or register) to
LLDT should contain a selector pointing to
the Global Descriptor Table. The GDT entry
should be a Local Descriptor Table. If so, then
the Local Descriptor Table Register is loaded
from the entry. The descriptor cache entries
for DS, ES, SS, and CS are not affected. The
LDT field in the TSS is not changed.

The selector operand is allowed to be zero. In
that case, the Local Descriptor Table Regis-
ter is marked invalid. All descriptor refer-
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ences (except by LAR, VERR, VERW or
LSL instructions) will cause a #GP fault.

LLDT appears in operating systems software;
it does not appear in applications programs.

PROTECTED MODE EXCEPTIONS

#GP(0) if the current privilege level is not 0.
4GP (selector) if the selector operand does not
point into the Global Descriptor Table, or if
the entry in the GDT is not a Local Descrip-
tor Table. #NP (selector) if LDT descriptor
is not present. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6; LLDT is not recognized in Real
Address Mode.
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LMSW —Load Machine Status Word

Opcode Instruction Clocks

OF 01 /6 LMSW ew 3, mem=6

Description

Load EA word into Machine Status Word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The Machine Status Word is loaded from the
source operand. This instruction may be used
to switch to protected mode. If so, then it
must be followed by an intra-segment jump
to flush the instruction queue. LMSW will not
switch back to Real Address Mode.

B-64

LMSW appears only in operating systems
software. It does not appear in applications
programs.

PROTECTED MODE EXCEPTIONS

#GP(0) if the current privilege level is not 0.
#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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LOCK—Assert BUS LOCK Signal

Opcode Instruction Clocks

FO LOCK 0

Description

Assert BUSLOCK for the next

instruction

signal

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

LOCK is a prefix that will cause the BUS
LOCK signal of the iAPX 286 to be asserted
for the duration of the instruction which it
precedes. In a multiprocessor environment,
this signal should be used to ensure that the
iAPX 286 has exclusive use of any shared
memory while BUS LOCK is asserted. The
read-modify-write sequence typically used to
implement TEST-AND-SET in the iAPX 286
is the XCHG instruction. XCHG always
asserts BUS LOCK regardless of the presence
or absence of the LOCK prefix.
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The LOCK prefix does not lock all bus cycles
of all instructions. The bus will not remain
locked for all bus cycles while creating the
following instructions with multi-word
operands: CMPS, SCAS, STOS, LODS,
PUSHA, POPA, CALL, RET, IRET,
ENTER, BOUND, PUSH, POP, and any
ESC.

PROTECTED MODE EXCEPTIONS
#GP(0) if the current privilege level is bigger
(less privileged) than the 1/O privilege level.

Other exceptions may be generated by the
subsequent (locked) instruction.

REAL ADDRESS MODE EXCEPTIONS

None. Exceptions may still be generated by
the subsequent (locked) instruction.
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LODS/LODSB/LODSW —Load String Operand

Opcode Instruction Clocks
AC LODS mb 5
AD LODS mw 5
AC LODSB 5
AD LODSW 5

Description

Load byte [SI] into AL
Load byte [SI] into AL
Load byte DS:[SI] into AL
Load byte DS:[SI] into AL

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

LODS loads the AL or AX register with the
memory byte or word at SI. After the trans-
fer is made, SI is automatically advanced. If
the direction flag is 0 (CLD was executed),
SI increments; if the direction flag is 1 (STD
was executed), SI decrements. SI increments
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or decrements by 1 if a byte was moved; by 2
if a word was moved.

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an ‘illegal address in the SS

segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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LOOP/LOOPcond—Loop Control with CX Counter

Opcode Instruction Clocks
E2 c¢b LOOP cb 8,noj=4
E1l o¢b LOOPE c¢b 8,noj=4
EO ob LOOPNE c¢b 8,noj=4
EO o¢b LOOPNZ cb 8,noj=4
E1 c¢b LOOPZ cb 8,noj=4

Description

DEC CX; jump short if CX#0

DEC CX; jump short if CX+#0 and equal (ZF=1)
DEC CX; jump short if CX#0 and not equal
(ZF=0)

DEC CX; jump short if CX#0 and ZF=0

DEC CX; jump short if CX+0 and zero (ZF=1)

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

LOOP first decrements the CX register
without changing any of the flags. Then,
conditions are checked as given in the
description above for the form of LOOP being
used. If the conditions are met, then an intra-
segment jump is made. The destination to
LOOP is in the range from 126 (decimal)
bytes before the instruction to 127 bytes
beyond the instruction.
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The LOOP instructions are intended to
provide iteration control and to combine loop
index management with conditional branch-
ing. To use the LOOP instruction you load an
unsigned iteration count into CX, then code
the LOOP at the end of a series of instruc-
tions to be iterated. The destination of LOOP
is a label that points to the beginning of the
iteration.

PROTECTED MODE EXCEPTIONS

#GP(0) if the offset jumped to is beyond the
limits of the current code segment.

REAL ADDRESS MODE EXCEPTIONS
None
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LSL —Load Segment Limit

Opcode Instruction Clocks

OF 03 /r LSL rw,ew

14,mem=16

Description

Load: rw = Segment Limit, selector ew

FLAGS MODIFIED
Zero

FLAGS UNDEFINED
None

OPERATION e
If the descriptor denoted by the selector in the
second (memory or register) operand is visible
at the CPL, a word that consists of the limit
field of the descriptor is loaded into the left
operand, which must be a register. The value
is the limit field for that segment. The zero
flag is set if the loading was performed (that
is, if the selector is non-null, the selector index
is ‘within the descriptor table limits, the
descriptor is a non-conforming segment
descriptor with DPL = CPL, and the
descriptor DPL = selector RPL); the zero
flag is cleared otherwise.
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The LSL instruction returns only the limit
field of segments, task state segments, and
local descriptor tables. The interpretation of
the limit value depends on the type of
segment.

The selector operand’s value cannot result in
a protection exception.

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6; LSL is not recognized in Real
Address mode.
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LTR—Load Task Register

Opcode Instruction Clocks

OF 00 /3 LTR ew

17,mem=19

Description

Load EA word into Task Register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The Task Register is loaded from the source
register or memory location given by the
operand. The loaded TSS is marked busy. A
task switch operation does not occur.

LTR appears only in operating systems
software. It is not used in applications
programs.
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PROTECTED MODE EXCEPTIONS

#GP for an illegal memory operand effective
address in the CS, DS, or ES segments; #SS
for an illegal address in the SS segment.

#GP(0) if the current privilege level is not 0.
#GP (selector) if the object named by the
source selector is not a TSS or is already busy.
#NP (selector) if the TSS is marked not
present. '

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6; LTR is not recognized in Real
Address mode.
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MOV —Move Data
Opcode Instruction Clocks Description
88 Jr MOV eb,rb 2,mem=3 Move byte register into EA byte
89 Ir- MOV ew,rw 2,mem=3 Move word register into EA word
8A /r MOV rb,eb 2,mem=5 Move EA byte into byte register
8B Jr MOV rw,ew 2,mem=5 Move EA word into word register
8C /O MOV ew,ES 2,mem=3 Move ES into EA word
8C N MOV ew,CS 2,mem=3 Move CS into EA word
8C /2 MOV ew,SS 2,mem=3 Move SS into EA word
8C f3 MOV ew,DS 2,mem=3 Move DS into EA word
8E /0 MOV ES,mw 5,pm=19 Move memory word into ES
8E /O MOV ES,rw 2,pm=17 Move word register into ES
8E /2. MOV SS,mw 5,pm=19 Move memory word into SS
8E /2 MOV SS,rw 2,pm=17 Move word register into SS
8E /3 MOV DS,mw 5,pm=19 Move memory word into DS
8E - /3 MOV DS,rw 2,pm=17 Move word register into DS
A0 dw MOV AL, xb 5 Move byte variable (offset dw) into AL
A1l dw MOV AX,xw 5 Move word variable (offset dw) into AX
A2 dw MOV xb,AL 3 Move AL into byte variable (offset dw)
A3 dw MOV xw,AX 3 Move AX into word register (offset dw)
BO+ rb db MOV rb,db 2 Move immediate byte into byte register
B8+ rw dw MOV rw,dw 2 Move immediate word into word register
cCé6 [0 db MOV eb,db 2,mem=3 Move immediate byte into EA byte
C7 [0 dw MOV ewadw 2,mem=3 Move immediate word into EA word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The second operand is copied to the first
operand.

If the destination operand is a segment regis-
ter (DS, ES, or SS), then the associated
segment register cache is also loaded. The
data for the cache is obtained from the
descriptor table entry for the selector given.

If SS is loaded:
If selector is null then #GP(0)

A null selector (values 0000-0003) can be
loaded into DS and ES registers without
causing a protection exception. Any use of a
segment register with a null selector to
address memory will cause #GP(0) excep-
tion. No memory reference will occur.

Any move into SS will inhibit all interrupts
until after the execution of the next
instruction.

Following is a listing of the protected-mode
checks and actions taken in the loading of a
segment register:

Selector index must be within its descriptor table limits else #GP (selector)
Selector’'s RPL must equal CPL else #GP (selector)
AR byte must indicate a writable data segment else #GP (selector)

DPL in the AR byte must equal CPL else #GP (selector)
Segment must be marked PRESENT else #SS (selector)

Load SS with selector

B-70



THE IAPX 286 INSTRUCTION SET

Load SS cache with descriptor
If ES or DS is loaded with non-null selector

Selector index must be within its descriptor table limits else #GP (selector)
AR byte must indicate data or readable code segment else #GP (selector)
If data or non-conforming code, then both the RPL and the

CPL must be less than or equal to DPL in AR byte else #GP (selector)

Segment must be marked PRESENT else #NP (selector)

Load segment register with selector

Load segment register cache with descriptor

If ES or DS is loaded with a null selector:
Load segment register with selector
Clear descriptor valid bit

PROTECTED MODE EXCEPTIONS

If a segment register is being loaded, #GP,
#SS, and #NP, as described in the listing
above.

Otherwise, #GP(0) if the destination is in a
non-writable segment. #GP(0) for an illegal
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memory operand effective address in the CS,
DS, or ES segments; #SS(0) for an illegal
address in the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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MOVS/MOVSB/MOVSW —Move Data from String

to String
Opcode Instruction Clocks Description
A4 MOVS mb,mb 5 Move byte [SI] to ES:[DI]
A5 MOVS mw,mw 5 Move word [SI] to ES:[DI]
A4 MOVSB 5 Move byte DS:[SI] to ES:[DI]
A5 MOVSW 5 Move word DS:[Sl] to ES:[DI]

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION ‘

MOVS copies the byte or word at [SI] to the
byte or word at ES:[DI]. The destination
operand must be addressable from the ES
register; no segment override is possible. A
segment override may be used for the source
operand.

After the data movement is made, both SI and
DI are automatically advanced. If the direc-
tion flag is 0 (CLD was executed), the regis-
ters increment; if the direction ﬂag is1 (STD
was executed), the registers decrement. The
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registers increment or decrement by 1 if a
byte was moved; by 2 if a word was moved.

MOYVS can be preceded by the REP prefix
for block movement of CX bytes or words.
Refer to the REP instruction for details of this
operation.

PROTECTED MODE EXCEPTIONS

#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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MUL —unsigned Multiplication of AL or AX

Opcode Instruction Clocks Description

F6 /4 MUL eb 13,mem=16 Unsigned multiply (AX = AL X EA byte)

F7 /4 MUL ew 21,mem=24 Unsigned multiply (DXAX = AX X EA word)
FLAGS MODIFIED DX:AX. DX contains the high order 16 bits
Overflow, carry of the product. Carry and overflow are set to

0 if DX is 0; they are set to 1 otherwise.
FLAGS UNDEFINED

Sign, zero, auxiliary carry, parity PROTECTED MODE EXCEPTIONS

OPERATION #GP(0) for an illegal memory operand effec-
If MUL has a byte operand, then the byte is tive address in th,e CS, DS, or ES. segments;
multiplied by AL, and the result is left in AX. #SS(0) for an illegal address in the SS
Carry and overflow are set to 0 if AH is 0; segment.

they are set to 1 otherwise.
REAL ADDRESS MODE EXCEPTIONS

If MUL has a word operand, then the word Interrupt 13 for a word operand at offset
is multiplied by AX, and the result is left in OFFFFH.
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NEG-—Two’s Complement Negation

Opcode Instruction Clocks
F6 /3 NEG eb 2,mem=7
F7 /3 NEG ew 2,mem=7

Description

Two's complement negate EA byte
Two's complement negate EA word

FLAGS MODIFIED

Overflow, sign, zero, auxiliary carry, parity,
carry

FLAGS UNDEFINED
None

OPERATION

The two’s complement of the register or
memory operand replaces the old operand
value. Likewise, the operand is subtracted
from zero, and the result is placed in the
operand.
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The carry flag is set to 1 except when the
input operand is zero, in which case the carry
flag is cleared to 0.

PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment. : '

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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NOP—No OPERATION
Opcode Instruction Clocks Description
90 NOP 3 No OPERATION
FLAGS MODIFIED filler instruction that takes up space but
None affects none of the machine context except IP.
FLAGS UNDEFINED PROTECTED MODE EXCEPTIONS
None None
OPERATION REAL ADDRESS MODE EXCEPTIONS
Performs no operation. NOP is a one-byte None

B-75



THE IAPX 286 INSTRUCTION SET

NOT —O0ne’s Complement Negation

Opcode Instruction Clocks
F6 /2 NOT eb 2,mem=7
F7 /2 NOT ew . 2,mem=7.

Description

Reverse each bit of EA byte
Reverse each bit of EA word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The operand is inverted; that is, every 1
becomes a 0 and vice versa.
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PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment. '

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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OR~—Logical Inclusive OR

Opcode Instruction Clocks
08 /r OR eb,rb 2,mem=7
0 Jr OR ew,rw 2,mem=7
0A [Jr OR rb,eb 2,mem=7
08 /r OR rw,ew 2,mem=7
0C db OR AL,db 3

0D dw OR AX,dw 3

80 /M1 db OR eb,db 3,mem=7
81 /1 dw OR ew,dw 3,mem=7

Description

Logical-OR byte register into EA byte
Logical-OR word register into EA word
Logical-OR EA byte into byte register
Logical-OR EA word into word register
Logical-OR immediate byte into AL
Logical-OR immediate word into AX
Logical-OR immediate byte into EA byte
Logical-OR immediate word into EA word

FLAGS MODIFIED
Overflow=0, sign, zero, parity, carry=0

FLAGS UNDEFINED
Auxiliary carry

OPERATION

This instruction computes the inclusive OR of
the two operands. Each bit of the result is 0
if both corresponding bits of the operands are
0; each bit is 1 otherwise. The result is placed
in the first operand.

B-77

PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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OUT —Output to Port

Opcode Instruction Clocks
E6 db OUT dbAL 3
E7 db OUT db,AX 3
EE OUT DX,AL 3
EF OUT DX,AX 3

Description

Output byte AL to immediate port number db
Output word AX to immediate port number db
Output byte AL to port number DX

Output word AX to port number DX

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION .
OUT transfers a data byte or data word from
the register (AL or AX) given as the second
operand to the output port numbered by the
first operand. You can output to any port
from 0-65535 by placing the port number in
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the DX register then using an OUT instruc-
tion with DX as the first operand. If the
instruction contains an 8-bit port ID, that
value is zero-extended to 16 bits.

PROTECTED MODE EXCEPTIONS

#GP(0) if the current privilege level is bigger
(has less privilege) than IOPL, which is the
privilege level found in the flags register.

REAL ADDRESS MODE EXCEPTIONS
None
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OUTS/0UTSB/OUTSW —Output String to Port

Opcode Instruction Clocks
6E OUTS DX,eb 5
6F OUTS DX,ew 5
6E ouTSB 5
6F ouTsSwW 5

Description

Output byte [SI] to port number DX
Output word [SI] to port number DX
Output byte DS:[SI] to port number DX
Output word DS:[SI] to port number DX

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

OUTS transfers data from the memory byte
or word at SI to the output port numbered by
the DX register.

OUTS does not allow the specification of the
port number as an immediate value. The port
must be addressed through the DX register.

After the transfer is made, SI is automati-
cally advanced. If the direction flag is 0 (CLD
was executed), SI increments; if the direction
flag is 1 (STD was executed), SI decrements.
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SI increments or decrements by 1 if a byte
was moved; by 2 if a word was moved.

OUTS can be preceded by the REP prefix for
block output of CX bytes or words. Refer to
the REP instruction for details of this
operation.

NOTE

Not all output devices can handle the rate
at which this instruction transfers data.

PROTECTED MDOE EXCEPTIONS

#GP(0) if CPL = IOPL. #GP(0) for an
illegal memory operand effective address in
the CS, DS, or ES segments; #SS(0) for an
illegal address in the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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POP—Pop a Word from the Stack

Opcode Instruction Clocks
1F POP DS 5,pm=20
07 POP ES 5,pm=20
17 POP SS 5,pm=20
8F /0 POP mw 5

58+ mw POP rw 5

Description

Pop top of stack into DS
Pop top of stack into ES
Pop top of stack into SS
Pop top of stack into memory word
Pop top of stack into word register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The word on the-top of the iAPX 286 stack,
addressed by SS:SP, replaces the previous
contents of the memory, register, or segment
register operand. The stack pointer SP is
incremented by 2 to point to the new top of
stack.

If the destination operand is another segment
register (DS, ES, or SS), the value popped
must be a selector. In protected mode, loading
the selector initiates automatic loading of the
descriptor information associated with that
selector into the hidden part of the segment
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register; loading also initiates validation of
both the selector and the descriptor
information.

A null value (0000-0003) may be loaded into
the DS or ES register without causing a
protection exception. Attempts to reference
memory using a segment register with a null
value will cause #GP(0) exception. No
memory reference will occur. The saved value
of the segment register will be null.

A POP SS instruction will inhibit all inter-
rupts until after the execution of the next
instruction.

Following is a listing of the protected-mode
checks and actions taken in the loading of a
segment register:
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If SS is loaded:
If selector is null then #GP(0)
Selector index must be within its descriptor table limits else #GP (selector)
Selector's RPL must equal CPL else #GP (selector)
AR byte must indicate a writable data segment else #GP (selector)
DPL in the AR byte must equal CPL else #GP (selector)
Segment must be marked PRESENT else #SS (selector)

Load SS register with selector
Load SS cache with descriptor

If ES or DS is loaded with non-null selector:

AR byte must indicate data or readable code segment else #GP (selector)
If data or non-conforming code, then both the RPL and the
CPL must be less than or equal to DPL in AR byte else #GP (selector)

Segment must be marked PRESENT else #NP (selector)

Load segment register with selector

Load segment register cache with descriptor
If ES or DS is loaded with a null selector:

Load segment register with selector

Clear valid bit in cache

PROTECTED MODE EXCEPTIONS

If a segment register is being loaded, #GP,
#SS, and #NP, as described in the listing
above.

Otherwise, #SS(0) if the current top of stack
is not within the stack segment.
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#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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POPA—Pop All General Registers

Opcode Instruction Clocks

61 POPA 19

Description

Pop DI,S1,BP,SP,BX,DX,CX,AX

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

POPA pops the eight general registers given
in the description above, except that the SP
value is discarded instead of loaded into SP.
POPA reverses a previous PUSHA, restoring
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the general registers to their values before
PUSHA was executed. The first register
popped is DI.

PROTECTED MODE EXCEPTIONS

#SS(0) if the starting or ending stack address
is not within the stack segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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POPF —Pop from Stack into the Flags Register

Opcode Instruction Clocks

9D POPF 5

Description

Pop top of stack into flags register

FLAGS MODIFIED
Entire flags register is popped from stack

FLAGS UNDEFINED
None

OPERATION

The top of the iIAPX 286 stack, pointed to by
SS:SP, is copied into the iAPX 286 flags
register. The stack pointer SP is incremented
by 2 to point to the new top of stack. The
flags, from the top bit (bit 15) to the bottom
(bit 0), are as follows: undefined, nested task,
I/O privilege level (2 bits), overflow, direc-
tion, interrupts enabled, trap, sign, zero,
undefined, auxiliary carry, undefined, parity,
undefined, and carry.
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The I/O privilege level will be altered only
when executing at privilege level 0. The inter-
rupt enable flag will be altered only when
executing at a level at least as privileged as
the I/O privilege level. (Real Address mode
is equivalent to privilege level 0.) If you
execute a POPF instruction with insufficient
privilege, there will be no exception; the
privileged bits will not change.

PROTECTED MODE EXCEPTIONS

#SS(0) if the top of stack is not within the
stack segment.

REAL ADDRESS MODE EXCEPTIONS
Interrupt 13 for a word operand at OFFFFH.
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PUSH—Push a Word onto the Stack

Opcode Instruction Clocks
06 PUSH ES . 3:

OE - PUSH CS 3

16 PUSH SS 3

1E ‘ -PUSH DS .3
50+ mw PUSH rw 3

FF /6 PUSH mw 5

68 dw PUSH dw 3

6A db PUSH db 3

Description

Push ES

Push CS

Push SS

Push DS

Push word register

Push memory word

Push immediate word

Push immediate sign-extended byte

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The stack pointer SP is decremented by 2, and
the operand is placed on the new top of stack,
which is pointed to by SS:SP.

The iAPX 286 PUSH SP instruction pushes
the value of SP as it existed before the
instruction. This differs from the iAPX 86,
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which pushes the new (decremented by 2)
value.

PROTECTED MODE EXCEPTIONS

#SS(0) if the new value of SP is outside the
stack segment limit.

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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PUSHA —Push All General Registers

Opcode Instruction Clocks

PUSHA 17

60

Description

Push AX,CX,DX,BX,original SP,BP,SI,DI

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION .

PUSHA saves the registers noted above on the
iAPX 286 stack. The stack pointer SP is
decremented by 16 to hold the 8 word values.
Since the registers are pushed onto the stack
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in the order in which they were given, they
will appear in the 16 new stack bytes in the
reverse order. The last register pushed is DI.

PROTECTED MODE EXCEPTIONS

#SS(0) if the starting or ending address is
outside the stack segment limit.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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PUSHF —Push Flags Register onto the Stack

Opcode Instruction Clocks

oC PUSHF . . 3

Description

Push flags register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The stack pointer SP is decremented by 2, and
the iAPX 286 flags register is copied to the
new top of stack, which is pointed to by
SS:SP. The flags, from the top bit (15) to the
bottom bit (0), are as follows: undefined,
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nested task, I/O privilege level (2 bits),
overflow, direction, interrupts enabled, trap,
sign, zero, undefined, auxiliary carry,
undefined, parity, undefined, and carry.

PROTECTED MODE EXCEPTIONS

#SS(0) if the new value of SP is outside the
stack segment limit. o

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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RCL/RCR/ROL/ ROR—-Rotatek Instructions

Opcode Instruction Clocks-N*
Do /2 RCL eb,1 2,mem=7
D2 /2 RCL eb,CL 5,mem=28
co /2 db RCL eb,db 5mem=8
D1 /2 RCL ew,1 2,mem=7
D3 /2 RCL ew,CL 5,mem=8
Cl1 /2 db RCL ew,db 5mem=8
Do /3 RCR eb,1 2,mem=7
D2 /3 RCR eb,CL 5mem=38
co 3 db RCR eb,db 5,mem=8
D1 /3 RCR ew,1 2,mem=7
D3 /3 RCR ew,CL 5mem=8
Ci /38 db RCR ew,db 5mem=8
Do /o ROL eb,1 2,mem=7
D2 /o ROL eb,CL 5,mem=8
Co /o db ROL eb,adb 5,mem=8
D1 /O ROL ew,1 2,mem=7
D3 /o ROL ew,CL 5,mem=8
Cl /0 db ROL ew,db 5,mem=8
Do /1 ROR eb,1 2,mem=7
D2 N ROR eb,CL 5,mem=8
Co /1 db ROR eb,db 5,mem=8
Dt N ROR ew,1 2,mem=7
D3 N ROR ew,CL 5,mem=38
cC1t N1 db ROR ew,db 5,mem=8

Description

Rotate 9-bits (CF, EA byte) left once
Rotate 9-bits (CF, EA byte) left CL times
Rotate 9-bits (CF, EA byte) left db times
Rotate 17-bits (CF, EA word) left once
Rotate 17-bits (CF, EA word) left CL times
Rotate 17-bits (CF, EA word) left db times
Rotate 9-bits (CF, EA byte) right once
Rotate 9-bits (CF, EA byte) right CL times
Rotate 9-bits (CF, EA byte) right db times
Rotate 17-bits (CF, EA word) right once
Rotate 17-bits (CF, EA word) right CL times
Rotate 17-bits (CF, EA word) right db times
Rotate 8-bit EA byte left once

Rotate 8-bit EA byte left CL times

Rotate 8-bit EA byte left db times

Rotate 16-bit EA word left once

Rotate 16-bit EA word left CL times
Rotate 16-bit EA word left db times
Rotate 8-bit EA byte right once

Rotate 8-bit EA byte right CL times
Rotate 8-bit EA byte right db times

Rotate 16-bit EA word right once

Rotate 16-bit EA word right CL times
Rotate 16-bit EA word right db times

* Add 1 clock to the times shown for each rotate made

FLAGS MODIFIED
Overflow (only for single rotates), carry

FLAGS UNDEFINED
Overflow for multi-bit rotates

OPERATION

Each rotate instruction shifts the bits of the
register or memory operand given. The left
rotate instructions shift all of the bits upward,
except for the top bit, which comes back
around to the bottom. The right rotate
instructions do the reverse: the bits shift
downward, with the bottom bit coming around
to the top. "

For the RCL and RCR instructions, the carry
flag is part of the rotated quantity. RCL shifts
the carry flag into the bottom bit and shifts
the top bit into the carry flag; RCR shifts the
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carry flag into the top bit and shifts the
bottom bit into the carry flag. For the ROL
and ROR instructions, the original value of
the carry flag is not a part of the result;
nonetheless, the carry flag receives a copy of
the bit that was shifted from one end to the
other.

The rotate is repeated the number of times
indicated by the second operand, which is
either an immediate number or the contents
of the CL register. The iAPX 286 does not
allow rotation counts greater than 31. If a
rotation count greater than 31 is attempted,
only the bottom five bits of the rotation are
used. The iAPX 86 does not mask rotate
counts.

The overflow flag is set only for the single-
rotate (second operand = 1) forms of the
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instructions. For RCR, the test for overflow
is made before the rotation; for RCL, ROL,
and ROR, it is made after the rotation. The
test is as follows: if the carry flag equals the
high bit of the operand, set the overflow flag
to 0; if the carry flag does not equal the high
bit of the operand, set the overflow flag to 1.

PROTECTED MODE EXCEPTIONS
#GP(0) if the result is in a non-writable
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segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.



THE IAPX 286 INSTRUCTION SET

REP/REPE /REPNE —Repeat Following String Operation

Opcode Instruction
F3 6C REP INS eb,DX
F3 6D REP INS ew,DX
F3  6C REP INSB
F3 6D REP INSW
F3 A4 REP MOVS mb,mb
F3 A5 REP MOVS mw,mw
F3 A4 REP MOVSB
F3 A5 - REP MOVSW
F3 6E REP OUTS DX,eb
F3 6F REP OUTS DX,ew
F3 6E REP OUTSB
F3 6F REP OUTSW
F3 AA REP STOS mb
F3 AB REP STOS mw
F3 AA REP STOSB
F3 AB REP STOSW
F3 A6 REPE CMPS mb,mb
F3 A7 REPE CMPS mw,mw
F3 A6 REPE CMPSB
F3 A7 REPE CMPSW
F3 AE REPE SCAS mb
F3 AF REPE SCAS mw
F3 AE REPE SCASB
F3 AF REPE SCASW
"F2 A6 REPNE CMPS mb,mb
C F2 A7 REPNE CMPS mw,mw
F2 A6 REPNE CMPSB
-1 F2 A7 REPNE CMPSW
@2 AE REPNE SCAS mb
2 AF REPNE SCAS mw
J F2 AE REPNE SCASB
“| F2 AF REPNE SCASW

Clocks®

5+4°CX
5+4*CX
5+4°CX
5+4*CX
5+4*CX
5+4*CX
5+4*CX
5+4*CX
5+4*CX
5+4*CX
5+4°CX
5+4*CX
4+3*CX
4+3*CX
4+3*CX
4+3'CX
5+9°N
5+9°N
5+9*N
5+9°N
5+8'N
5+8°'N
5+8°'N
5+8'N
5+9°N
5+9°'N
5+9°N
5+9°N
5+8°N
5+8°'N
5+8°'N
5+8°N

Description

Input CX bytes from port DX into ES:[DI]
Input CX words from port DX into ES:[DI]
Input CX bytes from port DX into ES:[DI]
Input CX words from port DX into ES:[DI]
Move CX bytes from [SI] to ES:[DI]

Move CX words from [SI] to ES:[DI]
Move CX bytes from DS:[SI] to ES:[DI]
Move CX words from DS:[SI] to ES:[DI]
Output CX bytes from [SI] to port DX
Output CX words from [SI] to port DX
Output CX bytes from DS:[SI] to port DX
Output CX words from DS:[SI] to port DX
Fill CX bytes at ES:[DI] with AL

Fill CX words at ES:[DI] with AX ~
Fill CX bytes at ES:[DI] with AL fIUA L 0L
Fill CX words at ES:[DI] with AX &~ /7
_Find nonmatching bytes in ES:[DI] and [SI] l/fj B
Find nonmatching words in ES:[DI] and [SI] * " VY.<~
Find nonmatching bytes in ES:[DI] and DS:[SI] | =, ..
Find nonmatching words in ES:[DI] and DS:[SI] ‘
Find non-AL byte starting at ES:[DI]

Find non-AX word starting at ES:[DI]

Find non-AL byte starting at ES:[DI]

Find non-AX word starting at ES:[DI]

Find matching bytes in ES:[DI] and [SI]

Find matching words in ES:[DI] and [SI]

Find matching bytes in ES:[DI] and DS:[SI]
Find matching words in ES:[DI] and DS:[SI]
Find AL, starting at ES:[DI]

Find AX, starting at ES:[DI]

Find AL, starting at ES:[DI]

Find AX, starting at ES:[DI]

* N denotes the number of iterations actually executed.

FLAGS MODIFIED
By CMPS and SCAS, none by REP

FLAGS UNDEFINED
None

OPERATION

REP, REPE, and REPNE are prefix opera-
tions. These prefixes cause the string instruc-
tion that follows to be repeated CX times or
(for REPE and REPNE) until the indicated
condition in the zero flag is no longer met.
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Thus, REPE stands for “Repeat while equal,”
REPNE for “Repeat while not equal.”

The REP prefixes make sense only in the
contexts listed above. They cannot be applied
to anything other than string operations.

Synonymous forms of REPE and REPNE are
REPZ and REPNZ, respectively.

The REP prefixes apply only to one string
instruction at a time. To repeat a block of
instructions, use a LOOP construct.
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The precise action for each iteration is as - :

follows:

1. Check the CX register. If it is zero, exit
the iteration and move to the next
instruction.

2. Acknowledge any pending intgrrupts.
3. Perform the string operation once.

4. Decrement CX by 1;
modified.

-5, If the string operation is SCAS or CMPS,
check the zero flag. If the repeat condi-
tion does not hold, then exit the iteration
and move to the next instruction. Exit if
the prefix is REPE and ZF=0 (the last
comparison was not equal), or if the
prefix is REPNE and ZF=1 (the last
comparison was equal).

no flags are

6. Go tostep 1 for the next iteration.

As defined by the individual string-ops, the
direction of movement through the block is
determined by the direction flag. If the direc-
tion flag is 1 (STD was executed), SI and/or
DI start at the end of the block and move

B-90

backward; if the direction flag is 0 (CLD was

“executed), SI and/or DI start at the begin-

ning of the block and move forward.

For repeated SCAS and CMPS operations the
repeat can be exited for one of two different
reasons: the CX count can be exhausted or
the zero flag can fail the repeat condition.
Your code will probably want to distinguish
between the two cases. It can do so via either
the JCXZ instruction or the conditional jumps
that test the zero flag (JZ, JNZ, JE, and
JNE)

'NOTE
Not all input/output ports can handle the

rate at which the repeated 1/O instruc-
tions execute.

PROTECTED MODE EXCEPTIONS

None by REP; exceptiohs can be generated
when the string-op is executed.

REAL ADDRESS MODE EXCEPTIONS

None by REP; exceptibns can be generated
when the string-op is executed.
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RET —Return from Procedure

Opcode Instruction Clocks’
CB RET 15,pm=25
CcB RET 55

Cc3 RET 11

CA dw RET aw 15,pm=25
CA dw RET dw 55

C2 aw RET dw 1

Description

Return to far caller, same privilege

Return, lesser privilege, switch stacks
Return to near caller

RET (far), same privilege, pop dw bytes

RET (far), lesser privilege, pop dw bytes
RET (near), pop dw bytes pushed before Call

*Add 1 clock for each byte in the next instruction executed.

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

RET transfers control to a return address
located on the stack. The address is usually
placed on the stack by a CALL instruction;
in that case, the return is made to the instruc-
tion that follows the CALL.

There is an optional numeric parameter to
RET. It gives the number of stack bytes to be
released after the return address is popped.
These bytes are typically used as input
parameters to the procedure called.

For the intra-segment return, the address on
the stack is a 2-byte quantity popped into IP.
The CS register is unchanged.
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For the inter-segment return, the address on
the stack is a 4-byte-long pointer. The offset
is popped first, followed by the selector. In
real address mode, CS and IP are directly
loaded.

In protected mode, an inter-segment return
causes the processor to consult the descriptor
addressed by the return selector. The AR byte
of the descriptor must indicate a code segment
of equal or less privilege (of greater or equal
numeric value) than the current privilege
level. Returns to a lesser privilege level cause
the stack to be reloaded from the value saved
beyond the parameter block.

The DS and ES segment registers may be set
to zero by the inter-segment RET instruction.
If these registers refer to segments which
cannot be used by the new privilege level, they
are set to zero to prevent unauthorized access.

The following list of checks and actions
describes the protected-mode inter-segment
return in detail.
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Inter-segment RET:
Second word on stack must be within stack limits else #SS(0)
Return selector RPL must be = CPL else #GP (return selector)
If return selector RPL = CPL then
RETURN TO SAME LEVEL:
Return selector must be non-null else #GP(0)
Selector index must be within its descriptor table limits else #GP (selector)
Descriptor AR byte must indicate code segment else #GP (selector)
If non-conforming then code segment DPL must equal CPL else #GP (selector)
If conforming then code segment DPL must be < CPL else #GP (selector)
Code segment must be PRESENT else #NP (selector)
Top word on stack must be within stack limits else #SS(0)
IP must be in code segment limit else #GP(0)
Load CS:IP from stack
Load CS-cache with descriptor
Increment SP by 4 plus the immediate offset if it exists
Else
RETURN TO OUTER PRIVILEGE LEVEL:
Top (8-+immediate) bytes on stack must be within stack limits else #SS(0)
Examine return CS selector (at SP+2) and associated descriptor:
Selector must be non-null else #GP(0) .
Selector index must be within its descriptor table limits else #GP (selector)
Descriptor AR byte must indicate code segment else #GP (selector)
If non-conforming then code segment DPL must equal return selector RPL. else #GP (selector)
If conforming then code segment DPL must be =< return selector RPL else #GP (selector)
Segment must be PRESENT else #NP (selector)
Examine return SS selector (at SP-+6-imm) and associated descriptor:
Selector must be non-null else #GP(0) -

. Selector index must be within its descriptor tabie limits else #GP (selector)
Selector RPL must equal the RPL of the return CS selector else #GP (selector)
Descriptor AR byte must indicate a writable data segment else #GP (selector)
Descriptor DPL must equal the RPL of the return CS selector else #GP (selector)
Segment must be PRESENT else #NP (selector)

IP must be in code segment limit else # GP(0)
Set CPL to the RPL of the return CS selector
Load CS:IP from stack
Set CS RPL to CPL
Increment SP by 4 plus the immediate offset if it exists
Load SS:SP from stack
Load the CS-cache with the return CS descriptor
Load the SS-cache with the return SS descriptor
For each of ES and DS:
if the current register setting is not valid for the outer level, set the
register to null {(selector = AR = 0)
To be valid, the register setting must satisfy the following properties:
Selector index must be within descriptor table limits
Descriptor AR byte must indicate data or readable code segment
If segment is data or non-conforming code, then:
DPL must be = CPL, or
DPL must be = RPL

PROTECTED MODE EXCEPTIONS REAL ADDRESS MODE EXCEPTIONS
#GP, #NP, or #SS, as described in the above Interrupt 13 if the stack pop wraps around
listing. from OFFFFH to 0.
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SAHF —store AH into Flags

Opcode Instruction Clocks

9E SAHF 2

Description

Store AH into flags SF ZF xx AF xx PF xx CF

FLAGS MODIFIED
Sign, zero, auxiliary carry, parity, carry

FLAGS UNDEFINED
None

OPERATION
The flags listed above are loaded with values
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from the AH register, from bits 7, 6, 4, 2, and
0, respectively.

PROTECTED MODE EXCEPTIONS
None

REAL ADDRESS MODE EXCEPTIONS
None
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SAL /SAR/SHL / SHR—shift Instructions

Opcode Instruction Clocks-N’
Do /4 SAL eb1i1 2,mem=7
D2 /4 SAL eb,CL 5mem=8
Co /4 db SAL eb,db 5,mem=28
D1 /4 SAL ew,1 2,mem=7
D3 /4 SAL ew,CL 5,mem=8
Cl /4 db SAL ew,db 5,mem=8
Do /7 SAR eb,1 2,mem=7
D2 /7 SAR eb,CL 5mem=28
Co /7 db SAR eb,db 5,mem=8
D1 /7 SAR ew,1 2,mem=7
D3 /7 SAR ew,CL 5mem=8
Clt /7 db SAR ew,db 5 mem=8
DO /5 SHR eb,1 2,mem=7
D2 /5 SHR eb,CL 5,mem=28
Co (/5 db SHR eb,db 5,mem=8
D1 /5 SHR ew,1 2,mem=7
D3 /5 SHR ew,CL 5,mem=8
Cl1 /5 adb SHR ew,db 5,mem=28

Description

Multiply EA byte by 2, once

Multiply EA byte by 2, CL times

Multiply EA byte by 2, db times

Multiply EA word by 2, once

Multiply EA word by 2, CL times
Multiply EA word by 2, db times

Signed divide EA byte by 2, once
Signed divide EA byte by 2, CL times
Signed divide EA byte by 2, db times
Signed divide EA word by 2, once
Signed divide EA word by 2, CL times
Signed divide EA word by 2, db times
Unsigned divide EA byte by 2, once
Unsigned divide EA byte by 2, CL times
Unsigned divide EA byte by 2, db times
Unsigned divide EA word by 2, once
Unsigned divide EA word by 2, CL times
Unsigned divide EA word by 2, db times

* Add 1 clock to the times shown for each shift performed

FLAGS MODIFIED

Overflow (only for single-shift form), carry,
zero, overflow, parity, sign

FLAGS UNDEFINED
Auxiliary carry

OPERATION

SAL (or its synonym SHL) shifts the bits of
the operand upward. The high-order bit is
shifted into the carry flag, and the low-order
bit is set to 0.

SAR and SHR shift the bits of the operand
downward. The low-order bit is shifted into
the carry flag. The effect is to divide the
operand by 2. SAR performs a signed divide:
the high-order bit remains the same. SHR
performs an unsigned divide: the high-order
bit is set to 0.

The shift is repeated the number of times
indicated by the second operand, which is
either an immediate number or the contents
of the CL register. The iAPX 286 does not
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allow shift counts greater than 31. If a shift
count greater than 31 is attempted, only the
bottom five bits of the shift count are used.
The iAPX 86 uses all 8 bits of the shift count.

The overflow flag is set only if the single-shift
forms of the instructions are used. For left
shifts, it is set to 0 if the high bit of the answer
is the same as the result carry flag (i.e., the
top two bits of the original operand were the
same); it is set to 1 if they are different. For
SAR it is set to O for all single shifts. For
SHR, it is set to the high-order bit of the
original operand.

PROTECTED MODE EXCEPTIONS

#GP(0) if the operand is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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SBB—Integer Subtraction With Borrow

Opcode Instruction Clocks
18 /r SBB eb,rb 2,mem=7
19 Jr SBB ew,rw 2,mem=7
1A Jr SBB rb,eb 2,mem=7
1B /r SBB rw,ew 2,mem=7
1C db SBB AL,db 3

1D dw SBB AX,aw 3

80 /3 db SBB eb,db 3,mem=7
81 [3 dw SBB ew,dw 3,mem=7
83 /3 db SBB ew,db 3,mem=7

Description

Subtract with borrow byte register from EA
byte

Subtract with borrow word register from EA
word

Subtract with borrow EA byte from byte
register

Subtract with borrow EA word from word
register

Subtract with borrow imm. byte from AL
Subtract with borrow imm. word from AX
Subtract with borrow imm. byte from EA byte
Subtract with borrow imm. word from EA word
Subtract with borrow imm. byte from EA word

FLAGS MODIFIED
Overflow, sign, zero, auxiliary carry, parity,
carry

FLAGS UNDEFINED
None

OPERATION

The second operand is added to the carry flag

and the result is subtracted from the first
operand. The first operand is replaced with
the result of the subtraction, and the flags are
set accordingly.
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When a byte-immediate value is subtracted
from a word operand, the immediate value is
first sign-extended.

PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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SCAS/SCASB/SCASW —cCompare String Data

Opcode Instruction Clocks
AE SCAS mb 7
AF SCAS mw 7
AE SCASB 7
AF SCASW 7

Description

Compare bytes AL - ES:[DI], advance DI
Compare words AX - ES:[DI], advance DI
Compare bytes AL - ES:[D!}, advance DI
Compare words AX - ES:[DI], advance DI

FLAGS MODIFIED
Overflow, sign, zero, auxiliary carry, parity,
carry

FLAGS UNDEFINED
None

OPERATION

SCAS subtracts the memory byte or word at
ES:DI from the AL or AX register. The result
is discarded; only the flags are set. The
operand must be addressable from the ES
register; no segment override is possible.

After the comparison is made, DI is automat-
ically advanced. If the direction flag is 0
(CLD was executed), DI increments; if the
direction flag is 1 (STD was executed), DI
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decrements. DI increments or decrements by
1 if bytes were compared; by 2 if words were
compared.

SCAS can be preceded by the REPE or
REPNE prefix for a block search of CX bytes
or words. Refer to the REP instruction for
details of this operation.

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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SGDT /SIDT—Store Global/Interrupt Descriptor Table

Register
Opcode Instruction Clocks Descrlptlon
OF 01 /O SGDT m 1 Store Global Descriptor Table register to m
OF 01 N SIDT m 12 Store Interrupt Descriptor Table register to m

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION |

The contents of the descriptor table register
are copied to six bytes of memory indicated
by the operand. The LIMIT field of the
register goes to the first word at the éffective
address; the next three bytes get the BASE
field of the register; and the last byte is
undefined.

SGDT and SIDT appear only in operating
systems software; they are not used in appli-
cations programs.
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PROTECTED MODE EXCEPTIONS

#UD if the destination operand is a register.
#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

These instructions are valid in Real Address
mode to facilitate power-up or to reset initial-
ization prior to entering Protected mode.

#UD if the destination operand is a register.
Interrupt 13 for a word operand at offset
OFFFFH.
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SLDT—sStore Local Descriptor Table Register

Opcode Instruction Clocks

OF 00 /O SLDT ew 2,mem=3

Description

Store Local Descriptor Table register to EA
word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None '

OPERATION

The Local Descriptor Table register is stored
in the 2-byte register or memory location
indicated by the effective address operand.
This register is a selector that points into the
Global Descriptor Table.
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SLDT appears only in operating systems
software. It is not used in applications
programs.

PROTECTED MODE EXCEPTIONS

#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6;. SLDT is not recognized in Real
Address mode. . :
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SMSW —Store Machine Status Word

Opcode Instruction Clocks

OF 01 /4 SMSW ew 2,mem=3

Description

Store Machine Status Word to EA word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The Machine Status Word is stored in the
2-byte register or memory location indicated
by the effective address operand.
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PROTECTED MODE EXCEPTIONS

#GP(0) if the destination is in a non-writable
segment, #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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STC—sSet Carry Flag

Opcode Instruction Clocks Description

F9 - 8TC 2 Set carry flag
FLAGS MODIFIED : . PROTECTED MODE EXCEPTIONS
Carry=1 None
FLAGS UNDEFINED REAL ADDRESS MODE EXCEPTIONS
None None
OPERATION

The carry flag is set to 1.
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STD—Set Direction Flag

Opcode Instruction Clocks

FD STD 2

Description

Set direction flag so Sl and DI will decrement

FLAGS MODIFIED
Direction=1

FLAGS UNDEFINED

None

OPERATION

The direction flag is set to 1. This causes all
subsequent string operations to decrement the
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index registers (SI and/or DI) on which they
operate.

PROTECTED MODE EXCEPTIONS
None

REAL ADDRESS MODE EXCEPTIONS
None
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STIl—Set Interrupt Enable Flag

Opcode Instruction Clocks Description
FB STI 2 Set interrupt enable flag, interrupts enabled
FLAGS MODIFIED iAPX 286 will now respond to external inter-

Interrupt=1

FLAGS UNDEFINED
None

OPERATION
The interrupts-enabled flag is set to 1. The

B-102

rupts after executing the next instruction.

PROTECTED MODE EXCEPTIONS

#GP(0) if the current privilege level is bigger
(has less privilege) than the I/O privilege
level.

REAL ADDRESS MODE EXCEPTIONS
None
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STOS/STOSB/STOSW —Store String Data

Opcode Instruction Clocks
AA STOS mb 3
AB STOS mw 3
AA STOSB 3
AB STOSW 3

Description

Store AL to byte ES:[DI], advance DI
Store AX to word ES:[DI], advance DI
Store AL to byte ES:[DI], advance Di
Store AX to word ES:[DI], advance DI

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

STOS transfers the contents the AL or AX
register to the memory byte or word at ES:DI.
The operand must be addressable from the ES
register; no segment override is possible.

After the transfer is made, DI is automati-
cally advanced. If the direction flag is 0 (CLD
was executed), DI increments; if the direction
flag is 1 (STD was executed), DI decrements.
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DI increments or decrements by 1 if a byte
was moved; by 2 if a word was moved.

STOS can be preceded by the REP prefix for
a block fill of CX bytes or words. Refer to the
REP instruction for details of this operation.

PROTECTED MODE EXCEPTIONS

#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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STR—store Task Register

Opcode Instruction Clocks

STR ew 2,mem=3

oOF 00 S

Description

Store Task Register to EA word

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The contents of the Task Register are copied
to the 2-byte register or memory location
indicated by the effective address operand.
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PROTECTED MODE EXCEPTIONS

#GP(0) if the destination is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6; STR is not recognized in Real
Address mode.
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SUB—Integer Subtraction

Opcode Instruction Clocks
28 /r SUB eb,rb 2,mem=7
29 Jr SUB ew,rw 2,mem=7
2A [r SUB rb,eb 2,mem=7
2B [r SUB rw,ew 2,mem=7
2C db SUB AL,db 3

2D dw SUB AX,dw 3

80 /5 db SUB eb,db . 3mem=7
81 /5 aw SUB ew,dw 3,mem=7
83 /5 db SUB ew,db 3,mem=7

Description

Subtract byte register from EA byte
Subtract word register from EA word
Subtract EA byte from byte register
Subtract EA word from word register
Subtract immediate byte from AL
Subtract immediate word from AX
Subtract immediate byte from EA byte
Subtract immediate word from EA word
Subtract immediate byte from EA word

FLAGS MODIFIED

Overflow, sign, zero, auxiliary carry, parity,
carry

FLAGS UNDEFINED
None

OPERATION

The second operand is subtracted from the
first operand, and the first operand is replaced
with the result.
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When a byte-immediate value is subtracted
from a word operand, the immediate value is
first sign-extended.

PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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TEST—Logical Compare
Opcode Instruction Clocks
84 r TEST eb,rb 2,mem=6
84 [r TEST rb,eb 2,mem=6
85 [r TEST ew,rw 2,mem=6
85 [r TEST rwew 2,mem=6
A8 db TEST AL,db 3
A9 dw TEST AX,dw 3
F6 /0 db TEST eb,db 3,mem=6
F7 /0 dw TEST ew,dw 3, mem=6

Description

AND byte register into EA byte for flags only
AND EA byte into byte register for flags only
AND word register into EA word for flags only
AND EA word into word register for flags only
AND immediate byte into AL for flags only
AND immediate word into AX for flags only
AND immediate byte into EA byte for flags only
AND immediate word into EA word for flags
only

FLAGS MODIFIED
Overflow=0, sign, zero, parity, carry=10

FLAGS UNDEFINED
Auxiliary carry

OPERATION

TEST computes the bit-wise logical AND of
the two operands given. Each bit of the result
is 1 if both of the corresponding bits of the
operands are 1; each bit is 0 otherwise. The
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result of the operation is discarded; only the
flags are modified.

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH. '
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VERR,VERW —Verify a Segment for Reading or Writing

Opcode Instruction Clocks
OF 00 /4 VERR ew 14,mem=16
OF 00 /5 VERW ew 14,mem=16

Description

Set ZF=1 if seg. can be read, selector ew
Set ZF=1 if seg. can be written, selector ew

FLAGS MODIFIED
Zero

FLAGS UNDEFINED
None

OPERATION

VERR and VERW expect the 2-byte register

or memory operand to contain the value of a
selector. The instructions determine whether
the segment denoted by the selector is reach-
able from the current privilege level; the
instructions also determine whether it is
readable or writable. If the segment is deter-
mined to be accessible, the zero flag is set to
1; if the segment is not accessible, it is set to
0. To set ZF, the following conditions must
be met:

1. The selector must denote a descriptor
within the bounds of the table (GDT or
LDT); that is, the selector must be
“defined.”

2. The selector must denote the descriptor
of a code or data segment.
3. If the instruction is VERR, the segment

must be readable. If the instruction is
VERW, the segment must be a writable
data segment.
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4. If the code segment is readable and
conforming, the descriptor privilege level
(DPL) can be any value for VERR.
Otherwise, the DPL must be greater than
or equal to (have less or the same privi-
lege as) both the current privilege level

and the selector’s RPL.

The validation performed is the same as if the
segment were loaded into DS or ES and the
indicated access (read or write) were
performed. The zero flag receives the result
of the validation. The selector’s value cannot
result in a protection exception. This enables
the software to anticipate possible segment
access problems.

PROTECTED MODE EXCEPTIONS

The only faults that can occur are those
generated by illegally addressing the memory
operand which contains the selector. The
selector is not loaded into any segment regis-
ter, and no faults attributable to the selector
operand are generated.

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 6; VERR and VERW are not
recognized in Real Address Mode.
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WAIT —wait Until BUSY Pin Is Inactive (HIGH)

Opcode Instruction Clocks

9B WAIT 3

Description

Wait until BUSY pin is inactive (HIGH)

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

WAIT suspends execution of 80286 instruc-
tions until the BUSY pin is inactive (high).
The BUSY pin is driven by the 80287
numeric processor extension. WAIT is issued
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to ensure that the numeric instruction being
executed is complete, and to check for a
possible numeric fault (see below).

PROTECTED MODE EXCEPTIONS

#NM if task switch flag in MSW is:set. #MF
is 80287 has detected an unmasked numeric
error.

REAL ADDRESS MODE EXCEPTIONS
Same as Protected mode.
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XCHG—Exchange Memory/Register with Register

Opcode Instruction Clocks
86 /r XCHG eb,rb 3,mem=>5
86 Ir XCHG rb,eb 3,mem=>5
87 Ir XCHG ew,rw 3,mem=5
87 Ir XCHG rw,ew 3,mem=5
90+ w XCHG AX,rw 3

90+ rw XCHG rw,AX 3

Description

Exchange byte register with EA byte
Exchange EA byte with byte register
Exchange word register with EA word
Exchange EA word with word register
Exchange word register with AX
Exchange with word register

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

The two operands are exchanged. The order
of the operands is immaterial. BUS LOCK is
asserted for the duration of the exchange,
regardless of the presence or absence of the
LOCK prefix or IOPL.
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PROTECTED MODE EXCEPTIONS

#GP(0) if either operand is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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XLAT—Table Look-up Translation

Opcode Instruction Clocks
D7 XLAT mb 5
D7 XLATB 5

Description

Set AL to memory byte DS:[BX + unsigned
AL]
Set AL to memory byte DS:[BX + unsigned
AL]

FLAGS MODIFIED
None

FLAGS UNDEFINED
None

OPERATION

When XLAT is executed, AL should be the
unsigned index into a table addressed by
DS:BX. XLAT changes the AL register from
the table index into the table entry. BX is
unchanged.

B-110

PROTECTED MODE EXCEPTIONS

#GP(0) for an illegal memory operand effec-
tive address in the CS, DS, or ES segments;
#SS(0) for an illegal address in the SS
segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH. ‘
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XOR—Logical Exclusive OR

Opcode Instruction Clocks
30 /r XOR eb,rb 2,mem=7
31 Jr XOR ew,rw 2,mem=7
32 Jr XOR rb,eb 2,mem=7
33 Jr XOR rw,ew 2,mem=7
34 db XOR AL,db 3

35 dw XOR AX,dw 3

80 (6 db XOR eb,db 3,mem=7
81 [6 dw XOR ew,dw 3,mem=7

Description

Exclusive-OR byte register into EA byte
Exclusive-OR word register into EA word
Exclusive-OR EA byte into byte register
Exclusive-OR EA word into word register
Exclusive-OR immediate byte into AL
Exclusive-OR immediate word into AX
Exclusive-OR immediate byte into EA byte
Exclusive-OR immediate word into EA word

FLAGS MODIFIED
Overflow=0, sign, zero, parity, carry=0

FLAGS UNDEFINED
Auxiliary carry

OPERATION

XOR computes the exclusive OR of the two
operands. Each bit of the result is 1 if the
corresponding bits of the operands are differ-
ent; each bit is 0 if the corresponding bits are
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the same. The answer replaces the first
operand.

PROTECTED MODE EXCEPTIONS

#GP(0) if the result is in a non-writable
segment. #GP(0) for an illegal memory
operand effective address in the CS, DS, or
ES segments; #SS(0) for an illegal address in
the SS segment.

REAL ADDRESS MODE EXCEPTIONS

Interrupt 13 for a word operand at offset
OFFFFH.
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iIAPX 286/10

HIGH PERFORMANCE MICROPROCESSOR
WITH MEMORY MANAGEMENT AND PROTECTION

= High Performance 8 and 10 MHz m Optional Processor Extension:
Processor (Up to six times iAPX 86) —iAPX 286/20 High Performance 80-bit
m Large Address Space: Numeric Data Processor
—16 Megabytes Physical = Complete System Development
—1 Gigabyte Virtual per Task Support:
® Integrated Memory Management, Four- - —Development Software: Assembler,
Level Memory Protection and Support PL/M, Pascal, FORTRAN, and System
for Virtual Memory and Operating Utilities
Systems —In_-C_ircuit-Emulator (ICE™-286)
m Two iAPX 86 Upward Compatible m High Bandwidth Bus Interface
Operating Modes: (8 or 10 Megabyte/Sec)
—iAPX 86 Real Address Mode a Avallable in EXPRESS:

—Protected Virtual Address Mode ' —Standard Temperature Range

The iAPX 286/10 (80286 part number) is an advanced, high-performance microprocessor with specially optimized
capabilities for multiple user and multi-tasking systems. The 80286 has built-in memory protection that supports
operating system and task isolation as well as program and data privacy within tasks. A 10 MHz iAPX 286/10 provides
up to six times greater throughput than the standard 5 MHz iAPX 86/10. The 80286 includes memory management
capabilities that map up to 230 bytes (one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) of
physical memory.

The IAPX 286 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 protection mechanism. Both modes operate at full 80286 performance
and execute a superset of the iAPX 86 and 88's instructions.

The 80286 provides special operations to support the efficient implementation and execution of operating systems.
For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, and
start execution of the new task. The 80286 also supports virtual memory systems by providing a segment-not-present
exception and restartable instructions. - S :
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Figure 1. 80286 Internal Block Diagram
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Component Pad View—As viewed from

P.C. Board View—As viewed from the

underside of component when mounted on component side of the P.C. board.
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Figure 2. 80286 Pin Configuration

"Table 1. Pin Description

The following pin function descriptions are for the 80286 microprocessor:

Symbol | Type Name and Function

CLK | System Clock provides the fundamental timing for iIAPX 286 systems. It is divided by two inside
the 80286 to generate the processor clock. The internal divide-by-two circuitry can
be synchronized to an external clock generator by a LOW to HIGH transition on the RESET
input.

Dy5-Do l{e} Data Bus inputs data during memory, I/0, and interrupt acknowledge read cycles; outputs data
during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state OFF during
bus hold acknowledge.

Ao3-Ag (o) Address Bus outputs physical memory and /O port addresses. AO is LOW when data is to be
transferred on pins D7_g. Ag3-A1g are LOW during 1/O transfers. The address bus is active HIGH
and floats to 3-state OFF during bus hold acknowledge.

BHE (o] Bus High Enable indicates transfer of data on the upper byte of the data bus, D15-g. Eight-bit

oriented devices assigned to the upper byte of the data bus would normally use BHE to con-
dition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold acknowledge.

. BHE and A0 Encodings
BHE Value.. - AOValue Function
0 ] Word transfer
0 1 Byte transfer on upper half of data bus (D45_g)
1 0 Byte transfer on lower half of data bus (D7_q)
1 1 Reserved

c-2
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Table 1. Pin Description (Cont.)

Symbol

Type

" Name and Function

51,50

Bus Cycle Status indicates initiation of a bus cycle and, along with M/TO and COD/INTA, defines
the type of bus cycle. The bus is in a Tg state whenever one or both are LOW. ST and 50 are
active LOW and float to 3-state OFF during bus hold acknowledge.

80286 Bus Cycle Status Definition
3 S0 Bus cycle initiated

Interrupt acknowledge
Reserved

Reserved

None; not a status cycle
IF A1 =1then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Reserved

/O read

170 write

None; not a status cycle
Reserved

Memory instruction read
Reserved

None; not a status cycle

2
ol

COD/INTA
0(LOW)

[
[72]
(=]

(HIGH)

N e X = Yo e X=X = =]
-—- s s 0000+~ = ~000O0
- —_ ORS00 ==-00==00
N R N RNy S R - Y

Mi0

Memory/IO Select distinguishes memory access from I/O access. If HIGH during Tg, a memory
cycle or a halt/shutdown cycle is in progress. If LOW, an I/0 cycle or an interrupt acknowledge cycle
isin progress. M/IO floats to 3-state OFF during bus hold acknowledge.

COD/INTA

Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles.
Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/INTA floats to 3-state OFF
during bus hold acknowledge.

LOCK

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, interrupt acknowledge, or
descriptor table access. LOCK is active LOW and floats to 3-state OF F during bus hold acknowledge.

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

HOLD
HLDA

Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD
input allows another local bus master to request control of the local bus. When controlis granted, the
80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold
acknowledge condition. The local bus will remain granted to the requesting master until HOLD
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system
clock. These signals are active HIGH.

INTR

Interrupt Request requests the 80286 to suspend its current program execution and service a
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at
least two processor cycles before the current instruction ends in order to interrupt before the next
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock.

NMI

Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word
does not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock,
and is edge triggered after internal synchronization. For proper recognition, the input must have
been previously LOW for at least four system clock cycles and remain HIGH for at least four system
clock cycles.
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Table 1. Pin Description (Cont.)

Symbol

Type

Name and Function

PEREQ
PEACK

Processor Extension Operand Request and Acknowledge extend the memory management and protection;
capabilities of the 80286 to processor extensions. The PEREQ input requests the 80286 to perform a data,
operand transfer for a processor extension. The PEACK output signals the processor extension when the,
requested operand is being transferred. PEREQ is active HIGH and floats to 3-state OFF during bus hold|
acknowledge. PEACK may be asynchronous to the system clock. PEACK is active LOW.

Processor Extension Busy and Error indicate the operating condition of a processor extension
to the 80286. An active BUSY input stops 80286 program execution on WAIT and some ESC
instructions until BUSY becomes inactive (HIGH). The 80286 may be interrupted while waiting
for BUSY to become inactive. An active ERROR input causes the 80286 to perform a processor
extension interrupt when executing WAIT or some ESC instructions. These inputs are active
-.LOW and may be asynchronous to the system clock.

RESET

System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re-
initialized 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, S1, PEACK, A23-A0, BHE, LOCK
0 (LOW) M/, COD/INTA, HLDA
3-state OFF D15-Dg

Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi-
tion of RESET must be synchronous to the system clock. Approximately 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.

A LOW to HIGH transition of RESET synchronous to the system clock will end a processor
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition
of RESET may be asynchronous to the system clock; however, in this case it cannot be prede-
termined which phase of the processor clock will occur during the next system clock period.
Synchronous LOW to HIGH transitions of RESET are required only for systems where the
processor clock must be phase synchronous to another clock.

Vss

System Ground: 0 VOLTS.

Vee

System Power: + 5 Volt Power Supply.

CAP

Substrate Filter Capacitor: a 0.047uf + 20% 12V capacitor must be connected between this pin
and ground. This capacitor filters the output of the internal substrate bias generator. A maximum DC
leakage current of 1 pa s allowed through the capacitor.

For correct operation of the 80286, the substrate bias generator must charge this capacitor to its
operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after V¢ and CLK reach
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the
CPU during this time. After this time, the 80286 processor clock can be phase synchronized to
another clock by pulsing RESET LOW synchronous to the system clock.
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IAPX 286/10
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FUNCTIONAL DESCRIPTION
Introduction

The 80286 is an advanced, high-performance micro-
processor with specially optimized capabilities for mul-
tiple user and multi-tasking systems. Depending on the
application, the 80286's performance is up to six times
faster than the standard 5 MHz 8086’s, while providing
complete upward software compatibility with Intel’'s iIAPX
86, 88, and 186 family of CPU's.

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
tasks' programs and data. Both modes provide the same
base instruction set, registers, and addressing modes.

The following Functional Description describes first, the
base 80286 architecture common to both modes, sec-
ond, iAPX 86 real address mode, and third, protected
mode.

iAPX 286/10 BASE ARCHITECTURE

The iAPX 86, 88, 186, and 286 CPU family all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80286 processor is upward com-
patible with the 8086, 8088, and 80186 CPU's.

Register Set

The 80286 base architecture has fifteen registers as
shown in Figure 3. These registers are grouped into the
following four categories:

General Registers: Eight 16-bit general purpose reg-
isters used to contain arithmetic and logical operands.
Four of these (AX, BX, CX, and DX) can be used either
in their entirety as 16-bit words or split into pairs of sep-
arate 8-bit registers.

Segment Registers: Four 16-bit special purpose reg-
isters select, at any giventime, 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 pur-
pose registers may also be used to determine offset ad-
dresses of operands in memory. These registers may
contain base addresses or indexes to particular loca-
tions within a segment. The addressing mode deter-
mines the specific registers used for operand address
calculations.

Status and Control Registers: The 3 16-bit special
purpose registers in figure 3A record or control cer-
tain aspects of the 80286 processor state including
the Instruction Pointer, which contains the offset
address of the next sequential instruction to be
executed.

16-BIT SPECIAL
REGISTER REGISTER
* NAME FUNCTIONS
7 07 L] 15 0
BYTE AX| AH AL MULTIPLY/DIVIDE cs . CODE SEGMENT SELECTOR
ADDRESSABLE
(8-BIT DX| DH bL V0 INSTRUCTIONS os DATA SEGMENT SELECTOR
REGISTER
NAMES cx| cH cL ) LOOP/SHIFT/REPEAT COUNT ss STACK SEGMENT SELECTOR
SHOWN) BX BH BL ES EXTRA SEGMENT SELECTOR
BASE REGISTERS
BP . SEGMENT REGISTERS
sl 15 0
INDEX REGISTERS
DI F FLAGS
sp ) STACK POINTER P INSTRUCTION POINTER
15 o MSW MACHINE STATUS WORD
GENERAL
REGISTERS STATUS AND CONTROL
REGISTERS

Figure 3. Register Set
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STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY

ZERO

SIGN

OVERFLOW
1 l 10

15 14 13 2 1
Facs: N\ wr | o foor | oF

o T Lo N T~ AW ]

CONTROL FLAGS:

TRAP FLAG

— INTERRUPT ENABLE
DIRECTION FLAG

SPECIAL FIELDS:

VO PRIVILEGE LEVEL
NESTED TASK FLAG

‘\\\\‘ INTEL RESERVED

TASK SWITCH —J

PROCESSOR EXTENSION EMULATED
MONITOR PROCESSOR EXTENSION

PROTECTION ENABLE

Figure 3a. Status and Control Register Bit Functions

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 2.

Instruction Set

Theinstruction setis divided into seven categories: data
transfer, arithmetic, shift/rotate/logical, string manipula-
tion, control transfer, high level instructions, and pro-
cessor control. These categories are summarized in
Figure 4.

An 80286 instruction can reference zero, one, or two
operands; where an operand resides in aregister, in the
instruction itself, or in memory. Zero-operand instruc-
tions (e.g. NOP and HLT) are usually one byte long. One-
operandinstructions (e.g. INC and DEC) are usually two
bytes long but some are encoded in only one byte. One-
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

C-6

Table 2. Flags Word Bit Functions

Bit
Position

Name

Function

0

CF

Carry Flag—Set on high-order bit
carry or borrow; cleared otherwise

2

PF

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

AF

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

ZF

Zero Flag-Set if result is zero;
cleared otherwise

SF

Sign Flag—Set equal to high-order
bit of result (0 if positive, 1 if negative)

1

OF

Overflow Flag—Set if result is a too-
large pusitive number or a too-small
negative number (excluding sign-bit)
to fitin destination operand; cleared
otherwise

F

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

Interrupt-enable Flag—When set,
maskable interrupts will cause the

~ CPU to transfer control to an inter-

rupt vector specified location.

10

DF

Direction Flag—Causes string
instructions to auto decrement
the appropriate index registers
when set. Clearing DF causes
auto increment,
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Two-operand instructions (e.g. MOV and ADD) are usu-
ally three to six bytes long. Memory to memory opera- ADDITION
tions are provided by a special class of string instructions ADD Add byte or word
requiring one to _lhree bytes. FOI: detailqd instruction for- ADC Add byte or word with carry
2:?:12 a::degctﬁﬂ r(\j%i [ﬁ:::r ':;) theinstruction set summary INC Increment byte or word by 1
’ AAA ASCII adjust for addition
DAA Decimal adjust for addition
SUBTRACTION
SuB Subtract byte or word
GENERAL PURPOSE SBB " Subtract byte or word with borrow
MOV Move byte or word DEC Decrement byte or word by 1
PUSH Push word onto stack NEG Negate byte or word
POP Pop word off stack CMP Compare byte or word
PUSHA Push all registers on stack AAS ASCII adjust for subtraction
POPA Pop all registers from stack DAS Decimal adjust for subtraction
XCHG Exchange byte or word MULTIPLICATION
XLAT Translate byte MUL Multiply byte or word unsigned
INPUT/OUTPUT IMUL Integer multiply byte or word
IN Input byte or word AAM ASCII adjust for multiply
ouT Output byte or word DIVISION
ADDRESS OBJECT DIV Divide byte or word unsigned
LEA Load effective address IDIV Integer divide byte or word
LDS Load pointer using DS . AAD ASCli adjust for division
LES Load pointer using ES CBW Convert byte to word
FLAG TRANSFER CWD Convert word to doubleword
LAHF Load AH register from flags Figure 4b. Arithmetic Instructions
SAHF Store AH register in flags
PUSHF Push flags onto stack
POPF Pop flags off stack
Figure 4a. Data Transfer Instructions LOGICALS
NOT “Not” byte or word
AND “And” byte or word
OR “Inclusive or” byte or word
XOR “Exclusive or” byte or word
MOVS Move byte or word string TEST “Test” byte or word
INS Input bytes or word string SHIFTS
OuUTS Output bytes or word string SHL/SAL Shift logical/arithmetic left byte or word
CMPS Compare byte or word string SHR Shift logical right byte or word
SCAS Scan byte or word string SAR Shift arithmetic right byte or word
LODS Load byte or word string ROTATES
STOS Store byte or word string ROL Rotate left byte or word
REP Repeat ROR Rotate right byte or word
REPE/REPZ Repeat while equal/zero RCL Rotate through carry left byte or word
REPNE/REPNZ Repeat while not equal/not zero RCR Rotate through carry right byte or word

Figure 4c. String Instructions

Figure 4d. Shift/Rotate/Logical Instructions
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. .Figure 4f. Processor Control instructions

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

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/JNBE Jump if above/not below nor equal CALL ’ . Call procedure
JAE/JNB Jump if above or equal/not below RET ] Return from procedure
JB/UNAE Jump if below/not above nor equal JMP Jump
JBE/JNA Jump if below or equal/not above
Jc Jump if carry ITERATION CONTROLS
JENZ Jump if equal/zero
JG/NLE Jump if greater/not less nor equal LOOP Loop
JGE/NL Jump if greater or equal/not iess LOOPE/LOOPZ Loop if equal/zero
JUINGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/UNG Jump if less or equal/not greater . JCXZ . Jump if register CX = 0
JINC Jumpif not carry ' :
JNE/INZ 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 R Interrupt return
JPIJPE Jump if parity/parity even .
JS Jump if sign
Figure 4e. Program Transfer Instructions
FLAG OPERATIONS ~Memory Organization
STC Setcarryflag * Memory is organized as sets of variable length seg-
CLC Clear carry flag ments. Each segment is a linear contiguous sequence
oMe Complementcarry flag - pf up to 64K (216) 8-bit bytes. Memory is addressed us-
o Setdirection flag ing a two:component adgress (a pointer) 'that consists
- of a 16-bit segment selector, and a 16-bit offset. The
CLD Clear direction flag segment selector indicates the desired segment in
STI Setinterrupt enable flag memory. The offset component indicates the desired byte
CcLl Clear interrupt enable flag address within the segment.
EXTERNAL SYNCHRONIZATION
HLT Halit until interrupt or reset
WAIT Wait for BUSY not active ja ]
ESC Escape to extension processor . 32-BIT POINTER F
LOCK Lock bus during next instruction ™
NO OPERATION seament | - oreser |
NOP | No operation - & ’ SPERAND
EXECUTION ENVIRONMENT CONTROL SELECTED | } SCment
LMSW Load machine status word
SMSW Store machine status word

b1
(49

)
(49

MEMORY

Figure 4g. High Level Instructions

Figure 5. Two Component Address



ntol

IAPX 286/10

ADVANCE INFORMATION

Table 3. Segment Register Selection Rules

Memory
Reference Needed

Segment Register
Used

Implicit Segment

Selection Rule

Instructions Code (CS)

Automatic with instruction prefetch

Stack Stack (SS)

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

Local Data Data (DS)

All data references except when relative to stack or string destination

External (Global) Data Extra (ES)

Alternate data segment and destination of string operation

All instructions that address operands in memory must
specify the segment and the offset. For speed and com-
pact instruction encoding, segment selectors are usu-
ally stored in the high speed segment registers. An
instruction need specify only the desired segment reg-
ister and an offset in order 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 3.
These rules follow the way programs are written (see
Figure 6) as independent modules that require areas for
code and data, a stack, and access to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
To access operands not residing in one of the four
immediately available segments, a full 32-bit pointer
or a new segment selector must be loaded.

Addressing Modes

The 80286 provides a total of eight addressing modes
for instructions to specify operands. Two addressing
modes are provided for instructions that operate on reg-
ister orimmediate 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
inthe instruction.

Six modes are provided to specify the location of an op-
erand in a memory segment. A memory operand ad-
dress 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
combination of the following three address elements:

the displacement (an 8 or 16-bit immediate value
contained in the instruction)

the base (contents of either the BX or BP base
registers)

the index (contents of either the Sl or Dl index registers)

Cc-9

CODE
MODULE A

DATA

CODE chy

MODULE B

DATA

CODE

DATA

STACK

PROCESS
STACK

EXTRA

SEGMENT
- REGISTERS

PROCESS
DATA
BLOCK 1

PROCESS
DATA
- BLOCK2

! |
Lo d
MEMORY

Figure 6. Segmented Memory Helps
Structure Software

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, described below.

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).
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Indexed Mode: The operand’s offset is the sum of an 8
or 16-bit displacement and the contents of an index 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 offsetis the sum of a base register’s contents, an
index register's contents, and an 8 or 16-bit displacement.

Data Types

The 80286 directly supports the following data types:

Integer:

Ordinal:

Pointer:

String:

ASCII:

BCD:

Packed BCD:

Floating Paint:

A signed binary numeric value con-
tained in an 8-bit byte or a 16-bit word.
All operations assume a 2's comple-
ment representation. Signed 32 and 64-
bit integers are supported using the iIAPX
286/20 Numeric Data Processor.

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.

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 ASCII
standard of character representation.

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.

A signed 32, 64, or 80-bit real number
representation. (Floating point operands

are supported using the iIAPX 286/20
Numeric Processor configuration.)

Figure 7 graphically represents the data types sup-
ported by the iIAPX 286.

/0 Space

The |/O space consists of 64K 8-bit or 32K 16-bit ports.
1/O instructions address the 1/0 space with either an 8-
bit port address, specified in the instruction, or a 16-bit
port address in the DX register. 8-bit port addresses are
zero extended such that Aj5—Ag are LOW. I/O port ad-
dresses 00F8(H) through 00FF(H) are reserved.

7
UNSIGNED
BYTE

MAGNITUDE
5 +1 [} 0
UNSIGNED
WORD
L-mMsB
MAGNITUDE

FLOATING

7 0
SIGNED
BYTE
SIGNBIT______ |
MAGNITUDE

0

L MsB
MAGNITUDE

st g7 0 o
SIGNED

WORD
SIGN BIT 4| -MSB

MAGNITUDE

SiGNED 31 *3 615 *1
DOUBLEIl'l'llllllllllllllll'llllllIIILI

SIGN BITJ |- MSB

MAGNITUDE

+7 +6 +5 +4 +3 +2 41 0
SIGNED 63 48 47 3231 1695

wor [ T [ [ [ T [ 1
SIGN BIT /(- MsSB

L L_J°

+N
BINARY L]
CODED | J I
DECIMAL

(8cp) _BCD BCD

BCD

DIGIT N DIGIT 1 DIGIT 0
7 *N 7 1 g, O
wser [T
ASCH ASCIl  ASClI
CHARACTERN CHARACTER; CHARACTERp
PACKED ey AERANL L
BCD I ‘ | | |
MOST LEAST
SIGNIFICANT DIGIT SIGNIFICANT DIGIT
ms *N ¢ ms *1 gms O o
STRING
BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0
5 +3 +2 gy + 0
POINTER

SELECTOR OFFSET
7949 +8 47 46 45 +4 +3 +2 +1 0

el T T T T T T T T T

SIGN BIT-, )

EXPONENT MAGNITUDE

*Supported by IAPX 286/20 Numeric Data Processor Configuration
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Figure 7. iAPX 286 Supported Data Types
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Table 4. Interrupt Vector Assignments
R n Address
Function Imﬁ:;;t In :tfllfgggn s Be?gger Instgxction
Causing Exception?
Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMlinterrupt 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 interrupt 16 ESC or WAIT
Reserved 17-31
User defined 32-255
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:hardwareinitiated, INT instructions, andinstruc-
tion 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 excep-
tions occur when an unusual condition, which pre-
vents further instruction processing, is detected while
attempting to execute an instruction. The return ad-
dress from an exception will always point at the in-
struction 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 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

C-11

the interrupt flag bit (IF) in the flag word. All 224 user-
defined 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 se-
quence (discussed in System Interface section) identi-
fies the source of the interrupt.

Further maskable interrupts are disabled while servic-
ing an interrupt by resetting the IF but as part of the
response to an interrupt or exception. The saved flag
word will reflect the enable status of the processor prior
to the interrupt. Until the flag word is restored to the flag
register, 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 external interrupt ac-
knowledge sequence is performed.

While executing the NMlI servicing procedure, the 80286
will service neither further NMI requests, INTR re-
quests, nor the processor extension segment overrun
interrupt until an interrupt return (IRET) instructionis ex-
ecuted or the CPU is reset. If NMI occurs while currently
servicing an NM|, its presence will be saved for servic-
ing after executing the first IRET instruction. IF is cleared
at the beginning of an NMI interrupt to inhibit INTR
interrupts.
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SINGLE STEP INTERRUPT

The 80286 has an internal interrupt that allows pro-
grams to execute one instruction atatime. ltis called the
single step interrupt and is controlled by the single step
flag bit (TF) in the flag word. Once this bit is set, aninter-
nal single step interrupt will occur after the next instruc-
tion 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.

Interrupt Priorities

When simultaneous interrupt requests occur, they are
processed in a fixed order as shown in Table 5. Interrupt
processing involves saving the flags, return address, and
setting CS:IP to point at the first instruction of the inter-
rupt handler. If other interrupts remain enabled they are
processed before the first instruction of the current in-
terrupt handleris executed. The last interrupt processed
is therefore the first one serviced.

Table 5. Interrupt Processing Order

Order | Interrupt
1 INT instruction or exception
2 Single step
3 NMI
4 Processor extension segment overrun
5 INTR

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 RE-
SET 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 as shown in
Table 6.

Table 6. 80286 Initial Register State after RESET

Flag word 0002(H)
Machine Status Word FFFO(H)
Instruction pointer FFFO(H)
Code segment * F0O00(H)
Data segment 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

Machine Status Word Description

The machine status word (MSW) records when a task
switch takes plaq& and controls the operating mode of
the 80286. It is a 16-bit register of which the lower four
bits are used. One bit places the CPU into protected
mode, while the other three bits, as shown in Table 7,
control the processor extension interface. After RESET,
this register contains FFFO(H) which places the 80286
in iAPX 86 real address mode.

Table 7. MSW Bit Functions

Bit
Position

0 PE

Name | Function

Protected mode enable places the
80286 into protected mode and can
notbe cleared except by RESET.

Monitor processor extension al-
lows 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 emulat-
ing a processor extension.

Task switched indicates the next
instruction using a processor ex-
tension will cause exception 7, al-
lowing software to test whether the
current processor extension con-
text belongsto the currenttask. -

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 8.

1 MP

Table 8. Recommended MSW Encodings For Processor Extension Control

Instructions
TS | MP | EM Recommended Use .- Causing
Exception 7
0 0 0 Initial encoding after RESET. iAPX 286 operation is identical to | None
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.
0 1 0 A processor extension exists. None
1 1 0 A processor extension exists. The current processor extension context may belong | ESCor
to another task. The exception on WAIT allows software to test for an error pending | WAIT
from a previous processor extension operation.

C-12
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Halt

The HLT instruction stops program execution and pre-
vents the CPU from using the local bus until restarted. 15 0

Either NMI, INTR with IF = 1, or RESET will force the 0000 OFFSET OFFSET
80286 out of halt. If interrupted, the saved CS:IP will ADDRESS
point to the next instruction after the HLT. ' N —

iAPX 86 REAL ADDRESS MODE 15 0

. SEGMENT SEGMENT
The 80286 executes a fully upward-compatible superset SELECTOR 0000] ADDRESS

of the 8086 instruction set in real address mode. Inreal
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 iAPX 286/10 Base Architecture section
of this Functional Description. ADDER

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one_megabyte) addressed by pins -
Aq through Ag and BHE. Ay, through A,; may be 20-B1T PHYSICAL

ignored. ‘ MEMORY ADDRESS

Memory Addressing

In real address mode the processor generates 20-bit Figure 8. iIAPX 86 Real Address Mode Address
physical addresses directly from a 20-bit segment base Calculation
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.
Segment addresses, therefore, begin on multiples of 16
bytes. See Figure 8 for a graphic representation of ad-
dress formation.

FFFFFH
All segments in real address mode are 64K bytesin size RESET BOOTSTRAP
and may be read, written, or executed. An exception or PROGRAM JUMP FFFFOH
interrupt can occur if data operands or instructions at- . A
tempt to wrap around the end of a segment (e.g. a word . T
with its low order byte at offset FFFF(H) and its high 3FFH
order byte at offset 0000(H)). If, in real address mode, 'Nggg%‘éggg'gg:n
the information contained in a segment does not use the 3FCH
full 64K bytes, the unused end of the segment may be . ~
overlayed by another segment to reduce physical mem- W

:
ory requirements. ™

b P!
[ 49

5
(

INTERRUPT POINTER
FOR VECTOR 1 4H

Reserved Memory Locations INTERRUPT POINTER | 3H
. . FOR VECTOR 0 oH
The 80286 reserves two fixed areas of memory in real

address mode (see Figure 9); system initialization area
and interrupt table area. Locations from addresses
FFFFO(H) thorugh FFFFF(H) are reserved for system
initialization. Initial execution begins at location FFFFO(H). Figure 9. iAPX 86 Real Address Mode Initially
Locations 00000(H) through 003FF(H) are reserved for Reserved Memory Locations
interrupt vectors.

C-13
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Table 9. Real Address Mode Addressing Interrupts

Function Interrupt Related Return Address
Number Instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector is not within table limit Yes
Processor extension segment overrun 9 ESC with memory operand extend- No
interrupt ing beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with offset Yes
= FFFF(H) or an attempt to exe-
cute past the end of a segment

interrupts

Table 9 shows the interrupt vectors reserved for 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 in-
terrupt 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 exe-
cuted in preparation for protected mode.

Shutdown

Shutdown occurs when a severe error is detected that
prevents further instruction processing by the CPU.
Shutdown and halt are externally signalled via a halt bus
operation. They can be distinguished by Ay HIGH for halt
and A4 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.
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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 En-
able) bit of the machine status word with the Load Ma-
chine Status Word (LMSW) instruction. Protected mode
offers extended physical and virtual memory address
space, memory protection mechanisms, and new oper-
ations to support operating systems and virtual memory.

All registers, instructions, and addressing modes de-
scribed in the iIAPX 286/10 Base Architecture section of
this Functional Description remain the same. Programs
for the iAPX 86, 88, 186, and real address mode 80286
can be runin protected mode; however, embedded con-
stants 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 pins Apz—
Ap 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 loca-
tion 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 com-
ponents. The selector, however, specifies an index into
amemory resident table rather than the upper 16-bits of
areal memory address. The 24-bit base address of the
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desired segment is obtained 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 10. The
tables are automatically referenced by the CPU when-
ever a segment register is loaded with a selector. All
iAPX 286 instructions which load a segment register will
reference the memory based tables without additional
software. The memory based tables contain 8 byte val-
ues called descriptors.

31 16 15 0

SELECTOR| OFFSET

POINTER

PHYSICAL MEMORY

~
v

MEMORY

OPERAND SEGMENT

v
v
} DESCRIPTOR
v
v

PHYSICAL
ADDRESS
ADDER

BASE IT
ADDRESS DESCRIPTOR

23 o [

TABLE

~ ~

Figure 10. 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 de-
scriptors for code, stack anddata segments, and system
control descriptors for special system data segments and
control transfer operations. Descriptor accesses are
performed as locked bus operations to assure descrip-
tor integrity in multi-processor systems.

CODE AND DATA SEGMENT DESCRIPTORS

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 11). Any segment usage violating a segment attribute
indicated by the segment descriptor will prevent the
memory cycle and cause an exception or interrupt.

Segment Descriptor

7 07 0

T
+7 INTEL RESERVED* +6

ACCESS
RIGHTSBYTE  *5 PI Dles] TYPE |A BASE23.16 +4
+3 BASE15-0 vz
1

+1 LIMITy5-0 0
1

15 87 0

*Must be set to 0 for compatability with IAPX 386.

Access Rights Byte Definition

Bit .
Position Name Function
7 Present (P) P=1 Segmentis mapped into physical memory.
P=0 Nomapping to physical memory exists, base and limit are not used.
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests.
Level (DPL)
4 Segment Descrip- S=1 Code or Data segment descriptor
tor (S) S=0 Non-segment descriptor
I_ 3 Executable (E) E=0 Datasegmentdescriptortype is: ]

c 2 Expansion Direc- ED=0 Grow up segment, offsets must be =< limit.
:g tion (ED) | Data
é ED=1 Growdown segment, offsets must be > limit. Segment
A 1 Writeable (W) W=0 Datasegment may not be written into.
% W=1 Datasegment may be written into. |
E 3 Executable (E) E=1 Code Segment Descriptor type is: ]
S 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 Segmenthas not been accessed.

A=1 Segmentselector has been loaded into segment register or used by
selector testinstructions.

Figure 11. Code and Data Segment Descriptor Formats
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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 descriptor 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-pres-
ent exception. DPL specifies the privilege level of the
segment descriptor. DPL effects when the descriptor may
be used by a task (refer to privilege discussion below).
The A bit shows whether the segment has been previ-
ously accessed for usage profiling, a necessity for vir-
tual 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 data segment descriptor is interpreted differently
depending on the ED bit (see Figure 11).

A code segment (S=1, E=1) may be execute-only
or execute/read as determined by the 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 programs that execute at different privi-
lege levels. The DPL of a conforming code segment
defines the range of privilege levels at which the
segment may be executed (refer to privilege discus-
sion below). The limit field identifies the last byte of
a code segment.

SYSTEM CONTROL DESCRIPTORS

In addition to code and data segment descriptors, the ‘

protected mode 80286 defines system contro! descrip-
tors. These descriptors define special system data seg-
ments and control transfer mechanisms in the protected
environment. The special system data segment de-
scriptors define segments which contain tables of de-
scriptors (Local Descriptor Table Descriptor) and
segments which contain the execution state of a task
(Task State Segment Descriptor).

The control transfer 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 au-
tomatically 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

C-16

System Segment Descriptor

7 07 0

T

+7 INTEL RESERVED* +6

+5 P| DPL |o l TYPE BASE23-18 +4

1 111

+3 BASE1s-0 +2
1

+1

LIMITy5-0 0
1

15 87 °
*Must be set to 0 for compatability with IAPX 386.

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 0-3 | Descriptor Privilege Level
BASE | 24-bit | Base Address of special system data
number { segmentin real memory
LIMIT | 16-bit | Offsetof last byte in segment
number

Figure 12. System Segment Format

gates are used to specify interrupt service routines. The
interrupt gate disables interrupts (resets IF) while the
trap gate does not.

Figure 12 gives the formats for the special system data
segment descriptors. The descriptors contain a 24-bit
base address of the segment and a 16-bit limit. The ac-
cess byte defines the type of descriptor, its state and
privilege level. The descriptor contents are valid and the
segment is in physical memory if P = 1. If P = 0, the
segment is not valid. The DPL field is only used in Task
State Segment descriptors and indicates the privilege
level at which the descriptor may be used (see Privi-
lege). 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 spec-
ifies the descriptor type as indicated in Figure 12.

Figure 13 shows the format of the gate descriptors. The
descriptor contains a destination pointer that points to
the descriptor of the target segment and the entry point
offset. The destination selector in an interrupt gate, trap
gate, and call gate must refer to a code segment de-
scriptor. These gate descriptors contain the entry point
to prevent a program from constructing and using an
illegal entry point. Task gates may only refer to a task
state segment. Since task gates invoke a task switch,
the destination 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 de-
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Gate Descriptor

7 07 0
T
+7 INTEL RESERVED* +6
WORD
+5 |P DPLIOI TYPE X X X +4
Il ||1L1|°°um‘-°
+3 DESTINATION SELECTOR1s-2 IX X| +2
1
+1 DESTINATION OFFSET15-9 0
1
15 87 []
*Must be set to 0 for compatability with IAPX 388. (X Is don't care)

Gate Descriptor Fields

Name Value Description
4 ~Call Gate
5 —Task Gate
TYPE 6 —Interrupt Gate
7 ~Trap Gate
P 0 —Descriptor Contents are not
valid
1 —~Descriptor Contents are
valid
DPL 0-3 Descriptor Privilege Level
WORD Number of words to copy
COUNT 0-3t | from callers stackto called

procedures stack. Only used
with call gate.

Selector to the target code
segment (Call, Interrupt or
Trap Gate)

Selector to the target task
state segment (Task Gate)

Entry point within the target
code segment

DESTINATION | 16-bit
SELECTOR |selector

DESTINATION | 16-bit
OFFSET offset

Figure 13. Gate Descriptor Format

scriptor type. The word count field is used in the call gate
descriptor to indicate the number of parameters (0-31
words) to be automatically copied from the caller’s stack
to the stack of the called routine when a control transfer
changes privilege levels. The word count field is not used
by any other gate descriptor.

The access byte format is the same for all gate descrip-
tors. P = 1 indicates that the gate contents are valid. P
= 0 indicates the contents are not valid and causes ex-

ception 11.if referenced. DPL is the descriptor privilege
level and specifies when this descriptor may be used by
a task (refer to privilege discussion below). Bit 4 must
equal 0 to indicate a system control descriptor. The type
field specifies the descriptor type as indicated in Figure
13.

SEGMENT DESCRIPTOR CACHE REGISTERS

A segment descriptor cache registeris assignedto each
of the four segment registers (CS, SS, DS, ES). Seg-
ment descriptors are automatically loaded (cached) into
a segment descriptor cache register (Figure 14) when-
ever the associated segment register is loaded with a
selector. Only segment descriptors may be loaded into
segment descriptor cache registers. Once loaded, all
references to that segment of memory use the cached
descriptor information instead of reaccessing memory.
The descriptor cache registers are not visible to pro-
grams. 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 (T1),
and selector privilege (RPL) as shown in Figure 15. These
fields select one of two memory based tables of descrip-
tors, select the appropriate table entry and allow high-
speed testing of the selector’s privilege attribute (refer
to privilege discussion below).

SELECTOR

INDEX I'I’ rm.l
I S O N U O Y T e L
3210

15

BITS NAME FUNCTION

1-0 REQUESTED | INDICATES SELECTOR PRIVILEGE
PRIVILEGE LEVEL DESIRED
LEVEL
(RPL)

2 TABLE TI = 0 USE GLOBAL DESCRIPTOR TABLE
INDICATOR (GDT)
™) T =1 USE LOCAL DESCRIPTOR TABLE

(LbT)
15-3 | INDEX SELECT DESCRIPTOR ENTRY IN TABLE

Figure 15. Selector Fields

PROGRAM VISIBLE r PROGRAM INVISIBLE 1

! ACCESS |

SEGMENT SELECTORS : RIGHTS SEGMENT BASE ADDRESS SEGMENT SIZE :

cs ] !
DS ! !
1 ]

ss ! |
ES 1 I
15 ] : 47 40 39 16 15 0 :
SEGMENT REGISTERS 1 SEGMENT DESCRIPTOR CACHE REGISTERS \
(LOADED BY PROGRAM) L (LOADED BY CPU) N

Figure 14. Descriptor Cache Registers
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LOCAL AND GLOBAL DESCRIPTOR TABLES

Two tables of descriptors, called descriptor tables, con-
tain all descriptors 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 anindex
into a descriptor table. Each table has a 24-bit base reg-
ister to locate the descriptor table in physical memory
and a 16-bit limit register that confine descriptor access
to the defined limits of the table as shown in Figure 16. A
restartable exception (13) will occur if an attempt is made
to reference a descriptor outside the table limits.

One table, called the Global Descriptor Table (GDT),
contains descriptors available to all tasks. The other 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 atthe time of access.

7 07 0

+5 | INTEL RESERVED* BASEz-16 +4

+3 BASE15-9 +2
1

1 LIMITys_o [
1

15 37 0

*Must be set to 0 for compatabllity with IAPX 386.

Figure 17. Global Descriptor Table and Interrupt
Descriptor Table Data Type

INTERRUPT DESCRIPTOR TABLE

The protected mode 80286 has a third descriptor table,
called the Interrupt Descriptor Table (IDT) (see Figure
18), used to define up to 256 interrupts. It may contain
only task gates, interrupt gates and trap gates. The IDT
(Interrupt Descriptor Table) has a 24-bit 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 17 and
Protected Mode Initialization).

_ MEMORY A,

CPU >

15

GDT
GOT LIMIT

——— 5

GDT BASE

15

LoT LbTy

SELECTOR
B CURRENT
: LoT
]

LDT,

3

r Ll
| |
| 2 LDT LIMIT |
| |
| I LDT BASE T
| |
| |

4

PROGRAM INVISIBLE

b1

D)

v \

Figure 16. Local and Global Descriptor
Table Definition

The LGDT and LLDT instructions load the base and limit
of the global and local descriptor tables. LGDT and LLDT
are 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 17. The LLDT instructionloads a selector which
refers to a Local Descriptor Table descriptor containing
the base address and limit for an LDT, as shown in Fig-
ure 12.
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Figure 18. Interrupt Descriptor Table Definition

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

Privilege

The 80286 has a four-leve! hierarchical privilege system
which controls the use of privileged instructions and ac-
cess to descriptors (and their associated segments) within
atask. Four-level privilege, as shown in Figure 19, is an
extension of the user/supervisor mode commonly found
in minicomputers. The privilege levels are numbered 0
through 3. Level 0 is the most privileged level. Privilege
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APPLICATIONS
cpPU
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SOFTWARE

INTERFACES 0S EXTENSIONS

HIGH SPEED
OPERATING
SYSTEM
INTERFACE

Figure 19. Hierarchical Privilege Levels

levels provide protection within a task. (Tasks are iso-
lated by providing private LDT's for each task.) Operat-
ing system routines, interrupt handlers, and other system
software can be included and protected within the vir-
tual address space of each task using the four levels of
privilege. Tasks may also have a separate stack foreach
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.

TASK PRIVILEGE

Ataskalways executes atone of the four privilege levels.
The 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 executionin 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 Trans-
fer). Tasks begin executing at the CPL value specified
by the code segment when the task s 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. A task execut-
ing 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 task privilege level (CPL) at
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which atask may access the descriptor. Descriptors with
DPL = 0 are the most protected. Only tasks executing
at privilege level 0 (CPL = 0) may access them. De-
scriptors with DPL = 3 are the least protected (i.e. have
the leastrestricted access) since tasks can access them
when CPL = 0, 1, 2, or 3. This rule applies to all descrip-
tors, except LDT descriptors.

SELECTOR PRIVILEGE

Selector privilege is specified by the Requested Privi-
lege Level (RPL) field in the least significant two bits of a
selector. Selector RPL may establish a less trusted priv-
ilege 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 = 0imposes 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 than the caller (refer
to pointer testing instructions). .

Descriptor Access and Privilege Validation

Determining the ability of a task to access a segment
involves the type of segment to be accessed, the in-
struction used, the type of descriptor used and CPL,
RPL, and DPL. The two basic types of segment ac-
cesses are control fransfer (selectors loaded into CS)
and data (selectors loaded into DS, ES or SS).

DATA SEGMENT ACCESS

Instructions that load selectors into DS and ES must
refer to a data segment descriptor or readable code seg-
ment descriptor. The CPL of the task and the RPL of the
selector must be the same as or more privileged (nu-
merically 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 seg-
ment is not present, exception 11 is generated.
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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 or a 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
i3 loaded into CS by a control transfer operation (see
Table 10). Each transfer type can only occur if the oper-
ation which loaded the selector references the correct
descriptor type. Any violation of these descriptor usage
riles (e.g. JMP through acallgate or RET to a Task State
£ egment) will cause exception 13.

The ability to reference a descriptor for control transfer
it; also subject to rules of privilege. A CALL or JUMP
instruction may only reference a code segment descrip-
tor with DPL equal to the task CPL or a conforming seg-
ment with DPL of equal or greater privilege than CPL.
The RPL of the selector used to reference the code de-
scriptor must have as much privilege as CPL.

RET and IRET instructions may only reference code
segmentdescriptors 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 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 Segment
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 descriptors 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 seg-
ment 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 aless 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 re-
turn control to a code segment at the same or less
privileged level.

—task switch can be performed by a call, jump or inter-
rupt which references either a task gate or task state
segment at the same or less privileged level.

Table 10. Descriptor Types Used for Control Transfer.

. Descriptor Descriptor

Control Transfer Types Operation Types Referenced Table
Intersegment within the same privilege level JMP, CALL, RET, IRET* .| Code Segment GDT/LDT
Intersegment to the same or higher privilege level Interrupt CALL Call Gate GDTLDT
withintask may change CPL. Interrupt Instruction, Trapor IDT

Exception, External Interrupt

Interrupt Gate
Intersegment to a lower privilege level (changes task CPL) | RET, IRET* Code Segment GDTLLDT

CALL, JMP Task State GDT

‘ Segment
Task Switch CALL, JMP Task Gate GDT/LDT

IRET**

Interrupt Instruction,

Exception, External Task Gate IbT

Interrupt

*NT (Nested Task bit of flag word) = 0
**NT (Nested Task bit of flag word) = 1
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PRIVILEGE LEVEL CHANGES Table 11

Any control transfer that changes CPL within the task, Segment Register Load Checks
causes achange of stacks as part of the operation. Initial D intion Exception
values of SS:SP for privilege levels 0, 1, and 2 are kept Error Descriptio Number
in the task state segment (refer to Task Switch Opera- Descriptor table limit exceeded 13

tion). During a JMP or CALL control transfer, the new Segment descriptor not-present 110r12
stack pqinter is Ioadeq intq the SS and SP registers and Privilege rules violated 13

the previous stack pointer is pushed onto the new stack.

When returning to the original privilege level, its stack is m;ﬁt?e%?:gm%fegmem type seg-

restored as part of the RET or IRET instruction opera- —Read only data segment load to

tion. For subroutine calls that pass parameters on the SS o

stack and cross privilege levels, a fixed number of words, —Special control descriptor load to

N . . DS, ES, SS 13
as specified in the gate, are copied from the previous —Execute only segment load to
stack to the current stack. The inter-segment RET in- DS, ES, Ssy 9

_struction with a stack adjustment value will correctly re-
store 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: '

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 Lo-
cal Descriptor Table (LDT) and Global Descriptor Ta-
ble (GDT).

Restricted access to segments via the rules of privi-
lege and descriptor usage.

Privileged instructions or operations that may only be
executed at certain privilege levels as determined by
the CPL and /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 11), operand reference checks (Table 12), and privi-
leged instruction checks (Table 13). 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 privi-
lege (numerically small enough). No exceptions or other
indication are given when these conditions occur.

The IF bitis not éhanged if CPL > IOPL.

The IOPL field of the flag word is not changed if CPL
>0.
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—Data segmentload to CS
—Read/Execute code segment
loadto SS

Table 12 Operand Reference Checks

- Exception
Error Description Number
Write into code segment 13
Read from execute-only code
segment 13
Write to read-only data segment 13
Segment limit exceeded' 120r13

Note 1: Carry outin offset calculations is ignored.

Table 13. 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 fol-
lowing instructions: 13
INS, IN, OUTS, OUT, STI, CLI,
LOCK
EXCEPTIONS

The 80286 detects several types of exceptions and in-
terrupts, in protected mode (see Table 14). Most are re-
startable 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 return
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 pracessor extension registers may contain the
address of the failing instruction.
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Table 14. Protected Mode Exceptions

Return
Always Error
Interrupt Function Address Restart- Code
Vector AtFailing able? on Stack?
‘ Instruction? !
8 Double exception detected Yes No . Yes
9 Processor extension segment overrun No No No
10 Invalid task state segment Yes Yes Yes
11 Segment not present Yes Yes Yes
12 Stack segment overrun or segment not present Yes Yes1 Yes
13 General protection Yes No Yes

Note 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be
restartable. This condition is identified by the value of the saved SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H).

All these checks are performed for all instructions and
can be split into three categories: segment load checks
(Table 11), operand reference checks (Table 12), and
privileged instruction checks (Table 13). Any violation of
the rules shown will resultin an exception. A not-present
exception related to the stack segment causes excep-
tion12.

Special Operations
TASK SWITCH OPERATION

The 80286 provides a built-in task switch operation which
saves the entire 80286 execution state (registers, ad-
dress space, and a link to the previous task), loads a
new execution state, and commences execution in the
new task. Like gates, the task switch operation is in-
voked by executing an inter-segment JMP or CALL in-
struction which refers to a Task State Segment (TSS) or
task gate descriptorin the GDT or LDT. An INT ninstruc-
tion, exception, or external interrupt may also invoke the
task switch operation by selecting a task gate descriptor
in the associated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure 20)
containing the entire 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. If NT = 0,
the IRET instruction performs the regular current task
return; when NT = 1, IRET performs a task switch op-
eration back to the previous task.
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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 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.

PROCESSOR EXTENSION CONTEXT SWITCHING

The context of a processor extension (such as the 80287
numerics processor) is not changed by the task switch
operation. A processor extension context need only be
changed when a different task attempts to use the pro-
cessor extension (which still contains the context of a
previous task). The 80286 detects the first use of a pro-
cessor extension after a task switch by causing the pro-
cessor extension not present exception (7). The interrupt
handler may then decide whether a context change is
necessary.

Whenever the 80286 switches tasks, it sets the Task
Switched (TS) bit of the MSW. TS indicates that a pro-
cessor extension context may belong to a different task
than the current one. The processor extension not pres-
ent exception (7) will occur when attempting to execute
an ESC or WAIT instruction if TS = 1 and a processor
extension is present (MP =1in MSW).

POINTER TESTING INSTRUCTIONS

The iAPX 286 provides several instructions to speed
pointer testing and consistency checks for maintain-
ing system integrity (see Table 15). These instruc-
tions use the memory management hardware to
verify that a selector value refers to an appropriate
segment without risking an exception. A condition
flag (ZF) indicates whether use of the selector or
segment will cause an exception.
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Table 15. Pointer Test Instructions

Instruction | Operands Function

ARPL Selector, Adjust Requested Privi-
Register lege Level: adjusts the RPL
of the selector to the nu-
meric maximum of current
selector RPL value and the
RPL value in the register.
Setzeroflagif selector RPL
was changed.

VERIify for Read: sets the
zero flag if the segment re-
ferredto by the selectorcan
beread.

VERify for Write: sets the
zero flag if the segment re-
ferred to by the selector can
be written.

Load Segment Limit: reads
the segment limit into the
register if privilege rules and
descriptor type allow. Set
zero flag if successful.

Load Access Rights: reads
the descriptor access rights
byte into the register if priv-
ilege rules allow. Set zero

VERR Selector

VERW Selector

LSL Register,

Selector

LAR Register,

Selector

flag if successful.

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 pro-
cessing of the double fault exception, the 82086 will en-
ter 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 80286 out of shutdown. Shutdown is exter-

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 general register state. The TR
should point at a valid TSS since any task switch
operation involves saving the current task state.

SYSTEM INTERFACE

The 80286 system interface appears in two forms: a
local bus and a system bus. The local bus consists of
address, data, status, and control signals at the pins of
the CPU. A system bus is any buffered 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 loading of signals. The iAPX 286 family in-
cludes several devices to generate standard system

- buses such as the IEEE 796 standard Multibus™.

Bus Interface Signals and Timing

The iAPX 286 microsystem local bus interfaces the 80286
to local memory and I/O components. The interface has
24 address lines, 16 data lines, and 8 status and control
signals.

The 80286 CPU, 82284 clock generator, 82288 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.

nally signalled via a HALT bus operation with A 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, Ay oo Will be HIGH
when the 80286 performs memory references
relative to the CS register until CS is changed. Ay o0
will be zero for references to the DS, ES, or SS
segments. Changing CS in real address mode will
force Ajz.00 LOW whenever CS is used again. The
initial CS:IP value of FOO0:FFFO provides 64K bytes
of code space for initialization code without chang-
ing CS.

Protected mode operation requires several regis-
ters to be initialized. The GDT and IDT base regis-
ters must refer to a valid GDT and IDT. After
executing the LMSW instruction to set PE, the 80286
must immediately execute an intra-segment JMP
instruction to clear the instruction queue of instruc-
tions decoded in real address mode.
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The 82288 converts bus operation status encoded
by the 80286 into command and bus control signals.
The 82289 bus arbiter generates Multibus bus
arbitration signals. These components can provide
the timing and electrical power drive levels required
for mostsystembus interfaces including the Multibus.

Physical Memory and I/O Interface

A maximum of 16 megabytes of physical memory can
be 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-bitlocal data
bus. Even bytes are accessed over D;y_gwhile odd bytes
are transferred over Dq5_g. Even-addressed words are
transferred over Dy5—g in one bus cycle, while odd-ad-
dressed words require two bus operations. The first
transfers data on D4s5-g, and the second transfers data
on D7_g. Both byte data transfers occur automatically,
transparent to software.

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

The I/0 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 (Dy5_g) are accessed with odd I/O addresses. De-

vices on the lower data byte are accessed with even /0
addresses. An interrupt controller such as Intel’'s 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 pro-
cessor 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 21.)

le—— ONE PROCESSOR CLOCK CYCLE ————=

[#———————— ONE BUS T STATE——————pu]
PHASE 1 PHASE 2
t— OF PROCESSOR—+—0F PROCESSOR —|
CLOCK CYCLE CLOCK CYCLE

CLK

ONE SYSTEM
CLK CYCLE
PCLK m

Figure 21. System and Processor
Clock Relationships

Six types of bus operations_are supported; memory read,
memory write, I/O read, I/O write, interrupt acknowl-
edge, and halt/shutdown. Data can be transferred at a
maximum rate of one word per two processor clock cycles.

The iAPX 286 bus has three basic states: idle (T;), send
status (Tg), and perform command (T,). The 80286 CPU
also has a fourth local bus state called hold (T},). Ty, in-
dicates that the 80286 has surrendered control of the
local bus to another bus master in response to a HOLD
request.

Each bus state is one processor clock long. Figure 22
shows the four 80286 local bus states and allowed
transitions.
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« NEWCYCLE
READY » NEWCYCLE
HLDA o NEW CYCLE

READY @ NEW CYCLE

Figure 22. 80286 Bus States

Bus States

The idle (Tj) state indicates that no data transfers are
in progress or requested. The first active state (Tg)
is signaled by status line S1 or SO going LOW and
identifying phase 1 of the processor clock. During
Ts, the command encoding, the address, and data
(for a write operation) are available on the 80286
output pins. The 82288 bus controller decodes the
status signals and generates Multibus compatible
read/write command and local transceiver control
signals.

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

During hold (T},), the 80286 will float all address, data,
and status output pins enabling another bus master to
use the local bus. The 80286 HOLD input signal is used
to place the 80286 into the T}, state. The 80286 HLDA
output signal indicates that the CPU has entered T..

Pipelined Addressing

The 80286 uses a local bus interface with pipelined 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
first clock of the next bus operation is overlapped with
the last clock of the current bus operation. Therefore,
address decode and routing logic can operate in ad-
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Figure 23.

vance 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 T, states. Instead, the address
for the next bus operation may be emitted during phase
2 of any T¢. The address remains valid during phase 1
of the first T to guarantee hold time, relative to ALE, for
the address latch inputs.

Bus Control Signals

The 82288 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 address
hold time is required to support Multibus® and common
memory systems.

The data bus transceivers are controlled by 82288 out-
puts Data Enable (DEN) and Data Transmit/Receive (DT/
R). DEN enables the data transceivers; while DT/R con-
trols transceiver direction. DEN and DT/R are timed to
prevent bus contention between the bus master, data
bus transceivers, and system data bus tranceivers.

Basic Bus Cycle

Command Timing Controls

Two system timing customization options, command ex-
tension and command delay, are provided on the iAPX
286 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-
trol the duration of any bus operation such that the op-
eration is only as long as necessary. The READY input
signal can extend any bus operation for as long as
necessary. :

Command delay allows an increase of address or write
data setup time to system bus command active for any
bus operation by delaying when the system bus com-
mand becomes active. Command delay is controlled by
the 82288 CMDLY input. After Tg, the bus controlier
samples CMDLY at each failing edge of CLK. [f CMDLY
is HIGH, the 82288 will not activate the command signal.
When CMDLY is LOW, the 82288 will activate the com-
mand 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.
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Figure 24. CMDLY Controls and Leading Edge of the Command

Figure 24 illustrates four uses of CMDLY. Example 1
shows delaying the read command two system CLKs for
cycle N-1and 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 forcycle N. -

Bus Cycle Termination

At maximum transfer rates, the iAPX 286 bus alternates
between the status and command states. The bus status
signals become inactive after T 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
T, exists on the iIAPX 286 local bus. The bus master and
bus controller enter T directly after Tgand continue ex-
ecuting T cycles until terminated by READY.

READY Operation

The current bus master and 82288 bus controller termi-
nate each bus operation simultaneously to achieve
maximum bus bandwidth. Both are informedin advance
by READY active which identifies the last T, cycle of the
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current bus operation. The bus master and bus control-
ler 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 synchro-
nization from both synchronous and asynchronous
sources (see Figure 25). 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 T.. The state
of SRDY is then broadcast to the bus master and bus
controller via the READY output line.

Asynchronous Ready

Many systems have devices or subsystems that are
asynchronous to the system clock. As a result, their ready
outputs cannot be guaranteed to meet the 82284 SRDY
setup and hold time requirements. The 82284 asynchro-
nous ready input (ARDY) is designed to accept such
signals. The ARDY input is sampled at the beginning of
each T 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.
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Figure 25. Synchronous and Asynchronous Ready

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

Each ready input of the 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 ter-
minate a bus operation. These enable inputs are active
low and have the same timing as their respective ready
inputs. Address decode logic usually selects whether

the current bus operation should be terminated by ARDY
orSRDY

Data Bus Contro!

Figures 26, 27, and 28 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 operaton. DT/R remains HIGH
before, during, and between write operations.
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The data bus is driven with write data during the second
phase of T¢. The delay in write data timing allows the
read data drivers, from a previous read cycle, sufficient
time to enter 3-state OFF before the 80286 CPU begins
driving the local data bus for write operations. Write data
will always remain valid for one system clock past the
last T to provide sufficient hold time for Multibus or other
similar memory or I/O systems. During write-read or write-
idle sequences the data bus enters 3-state OFF during
the second phase of the processor cycle after the last
Tc. Inawrite-write sequence the data bus does notenter
3-state OFF between Toand 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.
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Figure 28. Back to Back Write-Write Cycles
HOLD and HLDA A prefetch bus operation starts when at least two bytes

HOLD and HLDA allow another bus master to gain con-
trol of the local bus by placing the 80286 bus into the Ty,
state. The sequence of events required to pass control
between the 80286 and another local bus master are
shown in Figure 29.

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

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

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:
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of the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches in-
dependent of the byte alignment of the code segment
base in physical memory.

The prefetcher will perform only a byte code fetch op-
eration for control transfers to aninstruction 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
instruction queue.

In real address mode, the prefetcher may fetch up
to 6 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.
Exception 13 will occur if the program attempts to ex-
ecute 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 at-
tempt to execute it causes exception 13.
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Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state.

Address, M/IO and COD/INTA 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.

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. The float starts in ¢1 of TC.

The minimum HOLD to HLDA time is shown. Maximum is one Ty longer.
The earliest HOLD  time is shown, It will always allow a subsequent memory cycle if pending is shown.

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

is ignored after ready is signaled via the asynchronous input.

Figure 29. Multibus Write Terminated by Asynchronous Ready with Bus Hold
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Processor Extension Transfers

The processor extension interface uses I/O port ad-
dresses 00F8(H), 00FA(H), and 00FC(H) which are part
of the I/O port address range reserved by Intel. An ESC
instruction withEM = 0 and TS = 0 will perform I/O bus
operations to one or more of these 1/0 port addresses
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
are performed, one word transfer with 1/O port address
00FA(H) and one or two bus operations with memory.
Three bus operations are required for each word oper-
and aligned on an odd byte address.

Interrupt Acknowledge Sequence

Figure 30 illustrates an interrupt acknowledge se-
quence performed by the 80286 in response to an INTR
input. An interrupt acknowledge sequence consists of
two INTA bus operations. The first allows a master 8259A
Programmable Interrupt Controller (PIC) to determine
which if any of its slaves should return the interrupt vec-
tor. An eight bit vector is read by the 80286 during the
second INTA bus operation to select an interrupt han-
dler routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the 82288
is used to enable the cascade address drivers, during
INTA bus operations (See Figure 30), onto the local ad-
dress bus for distribution to slave interrupt controllers via
the system address bus. The 80286 emits the COCK
signal (active LOW) during T of the first INTA bus oper-
ation. 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 INTA time and CAS (cascade address) out delay
of the 8259A. The second INTA bus operation must al-
ways have at least one extra T state added via logic
controlling READY. Axs—Ag are in 3-state OFF until after
the first T, state of the second INTA bus operation. This
prevents bus contention between the cascade address
drivers and CPU address drivers. The extra T state al-
lows time for the 80286 to resume driving the address
lines for subsequent bus operations.
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Local Bus Usage Priorities

The 80286 local bus is shared among several internal
units and external HOLD requests. In case of simulta-
neous 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 byté bus operations
required for an odd aligned word operand.

The second or third cycle of a processor
extension data transfer.

Local bus request via HOLD input.

Processor extension data operand transfer
via PEREQ input.

Data transfer performed by EU as part of an
instruction.

(Lowest) An instruction prefetch request from BU. The
EU will inhibit prefetching two processor
clocks in advance of any data transfers to
minimize waiting by EU for a prefetch tofinish.

Halt or Shutdown Cycles

The 80286 externally indicates halt or shutdown condi-
tions as a bus operation. These conditions occur due to
a HLT instruction or multiple protection exceptions while
attempting to execute one instruction. A halt or shut-
down bus operation is signalled when S7, 50 and COD/
INTA are LOW and M/IO is HIGH. A, HIGH indicates
halt, and A; LOW indicates shutdown. The 82288 bus
controller does not issue ALE, noris READY required to
terminate a halt or shutdown bus operation.

During halt or shutdown, the 80286 may service PEREQ
or HOLD requests. A processor extension segment
overrun exception during shutdown will inhibit further
service of PEREQ. Either NMI or RESET will force the
80286 out of either halt or shutdown. An INTR, if inter-
rupts are enabled, or a processor extension segment
overrun exception will also force the 80286 out of halt.
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INTACYCLE ¥ <¢———INTA CYCLE 2————|
BUS CYCLE TYPE Tc Ts Tc | Tc T l T | T Ts Tc Te Ts I
— @1 1w Tt Tea bt el et 1w gy v [t 1w2alor | g2 o1 1 a2 Lot o2 Lot 1lealuw | w2
CLK
5180

M/I0, COD/INTA

[OCTK

8
(SEE NOTE ) (SEE NOTE 5)
Ags - Ag m ----------- { DON'T CARE Dt ~

- PREVIOUS  \, _ | | e Ve e e = = —_
D1s - Do WRITE CYCLE >' D VECTOR,

(SEENOTE 2} (SEENOTE 3.)

resov NN\ 7777777707007 NN LTy NN\ 2177017
e N | W A
wee [\ [\
ae /\ /\

DTR _—\—/ \ ,

82288

NOTES:
1. Dataisignored.

2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.

3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive Ays — Ao, BHE, and LOCK until after the first
TC state.

The CPU imposed one/clock delay prevents bus cantention between cascade address buffer being disabled by MCE vand 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.

4. LOCK s active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system.
5. Az — A exits 3-state OFF during ¢2 of the second T¢ in the INTA cycle.

Figure 30. Interrupt Acknowledge Sequence
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v
S AEN MRDC MEMORY READ
. MWTC MEMORY WRITE
o o = MB
ORC /O READ
),(—‘ '_;, _EK CMDLY owe VO WRITE -
2 1 '_—I— MB iNTA INTERRUPT ACKNOWLEDGE
WESET RES S0 50 ALE
5 3] MCE F_—————
mﬂv r= _— —"
I P T oLk gE:W :;; J b w1l o oecooe ::: AND VO CHIP SELECTS
= —]&n T 82288 BUS F—d4444-2 1 r— &y (OPTIONAL) |
—E—> FC | CONTROL;/Elg I s o o 4 I r Th ]
—d | - 4 | U )
SYNC READY —|SADY  RESET [—¢ : #_ _JI | lr rtt—-
ENABLE ——» SRDYEN 11 ! [
ASYNC READY ————| ARDY 1 RESET ~ MI0 | [ sT8
ENABLE ——»-| ARDYEN LOCK | | 11
g : : L] c,_,: CODANTA |- — — 11| £ [ ADDRESS BUS
—»| READY {1
GENERATOR : : : s Aas—ho :;;'%20’3
80
e J' : — M BHE ZAY ]
R —»{HOLD
X I e, S
: : :' fm———C G e INTR T TS j— CHIP SELECT
Il === PEACK INTA
: : 1 f.———-——»vsnso CAP—_L WR
R | ‘“’
11 | + SPEN
_‘_*_ |_|_¢_|_ Dys ~ Do = _ IRg ~ IR7
1 ‘. e,
] PROCESSOR Ao e e — — INTERRUPT
1 EXTENSION k i CONTROLLER
| {OPTIONAL) . N
o= ———— 4
8286
N
TRANS - us
CEIVER
|——‘ T
Figure 31. BasiciAPX 286 System Configuration
SYSTEM CONFIGURATIONS uses this interface. The iAPX 286/20 has all the instruc-
The versatile bus structure of the iAPX 286 microsys- E}(r)‘nssgr;g;iit;)t(ypes of zfm IAPX 86/.20 °|r u?F:X 88/ 2%
tem, with a full complement of support chips, allows flex- d te transf can per grm ';znéel;ﬁ calcuiations an
ible configuration of a wide range of systems. The basic t'a aNr ansiers cogcurrzr:’ 3; “;: th progrgr? e)fte cu-
configuration, shown in Figure 31, is similar to an iAPX 'on. Rumerics code and data have the same inlegrity as
86 maximum mode system. ltincludes the CPU plus an all other information protected by the iAPX 286 protec-
8259A interrupt controller, 82284 clock generator, and 10N mechanism.

the 82288 Bus Controller. The iAPX 86 latches (8282
and 8283) and transceivers (8286 and 8287) may be
used in an iAPX 286 microsystem.

The 80286 can overlap chip select decoding and ad-
dress propagation during the data transfer for the pre-
‘ vious bus operation. This information is latched into the
As indicated by the dashed lines in Figure 31, the ability 8282/3's by ALE during the middle of a Tg cycle. The

to add processor extensions is an integral feature of iAPX latched chip select and address information remains
286 microsystems. The processor extension interface stable during the bus operation while the next cycles
allows external hardware to perform special functions address is being decoded and propagated into the sys-
and transfer data concurrent with CPU execution of other tem. Decode logic can be implemented with a high speed
instructions. Full systemintegrity is maintained because bipolar PROM.

the 80286 supervises all data transfers and instruction

) - The optional decode logic shown in Figure 31 takes ad-
execution for the processor extension.

vantage of the overlap between address and data of the
The iAPX 286/20 numeric data processor which in- 80286 bus cycle to generate advanced memory and 10-
cludes the 80287 numeric processor extension (NPX) select signals. This minimizes system performance
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$YSB/RESB
K fe————
RESET NT [e———
Yee —L e S SREd | MULTIBUS
ALWAY! Shns
crack  BPRO ="} ;g apaiTRATION
$0 BPAN |
si BUSY [+—
[ Reaoy CBAG [
] cLx 10CK |e—
AEN /0
822895+
BUS ARBITER
Vee
Vee !
VT
BEN MROC MEMORY READ
o WMWTC MEMORY WRITE
l_l l_l 10AC 10 READ
2 " iowe 10 WRITE
* ' _ INTA T ACKNOWLEDGE
RESET RES il 0 ALE '
51 51 MCE
READY
LK READY OEN
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= ! 82288 BUS
N F/E | CONTROLLER
— | CMDLY  M/I0
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Figure 32. Multibus System Bus Interface

degradation caused by address propogation and de-
code delays. In addition to selecting memory and /O,
the advanced selects may be used with configurations
supporting local and system buses to enable the appro-
priate bus interface for each bus cycle. The COD/INTA
and M/IO signals are applied to the decode logic to dis-
tinguish between interrupt, I/, code and data bus cycles.

By adding the 82289 bus arbiter chip the 80286 provides
a Multibus system bus interface as shown in Figure 32.
The ALE output of the 82288 for the Multibus bus is
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connected to its CMDLY input to delay the start of com-
mands one system CLK as required to meet Multibus
address and write data setup times. This arrangement
will add at least one extra T state to each bus operation
which uses the Multibus.

A second 82288 bus controller and additional latches
and transceivers could be added to the local bus of Fig-
ure 32. This configuration allows the 80286 to support
an on-board bus for local memory and peripherals, and
the Multibus for system bus interfacing.
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8286 8287
DATA Dys — Do © DATA
> DATA
DT/R — —
| oF
: 82288
CONTROLLER 8206
A ECC
DEN
16 MHz
™7
DI DO CBDO
READY 16-0 CBDI
- Srock
GENERATOR DRAM
2118, 2164
<] ax g o
, T { TE s
88:36 REI oY -t MULTIBUS SELECT
[ —_—
> 8207 XACK
STATUS S0, §1, M/i0 — MULTIBUS
’ conmoL <:— COMMAND
(MRDC, MWTC)

SELECT

ADDRESS

ADDRESS A3 ~ A, BHE, LOCK

Figure 33. IAPX 286 System Configuration with Dual-Ported Memory

Figure 33 shows the addition of dual ported dynamic
memory between the Multibus system bus and the iAPX
286 local bus. The dual port interface is provided by the
8207 Dual Port DRAM Controller. The 8207 runs syn-
chronously with the CPU to maximize throughput for lo-
cal memory references. It also arbitrates between
requests from the local and system buses and performs

functions such as refresh, initialization of RAM, and read/
modify/write cycles. The 8207 combined with the 8206
Error Checking and Correction memory controller pro-
vide for single bit error correction. The dual-ported
memory can be combined with a standard Multibus sys-
tem bus interface to maximize performance and protec-
tion in multiprocessor system configurations.
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PACKAGE
The 80286 is packaged in a 68-pin, leadless JEDEC
type A hermetic leadless chip carrier. Figure 34 illus-
trates the package, and Figure 2 shows the pinout.
— M
am . (168)
ol - =
.

(20.

|N|B|E|NEN|R|EUIU

TUJOTIAC

|
|

Nimnnanniaininininia/ninl

960
(24.38)

PIN NO. 1—/

.960
(24.38)

PIN NO. 18

\ PIN NO 1 MARK

m—f f——
130
(3.30)

_ INCHES
(MILLIMETERS)

‘Figure 34. JEDEC Type A Package

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature .

.......... 0°Cto70°C
-65°Cto +150°C

Voltage on Any Pin with
RespecttoGround . . . . ............ ~-1.0to +7V
PowerDissipation . .. ............ . ... ... 3.6 Watt

*NOTICE: Stresses above those listed under “‘Absolute Max-
imum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice atthese or any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. CHARACTERlSTICS (80286: Tp = 0°C1070°C, Vg = 5V = 10%) ,

Symbol | Parameter Min. Max. Units | TestConditions
ViL Input Low Voltage -0.5 +0.8 \

VIH Input High Voltage 20 | Vec+0.5 \]

VoL Output Low Voltage 0.45 \ loL=3.0mA

VoH Output High Voltage 24 \ loH= —400 pA

Icc Power Supply Current 600 mA Ta=25°C

I Input Leakage Current =10 pA | OVsViNSVce

Lo Output Leakage Current +10 pA - | 045V =<Vout<Vce
VoL Clock Input High Voltage ~0.5 +0.6 Vv : .
VcH Clock Input High Voltage 38 | Vgcc+1.0 \'

on | e L I

Co Capacitance of I/0 or outputs 20 pF fc=1MHz

Ceolk Capacitance of CLK Input 12 pF fo=1MHz
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A.C. CHARACTERISTICS (Ta = 0°Ct070°C, Vg = 5V = 10%)
. 80286 Timing Requirements
Symbol | Parameter Min. | Max. | Units | Test Conditions
1 System clock period 62.5 250 ns
2 System clock low time 15 230 ns at .6 Volts
3 System clock high time 20 235 ns at 3.2 Volts
4 Asynchronous input setup time 20 ns See note 1
5 Asynchronous input hold time 20 ns See note 1
6 RESET setup time 20 ns
7 RESET hold time 0 ns
8 Read datain setup time 10 ns
9 Read datain hold time 5 ns
10 READY setup time 38.5 ns
11 READY hold time 25 ns
12 STATUS/PEACK valid delay .0 40 ns
13 Address valid delay 0 60 ns
14 Write data valid delay 0 50 | ns gtl’-;e‘s‘;?f'l’:a’;‘“
15 Address/Status/Data float delay 0 60 ns
16 HLDA valid delay 0 60 ns
82284 Timing Requirements
Symbol | Parameter Min. | Max. | Units | TestConditions
17 SRDY/SRDYEN setup time 15 ns
18 SRDY/SRDYEN hold time 0 ns
19 ARDY/ARDYEN setup time 0 ns See note 1
20 ARDY/ARDYEN hold time 16 ns | Seenotel.
C_= 50pF
21 PCLK delay 0 40 ns lop =5ma
. . loy = —1ma
NOTE 1: These times are given for testing purposes to assure a predetermined action.
82288 Timing Requirements
Symbol | Parameter Min. | Max. | Units | TestConditions
22 CMDLY setup time 20 ns
23 CMDLY hold time 0 ns
~C = 300 pF max
24 Command delay 3 15 ns loL = 32 mamax
loy = —5mamax
25 ALE active delay 3 15 ns
26 ALE inactive delay 0 20 ns
27 DT/R read active delay 0 20 ns
28 DT/R read inactive delay 10 | 40 ns_| Cu=80pFmax
20 | DENread active delay 10 | 50 ns :g; - 1f1m;:ma’;x
30 DEN read inactive delay 3 15 ns
31 DEN write active delay 30 ns
32 DEN write inactive delay 30 ns
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WAVEFORMS

MAJOR CYCLE TIMING

® ¥ 2 » * N " T . . Te M(TIR::I:S’ )
§1 ¢ 80 ‘ yf

—| ® |t — @ |t
A23-Ag
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_’®|‘— — @ e
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—

— ® - @ |+ — ®
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WAVEFORMS (Continued)
80286 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

80286 ASYNCHRONOUS INPUT SIGNAL TIMING

BUS CYCLE TYPE

PeLK @ RESET
(SEENOTE 1) \
> (Dle—
® [-—
wowrerea 7777771777
(SEE NOTE 2.)
—
ERROR,BUSY
(SEE NOTE 2.)
NOTES:

1. PCLK indicates which processor cycle phase will occur on the
next CLK. PCLK may not indicate the correct phase until the first
bus cycle is performed.

2. These inputs are asynchronous. The setup and hold times shown
assure recognition for testing purposes.

51

4
®
y
v

SH

RESET

;

NOTE 1: When RESET meets the setup time shown, the next CLK
will start or repeat ¢2 of a processor cycle.

EXITING AND ENTERING HOLD

BUS CYCLE TYPE T TSORT, T Th

$2 ¢ ¢2 2] $2 1 ¢2

(SEE NOTE 4.)

£C
oY

57.5 (SEE NOTE 3.) —»] ®|<— . —»| @ j— (SEENOTE3)
e g
IF Tg I
© _._5
3
8 — @D~ =D —>®—
3 PEACK ; <4 {
*( IF NPX|TRANSFER
< (SEE NOTE 1.)
BHE,LOCK —>
= (SEE NOTE 5.)

® | « o ®
wio, ~— T <§<<<< VALID :;>>>>>>>>>>>/| - -

COD/INTA
(SEE NOTE 2.)
— |<—
5“

®
_n.. o (SEE NOTE 6.) <<<<< ;FV$'§3=>>>>/]\I‘_
- e U 2 5/—\_/—\__/—

82284

NOTES:

1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is shown.
2. The data bus will be driven as shown if the last cycle before T, in the diagram was a write T

3. The 80286 floats its status pins during Tw. External pullup resistors (in 82288) keep these signals high.

4. For HOLD request set up to HLDA, refer to Figure 29.
5
6

. BHE and LOCK are driven at this time but will not become valid until Ts.
. The data bus will remain in 3-state OFF if a read cycle is performed.
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WAVEFORMS (Continued)

80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE
T
Veu ™
CLK L /
Veu 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY

/‘ MEMORY READ IF MEMORY TO PROC. EXT. /— 1/0 WRITE IF MEMORY TO PROC. EXT.

siess | \ v _/__—\—/

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER
A - Ao 1O PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER
wo X X X
COD/NTA N\_I 10 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER
@D _, MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER
PEACR \ (SEENOTE 1)

L~

[#——— (SEE NOTE 2.} ———=]
—

PerE2. AAAYAARNARNVWRNWWR W

I

NOTES:

1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The firstbus 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(D)— () max.

é min.- The actual, configuration dependent, maximum time is: 3X (D) =@ max =@ min. + AX2XQD). -

A is the number of extra T states added to either the first or second bus operation of the processor extension data operand transfer

sequence.

INITIAL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE
T
Ven 42 # o e
o R_/—E{Y_/_5
—® (SEE NOTE 1.)
RESET 4 ’ I
§1.50
UNKNOWN
PEACK
Az~ Ag
UNKNOWN
BHE
M/i0
J— UNKNOWN
COD/INTA
Lock UNKNOWN
DATA ))))2222222)2222&22222222}22222222222222 22 2 22222222222222222222222222»

HLDA UNKNOWN j( (e

T s

NOTES:

1. Setup time for RESET 4 may be violated with the consideration that ¢1 of the processor clock may begin one system CLK period later.
2. Setup and hold times for RESET ‘ must be met for proper operation.

3. Thedata bus is only guaranteed to be in 3-state OFF at the time shown.
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BYTE1 BYTE2 BYTE3 BYTE4 BYTES BYTE6
Jes4321 0768543210 y——————— o ————— e ———— 1
[ l IU l TI l LOW DISP/DATA : HIGH DISP/DATA : LOW DATA ; HIGH DATA :
OPCODE diw|mod| reg T e " 1 a

A. SHORT OPCODE FORMAT EXAMPLE

BYTE 1 BYTE2 BYTE3
7 6 54 3 2107 65432107 63543210

INNERRRRNEENAN [

LONG OPCODE reg

mod r'm

B. LONG OPCODE FORMAT EXAMPLE

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

Figure 35. 80286 Instruction Format Examples

80286 INSTRUCTION SET SUMMARY
Instruction Timing Notes

The instruction clock counts listed below establish the
maximum execution rate of the 80286. With no delays in
bus cycles, the actual clock count of an 80286 program
will average 5% more than the calculated clock count,
due to instruction sequences which execute faster than
they canbe 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 nanosec-
onds and requires an 80286 system clock (CLK input) of
16 MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded, and

is ready for execution. Control transfer instruction clock

counts include all time required to fetch, decode, and

prepare the next instruction for execution.

. Bus cycles do not require wait states.

. There are no processor extension data transfer or
local bus HOLD requests.

. No exceptions occur during instruction execution.
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Instruction Set Summary Notes

Addressing displacements selected by the MOD field
are not shown. If necessary they appear after the in-
struction 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 thento register; if d = 0 then from register

it w = 1 then word instruction; if w = 0 then byte
instruction
if s = 0 then 16-bitimmediate data form the operand

if s = 1 then an immediate data byte is sign-extended
to form the 16-bit operand

x don’tcare :

used for string primitives for comparison with ZF
FLAG

If two clock counts are given, the smaller refers to areg-
ister operand and the larger refers to a memory operand

* = 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
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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.

This is a protected mode instruction. Attempted ex-
ecution in real address mode will result in an unde-
fined opcode exception (6).

. A segment overrun exception (13) will occur if a word

operand reference at offset FFFF(H) is attempted.

. This instruction may be executed in real address

mode to initialize the CPU for protected mode.

. The IOPL and NT fields will remain 0.
. Processor extension segment overrun interrupt (9)

will oceur if the operand exceeds the segment limit.

EITHER MODE

6.

7.

8. LOCK does not remain active between all operand

An exception may occur, depending on the value of
the operand.

[OCK is automatically asserted regardless of the
presence or absence of the LOCK instruction prefix.

transfers.

PROTECTED VIRTUAL ADDRESS MODE ONLY

9.

10.

A general protection exception (13) will occur if the
memory operand can not 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.

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
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11.

12.

13.

14.

15.

17.

18.

not-present exception (11). If the SS register is the
destination, and a segment not-present violation
occurs, a stack exception (12) occurs.

All'segment descriptoraccessesinthe GDT or LDT
made by this instruction will automatically assert
[LOCK to maintain descriptor integrity in multipro-
cessor systems.

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>I0PL.

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 not return a result and
the 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
occur 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 address. If
asegment limit is violated during an attempted data
transfer then a processor extension segment over-
run 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 excep-
tion (13) will occur.
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80286 INSTRUCTION SET SUMMARY
CLOCK COUNT COMMENTS

- Real | Protected | Real | Protected

FommaT s | Ve | s |
Mode Mode
DATA TRANSFER
MOV = Move:
Register to Register/Memory [1000100w| modreg rm | 23" 2,3* 2 9
Register/memory to register [1 000101 w] modreg m | 2,5¢ 25" 2 9
' Immediate to register/memory [1100011 w| mod000 ©m | data | dataitw=1_|| 2.3* 2,3* 2 9
Immediate to register o1 1w reg | data | dataitw=1 | 2 2
Memory to accumulator [1010000w]| addrlow |  addrhigh | 5 5 2 9
Accumulator to memory [1 010001 w] addelow [  addrhigh | 3 3 2 9
Register/memory to segment register  [1 0001 11 0] modOreg mm | 2,5 17,19* 2 9,10,11
S register ta regi y |1 0001100] modOreg vm | 23" 2,3 2 9
PUSH = Push:
Memory [A77131 1] mod110 vm ] 5* 5 2 9
Register 01010 reg 3 3 2 9
Segment register 2
6 3

5

20

9
9
9,101

POP = Pop:

Memory. [f000111 1] med000 mm | 5*
Register 5
Segment register (reg+01) 5
XCHG = Exchange:

Register/memory with register 1000011 w| modreg rm | 35"
Register with accumulator 3
IN=Input from:

Fixed port [t110010w] port ] 5
Variable port 5
OUT = Outputio:

Fixed port 110011 w] port } 3
Variable port 3
XLAT = Translate byte to AL 5
LEA = Load EA to register [1 0001101 modreg rm | 3
LDS = Load pointer to DS [11000101] modreg m |  (mod # 11) I
LES = Load pointerto ES 1100010 0] modreg vm |  (mod + 11) I
LAHF = Load AH with flags 2
SAHF =Store AH into flags 2
PUSHE =Push flags 3
POPF = Pop fiags 5

27

2.4

9,10,11
9,10,11

9,15

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real | Protected | Real | Protected

Address { Virtual | Address | Virual

FUNGTION FORMAT Mode | Address | Mode Address
Mode Mode
ARITHMETIC
ADD = Add:
Reg/memory with register to either [000000dw]| modreg_ /m | 2,7 2,7 2 9
Immediate to register/memory [100000sw| mod000 vm | data | dataifsw=01 || 37° 37 2 9
Immediate to accumulator J00000310w] data [ dataitw=1_| 3 3
ADC = Add with carry:
Reg/memory with register to either J000100dw] modreg m | 2,7 2,7 2 9
Immediate to register/memory [100000s w| mod010 mm | data [ “dataifsw=01 || 37° 37 2 9
Immediate to accumulator [0co01010w] data [ dataitw=1 | 3 3
INC = Increment:
Register/memory 411111 w] mod000 vm | 2,1* 2,7* 2 9
Register 01000 reg 2 2
SUB = Subtract:
Reg/memory and register to either [001010dw][ modreg /m | 2,7* 2,7* 2 9
Immediate from register/memory [t 000005 w][ mod101 wm [ data [ dataiftsw=01 || 3,7* 3,7 2
Immediate from | [0010110w] data [ dataifw=1 3 3
SBB = Subtract with borrow:
Reg/memory and register to either f000110dw] modreg wm | 2,7 2,7* 2 9
Immediate from register/memory [100000s w| mod011 om | data | dataifsw=01 || 3.7* 37" 2 9
Immediate from accumulator [0001110w] data ] dataitw=1_| 3 3
DEC=Decrement:
Register/memory [T11 1111 w[ mod001 wm | 2,7 2,7 2 9
Register 01001 reg 2 2
CMP = Compare:
Register/memory with register (0011101 w[ modreg vm ] 2,6* 2,6* 2 9
Register with register/memory [0011100w] modreg vm | 27" 2,7 2 9
Immediate with register/memory [100000s w[ mod111 wm | data [ dataitsw=01 [{ 36" 36" 2 9
Immediate with 0011 110w] data [ dataitw=1_] 3 3
NEG = Change sign (1111011 w] mod011 vm | 2 7 2 7
AAA = ASCI adjust for add 00110111 3 3
DAA = Decimal adjust for add 00100111 3 3
AAS = ASCII adjust for subtract 3 3
DAS = Decimal adjust for subtract 00101111 3 3
MUL = Multiply (unsigned): 1111011 w[ moed100 vm |
Register-Byte X 13 13
Register-Word 21 2
Memory-Byte 16" 16* 2 9
Memory-Word 24 24" 2 9
IMUL = Integer multiply (signed): 1111011 w] med101 om |
Register-Byte . 13 13
Register-Word 21 21
Memory-Byte 16 16* 2 9
Memory-Word b2 24* 2 9
o TToias 1] T T datmifs=0 ]|

DIV =Divide (unsigned): (1111011 w] mod110 vm |
Register-Byte 14 14 6 6
Register-Word 22 22 6 6
Memory-Byte 17 17 2,6 6.9
Memory-Word 25* 25* 2,6 6.9

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)
: . CLOCK COUNT COMMENTS
: ' Real | Protected | Real | Protected
Address | Virtual | Address | Virtual
FUNCTION FORMAT Mode | Address | Mode | Address
Mode Mode
ARITHMETIC (Continued):
IDIV = Integer divide (signed): [f111011w] modii1 um |
Register-Byte 17 17 6 6
Register-Word 25 25 6. 6
Memory-Byte 20° 20" 26 6.9
Memory-Word 28" 28" 26 6,9
AAM = ASCI| adjust for multiply [t1o010100J00001010] 16 16
AAD = ASCI| adjust for divide [f1o10101Joco001010] 14 14
CBW = Convert byte to word 10011000 2 2
CWD = Convert word to double word 10011001 2 2
LOGIC
ShifuRotate Instructions:
Register/Memory by 1 [f101000w] mod TITm | 27 27 2 9
Register/Memory by CL [f70100tw] mod TTrm | Send+nt | S+nd+nt
it [T 100000 w[ modTTTom | count E Sengenetl
TIT Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHUSAL
101 SHR
111 SAR
AND =And:
Reg/memory and register to either [001000dw]| modreg vm | 2,7 2,7 2 9
Immediate to register/memory [t 000000w] mod100 vm | data [ dataitw=1_]| 37* 37 2 9
I iate to I [oo1o0010w] data [ daifw=1_| 3 3
TEST=And function to flags, no result:
Register/memory and register [1toooo1ow[] modreg wm | 2,6* 2,6 2 9
Immediate data and register/memory [T 111011 w| mod000 rm | data [ dataifw=1_ ]| 36" 36 2 9
Immediate data and accumulator [fo1otoow[ data [ dataitw=1_] 3 3
OR=0r: ' : '
Reg/memory and register to either [o00010dw][ modreg mm | : 2,7 27" 2 9
Immediate to register/memory [1000000w[ mod001 vm | data [ dataitw=1_]| 37 37 2 9
Immediate to accumulator [oooo0110w] data_ | daaifw=1_| 3 3
XOR =Exclusive or:
Reg/memory and register to either |0 01100d w| mod reg r/mJ . 2,7* 2,7 2 9
Immediate to register/memory 1000000w| modii0 wm | data [ dataitw=1_ ]| 37 37 2 9
Immediate to accumulator 0011010w]| data [ dataitw=1 | 3 3
NOT = Invert register/memory mod010 ©m | 2,7 2,7* 2 9

STRING MANIPULATION:
MOVS = Move byte/word

CMPS = Compare byte/word
SCAS = Scan byte/word

LODS = Load byte/wd to AL/AX
STOS = Stor byte/wd from AL/A

1010010w
1010011 w
0101 11w

1010101w
T -

=) = =
] N
o N
= N

3 =

Shaded areas indicate instructions not available iniAPX 86, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real | Protected | Real | Protected
Address | Virtual | Address | Virtual
FUNCTION FORMAT Mode Address Mode | Address
Mode Mode
STRING MANIPULATION (Continued):
Repeated by countin CX
MOVS = Move string [f11100101010010w] S+4n | 5+4n 2 9
CMPS = Compare string [f111001zJ1010011w] 5+9n | 5+9n 28 89
SCAS = Scan string [P111001zf1010111w] 5+8n | 5+8n 28 89
LODS = Load string [ 1110010 f1010110w] 5+4n | 5+4n 28 89
STOS =Store string 111001010101 01w] 4430 | 4430 28 89
INS=Inputstring T T [F1Ti10010Jo116110w] T 2 e
S=Outputstring [11110010]0110111w] 9.14
CONTROL TRANSFER
CALL=Call:
Direct within segment [f1101000] displow |  disphigh | 7+m 7+m 2 18
Register/memory 111111 1] modo10 vm | Temptem| 7emitem | 28 89,18
indirect within segment
Direct intersegment [foo11010] segment offset ] 13+4m | 26+m 2 11,1218
[ segment selector ] |
Protected Mode Only (Direct intersegment): .
Via call gate to same privilege level 44m 8,11,12,18
Via call gate to different privilege level, no parameters 82+m 8,11,12,18
Via call gate to different privilege level, x parameters 86 +4x+m 8,11,12,18
ViaTSS 177+m 8,11,12,18
Viatask gate 182+m 8,11,12,18
Indirect intersegment [F1311117 1] modot1vm ] (mod #11) 15+m B+m* 2 89,11,12,18
P d Mode Only (| gment)
Via call gate ta same privilege level 4+m 89,11,12,18
Via call gate to ditferent privilege level, no parameters 83+m* 89,11,12,18
Via call gate to different privilege level, x parameters W+dx+m 89,11,12,18
ViaTSS 180+m* 89,11,12,18
Viatask gate 185+m* 8,9,11,12,18
JMP = Unconditional jump:
Short/long 110101 1] disp-low | 7+m T+q 18
Direct within segment 11010017 disp-low | disp-high | 7+m 7+m 18
Register/memory indirect within segmentf{1 1111 11 1 [ mod100 vm | TemMeme | Temfi+mt 2 9,18
Directintersegment Pf1o1010] segment offset | 1M+m 23+m 11,1218
[ segment selector |
Protected Mode Only (Direct intersegment):
Via call gate to same privilege level B+m 8,11,1218
ViaTSS 15+m 8,11,12,18
Via task gate 180+m 8,11,12,18
Indirect intersegment 11111171 mod101vm | (mod+ 1) 15+m* %+4m* 2 189111218
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level dem 8,9,11,12,18
ViaTsS 18+m* 8,9,11,12,18
Viatask gate 183+m* 89,11,12,18
RET = Return from CALL:
Within segment 11000011 11+m 11+m 2 89,18
Within seg adding immed to SP (1100001 0] datalow [ data-high | M+m | 1+m 2 89,18
Intersegment 11001011 15+m 25+m 2 8,9,11,12,18
Inter addingimmediatetoSP  [1 100101 0] data-low | data-high | 15+m 2 189,11,12,18
Protected Mode Only (RET):
To different privilege leve! 55+m 9,11,12,18

Shaded areas indicate instructions not available iniAPX 86, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)
: CLOCK COUNT COMMENTS
Real | Protected | Real | Protected
i | Vi | i | Ve
Mode Mode
CONTROL TRANSFER (Continued):
JE/JZ = Jump on equalzero [o1110100] disp | 7+mor3 | 7+mor3 18
JL/INGE = Jump onessinot reater or equal [o1111100] disp ] 7+mor3| 7+mor3 18
JLE/ING = Jump onless or equaimot greater 01111110] disp | 7+mor3| 7+mor3 18
JB/JNAE = Jumponbelowrnotaboveorequl [0 111007 0] disp | 7+mor3 | 7+mor3 18
JBE/INA =Jumponbeloworequatinotabre [0 1110110 disp | 7+mor3 | 7+mor3 18
JP/JPE = Jump on parity/pariy even 0111101 0] disp | 7+mor3| 7+mor3 18
JO = Jump onoverfiow [01110000] disp ] 7+mor3 | 7+mor3 18
48 =Jump on sign [o1111000] disp ] 7+mor3| 7+mor3 18
JINE/JNZ = Jumponnot equalinot 2ero [Ci110101] disp ] 7+mor3| 7+mor3 18
JNL/JGE = Jump on ot ess/greater o equal [o1111101] disp ] 7+mor3| 7+mor3 18
JNLE/JG = Jump on notless or equal/greater [IEEEEEEER disp ] 7+mor3| 7+mor3 18
JINB/JAE = Jumponnot belowaboveorequl [0 111001 1 | disp ] 7+mor3| 7+mor3 18
JINBE/JA =Jumponnatbeloworequaliabore. [0 11 1071 1] disp ] 7+mor3| 7+mor3 18
JNP/JPO = Jump onnot pripar odd [ot11101 1] disp 1 7+mor3| 7+mor3 18
N = Jump on ntoverow [o111000 1] disp | 7+mor3| 7+mor3 18
JINS = Jumpon notsign 0111100 1] disp ] 7+mor3| 7+mor3 18
LOOP = LoopCX times [t1100010] disp | 8+mor4 | 8+mord 18
LOOPZ/LOOPE = Loop whil zero/equal [T110000 1] disp | 8+mord | 8+mor4 18
LOOPNZ/LOOPNE = Loopwhilenotzerolequl  [1 110000 0] disp | 8+mord | 8+mord 18
JCXZ = Jump on CX 2610 (1110001 1] disp | 8+mord | 8+mord 18

INT=Interrupt:

Type specified [T1o001101] type ]
Type 3 11001100

INTO = [nterrupt on overflow 11001110
Protected Mode Only:

Viainterrupt or trap gate to same privilege leve!

Viainterrupt or trap gate to fit different privilege level

Via Task Gate
IRET = Interrupt return 11001111
Protected Mode Only:

To different privilege level

To different task (NT=1)

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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23+m 278

23+m 2,78

A+morl 268

(3ifno (3ifno

interrupt) interrupt)
40+m 7.8,11,12,18
78+m 7.8,11,12,18
167+m 7.8,11,12,18

17+m 31+m 24 18911121518
55+m 89,11,1215,18
169+m 89,11,12,18
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80286 INSTRUCTION SET SUMMARY (Continued)
CLOCK COUNT COMMENTS
Real Protected | Real | Protected
Address | Virtual | Address | Virtual
FUNCTION FORMAT Mode | Address |. Mode | Address
N Mode - Mode
PROCESSOR CONTROL
CLC = Clear carry 2 2
CMC = Complement carry 2 2
STC =Set carry 2 2
CLD = Clear direction 2 2
STD =Set direction 2 2
CLI = Clearinterrupt 3 3 14
ST = Setinterrupt 2 2 14
HLT = Halt o2 2 |, 13
WA =it s | s
0 0 "
as L lpoooitiifooooot110] e e e
ESC = Processor Extension Escape [ 1011 TTT] mod LLL /m ] 9-20* 58 817
(TTTLLL are opcode to processor extension)
SEG=Segment Override Prefix
LBDT = Load okadesrporabieegiser .~~~ {0 000111 1] 0000000 1] mod0t8um ]
 $6DT = Soveghtadectoraboregster -~ [0000 111 1] 06000001 mod000 v _
- LIOT = Loafinemuptdesrgorabersgisr - [0 00171 1] 00000007] mod0ii
10T = Sreintemuptdesciptortabiregiser -~ [0 000111 1] 00000001] medd
- LLDT = Load local escripor tableregistes . . e R
e fomrgstermemoy. .- {00001 171 1]00008000]
SLDT = Store ocaldescrptortabe register R
L gy reu’ foooo1111[00000000]
-7 ramtegistsumemory - [o 000111 1] 00000000]
TR ooy i e
T owgsermenay “fodooiitifooaao0
- LMSW = Load mactinestatus word - . R
o homrgstinarary [00001111/0000000
- SMSW = Slore machine stauswrd f60600111110000000
LAR = Loadaocess ights R
L fomregitermenory [opooi1Tii[00000
- LSL = Loadseqmentimi .. BT A
v fommgstermemory . o0 [0.000111 1] 800
~ ARPL = Adustroquested priviegelovel: R~
VERR = Wy g v /[0000111.1] 00000000
VERR=Vefwiizoss: . [00001111]00000000]

Shaded areas indicate instructions not available iniAPX 86, 88 microsystems.

C-49



r|‘|:e|® _ ‘ IAPX 286/10

ADVANCE INFORMATION

Foot notes

The effective Address (EA) of the memory operand is

computed according to the mod and r/m fields:

if mod = 11 thenr/mis 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 '

ifmod = 10 then DISP = disp-high: disp-low

ifr/m = 000 then EA = (BX) + (SI) + DISP
ifr/m = 001 then EA = (BX) + (DI) + DISP
if/m = 010then EA = (BP) + (SI) + DISP
ifr/m = 011 then EA = (BP) + (D) + DISP
ifr/m = 100then EA = (SI) + DISP

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

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

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

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

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

SEGMENT OVERRIDE PREFIX

regis assigned according to the following:

Segment
reg Register
00 ES
01 Cs
10 SS
b DS

C-50

REG is assigned according to the following table:

16-Bit(w = 1)

000 AX
001 CX

010 DX

011 BX
100 SP
101 BP
110 SI
111 DI

8-Bit(w = 0)
000 AL
001 CL
010 DL
011 BL
100 AH
101 CH
110 DH
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.
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APPENDIX D
iAPX 86/88 SOFTWARE COMPATIBILITY CONSIDERATIONS

In general, the real address mode iAPX 286
will correctly execute ROM-based iAPX
86/88 software. The following is a list of the
minor differences between iAPX 86 and iAPX
286 (Real mode).

1. Add Six ‘Interruvpt Vectors.

The iAPX 286 adds six interrupts which
arise only if the iAPX 86/88 program has
-a hidden bug. These interrupts occur only
for instructions which were undefined on
the 8086/8088 or if a segment wrapa-
round is attempted. It is recommended
that you add an interrupt handler to the
iAPX 86/88 software that is to be run on
the i1APX 286, which will treat these
interrupts as invalid operations.

This additional software does not signifi-
cantly effect the existing iAPX 86/88
software because the interrupts do not
normally occur and should not already
have been used since they are in the
interrupt group reserved by Intel.
Table D-1 describes the new iAPX 286
interrupts. o

2. Do not Rely on iAPX 86 /88 Instructlon
Clock Counts.

The iAPX 286 takes fewer clocks for
most instructions than the iAPX 86/88.
The areas to look into are delays between
I/O operations, and assumed delays in
iAPX 86/88 operating in parallel w1th an
8087. .

3. Divide Exceptions Point at the DIV
Instruction.

Any interrupt on the iAPX 286 will
always leave the saved CS:IP value
“pointing at the instruction which failed.
On the iAPX 86/88, the CS:IP value

Table D-1. New iAPX 286 Interrupts

Interrupt

Number Function

5 A BOUND instruction was
executed with a register value
outside the two limit values.

6 An undefined opcode was
encountered. .

7 The EM bit in the MSW has been
' set and an ESC instruction was
executed. This interrupt will also
occur on WAIT instructions if TS
is set.

8 The interrupt table limit was
changed by the LIDT instruction
to a value between 20H and 42H.
The default limit after reset is
3FFH, enough for all 256 inter-
rupts.

9 . A processor extension data
transfer exceeded offset OFFFFH
in a segment. This interrupt
handler must execute FNINIT
before any ESC or WAIT instruc-
tion is executed.

‘18 Segment wraparound was
) attempted by a word operation at
offset OFFFFH. A push with
SP=1 during PUSH, CALL, or
INT will also cause this.

~saved for a divide exceptlon points at the

< next mstructlon

Use Interrupt 16 for Numeric Excep-
tions.

Any iAPX 286/20 system must use
interrupt vector 16 for the numeric error
interrupt. If an iAPX 86/20 or iAPX
88/20 system uses another vector for the
8087 interrupt, both. vectors:should point
at the numeric error interrupt handler.
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Numeric Exception Handlers Should
allow Prefixes.

The saved CS:IP value in the NPX
environment save area will point at any
leading prefixes before an ESC instruc-
tion. On iAPX 86/88 systems, this value
points only at the ESC instruction. ‘

Do Not Attempt Undefined iAPX 86/88
Operations.

iAPX 86/88 instructions like POP CS or
MOV CS,op will either cause exception
6 (undefined opcode) or perform a
protection setup operation like LIDT on
the iAPX 286. Undefined bit encodings
for bits 5-3 of the second byte of POP
MEM or PUSH MEM will cause excep-
tion 13 on the iAPX 286.

Place a Far JMP Instruction at FFFFOH.

After reset, CS:IP = FO00:FFFO on the
iAPX 286. This change was made to
allow sufficient code space to enter
protected mode without -reloading CS.
Placing a far JMP instruction at
FFFFOH will avoid this difference. Note
that the BOOTSTRAP option of LOC86
will automatically generate this jump
instruction.

Do not Rely on the Value Written by
PUSH SP.

The iAPX 286 will push a different value
on the stack for PUSH SP than the iAPX
86/88. If the value pushed is important,
replace PUSH SP instructions with the
following three instructions:

PUSH BP
MOV BP,SP
XCHG BP,[BP]

This code functions as the iAPX 86/88
PUSH SP instruction on the iAPX 286.

Do not Shift or Rotate by More than 31
Bits.
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10.

1.

12.

The iAPX 286 masks all shift/rotate
counts to the low 5 bits. This MOD 32
operation limits the count to a maximum
of 31 bits. With this change, the longest
shift /rotate instruction is 39 clocks.
Without this change, the longest shift/
rotate instruction would be 264 clocks,
which delays interrupt response until the
instruction completes execution.

Do not Duplicate Prefixes.

The iAPX 286 sets an instruction length
limit of 10 bytes. The only way to violate
this limit is by duplicating a prefix two
or more times before an instruction.
Exception 6 occurs if the instruction
length limit is violated. The iAPX 86 or
88 has no instruction length limit.

Do not Rely on Odd iAPX 86/88 LOCK
Characteristics.

The LOCK prefix and its corresponding
output signal should only be used to
prevent other bus masters from inter-
rupting a data movement operation. The
iAPX 286 Wwill always assert LOCK
during an XCHG instruction with
memory (even if the LOCK prefix was
not used). LOCK should only be used
with the XCHG, MOV, MOVS, INS,
and OUTS instructions.

The iAPX 286 LOCK signal will not go
active during an instruction prefetch.

Do not Single Step External Interrupt
Handlers.

The priority of the iAPX 286 single step
interrupt is different from that of the
iAPX 86/88. This change was made to
prevent an external interrupt from being
single-stepped if it occurs while single
stepping through a program. The iAPX
286 single- step interrupt has higher
priority than any external interrupt.
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13.

The iAPX 286 will still single step
through an interrupt handler invoked by
INT instructions or an instruction
exception.

Do not Rely on IDIV Exceptions for
Quotients of 80H or 8000H.

The iAPX 286 can generate the largest
negative number as a quotient for IDIV
instructions. The iAPX 86 will instead
cause exception 0.
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14.

15.

Do not Rely on NMI Interrupting NMI
Handlers.

After an NMI is recognized, the NMI
input and processor extension limit error
interrupt is masked until the first IRET
instruction is executed.

The NPX error signal does not pass
through an interrupt controller (an
8087 INT signal does). Any interrupt
controller-oriented instructions for the
iAPX 86/20 may have to be deleted.
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TWX: 910-576-2867

MISSOURI

Intet Corp.,

4203 Earth City Expressway
Suite 131

Earth City 63045

Tel: (314) 291-1990

NEW JERSEY

Intel Corp.*

Raritan Plaza Itl
Raritan Center
Edison 08837

Tel: (201) 225-3000
TWX: 710-480-6238
NEW MEXICO

Intel Corp.

1120 Juan Tabo N.E.
Albuquerque 87112
Tet: (505) 292-8086
NEW YORK

Intel Corp.”

300 Vanderbilt Motor Parkway
Hauppauge 11788
Tel: (516) 231-3300
TWX: 510-227-6236
Intel Corp.

80 Washington Street
Poughkeepsie 12601
Tel: (914) 473-2303
TWX: 510-248-0060
Intel Corp.”

211 White Spruce Boulevard
Rochester 14623

Tel: (716) 424-1050
TWX: 510-253-7391
T-Squared

6443 Ridings Road
Syracuse 13206

Tel: (315) 463-8592
TWX: 710-541-0554
T-Squared

7353 Pittsford

Victor Road

Victor 14564

Tel: (716) 924-9101
TWX: 510-254-8542 N

NORTH CAROLINA
Intel Corp.

2306 W. Meadowview Road
Suite 206

Greensboro 27407

Tel: (919) 294-1541
OHIO

Intel Corp.*

6500 Poe Avenue
Dayton 45414

Tel: (800) 325-4415
TWX: 810-450-2528
Intel Corp.”
Chagrin-Brainard Bldg., No. 300
28001 Chagrin Boulevard
Cleveland 44122

Tel: (216) 464-6915
TWX: 810-427-9298
OKLAHOMA

Intel Corp.

4157 S. Harvard Avenue
Suite 123

Tulsa 74135

Tel: (918) 749-8688
OREGON

Intel Corp.

10700 S.W. Beaverton
Hillsdale Highway

Suite 22

Beaverton 97005

Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA

Intei Corp.*

510 Pennsylvania Avenue
Fort Washington 19034
Tel: (215) 641-1000

TWX: §10-661-2077

Intel Corp.*

201 Penn Center Boulevard
Suite 301W

Pittsburgh 15235

Tel: (412) 823-4970
Q.E.D. Electronics

300 N. York Road
Hatboro 19040

Tet: (215) 674-9600

TEXAS

intel Corp.*

12300 Ford Road
Suite 380

Dallas 75234

Tel. (214) 241-8087
TWX: 910-860-5617
Intel Corp.*

7322 SW. Freeway
Suite 1490

Houston 77074

Tel: (713) 988-8086
TWX: 910-881-2490
Industrial Digital Systems Corp.
5925 Sovereign

Suite 101

Houston 77036

Tel: (713) 988-9421
Intet Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-3628
UTAH

intel Corp.

268 West 400 South
Salt Lake City 84101
Tel: (801) 533-8086
VIRGINIA

Intel Corp.

1603 Santa Rosa Road
Suite 109

Richmond 23288

Tel: (804) 282-5668
WASHINGTON

Intel Corp.

110 110th Avenue N.E.
Suite 510

Bellevue 88004

Tel: (206) 453-8086
TWX: §10-443-3002
WISCONSIN

Intel Corp.

450 N. Sunnyslope Road
Suite 130

Brockfield 53005

Tel: (414) 784-3060

“Field Application Location



intgl

ALABAMA

tArrow Electronics. Inc.
3611 Memorial Parkway So.
Huntsville 35405

Tel: (205) 882-2730
‘tHamilton/Avnet Electronics

4812 Commercial Drive N.W.

Huntsville 35805

Tel: (205) 837-7210
TWX: 810-726-2162
tPioneer/Huntsville
1207 Putnam Drive N.W.
Huntsville 35805

Tel: (205) 837-9300
TWX: 810-726-2197

ARIZONA

1Hamilton/Avnet Electronics
505 S. Madison Drive
Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077

1Wyle Distribution Group
8155 N. 24th Street
Phoenix 85021

Tel: (602) 249-2232

TWX: 910-951-4282
CALIFORNIA

tArrow Electronics, Inc.

521 Weddell Drive
Sunnyvale 94086

Tel: (408) 745-6600

TWX: 910-339-9371

tArrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (213) 701-7500

TWX: 910-493-2086
‘tHamilton/Avnet Electronics
350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6051

TWX: 910-695-1928
tHamilton/Avnet Electronics
18515 So. Vermont Avenue
Torrance 90502

Tel: (213) 615-3909

TWX: 910-349-6263
tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94088

Tel: (408) 743-3300

TWX: 910-339-9332
tHamitton/Avnet Electronics
4545 Viewridge Avenue

San Diego 92123

Tel: (714) 641-4109

TWX: 910-595-2638
tHamilton/Avnet Electronics

10912 W. Washington Boulevard

Culver City 90230

Tel: (213) 558-2458
TWX: 910-340-6364
‘tHamilton/Avnet Electronics
21050 Erwin Street
Woodland Hills 91367
Tel: (213) 883-0000
TWX: 910-494-2207
tHamilton Electro Sales
3170 Pullman Street
Costa Mesa 92626

Tel: (714) 641-4109
TWX: 910-595-2638
tHamiton/Avnet Electronics
4103 Northgate Boulevard
Sacramento 95834

Tel: (316) 920-3150
Kierulff Electronics, Inc.
3969 E. Bayshore Road
Palo Aito 94303

Tel: {(415) 968-6292
TWX: 910-379-6430
Kierulff Electronics, Inc.
14101 Franklin Avenue
Tustin 92680

Tel: (714) 731-5711

TWX: 910-595-2599
Kierulff Electronics, Inc.
2585 Commerce Way
Los Angeles 90040

Tel: (213) 725-0325
TWX: 910-580-3666
tWyle Distribution Group
124 Maryland Street

El Segundo 90245

Tel: (213) 322-8100

TWX: 910-348-7140 or 7111
tWyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (714) 565-9171

TWX: 910-335-1590
tWyle Distribution Group
3000 Bowers Avenue
Santa Clara 95051

Tel: (408) 727-2500

TWX: 910-338-0451 or 0451/0

tWyle Distribution Group
17872 Cowan Avenue
Irvine 92714

Tel: (714) 641-1600
TWX: 810-595-1572

U.S.
COLORADO

1Wyle Distribution Group
451 €. 124th Avenue
Thornton 80241

Tel: (303) 457-9953
TwX: 910-836-0770

‘tHamilton/Avnet Electronics
8765 E. Orchard Road
Suite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787
CONNECTICUT

tArrow Electonics, Inc.
12 Beaumont Road
Wallingford 06492

Tel: (203) 265-7741

TWX: 710-220-1684
‘tHamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive
Danbury 08810

Tel: (203) 797-2800

TWX: 710-456-9974
tHarvey Electronics

112 Main Street

Norwalk 06851

Tel: (203) 853-1515

TWX: 710-468-3373
FLORIDA

tArrow Electronics, Inc.
1001 N.W. 82nd Street
Suite 108

Ft. Lauderdale 33309

Tel: (305) 776-7790

TWX: 510-955-9456
1Arrow Electronics, Inc.
50 Woodtake Drive W.
Bldg. B

Palm Bay 32905

Tel: (305) 725-1480

TWX: 510-958-6337
tHamilton/Avnet Electronics
6801 N.W. 15th Way

Ft. Lauderdale 33309

Tet: (305) 971-2900

TWX: 510-956-3097
tHamilton/Avnet Electronics
3197 Tech. Drive North
St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374
tPioneer/Orlando

6220 S. Orange Blossom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600

TWX: 810-850-0177

tPioneer/Ft. Lauderdate
1500 62nd Street N.W.
Suite 506

Ft. Lauderdale 33309

Tel: (305) 771-7520

TWX: 510-955-9653
GEORGIA

tArrow Electronics, inc.
2979 Pacitic Drive
Norcross 30071

Tel: (404) 449-8252

TWX: 810-768-0439
tHamilton/Avnet Electronics
5825 D. Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432
1Pioneer/Georgia

58358 Peachtree Corners E
Norcross 30092

Tel: (404) 448-1711

TWX: 810-766-4515
ILLINOIS

tArrow Electronics, Inc.
2000 E. Alonquin Street
Schaumberg 60195

Tel: (312) 397-3440

TWX: 810-291-3544
tHamifton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780

TWX: 910-227-0060
tPioneer/Chicago

1551 Carmen Orive

Elk Grove Village 60007
Tel: (312) 437-9680

TWX: 910-262-1182

DISTRIBUTORS

INDIANA

tArrow Electronics. Inc.
2718 Rand Road
Indianapolis 46241
(317) 243-9353

TWX: 810-341-3119
tHamilton/Avnet Electronics
485 Gradle Drive
Carmel 46032

Tel: (317) 844-9333
TWX: 810-260-3966
tPioneer/Indiana

6408 Castleplace Drive
Indianapolis 46250

Tel: (317) 849-7300
TWX: 810-260-1794
KANSAS
tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215
Tel: (913) 888-8900
TWX: 910-743-0005
MARYLAND

tHamilton/Avnet Electronics
6822 Oak Halt Lane
Columbia 21045

Tel: (301) 995-3500

TWX: 710-862-1861

tMesa Technology Corporation

16021 Industrial Drive
Gaithersburg 20877
Tel: (301) 948-4350
TWX: 710-828-9702
tPioneer

9100 Gaither Road
Gaithersburg 20877
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS
tHamilton/Avnet Electronics
50 Tower Oftice Park
Woburn 01801

Tel: (617) 935-9700
TWX: 710-393-0382
tArrow Electronics, Inc.
1 Arrow Drive

Woburn 01801

Tel: (617) 933-8130
TWX: 710-393-6770
tHarvey/Boston

44 Hartwell Avenue
Lexington 02173

Tel: (617) 863-1200
TWX: 710-326-6617

MICHIGAN

tArrow Electronics, Inc.
3810 Varsity Drive

Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020
tPioneer/Michigan
13485 Stamford

Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

tHamiton/Avnet Electronics
2215 29th Street S.E.
Space AS

Grand Rapids, 49508
Tel: (616) 243-8805
TWX: 810-273-6921
MINNESOTA

tArrow Electronics, inc.
5230 W. 73rd Street
Edina 55435

Tel: (612) 830-1800
TWX: 910-576-3125
tHamilton/Avnet Electronics
10300 Bren Road East
Minnetonka 55343

Tel: (612) 932-0600
TWX: (910) 576-2720
Pioneer/Twin Cities
10203 Bren Road East
Minnetonka 55343

Tel: (612) 935-5444
TWX: 910-576-2738
MISSOUR!

tArrow Electronics, Inc.
2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
TWX: 910-764-6600
tHamilton/Avnet Electronics
13743 Shoreline Court
Earth City 63045

Tet: (314) 344-1200
TWX: 810-762-0684

NEW HAMPSHIRE
tArrow Electronics, Inc.
1 Perimeter Road
Manchester 03103

Tel: (603) 668-6968
TWX: 710-220-1684

NEW JERSEY

tArrow Electronics, Inc.
Pleasant Valley Avenue
Moorestown 08057

Tel: (215) 928-1800
TWX: 710-897-0829
tArrow Electronics, Inc.
285 Midland Avenue
Saddle Brook 07662
Tel: (201) 797-5800
TWX: 710-998-2206
tArrow Electronics, Inc.
2 Industrial Road
Fairfield 07006

Tel: (201) 575-5300
TWX: 710-998-2206
{Hamilton/Avnet Electronics
1 Keystone Avenue

Idg. 36
Cherry Hili 08003
Tel: (609) 424-0100
TWX: 710-940-0262
tHarvey Electronics
45 Aoute 46
Pinebrook 07058
Tel: (201) 675-3510
TWX: 710-734-4382
1MTI Systems Sales
383 Route 46 W
Fairfield 07006
Tel: (201) 227-5552

NEW MEXICO

tAliance Electronics Inc.
11030 Cochiti S.E.
Albuquerque 87123

Tel: (505) 292-3360

TWX: 910-989-1151
1Hamilton/Avnet Electronics
2524 Baylor Drive S.E.
Albugquerque 87106

Tel: (505) 765-1500
TWX: 910-989-0614
NEW YORK

tArrow Electronics, Inc.
900 Broad Hollow Road
Farmingdale 11735

Tel: (516) 694-6800
TWX: 510-224-6126
tArrow Electronics, Inc.
3000 South Winton Road
Rochester 14623

Tel: (716) 275-0300

TWX: 510-253-4766
tArrow Electronics, Inc.
7705 Maltage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230
tArrow Electronics, Inc.
20 Oser Avenue
Hauppauge 11788

Tel: (516) 231-1000
TWX: §10-227-6623
tHamitton/Avnet Etectronics
333 Metro Park
Rochester 14623

Tel: (716) 475-9130
TWX: §10-253-5470
1Hamilton/Avnet Electronics
16 Corporate Circle

E. Syracuse 13057

Tel: (315) 437-2641

TWX: 710-541-1560
tHamilton/Avnet Electronics
5 Hub Drive

Melville, Long istand 11747
Tel: (516) 454-6000
TWX: §10-224-6166
tHarvey Electronics
P.O. Box 1208
Binghamton 13302

Tel: (607) 748-8211

TWX: 510-252-0893

tMicrocomputer System Technical Demonstrator Centers



NEW YORK (Cont.)
tHarvey Electronics

60 Crossways Park West
‘Woodbury, Long Island 11797
Tel: (516) 921-8700
TWX: 510-221-2184
tHarvey/Rochester

840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
TWX: 510-253-7001
tMTI Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200
TWX: 510-223-0846
NORTH CAROLINA
tArrow Electronics, Inc.
938 Burke Street
Winston-Salem 27101
Tel: (919) 725-8711
TWX; 510-931-3169
tArrow Electronics, Inc.
3117 Poplarwood Court
Suite 123

Raleign 27265

Tel: (919) 876-3132
TWX: 510-928-1856
tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
TWX: 510-928-1836
tPioneer/Carolina

103 Industrial Avenue
Greensboro 27406

Tel: (919) 273-4441
TWX: 510-925-1114

OHIO

tArrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563

TWX: 810-459-1611

tArrow Electronics, Inc.
6238 Cochran Road

Solon 44139

Tel: (216) 248-3950

TWX: 810-427-9409
tHamitton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 433-0610

TWX: 810-450-2531
‘tHamilton/Avnet Electronics
4588 Emery Industrial Parkway
Warrensville Heights 44128
Tel: (216) 831-3500

TWX: 810-427-9452
tPioneer/Dayton

4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622
tPioneer/Cleveland

4800 E. 1315t Street
Cleveland 44105

Tel: (216) 587-3600

TWX: 810-422-2211
OKLAHOMA

tArrow Electronics, Inc.
4719 S. Memorial Drive
Tulsa 74145

Tel: (918) 665-7700

U.S. DISTRIBUTORS

OREGON

tAlmac Electronics Corporation
8022 S.W. Nimbus, Bidg. 7
Beaverton 97005

Tel: (503) 641-9070

TWX: 910-467-8743
tHamilton/Avnet Electronics
6024 S.W. Jean Road

Bidg. C, Suite 10

Lake Oswego 97034

Tel: (503) 635-7848

TWX: 910-455-8179

PENNSYLVANIA

tArrow Electronics, Inc.
650 Seco Road
Monroeville 15146

Tel: (412) 856-7000
tPioneer/Pittsburgh

259 Kappa Drive
Pittsburgh 15238

Tel: (412) 782-2300
TWX: 710-795-3122
1Pioneer/Delaware Valley
261 Gibralter Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778
TEXAS

tArrow Electronics, Inc.
13715 Gama Road
Dallas 75234

Tel: (214) 386-7500
TWX: 910-860-5377
tArrow Electronics, Inc.
10700 Corporate Drive
Suite 100

Stafford 77477

Tel: (713) 491-4100
TWX: 910-880-4439
tArrow Electronics, Inc.
10125 Metropolitan
Austin 78758

Tel: (512) 835-4100
TWX: 910-874-1348
tHamilton/Avnet Electronics
2401 Rutland

Austin 78757

Tel: (512) 837-8911
TWX: 910-874-1319
tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Irving 75062

Tel: (214) 659-4100
TWX: 910-860-5929
tHamilton/Avnet Electronics
8750 West Park
Houston 77063

Tel: (713) 780-1771
TWX: 910-881-5523

tPioneer/Austin
9901 Burnet Road
Austin 78758

Tel: (512) 835-4000
TWX: 910-874-1323
tPioneer/Dallas
13710 Omega Road
Dallas 75234

Tel: (214) 386-7300
TWX: 910-850-5563
tPioneer/Houston
5853 Point West Drive
Houston 77036

Tel: (713) 988-5555
TWX: 910-576-2738

UTAH

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

tArrow Electronics, Inc.
4980 Amelia Earhart Drive
Salt Lake City 84112

Tel: (801) 539-1135
WASHINGTON

tAimac Electronics Corporation
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992

TWX: 910-444-2067

tArrow Electronics, Inc.
14320 N.E. 21st Street
Bellevue 98007

Tel: (206) 643-4800

TWX: 910-444-2017
tHamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 453-5874

TWX: 910-443-2469
WISCONSIN

tArrow Electronics, Inc.
430 W. Rausson Avenue
Oakcreek 53154

Tel: (414) 764-6600

TWX: 910-262-1193
tHamilton/Avnet Electronics
2975 Moorland Road

New Berlin 53151

Tel: (414) 784-4510

TWX: 810-262-1182

tMicrocomputer System Technical Demonstrator Centers
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BELGIUM

Intel Corporation S.A.
Parc Seny

Rue du Moulin a Papier 51
Boite 1

B-1160 Brussels

Tel: (02) 661 07 11
TELEX: 24814

DENMARK

Intel Denmark A/S*
Lyngbyvej 32F 2nd Floor
DK-2100 Copenhagen East
Tel: (01) 18 20 00
TELEX: 19567

FINLAND

intel Fintand OY
Hameentie 103

SF - 00550 Helsinki 55
Tel: 0/716 955

TELEX: 123 332

FRANCE

Intel Corporation, S.AR.L.*
§ Place de la Balance

Silic 223

94528 Rungis Cedex

Tel: (01) 687 22 21

TELEX: 270475

Intel Corporation, S.A.R.L.
Immeuble BBC

4 Quai des Etroits

69005 Lyon

Tel: (7) 842 40 89

TELEX: 305153

INTEL EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Seidistrasse 27

D-8000 Muencnen 2

Tel: {89) 531

TELEX: 05- 23‘77 INTLD
!ntel Semiconductor GmbH*
Mainzer Strasse 75

D-6200 Wiesbaden 1

Tel: (6121) 70 08 74
TELEX: 04186183 INTW O
Intel Semiconductor GmbH
Brueckstrasse 61

7012 Fellbach

West Germany

Tel: (711) 58 00 82

TELEX: 7254826 INTS D
Intel Semiconductor GmbH*
Hohenzollern Strasse 5°
3000 Hannover 1

Tel: (511) 34 40 81

TELEX: 923625 INTH D
Inte! Semiconductor GmbH
Ober-Ratherstrasse 2
D-4000 Dussetdorf 30

Tel: (211) 65 10 54

TELEX: 08-58977 INTL D

ISRAEL

Intel Semnconauclor td.*
P.O. Box 1659

Haifa

Tel: 4/524 261

TELEX: 46511

ITALY

Intel Corporation italia Spa*
Milanofiori, Patazzo E
20094 Assago (Milano)

Tel: (02) 824 00 06

TELEX: 315183 INTMIL

NETHERLANDS

Intel Semiconductor Nederland B.V.*
Alexanderpoort Building

Tel: (10} 21 33 77
TELEX: 22283

NORWAY

Intel Norway A/S
P.O. Box 82
Hvamveien 4
N-2013

Skietten

Tel (2) 742 420
TELEX: 18018

SWEDEN

Intel Sveden A.B.*
Box 20092
Archimedesvagen §
$-16120 Bromma
Tel: (08) 98 53 85
TELEX: 12281

SWITZERLAND

Intel Semiconductor A.G.*
Forchstrasse 95

CH 8032 Zurich

Tel: (01) 55 45 02

TELEX: 57989 ICH CH

UNITED KINGDOM

Inte! Corporation (U.K.) Ltd.”
5 Hospital Street

Nantwich, Cmshlre CWS5 SRE
Tel: (0270) 626 560

TELEX: 36820

Intel Corporation (U.K.) Ltd.*
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (0793) 488.388

TELEX: 444447 INT SWN

“Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elektronische Geraete GmbH
Rotemuehigasse 26

A 1120 Vienna

Tet: (222) 83 63 96

TELEX: 11532 BASAT A

BELGIUM

Inelco Belgium S.A.

Ave. des Croix de Guerre 94
B1120 Brussels

Tel: (02) 216 01 60

TELEX: 25441

DENMARK
MultiKomponent A/S
Fabriksparken 31

DK-2600 Gloskrup

Tel: (02) 45 66 45

TX: 33355

Scandinavian Semiconductor
Supply A/S

Nannasgade 18

DK-2200 Copenhagen

Tel: (01) 83 50 90

TELEX: 19037

FINLAND

Oy Fintronic AB
Melkonkatu 24 A
SF-00210

Helsinki 21

Tel: (0) 692 60 22
TELEX: 124 224 Ftron SF

FRANCE

Jermyn S.A.

rue Jules Ferry 35
93170 Bagnolet
Tel: (1) 859 04 04
TELEX: 213810 F
Metrologie

La Tour d' Asnieres
1, Avenue Laurent Cely
92606-Asnieres
Tel: (1) 791 44 44
TELEX: 611 448
Tekelec Airtronic
Cite des Bruyeres
Rue Carle Vernet
F-92310 Sevres
Tel: (01) 534 75 35
TELEX: 204552

WEST GERMANY
Electronic 2000 Vertriebs A.G.
Neumarkter Strasse 75
D-8000 Munich 80

Tel: (89) 43 40 61

TELEX: 522561 EIEC D
Jermyn GmbH

Postfach 1180
Schulstrasse 48

D-6277 Bad Camberg

Tel: (06434) 231

TELEX: 484426 JERM D
Celdis Enatechnik Systems GmbH
Schillerstrasse 14

D- 2085 Ouuckbvm-Hamburg
Tel: (4106) 6121

TELEX: 213590 ENA D
Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreieich bei Frankfurt
Tel: (6103) 33564

TELEX: 417983

IRELAND

Micro Marketing
Glenageary Office Park
Glenageary

Co. Dublin

Tel: (1) 85 62 88
TELEX: 31584

ISRAEL
Eastronics Ltd.
11 Rozanis Street
P.0. Box 39300
Tel Aviv 61390
Tel: (3) 47 51 51
TELEX: 33638
ITALY

Eledra 38 S.P.A.
Viale Elvezia, 18
120154 Milano
Tel: (2) 34 97 51
TELEX: 332332
Intesi

Milanfiori Pal. E/S
20090 Assago
Milano

Tel: (02) 82470
TELEX: 311351

NETHERLANDS
Koning & Hartman
Koperwerf 30

P.O. Box 43220

2544 EN 's Gravenhage
Tel: 31 (70) 210,101
TELEX: 31528

NORWAY

Nordisk Elektronic (Norge) A/S
Postoffice Box 122
Smedsvingen 4

1364 Hvalstad

Tel: (2) 786 210

TELEX: 16963

PORTUGAL

Ditram

Componentes E Electronica LDA
Av. Miguel Bombarda, 133
P1000 Lisboa

Tel: (19) 545 313

TELEX: 14182 Brieks-P

SPAIN

Interface S.A.

Ronda San Pedro 22, 3
Barcelona 10

Tel: (3) 301 78 51
TWX: 51508

ITT SESA

Miguel Angel 23-3
Madrid 10

Tel: (1) 419 54 00
TELEX: 27707

SWEDEN

AB Gosta Backstrom
Box 12009
Alstroemergatan 22
S-10221 Stockholm 12
Tel: (8) 541 080
TELEX: 10135

Nordisk Electronik AB
Box 27301
Sandhamnsgatan 71
$-10254 Stockholm
Tel: (8) 635 040
TELEX: 10547

February 1983

SWITZERLAND
Industrade AG
Gemsensirasse 2
Postcheck 80 - 21190
CH-8021 Zunch

Tet: (01) 383 23

TELEX: 56788 INDEL CH

UNITED KINGDOM

Bytech Ltd.

Unit 57

London Road
Earley, Reading
Berkshire

Tel: (0734) 61031
TELEX: 848215

Comway Microsystems Ltd.
Market Street
UK-Bracknell, Berkshire
Tel: 44 (344) 55333
TELEX: 847201

DECADE Ltd.

100 School Road
Tilehurst

Reading, Berkshire

Tel: (0734) 413127
TELEX: 837953

Jermyn Industries

Vestry Estate
Sevenoaks, Kent

Tel: {0732) 450144
TELEX: 95142

MEDL.

East Lane Road

North Wembley
Middlesex HAS 7PP

Tel: (01) 904 93 07
TELEX: 28817

Rapid Recall, Ltd.

Rapid House/Denmark St
High Wycombe

Berks, England HP11 2ER
Tel: (0494) 26 271
TELEX: 837931

YUGOSLAVIA

H. R. Microelectronics Enterprises
P.0. Box 5604

$San Jose, California 85150

Tel: 408/978-8000

TELEX: 278-559



: ‘ Intel Corporation
In 3065 Bowers Avenue i
‘Santa Clara, CA 95051 Ty

Intel Corporation S.A. A g
Parc Seny ! 4 S | A
Rue du Moulin a Papler - | : - [
Boite 1 !
B-1160 Brussels {
Belgium [
(
|
i
)
I

Intel Japan K.K.
5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300 26

Japan
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