




























































































































































































































































































































i486TM MICROPROCESSOR 

These 32-bit extensions are available in all 486 Mi­
croprocessor modes, including the Real Address 
Mode or the Virtual 8086 Mode. In these modes the 
default is always 16 bits, so prefixes are needed to 
specify 32-bit operands or addresses. For instruc­
tions with more than one prefix, the order of prefixes 
is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

10.2.3 ENCODING O!= !NTEGER 
INSTRUCTION FIELDS 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi­
ately ahead. 

10.2.3.1 Encoding of Operand Length (w) Field 

For any given instruction performing a data opera­
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 

Operand Size Operand Size 
wField During 16·Bit During 32·Bit 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

10.2.3.2 Encoding of the General 
Register (reg) Field 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 
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Encoding of reg Field When w Field 
is not Present in Instruction 

Register Selected Register Selected 
reg Field During 16·Bit During 32·Bit 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations 
AV ,.v, 
CX 
OX 
BX 
SP 
BP 
SI 
01 

Data Operations 

EAX 
ECX 
EOX 
EBX 
ESP 
EBP 
ESI 
EOI 

Encoding of reg Field When w Field 
is Present in Instruction 

Register Specified by reg Field 
During 16·Bit Data Operations: 

Function of w Field 

(when w = 0) (when w = 1) 

AL AX 
CL CX 
OL OX 
BL BX 
AH SP 
CH BP 
OH SI 
BH 01 

Register Specified by reg Field 
During 32·Bit Data Operations 

Function of w Field 

(when w = 0) (when w = 1) 

AL EAX 
CL ECX 
OL EOX 
BL EBX 
AH ESP 
CH EBP 
OH ESI 
BH EOI 
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10.2.3.3 Encoding of the Segment 
Register (sreg) Field 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the 486 Microprocessor FS and 
GS segment registers to be specified. 

2-Bit sreg2 Field 

2-Bit 
Segment 

sreg2 Field 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 DS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
Selected 

000 ES 
001 CS 
010 SS 
011 DS 
100 FS 
101 GS 
110 do not use 
111 do not use 
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10.2.3.4 Encoding of Address Mode 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rim" byte, and a second byte of addressing informa­
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rim" byte has rim = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rim" byte, 
also contains three bits (shown as TTT in Figure 
10.1) sometimes used as an extension of the pri­
mary opcode. The three bits, however, may also be 
used as a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad­
dressing uses 16-bit address components to calcu­
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef­
fective address. When 16-bit addressing is used, the 
"mod rim" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rim" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en­
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of 16·bit Address Mode with "mod rIm" Byte 

mod rIm Effective Address mod rIm Effective Address 

00000 OS:[BX+SI] 10000 OS:[BX+SI+d16] 
00001 OS:[BX+OI] 10001 OS: [BX + 01 + d16] 
nn n-tn SS:[8P+SI] vv VIV 

.. nn .. " C"'C"o.rnn t ("\1 I ...J .. ~1 
IVV IV ..:l..:J.Ll:1rTvl'U IUJ 

00011 SS:[BP+OI] 10011 SS:[BP+01+d16] 
00100 OS:[SI] 10100 OS: [SI + d16] 
00101 OS:[OI] 10101 OS: [01 + d16] 
00110 OS:d16 10110 SS:[BP+d16] 
00111 OS:[BX] 10 111 OS:[BX+d16] 

01000 OS: [BX + SI + d8] 11 000 register-see below 
01001 OS: [BX + 01 + d8] 11 001 register-see below 
01010 SS:[BP+SI+d8] 11 010 register-see below 
01011 SS: [BP + 01 + d8] 11 011 register-see below 
01 100 OS:[SI+d8] 11100 register-see below 
01101 OS:[01+d8] 11 101 register-see below 
01110 SS:[BP+d8] 11 110 register-see below 
01 111 OS:[BX+d8] 11 111 register-see below 

Register Specified by rIm Register Specified by rIm 
During 16·Bit Data Operations During 32·Bit Data Operations 

mod rIm Function of w Field 
mod rIm Function of w Field 

(when w=O) (when w = 1) (whenw=O) (when w = 1) 

11 000 AL AX 11 000 AL EAX 
11 001 CL CX 11 001 CL ECX 
11 010 OL OX 11 010 OL EOX 
11 011 BL BX 11 011 BL EBX 
11 100 AH SP 11 100 AH ESP 
11 101 CH BP 11 101 CH EBP 
11 110 OH SI 11 110 OH ESI 
11 111 BH 01 11 111 BH EOI 
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Encoding of 32-bit Address Mode with "mod rIm" byte (no "s-i-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 DS:[EAX] 10000 DS: [EAX + d32] 
00001 DS:[ECX] 10001 DS: [ECX + d32] 
00010 DS:[EDX] 10010 DS: [EDX + d32] 
00011 DS:[EBX] 10011 DS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10101 SS: [EBP + d32] 
00110 DS:[ESI] 10110 DS: [ESI + d32] 
00111 DS:[EDIl 10 111 DS: [ED I + d32] 

01000 DS: [EAX + dB] 11000 register-see below 
01001 DS: [ECX + dB] 11001 register-see below 
01 010 DS: [EDX + dB] 11010 register-see below 
01011 DS: [EBX + dB] 11 011 register-see below 
01 100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+dB] 11 101 register-see below 
01 110 DS: [ESI + dB] 11 110 register-see below 
01 111 DS: [EDI + dB] 11 111 register-see below 

Register Specified by reg or rIm Register Specified by reg or rIm 
during 16-Bit Data Operations: during 32-Bit Data Operations: 

mod rIm 
Function of w field 

mod rIm 
Function of w field 

(whenw=O) (when w= 1) (whenw=O) (when w= 1) 

11 000 AL AX 11 000 AL EAX 
11001 CL CX 11 001 CL ECX 
11010 DL DX 11 010 DL EDX 
11 011 BL BX 11 011 BL EBX 
11 100 AH SP 11 100 AH ESP 
11 101 CH BP 11 101 CH EBP 
11 110 DH SI 11 110 DH ESI 
11 111 BH DI 11 111 BH EDI 
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Encoding of 32-bit Address Mode ("mod rIm" byte and "s-i-b" byte present): 

mod base Effective Address 

00000 OS: [EAX + (scaled index)) 
00001 OS: [ECX + (scaled index)] 
00010 OS: [EOX + (scaled index)] 
00011 OS: [ESX + (scaled index)) 
00100 SS: [ESP + (scaled index)] 
00101 OS: [d32 + (scaled index)] 
00110 OS: [ESI + (scaled index)] 
00111 OS: [EOI + (scaled index)] 

01000 OS: [EAX + (scaled index) + dB] 
01001 OS: [ECX + (scaled index) + dB] 
01010 OS: [EOX + (scaled index) + dB] 
01011 OS: [ESX + (scaled index) + dB] 
01100 SS: [ESP + (scaled index) + dB] 
01101 SS: [ESP + (scaled index) + dB] 
01110 OS: [ESI + (scaled index) + dB] 
01 111 OS: [EOI + (scaled index) + dB] 

10000 OS: [EAX + (scaled index) + d32] 
10001 OS: [ECX + (scaled index) + d32] 
10010 OS: [EOX + (scaled index) + d32] 
10011 OS: [ESX + (scaled index) + d32] 
10100 SS: [ESP + (scaled index) + d32] 
10101 SS: [ESP + (scaled index) + d32] 
10110 OS: [ESI + (scaled index) + d32] 
10111 OS: [EOI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rim" byte; ss, index, base fields in 
"s-i-b" byte. 
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ss 

00 
01 
10 
11 

index 

000 
001 
010 
011 
100 
101 
110 
111 

"IMPORTANT NOTE: 

Scale Factor 

x1 
x2 
x4 
xB 

Index Register 

EAX 
ECX 
EOX 
ESX 

no index reg" 
ESP 
ESI 
EOI 

When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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10.2.3.5 Encoding of Operation 
Direction (d) Field 

In many two-operand instructions the d field is pres­
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg"Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 

10.2.3.6 Encoding of Sign-Extend (s) Field 

The s field occurs primarily to instructions with im­
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 

Effect on Effect on 
s Immediate Immediate 

DataS Data 16132 

0 None None 

1 Sign-Extend Data8 to Fill None 
16-8it or 32-8it Destination 

10.2.3.7 Encoding of Conditional 
Test (tttn) Field 

For the conditional instructions (conditional jumps 
and set on condition). tttn is encoded with n indicat­
ing to use the condition (n = 0) or its negation (n = 1). 
and ttt giving the condition to test. 
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Mnemonic Condition 

0 Overflow 
NO No Overflow 
B/NAE Below/Not Above or Equal 
NB/AE Not Below/Above or Equal 
E/Z Equal/Zero 
NE/NZ Not Equal/Not Zero 
BE/NA Below or Equal/Not Above 
NBE/A Not Below or Equal/Above 
S Sign 
NS Not Sign 
PIPE Parity/Parity Even 
NP/PO Not Parity/Parity Odd 
LlNGE Less Than/Not Greater or Equal 
NLIGE Not Less Than/Greater or Equal 
LEING Less Than or Equal/Greater Than 
NLE/G Not Less or Equal/Greater Than 

10.2.3.S Encoding of Control or Debug 
or Test Register (eee) Field 

tun 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

For the loading and storing of the Control. Debug 
and Test registers. 

When Interpreted as Control Register Field 

eee Code Reg Name 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 DRO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR? 

Do not use any other encoding 

When Interpreted as Test Register Field 

eeeCode Reg Name 

011 TR3 
100 TR4 
101 TR5 
110 TR6 
111 TR? 

Do not use any other encoding 



inter i486TM MICROPROCESSOR 

Instruction 

1 

2 

3 

4 

5 

11011 

11011 

1101i 

11011 

11011 

15-11 

First Byte 

OPA 1 

MF OPA 

d P OPA 

0 0 1 

0 1 1 

10 9 8 

10.2.4 ENCODING OF FLOATING POINT 
INSTRUCTION FIELDS 

mod 

mod 

i 

1 

1 

7 

Instructions for the FPU assume one of the five 
forms shown in the following table. In all cases, in­
structions are at least two bytes long and begin with 
the bit pattern 11011 B. 

OP = Instruction opcode, possible split into two 
fields OPA and OPB 

MF = Memory Format 
00-32-bit real 
01-32-bit integer 
10-64-bit real 
11-16-bit integer 

P = Pop 
0-00 not pop stack 
1-Pop stack after operation 

d = Destination 
O-Destination is ST(O) 
1-Destination is ST(i) 

R XOR d = O-Destination (op) Source 
R XOR d = 1-Source (op) Destination 

ST(i) = Register stack element i 
000 = Stack top 
001 = Second stack element 

• 
• 
• 

111 = Eighth stack element 

mod (Mode field) and rim (Register/Memory specifi­
er) have the same interpretation as the correspond­
ing fields of the integer instructions. 

s-i-b (Scale Index Base) byte and disp (displace­
ment) are optionally present in instructions that have 
mod and rim fields. Their presence depends on the 
values of mod and rim, as for integer instructions. 

Optional 

Second Byte Fields 

1 I OPS rim s-i-b 1 disp 

OPS rim s-i-b I disp 

i OP8 ST{i) 

1 1 1 OP 

1 1 I OP 

6 5 43210 

11.0 DIFFERENCES BETWEEN THE 
i486™ MICROPROCESSOR AND 
THE 386™ MICROPROCESSOR 
PLUS THE 387TM NUMERICS 
COPROCESSOR 

The differences between the 486 microprocessor 
and the 386 microprocessor are due to performance 
enhancements. The differences between the micro­
processors are listed below. 

1. Instruction clock counts have been reduced to 
achieve higher performance. See Section 10. 

2. The 486 microprocessor bus is significantly fast­
er than the 386 microprocessor bus. Differences 
include a 1 X clock, parity support, burst cycles, 
cacheable cycles, cache invalidate cycles and 
8-bit bus support. The Hardware Interface and 
Bus Operation Sections (Sections 6 and 7) of 
the data sheet should be carefully read to un­
derstand the 486 microprocessor bus function­
ality. 

3. To support the on-chip cache new bits have 
been added to control register 0 (CE and WT) 
(Section 2.1.2.1), new pins have been added to 
the bus (Section 6) and new bus cycle types 
have been added (Section 7). The on-chip 
cache needs to be enabled after reset by setting 
the CE and WT bit in CRO. 

4. The complete 387 math coprocessor instruction 
set and register set have been added. No 1/0 
cycles are performed during Floating Point in­
structions. The instruction and data pointers are 
set to 0 after FINIT/FSAVE. Interrupt 9 can no 
longer occur, interrupt 13 occurs instead. 

5. The 486 microprocessor supports new floating 
point error reporting modes to guarantee DOS 
compatibility. These new modes required a new 
bit in control register 0 (NE) (Section 2.1.2.1) 
and new pins (FERR# and IGNNE#) (Section 
6.2.13 and 7.2.14). 
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6. Six new instructions have been added: 

Byte Swap (BSWAP) 

Exchange-and-Add (XADD) 

Compare and Exchange (CMPXCHG) 

Invalidate Data Cache (INVD) 

Write-back and Invalidate Data Cache 
(WBINVD) 

Invalidate TLB Entry (INVLPG) 

7. There are two new bits defined in control regis­
ter 3, the page table entries and page directory 
entries (PCD and PWT) (Section 4.5.2.5). 

8. A new page protection feature has been added. 
This feature required a new bit in control register 
o (WP) (Section 2.1.2.1 and 4.5.3). 

9. A new Alignment Check feature has been add­
ed. This feature required a new bit in the flags 
register (AC) (Section 2.1.1.3) and a new bit in 
control register 0 (AM) (Section 2.1.2.1). 

10. The replacement algorithm for the translation 
lookaside buffer has been changed to a pseudo 
least recently used algorithm like that used by 
the on-chip cache. See Section 5.5 for a de­
scription of the algorithm. 

11. Three new testability registers, TR5, TR6 and 
TR7, have been added for testing the on-chip 
cache. TLB testability has been enhanced. See 
Section 8. 

12. The prefetch queue has been increased from 16 
bytes to 32 bytes. A jump always needs to exe­
cute after modifying code to guarantee correct 
execution of the new instruction. 

13. After reset, the ID in the upper byte of the DX 
register is 04. The contents of the base regis­
ters including the floating point registers may be 
different after reset. 

12.0 ELECTRICAL DATA 

The following sections describe recommended elec­
trical connections for the 486 microprocessor, and 
its electrical specifications. 

12.1 Power and Grounding 

12.1.1 POWER CONNECTIONS 

The 486 microprocessor is implemented in CHMOS 
IV technology and has modest power requirements. 
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However, its high clock frequency output buffers can 
cause power surges as multiple output buffers drive 
new signal levels simultaneously. For clean on-chip 
power distribution at high frequency, 24 Vee and 28 
Vss pins feed the 486 microprocessor. 

Power and ground connections must be made to all 
external Vee and GND pins of the 486 microproces­
sor. On the circuit board, all Vee pins must be con­
nected on a Vee plane. All Vss pins must be like­
wise connected on a GND plane. 

12.1.2 POWER DECOUPLING 
RECOMMENDATIONS 

Liberal decoupling capacitance should be placed 
near the 486 microprocessor. The 486 microproces­
sor driving its 32-bit parallel address and data bus­
ses at high frequencies can cause transient power 
surges, particularly when driving large capacitive 
loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per­
formance. Inductance can be reduced by shortening 
circuit board traces between the 486 microproces­
sor and decoupling capacitors as much as possible. 
Capacitors specifically for PGA packages are also 
commercially available. 

12.1.3 OTHER CONNECTION 
RECOMMENDATIONS 

N.C. pins should always remain unconnected. 

For reliable operation, always connect unused in­
puts to an appropriate signal level. Active LOW in­
puts should be connected to Vee through a pullup 
resistor. Pull ups in the range of 20 K!1 are recom­
mended. Active HIGH inputs should be connected to 
GND. 

12.2 Maximum Ratings 

Table 12.1 is a stress rating only, and functional op­
eration at the maximums is not guaranteed. Function 
operating conditions are given in 12.3 D.C. Specifi­
cations and 12.4 A.C. Specifications. 

Extended exposure to the Maximum Ratings may af­
fect device reliability. Furthermore, although the 486 
microprocessor contains protective circuitry to resist 
damage from static electric discharge, always take 
precautions to avoid high static voltages or electric 
fields. 



infef i486™ MICROPROCESSOR 

Table 12.1. Absolute Maximum Ratings 

Case Temperature under Bias ....... O°C to + 85°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground ......... - 0.5 to V CC + 0.5V 

Power Dissipation at 25 MHz .................. 5W 

Power Dissipation at 33 MHz .................. 6W 

12.3 D.C. Specifications 
Functional Operating Range: Vcc = 5V ± 5%; T CASE = O°C to + 85°C 

Table 12.2. DC Parametric Values 

Symbol Parameter ax Unit Notes 

VIL Input low Voltage V 
VIH Input High Voltage V 

VOL Output low Voltage V (Note 1) 
VOH Output High Voltage V (Note 2) 

Icc Power Supply Current (25 MHz) 900 mA (Note 3) 
Power Supply Current (33 M 1200 

III Input leakage Current ±15 /LA (Note 4) 

IIH Input leakage Curren 200 /LA (Note 5) 

IlL Input leakage Cu~ -400 /LA (Note 6) 
ILO Output leakage ±15 /LA 
CIN Input Capacita'nc 16 pF 
Co 1/0 or Output Cap 16 pF 

CCLK ClK Capacitance 16 pF 

NOTES: 
1. This parameter is measured at: 

Address, Data, BEn 4.0 mA 
Definition, Control 5.0 mA 

2. This parameter is measured at: 
Address, Data, BEn 1.0 mA 
Definition, Control 0.9 mA 

3. Typical supply current 650 mA. 
4. This parameter is for inputs without pullups or pulldowns and 0 ,;; VIN ,;; Vce. 
5. This parameter is for inputs with pulldowns and VIH = 2.4V. 
6. This parameter is for inputs with pull ups and VIL = 0.45V. 

12.4 A.C. Specifications 

The AC. specifications, given in Table 12.3, consist 
of output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela­
tive to the rising edge of the ClK signal. 

AC. specifications measurement is defined by Fig­
ures 12.1-12.3. Inputs must be driven to the voltage 
levels indicated by Figure 12.3 when AC. specifica-
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tions are measured. 486 microprocessor output de­
lays are specified with minimum and maximum limits, 
measured as shown. The minimum 486 microproc­
essor delay times are hold times provided to exter­
nal circuitry. 486 microprocessor input setup and 
hold times are specified as minimums, defining the 
smallest acceptable sampling window. Within the 
sampling window, a synchronous input Signal must 
be stable for correct 486 microprocessor operation. 
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Table 12.3.25 MHz i486 Microprocessor A.C. Characteristics 

Vee = 5V ±5%; Tease = O°C to + 85°C; CI = 50 pF unless otherwise specified 

Symbol Parameter Min Max Unit Figure Notes 

Frequency 8 25 MHz 1 X Clock Driven to 486 

t1 ClK Period 40 125 ns 12.1 

t1a ClK Period Stability 0.1% t;. Adjacent Clocks 

t2 ClK High Time 14 ns 12.1 at2V 

t3 ClKlowTime 14 ns 12.1 at 0.8V 

t4 ClK Fall Time 4 ns 

t5 ClK Rise Time 4 ns 

ts A2-A31, PWT, PCD, BEO-3 #, 3 22 ns 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#,FERR#,BREQ,HlDA 
Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, 0 
M/IO#, D/C#, W/R#, ADS#, 
lOCK# Float Delay 

te PCHK# Valid Delay 

tea BlAST#, PlOCK# Valid Delay 

t9 BlAST#, PlOCK# Float Delay Before Clock Edge 

t10 DO-D31, DPO-3 Write Data Valid 
Delay 

t11 DO-D31, DPO-3 Write 12.2 Before Clock Edge 
Delay 

t12 12.3 

t13 ns 12.3 

t14 ns 12.3 

t15 KEN#, ns 12.3 

t16 RO,¥0¥ , 8 ns 12.3 

t17 3 ns 12.3 

t1e , BOFF # Setup Time 10 ns 12.3 

t19 HOLD, AHOlD, BOFF # Hold Time 3 ns 12.3 

t20 RESET, FlUSH#, A20M#, NMI, 10 ns 12.3 
INTR, IGNNE# Setup Time 

t21 RESET, FlUSH#, A20M#, NMI, 3 ns 12.3 
INTR, IGNNE# Hold Time 

t22 DO-D31, DPO-3, A4-A31 Read 5 ns 12.3 
Setup Time 

t23 DO-D31, DPO-3, A4-A31 Read 3 ns 12.3 
Hold Time 
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Table 12.3.33 MHz i486 Microprocessor D.C. Characteristics 

Vee = 5V ±5%; Tease = O°C to + 85°C; C, = 50 pF unless otherwise specified 

Symbol Parameter Min Max Unit Figure Notes 

Frequency 8 33 MHz 1 X Clock Driven to 486 

tl ClK Period 30 125 ns 12.1 

tla ClK Period Stability 0.1% t:.. Adjacent Clocks 

t2 ClK High Time 11 ns 12.1 at2V 

t3 ClK low Time 11 ns 12.1 at 0.8V 

t4 ClK Fall Time 3 ns 12.1 

t5 ClK Rise Time 3 ns 12.1 

t6 A2-A31, PWT, PCD, BEO-3#, 3 19 ns 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#,FERR#,BREQ,HlDA 
Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, 0 
M/IO#, D/C#, W/R#, ADS#, 
lOCK # Float Oelay 

te PCHK# Valid Oelay 3 

tea BlAST#, PlOCK# Valid Oelay 

t9 BLAST #, PLOCK # Float Oelay Before Clock Edge 

tlO 00-031, OPO-3 Write Oata Valid 
Oelay 

tll Before Clock Edge 

t12 12.3 

t13 12.3 

t14 ns 12.3 

t15 ns 12.3 

t16 ns 12.3 

t17 ns 12.3 

tle 8 ns 12.3 

t19 3 ns 12.3 

t20 RESET, FlUSH#, A20M#, NMI, 8 ns 12.3 
INTR, IGNNE# Setup Time 

t21 RESET, FlUSH#, A20M#, NMI, 3 ns 12.3 
INTR, IGNNE# Hold Time 

t22 00-031, DPO-3, A4-A31 Read 5 ns 12.3 
Setup Time 

t23 00-031, OPO-3, A4-A31 Read 3 ns 12.3 
Hold Time 
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240440-45 
tx = input setup times 
ty = input hold times. output float. valid and hold times 

Figure 12.1. elK Waveforms 

ClK L (PH1) \ (PH2) -I JlL1.5V '---_1.:.;1 

ClK 

ty = t12. 114. t16. 118. 120. t22 
tz = t13. 115. 117. t19. t21. 123 

'~;~'j-l-'5-V------.t ,m..., --1 

Figure 12.2. Output Waveforms 

Figure 12.3. Input Waveforms 
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240440-47 
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12.4.1 Typical Output Valid Delay versus Load 
Capacitance Under Worst Case 
Conditions 

NOTE: 

'iii' 
;.5. 
~ notTl+4 ;------1---+--+----;;: 

'" '" l-
i[ nom+2 1--1--
I­
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This graph will not be linear outside of the CL range shown. 
non = nominal value given in A.C. Characteristics table. 

12.4.2 Typical Output Rise Time versus Load 
Capacitance Under Worst-Case 
Conditions 
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This graph will not be linear outside of the CL range shown. 

12.5 Designing for ICD-486 
(Advance Information) 

The ICD·486 (In·Circuit Debugger) is a hardware as· 
sisted debugger for the 486 CPU. To use the ICD-
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486, the 486 CPU component must be removed 
from its socket replaced with the ICD-486 module. 
Because of the high operating frequency of 486 CPU 
systems, there is no buffering of signals between the 
486 CPU in the ICD-486 and the target system. A 
direct result of the non-buffered interconnect is that 
the ICD-486 shares the address and data bus of the 
target system. In order for the ICD-486 to function 
properly (without the Optional Isolation Board in­
stalled), the design of the target system must meet 
the following restrictions: 

1. The bus controller must only enable data trans­
ceivers onto the data bus during valid read cycles 
of the 486 CPU, other local devices, or other bus 
masters. 

2. Before another bus master drives the localproc­
essor address bus, the other bus master must 
gain access to the address bus through the use 
of HOlD-HlDA, AHOlD, or BOFF#. 

In addition to the above restrictions, the ICD-486 has 
several electrical and mechanical characteristics 
that should be taken into consideration when de­
signing the 486 CPU system. 

Capacitive loading: ICD-486 adds up to 30 pF to the 
ClK signal, and up to 20 pF to each of the other 486 
CPU signals. 

DC loading: ICD-486 adds ± 15 p.A loading to the 
ClK and data bus signals and ± 5 p.A loading to the 
address and control signals. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICD-486 is powered 
by the target system through the power and ground 
pins of the 486 CPU socket. The circuitry on the 
ICD-486 draws up to 1.3A excluding the 486 CPU 
ICC· 

No Connects: Pins specified as N.C. in the 486 CPU 
pin description must be left unconnected. Connec­
tion of any of these pins to power, ground, or any 
other signal may cause the processor or the ICD-
486 to malfunction. 

486 CPU location and Orientation: The ICD-486 
may require lateral clearance. Figure 12.4 shows the 
clearance requirements of the ICD-486. 
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Optional Isolation Board (OIB) 

Due to its unbuffered design, the ICD-486 is suscep­
tible to errors on the target system's bus. The alB 
installs between the ICD-486 and 486 CPU socket in 
the target system and allows the ICD-486 to function 
in systems with faults (Le., shorted signals). After 
electrical verification the alB may be removed. The 
alB has the following electrical and mechanical 
characteristics: 

Buffer Characteristics: The alB buffers the address 
and data busses as well as the byte enables, ADS # , 
W/R#, M/IO#, BLAST#, and HLDA. The buffers 
are advanced CMOS devices and have the following 
DC drive specifications: IOH = -15 mA. IOL = 
64 mA. The propagation delay of each buffer is 5 ns 
max driving a 50 pF load. To guarantee proper oper-
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ation with the alB, the clock period should be in­
creased by the round trip buffer delay (10 ns) unless 
the target system design already has enough timing 
margin. 

Unbuffered Signals: Signals not listed above as buff­
ered are passed through the alB and will have addi­
tional capacitive loading due to the connectors and 
circuit board of up to 10 pF. 

Power Requirements: The OIB is also powered by 
the target system through the 486 CPU socket and 
requires 0.5A in addition to the ICD-486 and 486 
CPU requirements. 

alB Clearance Requirements: The alB requires an 
extra 0.55" of vertical clearance in the target system 
above the 486 CPU socket. 
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Figure 12.4.ICD-486TM CPU Dimensions 
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13.0 MECHANICAL DATA 
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240440-49 

Family: Ceramic Pin Grid Array Package 

Symbol 
Millimeters Inches 

Min Max Notes Min Max Notes 

A 3.56 4.57 0.140 0,180 

AI 0,64 1.14 SOLID LID 0,025 0,045 SOLID LID 

A2 23 0.30 SOLID LID 0,110 0.140 SOLID LID 

A3 1,14 1.40 0,045 0.055 

B 0.43 0.51 0,017 0,020 

D 44,07 44.83 1,735 1.765 

Dl 40.51 40.77 1,595 1.605 

el 2.29 2.79 0,090 0.110 

L 2.54 3.30 0,100 0.130 

N 168 168 

SI 1.52 2.54 0.060 0.100 

ISSUE IWS REV X 7/15/88 

Figure 13.1. 168 Lead Ceramic PGA Package Dimensions 
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Table 13.1 Ceramic PGA Package Dimension Symbols 

Letter or 
Description of Dimensions 

Symbol 

A Distance from seating plane to highest point of body 

A1 Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

As Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

0 Largest overall package dimension of length 

01 A body length dimension, outer lead center to outer lead center 

e1 Linear spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

Sl Other body dimension, outer lead center to edge of body 

NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "e1" ("e") is non-cumulative. 
S. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.04S0 inch. 
4. Dimensions "S", "S1" and "c" are nominal. 
5. Details of Pin 1 identifier are optional. 

13.1 Package Thermal Specifications 

The 486 microprocessor is specified for operation 
when T C (the case temperature) is within the range 
of 0°C-85°C. T C may be measured in any environ­
ment to determine whether the 486 microprocessor 
is within specified operating range. The case tem­
perature should be measured at the center of the 
top surface opposite the pins. 

Note that T A is greatly improved by attaching "fins" 
or a "heat sink" to the package. P (the maximum 
power consumption) is calculated by using the maxi­
mum Icc at 5V as tabulated in the DC Characteris­
tics of Section 12. 

T A (the ambient temperature) can be calculated 
from (}CA (thermal resistance from case to ambient) 
with the following equation: 

Typical values for (}CA at various airflows are given 
in Table 13.2 for the 1.75 sq. in., 168 pin, ceramic 
PGA. 

Table 13.3 shows the maximum T A allowable (with­
out exceeding T c) at various airflows and operating 
frequencies (fCLK)' 
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Table 13.2. Thermal Resistance (eeA) at Various 
Airflows 

In °C/Watt 

Airflow-ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

(}CA with 
13 9 5.5 5.0 3.9 3.4 

Heat Sink' 

eCA without 
17 14 11 9 7.1 6.6 

Heat Sink 

'0.285" high unidirectional heat sink (AI alloy 6061, 50 mIl 
fin width, 150 mil center-to-center fin spacing). 
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Table 13.3. Maximum T A at Various Airflows 

InoC 

Airflow-ft/min (m/sec) 

fCLK 0 200 400 600 800 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

TA with 25.0 46 58 69 70 73 75 
HeatSink* 33.3 43 56 67 69 72 74 

TA without 25.0 34 43 52 58 64 65 
Heat Sink 33.3 30 40 49 56 62 64 

'0.285" high unidirectional heat sink (AI alloy 6061, 50 mil fin width, 150 mil 
center-to-center fin spacing). 
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