






































































































































































































































































































































































































































































































































































































































































































































































































































































































































intgl. APPENDIX A

A.2.1.DATA TRANSFER INSTRUCTIONS
PUSH data

PUSH (push immediate) allows an immediate argument, data, to be pushed onto the stack.
The value can be either a byte or a word. Byte values will be sign extended to word size before
being pushed.

A.2.2.ARITHMETIC INSTRUCTIONS
IMUL destination, source, data

IMUL (integer immediate multiply, signed) allows a value to be multiplied by an immediate
operand. IMUL requires three operands. The first, destination, is the register where the result
will be placed. The second, source, is the effective address of the multiplier. The source may
be the same register as the destination, another register or a memory location. The third, data,
is an immediate value used as the multiplicand. The data operand may be a byte or word. If
data is a byte, it is be sign extended to 16-bits. Only the lower 16-bits of the result are saved.
The result must be placed in a general purpose register.

A.2.3.BIT MANIPULATION INSTRUCTIONS

The 80C186 Modular Core .instruction set includes enhancements to the bit manipulation
instructions. The following sections describe these enhancements.

A.23.1. SHIFT INSTRUCTIONS

SAL destination, count

SAL (immediate shift arithmetic left) shifts the destination operand left by an immediate
value. SAL has two operands. The first, destination, is the effective address to be shifted. The
second, count, is an immediate byte value representing the number of shifts to be made. The
CPU will AND count with 1FH before shifting to allow no more than 32 shifts. Zeros shift in
on the right. ' ‘
SHL destination, count

SHL (immediate shift logical left) is physically the same instruction as SAL (immediate shift
arithmetic left).

SAR destination, count
SAR (immediate shift arithmetic right) shifts the destination operand right by an immediate

value. SAL has two operands. The first, destination, is the effective address to be shifted. The
second, count, is an immediate byte value representing the number of shifts to be made. The
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CPU will AND count with 1FH before shifting to allow no more than 32 shifts. The value of
the original sign bit shifts into the most-significant bit to preserve the initial sign.

SHR destination, count

SHR (immediate shift logical right) is physically the same instruction as SAR (immediate shift
arithmetic right).

A.23.2. ROTATE INSTRUCTIONS
ROL destination, count

ROL (immediate rotate left) rotates the destination byte or word left by an immediate value.
ROL has two operands. The first, destination, is the effective address to be rotated. The
second, count is an immediate byte value representing the number of rotations to be made. The
most-significant bit of destination rotates into the least-significant bit.

ROR destination, count

ROR (immediate rotate right) rotates the destination byte or word right by an immediate value.
ROR has two operands. The first, destination, is the effective address to be rotated. The
second, count is an immediate byte value representing the number of rotations to be made. The
least-significant bit of destination rotates into the most-significant bit.

RCL destination, count

RCL (immediate rotate through carry left) rotates the destination byte or word left by an
immediate value. RCL has two operands. The first, destination, is the effective address to be
rotated. The second, count, is an immediate byte value representing the number of rotations to
be made. The Carry Flag (CF) rotates into the least-significant bit of destination. The
most-significant bit of destination rotates into the Carry Flag.

RCR destination, count

RCR (immediate rotate through carry right) rotates the destination byte or word right by an
immediate value. RCR has two operands. The first, destination, is the effective address to be
rotated. The second, count, is an immediate byte value representing the number of rotations to
be made. The Carry Flag (CF) rotates into the most-significant bit of ‘destination. The least-
significant bit of destination rotates into the Carry Flag.
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APPENDIX B
INPUT SYNCHRONIZATION

Many input signals to an 80C186EA or 80C188EA embedded processor are asynchronous.
Asynchronous signals do not require a specified set up or hold time to ensure the device does
not incur a failure. However, asynchronous setup and hold times are specified in the data sheet
to ensure recognition. Associated with each of these inputs is a synchronizing circuit (see
Figure B-1) which samples the asynchronous signal and synchronizes it to the internal
operating clock. The output of the synchronizing circuit is then safely routed to the logic units.

ASYNCHRONOUS D Q D Q SYNCHRONIZED
INPUT OUTPUT
FIRST SECOND
LATCH LATCH
©—P @ —
NOTES: 1. First latch sample clock, can be phase 1 or phase 2 depending on pin function

2. Second latch sample clock, opposite phase of first latch sample clock
(e.g. if first latch is sampled with phase 1, the second latch is sampled with phase 2).

Figure B.1. Input Synchronization Circuit

B.1. WHY SYNCHRONIZERS ARE REQUIRED

Every data latch requires a specific set up and hold time to operate properly. The duration of
the setup and hold time defines a window where the device attempts to latch the data. If the
input makes a transition within this window, the output may not attain a stable state. The data
sheet specifies a setup and hold window larger than is actually required. However, variations
" in device operation (e.g., temperature, voltage) require a larger window be specified to cover
all conditions.

Should the input to the data latch transition during the sample and hold window, the output of
the latch eventually attains a stable state. Reaching this stable state must occur before the
second stage of sychroniztion requires a valid input. To synchronize an asynchronous signal,
the circuit in Figure B-1 samples the input into the first latch, allows to output to stabilize, then
samples the stabilized value into a second latch. With the asynchronous signal resolved in this
way, the input signal can not cause a internal device failure.
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A synchronization failure can occur when the output of the first latch does not meet the setup
and hold requirements of the input of the second latch. The rate of failure is determined by the
actual size of the sampling window of the data latch, and by the amount of time between the
strobe signals of the two latches. As the sampling window gets smaller, the number of times
an asynchronous transition occurs during the sampling window drops.

B.2. ASYNCHRONOUS PINS

The 80C186EA and 80C188EA embedded processors use the two stage synchronization
circuit on the following pins: T1IN, T2IN, NMI, TEST/BUSY, INT0-3, HOLD, DRQO, and
DRQI.
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Table C.1. Instruction Set Summary

Clock

Function Format Cycles Comments
DATA TRANSFER
MOV .= MOVE:
Register to Register/Memory 1000100 wj modreg t/m 2/12
Register/memory to register 1000101 w| modreg r/m 2/9
Immediate to register memory 1100011 w| mod000 t/m data data if w=1 | 12-13 8/16-bit
Immediate to register 1011w reg data data if w=1 34 8/16-bit
Memory to accumulator 1010000w addr-low addr-high 9
Accumulator to memory 1010001 wl addr-low addr-high 8
Register/memory to segment register 10001110/ modOreg r/m 2/9
Segment register to register/memory . 1000110 0] modOreg /m 21
PUSH = Push:
Memory 1111111 1] md110 vm | 16
Register 01010 reg 10
Segment register 000 g 110 9

PUSHA = Push All 01100000 )
POP = Pop:

Memory 10001 111] medooo | 2
Register 01011 reg 10
Segment register 000 r6g 111 (reg201) : 8

XCHG = Exchange:

Register/memory with register 100001 1 w| modreg tm_| an7
Register with accumulator 10010 reg 3
IN = input from:

Fixed port 1110010w port 10
Variable port 1110110w 8
OUT = Output to:

Fixed port 1110011w port ] 9
Variable port 111011 1w 7
XLAT =Translate byte to AL 11010111 1"
LEA = Load EA to register ' 1000110 1] modreg /m 6
LDS = Load pointer to DS 1100010 1] modreg /m | (mod211) 18
LES = Load pointer to ES 1100010 0] modreg r/m (mod211) 18
LAHF = Load AH with flags 100t1111 | 2
SAHF = Store AH into flags 10011110 3
PUSHF = Push flags 10011100 9
POPF = Pop Flags 10011101 8

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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- ~ Table C.1. Instruction Set Summary (Continued)

Format gylgm Comments
 DATA TRANSFER (Continued)
SEGMENT = Segment Override:
Shcse ; 00101110 2
s ‘ 00110110 2
s 00111110 2
5 00100110 2
* ARITHMETIC
ADU=M¢: .
Reg/memory with register to either 000000 dw| modreg m ‘ 3/10
Immiediate to register/memory ‘ 100000 s w| mod000 t/m data data if s w=01 4/16
Immediate to accumulator 000001 0w data data if w=1 3/4 8/16-bit
ADC = Add with carry:
Reg/hemowwhh register to either 000100 dw]| modreg t/m 3/10
Immediate to register/memory 100000s w| md010 /m data data if s w=01 | 4/16
Immediate to accumulator 0001010w data data if w=1 3/4 8/16-bit
INC = Increment
Register/memory 1111111 w| mod000 =~ ©/m . 3/15
Register 01000 reg 3
SUB = Subtract )
Reg/memory and register to either 001010 dw| modreg r/m 3/10
Immediate from register/memory 100000 s w/| modi01 r/m data data if s w=01 I 4116
Immediate from accumulator 0010110w data data if w=1 3/4 8/16-bit
$BB = suMmcl with borrow
Reg/memory and register to either 000110 dw]| modreg /m 3/10
Immediate from register/memory 100000 s w| modOt1 m data data if s w=01 l 416
g !mrﬁediaté,fromaccumulator . 0001110w data data if w=1 ) 3/4 8/16-bit
1111111 w| mod001 m | 315
01001 reg ) 3
0011101 w[ modreg /m 310
0011100 w[ modreg t/m 3110
100000s wi mditd r/m’ data data if s w=01 | 3110
0011110 wj data data if w=1 3/4 8/16-bit
sign:ioy. o 1111011 w| mod0i1 /m ’ 3
adiust for Add. . 00110111 8
00100111 4
00111111 7
0o0101t11t1 4
¢ MUk Mutily (unsigned): [ 111011 w[ mdioo t/m .
" Register-Byte ) i 26-28
Register-Word 35-37
Memory-Byte N 32-34
Memory-Word 41-43

Shaded areas indicate instructions not available in iAPX 86, 88 microsysteins.
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Table C.1. Instruction Set Summary (Cohtinued)

Clock

Function ) Format Cycles Comments
ARITHMETIC (Continued)
IMUL = Integer multiply (signed): 11 171101 1w l mod10 1 r/m |
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43

DIV = Divide (unsigned): |1 111011 w
Register-Byte

—

mod 110 /m |

Register-Word
Memory-Byte
Memory-Word

IDIV = Integer divide (signed): 111101 1w
Register-Byte
Register-Word

mod 111 m |

Memory-Byte
Memory-Word

AAM = ASCII ‘adjust for multiply 11010100/00001010
AAD = ASCI! adjust for divide 11010101j00001010
CBW = Convert byte to word 10011000

CWD = Convert word to double word 10011001

LOGIC

Shift/Rotate Instructions:

Register/Memory by 1 [171 01000 w] mdTTT vm |

Register/Memory by CL : |1 101001 wl mod TTT r/m

TIT  Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHUSAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either 001000 dw| modreg r/m
Immediate to register/memory 1000000 w(| mod100 r/m data . data if w=1 j
Immediate to accumulator 0010010w data data if w=1
TEST = And function to flags, no result:
Register/memory and register 1000.01 0 w| modreg /m
data and regi y 1111011 w| md000 t/m data dataifw=1 |
Immediate data and accumulator 101T0100w data data if w=1
OR=0r:
Reg/memory and register to either 0000 10d w/| modreg /m
Immediate to register/memory 1000000 w| mod001 /m data data if w=1
immediate to accumulator 0000110w data data if w=1

215

5+n/17+n

310
4/16
3/4

3/10
4/10
4

3/10
4/16
34

8/16-bit

8/16-bit

8/16-bit

Shaded areas indicate instructions not available in iAPX 86, 88 microsystemls.
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Table C.1. Instruction Set Summary (Continued)

Repeated by count in CX

MOVS - Move string
CMPS - Compare string
SCAS - Scan string

~ LODS - Load string
$TOS - Store string

CONTROL TRANSFER
CALL = Call:

Direct within segment
' Register memory indirect within segment
Direct intersegment

Indirect intersegment

JMP = Unconditional jump:

Short/long

Direct within segment
Register/memory indirect with segment

Direct intersegment

Indirect intersegment

RET = Return from CHPS:

Within segment

With seg adding immed to SP

Intersegment

Intersegment adding immediate to SP'
JE/JZ = Jump on equal zero

JL/INGE = Jump on less/not greater or equal
JLE/ING = Jump on less or equal/not greater

111100101 010010w
1111001z[101001 1w
1111001zJ10101 11w
1111001010101 10w
11110100}01 1001w

11101000 disp-low disp-hour
11111111 mod010 r/m
10011010 segment offset
selector
11111111] modo11 vm | (mod 2 11)

11101011 disp-low

11101001 disp-low disp-high

11111111 mod 100 /m

11101010 segment offset
selector

1111111 mod101 vm_| (mod > 11)

11000011

11000010  data-low data-high
11001011

11001010 data-low data-high
01110100 disp
01111100 disp
01111110 disp

Function Format g;:;ks Comments
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either 001 100dw| modreg /m -3110
Immediate to register/memory 1000000 w| mdil10 /m data data if w=1 416
Immediate to accumulator 0011010w data data if w=1 3/4 8/16-bit
Not = Invert register/memory 1111011 w| mod010 r/m 3
STRING MANIPULATION:
MOVS = Move byte/word 1010010w 14
CMPS = Compare byte/word 1010011 w 22
SCAS = Scan byte/word 17010111 w 15
LODS = Load byte/wd to AL/AX 10101 10w 12
STOS = Stor byte/wd from AL/A 1010101 w 10

84
5+22n
54150
6+11n
6+9n

13/19
23

38

1n7

413
4n3
413

13if JMP
taken

4if Jmp

not taken

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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Table C.1. Instruction Set Summary (Continued)

Function Format (?yI:lceks Comments
Control Transfer (Continued)
JB/INAE = Jump on below/not above or equal 01110010 disp 413
JBE/JNA = Jump on below or equal/not above 01110110 disp 413
JP/JPE = Jump on parity/parity even 01111010 disp 413
J0 = Jump on overflow 01110000 disp 413
J8 = Jump on sign 01111000 disp 413
JNE/INZ = Jump on not equal/not zero 01110101 disp 4713
JNL/JGE = Jump on not less/greater or equal 01111101 disp 413
JINLE/JG = Jump on not less or equal/greater 01111111 disp 413
JNB/JAE = Jump on not below/above or equal 01110011 disp 413
JNBE/JA = Jump on not below or equal/above 01110111 disp 413
JNP/JPO = Jump on not par/par odd 01111011 disp ) 413
JNO = Jump on not overflow 01110001 disp 43
JNS = Jump on not sign 01111001 disp 515
JCXZ = Jump on CX zero 11100011 disp 6/16
LOOP = Loop CX times - 11100010 disp . 6/16
LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 16 JMP taken/
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp 5 JMP not taken

LEAVE = Leave Procedure 11001001 , 8

INT = Interrupt:

Type specified . 11001101 type I 47 if INT taken/
Type 3 11001100 45 if INT not
INTO = Interrupt on overflow 11001110 ] 48/4 taken
IRET = Interrupt return 11001111 28

PROCESSOR CONTROL

CLC = Clear carry 11111000 2
CMC = Complement carry 11110101 2
STC = Set carry 11111001 2
CLD = Clear direction 11111100 2
STD = Set direction 11111101 2
CLI = Clear interrupt 11111010 2
STI = Set interrupt 11111011 2
HLT = Halt 11110100 2
WAIT = Wait 10011011 6 if fest = 0
LOCK = Bus lock prefix 11 10000 2
ESC = Processor extension escape 11011 T7T7TT| modLLL r/m I 6

(TTT LLL are opcode to processor extension)

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

The Effective Address (EA) of the memory operand reg is assigned according to the following:
is computed according to the mod and r/m fields:

Segment
if mod = 11 then r/m is treated as a REG field reg Register
if mod = 00 then DISP = 0%, disp-low and disp-high !
are absent - 00 ES
if mod = 01 then DISP = disp-low sign-extended to - 01 CS
16-bits, disp-high is absent 10 N
if mod = 10 then DISP = disp-high:disp-low 11 DS
if r/m = 000 then EA = (BX) + (SI) + DISP REG is assigned according to the
if r/m = 001 then EA = (BX) + (DI) + DISP . following table: ‘
if r/m = 010 then EA = (BP) + (SI) + DISP .
if r/m = 011 then EA = (BP) + (DI) + DISP ~ 16-Bit (w=1) 8-Bit (w=0)
if r/m = 100 then EA = (SI) + DISP ‘
if /m = 101 then EA = (DI) + DISP ' . 000 AX 000 AL
if r/m = 110 then EA = (BP) + DISP* 001 €X 001 CL
if r/m = 111 then EA = (BX) + DISP 010 DX 010 DL

011 BX 011 BL

DISP follows 2nd byte of instruction (before data 100 SP 100 AH
if required) 101 BP 101 CH
: ~ 110 SI 110 DH

*excgpt if mod‘= 00 and r/m = 110 then EA = disp-high:disp-low. 111 DI 111 BH

SEGMENT OVERRIDE PREFIX The physical address of all operands

001 reg 110 addressed by the BP register are com-

, puted using the SS segment register. The
physical addresses of the destination
operands of the string primitive operation
(those addressed by the DI register) are
computed using the ES segment, which
may not be overridden.
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Table C.2. Machine Instruction Decoding Guide

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
HEX | BINARY
00 | 0000 0000 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REGS8/MEMS,REGS
01 | 0000 0001 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REG16/EMI16,REG16
02 | 0000 0010 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REGSREGS8/MEMS
03 | 0000 0011 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REG16,REG16/MEMI6
04 | 0000 0100 | DATA-8 ADD  ALIMMEDS
05 | 0000 0101 | DATA-LO DATA-HI ADD  AX,MMEDI6
06 | 0000 0110 PUSH ES
07 | 0000 o111 POP ES
08 | 0000 0100 | MOD REGRM (DISP-LO),(DISP-HI) OR REGS/MEMS,REG8
09 | 0000 1001 | MOD REGRM (DISP-LO)(DISP-HI) OR REG16/MEMI16,REG16
0A | 0000 1010 | MOD REGRM (DISP-LO),(DISP-HI) OR REG8,REG8/MEMS8 |
0B | 0000 1011.| MOD REGRM (DISP-LO),(DISP-HI) OR REG16,REG16/MEM16 .
0C | 0000 1100 | DATA-8 OR ALIMMEDS ‘
0D | 0000 1101 | DATA-LO DATA-HI OR AX,MMEDI16
0E | 0000 1110 PUSH CS
OF | 0000 1111 (not used) B
10 | ooo1 0000 | MOD REGRM (DISP-LO),(DISP-HI) ADC REGS/MEM8,REGS  +°
11 | 0001 0001 | MOD REGRM (DISP-LO),(DISP-HI) ADC  REGI6/MEMI6;REGI6
12 | 0001 0010 | MOD REG RM (DISP-LO),(DISP-HI) ADC REG8,REG8/MEMS.
13 | 0001 0011 | MOD REGRM (DISP-LO),(DISP-HI) ADC  REGIGREGI6/MEMI6 .
14 | 0001 0100 | DATA-8 ADC  ALIMMEDS
15 | 0001 0101 | DATA-LO DATA-HI ADC  AX,MMEDI6
16 | 0001 o110 PUSH SS S
17 | o001 o111 pOP ss
18 | 0001 1000 | MOD REG RM (DISP-LO),(DISP-HI) SBB REG8/MEMS,REG8 :
19 | 0001 1001 | MOD REG RM (DISP-LO),(DISP-HI) SBB REG16/MEMI16,REG16
1A | 0001 1010 | MOD REGRM (DISP-LO)(DISP-HI) SBB REG8,REG8/MEMS8
1B | 0001 1011 | MOD REGRM (DISP-LO),(DISP-HI) SBB REG16,REG16/MEM16
1C | 0001 1100 | DATA-8 SBB ALJIMMEDS8
ID | 0001 1101 | DATA-LO DATA-HI SBB AX,IMMED16
1E | 0001 1110 PUSH DS
1IF | 0001 1111 poP DS
20 | 0010 0000 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGS8/MEMS,REGS .
21 | 0010 0001 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGI6/MEMI6REGI6 . .-
22 | 0010 0010 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGS,REG8/MEMS . .
23 | 0010 0011 | MOD REGRM (DISP-LO),(DISP-HI) AND  REGI6REG16/MEMI6:
24 | 0010 0100 | DATA-8 AND  ALIMMEDS . °
25 | 0010 0101 | DATA-LO DATA-HI AND  AX,MMEDI6
26 | 0010 0110 ES: (segment override prefix): ' -
27 | o010 o111 DAA oo
28 | 0010 1000 | MOD REG RM (DISP-LO),(DISP-HI) SUB
29 | 0010 1001 | MOD REG RM (DISP-LO),(DISP-HI) SUB
2A | 0010 1010 | MOD REGRM (DISP-LO),(DISP-HI) SUB
2B | 0010 1011 | MOD REGRM (DISP-LO),(DISP-HI) SUB
2C | 0010 1100 | DATA-8 SUB
2D | 0010 1100 | DATA-LO DATA-HI SUB
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE

2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT

| HEX BINARY

2E 0010 1110 CS: (segment override prefix)

2F | 0010 1111 ) DAS

30 0011 0000 | MOD REGRM (DISP-LO),(DISP-HI) XOR REG8/MEMS8,REG8

31 0011 0001 MOD REG RM (DISP-LO),(DISP-HI) XOR REG16/MEM16,REG16

32 0011 0010 MOD REG RM (DISP-LO),(DISP-HI) XOR REG8,REG8/MEMS8

33 0011 0011 MOD REG RM (DISP-LO),(DISP-HI) XOR REG16,REG16/MEM16

34 0011 0100 | DATA-8 XOR AL,MMEDS

35 0011 0100 | DATA-LO DATA-HI XOR AX,IMMED16

36 0011 0110 SS: (segment override prefix)

37 0011 0111 AAA

38 0011 1000 | MOD REG RM (DISP-LO),(DISP-HI) CMP REG8/MEMS8,REG8

39 0011 1001 MOD REG RM (DISP-LO),(DISP-HI) CMP REG16/MEM16,REG16

3A | 0011 1010 | MOD REGRM (DISP-LO),(DISP-HI) CMP REG8 REG8/MEMS$

3B | 0011 1011 MOD REG RM (DISP-LO),(DISP-HI) CMP REG16 REG16/MEM16

3C | 0011 1100 | DATA-8 CMP ALIMMEDS

3D | 0011 1101 DATA-LO DATA-HI CMP AX,IMMEDI16

3E 0011 1110 | ° DS: (segment override prefix)

3F | 0011 1111 AAS

40 0100 0000 INC AX

41 0100 0001 INC cX

4?2 0100 0010 INC DX

43 0100 0011 INC BX

4 0100 0100 INC SP

45 | 0100 0101 INC BP

46 0100 0110 INC SI

47 0100 0111 INC DI

48 0100 1000 DEC AX

49 0100 1001 DEC cX

4A | 0100 1010 DEC DX

4B 0100 1011 DEC BX

4C | 0100 1100 DEC SP

4D | 0100 1101 DEC BP

4E 0100 1110 DEC SI

4F | 0100 1111 DEC DI

50 0101 0000 PUSH AX

51 0101 0001 PUSH cX

52 0101 0010 PUSH DX

53 0101 0011 PUSH BX

54 | 0101 0100 PUSH SP

5S 0101 0101 PUSH BP

56 0101 0110 PUSH SI

57 0101 0111 PUSH DI

58 0101 1000 , POP AX

59 0101 1001 POP cX

SA | 0101 1010 POP DX

5B 0101 = 1011 POP BX
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
sc | 0101 1100 POP sp
sD | o101 1101 POP BP
SE | 0101 1110 POP s
SF | o101 1111 POP DI
60 | 0110 0000 PUSHA (186/8 ONLY)
61 | 0110 0001 POPA  (186/8 ONLY) ,
62 | 0110 0010 | MODREGRM BOUND REG16,MEM16(186/8 ONLY)
63 | 0110 0011 (not used)
64 | 0110 0100 (not used)
65 | o110 o101 (not used)
66 | 0110 0110 (not used)
67 | 0110 0111 (not used)
68 | 0110 1000 | DATA-LO DATA-HI PUSH  IMMEDI6(186/8 ONLY)
69 | 0110 1001 | MOD REGRM DATA-LO,DATA-HI IMUL  IMMEDI6(186/8 ONLY)
6A | 0110 1010 | DATA-8 PUSH  IMMEDS(186/8 ONLY)
6B | 0110 1011 | MOD REGRM DATA-8 IMUL  IMMEDS(186/8 ONLY)
6c | 0110 1100 INS MEMS8,DX(186/8 ONLY)
6D | o110 1101 INS MEM16,DX(186/8 ONLY)
6E | 0110 1110 OUTS  MEMS,CX(186/8 ONLY)
6F | o110 1111 OUTS  MEM16,DX(186/8 ONLY)
70 | o111 0000 | IP:INC8 JjO SHORT-LABEL
71 | 0111 0001 | IP-INC8 INO SHORT-LABEL
72 | o111 0010 | IP-INC8 B/ SHORT-LABEL
INAE/
ic
73 | o111 0011 | IP-INCS JNB/  SHORT-LABEL
JAE/
INC
74 | 0111 0100 | IP-INC8 JENZ  SHORT-LABEL
75 | o1l 0101 | IP-INCS INE/INZ SHORT-LABEL
76 | o111 0110 | IP-INCS JBE/INA SHORT-LABEL
77 | o111 o1l | IP-INCS | JNBE/  SHORT-LABEL
JA
78 | 0111 1000 | IP-INCS s * SHORT-LABEL
79 | o111. 1001 | IP-INC3 INS SHORT-LABEL
7A | 0111 1010 | IP-INC8 JPIPE  SHORT-LABEL
7B | 0111 1011 | IP-INC8 INPJPO SHORT-LABEL
7c | o111 1100 | IP-INC8 1 7] SHORT-LABEL
INGE
7D | o111 1101 | IP-INC8 INLIGE SHORT-LABEL
7E | o111 1110 | IP-INC8 JLE/ SHORT-LABEL
ING
7F | o111 1111 | IP-INC8 JNLE/  SHORT-LABEL
1G
80 | 1000 0000 | MOD 000 RM (DISP LO)(DISP HI) ADD  REGS/MEMSIMMEDS
DATA-8
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Table C2 Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE ! BYTES3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
1000 0000 [ MOD 001 RM (DISP-LO),(DISP-HI), . OR REG8/MEMS8,IMMEDS
DATA-8 ,
1000 000 | MOD 010 RM (DISP-LO),(DISP-HI), ADC REG8/MEMS,IMMEDS
DATA-8 o
80 | 1000 0000 | MODO11 RM (DISP-LO),(DISP-HI), SBB REG8/MEMS,IMMEDS
DATA-8 '
80 | 1000 0000 | MOD 100 RM (DISP-LO),(DISP-HD), AND  REGS/MEMS8IMMEDS
‘ DATA-8
80 | 1000. 0000 | MOD 101 RM (DISP-LO),(DISP-HI), SUB REG8/MEMS,IMMEDS
, DATA-8
80 | 1000 0000 | MOD 110 RM (DISP-LO),(DISP-HI), XOR REG8/MEMS8,IMMEDS
' DATA-8
1000 0000 | MOD 111 RM (DISP-LO),(DISP-HD), CMP REG8/MEM8,IMMEDS
DATA-8
81. | 1000 0001 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG16/MEM16 IMMEDI16
DATA-LO,DATA-HI ‘ ‘
81 | 1000 0001 | MOD 00! RM (DISP-LO),(DISP-HI), OR REG16/MEM16 IMMED16
v DATA-LO,DATA-HI
81 | 1000 0001 | MODO010RM (DISP-LO),(DISP-HI), ADC REG16/MEM16,IMMEDI16
DATA-LODATA-HI
81 | 1000 0001 | MODOI11RM (DISP-LO),(DISP-HI), SBB REG16/MEM16 IMMED16
DATA-LODATA-HI '
81 | 1000 0001 | MOD 100 RM (DISP-LO),(DISP-HI), AND  REG16/MEM16 IMMEDI16
DATA-LO.DATA-HI \
81 | 1000 0001 | MOD 101 RM (DISP-LO),(DISP-HI), SUB REG16/MEM16,IMMED16
. DATA-LO,DATA-HI
81 | 1000 0001 | MOD110RM (DISP-LO),(DISP-HI), XOR REG16/MEM16,IMMEDI16
DATA-LO,DATA-HI
81 | 1000 0001 | MOD111RM (DISP-LO),(DISP-HI), CMP REG16/MEM16,IMMEDI16
DATA-LODATA-HI '
82 | 1000 0010 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG8/MEMS8IMMEDS
) ‘ DATA-8 »
82 | 1000 0010 | MOD 001 RM (not used)
82 | 1000 0010 | MODO10RM (DISP-LO),(DISP-HI), ADC REG8/MEMS IMMEDS
DATA-8
82 | 1000 0010 | MODO!1RM (DISP-LO),(DISP-HI), SBB REG8/MEM8,IMMEDS
DATA-8
82 | 1000 0010 | MOD 100 RM (not used)
82 | 1000 0010 | MODIOIRM (DISP-LO),(DISP-HI), SUB REG8/MEMS8,IMMEDS
' v , DATA-8
82 | 1000 0010 | MOD110RM (ot used)
82 | 1000 0010 | MOD111 RM (DISP-LO),(DISP-HI), CMP REGS/MEMSIMMEDS
DATA-8
83 | 1000 0011 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG16/MEM16,IMMEDS
. ; DATA-SX
83 | 1000 0011 | MODO001 RM (not used)
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Table C.2. Machine Instruction Decoding Guide (Continued)

IST BYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX BINARY

83 1000 0011 MOD 010 RM (DISP-LO),(DISP-HI), ADC REG16/MEM16 IMMEDS
DATA-SX

83 1000 0011 MOD 011 RM (DISP-LO),(DISP-HI), SBB REG16/MEM16 IMMEDS8
DATA-SX

83 1000 0011 MOD 100 RM . (not used)

83 1000 0011 MOD 101 RM (DISP-LO),(DISP-HI), SUB REG16/MEM16 IMMEDS8
DATA-SX

83 1000 011 MOD 110 RM (not used)

83 1000 0011 MOD 111 RM (DISP-LO),(DISP-HI), CMP REG16/MEM16 IMMEDS
DATA-SX .

84 1000 0100 MOD REG R'M (DISP-LO),(DISP-HI) TEST REG8 MEM8 REG8

85 1000 0101 MOD REG R'M (DISP-LO),(DISP-HI) TEST REG16/MEM16,REG16

86 1000 0110 MOD REG RM (DISP-LO),(DISP-HI) XCHG REGS8,REG8/MEMS

87 1000 0111 MOD REG RM (DISP-LO),(DISP-HI) XCHG REG16,REG16,MEM16

88 1000 1000 MOD REG R'M (DISP-LO),(DISP-HI) MOV REG8/MEMS8,REG8

89 1000 1001 MOD REG RM (DISP-LO),(DISP-HI) MOV REG16/MEM16/REG16

8A 1000 1010 MOD REG R'M (DISP-LO),(DISP-HI) MOV REG8,REG8/MEMS8

8B 1000 1011 MOD REG RM (DISP-LO),(DISP-HI) MOV REG16,REG16/MEM16

8C 1000 1100 MOD OSR RM (DISP-LO),(DISP-HI) REG16/MEM16 SEGREG

8C 1000 1100 MOD 1 - RM (not used)

8D 1000 1101 MOD REG RM (DISP-LO),(DISP-HI) LEA REG16 MEM16

8E 1000 1110 | MOD OSR RM (DISP-LO),(DISP-HI) MOV SEGREG,REG16/MEM16

8E 1000 1110 MOD 1 - R'M (not used)

8F 1000 1111 MOD 000 RM (DISP-LO),(DISP-HI)

8F 1000 1111 MOD 001 R'M (not used)

8F 1000 1111 MOD 010 RM (not used)

8F 1000 1111 MOD 011 RM (not used)

8F 1000 1111 MOD 100 RM (not used)

8F 1000 1111 MOD 101 RM (not used)

8F 1000 1111 MOD 110 RM (not used)

90 1001 0000 NOP (exchange AX,AX)

91 1001 0001 XCHG AXCX

92 1001 0010 XCHG AXDX

93 1001 0011 XCHG AX,BX

94 1001 0100 XCHG AXSP

95 1001 0101 XCHG AXBP

96 1001 0110 XCHG AXSI

97 1001 0111 XCHG AXDI

98 1001 1000 CBW

99 1001 1001 CWD

9A 1001 1010 DISP-LO DISP-HI,SEG-LO, CALL FAR_PROC
SEG-HI )

9B 1001 1011 WAIT

9C 1001 1100 PUSHF

9D 1001 1101 POPF

9E 1001 1110 SAHF
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
9F | 1001 1111 ‘ LAHF
A0 | 1010 0000 | ADDR-LO ADDR-HI MOV  ALMEMS
Al | 1010 0001 | ADDR-LO ADDR-HI MOV  AX,MEM16
A2 | 1010 0010 | ADDR-LO ADDR-HI MOV  MEMSAL
A3 | 1010 0011 | ADDR-LO ADDR-HI MOV  MEMI6AL
A4 | 1010 0100 MOVS  DEST-STR8,SRC-STR8
AS | 1010 0101 MOVS  DEST-STR16,SRC-STR16
A6 | 1010 0110 CMPS  DEST-STR8,SR-STR8
A7 | 1010 o111 CMPS  DEST-STR16,SRC-STR16
A8 | 1010 1000 | DATA-8 TEST  ALIMMEDS
A9 | 1010 1001 | DATA-LO DATA-HI “TEST  AX,]MMEDI16
AA | 1010 1010 STOS  DEST-STRS
AB | 1010 1011 STOS  DEST-STR16
AC | 1010 1100 LODS  SRC-STRS
AD | 1010 1101 LODS  SRC-STRI6
AE | 1010 1110 SCAS  DEST-STR8
AF | 1010 1111 SCAS  DEST-STRI16
BO | 1011 0000 | DATA-8 MOV  ALIMMEDS
Bl | 1011 0001 | DATA-8 MOV  CL,IMMEDS
B2 | 1011 0010 | DATA-8 MOV  DLIMMEDS
B3 | 1011 0011 | DATA-8 MOV  BL,IMMEDS
B4 | 1011 0100 | DATA-8 MOV  AHIMMEDS
B5 | 1011 0101 | DATA-8 MOV  CHIMMEDS
B6 | 1011 0110 | DATA-8 MOV  DHIMMEDS
B7 | 1011 0111 | DATA-8 MOV  BH,IMMEDS
B8 | 1011 1000 | DATA-LO DATA-HI MOV  AX,MMEDI6
B9 | 1011 1001 | DATA-LO DATA-HI MOV  CXJIMMEDI6
BA | 1011 1010 | DATA-LO DATA-HI MOV  DX,MMEDI6
BB | 1011 1011 | DATA-LO DATA-HI MOV  BXIMMEDI6
BC | 1011 1100 | DATA-LO DATA-HI MOV  SPIMMEDI16
BD | 1011 1101 | DATA-LO DATA-HI MOV  BPIMMEDI6
BE | 1011 1110 | DATA-LO DATA-HI MOV  SLIMMEDI6
BF | 1011 1111 | DATA-LO DATA-HI / MOV DIIMMEDI16
Cco | 1100 0000 | MOD 000 RM DATA-8 ROL REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MOD 001 RM DATA-8 ROR REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MOD 010 RM DATA-8 RCL REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MODO11 RM DATA-8 RR |  REGS/MEMS,IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 100 RM DATA-8 SHL/SAL REG8/MEMS IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 101 RM DATA-8 SHR REG8/MEMS8,IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 111 RIM DATA-8 SAR REG8/MEMS,IMMEDg(186/8 ONLY)
Cl | 1100 0001 | MOD 000 RIM DATA-3 ROL REG16/MDM16,IMMEDS(186/8 ONLY)
C1 | 1100 0001 | MOD 001 RM DATA-8 ROR REG16/MDM16,IMMEDS(186/8 ONLY)
C1t | 1100 0001 | MODO010 RM DATA-8 RCL REG16/MDM16,IMMEDS(186/8 ONLY)
Cl 1100 0001 MOD 011 RM DATA-8 RCR REG16/MDM16,IMMEDS8(186/8 ONLY)
C1 | 1100 0001 | MOD 100 RM DATA-8 _ SHL/SAL REG16/MDM16,]MMEDS(186/8 ONLY)
C1 1100 0001 MOD 101 RM DATA-8 SHR REG16/MDM16,IMMEDS8(186/8 ONLY)
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
C1 | 1100 0001 | MOD111RM DATA-8 SAR.  REG16/MDM16,IMMEDS(186/8
ONLY)
c2 | 1100 0010 | DATA-LO DATA-HI RET IMMED!6(intraseg)
c3 | 1100 0011 RET (intrasegment)
C4 | 1100 0100 | MOD REGRM (DISP-LO),(DISP-HI) LES REG16 MEM16
cs | 1100 0101 | MOD REG RM (DISP-LO),(DISP-HI) LDS REG16 MEM16
C6 | 1100 0110 | MOD 000 RM (DISP-LO),(DISP-HI), MOV  MEMSIMMEDS
‘ DATA-8
c6 | 1100 0110 | MODO001 RM (not used)
c6 | 1100 0110 | MODO010 RM (not used)
c6 | 1100 0110 | MODO11 RM (not used)
C6 | 1100 0110 | MOD 100 RM (not used)
c6 |'t100 o110 | MOD 101 RM (not used)
c6 | 1100 0110 | MOD110RM (not used)
c6 | 1100 0110 | MOD111 RM (not used)
c7 | 1100 o111 | MOD000 RM (DISP-LO),(DISP-HI), MOV  MEMI16]IMMEDI6
DATA-LODATA-HI
c7 | 1100 o111 | MODO001 RM (not used)
c7 | 1100 o111 | MODO10RM (not used)
c7 | 1100 o111 | MoDo11 RM (not used)
c7 | 1100 0111 | MOD 100 RM (not used)
c7 | 1100 o111 | MOD 101 RM (not used)
c7 | 1100 o111 | MOD110RM (not used)
c7 | 1100 o111 | MOD111RM (not used)
c8 | 1100 1000 | DATA-LO DATA-HI.LEVEL ENTER IMMEDI16,IMMEDS(186/8 ONLY)
co | 1100 1001 LEAVE (186/8 ONLY)
CA | 1100 1010 | DATA-LO DATA-HI RET IMMEDI6 (intersegment)
CB 1100 1011 RET (intersegment)
cc | 1100 1100 INT 3
cD | 1100 1101 | DATA-8 INT IMMEDS
CE | 1100 1110 INTO
CF 1100 1111 IRET
DO | 1101 0000 | MOD 000 RM (DISP-LO),(DISP-HI) ROL  REGS/MEMS,1
DO | 1101 0000 | MODO0O1 RM (DISP-LO),(DISP-HI) ROR REGS/MEMS, 1
DO | 1101 0000 | MODO010 RM (DISP-LO),(DISP-HI) RCL REGS/MEMS,1
DO | 1101 0000 | MODO11 RM (DISP-LO),(DISP-HI) RCR REGS/MEMS. 1
DO | 1101 0000 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REGS/MEMS,1
DO | 1101 0000 | MOD 101 RM (DISP-LO),(DISP-HI) SHR REGS/MEMS, 1
DO | 1101 0000 | MOD 110 RM (not used)
DO | 1101 0000 | MOD111RM (DISP-LO),(DISP-HI) SAR REGS/MEMS,1
DI | 1101 0001 | MOD 000 RM (DISP-LO),(DISP-HI) SAR REG16/MEMI16,1
DI | 1101 0001 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REG16/MEMI16,1
DI | 1101 0001 | MODO10 RM (DISP-LO).(DISP-HI) RCL - REG16/MEMIG6,1
Dl | 1101 0001 | MODOI1 RM (DISP-LO),(DISP-HI) RCR REG16/MEMI16,1
Dl | 1101 0001 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REG16/MEMI6,1
Dl | 110t 0001 | MOD 101 RM (DISP-LO),(DISP-HI) SHR REG16/MEMI16,1
DI | 1101 0001 | MOD110RM (not used)

C-13




intel.

APPENDIX C

Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
HEX | BINARY : '
D1 | 1101 0001 | MOD111RM (DISP-LO),(DISP-HI) SAR REG16/MEM16,1
D2 | 1101 0010 | MODO000RM (DISP-LO),(DISP-HI) ROL REGS/MEMS,CL
p2 | 1101 0010 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REGS8/MEMS,CL
D2 | 1101 0010 | MODO010 RM (DISP-LO),(DISP-HI) RCL REGS/MEMS,CL
D2 | 1101 0010 | MODO11 RM (DISP-LO),(DISP-HI) ’ RCR REG8/MEMS,CL
D2 | 1101, 0010 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REGS/MEMS,CL
D2 | 1101 0010 | MOD101 RM (DISP-LO),(DISP-HI) SHR REGS8/MEMS,CL
D2 | 1101 0010 | MOD110 RM (not used)
D2 | 1101 0010 | MOD 111 RM (DISP:LO),(DISP-HI) SAR REG8/MEMS,CL
D3 | 1101 0011 | MOD 000 RM (DISP-LO),(DISP-HI) ROL REG16 MEM16,CL
D3 | 1101 0011 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REG16MEM16,CL
D3 | 1101 0011 | MODO010 RM (DISP-LO),(DISP-HI) RCL REG16 MEM16,CL
D3 | 1101 0011 | MODO11 RM (DISP-LO),(DISP-HI) RCR REG16 MEM16,CL
D3 | 1101 0011 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REG16MEM16,CL
D3 | 1101 0011 | MODO001 RM (DISP-LO),(DISP-HI) SHR REG16,MEM16,CL
D3 | 1101 0011 | MOD 110 RM , (not used)
D3 | 1101 0011 | MOD111 RM (DISP-LO),(DISP-HI) SAR REG16,MEM16,CL
D4 | 1101 - 0100 | 00001010 AAM i
D5 | 1101 0101 | 00001010 AAD
D6 | 1101 0110 (not used)
D7 | 1101 o111 XLAT  SOURCE-TABLE
D8 | 1101 1000 | MOD 000 R'M N
1XXX | MOD YYY RM (DISP-LO),(DISP-HI) ESC OPCODE,SOURCE
DF | 1101 1111 | MOD111 RM
EO | 1110 0000 | IP-INC-8 LOOPNE/ SHORT-LABEL
: LOOPNZ
El | 1110 0001 | IP-INC-8 LOOPE/  SHORT-LABEL
LooOPZ
E2 | 1110 0010 | IP-INC-8 LOOP  SHORT-LABEL
E3 | 1110 o011 | IP-INC-8 JCXZ  SHORT-LABEL
E4 | 1110 0100 | DATA-8 IN ALIMMEDS
ES | 1110 0101 | DATA-8 IN AXIMMEDS
E6 |.1110 0110 | DATA-8 OUT  ALIMMEDS
E7 | 1110 0111 | DATA-8 OUT  AX,MMEDS
E8 | 1110 1000 | IP-INC-LO IP-PINC-HI CALL  NEAR-PROC
E9 | 1110 1001 | IP-INC-LO IP-INC-HI IMP NEAR-LABEL
EA | 1110 1010 | 'IP-LO IP-HI,CS-LO,CS-HI MP FAR-LABEL
EB | 1110 1011 | IP-INC8 ‘ IMP . SHORT-LABEL
EC | 1110 ‘1100 IN ALDX
ED | 1110 1101 IN AX.DX
EE | 1110 1110 ouT ALDX
EF | 1110 1111 OUT = AXDX
FO 1111 0000 - LOCK (prefix)
FL | 1111 0001 (not used)
F2 | 1111 0010 REPNE/REPNZ
F3 | 1111 o011 REP/REPE/REPZ
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX BINARY
F4 1111 0100 HLT
FS 1111 0101 CcMC
F6 1111 0110 | MOD 000 RM (DISP-LO),(DISP-HI), TEST REG8/MEMS8,IMMEDS8
DATA-8
F6 1111 0110 | MOD 001 RM (not used)
F6 1111 0110 | MODO10 RM (DISP-LO),(DISP-HI) NOT REG8/MEM8
F6 1111 0110 | MODOI11 RM (DISP-LO),(DISP-HI) NEG REG8/MEMS8
F6 1111 0110 | MOD 100 RM (DISP-LO),(DISP-HI) MUL REG8/MEMS8
F6 1111 0110 | MOD 101 RM (DISP-LO),(DISP-HI) IMUL REG8/MEMS8
F6 1111 0110 MOD 110 RM (DISP-LO),(DISP-HI) DIV REG8/MEMS8
F6 1111 0110 | MOD 111 RM (DISPLO),(DISPHI) DIV REG8/MEMS8
F71 1111 0111 MOD 000 RM (DISP-LO),(DISP-HI), TEST REG16/MEM16 IMMED16
DATA-LODATA-HI
F7 1111 0111 MOD 001 RM (not used)
F7 1111 0111 MOD 010 RM (DISP-LO),(DISP-HI) NOT REG16/MEM16
F71 1111 0111 MOD 011 R'M (DISP-LO),(DISP-HI) NEG REG16/MEM16
F7 1111 0111 MOD 100 RM (DISP-LO),(DISP-HI) MUL REG16/MEM16
F7 1111 0111 MOD 101 R'M (DISP-LO),(DISP-HI) IMUL REG16/MEM16
F7 1111 0111 MOD 110 RM (DISP-LO),(DISP-HI) DIV REG16/MEM16
F71 1111 0111 MOD 111 RM (DISP-LO),(DISP-HI) DIV REG16/MEM16
F8 1111 0100 CLC
F9 1111 1001 STC
FA 1111 1010 CLI
FB 1111 1011 STI
FC 1111 1100 CLD
FD | 1111 1101 STD
FE 1111 1110 MOD 000 RM (DISP-LO),(DISP-HI) INC REG8/MEMS8
FE 1111 1110 | MOD 001 RM (DISP-LO),(DISP-HI) DEC REG8/MEM8
FE 1111 1110 MOD 010 RM (not used)
FE 1111 1110 MOD 011 RM (not used)
FE 1111 1110 | MOD 100 RM (not used)
FE 1111 1110 MOD 101 R'M (not used)
FE 1111 1110 MOD 110 RM (not used)
FE 1111 1110 MOD 111 RM (not used)
FF 1111 1111 MOD 000 R'M (DISP-LO),(DISP-HI) INC MEM16
FF 111 1111 MOD 001 RM (DISP-LO),(DISP-HI) DEC MEM16
FF 1111 1111 MOD 010 RM (DISP-LO),(DISP-HI) CALL  REG16/MEMI6(intra)
FF 1111 1111 MOD 011 RM (DISP-LO),(DISP-HI) CALL MEM16(intersegment)
FF 1111 1111 MOD 100 R'M (DISP-LO),(DISP-HI) IMP REG16/MEM16(intra)
FF 1111 1111 MOD 101 RM (DISP-LO),(DISP-HI) MP MEM 1 6(intersegment)
FF 1111 1111 MOD 110 RM (DISP-LO),(DISP-HI) PUSH MEM16
FF 1111 1111 MOD 111 RM (not used)
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HI

LO

Table C.3. Mnemonic Encoding Matrix

0 1 2 3 4 S 6 7 8 9 A B C D E F
ADD ADD ADD ADD ADD ADD PUSH POP OR OR OR OR OR OR lPUSH
bfir/m | wfir/m | btr/m | witr/m b,ia wia ES ES bfir/m | wfi/m | btr/m | witr/m bi w,i CS
ADC ADC ADC ADC ADC ADC PUSH POP SBB SBB SBB SBB SBB SBB PUSH POP
bfe/m | wifr/m | btr/m | wtr/m bii w,i SS SS bfr/m | wfr/m | btr/m | wtr/m bji w,i DS Ds
AND AND AND. AND AND AND SEG . SUB SUB SUB SUB SUB SUB SEG :
bfr/m | wfir/m | btr/m | witr/m bi w,i =ES DAA bf/m | wifi/m | btym | witr/m b, w,i =CS DAS
XOR XOR XOR XOR XOR XOR SEG CMP CMP CMP CMP CMP CMP SEG
bfr/m | wfr/m | btr/m | witr/m b,i w,i =SS AAA bfir/m | wf/m | bt/m | witr/m b,i w,i =DS AAS
INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC
AX ‘ CcX DX BX SP BP SI DI AX CcX DX BX SP BP SI DI
PUSH PUSH | PUSH PUSH PUSH PUSH PUSH | PUSH POP pPoP POP POP POP POP POP POP
AX CcX DX BX Sp BP SI DI AX CcX DX BX Sp BP SI DI
BOUND PUSH | IMUL | PUSH | IMUL INS INS OUTS | OUTS
FUSHA | POPA w,fr/m w,i w,i b,i b,i b w b w
JB/ INB/ JE/ JNE/ JBE/ JNBE/ Jp/ INP/ uv INL/ JLE/ JNLE/
jo No INAE JAE 1z INZ IJNA JA is ms JPE JPO IJNGE JGE ING G
Immed | Immed | Immed | Immed | TEST TEST | XCHG | XCHG | MOV MOV MoV MoV MOV MOV POP
b,r/m w,r/m b,r/m is,r/m b,r/m w,r/m b,r/m w,r/m bfr/m | wfr/m | btr/m | witr/m | srfr/m LEA srt,r/m r/m
XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG CALL
AX X DX BX sp Bp st bI CBW CWD Id WAIT | PUSHF | POPF SAHF | LAHF
MOV MOV MoV MoV TEST TEST
m—AL | moaX | AL-m | AX—m MOVS | MOVS [ CMPS | CMPS bia wia STOS STOS LODS | LODS SCAS SCAS
MOV MOV MOV MOV MOV MOV MoV MoV MOV MoV MOV MoV MOV MoV MOV MOV
i~AL i»CL i»DL i»BL i~AH i~CH i»DH i~BH i~AX i*(\:X i»DX i»BX i»SP i»BP i~SI i»DL
Shift Shift RET. MOV MOV RET. RET INT INT
b,i w,i (i+SP) RET LES LDS bi/m | w,i,/m ENTER | LEAVE 1.(i+SP) I Type3 | (Any) INTO IRET
Shift Shift Shift Shift ESC - ESC ESC ESC ESC ESC ESC ESC
b w byv w,v AAM AAD XLAT 0 1 2 3 4 5 6 7
LOOPNZ/| LOOPZ/ IN IN out ouT CALL JMP JMP JMP IN IN ouT ouTt
LOOPNE | LOOPE Loop Jexz b w b w d d 1d si,d v,b v,W v,b v, W
REP Grp 1 Grp 1 Grp2 Grp2
LOCK REP z HLT CMC bafm walm CLC STC CLI STI CLD STD b/ warlm
where:
mod O r/m 000 001 010 o1l 100 101 110 111
Immed ADD OR ADC | SBB AND SUB | XOR | CMP
Shift ROL ROR RCL RCR SHL/SAL SHR — SAR
Grp 1 TEST —_ NOT NEG MUL IMUL DIV DIV
Grp2 INC DEC CALL | CALL IMP JMP PUSH _
id Lid id i,id
b = byte operation m = memory

d =direct
f = from CPU reg

immed. to accum.

indirect
is = immed. byte, sign ext.
1=long ie. intersegment

r/m = EA is second byte
si = short intrasegment
sr = segment register

t=to CPU reg

v = variable
w = word operation
Z = zero
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APPENDIX D
UPGRADING FROM THE 80C186 TO THE 80C186EA

The 80C186EA is a direct functional upgrade from the standard 80C186 for power-sensitive
applications. With its 80C186 Modular Core, the 80C186EA maintains 100% code
compatibility with the original 80C186. The Chip-Select, Refresh Control, Interrupt Control,
Timer/Counter and DMA Units are also identical.

The 80C186EA offers power reduction in several ways:

e The 80CI86EA device geometry is smaller than the original 80C186, resulting in about
half the power consumption, even if the user does not use power management.

e Since the processor is fully static, its clock may be stopped and restarted at any time
without losing its present state.

e The clock generation circuit offers Power-Save Mode as a power management feature.
Power-Save Mode reduces power consumption by dividing the operating clock frequency.

e The clock distribution circuits offer Idle and Powerdown Modes as power management
features. Idle Mode reduces power consumption by almost a third. Powerdown Mode
reduces power consumption to microwatts.

In general, pin functions are the same between the standard 80C186 and the 80C186EA.
Some pin names changed for consistency within the 80C186 Modular Core family. Most
differences between the standard 80C186 and the 80C186EA involve AC and DC
specifications. Design upgrades should need minimal effort.

D.1. PINOUT COMPATIBILITY

Intel manufactures the 80CI86EA in two plastic packages, a 68-lead Plastic Leaded Chip
Carrier (PLCC) and an 80-lead EIAJ Quad Flat Pack (QFP).

D.1.1. 68-LEAD PLCC COMPATIBILITY

67 of the 68 80C186EA PLCC leads are identical to the standard 80C186. The remaining lead,
Pin 40, is Data Transmit/Receive DT/R on the standard 80C186 and the Powerdown Timer
(PDTMR) on the 80C186EA. The Powerdown Timer lead allows the user to set the period of
time for exiting Powerdown Mode by connecting an external capacitor.

No redesign is necessary if the application does not use DT/R or Powerdown Mode. A

* configuration that needs DT/R can synthesize the signal by latching status line ST with a
transparent latch gated by ALE. For a configuration that needs Powerdown Mode, add the
capacitor at the PDTMR pin.
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D.1.2. 80-LEAD QFP (EIAJ) COMPATIBILITY

‘The 80-lead QFP pinout differs by ten leads between the 80C186 and 80C186EA. Four of the

former 80C186 NO CONNECT leads are 80C186EA Vcc or Vss pins. Lead 38, DEN on the
standard 80C186, is PDTMR on the 80C186EA. Lead 39 becomes DEN on the 80C186EA.
The four Mid-Range Chip-Select (MCS) lines (leads 39-42) shift by one lead, using a former
80C186 NO CONNECT at lead 43. '

. Table D.1 compares the pinout of the 80-lead standard 80C186 to the 80-lead 80C186EA. The
80-lead 80C186EA does have DT/R. Notice that the 80C186EA renames some pins.

Table D.1. Comparison of standard 80C186 and 80C186EA in
80-Lead QFP (EIAJ) Package

LEAD # 80C186 FUNCTION 80C186EA FUNCTION
1 AD15 AD15 !
2 NO CONNECT Vee
3 | A6 A16
4 A17 A17
5 A18 A18
6 A19/S6 A19/S6
7 BHE BHE
8 WR/QS1 WR/QS1
9 ‘RD/QSMD 'RD/QSMD
10 ALE/QS0 ALE/QSO
11 'NO CONNECT NO CONNECT
12 Vss Vss
13 Vss Vss
14 NO CONNECT NO CONNECT
15 NO CONNECT NO CONNECT
16 X1 CLKIN (NOTE)
17 X2 OSCOUT (NOTE)
18 RESET RESOUT (NOTE)
19 CLKOUT CLKOUT
20 ARDY ARDY
21 S2 S2
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Table D.1. Comparison of Standard 80C186 and 80C186EA in

80-Lead QFP (EIAJ) Package (Continued)

22 S1 S1

23 ) S0

24 NO CONNECT Vsg

25 HLDA HLDA

26 HOLD HOLD

27 SRDY SRDY

28 LOCK LOCK

29 TEST/BUSY TEST/BUSY
30 NMI NMI

31 INTO INTO

32 INT1/SELECT INT1/SELECT
33 Voo Vee

34 Vee Vee

35 INT2/INTAO INT2/INTAO

36 INT3/INTA1/IRQ INT3/INTA1/IRQ
37 DT/R DT/R

38 DEN PDTMR

39 MSCO/PEREQ DEN

40 MCS1/ERROR MCSO/PEREQ
41 MSC2 MCS1/ERROR
42 MSC3/NPS MSC2

43 NO CONNECT MSC3/NCS (NOTE)
44 NO CONNECT Vee

45 ucs ucs

46 LCS LCS

47 PCS6/A2 PCS6/A2

48 PCS5/A1 PCS5/A1

49 PCS4 PCS4

50 PCS3 PCS3

51 PCS2 PCS2
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Table D.1. Comparison of Standard 80C186 and 80C186EA in
80-Lead QFP (EIAJ) Package (Continued)

52 PCST PCST
53 Vss Vss
54 PCSO PCSO
55 RES 'RESIN (NOTE)
56 TMR OUT 1 T10UT (NOTE)
57 TMR OUT 0 TOOUT (NOTE)
58 TMRIN 1 T1IN (NOTE)
59 TMRIN 0 TOIN (NOTE)
60 DRQ1 DRQ1
61 DRQO DRQO
62 NO CONNECT Vss
63 NO CONNECT NO CONNECT
64 ADO ADO
65 AD8 AD8
66 AD1 AD1
67 AD9 AD9
68 AD2 AD2
69 AD10 AD10
70 AD3 AD3
71 AD11 AD11
2 Vec Vec
3 Vee Vee
74 AD4 AD4
75 AD12 AD12
76 AD5 AD5
77 AD13 AD13
78 AD6 AD6
79 AD14 AD14
80 AD7 AD7
NOTE:

Some pins renamed for consistency with 80C186 Modular Core family.
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D.2. OPERATING MODES
The concept of operating mode differs between the 80C186 and the 80OC186EA.

The standard 80C186 exits reset in either Compatible Mode or Enhanced Mode, depending on
the TEST/BUSY pin state. Compatible Mode derived its name because of its likeness to the
NMOS 80186. The standard 80C186 requires Enhanced Mode operation for Power-Save
Mode, the Refresh Control Unit and the 80C187 Math Coprocessor interface. Enhanced Mode
changes the three MCS pin functions to handshaking pins for the math coprocessor.

The 80C186EA allows use of Power-Save Mode and the Refresh Control Unit during regular
operation. However, the 80C186EA does have a separate Numerics Mode. Like the standard
80C186, the TEST/BUSY pin state at reset determines whether the processor enters Numerics
Mode. Numerics Mode changes the three MCS pin functions.

An 80CI186EA placed into an unmodified standard 80C186 design will respond correctly,
whether the- original operation was Compatible or Enhanced. All execution proceeds
identically on a clock-for-clock basis. The processor activates new power management
features only if the user programs them.

D.3." PROGRAM EXECUTION

All existing 80C186 programs execute correctly on the 80C186EA without modification. All
80C186 control registers have the same offsets in the 80C186EA Peripheral Control Block.
Although the register functions are identical, many register and bit names differ on the
80C186EA to conform to other 80C186 Modular Core family members.

The 80C186EA has two new registers. They are the Power Control Register, for power
management programming, and the Step ID Register, to determine the product stepping. To
avoid accidental power management activation, check existing software for spurious writes to
the Power Control Register location. See the 80C186EA data sheet for details.

D.4. TTL VS. CMOS INPUTS

Intel manufactures both the standard 80C186 and the 80C186EA in CMOS logic. However,
the standard 80C186 has TTL-compatible inputs while the 80C186EA has CMOS-compatible
inputs. TTL Logic in existing 80C186 designs must change to CMOS logic if the outputs drive
the 80C186EA. Using pullup resistors is an alternative for peripherals which are unavailable in
CMOS, but the added current draw is inconsistent with choosing the 80C186EA for low
power.

CMOS-Level inputs have several advantages. The main advantage is increased noise margin.
For example, the standard 80C186 has a Vo minimum of 2.4 V and a Viy minimum is 0.2 Vcc
+ 0.9 V, for a noise margin of 0.5 V (with 5-Volt operation). The 80C186EA has a Vou
minimum of Ve — 0.5 V and a Vig minimum is 0.7 Vcc, for a noise margin of 1.0 V (with 5-
Volt operation).
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The standard 80C186 data sheet references AC timings to 1.5 V (the TTL switchpoint). The
80C186EA data sheet references AC timings to Vcc/2 (the CMOS switchpoint). Reducing the
operating voltage (S0L186EA/80L188EA) directly scales the specified reference point.

D.5. TIMING SPECIFICATIONS

The 80C186 Modular Core family uses faster transistor technology than the standard 80C186.

The result is. faster product speed selections. Consult the latest 80C186EA data sheet for all
timing specifications.

Intel specifies 80C186EA AC timings in a simplified format consistent with other 80C186
Modular Core family members. Since the 8OC186EA can run faster than the standard 80C186,
compare specifications carefully before using the SOC186EA in your design. Table D.2 lists
all standard 80C186 AC timing mnemonics and their 80C186EA equivalents. If timing

margins are very tight, remember also that the timing reference points for AC specifications

differ, as explained above.

Table D.2. 80C186 Equivalents to Standard 80C186 AC Timing Mnemonics

STANDARD
80C186 PARAMETER EQUIVALENT 80C186EA
AC TIMING _ AC TIMING MNEMONIC _
MNEMONIC :
TpveL Data in Setup (A/D) , Tcus
TcLpx Data in Hold (A/D) TeLH
TcHsv Status Active Delay TcHov1
TcLlsH | Status Inactive Delay ' TcLovz
TcLav Address Valid Delay TcLov1 (A19:16, DEN), T gyo
(AD15:0)
TeLax Address Hold TcLovi (A19:16), Ty oy (AD15:0)
TcLpbv Data Valid Delay TcLov1 (A19:16), To ove (AD15:0)
| TeHpx Status Hold Time Eliminated
TCHLH ALE Active Delay TcHov1
TLHLL ALE Width | TLHw
TCHLL ALE Inactive Delay TcHov1
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Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TaviL Address Valid to ALE Low TavLL

TLLAX Address Hold from ALE Inactive TLax

TAVCH Address Valid to Clock High Eliminated

ToLaz Address Float Delay TcLoF

TcLesv Chip-Select Active Delay TcLovz2

Texcsx l(f\r:gi?eelect Hold from Command TRHPHA (FD), TWHPH W)
TcHesx Chip-Select Inactive Delay TcHov2

ToXDL DEN Inactive to DT/R Low TpxDL

TeveTv Control Active Delay 1 | TcHovi (DEN), T ova (WR, INTA)
TCVDEX DEN Inactive Delay ToLovi

TCHCTV Control Active Delay 2 TcHoVA

ToLLy LOCK Valid/Invalid Delay TcLovd

TazRL Address Float to Read Active TAFRL

TCLRL RD Active Delay Tolove

TRLRH RD Pulse Width TRLRH

TCLRH RD Inactive Delay TcLov2

TRHLH RD Inactive to ALE High TRHLH

TRHAV RD Inactive to Address Active TRHAV

TcLpox Data Hold Time ToLov2

TeveTX Control Inactive Delay TeLove (WR, INTA), Topoy4 (DEN)
TWLWH WR Pul;e,e Width TWLWH

D-7




mte|® APPENDIX D

Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TWHLH WRinactive to ALE High TWHLH
TwHDX ' Data Hold after WR TWhDX
TWHDEX WR Inactive to DEN Inactive TWHDEX
Tekin CLKIN Period To
TcLek CLKIN Low Time ToL
TcHeK CLKIN High Time Ton
TeKHL CLKIN Fall Time Tor
TeKLH CLKIN Rise Time Tom
Tcico CLKIN to CLKOUT Skew Tep
TcLel CLKOUT Period .

TeLeH CLKOUT Low Time ToL
TcHeL CLKOUT High Time . o
TCH1CH2 CLKOUT Rise Time Tor
TeLactt CLKOUT Fall Time Tor
oo | S| Tous
TcLsrY SRDY Transition Hold Time Teun
TARYCH .,?il?nle Resolution Transition Setup Terin
TCLARX ARDY Active Hold Time TeLH
TARYCHL ARDY Inactive Holding Time TeHIH
TARYLCL ?isr%/gchronous Ready (ARDY) Setup Teus
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Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TiNveH INTx, NMI, TEST/BUSY, TMR IN TCHIH
Setup Time
TinveL DRQO, DRQ1 Setup Time TeuH
ToLtmy Timer Output Delay TcLovi
TcHasv Queue Status Delay Eliminated
TRESIN RES Setup TeLis
ThveL HOLD Setup Tous
TcLrRO Reset Delay TcLovi
TcLHAV HLDA Valid Delay TcLovi
TcHez Command Lines Float Delay TcHOF
TcHev IC::|t(3)rarlltr)nand Lines Valid Delay (after TcHov1 (A19:16, BHE, DT/R, S2:0,
LOCK), Toovz (RD,WR)
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