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1.1

1.1.1.

PINOUT AND PIN DESCRIPTIONS

CHAPTER 1
PINOUT

Pentium ® Processor (510\60, 567\66) Pinout

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
a0 O OO0 OO0 OOO0OO0OO0O 00O O OO0 O],
INV M/IO# EWBE# Vcc Vec Vec Vec Vec DP2 D23 Vec Vec Vee Vee Vee Vee Vee  Vee DP5 D43 D45
B| O o o O OO OO0 o0 OO0 OO0 0O OO O O OO0 0|y
\" BP2 BP3 D6 Vss Vss Vss Vss D17 D24 Vss Vss Vss Vss Vss Vss Vss Vss D41 D47 D48
c o O O O O O O |¢
Vec |ERR# PM1/BP1 D4 DP1 D18 D22 D25 D29 D31 D2 D9 D10 D12 D19 D21 D33 D36 D34 D50 D52
ol O o O O O O O O O O O |p
Vee PM0O/BPO DO D13 D15 D16 D20 DP3 D27 D32 D28 D30 D14 D40 D39 D37 D35 DP4 D38 D42 D44
eflO O O O O |,
Vee Vss D1 D2 D11 D46 DP6 D54 DP7
(O O O O O |,
Vee Vss D3 D8 D51 D49 D57 Vec

s| O O O O
Vee Vss D5 D7 D53 D55 Vss Vcc
" @) O O |4
Vee Vss FERR# DPO D63 D59 Vss D56
;O o o © o O],
Vss IU  KEN# CACHE# D58 D62 Vss Vcc
k| O O O o O O O |,
Vss Vss NA#  BOFF# CLK D61 Vss Vcc
L @) @) Top View O |,
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Figure 1-1. Pentium ® Processor (510\60, 567\66) Pinout (Top View)
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Figure 1-2. Pentium ® Processor (510\60, 567\66) Pinout (Bottom View)
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Table 1-1. Pentium ® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name

Signal Location Signal Location
A3 T17 A20M# uos
v W19 ADS# P04
A5 ui8 AHOLD LO2
A6 u17 AP P03
A7 T16 APCHK# W03
A8 ul6 BEO# uo4
A9 T15 BE1# Q04
Al0 uis BE2# uo6
All T14 BE3# V01
Al2 U4 BE4# TO6
Al3 T13 BES5# S04
Al4 u13 BE6# uo7
Al5 T12 BE7# W01
Al6 ui12 BOFF# K04
Al7 T11 BP2 B02
Al8 U1l BP3 BO3
Al9 T10 BRDY# LO4
A20 u10 BREQ V02
A21 u21 BTO* TO8
A22 uo9 BT1* w21
A23 u20 BT2* TO7
A24 uos BT3* W20
A25 u19 BUSCHK# TO3
A26 TO9 CACHE# Jo4
A27 V21 CLK K18
A28 V06 DO D03
A29 V20 D1 EO3
A30 W05 D2 EO4
A31 V19 D3 FO3

1-3



PINOUT

intgl.

Table 1-1. Pentium ® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name

(Contd.)
Signal Location Signal Location
D4 C04 D33 C17
D5 GO03 D34 C19
D6 B0O4 D35 D17
D7 G04 D36 C18
D8 F04 D37 D16
D9 C12 D38 D19
D10 C13 D39 D15
D11 EO05 D40 D14
D12 Cl4 D41 B19
D13 D04 D42 D20
D14 D13 D43 A20
D15 D05 D44 D21
D16 D06 D45 A21
D17 B09 D46 E18
D18 C06 D47 B20
D19 C15 D48 B21
D20 Do7 D49 F19
D21 C1l6 D50 C20
D22 Cco7 D51 F18
D23 Al0 D52 Cc21
D24 B10 D53 G18
D25 C08 D54 E20
D26 Cl1 D55 G19
D27 D09 D56 H21
D28 D11 D57 F20
D29 C09 D58 Ji8
D30 D12 D59 H19
D31 C10 D60 L19
D32 D10 D61 K19
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Table 1-1. Pentium ® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name
(Contd.)
Signal Location Signal Location

D62 J19 IV* BO1

D63 H18 KEN# JOo3

D/C# V04 LOCK# V03

DPO HO4 M/10# A02

DP1 C05 NA# K03

DP2 A9 NMI N19

DP3 D08 PCD Wo4

DP4 D18 PCHK# RO3

DP5 Al9 PEN# M18

DP6 E19 PMO0/BPO D02

DP7 E21 PM1/BP1 C03

EADS# M03 PRDY uo3

EWBE# AO03 PWT S03

FERR# HO3 RESET L18

FLUSH# uo2 R/S# R18

FRCMC# M19 SCYC R04

HIT# w02 SMI# P18

HITM# M04 SMIACT# TO5

HLDA Q03 TCK TO4

HOLD V05 TDI T21

IBT* T19 TDO S21

IERR# C02 TMS P19

IGNNE# S20 TRST# S18

INIT T20 WB/WT# M02

INTR N18 W/R# NO3

INV AO01 NC LO3, N04, Q19, R19, S19, T18
1U* J02
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Table 1-1. Pentium ® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name
(Contd.)

Signal Location

Vce A04, A05, A06, AQ7, A08, All, Al12, A13, Al4, Al5, Al16, Al7, A18, CO1, D01, EO1, FO1,
F21, GO1, G21, HO1, J21, K21, L21, M21, NO1, N21, P01, P21, Q01, Q18, Q21, RO1, R21,
S01, T01,U01, W06, W07, W08, W09, W10, W11, W12, W13, W14, W15, W16, W17, W18

Vsg BO5, B06, BO7, B08, B11, B12, B13, B14, B15, B16, B17, B18, E02, FO2, G02, G20, H02,
H20, J01, J20, K01, K02, K20, L01, L20, M01, M20, NO2, N20, P02, P20, Q02, Q20, R02,
R20, S02, T02, V07, V08, V09, V10, V11, V12, V13, V14, V15, V16, V17, V18

NOTE:
*Not supported on the future Pentium® OverDrive® processor.

1.2. DESIGN NOTES

For reliable operation, always connect unused inputs to an appropriate signal level. Unused
active low inputs should be connected tgcV Unused activeHIGH inputs should be
connected to GND.

No Connect (NC) pins must remain unconnected. Connection of NC pins may result in
component failure or incompatibility with processor steppings.

Note: The No Connecpin located at LO3 (BRDYC#along withBUSCHK#are sampled by
the Pentium processor at RESET to configheel/Obuffers ofthe processor for use with the
82496 Cache Controller/82491 CacBRAM secondary cache ascaip set (refer to the
82496 Cache Controller/82491 Cache SRAM Data Book for Wwitle the Pentiufit
ProcessorOrder Number 241814, for further information).

1.3. QUICK PIN REFERENCE

This section gives a brief functional description of each of the pins. For a detailed
description, see the Hardware Interface chapter in this mariaie that all input pins

must meet their AC/DC specifications to guarantee proper functional behavior.In this
section, the pins are arranged in alphabetical order. The functional grouping of each pin is
listed at the end of this chapter.

The # symbol at the end of a signal name indicates that the active, or asserted state occurs
when the signal is at a low voltage. When a # symbol is not present after the signal name,
the signal is active, or asserted at the high voltage level.
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Table 1-2. Quick Pin Reference

Symbol

Type*

Name and Function

A20M#

When the address bit 20 mask pin is asserted, the Pentium® processor emulates
the address wraparound at one Mbyte which occurs on the 8086. When A20M#
is asserted, the Pentium processor masks physical address bit 20 (A20) before
performing a lookup to the internal caches or driving a memory cycle on the bus.
The effect of A20M# is undefined in protected mode. A20M# must be asserted
only when the processor is in real mode.

A31-A3

I}

As outputs, the address lines of the processor along with the byte enables define
the physical area of memory or I/O accessed. The external system drives the
inquire address to the processor on A31-A5.

ADS#

The address status indicates that a new valid bus cycle is currently being driven
by the Pentium processor (510\60, 567\66).

AHOLD

In response to the assertion of address hold, the Pentium processor will stop
driving the address lines (A31-A3), BT3-BT0 and AP in the next clock. The rest
of the bus will remain active so data can be returned or driven for previously
issued bus cycles.

AP

110

Address parity is driven by the Pentium processor with even parity information on
all Pentium processor generated cycles in the same clock that the address is
driven. Even parity must be driven back to the Pentium processor during inquire
cycles on this pin in the same clock as EADS# to ensure that the correct parity
check status is indicated by the Pentium processor.

APCHK#

The address parity check status pin is asserted two clocks after EADS# is
sampled active if the Pentium processor has detected a parity error on the
address bus during inquire cycles. APCHK# will remain active for one clock each
time a parity error is detected.

BE7#-BEO#

The byte enable pins are used to determine which bytes must be written to
external memory, or which bytes were requested by the CPU for the current
cycle. The byte enables are driven in the same clock as the address lines
(A31-3).

BOFF#

The backoffinput is used to abort all outstanding bus cycles that have not yet
completed. In response to BOFF#, the Pentium processor will float all pins
normally floated during bus hold in the next clock. The processor remains in bus
hold until BOFF# is negated at which time the Pentium processor restarts the
aborted bus cycle(s) in their entirety.

BP[3:2]
PM/BP[L:0]

The breakpoint pins (BP3-0) correspond to the debug registers, DR3-DRO.
These pins externally indicate a breakpoint match when the debug registers are
programmed to test for breakpoint matches.

BP1 and BPO are multiplexed with the Performance Monitoring pins (PM1 and
PMO). The PB1 and PBO bits in the Debug Mode Control Register determine if
the pins are configured as breakpoint or performance monitoring pins. The pins
come out of reset configured for performance monitoring (for more information
see Appendix A). Because of the fractional speed bus implemented in the future
Pentium OverDrive® processor, the breakpoint pins, BP[3:0], may indicate that
one or more BP matches occurred.
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Table 1-2. Quick Pin Reference (Contd.)

Symbol

Type*

Name and Function

BRDY#

The burst ready input indicates that the external system has presented valid data
on the data pins in response to a read or that the external system has accepted
the Pentium processor data in response to a write request. This signal is sampled
inthe T2, T12 and T2P bus states.

BREQ

The bus request output indicates to the external system that the Pentium
processor has internally generated a bus request. This signal is always driven
whether or not the Pentium processor is driving its bus.

If the internal request for the bus is removed, the BREQ pin will be deasserted.
Note that this means that every assertion of BREQ is NOT guaranteed to have a
corresponding assertion of ADS#. For example, assume that the processor has
internally requested a code prefetch which is a miss in the processor's code
cache. BREQ is asserted to indicate that the processor has a bus request
pending internally. If the request can not be serviced immediately (due to bus
HOLD or AHOLD, or because the bus is busy), and a branch or serializing
instruction is executed, the Pentium processor may recall the request for the code
prefetch and deassert BREQ without ever having driven the code prefetch cycle
to the bus.

BT3-BTO

The branch trace outputs provide bits 2-0 of the branch target linear address
(BT2-BTO0) and the default operand size (BT3) during a branch trace message
special cycle. These signals are not supported on the future Pentium OverDrive
processor.

BUSCHK#

The bus check input allows the system to signal an unsuccessful completion of a
bus cycle. If this pin is sampled active, the Pentium processor will latch the
address and control signals in the machine check registers. If in addition, the
MCE bit in CR4 is set, the Pentium processor will vector to the machine check
exception.

CACHE#

For Pentium processor-initiated cycles the cache pin indicates internal
cacheability of the cycle (if a read), and indicates a burst writeback cycle (if a
write). If this pin is driven inactive during a read cycle, Pentium processor will not
cache the returned data, regardless of the state of the KEN# pin. This pin is also
used to determine the cycle length (number of transfers in the cycle).

CLK

The clock input provides the fundamental timing for the Pentium processor. Its
frequency is the internal operating frequency of the Pentium processor and
requires TTL levels. All external timing parameters except TDI, TDO, TMS and
TRST# are specified with respect to the rising edge of CLK. It is recommended
that CLK begin toggling within 150 ms after V. ¢ reaches its proper
operating level. This recommendation is only to ensure long-term reliability

of the device.

D/C#

The Data/Code output is one of the primary bus cycle definition pins. It is driven
valid in the same clock as the ADS# signal is asserted. D/C# distinguishes
between data and code or special cycles.

D63-D0

lfe}

These are the 64 data lines for the processor. Lines D7-DO0 define the least
significant byte of the data bus; lines D63-D56 define the most significant byte of
the data bus. The Pentium processor’s data bus (D63-D0) is floated during T1,
TD, or Ti bus states. During write cycles, the data bus is driven during the T2,
T12, or T2P states. During read cycles, the processor samples the data bus
when BRDY# is returned.
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Table 1-2. Quick Pin Reference (Contd.)

Symbol

Type*

Name and Function

DP7-DPO

110

These are the data parity pins for the processor. There is one for each byte of the
data bus. They are driven by the Pentium processor with even parity information
on writes in the same clock as write data. Even parity information must be driven
back to the Pentium processor on these pins in the same clock as the data to
ensure that the correct parity check status is indicated by the Pentium processor.
DP7 applies to D63-D56, DPO applies to D7-DO.

EADS#

This signal indicates that a valid external address has been driven onto the
Pentium processor address pins to be used for an inquire cycle.

EWBE#

The external write buffer empty input, when inactive (high), indicates that a write
cycle is pending in the external system. When the Pentium processor generates a
write, and EWBE# is sampled inactive, the Pentium processor will hold off all
subsequent writes to all E or M-state lines in the data cache until all write cycles
have completed, as indicated by EWBE# being active.

FERR#

The floating-point error pin is driven active when an unmasked floating-point error
occurs. FERR# is similar to the ERROR# pin on the Intel387™ math
coprocessor. FERR# is included for compatibility with systems using DOS type
floating-point error reporting.

FLUSH#

When asserted, the cache flush input forces the Pentium processor to writeback
all modified lines in the data cache and invalidate its internal caches. A Flush
Acknowledge special cycle will be generated by the Pentium processor indicating
completion of the writeback and invalidation.

If FLUSH# is sampled low when RESET transitions from high to low, tristate test
mode is entered.

FRCMC#

The Functional Redundancy Checking Master/Checker mode input is used to
determine whether the Pentium processor is configured in master mode or
checker mode. When configured as a master, the Pentium processor drives its
output pins as required by the bus protocol. When configured as a checker, the
Pentium processor tristates all outputs (except IERR# and TDO) and samples the
output pins.

The configuration as a master/checker is set after RESET and may not be
changed other than by a subsequent RESET.

HIT#

The hitindication is driven to reflect the outcome of an inquire cycle. If an inquire
cycle hits a valid line in either the Pentium processor data or instruction cache,
this pin is asserted two clocks after EADS# is sampled asserted. If the inquire
cycle misses Pentium processor cache, this pin is negated two clocks after
EADS#. This pin changes its value only as a result of an inquire cycle and
retains its value between the cycles.

HITM#

The hit to a modified line output is driven to reflect the outcome of an inquire
cycle. lItis asserted after inquire cycles which resulted in a hit to a modified line in
the data cache. It is used to inhibit another bus master from accessing the data
until the line is completely written back.
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Table 1-2. Quick Pin Reference (Contd.)

Symbol

Type*

Name and Function

HLDA

The bus hold acknowledge pin goes active in response to a hold request driven to
the processor on the HOLD pin. It indicates that the Pentium processor has
floated most of the output pins and relinquished the bus to another local bus
master. When leaving bus hold, HLDA will be driven inactive and the Pentium
processor will resume driving the bus. If the Pentium processor has bus cycle
pending, it will be driven in the same clock that HLDA is deasserted.

HOLD

In response to the bus hold request, the Pentium processor will float most of its
output and input/output pins and assert HLDA after completing all outstanding bus
cycles. The Pentium processor will maintain its bus in this state until HOLD is
deasserted. HOLD is not recognized during LOCK cycles. The Pentium
processor will recognize HOLD during reset.

IBT

The instruction branch taken pin is driven active (high) for one clock to indicate
that a branch was taken. This output is always driven by the Pentium processor
(510\60, 567\66). This signal is not supported on the future Pentium OverDrive
processor.

IERR#

The internal error pin is used to indicate two types of errors, internal parity errors
and functional redundancy errors. If a parity error occurs on a read from an
internal array, the Pentium processor will assert the IERR# pin for one clock and
then shutdown. If the Pentium processor is configured as a checker and a
mismatch occurs between the value sampled on the pins and the corresponding
value computed internally, the Pentium processor will assert IERR# two clocks
after the mismatched value is returned.

IGNNE#

This is the ignore numeric errorinput. This pin has no effect when the NE bit in
CRO is set to 1. When the CRO.NE bit is 0, and the IGNNE# pin is asserted, the
Pentium processor will ignore any pending unmasked numeric exception and
continue executing floating-point instructions for the entire duration that this pin is
asserted. When the CRO.NE bit is 0, IGNNE# is not asserted, a pending
unmasked numeric exception exists (SW.ES = 1), and the floating-point
instruction is one of FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI,
FDISI, or FSETPM, the Pentium processor will execute the instruction in spite of
the pending exception. When the CRO.NE bit is 0, IGNNE# is not asserted, a
pending unmasked numeric exception exists (SW.ES = 1), and the floating-point
instruction is one other than FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW,
FENI, FDISI, or FSETPM, the Pentium processor will stop execution and wait for
an external interrupt.

INIT

The Pentium processor initialization input pin forces the Pentium processor to
begin execution in a known state. The processor state after INIT is the same as
the state after RESET except that the internal caches, write buffers, and floating-
point registers retain the values they had prior to INIT. INIT may NOT be used in
lieu of RESET after power-up.

If INIT is sampled high when RESET transitions from high to low the Pentium
processor will perform built-in self test prior to the start of program execution.
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Table 1-2. Quick Pin Reference (Contd.)

Symbol

Type*

Name and Function

INTR

An active maskable interrupt input indicates that an external interrupt has been
generated. If the IF bit in the EFLAGS register is set, the Pentium processor will
generate two locked interrupt acknowledge bus cycles and vector to an interrupt
handler after the current instruction execution is completed. INTR must remain
active until the first interrupt acknowledge cycle is generated to assure that the
interrupt is recognized.

INV

The invalidation input determines the final cache line state (S or I) in case of an
inquire cycle hit. It is sampled together with the address for the inquire cycle in
the clock EADS# is sampled active.

The u-pipe instruction complete output is driven active (high) for 1 clock to
indicate that an instruction in the u-pipeline has completed execution. This pin is
always driven by the Pentium processor (510\60, 567\66). This signal is not
supported on the future Pentium OverDrive processor.

The v-pipe instruction complete output is driven active (high) for one clock to
indicate that an instruction in the v-pipeline has completed execution. This pin is
always driven by the Pentium processor (510\60, 567\66). This signal is not
supported on the future Pentium OverDrive processor.

KEN#

The cache enable pin is used to determine whether the current cycle is cacheable
or not and is consequently used to determine cycle length. When the Pentium
processor generates a cycle that can be cached (CACHE# asserted) and KEN#
is active, the cycle will be transformed into a burst line fill cycle.

LOCK#

The bus lock pin indicates that the current bus cycle is locked. The Pentium
processor will not allow a bus hold when LOCK# is asserted (but AHOLD and
BOFF# are allowed). LOCK# goes active in the first clock of the first locked bus
cycle and goes inactive after the BRDY# is returned for the last locked bus cycle.
LOCK# is guaranteed to be deasserted for at least one clock between back to
back locked cycles.

M/IO#

The Memory/Input-Output is one of the primary bus cycle definition pins. It is
driven valid in the same clock as the ADS# signal is asserted. M/IO#
distinguishes between memory and 1/O cycles.

NA#

An active next address input indicates that the external memory system is ready
to accept a new bus cycle although all data transfers for the current cycle have
not yet completed. The Pentium processor will drive out a pending cycle two
clocks after NA# is asserted. The Pentium processor supports up to two
outstanding bus cycles.

NMI

The non-maskable interrupt request signal indicates that an external non-
maskable interrupt has been generated.

PCD

The page cache disable pin reflects the state of the PCD bit in CR3, the Page
Directory Entry, or the Page Table Entry. The purpose of PCD is to provide an
external cacheability indication on a page by page basis.
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Table 1-2. Quick Pin Reference (Contd.)

Symbol

Type*

Name and Function

PCHK#

The parity check output indicates the result of a parity check on a data read. It is
driven with parity status two clocks after BRDY# is returned. PCHK# remains low
one clock for each clock in which a parity error was detected. Parity is checked
only for the bytes on which valid data is returned.

PEN#

The parity enable input (along with CR4.MCE) determines whether a machine
check exception will be taken as a result of a data parity error on a read cycle. If
this pin is sampled active in the clock a data parity error is detected, the Pentium
processor will latch the address and control signals of the cycle with the parity
error in the machine check registers. If in addition the machine check enable bit
in CR4 is set to "1," the Pentium processor will vector to the machine check
exception before the beginning of the next instruction.

PM/BP[1:0]BP
[3:2]

For more information on the performance monitoring pins, see Appendix A.

The breakpoint pins BP[1:0] are multiplexed with the Performance Monitoring pins
PM[1:0]. The PB1 and PBO bits in the Debug Mode Control Register determine if
the pins are configured as breakpoint or performance monitoring pins. The pins
come out of reset configured for performance monitoring (for more information
see Appendix A).

PRDY

The PRDY output pin indicates that the processor has stopped normal execution
in response to the R/S# pin going active, or Probe Mode being entered (see
Appendix A for more information). This pin is provided for use with the Intel debug
port described in the "Debugging” chapter.

PWT

The page writethrough pin reflects the state of the PWT bit in CR3, the Page
Directory Entry, or the Page Table Entry. The PWT pin is used to provide an
external writeback indication on a page by page basis.

R/S#

The R/S# input is an asynchronous, edge sensitive interrupt used to stop the
normal execution of the processor and place it into an idle state. A high to low
transition on the R/S# pin will interrupt the processor and cause it to stop
execution at the next instruction boundary. This pin is provided for use with the
Intel debug port described in the "Debugging” chapter.

RESET

Reset forces the Pentium processor to begin execution at a known state. All the
Pentium processor internal caches will be invalidated upon the RESET. Modified
lines in the data cache are not written back.

FLUSH#, FRCMC# and INIT are sampled when RESET transitions from high to
low to determine if tristate test mode or checker mode will be entered, or if BIST
will be run.

SCYC

The split cycle output is asserted during misaligned LOCKed transfers to indicate
that more than two cycles will be locked together. This signal is defined for
locked cycles only. It is undefined for cycles which are not locked.

SMI#

The system Management Interrupt causes a system management interrupt
request to be latched internally. When the latched SMI# is recognized on an
instruction boundary, the processor enters System Management Mode.

SMIACT#

An active system management interrupt active output indicates that the processor
is operating in System Management Mode (SMM).
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Table 1-2. Quick Pin Reference (Contd.)

Symbol Type* Name and Function

TCK | The testability clock input provides the clocking function for the Pentium
processor boundary scan in accordance with the IEEE Boundary Scan interface
(Standard 1149.1). Itis used to clock state information and data into and out of
the Pentium processor (510\60, 567\66) during boundary scan.

TDI | The test data inputis a serial input for the test logic. TAP instructions and data
are shifted into the Pentium processor on the TDI pin on the rising edge of TCK
when the TAP controller is in an appropriate state.

TDO (0] The test data output is a serial output of the test logic. TAP instructions and data
are shifted out of the Pentium processor on the TDO pin on the falling edge of
TCK when the TAP controller is in an appropriate state.

T™MS | The value of the test mode select input signal sampled at the rising edge of TCK
controls the sequence of TAP controller state changes.

TRST# | When asserted, the test reset input allows the TAP controller to be
asynchronously initialized.

W/R# (0] Write/Read is one of the primary bus cycle definition pins. It is driven valid in the
same clock as the ADS# signal is asserted. W/R# distinguishes between write
and read cycles.

WB/WT# | The writeback/writethrough input allows a data cache line to be defined as
writeback or writethrough on a line by line basis. As a result, it determines
whether a cache line is initially in the S or E state in the data cache.

NOTES:

*The pins are classified as Input or Output based on their function in Master Mode. See the Functional
Redundancy Checking section in the 'Error Detection' chapter for further information.
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1.4. PIN REFERENCE TABLES

Table 1-3. Output Pins

Name Active Level When Floated

ADS# Low Bus Hold, BOFF#
APCHK# Low

BE7#-BEO# Low Bus Hold, BOFF#
BREQ High

BT3-BTO n/a

CACHE# Low Bus Hold, BOFF#
FERR# Low

HIT# Low

HITM# Low

HLDA High

IBT* High

IERR# Low

1u* High

I\v* High

LOCK# Low Bus Hold, BOFF#
M/1O#, DIC#, W/R# n/a Bus Hold, BOFF#
PCHK# Low

BP3-2, PM1/BP1, PMO/BPO High

PRDY High

PWT, PCD High Bus Hold, BOFF#
SCYC High Bus Hold, BOFF#
SMIACT# Low

TDO n/a All states except Shift-DR and Shift-IR
NOTE:

All output and input/output pins are floated during tristate test mode and checker mode (except IERR#).
*These signals will be internally tied inactive (low) on the future Pentium® OverDrive® processor.
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Table 1-4. Input Pins
Synchronous/

Name Active Level Asynchronous Internal Resistor Qualified
A20M# LOW Asynchronous
AHOLD HIGH Synchronous
BOFF# LOW Synchronous
BRDY# LOW Synchronous Bus State T2,T12,T2P
BUSCHK# LOW Synchronous Pullup BRDY#
CLK n/a
EADS# LOW Synchronous
EWBE# LOW Synchronous BRDY#
FLUSH# LOW Asynchronous
FRCMC# LOW Asynchronous
HOLD HIGH Synchronous
IGNNE# LOwW Asynchronous
INIT HIGH Asynchronous
INTR HIGH Asynchronous
INV HIGH Synchronous EADS#
KEN# LOW Synchronous First BRDY#/NA#
NA# LOW Synchronous Bus State T2,TD,T2P
NMI HIGH Asynchronous
PEN# LOW Synchronous BRDY#
R/S# n/a Asynchronous Pullup
RESET HIGH Asynchronous
SMI# LOW Asynchronous Pullup
TCK n/a Pullup
TDI n/a Synchronous/TCK Pullup TCK
T™MS n/a Synchronous/TCK Pullup TCK
TRST# LOW Asynchronous Pullup
WB/WT# n/a Synchronous First BRDY#/NA#
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Table 1-5. Input/Output Pins
Qualified
Name Active Level When Floated (When an Input)

A31-A3 n/a Address hold, Bus Hold, BOFF# EADS#
AP n/a Address hold, Bus Hold, BOFF# EADS#
D63-D0 n/a Bus Hold, BOFF# BRDY#
DP7-DPO n/a Bus Hold, BOFF# BRDY#

NOTE: All output and input/output pins are floated during equal tristate test mode (except TDO) and checker
mode (except IERR# and TDO).
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1.5. PIN GROUPING ACCORDING TO FUNCTION

Table 1-6 organizes the pins with respect to their function.

Table 1-6. Pin Functional Grouping

Function

Pins

Clock

CLK

Initialization

RESET, INIT

Address Bus

A31-A3, BE7# - BEO#

Address Mask A20M#
Data Bus D63-D0
Address Parity AP, APCHK#

Data Parity DP7-DPO0, PCHK#, PEN#
Internal Parity Error IERR#
System Error BUSCHK#

Bus Cycle Definition

M/10#, DIC#, WIR#, CACHE#, SCYC, LOCK#

Bus Control ADS#, BRDY#, NA#
Page Cacheability PCD, PWT
Cache Control KEN#, WB/WT#

Cache Snooping/Consistency

AHOLD, EADS#, HIT#, HITM#, INV

Cache Flush

FLUSH#

Write Ordering

EWBE#

Bus Arbitration

BOFF#, BREQ, HOLD, HLDA

Interrupts

INTR, NMI

Floating-Point Error Reporting

FERR#, IGNNE#

System Management Mode

SMI#, SMIACT#

Functional Redundancy Checking

FRCMC# (IERR#)

TAP Port

TCK, TMS, TDI, TDO, TRST#

Breakpoint/Performance Monitoring

PMO/BPO, PM1/BP1, BP3-2

Execution Tracing

BT3-BTO, IU, IV, IBT

Probe Mode

R/S#, PRDY
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1.6. OUTPUT PIN GROUPING ACCORDING TO WHEN DRIVEN

This section groups the output pins according to when they are driven.

Group 1

The following output pins are driven active at the beginning of a bus cycle with ADS#. A31-
A3 and AP are guaranteed to remain valid URHIOLD is asserted or until the earlier of the
clock after NA# or the last BRDY#. The remaining pins are guaranteed to remain valid until
the earlier of the clock after NA# or the last BRDY#:

A31-A3, AP, BE7#-0#, CACHE#, M/IO#, WIR#, DIC#, SCYC, PWT, PCD.

Group 2

As outputs, the following pins are driven in T2, T12, and T2P. As inputs, these pins are
sampled with BRDY#:

D63-0, DP7-0.

Group 3
These are the status output pins. They are always driven:

BREQ, HIT#, HITM#, IU, IV, IBT, BT3-BT0, PM0/BPO, PM1/BP1, BP3, BP2, PRDY,
SMIACT#.

Group 4
These are the glitch free status output pins.
APCHK#, FERR#, HLDA, IERR#, LOCK#, PCHK#.
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CHAPTER 2

MICROPROCESSOR ARCHITECTURE OVERVIEW

The Pentium processor is the next generation member of the Intel386™ and [ritel486
microprocessor family. It is 100% binary compatible with the 8086/88, 80286, Intel386 DX
CPU, Intel386 SX CPU, Intel486 DX CPU, Intel486 SX and the Intel486 DX2 CPUs.

The Pentium processor (510\60, 567\66) contains all of the features of the Intel486 CPU, an
provides significant enhancements and additions including the following:
® Superscalar Architecture

®* Dynamic Branch Prediction

®* Pipe-lined Floating-Point Unit

®* Improved Instruction Execution Time

® Separate 8K Code and Data Caches

* Writeback MESI Protocol in the Data Cache

® 64-Bit Data Bus

® Bus Cycle Pipe-lining

® Address Parity

® Internal Parity Checking

® Function Redundancy Checking

® Execution Tracing

®* Performance Monitoring

®* |EEE 1149.1 Boundary Scan

® System Management Mode

® Virtual Mode Extensions

¢ Upgradable with a future Pentium OverDfivprocessor

The application instruction set of the Pentium processor family includes the complete
Intel486 CPU instruction set with extensions to accommodate some of the additional
functionality of the Pentium processor. All application software written for the Intel386 and
Intel486 microprocessors will run on the Pentium processor without modification. The on-
chip memory management unit (MMU) is completely compatible with the Intel386 and
Intel486 CPUs.

The Pentium processor family implements several enhancements to increase performanc
The two instruction pipe-lines and floating-point unit on the Pentium processor are capable
of independent operation. Each pipe-line issues frequently used instructions in a single clocl
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Together, the dual pipes can issue two integer instructions in one clock, or one floating-point
instruction (under certain circumstances, 2 floating-point instructions) in one clock.

Branch prediction is implemented in the Pentium processor. To support this, the Pentium
processor implements two prefetch buffers, one to prefetch code in a linear fashion, and one
that prefetches code according to the BTB so the needed code is almost always prefetched
before it is needed for execution.

The floating-point unit has been completely redesigned over the Intel486 CPU. Faster
algorithms provide up to a 10X speed-up for common operations including ADD,
MULTIPLY, and LOAD. Many applicationgan achieve five times the performance or more
with instruction scheduling and overlapped (pipe-lined) execution.

The Pentium processor includes separate code and data caches integrated on chip to meet its
performance goals. Each cache is 8 Kbytes in size, with a 32-byte line size and is 2-way set
associative. Each cache has a dedicated Translation Lookaside Buffer (TLB) to translate
linear addresses to physical addresses. The data cache is configurable to be writeback or
writethrough on a line by line basis and follows the MESI protocol. The data cache tags are
triple ported to support two data transfers and an inquire cycle in the same clock. The code
cache is an inherently write protected cache. The code cache tags are also triple ported to
support snooping and split line accesses. Individual pages can be configured as cacheable or
non-cacheable by software or hardware. The caches can be enabled or disabled by software
or hardware.

The Pentium processor has increased the data bus to 64-bits to improve the data transfer rate.
Burst read and burst writeback cycles are supported by the Pentium processor. In addition,
bus cycle pipe-lining has been added to allow two bus cycles to be in progress
simultaneously. The Pentium processor Memory Management Unit contains optional
extensions to the architecture which allow 4 Mbyte page sizes.

The Pentium processor has added significant data integrity and error detection capability.
Data parity checking is still supported on a byte-by-byte basis. Address parity checking, and
internal parity checking features have been added along with a new exception, the machine
check exception. In addition, the Pentium processor has implemented functional redundancy
checking to provide maximum error detection of the processor and the interface to the
processor. When functional redundancy checking is used, a second processor, the "checker"
is used to execute in lock step with the "master" processor. The checker samples the master's
outputs and compares those values with the values it computes internally, and asserts an error
signal if a mismatch occurs.

As more and more functions are integrated on chip, the complexity of board level testing is
increased. To address this, the Pentium processor has increased test and debug capability.
Like many of the Intel486 CPUs, the Pentium processor implements IEEE Boundary Scan
(Standard 1149.1). In addition, the Pentium processor has specified 4 breakpoint pins that
correspond to each of the debug registers and externally indicate a breakpoint match.
Execution tracing provides external indications when an instruction has completed execution
in either of the two internal pipe-lines, or when a branch has been taken.

System management mode has been implemented along with some extensions to the SMM
architecture. Enhancements to the Virtual 8086 mode have been made to increase
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performance by reducing the number of times it is necessary to trap to a virtual 8086
monitor.

Figure 2-1 shows a block diagram of the Pentium processor.

Pentium © Microprocessor
Branch M
Tan Prefetch Code Cache
get |,
Buffer |Address 8 KBytes
‘I’zse
Instruction Prefetch Buffers Control
Pointer - ROM
Instruction Decode
4-Bit Branch Verif. T T |
qgﬂ?sa & Target Addr l l l v
— | Control Unit li
-Bit > .
Aﬁéﬂesss Bus  fe—r F;Jargi? <[ Address ddress |+ Floating
Unit - Generate enerate Point
(U Pipeline) | (V Pipeline) Unit
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Control ] Clontrol -
— - Integer Register File -« Register File
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“T—"||Barrel Shifter
:
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64-Bit 32-Bit i
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Bus Bus 32 80
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Figure 2-1. Pentium ® Processor Block Diagram

The block diagram shows the two instruction pipe-lines, the "u" pipe and the "v" pipe. The
u-pipe can execute all integer and floating-point instructions. The v-pipe can execute simple
integer instructions and the FXCH floating-point instructions.

The separate caches are shown, the code cache and data cache. The data cache has two |
one for each of the two pipes (the tags are triple ported to allow simultaneous inquire cycles)
The data cache has a dedicated Translation Lookaside Buffer (TLB) to translate lineal
addresses to the physical addresses used by the data cache.
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CHAPTER 3
COMPONENT OPERATION

The Pentium processor has an optimized superscalar micro-architecture capable of executir
two instructions in a single clock. A 64-bit external bus, separate 8-Kbyte data and instruc-
tion caches, write buffers, branch prediction, and a pipe-lined floating-point unit combine to
sustain the high execution rate. These architectural features and their operation are discuss
in this chapter.

3.1. PIPE-LINE AND INSTRUCTION FLOW

Like the Intel486 CPU, integer instructions traverse a 5 stage pipe-line. The pipe-line stage
are as follows:

PF Prefetch

D1 Instruction Decode

D2  Address Generate

EX  Execute - ALU and Cache Access

WB  Writeback

Figure 3-1 shows how instructions move through the Intel486 CPU pipe-line.

PF no|r 13 4

D1 | e I3 4

D2 1 12 13 la

EX [ 7 13 14

WB n | 13 14
PDB60

Figure 3-1. Intel486 [0 CPU Pipe-line Execution
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Unlike the Intel486 microprocessor, the Pentium processor is a superscalar machine capable
of executing two instructions in parallel. Two five stage pipe-lines operate in parallel
allowing integer instructions to execute in a single clock in each pipe-line. Figure 3-2 depicts
instruction flow in the Pentium processor.

PE 11 B |5 |17

D1

D2

11 13 15 17
ex oo
12 14 16 18
11 13 15 17
w oo
12 14 16 18

PDB61

Figure 3-2. Pentium ® Processor Pipe-line Execution

The pipe-lines in the Pentium processor are called the "u" and "v" pipes and the process of
issuing two instructions in parallel is termed "pairing." The u-pipe can execute any
instruction in the Intel architecture while the v-pipe can execute "simple" instructions as
defined in the "Instruction Pairing Rules" Section of this chapter. When instructions are

paired, the instruction issued to the v-pipe is always the next sequential instruction after the
one issued to the u-pipe.

3.1.1. Pentium ® Processor Pipe-line Description and
Improvements

While the basic pipe-line structure is the same as the Intel486 CPU, the Pentium processor
pipe-line has been optimized to achieve higher throughput.

The first stage of the pipe-line is Prefetch (PF) stage in which instructions are prefetched
from the on chip instruction cache or memory. Because the Pentium processor has separate
caches for instructions and data, prefetches no longer conflict with data references for access
to the cache. If the requested line is not in the code cache, a memory reference is made. In
the PF stage, two independent pairs of line-size (32-byte) prefetch buffers operate in
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conjunction with the branch target buffer. This allows one prefetch buffer to prefetch
instructions sequentially, while the other prefetches according to the branch target buffel
predictions. The prefetch buffers alternate their prefetch paths. See the section titlec
"Instruction Prefetch" in this chapter for further details on the Pentium processor prefetch
buffers.

The next pipe-line stage is Decodel (D1) in which two parallel decoders attempt to decode
and issue the next two sequential instructions. The decoders determine whether one or tw
instructions can be issued contingent upon the instruction pairing rules described in the
section titled "Instruction Pairing Rules." The Pentium processor, similar to the Intel486
CPU, requires an extra D1 clock to decode instruction prefixes. Prefixes are issued to the t
pipe at the rate of one per clock without pairing. After all prefixes have been issued, the bas
instruction will then be issued and paired according to the pairing rules. The one exception t
this is that the Pentium processor will decode near conditional jumps (long displacement) ir
the second opcode map (OFh prefix) in a single clock in either pipe-line.

The D1 stage is