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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS MODE CLOCK MODE CLOCK 

COUNT COUNT 

OF DF IF IF SF ZF AF PF CF Reg/ 1 Cache Reg/ 1 Cache 
Cache Hit Miss Cache Hit Miss 

�~�-

1 LOOPZJLOOPE Offset 1 El + - - - - - - - - - 714-1 9 1 3 • 1 

LSL Load Segment Umit 
From RegisterlMemory OF 03 [mod reg rIm] 

- - - - - x - - -

NOTES 

Real 1 Protected 
Mode Mode 

1 �L�S�S�i�o�a�d�P�o�i�~�t�;�r�t�o�S�S� 1 OF B2 [mod reg rIm] - - - - - - 6 7 23 24 h,i,j 

LTR Load Tash Register 
From RegisterlMemory 

MOV Move Data 
Register to RegisterlMemory 
RegisterlMemory to Register 
Immediate to RegisterlMemory 
Immediate to Register (short form) 
Memory to Accumulator (short form) 
Accumulator to Memory \short form) 
RegisterlMemory to Segment Register 
Segment Register to RegisterlMemory 

MOV Move to!from ControllDebuglT est Regs 
Register to CROICR2/CR3 
CROICR2/CR3 to Register 
Register to DRO-DR3 
DRO-DR3 to Register 
Register to DR6-DR7 
DR6-DR7 to Register 
Register to TR3-5 
TR3-5 to Register 
Register to TR6-TR7 
TR6-TR7 to Register 

OF 00 [mod reg rIm] 

- - - - -
8 [lOOw] [mod reg rIm] 
8 [lOlw] [mod reg rIm] 
C [Ollw] [mod 000 rIm] # 

B [wregl # 
A [OOOw] +++ 
A [OOlw] +++ 
8E [mod sreg3 rIm] 
8C [mod reg rIm] 

- - - -
OF 22 [11 eee reg] 
OF 20 [11 eee reg] 
OF 23 [11 eee reg] 
OF 21 [11 eee reg] 
OF 23 [11 eee reg] 
OF 21 [11 eee reg] 
OF 26 [11 eee reg] 
OF 24 [11 eee reg] 
OF 26 [11 eee regl 
OF 24 [11 eee reg] 

- - - - b h,i,j , 112 2 112 2 
112 4 112 4 
112 2 112 2 
1 1 
2 4 2 4 

112 2 112 2 
213 5 15/16 18 
112 2 112 2 

- - - 1 
11/313 111313 
1/313 11313 

1 1 
3 3 
1 1 
3 3 
5 5 
5 5 
1 1 

3 3 

1 MOVS Move String 1 A [OlOw] - - - - - - - - - 5 5 5 -- 1 5 1 b h 

# = immediate data ++ '" 16-bit displacement x = modified 
+ .. 8-bit displacement +++ = 32-bit displacement (full) - = unchanged 

at 
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INSTRUCTION 

MOVSX Move with Sign Extension 
Register from Register/Memory 

MOVZX Move with Zero Extension 
Register from Register/Memory 

MUL Unsigned Multiply 
Accumulator with Register/Memory 

Multiplier - Byte 
-Word 
- Doubleword 

OPCODE 

OF B [Ill w] [mod reg rIm] 

OF B [Ollw] [mod reg rIm] 

F [Ollw] [mod 100 rIm] 

FLAGS 

OF DF IF TF SF ZF AF PF CF 

x - - - - - - x 

--

REAL PROTECTED 
MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 

Reg/ I Cache 
Cache Hit Miss 

Reg/ I Cache 
Cache Hit Miss 

Real I Protected 
Mode Mode 

b h 

3/5 7 3/5 7 
3/5 7 3/5 7 
7/9 13 ______ L-. __ 7/9 13 

,. 
II I NEG Negate/ntegeT I F [Ollw] [mod 011 rIm] I x - - - x x x x x I 1/3 5 1/3 5 I b h 

C i! I NOP No Operation I 90 I 3 3 

Z 
I; I NOT Boolean Complement I F [Ollw] [mod 010 rIm] - I 1/3 5 1/3 5 I b h 

'< 
OR Boolean OR 
Register to Register 
Register to Memory 
Memory to Register 
Immediate to Register/Memory 
Immediate to Accumulator 

OUT Output to Port 
Fixed Pan 
Variable Port 

o [lOdw] [11 reg rIm] 
o [100w] [mod reg rIm] 
o [lOlw] [mod reg rIm] 
8 [OOOw] [mod 001 rIm] # 
o [llOw] # 

E [Ollw] [pan number] 
E [lllw] 

0 - - - x x x x 0 b h 
I I 
3 5 3 5 
3 5 3 5 

113 5 1/3 5 
I I 

lOUTS Output String 16 [lllw] - - - - - - - - - 20 20 6\19 6\19 1 b h,m 

# _ immediate data ++ = 16-bit displacement x = modified 
+ = 8-bit displacement +++ = 32-bit displacement (full) - = unchanged 

o 
~ 
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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 
OF DF IF TF SF ZF AF PF CF Reg/ 1 Cache Reg/ 1 Cache Real 1 Protected 

Cache Hit Miss Cache Hit Miss Mode Mode - --- -

POP Pop Value off Stach - - b h,i,j 
RegisterlMemory SF [mod 000 r/mJ 3/5 4/5 3/5 4/5 
Register (short form) 5 [1 regJ 3 4 3 4 
Segment Register (ES, CS, SS, DS) [000 sreg2 II OJ 4 5 18 19 
Segment Register (ES, CS, SS, DS, FS, GS) OF [10 sreg3 001J 4 5 18 19 

-

I POPA PapAl! Ge~~ste-rs - --161 - C-- - - - - - - 1 18 18 18 18 1 b h 

POPF Pop Stach into FLAGS 9D x x x x x x x x x 

PREFIX BYTES - - m 
Assert Hardware LOCK Prefix Fa 
Address Size Prefix 67 
Operand Size Prefix 66 
Segment Override Prefix 

CS 2E 
DS 3E 
E5 26 
FS 64 
GS 65 
SS 36 

- -- ---------- -- -- ----

PUSH Push Value onto Stach - - - b h 
Register/Memory FF [mod II a r/mJ 2/4 4 2/4 4 
Register (short fonn) 5 [0 regJ 2 2 2 2 
Segment Register ([S, CS, SS, DS) [000 sreg2 II OJ 2 2 2 2 
Segment Register (ES, CS, 55, DS, FS, GS) OF [10 sreg3 OOOJ 2 2 2 2 
Immediate 6 [lOs0J # 2 2 2 2 

PUSHA Push All General Registers 60 

~~ FLAGS Register 19C 1 - - - - - - - - - 1 2 -I b r h -I 
# '" immediate data ++ '" 16-bit displacement x '" modified 
+ '" 8-bit displacement +++ '" 32-bit displacement (full) _ = unchanged 

en 
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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 

OF DF IF IF 5F ZF AF PF CF Reg/ I Cache Reg/ I Cache Real I Protected 
Cache Hit Miss Cache Hit Miss Mode Mode 

RCL Rotate Through Carry Left x - - - - - - - x b h 
Register/Memory by 1 D [OOOw] [mod 010 rIm] 919 lO 919 lO 
Register/Memory by CL D [OOlw] [mod OlO rIm] 9/9 lO 9/9 10 
Register/Memory by Immediate C [OOOw] [mod OlO rIm] # 9/9 10 919 lO 

RCR Rotate Through Carry Right x - - - - - - x b h 
Register/Memory by 1 D [OOOw] [mod 011 rIm] 919 lO 919 lO 
Register/Memory by CL D [001 w] [mod 011 rIm] 919 lO 919 10 
Register/Memory by Immediate C [OOOw] [mod 011 rIm] # 919 lO 919 lO_ 

REP INS Input String F2 6 [llOw] 

1 REP LODS Load String 1 F2 A [llOw] - - - - - - - - - 4+5n 4+5n 4+5n 4+5n b h 

1 REP MOVS Move String 1 F2 A [0 lOw] - - - - - - ~.=--=-=r 5+4n -~ 1 5+4n 5+4n b h 

REP OUTS Output String F2 6 [lllw] 

1 REP STOS Store String 1 F2 A [lOlw] - - - - - - - - - I· 3+4n 3+4n 3+4n 3+4n b h 

REPE CMPS Compare String 
(Find non-match) 

REPE SCAS Scan String 
{Find non-AUAX/EAXl 

REPNE CMPS Compare String 
(Find match) 

REPNE SCAS Scan String 
{Find AUAX/EAXl 

F3 A [Ollw] x---xxxxx 

F3 A [illw] x---xxxxx 

F2 A [Ollw] x---xxxxx 

F2 A [lllw] x---xxxxx 

# "" immediate data ++ = 16-bil displacement x = modified 
+ .. 8-bit displacement +++ = 32-bit displacement 

(full) 
- .. unchanged 

-
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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS . MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 
OF DF IF TF SF ZF AF PF CF Regl ,I Cache Regl I Cache Real I Protected 

Cache Hit Miss Cache Hit Miss Mode Mode 

RET Return from Subroutine - - - - - - - - - b g,hj,k,r 
Within Segment C3 10 10 
Within Segment Adding Immediate to SP C2 ++ 10 10 
Intersegment CB 13 13 26 26 
Intersegment Adding Immediate to SP CA ++ 13 13 26 27 
Protected Mode: Different Privilege Level 

Intersegment 69 72 
Intersegment Adding Immediate to SP 69 72 

ROL Rotate Left x - - - - - - - x b h 
RegisterlMemoI}' by I D [OOOW] [mod 000 rIm] 214 6 214 6 
RegisterlMemoI}' by CL D [OOlw] [mod 000 rIm] 3/5 7 3/5 7 
RegisterlMemoI}' by Immediate C [OOOw] [mod 000 rIm] # 214 6 214 6 

ROR Rotate Right x - - - - - - - x b h 
RegisterlMemoI}' by I D [OOOW] [mod 001 rIm] 214 6 214 6 
RegisterlMemoI}' by CL D [OOlw] [mod 001 rIm] 3/5 7 3/5 7 
RegisterlMemoI}' by Immediate C [OOOw] [mod 001 rIm] # 214 6 214 6 

----- - -_.-

I RSLDT Restore WTR and Descriptor I OF 7B [mod 000 rIm] [-=---=- -----:-------: -: -=-1---1-14-1----1 14 

I RSM Resumefrom SMM Mode I. OF AA - - - - - - - - - I 58 58 

I RSTS Restore TSR and Descriptor I OF 7D [mod 000 rIm] - - - - - - - - - I 14 14 . 5 

ISAHFStoreAHinFLAGS 19E Ix - - - x X - x xl 2 2 1---ul--
SAL Shift Left Arithmetic 
RegisterlMemoI}' by I 
RegisterlMemoI}' by CL 
RegisterlMemoI}' by Immediate 

SAR Shift Right Arithmetic 
RegisterlMemoI}' by I 
RegisterlMemoI}' by CL 
RegisterlMemoI}' by Immediate 

x - - -
D [OOOW] [mod 100 rIm] 
D [OOlw] [mod 100 rIm] 
C [OOOW] [mod 100 rIm] # 

x - , -
D [OOOw] [mod III rIm] 
D [OOlw] [mod III rIm] 
C [OOOw] [mod III rIm] # 

# = immediate data 
+ = 8-bit displacement 

++ .. 16-bil displacement 
+++ _ 32-bit displacement 
(full) . 

x x - x x 

2/4 6 2/4 6 
3/5 7 3/5 7 
2/4 6 2/4 6 

x x x x x 
2/4 6 ' 2/4 6 
3/5 7 3/5 7 
2/4 5 2/4 6 

x Of modified 
- • unchanged 

en 
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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 

OF DF IF IF 5F ZF AF PF CF Reg/ ,I Cache Reg/ I Cache Real I Protected 
Cache Hit Miss Cache Hit Miss Mode Mode 

SBB Integer Subtract with Borrow x - - - x x x x x b h 
Register to Register 1 [lOdw[ [11 reg rIm] 1 1 
Register to Memory 1 [lOOw] [mod reg rIm] 3 -5 3 5 
Memory to Register 1 [lOIw] [mod reg rIm] 3 5 3 5 
Immediate to RegisterlMemory 8 [OOsw] [mod 011 rIm] # 1/3 5 1/3 5 
Immediate to Accumulator (short form) 1 [llOw] # 1 1 

ISCASscanString I A [llIw] Ix - - - x x x x xl 5 5 I b h 

SEIBlSETNAEISETC Set Byte on BelowlNot 
Above or Equal/Cany 

To RegisterlMemory I OF 92 [mod 000 rIm] 

SETBEISETNA Set Byte on Below or 
EquallNot Above 

To RegisterlMemory I OF 96 [mod 000 rIm] 

SErElSETZ Set Byte on EquallZero 
To RegisterlMemory I OF 94 [mod 000 rIm] 

SETIJSETNGE Set Byte on LessINot Greater 
or Equal 

To RegisterlMemory I OF 9C [mod 000 rIm] 

SETLElSETNG Set Byte on Less or EquallNot 
Greater 

To RegisterlMemory I OF 9E [mod 000 rIm] 

SETNBlSETAEISETNC Set Byte on Not 
Belowl I OF 93 [mod 000 rIm] 

Above or &juallNot Cany 
To RegisterlMemory 

# = immediate data 
+ = 8-bit·displacement 

++ = 16-bit displacement x '" modified 
+++ .. 32-bit displacement (full) - '" unchanged 

i 

o 
jill! 
I"R~ 1l' a 
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INSTRUCTION 

, 

SETNBEISETA Set Byte on Not Below or 
Equal/Above 

To RegisterlMemory 

SETNEISETNZ Set Byte on Not EquallNot 
Zero 

To RegisterlMemory 

SETNUSETGE Set Byte on Not Less/Greater 
or Equal 

ITo RegisterlMemory 

I SETNLElSETG Set Byte on Not Less or 
Equal/Greater 

To RegisterlMemory 

I SETNO Set Byte on Not Overflow 
To RegisterlMemory 

SETNP/SETPO Set Byte on Not 
ParitylParity Odd 

To RegisterlMemory 

SETNS Set Byte on Not Sign 
To RegisterlMemory 

SETO Set Byte on Overflow 
To RegisterlMemory 

SETP/SETPE Set Byte on ParitylParity Even 
To RegisterlMemory 

OPCODE 

OF 97 [mod 000 rIm] 

OF 95 [mod 000 rIm] 

10F 9D [mod 000 rIm] 

10F 9F [mod 000 rIm] 

10F 91 [mod 000 rIm] 

10F 9B [mod 000 rIm] 

10F 99 [mod 000 rIm] 

10F 90 [mod 000 rIm] 

OF 9A [mod 000 rIm] 

# .. immediate data 
+ = a-bit displacement 

REAL PROTECTED 
FLAGS MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 
OF DF IF TF SF ZF AF PF CF Reg/ ,I Cache Reg/ I Cache Real I Protected 

Cache Hit Miss Cache Hit Miss Mode Mode 

- - - -

- - - - - - - -

- - - - - - - - -

- - - - - - -

- - - - - - - - -

- - - - - - - -

'" 16-bit displacement x .. modified 
+++ = 32-bit displacement (full) - = unchanged en 
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INSTRUCTION 

SETS Set Byte on Sign 
To RegisterlMemory 

SGDT Store GDT Register 
To RegisterlMemory 

SHL Shift Left Logical 
RegisterlMemory by 1 
RegisterlMemory by tL 
RegisterlMemory by Immediate 

SHLD Shift Left Double 
RegisterlMemory by Immediate 
RegisterlMemory by CL 

SHR Shift Right Logical 
RegisterlMemory by 1 
RegisterlMemory by CL 
Register~emory by Immediate 

SHRD Shift Right Double 
RegisterlMemory by Immediate 
RegisterlMemory by CL 

SlOT Store IDT Register 
To RegisterlMemory 

SLDT Store WI Register 
To RegisterlMemory 

--

OPCODE 

OF 98 [modOOO rIm] 

OF 01 [mod 000 rIm] 

D [OOOw] [mod 100 rIm] 
D [OOlw] [mod 100 rIm] 
C [OOOw] [mod 100 rIm] # 

OF A4 [mod reg rIm] # 

OF A5 [mod reg rIm] 

D [OOOw] [mod 101 rIm] 
D [OOlw] [mod 101 rIm] 
C [OOOw] [mod 101 rIm] # 

OF AC [mod reg rIm] # 
OF AD [mod reg rIm] 

OF 01 [mod 001 rIm] 

OF 00 [mod 000 rIm] 

FLAGS 

OF DF IF 1F SF ZF AF PF CF 

x - - x x - x x 

- - - - x x x x 

x - - x x - x x 

- - - - x x - x x 

REAL PROTECTED 
MODE CLOCK MODE CLOCK NOTES 

COUNT ,COUNT 

Reg/ I Cacha 
Cache Hit Miss 

Reg/ I Cache 
Cache Hit Miss-

Real I Protected 
Mode Mode 

214 6 2/4 6 b h 

3/5 7 3/5 7 
214 6 214 6 

b h 
214 6 214 6 
3/5 7 3/5 7 
214 5 214 6 

1 SMSW Store Machine Status Word 1 OF 01 [mod 100 rIm] - - - - - - - - - 112 2 -I 112 2 b,c h,l 

# '" immediate data ++ = 16-bit displacement 
+ = a-bit displacement +++ = 32-bit displacement 

(£ull) 

x .. modified 
- = unchanged 

o 
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REAL PROTECTED 
INSTRUCTION OPCODE FLAGS MODE CLOCK MODE CLOCK NOTES 

COUNT COUNT 
OF DF IF TF SF ZF AF PF CF Reg/ I Cache Reg/ I Cache Real I Pratected 

Cache Hit Miss Cache Hit Miss Mode Mode 

ISTC Set Carry Flag 1 F9 1 - - - - - - - - 1 ~ 

[Si:'05etDirection~ 1 FD - 1 - - - - - - - I-I---i---I ~ 

1 STI Set Interrupt Flag 1 FB - - 1 - - -. - - - 7 7 m 

ISTOSStoreString- 1 A [101w[ - - - - - - - - - 3 3 r--)-- 3 1 b h 

STR Store Task Register 
To RegisterlMemory 

SUB Integer Subtract 
Register to Register 
Register to Memory 
Memory to Register 
Immediate to Register/Memory 
Immediate to Accumulator (short form) 

---

OF 00 [mod 001 rIm] 

2 [lOdw] [11 reg rIm] 
2 [lOOw] [mod reg rIm] 
2 [lOlw] [mod reg rIm] 
8 [OOsw] [mod 101 rIm] # 

2 [llOw] # 

x - - - x x x x x b h 
1 1 
3 5 3 5 
3 5 3 5 

1/3 5 1/3 5. 
1 1 

- ----

1 SVDC Save Segment Register and Descriptor 1 OF 78 [mod sreg3dm]-I· - ---------= 1--- 1 22 22 ~ 

·1 SVLDT Save IDTR and Descriptor 1 OF 7A [mod 000 rIm] - - - - - - - - - 22 22· 

svrs Save TSR and Descriptor 

TEST Test Bits 
RegisterlMemory and Register 
Immediate Data and RegisterlMemory 
Immediate Data and Accumulator 

VERR Verify Read Access 
To RegisterlMemory 

0 - - - x x - x 0 
8 [OlOw] [mod reg rIm] 
F [Ollw] [mod 000 rIm] # 

A ]lOOw] # 

- - - - - x - - -
OF 00 [mod 100 rIm] 

# = immediate data 
+ = 8-bit displacement 

++ = 16-bit displacement 
+++ = 32-bit displacement 
(full) 

x = modified 
- = unchanged 

1/3 5 1/3 5 
l/3 5 1/3 5 
1 1 

b h 

at 
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INSTRUCTION 

VERW Verify Write Access 
To RegisterlMemory 

OPCODE 

OF 00 [mod 101 rim] 

FLAGS 

OF DF IF IF SF ZF AF PF CF 

- - - - - x - - -

REAL PROTECTED 
MODE MODE CLOCK 

CLOCK COUNT COUNT 

Reg/ ,I Cache 
Cache Hit Miss 

Reg/ I Cache 
Cachelm Miss 

I WAIT Wait Until FPUNotBusy 19B - - - - - - - - - 5 5 ,-- 5 5 

I WBINVD Write-Bach and Invalidate Cache [OF 09 _ _ _ _ _ _ _ _ _ 4 u __ U I 4 

XADD Exchange and Add 
Registerl, Register2 
Memory, Register 

XCHG Exchange 
RegisterlMemory with Register 
Register with Accumulator 

OF C [OOOw] [ll reg2 regl] 
OF C [OOOW] [mod reg rim] 

8 [Ollw] [mod reg rim] 
9 [0 reg] 

x---xxxxx 

NOTES 

Real I Protected 
Mode Mode 

I XIAT Translatellyte I D7 - - - - - - - - - 3 5 3 --r 5 h 

XOR Boolean Exclusive OR 
Register to Register 
Register to Memory 
Memory to Register 
Immediate to RegisterlMemory 
Immediate to Accumulator (short form) 

o - -
3 [OOdw] [ll reg rim] 
3 [OOOW] [mod reg rim] 
3 [OOlw] [mod reg rim] 
8 [OOsw] [mod llO rim] # 

3 [OlOw] # 

# .. immediate data 
+ .. 8-bit displacement 

++ = 16-bit displacement 
+++ = 32-bit displacement 
(full) 

x x - x 0 
1 
3 
3 

113 
1 

-
x = modified 
- • unchanged 

Instruction Notes for Instruction Set Snmmary 

Notes a thrpngh c apply to Real Address Mode only: 
a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid op-code). 

b h 
1 

5 3 5 
5 3 5 
5 113 5 

1 

b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum C5, D5, E5, F5, or G5 segment limit 
(FFFFH). Exception 12 fault (stack segment limit violation or not present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum 
55 limit. 

c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected Mode. 

o ,ae 
I"R~ ir 
1l. 
~ .. 



Instruction Notes for Instruction Set Summary (Continued) 

Notes e through g apply to Real Address Mode and Protected Virtual Address Mode: 
c. An exception may occur, depending on the value of the operand. 
f. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK prefix. 
g. LOCK# is asserted during descriptor table accesses. 

Notes h through r apply to Protected Virtual Address Mode only: 
h. Exception 13 fault will occur if the memory operand in C5, DS, ES, FS, or GS cannot be used due to either a segment limit violation or an access rights violation. If a stack limit is 

violated, an exception 12 occurs. 
1. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an exception 13 faule The segment's descriptor must indicate "presem"or exception 

11 (CS, DS, ES, FS, GS not present). If the SS register is loaded and a stack segment not present is detected, an exception 12 occurs. 
j. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK# to maintain descriptor integrity in multiprocessor systems. 
k. ]MP, CALL, INT, RET, and IRET instructions referring to another code segment will cause an exception 13, if an applicable privilege rule is violated. 
1. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL is greater than IOPL. 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are updated only if CPL ~ O. 
o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO if desiring to reset the PE bit. 
p. Any violation of privilege rules as apply to the selector operand does not cause a Protection exception, rather, the zero flag is cleared. 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault will occur before the ESC instruction is executed. An exception 12 fault 

will occur if the stack limit is violated by the operand's starting address. 
r. 'The destination of a]MP, CALL, INT, RET, or \RET must be in the defined limit of a code segment or an exception 13 fault will occur. 

,. s. All memory accesses using this instruction are non-cacheable as this instruction uses SMM address space. 
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CYRIX Cx486SLCje" MICROPROCESSOR 
High-Performance 486-Style CPU with Advanced Power 
Management for Notebook or Battery Powered Systems 
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A.1 Cx486SLCj e Stepping 
Revision History 

The Cx486SLOe is an enhanced version of the 
Cx486SLC that adds System Management Mode 
circuity including two new pins: SMI# (pin 47) 
and SMADS# (pin 20). 

Also included are seven new software instruc
tions: SVDC, RSDC, SVLDT, SVTS, RSTS, and 
RSM. Stepping identification can be performed by 
reading the initialized state of the EDX register 
(bits 15 - 0). The EDX register data is listed in 
TableA-l. 

Table A·I. Cx486SLC Stepping 

STEPPING EDX DESCRIPTION 
REGISTER 

Cx486SLC 0410 Original feature set 
Cx486SLOe 0411 SMM feature added 

A.2 Manual Revision History 

This manual (94069-00) replaces manual 
(94073-00) and applies Cx486SLC (except SMM 
mode features) and the Cx486SLOe. The new 
features are described as well as many other 
updates and improvements have been made. The 
follOwing items have been significantly revised: 

Cover Page 
Changed to reflect new features. 

Section 1.5 
Inclusion of system management mode informa
tion has been made to this section. 

Section 1.6 
Figure 1-1 includes SMADS# and SMI# signals. 

Section 2.1 
In Table 2-1 the four NCR registers in the previ
ous manual have been renamed as ARR registers 
as the meaning of these registers changed. 
Within Table 2-1 the initialized contents of the 
EDX, CRO, CCRl and DR7 have been corrected 
and updated. 

Section 2.3.2 
Figure 2-5 contains MRn registers replacing 
NCRn registers. Description ofTR6 and TR7 has 
been corrected. 

A·1 
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Manual Revision History 

Section 2.3.2.4 
This section was re-written to reflect SMM 
additions. The ARRn registers are described. 

Section 2.5 
Section 2.5 and its sub-sections were re-written 
include SMM information. 

Section 2.6 
This section is new and provides detailed system 
management mode information. The section 
describes the SMM memory space, the SMM 
header and the SMM instruction set. 

Section 3.1 
Figure 3-1 now shows the signals in the order 
they are described as well as includes the addi
tional signals used for SMM operations. 
Table 3-1 include SMM signals. 

Section 3.2.6 
SMADS# paragraph included. 

Section 3.2.7 
SMI# paragraph included. 

Section 3.2.11 
Tables 3-5 and 3.2.12 corrected and updated. 

Section 3.3.10 
This is a new section and describes the SMM 
interface. Within this section the SMM bus 
timing and the SMM VO trap mechanism are 
described. 

Section 4.1.2 
Pull-up resistor for SMI# added to Table 4-1. 

Section 4.4 
33 MHz information added to Table 4-5. 

Section 4.5 
SMADS# and SMI# timing information added to 
Figures 4-1, 4-3, 4-4 and 4-7 and also to 
Tables 4-7,4-8,4-9. Figure 4-9 is new and 
provides 33 MHz AC characteristics. 

Section 5.1 
Figure 5-1, Tables 5-1 and 5-2 include the 
SMADS# and SMI# pins. 

Section 5.3 
The section has been corrected and updated. 
Tables 5-4 and 5-5 have been added to provide 
airflow as related to ambient temperature for 
various clock frequencies. 

Section 6.4 .. 2 
Table 6-16 includes the SVDC, SVLDT, SVTS 
RSDC, RSLDT, RSTS and RSM instructions. 

PRELIMINARY 



A.3 Ordering Information 

Cyrix Prefix 

Device Name 
486SLGe 

Voltage 
Blank = 5 volts 
V = 3 volts 

Speed 
20 = 20 MHz 
25 = 25 MHz 
33=33 MHz 

Package Type 
Q = Quad Flat Pak 

Temperature Range 
P = Commercial 

Ordering Information 

CX 486SLCle- V 33 Q P 

T 

The currently available Cyrix Cx486SLOe part numbers are listed below: 

Cx486SLCj e Part Numbers 

PART NUMBER DESCRIPTION 

Cx486SLCle-25-QP 5 V, 25 MHz, QFP Package 

Cx486SLCle-33-QP 5 V, 33 MHz, QFP Package 

Cx486SLCle-V20-QP 3 V, 20 MHz, QFP Package 

Cx486SLCle-V25-QP 3 V, 25 MHz, QFP Package 
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On-tx® 
~dV!Clng the Standards 

Index 

INDEX 

A---------------------------
AC Characteristics, 4-5 
Addresses 

address bus, 3-4 
address space, 2-32 
offset address calculation, 2-34 

B ------------------------------
Bus 

bus arbitration, 3-9 
bus cycles using non-pipelined addressing, 3-14 
bus cycles using pipelined addressing, 3-18 
bus interface overview, 3-1 
bus operation, 3-14 
bus state diagram, 3-25 

Byte Enable Lines (BLE#, BHE#), 3-4 

c ------------------------------
Cache lnterface 

cache flushing, 3-31 
internal cache interface signals, 3-7 
internal cache timing, 3-30 

Clock 
2X clock input signal, 3-3 
clock count assumptions, 6-10 
clock waveform measurement points, 4-7 
stopping the input clock, 3-43 

Coprocessor lnterface 
signals, 3-8 
timing, 3-37 

D---------------------------
Data Bus Signals, 3-4 
DC Characteristics, 4-4 
Descriptor Table and Segment Selectors, 2-7 
Descriptors, Segment and Gate, 2-16 

E 
Exceptions, Trap, Fault and Abort, 2-41 

F 
Floating CPU signals using FLT#, 3-44 

G----------------------------
Gate Descriptors, 2-18 
Gates and Privilege Transfers, 2-57 

H-----------------------------
Halt (HLT) and Shutdown due to Errors, 2-53 
Halt and Shutdown Timing Cycles, 3-27 
Hold Acknowledge (HLDA), 3-9 
Hold Acknowledge State, 3-33 

]fO Address Space, 2-32 
lnitialization, 2-1 
lnstruction Set Formats, 6-1 
lnstruction Timing, 6-13 
lnterrupt Acknowledge (lNTA) Cycles, 3-26 
lnterrupts 

L 

abort exceptions, 2-41 
exceptions, 2-41 
fault execeptions, 2-41 
hardware/software, 2-44 
interrupt pins, NM1, lNTR, SM1# 2-40 
interrupt vectors, 2-41 
lNTR interrupts, 2-40 
NMl interrupts, 2-40 
priorities, 2-43 
SMl interrupt, 2-47 
real mode and exceptions, 2-45 
trap exceptions, 2-41 

Lock Prefix for lnstructions, 2-3 
Locked Bus Cycles, 3-26 

M---------------------------
Maximum Temperature and Voltage Ratings, 4-2 
Mechanical Drawing of 100-pin BQFP Package, 5-4 
Memory and]fO Address Spaces, 2-32 
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Index A 

INDEX 

Modes 
HALT initiated suspend modesuspend, 3-42 
memory addressing modes table, 2-34 
protected mode addressing mode, 2-35 

. real mode addressing mode, 2-35 
SUSP# initiated suspend mode, 3-41 
vinua18086, 2-58 

0-------------------------------
Offset Address Calculation, 2-34 
Operating Conditions, Recommended 4-3 

P --------------------------------
Package Drawing (100-pin BQFP), 5-4 
Paging Mechanism, 2-37 
Pin Assignments, 5-1 
Pins, Unused and N/C Input, 4-2 
Pipelined Addressing, 3-18 
Pipelined Cycles and Wait States, 3-20 
Power and Ground Considerations, 4-1 
Power Management Interface, 3-10 
Power Management Timing, 4-41 . 
Privilege Level Field in Segment Selector, 2-8, 
Privilege Levels (DPL, CPL, RPL), 2-55 
Protection, Segment and Page, 2-53 
Pull-Up and Pull-Down Resistors, 4-1 

R-------------------------------
Registers 

address region registers, 2-22 
application register set, 2-4 
cache test register, 2-30 
configuration control registers, 2-22 
control registers, 2-13 
data registers, 2-4 
debug registers, 2-26 
desCriptor table registers and deSCriptors, 2-15 
flags register (EFLAGS), 2-9 
global descriptor table register, 2-15 
interrupt deSCriptor table register, 2-15 
instruction pointer register, 2-9 
local descriptor table register, 2-15 
pointer and index register, 2-5 

segment registers and selectors, 2-7 
system register set, 2-11 
task register, 2-19 
test register, 2-28 

Requested Privilege Level (RPL), 2-8 
RESET 

RESET setup and hold timing, 4-14 
RESET timing, internal clock synchronization, 3-12 
signal status during reset, 3-3 

5 ------~--------------~--------
Segment Selector, 2-7 
Segment Descriptor, 2-7 
Selector Address Mechanism, 2-36 
Selectors, Code, Data and Stack 2-7 
Setup and Hold Timing, 4-11 
Signals 

A23 -AI, 3-4 
A20M#,3-8, 
A20M# timing, 3-32 
ADS#, 3-5 
BHE#,3-4 
BLE#,3-4 
BUSY#, 3-8 
Dl5 - DO, 3-4 
DIC#, 3-4 
ERROR#,3-8 
FLT#,3-12 
FLUSH#, 3-7 
HLDA,3-9 
HOLD,3-9 
INTR, 2-40,3-6 
KEN#,3-7 
LOCK#, 3-4 
MIlO#, 3-4 
NA#,3-6 
NMI; 2-40, 3-6 
PEREQ, 3-8 
READY#,3-6 
RESET,3-3 
RPLSET,3-7 
RPLVAL#, 3-7 
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Index 

SMADS#,3-6 
SMI#,3-6 
SUSP#,3-10 
SUSPA#, 3-10 
WIR#, 3-4 

Signal Summary, 3-2 
Signals Unique to Cx486SLCle, 1-4 
SMI Service Routine Execution, 2-52 
SMM Interface, 3-38 
SMM Instructions, 2-51 
SMM Memory Space, 2-52 
SMM Memory Space Header, 2-49 
SMM Operation, 2-48 
Suspend Mode, 3-41 
System Managment Mode (SMM), 2-47 

INDEX 

T--------~~------------------

Thermal Characteristics, 5-5 
Translation Look-Aside Buffer, 2-39 

~-----------------------------
Wait States, Non-Pipelined, 3-17 

A·6 



us 

Cyrix Corporation 
2703 North Central Exprressway 
Richardson, IX 75080 
Tel: . (214) 994-8387 
Fax: (214) 699-9857 

Japan 

CyrixKK 
7F Nisso 11 Bldg., 2-3-4 
Shin-Yokohama, Kouhoku-Ku 
Yokohama, Kanagawa, 222 
Japan 
Tel: 81- (045) 471-1661 
Fax: 81- (045) 471-1666 

SALES OFFICES 

Europe 

Cyrix Europe HQ 
603 Delta Business Park 
Welton Road 
Swindon 
SN57XF 
England 
Tel: 44-(0793)-417777 
Fax: 44-(0793)-417770 

Taiwan &: Hong_Kong 

ACCEL Technology Corp. 
.3F-l., Sec. 2, Tun-Hua S. Rd. 
Taipei 
Taiwan, R.O.c. 
Tel: 886 (02) 755-2838 
Fax: 886 (02) 708-0878 

2703 North Central Expressway. Richardson, Texas 75080 • (214) 994-8387 
November 1992 #" Printed in the USA 
$2.00 Order Number 94085-00 t,J Printed on Recycled Paper 





BELL INDUSTRIES 
Electronic Distribution Group 

1161 N. Fairoaks A venue 

Sunnyvale, California 94089 

(408) 734·8570 

FAX NO. (408) 734-8875 


