


























































































































































































































































































































































































































































































































































inte t MECHANICAL SPECIFICATIONS 

Table 15-3. Pin Listing in Alphabetic Order 

Signal Name Pin # Signal Name Pin # Signal Name Pin # 

A3# S5 A35# C1 014# A37 

A4# S3 AOS# AE3 015# C37 

A5# 05 AERR# AE9 016# A45 

A6# S1 APO# U1 017# C39 

A7# 03 AP1# S9 018# C43 

A8# 07 BCLK A19 019# C45 

A9# 01 BERR# C5 020# C41 

A10# 09 BINIT# AC43 021# C47 

A11# N5 BNR# U7 022# E39 

A12# N1 BP2# AE43 023# E41 

A13# N7 BP3# AC39 024# E45 

A14# N3 BPMO# AC41 025# E43 

A15# L5 BPM1# AA39 026# E47 

A16# L3 BPRI# U5 027# G39 

A17# N9 BRO# AC5 028# G45 

A18# L7 BR1# W3 029# G41 

A19# J1 BR2# AA1 030# G43 

A20# J5 BR3# U9 031# G47 

A20M# A11 CPUPRES# B2 032# J39 

A21# J3 00# C25 033# J45 

A22# G1 01# A27 034# J47 

A23# J7 02# C27 035# J41 

A24# G3 03# A29 036# L45 

A25# L9 04# C29 037# L39 

A26# G7 05# A31 038# J43 

A27# G5 06# C31 039# L47 

A28# J9 07# C33 040# L41 

A29# E1 08# A33 041# N47 

A30# E3 09# A35 042# N45 

A31# G9 010# A39 043# L43 

A32# E5 011# A41 044# N39 

A33# E7 012# C35 045# N41 

A34# E9 013# A43 046# 047 
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Table 15-3. Pin Listing in Alphabetic Order (Contd.) 

Signal Name Pin # Signal Name Pin # Signal Name Pin # 

D47# N43 IERR# C3 RESERVED BC35 

D48# 045 IGNNE# A9 RESET# Y41 

D49# 043 INIT# C11 RP# AC7 

D50# S47 LlNTO/INTR AG43 RSO# AC9 

D51# 039 LlNT1/NMI AG41 RS1# AE5 

D52# 041 LOCK# AA9 RS2# AE7 

D53# S45 PICCLK AA43 RSP# U3 

D54# S43 PICDO AA41 SMI# W1 

D55# U47 PICD1 AE41 STPCLK# A3 

D56# U45 PLL 1 C19 TCK A5 

D57# S41 PLL2 C23 TDI A13 

D58# W47 PRDY# Y39 TDO C13 

D59# S39 PREO# AA45 TESTHI A23 

D60# U43 PWRGOOD AG7 TESTHI A25 

D61# W45 REOO# W9 TESTHI AE39 

D62# Y47 RE01# W7 TESTLO C21 

D63# W43 RE02# Y3 TESTLO AS39 

DBSY# AA5 RE03# Y1 TESTLO AS41 

DEFER# Y5 RE04# W5 TESTLO AS43 

DEPO# AC45 RESERVED A21 TESTLO AS45 

DEP1# Y43 RESERVED L1 TESTLO BA13 

DEP2# W39 RESERVED AC1 TESTLO BA15 

DEP3# AC47 RESERVED AE1 TESTLO BA33 

DEP4# W41 RESERVED AE45 TESTLO BA37 

DEP5# AA47 RESERVED AG5 TESTLO BC13 

DEP6# Y45 RESERVED AG9 TESTLO BC15 

DEP7# U39 RESERVED AG39 TESTLO BC33 

DRDY# AA3 RESERVED AG47 TESTLO BC37 

FERR# C17 RESERVED AS9 THERMTRIP# A17 

FLUSH# A15 RESERVED AS47 TMS C15 

FRCERR C9 RESERVED BA11 TRDY# Y9 

HIT# AC3 RESERVED BA35 TRST# A7 

HITM# AA7 RESERVED BC11 UP# AG3 
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MECHANICAL SPECIFICATIONS 

Table 15-3. Pin Listing in Alphabetic Order (Contd.) 

Signal Name Pin # Signal Name Pin # Signal Name Pin # 

VCC5 AG1 VCCP AL47 VCCS AY45 

VCCP B4 VCCP AN3 VCCS AY47 

VCCP B8 VCCP AN7 VCCS BA3 

VCCP B16 VCCP AN41 VCCS BA7 

VCCP B24 VCCP AN45 VCCS BA41 

VCCP B32 VCCP AQ1 VCCS BA45 

vccp B40 VCCP AQ5 VCCS BC19 

VCCP B44 VCCP AQ9 VCCS BC23 

VCCP F2 VCCP AQ39 VCCS BC27 

VCCP F6 VCCP AQ43 VCCS BC31 

VCCP F42 VCCP AQ47 VIDO AS1 

VCCP F46 VCCP BA17 VID1 AS3 

VCCP K4 VCCP BA21 VID2 AS5 

VCCP K44 VCCP BA25 VID3 AS7 

VCCP P2 VCCP BA29 VREFO A1 

VCCP P6 VCCS AU1 VREF1 C7 

VCCP P42 VCCS AU5 VREF2 S7 

VCCP P46 VCCS AU9 VREF3 Y7 

VCCP T4 VCCS AU39 VREF4 A47 

VCCP T44 VCCS AU43 VREF5 AE47 

VCCP X6 VCCS AU47 VREF6 U41 

VCCP X42 VCCS AW3 VREF7 AG45 

VCCP AB4 VCCS AW7 VSS B6 

VCCP AB44 VCCS AW41 VSS B12 

VCCP AJ3 VCCS AW45 VSS B20 

VCCP AJ7 VCCS AY1 VSS B28 

vCCP AJ41 VCCS AY3 VSS B36 

VCCP AJ45 vees AY5 VSS B42 

veep AL1 vees AY7 VSS B46 

veep AL5 vees AY9 VSS F4 

veep AL9 vces AY39 VSS F8 

veep AL39 vees AY41 VSS F40 

veep AL43 vees AY43 VSS F44 
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Table 15-3. Pin Listing in Alphabetic Order (Contd.) 

Signal Name Pin # Signal Name Pin # Signal Name Pin # 

VSS K2 VSS AF6 VSS AW1 

VSS K6 VSS AF8 VSS AW5 

VSS K8 VSS AF40 VSS AW9 

VSS K40 VSS AF42 VSS AW39 

VSS K42 VSS AF44 VSS AW43 

VSS K46 VSS AF46 VSS AW47 

VSS P4 VSS AJ1 VSS BA1 

VSS P8 VSS AJ5 VSS BA5 

VSS P40 VSS AJ9 VSS BA9 

VSS P44 VSS AJ39 VSS BA19 

VSS T2 VSS AJ43 VSS BA23 

VSS T6 VSS AJ47 VSS BA27 

VSS T8 VSS AL3 VSS BA31 

VSS T40 VSS AL7 VSS BA39 

VSS T42 VSS AL41 VSS BA43 

VSS T46 VSS AL45 VSS BA47 

VSS X2 VSS AN1 VSS BC1 

VSS X4 VSS AN5 VSS BC3 

VSS X8 VSS AN9 VSS BC5 

VSS X40 VSS AN39 VSS BC7 

VSS X44 VSS AN43 VSS BC9 

VSS X46 VSS AN47 VSS BC17 

VSS AB2 VSS AQ3 VSS BC21 

VSS AB6 VSS AQ7 VSS BC25 

VSS AB8 VSS AQ41 VSS BC29 

VSS AB40 VSS AQ45 VSS BC39 

VSS AB42 VSS AU3 VSS BC41 

VSS AB46 VSS AU7 VSS BC43 

VSS AF2 VSS AU41 VSS BC45 

VSS AF4 VSS AU45 VSS BC47 
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CHAPTER 16 
TOOLS 

Included here is a discussion on the Pentium Pro processor liD buffer models and a description 
of the Intel recommended debug port implementation. A debug port is used to connect a debug 
tool to a target system in order to provide run-time control over program execution, regis­
terimemorylIO access and breakpoints. A variety of debug tools exist which provide run-time 
control for the Pentium Pro processor; contact your local Intel sales representative for a list of 
tools vendors who support the Pentium Pro processor. For the discussion that follows, run-time 
control tools will be referred to as In-Target Probes, or ITPs. 

An ITP uses on-chip debug features of the Pentium Pro processor to provide program execution 
control. Use of an ITP will not affect the high speed operations of the CPU signals. This ensures 
that the system can operate at full speed with an ITP attached. 

This section describes the debug port as well as raising a number of technical issues that must 
be taken into account when considering including an ITP in your Pentium Pro processor debug 
strategy. 

16.1. ANALOG MODELING 

The Pentium Pro processor 110 buffer models are provided to allow simulation of the system lay­
out. Package and socket parasitics for each pin are provided along with the 110 buffer models. 

A slow and a fast corner model are provided for both the GTL+ buffer and the CMOS buffer. 
The fast model is useful for signal integrity analysis, while the slow model is useful for 
maximum flight time calculations. These models are available in IBIS (110 Buffer Informa­
tion Specification) format from World Wide Web site www.intel.com. 

16.2. IN-TARGET PROBE FOR THE PENTIUM@ PRO PROCESSOR 
(ITP) 

An In-Target Probe (ITP) for the Pentium Pro processor is a debug tool which allows access to 
on-chip debug features via a small port on the system board called the debug port. An ITP com­
municates to the Pentium Pro processor through the debug port using a combination of hardware 
and software. The software is typically an application running on a host PC. The hardware con­
sists of a board in the host PC connected to the signals which make up the Pentium Pro proces­
sor's debug interface. Due to the nature of an ITP, the Pentium Pro processor may be controlled 
without affecting any high speed signals. This ensures that the system can operate at full speed 
with an ITP attached. Intel uses an ITP for internal debug and system validation and recom­
mends that all Pentium Pro processor-based system designs include a debug port. 

I 
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16.2.1. Primary Function 

The primary function of an ITP is to provide a control and query interface for up to four Pentium 
Pro processors in one cluster. With an ITP you can control program execution and have the abil­
ity to access processor registers, system memory and I/O. Thus, you can start and stop program 
execution using a variety of breakpoints, single-step your program at the assembly code level, 
as well as read and write registers, memory and 110. 

16.2.2. Debug Port Connector Description 

An ITP will connect to the Pentium Pro processor system through the debug port. Intel recom­
mended connectors, to mate an ITP cable with the debug port on your board, are available in 
either a vertical or right-angle configuration. Both configurations fit into the same board foot­
print. The connectors are manufactured by AMP Incorporated and are in their AMPMODU 
System 50 line. Following are the AMP part numbers for the two connectors: 

• Amp 30-pin shrouded vertical header: 104068-3 

• Amp 30-pin shrouded right-angle header: 104069-5 

NOTE 

These are high density through hole connectors with pins on 0.050" by 0.100" 
centers. Do not confuse these with the more common 0.100" by 0.100" center 
headers. 

16.2.3. Debug Port Signal Descriptions 

Table 16-1 describes the debug port signals and provides the pin assignment. The mechanical 
pinout is shown in Section 16.2.5.2., "Debug Port Connector". 

Table 16-1. Debug Port Pinout 

Name Pin Description 

RESET# 1 Reset signal from MP cluster to ITP. See signal note 1 

OBRESET# 3 Open drain output from ITP to the system; should be tied into system 
reset circuitry. This allows the ITP to reset the entire target system. See 
signal note 2 

TCK 5 Boundary scan signal from ITP to MP cluster 

TMS 7 Boundary scan signal from ITP to MP cluster 

TOI 8 Signal from ITP to first component in boundary scan chain of MP cluster 

POWERON 9 From target Vtt to ITP (through a resistor). See signal note 3 

TOO 10 Signal from last component in boundary scan chain of MP cluster to ITP 
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Table 16-1. Debug Port Pinout (Contd.) 

Name Pin Description 

OBINST# 11 Indicates to user system that the ITP is installed (from ITP GNO). See 
signal note 4 

TRST# 12 Boundary scan signal from ITP to MP cluster 

BSEN# 14 ITP asserts BSEN# while using Boundary Scan 

PREQO# 16 PREQ# signal from ITP to CPU 0 

NOTE: PREQO# and PROYO# should be connected to the Pentium® Pro 
processor which is first (of up to 4) to receive the TOI signal from the 
debug port; the others should follow in the order of their receipt of TOI 

PROYO# 18 PRDY# signal from CPU 0 to ITP 

PREQ1# 20 PREQ# signal from ITP to CPU 1 

PRDY1# 22 PRDY# signal from CPU 1 to ITP 

PREQ2# 24 PREQ# signal from ITP to CPU 2 

PRDY2# 26 PRDY# signal from CPU 2 to ITP 

PREQ3# 28 PREQ# signal from ITP to CPU 3 

PROY3# 30 PRDY# signal from CPU 3 to ITP 

GND 2,4,6,13, Signal ground 
15,17,19, 
21,23,25, 

27, 29 

16.2.4. Signal Notes 

In general, all open drain GTL+ outputs from the system to the debug port must be placed at a 
proper logic level, whether or not the debug port is installed. GTL+ signals from the Pentium 
Pro processor system (RESET#, PRDY#) should be terminated at the debug port, as shown in 
Figure 16-1. 

1.5V 

Load 

RESET# Source where: Rs = 240 

Figure 16-1. GTL+ Signal Termination 
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16.2.4.1. SIGNAL NOTE 1: RESET#, PROYX# 

RESET# and PRDY# are GTL+ signals that come from the Pentium Pro processor system to the 
debug port; they are not driven by an ITP from the debug port. Adding inches of transmission 
line on to the RESET# or PRDY# signals after they are past the final Pentium Pro processor bus 
load does not change the timing calculations for the Pentium Pro processor bus agents. 

16.2.4.2. SIGNAL NOTE 2: DBRESET# 

The usual implementation for DBRESET# is to connect it to the PWR_GD open drain signal on 
the 82450GX PClset as an OR input to initiate a system reset. In order for the DBRESET# signal 
to work properly, it must actually reset the entire target system. The signal should be pulled up 
with a resistor that will meet two considerations: (1) the signal must be able to meet Vol of the 
system and (2) it must allow the signal to meet the specified rise time (suggestion: 240 ohms). 
When asserted by an ITP, the DBRESET# signal will remain asserted long enough for the sys­
tem to recognize it and generate a reset. A large capacitance should not be present on this signal 
as it may not be charged up within the allotted time. 

16.2.4.3. SIGNAL NOTE 3: POWERON 

The POWERON input to the debug port has two functions. (1) It is used by an ITP to determine 
when the system is powered up. (2) The voltage applied to POWER ON is internally used to set 
the GTL+ threshold (or reference) at 2/3 VTT in order to determine the GTL+ logic level. 

16.2.4.4. SIGNAL NOTE 4: OBINST# 

Certain target systems use the boundary scan chain for their own purposes, such as manufactur­
ing test of connectivity. DBINST# is used to alert target systems that an ITP has been installed 
and may need to be active on the boundary scan chain. It should be provided with a weak pull 
up resistor. 

16.2.4.5. SIGNAL NOTE 5: TOO AND TOI 

The TDO signal coming out of each Pentium Pro processor has a 25 ohm driver and should be 
pulled up to 3.3V using a resistor value of approximately 240 ohms. NOTE: When designing the 
circuitry to reroute the scan chain around empty Pentium Pro processor sockets, care should be 
taken so that the mUltiple TDO pull-up resistors do not end up in parallel (see Figure 16-4). The 
TDlline coming out of the debug port should be pulled up to 3.3V to 10K ohms. 

16.2.4.6. SIGNAL NOTE 6: PREQ# 

The PREQ# signal should be pulled up to 3.3V through a 10K ohm resistor. 
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16.2.4.7. SIGNAL NOTE 7: TRST# 

If the TRST# signal is connected to the 82454GX, it should be pulled down through a 470 ohm 
resistor. 

16.2.4.8. SIGNAL NOTE 8: TCK 

·WARNING: A significant number of target systems have signal integrity issues with the TCK 
signal. TCK is a high speed signal and must be routed accordingly; make sure to observe power 
and ground plane integrity for this signal. Follow the guidelines below and assure the quality of 
the signal when beginning use of an ITP to debug your target. 

Due to the number of loads on the TCK signal, special care should be taken when routing it. 
Poor routing can lead to multiple clocking of some agents on the debug chain, usually on the 
falling edge of TCK. This causes information to be lost through the chain and can result in bad 
commands being issued to some agents on the bus. There are two known good routing 
schemes for the TCK signal: daisy chain and star. Systems using other TCK routing schemes, 
particularly those with 'T' or "Y" configurations where the trace from the source to the '7" is 
long, invite signal integrity problems. 

If the signal is more easily routed as a daisy chain then it is recommended that a pull-up resistor 
from TCK to 3.3V be placed at the physically most distant node of the TCK route (see 
Figure 16-2). This resistor should be between 62 and 150 Ohms, depending on the run length of 
the TCK trace. Use Table 16-2 to select a value: 

TCK 

I 

Run Length 

0-12" 

12 - 15" 

15 - 18" 

18 - 21" 

> 21" 

Pentium® 
Pro 

Table 16-2. TCK Pull-Up Value 

Pentium 
Pro 

Pentium 
Pro 

Resistor 

150 ohms 

120 ohms 

100 ohms 

82 ohms 

62 ohms 

• 82454GX 

Figure 16-2. TCK with Daisy Chain Configuration 
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If the signal is more easily routed in a star configuration, each leg that is greater than 8" in length 
should be terminated with a resistor value R, where: R = (62 ohms) x (the number of legs greater 
than 8 inches). If all legs are less than 8", terminate only the longest leg with a 62 ohm resistor. 
If some legs are shorter than 8" and some are longer than 8", terminate the legs longer than 8" 
using the formula described above and ignore the legs shorter than 8". There should be no more 
than 4 legs to the star. For example, in Figure 16-3, the star has three legs, where the resistor R 
value is the same for each leg of the star: 3 x 62 = 186 ohms. 

16.2.4.9. SIGNAL NOTE 9: TMS 

TMS should be routed to all components in the boundary scan chain in a daisy chain configura­
tion. Follow the daisy chain guidelines specified for TCK in Section 16.2.4.8., "Signal Note 8: 
TCK". 

TCK 

I 2" 
-----.I or 

less 
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CPU Module 1 

Pentium® 
Pro 

Pentium 
Pro 

Vee CPU Module 2 

Pentium Pentium 
Pro Pro 

~~~---, 82450GX ,---~~---, 
PClset 

82454GX 82451GX 

. . 

Figure 16-3. TCK with Star Configuration 

Vee 

R 
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16.2.5. Debug Port Layout 

Figure 16-4 shows the simplest way to layout the debug port in a multiprocessor system. In this 
example, the four processors are the only components in the system boundary scan chain. Sys­
tems incorporating boundary scan for use other than for an ITP should consider providing a 
method to partition the boundary scan chain in two distinct sections; one for system debug using 
the ITP and the other for manufacturing or system test. 

System debug using an ITP requires only that the Pentium Pro processors be in the boundary 
scan chain. During system debug, routing boundary scan signals (particularly TCK and TMS) 
solely to the Pentium Pro processors enhances the likelihood that the boundary scan signals can 
be clocked at high speed. This will improve the performance of debug tools that must access 
large amounts of data via boundary scan. (For example, MP systems that have up to four proces­
sor in the chain will require four times as much boundary scan traffic.) Additionally, removing 
all but the Pentium Pro processors from the boundary scan chain reduces the possibility for er­
rors in the chain when using an ITP for system debug. 

If your system includes the use of boundary scan for test during normal system operation, then 
you should consider including the QST3383 in your layout. This component is used to multiplex 
the boundary scan lines in order to avoid contention between the system and an ITP. Using the 
QST3383, the system boundary scan lines are routed directly to the system when an ITP is not 
installed. 

However, if the ITP is installed and is communicating with the Pentium Pro processors, the BS­
EN# signal will enable the multiplexer to pass the boundary scan lines from the debug port to 
the system. Note: When an ITP is installed and communicating with the processors, the TDI line 
from the system boundary scan control logic does not pass through to the system, but is instead 
tied back into the TDO line. Thus, while the ITP is communicating with the processors, it is not 
possible for the system boundary scan control logic to access a processor via the boundary scan 
chain. 
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16.2.5.1. SIGNAL QUALITY NOTES 

If system signals to the debug port (i.e. TDO, PRDY[O-3]# and RESET#) are used elsewhere in 
the system, then dedicated drivers should be used to isolate the signals from reflections corning 
from the end of the debug port cable. If the Pentium Pro processor boundary scan signals are 
used elsewhere in the system, then the TDI, TMS, TCK, and TRST# signals from the debug port 
should be isolated from the system signals with multiplexers as discussed in Section 16.2.5., 
"Debug Port Layout". 

Additionally, it is a general rule that no signals should be left floating. Thus, signals going from 
the debug port to the Pentium Pro processor-based system should not be left floating. If they are 
left floating there may be problems when an ITP is not plugged in. 

16.2.5.2. DEBUG PORT CONNECTOR 

Figure 16-5 and Figure 16-6 show how the debug port connector should be installed on a circuit 
board. Note the way the pins are numbered on the connector and how the through holes are laid 
out on the board. Figure 16-6 shows a dotted line representation of the connector and behind it 
the through holes as seen from the top side of the circuit board (the side on which the connector 
will be placed). The through holes are shown so that you can match the pin numbers of the con­
nector to where the connector leads will fall on the circuit board. Although this may appear very 
simple, it is surprising how often mistakes are made in this aspect of the debug port layout. 

Figure 16-5. Debug Port Connector on Primary Side of Circuit Board 
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29000000006000<:)0_ 1 

30 <:::> oboo 0000000000 2 

Figure 16-6. Hole Layout for Connector on Primary Side of Circuit Board 

16.2.6. Using Boundary Scan to Communicate to the Pentium® 
Pro Processor 

An ITP communicates to the processors in a Pentium Pro processor system by stopping their ex­
ecution and sending/receiving messages over their boundary scan pins. As long as each Pentium 
Pro processor is tied into the system boundary scan chain, an ITP can communicate with it. In 
the simplest case, the Pentium Pro processors are back to back in the scan chain, with the bound­
ary scan input (TDI) of the first Pentium Pro processor connected up directly to the pin labeled 
TDI on the debug port and the boundary scan output of the last Pentium Pro processor connected 
up to the pin labeled TDO on the debug port, as shown in Figure 16-7. 

,. TOI TOO f---. TOI TOO -

Pentium® Pentium 
Pro Pro 

!S2454GX! 182~3GX I 

Debug - ~ 182374581 

Port TOO 
~ 

82451GX 

DODD 
Figure 16-7. Pentium® Pro Processor-Based System Where Boundary Scan is Not Used 
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While an ITP requires only that the Pentium Pro processors be in the scan chain, Figure 16-8 
shows a more complex case. The order in which you place the components in your scan chain is 
up to you. However, you may need to provide scan chain layout information to the ITP so it 
knows where the CPUs are in the chain. Note that additional components should not be included 
in the boundary scan chain unless absolutely necessary. Additional components increase both 
the complexity of the circuit and the possibility for problems when using the ITP. If possible, lay 
out the board such that the additional components can be removed from the scan chain for debug. 

,. IDI IDa -- TDI IDa TDI TOO r----------. IDI IDa -

Pentium® Pentium 82454GX 82453GX 

Pro Pro 

- TOO IDI ~ TOO IDI .-
82454GX 82452GX 

- ,------ Custom Debug TOI TOI ASIC 
Port M r--

TOO,---. U I~ IDa IDI 

- X i 82451GX 
TOO 

- C= ~ TOI TOO ustom 
To/from the ASIC 

rest of system IDI~ 

Figure 16-8. Pentium® Pro Processor-Based System Where Boundary Scan is Used 
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CHAPTER 17 
OVERDRIVE@ PROCESSOR SOCKET 

SPECIFICATION 

INTRODUCTION 

Intel will offer future OverDrive processors for the Pentium Pro processor. This OverDrive pro­
cessor will be based on a faster, future Intel processor core. 

The future OverDrive processor for Pentium Pro processor-based systems is a processor upgrade 
that will make all software run faster on an existing Pentium Pro processor system. The Over­
Drive processor is binary compatible with the Pentium Pro processor. The OverDrive processor 
is intended for use as a replacement upgrade for single and dual processor Pentium Pro processor 
designs. The OverDrive processor will be equipped with an integral fan/heatsink and retention 
clips. Intel plans to ship OverDrive processors with a matched Voltage Regulator Module (Over­
Drive VRM). 

To support processor upgrades, a Zero Insertion Force (ZIF) socket (Socket 8) and a Voltage 
Regulator Module connector (Header 8) have been defined along with the Pentium Pro proces­
sor. Header 8 can be populated with an OEM Pentium Pro processor VRM or with the OverDrive 
VRM which Intel plans to ship with the OverDrive processor as part of the retail package. 

The OverDrive processor will also support Voltage Identification as described in Section 11.6., 
"Voltage Identification". The four Voltage ID outputs (VIDO-VID3) can be used to design a pro­
grammable power supply that will meet the power requirements of both the Pentium Pro and 
OverDrive processors via the Header 8 described in this chapter, or on the motherboard. If you 
plan to use VID to design a programmable supply for the OverDrive processor, please contact 
Intel for additional information. 

A single socket system should include Socket 8 and Header 8. When this system configuration 
is upgraded, the Pentium Pro processor and its VRM are replaced with a future OverDrive pro­
cessor for Pentium Pro processor-based systems and its matching OverDrive VRM. The 
OverDrive VRM is capable of delivering the lower voltage and higher current required by the 
upgrade. Other voltage regulation configurations are described in Section 17.3.2., "Upgrade 
Present Signal (UP#)". 

17.1.1. Terminology 

Header 8: 40-pin Voltage Regulator Module (VRM) connector defined to contain the OEM 
VRM and OverDrive VRM. 

OverDrive processor: A future OverDrive processor for Pentium Pro processor-based systems. 

OverDrive VRM: A VRM designed to provide the specific voltage required by the future 
OverDrive processor for Pentium Pro processor-based systems. 

I 
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Socket 8: 387-pin SPGA Zero Insertion Force (ZIF) socket defined to contain either a Pentium 
Pro or OverDrive processor. 

17.2. MECHANICAL SPECIFICATIONS 

This section specifies the mechanical features of Socket 8 and Header 8. This section includes 
the pinout, surrounding space requirements, and standardized clip attachment features. 

Figure 17-1 below shows a mechanical representation of the OverDrive processor in Socket 8 
and the OverDrive VRM in Header 8. 

~ Voltage 
Regulator 
Module 

Fan/Heatsin 

Figure 17-1. Socket 8 Shown with the Fan/heatsink Cooling Solution, Clip Attachment 
Features and Adjacent Voltage Regulator Module 
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17.2.1. Vendor Contacts for Socket 8 and Header 8 

Contact your local Intel representative for a list of participating Socket 8 and Header 8 suppliers. 

17.2.2. Socket 8 Definition 

Socket 8 is a 387-pin, modified staggered pin grid array (SPGA), Zero Insertion Force (ZIF) 
socket. The pinout is identical to the Pentium Pro processor. Two pins are used to support the 
on-package fanlheatsink included on the OverDrive processor and indicate the presence of the 
OverDrive processor. The OverDrive processor package is oriented in Socket 8 by the asymmet­
ric use of interstitial pins. Standardized heat sink clip attachment tabs are also defined as part of 
Socket 8 (Section 17.2.2.3., "Socket 8 Clip Attachment Tabs"). 

17.2.2.1. SOCKET 8 PINOUT 

Socket 8 is shown in Figure 17-2 along with the VRM connector (Header 8). Refer to Chapter 
15, Mechanical Specifications, for pin listings of the Pentium Pro processor. The OverDrive 
processor pinout is identical to the Pentium Pro processor. Descriptions of the upgrade spe­
cific pins are presented in Table 17-1. Note the location of pin A 1 in relation to the cam shelf 
position. If the socket has the cam shelf located in a different position, then correct insertion 
of the OverDrive processor may not be possible. See Section 17.2.2.2., "Socket 8 Space 
Requirements" . 

Upgrade Pins 

0 0 0 o 0 AG UP# Vcc5 
0 0 0 0 AF 

0 0 0 0 0 AE 

9 7 5 3 1 
8 6 4 2 

ZIF Handle Cam Shelf 

Figure 17-2. OverDrive® Processor Pinout 
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Table 17-1. OverDrive® Processor Signal Descriptions 

Pin Name1 Pin # 110 Function 

Vcc5 AG1 Input +5V Supply required for OverDrive® processor fan/heatsink. 

UP# AG3 Output This output is tied to V ss in the OverDrive processor to indicate the 
presence of an upgrade processor. This output is an open in the 
Pentium® Pro processor. 

NOTE: 

1. Refer to Section 17.3., "Functional Operation of OverDrive® Processor Signals" for a description of the 
above signals. 

17.2.2.2. SOCKET 8 SPACE REQUIREMENTS 

The OverDrive processor will be equipped with a fan/heatsink thermal management device. The 
package envelope dimensions for the OverDrive processor with attached fanlheatsink are shown 
in Figure 17-3. Clearance is required around the fan/heatsink to ensure unimpeded air flow for 
proper cooling (refer to Section 17.5.1.1., "Fanlheatsink Cooling Solution" for details). 
Figure 17-4 shows the Socket 8 space requirements for the OverDrive processor. All dimensions 
are in inches. 
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Figure 17-3. OverDrive® Processor Envelope Dimensions 

"Keep out zones," also shown in Figure 17-4, have been established around the heat sink clip 
attachment tabs to prevent damage to surface mounted components during clip installation and 
removal. The keep out zones extend upwards from the surface of the motherboard to the top of 
the heat sink. The lateral limits of the keep out zones extend 0.1 inch from the perimeter of each 
tab. 

Immovable objects must not be located less than 1.85 inches above the seating plane ofthe ZIF 
socket. Removable objects must also not be located less than the 1.85 inches above the seating 
plane of the ZIF socket required for the processor and fanlheatsink. These requirements also ap­
ply to the area above the cam shelf. 

As shown in Figure 17-4 it is acceptable to allow any device (i.e. add-in cards, surface mount 
device, chassis etc.) to enter within the free space distance of 0.2" from the chip package if it is 
not taller than the level of the heat sink base. In other words, if a component is taller than height 
'B', it cannot be closer to the chip package than distance 'A'. This applies to all four sides of the 
chip package (the handle side of the ZIF socket will generally meet this specification since its 
width is typically larger than distance 'A' (0.2"». 
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For designs which use Header 8, the header itself can violate the 0.2" airspace around the Over­
Drive processor package. A VRM (either Pentium Pro processor VRM or OverDrive VRM), 
once installed in Header 8, and any components on the module, MUST NOT violate the 0.2" 
airspace. Also, the header must not interfere with the installation of the Pentium Pro or Over­
Drive processors, and must not interfere with the operation of the ZIF socket lever. Alternately, 
Socket 8, and the installed processor must not interfere with the installation and removal of a 
VRM in Header 8. 

17-6 

NOTE 

Components placed close to Socket 8 must not impede access to and 
operation of the handle of the ZIP socket lever. Adequate clearance must be 
provided within the proximity of the ZIP socket lever to provide fingertip 
access to the lever for normal operation, and to allow raising the lever to the 
full open position. 
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Figure 17-4. Space Requirements for the OverDrive® Processor 

SOCKET 8 CLIP ATTACHMENT TABS 

Standardized clip attachment tabs will be provided on Socket 8. These will allow clips to secure 
the OverDrive processor to the socket to enhance shock and vibration protection. OEMs may 
utilize the attachment tabs for their own thermal solutions. As an option, OEMs may use cus­
tomized attachment features providing that the additional features do not interfere with the stan­
dard tabs used by the upgrade. 

Details of the clip attachment tabs and overall dimensions of Intel qualified sockets may be ob­
tained from participating socket suppliers. 
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17.2.3. OverDrive® Voltage Regulator Module Definition 

Header 8 is a 2-row, 40-pin shrouded header designed to accommodate a Pentium Pro processor 
VRM, OverDrive VRM, or a programmable VRM. The OverDrive VRM is used to convert the 
standard 5.0V supply to the OverDrive processor core operating voltage. Integral OverDrive 
VRM hold down tabs are included as part of the header definition for enhanced shock and vi­
bration protection. 

OEMs who plan to design a custom VRM PC Board to fit into Header 8 should refer to the 
AP-523 Pentium® Pro Processor Power Distribution Guidelines Application Note (Order Num­
ber 242764). 

17.2.3.1. OVERDRIVE® VRM REQUIREMENT 

When upgrading with an OverDrive processor, Intel suggests the use of its matched Voltage Reg­
ulator Module, which Intel plans to ship with the OverDrive processor retail package. 

If the OEM includes on-board voltage regulation and the Header 8 for the OverDrive VRM, the 
on-board voltage regulator must be shut off via the UP# output of the CPU. When the OverDrive 
processor is installed, and the UP# signal is driven LOW, the on-board VR must never power on. 
This will ensure that there is no contention between the OverDrive VRM and the on-board reg­
ulator. 

17.2.3.2. OVERDRIVE® VRM LOCATION 

It is recommended that Header 8 be located within approximately I inch of Socket 8 to facilitate 
end user installation. For optimum electrical performance, the Header 8 should be as close as 
possible to Socket 8. The location must not interfere with the operation of the ZIF socket handle 
or heatsink attachment clips. To allow system design flexibility, Header 8 placement is optional, 
but it is recommended that Header 8 NOT be placed on the same side of the ZIP socket as the 
handle. 

17.2.3.3. OVERDRIVE® VRM PINOUT 

The OverDrive VRM pinout and pin description is presented in Figure 17-5 and Table 17-2, 
respectively. 
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Pin# Signal Name Pin# Signal Name 

A1 5Vin B1 5Vin 

A2 5Vin B2 5Vin 

A3 5Vin B3 5Vin 

A4 12Vin B4 12Vin 

A5 Reserved B5 Reserved 

A6 Reserved B6 OUTEN 

A7 VIDO B7 VID1 

A8 VID2 B8 VID3 

A9 UP# B9 PwrGood 

A10 Veep B10 Vss 

A11 Vss B11 Veep 

A12 Veep B12 Vss 

A13 Vss B13 Veep 

A14 Veep B14 Vss 

A15 Vss B15 Veep 

A16 Veep B16 Vss 

A17 Vss B17 Veep 

A18 Veep B18 Vss 

A19 Vss B19 Veep 
0.100"± 0.01" 

A20 Veep B20 Vss 

Figure 17-5. Header 8 Pinout 
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Table 17-2. Header 8 Pin Reference 

Pin Name VO Usage Function 

12Vin Input Required +12V±5% Supply 

5Vin Input Required +5V±5% Supply 1 

Vss Input Required Ground Reference 

OUTEN Input Optional When driven high this input will enable the OEM VRM output 
and float the OverDrive® VRM output. When this input is driven 
low, the output of the OEM module will float and the OverDrive 
VRM output will be enabled. 

PwrGood Output Optional Power Good is driven high upon the VRM output reaching valid 
levels. This output requires an external pull-up resistor (-1 OKQ). 

RES No connect Reserved for future use. 

UP# Input Required This signal is held high via an external pull-up resistor on the 
open collector output of the Pentium® Pro processor, and is 
driven low by the grounded output of the OverDrive processor. 

VccP Output Required Voltage Regulator Module core voltage output. Voltage level for 
the OverDrive processor will be lower than for the Pentium Pro 
processor. 

VID3-VIDO Inputs Optional Used by the Pentium Pro processor VRM to determine what 
output voltage to provide to the CPU. The OverDrive VRM does 
not require these pins to be connected as it will be voltage 
matched in advance to the OverDrive processor. Refer to Table 
11-1 for Voltage ID pin decoding. 

NOTE: 

1. The OverDrive® Voltage Regulator Module requires both 5V and 12V. Routing for the 5V VRM supply 
must support the full requirements of the OverDrive VRM given in Table 17-5 even if the 12V supply is 
utilized for the OEM VRM. 

17.2.3.4. OVERDRIVE@ VRM SPACE REQUIREMENTS 

Figure 17-6 describes the maximum OverDrive VRM envelope. No part of the OverDrive VRM 
will extend beyond the defined space. 
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--------------------~ 

OverDriveill VRM PCB 

HEADERS 

REF---J 

NOTE: The connector comprises a header mounted on the motherboard and a receptacle on the edge of the VRM PCB. 

Figure 17-6. OverDrive® Voltage Regulator Module Envelope 

P6T005 

17.3. FUNCTIONAL OPERATION OF OVERDRIVE@ PROCESSOR 
SIGNALS 

17.3.1. Fan/Heatsink Power (VCCS) 

This 5V supply provides power to the fan of the fan/heatsink assembly. See Table 17-4 for V cc5 
specifications. 

17.3.2. Upgrade Present Signal (UP#) 

The Upgrade Present signal is used to prevent operation of voltage regulators providing a poten­
tially harmful voltage to the OverDrive processor, and to prevent contention between on-board 
regulation and the OverDrive VRM. UP# is an open collector output, held high using a pull-up 
resistor on the motherboard tied to +5 Volts. 

There are several system voltage regulation design options to support both the Pentium Pro pro­
cessor and its OverDrive processor. The use of the UP# signal for each case is described below: 

I 

Case I: Header 8 only 
If the system is designed with voltage regulation from the Header 8 only, then the UP# 
signal must be connected between the CPU socket (Socket 8) and the VRM connector 
(Header 8). The Pentium Pro processor VRM should internally connect the UP# input 
directly to the VRM OUTEN input. If the Pentium Pro processor is replaced with an 
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17-12 

OverDrive processor and the OEM VRM is NOT replaced with the OverDrive VRM, 
the original voltage regulator will never enable its outputs because the lower voltage 
OverDrive processor could be damaged. Refer to Figure 17-7. 

+5Volt 
-y--
> lOkQ 

UP# 
Header 8 Socket 8 

Figure 17-7. Upgrade Presence Detect Schematic - Case 1 

Case 2: Header 8 AND alternate voltage source 
If the system is designed with alternate voltage source and a Header 8 for future 
upgrade support, then the UP# signal must be connected between Socket 8, Header 8, 
and the alternate voltage source. The Pentium Pro processor voltage regulator should 
use the UP# signal to disable the voltage output when detected low (indicating that an 
OverDrive processor has been installed). The OverDrive VRM, when installed into the 
Header 8 will use the UP# signal to enable its outputs (when detected low). When the 
Pentium Pro processor is replaced with an OverDrive processor and the OverDrive 
VRM is installed, the original voltage regulator must never enable its outputs because 
the lower voltage OverDrive processor could be damaged. Refer to Figure 17-8. 

Header S 

On-Board VR ~ 

+5 Volt 
-r­

> IOkn 

UP# 
SocketS 

Figure 17-8. Upgrade Presence Detect Schematic - Case 2 

I 



OVERDRIVE® PROCESSOR SOCKET SPECIFICATION 

Case 3: Alternate voltage source only 
If the system is designed with only a programmable voltage source using the VID3-
VIDO pins, then the UP# signal need not be used. 

NOTE 

The programmable voltage source needs to be able to provide the OverDrive 
processor with it's required power. Refer to Figure 17-9. 

VID3-VIDO 

On-Board VR / Socket 8 /4 

Figure 17-9. Upgrade Presence Detect Schematic - Case 3 

17.3.3. BIOS Considerations 

Please refer to the Pentium® Pro Processor Developer's Manual, Volume 2: Programmer's Ref­
erence Manual (Order Number 242691) for BIOS requirements. 

It is the responsibility of the BIOS to detect the type of CPU in the system and program the sup­
port hardware accordingly. In most cases, the BIOS does this by reading the CPU signature, 
comparing it to known signatures, and, upon finding a match, executing the corresponding hard­
ware initialization code. 

The CPUID instruction is used to determine several processor parameters. Following execution 
of the CPUID instruction, bits 12 and 13 of the EAX register can be used to determine if the 
processor is an OEM or an OverDrive processor. An OverDrive processor is present if bit 13=0 
and bit 12=1. 

I 

NOTE 

Contact your BIOS vendor to ensure that the OverDrive processor BIOS 
requirements have been included. 
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17.3.3.1. OVERDRIVE@ PROCESSOR CPUID 

Following power-on RESET or the CPUID instruction, the EAX register contains the values 
shown in Table 17-3. 

Table 17-3. OverDrive® Processor CPUID 

Type [13:12] Family [11 :8] Model [7:4] Stepping [3:0] 

1 6 3 X 

17.3.3.2. COMMON CAUSES OF UPGRADABILITY PROBLEMS DUE TO BIOS 

CPU signature detection has been a common cause of current upgradability problems due to 
BIOS. A few precautions within the BIOS can help to eliminate future upgradability problems 
with Pentium Pro processor-based systems. When programming or modifying a BIOS, be aware 
of the impact of future OverDrive processors. The following recommendations should prevent 
problems in the future: 

• Always use the CPU signature and feature flags to identify the processor, including future 
processors. 

• Never use timing loops for delays. 

• If an OverDrive processor is detected, report the presence of an "OverDrive processor" to 
the end-user. 

• If an OverDrive processor is detected, don't test on-chip cache sizes or organization. The 
OverDri ve processor cache parameters differ from those of the Pentium Pro processor. 

• If an OverDrive processor is detected, don't use the Pentium Pro processor model specific 
registers and test registers. OverDrive processor MSRs differ from those of the Pentium 
Pro processor. 

• Memory Type Range Registers must be programmed as for a Pentium Pro processor. 

17.4. OVERDRIVE@ PROCESSOR ELECTRICAL 
SPECIFICATIONS 

This section describes the electrical requirements for the OverDrive processor. 
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NOTE 

ZIF socket electrical parameters may differ from LIF socket parameters; 
therefore, be sure to use the appropriate ZIF socket parameters for electrical 
design simulations. 
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17.4.1. D.C. Specifications 

17.4.1.1. OVERDRIVE@PROCESSOR D.C. SPECIFICATIONS 

Table 17-4 lists the D.C. specifications for the OverDrive processor that are either different from 
or in addition to the Pentium Pro processor specifications. 

Table 17·4. OverDrive® Processor D.C. Specifications 

Symbol Parameter Min Typ Max Unit Notes 

IccP Primary Icc Current 0.100 11.2 A 1 

12.5 2 
13.9 3 

VccP Primary Vcc Voltage 2.375 2.5 2.625 Vccp = 2.5V±5% 4 

IccS Secondary Icc Current 0 A 

VccS Secondary Vcc Voltage 3.145 3.3 3.465 VccS = 3.3V ± 5% 

Icc5FAN fanlheatsink Current 340 mA 

Vcc5 fan/heatsink Voltage 4.75 5 5.25 Vcc5 =5V± 5% 

PMax Maximum Thermal Design 21.4 26.7 W 1 
Power 23.8 29.7 2 

26.3 32.9 3 

NOTES: 

1. This specification applies to the future OverDrive® processor for 150 MHz Pentium® Pro processor-based 
systems. 

2. This specification applies to the future OverDrive processor for 166 & 180 MHz Pentium Pro processor­
based systems. 

3. This specification applies to the future OverDrive processor for 200 MHz Pentium Pro processor-based 
systems. 

4. This is the TARGET OverDrive processor Voltage. It is recommended that the Voltage Identification be 
used to determine processor voltage for programmable voltage sources and implement a voltage range 
which adequately covers the OverDrive processor Target Voltage (-2.4-2.7V). 

I 
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17.4.1.2. OVERDRIVE@ VRM D.C. SPECIFICATIONS 

The D.C. specifications for the OverDrive VRM are presented in Table l7-5. 

Table 17-5. OverDrive® VRM Specifications 

5Vin = 5V:I: 5%, TCASE = 0 to 1052 C 

Symbol Parameter Min Max Unit Notes 

VIL Control Signal Input Low Voltage -0.3 0.8 V 

VIH Control Signal Input High Voltage 2.0 Vcc5+0.3 V 

VOL Control Signal Output Low Voltage O.4V V 

VOH5 Control Signal Output High Voltage 2.4 Vcc5+0.3 V PwrGood 

ICC5 5.0V Power Supply Current 0.100 7.0 A 1 VRM 
7.8 2 input 
8.7 3 current 

ICC12 12.0V Power Supply Current 150 mA VRM input 
current 

lOUT VRM Output Current 11.2 A 1 
12.5 2 
13.9 3 

LMB Total inductance between VRM output 2.5 nH 
and processor pins 

RMB Total resistance between VRM output 2.1 mQ 4 
and processor pins 

dicc/dt Worst Case Input (lcc5) Load Change 100 mA/J..IS 

TVout Valid Input Supply to Output Delay 10 ms 

NOTES: 

1. This spec applies to the OverDrive® VRM for 150 MHz Pentium® Pro processor-based systems. 

2. This spec applies to the OverDrive VRM for 166 & 180 MHz Pentium Pro processor-based systems. 

3. This spec applies to the OverDrive VRM for 200 MHz Pentium Pro processor-based systems. 

4. Maximum total resistance from VRM output to CPU pins cannot exceed 2.1 mQ. For example, a break­
down of the resistive path might be 0.45 mQ for VRM header, 1 .0 mQ for motherboard power plane resis­
tance, and 0.65 mQ for ZIF socket. 

17.4.2. OverOrive® Processor Oecoupling Requirements 

No additional decoupling capacitance is required to support the OverDrive processor beyond 
what is necessary for the Pentium Pro processor. Any incremental decoupling, both bulk and 
high speed, required by the OverDrive processor will be provided on the processor package. It 
is strongly recommended that liberal, low inductance decoupling capacitance be placed near 
Socket 8 following the guidelines in note 1 of Table 11-4 and the AP-523 Pentium® Pro Proces­
sor Power Distribution Guidelines Application Note (Order Number 242764). Capacitor values 
should be chosen to ensure they eliminate both low and high frequency noise components. 
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17.4.3. A.C. Specifications 

Except for internal CPU core Clock frequency, the OverDrive processor will operate within the 
same A.C. specifications as the Pentium Pro processor. 

17.5. THERMAL SPECIFICATIONS 

This section describes the cooling solution utilized by the OverDrive processor and the cool­
ing requirements for both the processor and VRM. Heat dissipation by the OverDrive proces­
sor will be no greater than the Pentium Pro processor, as described in Chapter 14, Thermal 
Specifications. 

17.5.1. OverDrive® Processor Cooling Requirements 

The OverDrive processor will be cooled with a fanlheatsink cooling solution. The OverDrive 
processor will operate properly when the preheat temperature, TpH, is a maximum of SO°C 
(TpH is the temperature of the air entering the fan/heatsink, measured 0.3" above the center of 
the fan - See Figure 17-4). When the preheat temperature requirement is met, the fan/heatsink 
will keep the case temperature, TC, within the specified range, provided airflow through the 
fanlheatsink is unimpeded (see Section l7.2.2.2., "Socket 8 Space Requirements"). 

It is strongly recommended that testing be conducted to determine if the fan inlet temperature 
requirement is met at the system maximum ambient operating temperature. 

NOTE 

The OverDrive processor will operate properly when the preheat temperature, 
TpH, is a maximum of SO°C (TpH is the temperature of the air entering the 
fanlheatsink, measured 0.3" above the center of the fan - See Figure 17-4). 

17.5.1.1. FAN/HEATSINK COOLING SOLUTION 

A height of 0.4" airspace above the fan/heatsink unit and a distance of 0.2" around all four sides 
of the OverDrive processor is REQUIRED to ensure that the airflow through the fan/heatsink is 
not blocked. The fan/heatsink will reside within the boundaries of the surface of the chip. Block­
ing the airflow to the fanlheatsink reduces the cooling efficiency and decreases fan life. 
Figure 17-4 illustrates an acceptable airspace clearance above the fan/heatsink and around the 
OverDrive processor package. 

17.5.2. OEM Processor Cooling Requirements 

The OEM processor cooling solution must not impede the upgradability of the system. For 
example: 

I 
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• If an OEM fanlheatsink is used, then electrical connections between the OEM fanlheatsink 
and system must be through an end user separable connector. 

• If an OEM fan/heatsink is used, removal of the assembly must not interfere with the 
operation of the OverDrive processor, for example, by activating cooling failure protection 
mechanisms employed by the OEM. 

• Custom attachment features in addition to the features covered in Section 17.2.2.3., 
"Socket 8 Clip Attachment Tabs" must not interfere with attachment of the upgrade 
retention clips. 

17.5.3. OverDrive® VRM Cooling Requirements 

The OverDrive Voltage Regulator Module will be shipped with a passive heat sink. Voltage 
regulator case temperature must not exceed lOsoC. The ambient temperature, TA, required 
to properly cool the VRM can be estimated from the following section. 

Table 17-6. OverDrive® VRM Power Dissipation for Thermal Design 

Parameter Typ 1 Max 1 Unit Notes 

VRM Power 6 7 Watts 2 OverDrive® VRM 
Dissipation 6.7 6.5 3 

7.5 7.0 4 

TC, Max 105 °c Voltage Regulator Maximum Case Temperature 

NOTES: 

1. Specification for the OverDrive® Voltage Regulator Module. A Pentium® Pro processor OEM Module is 
specific to the design and may differ. 

2. This spec applies to the OverDrive VRM for 150 MHz Pentium Pro processor-based systems. 

3. This spec applies to the OverDrive VRM for 166 & 180 MHz Pentium Pro processor-based systems. 

4. This spec applies to the OverDrive VRM for 200 MHz Pentium Pro processor-based systems. 

17.5.4. Thermal Equations and Data 

The OverDrive Voltage Regulator Module requires that TC does not exceed lOsoC. TC is mea­
sured on the surface of the hottest component of the VRM. To calculate T A values for the VRMs 
at different flow rates, the following equations and data may be used: 

TA = TC - (P X 0 CA ) 

Where, TA and TC = Ambient and Case temperature, respectively. (0C) 

QCA = Case-to-Ambient Thermal Resistance (OC/Watt) 
P = Maximum Power Consumption (Watt) 
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Table 17-7. OverDrive® Processor Thermal Resistance and Maximum Ambient 
Temperature 

Airflow - FtJMin (M/Sec) 1 

100 150 200 250 300 
(0.50) (0.75) (1.01 ) (1.26) (1.52) 

OverDrive® Processor T A. Max (0C) Fan/Heatsink requires Ambient of 50°C or less 
regardless of external airflow. 

OverDrive VRM eCA (OC/W) 9.8 8.3 6.8 6.4 6.0 

The following specifications apply to the future OverDrive processor for 150 MHz Pentium® Pro processor-
based systems: 

OverDrive VRM TA. Max (0C)2 46 55 64 67 69 

The following specifications apply to the future OverDrive processor for 166 & 180 MHz Pentium Pro 
processor-based systems: 

OverDrive VRM TA. Max (0C) 41 51 61 63 66 

The following specifications apply to the future OverDrive processor for 200 MHz Pentium Pro processor-
based systems: 

OverDrive VRM TA. Max (0C) 36 47 57 60 63 

NOTES: 

1. Airflow di recti on parallel to long axis of VRM PCB. 

2. TCASE = 105°C. Power as per Table 17-6. 

17.6. CRITERIA FOR OVERDRIVE@ PROCESSOR 

This section provides PC system designers with information on the engineering criteria required 
to ensure that a system is upgradable. The diagrams and checklists will aid the OEM to check 
specific criteria. Several design tools are available through Intel field representatives which will 
help the OEM meet the criteria. Refer to Section 17.6.1., "Related Documents". 

The criteria are divided into 5 different categories: 

• Electrical Criteria 

• Thermal Criteria 

• Mechanical Criteria 

• Functional Criteria 

• End User Criteria 
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17.6.1. Related Documents 

All references to related documents within this section imply the latest published revision of the 
related document, unless specifically stated otherwise. Contact your local Intel Sales represen­
tative for latest revisions of the related documents. 

Processor and Motherboard Documentation: 

• Pentium® Pro Processor Developer's Manual, Volume 3: Programmer's Reference Manual 
(Order Number 242691) 

• AP-523 Pentium® Pro Processor Power Distribution Guidelines Application Note (Order 
Number 242764) 

17.6.2. Electrical Criteria 

The criteria in this section concentrates on the CPU and VRM, and covers pin to plane continu­
ity, signal connections, signal timing and quality, and voltage transients. 

17.6.2.1. OVERDRIVE@ PROCESSOR ELECTRICAL CRITERIA 

The electrical criteria for the OverDrive processor is split into three tables. Most of the criteria 
refer directly to previous sections of this document. 

The criteria for the OverDrive processor that only apply to motherboards and systems which em­
ploy a Header 8 are presented in Table 17-8. See Table 17-10 for criteria that apply regardless 
of a Header 8. 

17-20 

I 



OVERDRIVE® PROCESSOR SOCKET SPECIFICATION 

Table 17-8. Electrical Test Criteria for Systems Employing Header 8 

Criteria Refer To: Comment 

5Vin Tolerance Table 17-2 Measured Under the following Loading Conditions: 
Header 8 Input • Max Icc5 at Steady-State 

• Min Icc5 at Steady-State 
• Fast Switch between Max and Min Icc5 
Refer to Table 17-5 for OverDrive® VRM Icc5 specification. 

Pentium® Pro processor Table 11-4 Measured Under the following Loading Conditions: 
Vccp Specification • Max Iccp at Steady-State 

• Min Iccp at Steady-State 
• Fast Switch between Max and Min Iccp 
Refer to Table 11-5 for Pentium Pro processor Iccp 
specification. 

VRM RES pins Table 17-2 Must not be connected. 

VRM control signals (5Vin, Table 17-2 Must be connected as specified. 
Vss, PwrGood, UP#, VCCR OUTEN is optional. 
and VID3-VIDO) 

VRM control input signal Table 17-5 VRM control input signals must meet the D.C. specifications 
quality of the VRM. 

Maximum Total LMB Table 17-5 Inductance between VRM output 
and CPU socket pins. 

Maximum Total RMB Table 17-5 Resistance between VRM output 
and CPU socket pins. 

The criteria for the OverDrive processor that only apply to motherboards and systems which do 
not employ a Header 8 are presented in Table 17-9. See Table 17-10 for criteria that apply re­
gardless of a Header 8. 

Table 17-9. Electrical Test Criteria for Systems Not Employing Header 8 

Criteria Refer To: Comment 

Vccp Table 17-4 Measured Under the following Loading Conditions: 
Primary CPU Vcc including • Max Iccp at Steady-State 
Voltage note 4 • Min Iccp at Steady-State 

• Fast Switch between Max and Min Iccp 
Refer to Table 17-5 for OverDrive® processor Iccp 
specification. 
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The criteria for the OverDrive processor that apply to all motherboards and systems are present­
ed in Table 17-10. 

Table 17-10. Electrical Test Criteria for all Systems 

Criteria Refer To: Comment 

VCCS Table 17-4 Loading Conditions: 
Secondary CPU Vcc Voltage • Max IceS at Steady-State 

• Min IccS at Steady-State 
• Fast Switch between Max and Min IccS 
Refer to Table 17-4 for OverDrive® processor IccS 
specification. 

Vcc5 Table 17-4 Fan/Heatsink Voltage 

Vcc continuity to Socket 8 Table 15-3 0.50 or less for any single pin from Socket 8 Vcc pins 
to Vcc supply. 
Applies to both primary and secondary pins and their 
respective supplies. 

Vss continuity to Socket 8 Table 15-3 0.50 or less for any single pin From Socket 8 Vss pins 
to Vss supply. 

RESERVED Pins Table 15-3 Must not be connected. 

Input signal quality Chapter 13 & Must meet specification of the Pentium® Pro processor. 
Table 11-12 

AC timing specifications Section 11.15. Must meet all A.C. specifications of the Pentium Pro 
Processor. 

17.6.2.2. PENTIUM@ PRO PROCESSOR ELECTRICAL CRITERIA 

Motherboards and systems will be tested to the specifications of the Pentium Pro processor in 
Chapter 11, Electrical Specifications. 

17.6.3. Thermal Criteria 

17.6.3.1. OVERDRIVE@PROCESSOR COOLING REQUIREMENTS (SYSTEMS 
TESTING ONLY) 

The maximum preheat temperature, TpH, for the OverDrive processor must not be greater than 
specified in Section 17.5.1., "OverDrive® Processor Cooling Requirements". TpH is the tem­
perature of the air entering the fan heatsink and is measured 0.3 inches (0.76 cm) above the cen­
ter of the fan. Thermal testing should be performed at the OEM specified maximum system 
operating temperature (not less than 32°C), and under worst case thermal loading. Worst case 
thermal loading requires every I/O bus expansion slot to be filled with the longest typical add­
in card that will not violate the required clearance for airflow around the OverDrive processor 
(refer to Section 17.2.2.2., "Socket 8 Space Requirements"). These add-in cards represent typi­
cal power dissipation per type and form factor (Full length PCI, VL, ISA, and 112 length PCI 
dissipate 10W; 3/4 length ISA dissipates 7.5W, 112 length ISA dissipates 5W, and 114 length ISA 
dissipates 3.3W). 
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17.6.3.2. PENTIUM@ PRO PROCESSOR COOLING REQUIREMENTS 
(SYSTEMS TESTING ONLY) 

The Pentium Pro processor case temperature must meet the specifications of the Pentium 
Pro processor. Thermal testing should be performed under worst case thermal loading (Refer to 
Section 17.6.3.1., "OverDrive® Processor Cooling Requirements (Systems Testing Only)" 
for loading description), and with a cooling solution representative of the OEM's cooling 
solution. Refer to Table 11-5 for the Pentium Pro processor case temperature specification. 

17.6.3.3. VOLTAGE REGULATOR MODULES (SYSTEMS EMPLOYING A 
HEADER 8 ONLY) 

The case temperature of the voltage regulator on the OverDrive VRM must not exceed the spec­
ification of Table 17-7. 

Table 17-11. Thermal Test Criteria 

Criteria Refer To: Comment 

TpH Section 17.5.1. Air temperature entering the faniheatsink of the 
OverDrive® processor. Measured 0.3 inches (0.76 
cm) above the center of the fan/heatsink. 

Pentium® Pro processor Case Table 11-5 TC must meet the specifications of the Pentium Pro 
Temperature Processor. Measured with a cooling solution 

representative of the OEM's. 

Voltage Regulator Case Table 17-7 
Temperature 

17.6.4. Mechanical Criteria 

17.6.4.1. OVERDRIVE@PROCESSOR CLEARANCE AND AIRSPACE 
REQUIREMENTS 

Refer to Figure 17-4 for a drawing of the various clearance and airspace requirements. 

Table 17-12. Mechanical Test Criteria for the OverDrive® Processor 

Criteria Refer To: Comment 

Minimum airspace from top Figure 17-4 See ''Total Clearance Above Socket" in Figure 17-4. 
surface of socket to any 
object. 

Minimum airspace around Figure 17-4 Required from the CPU package side to the top of the 
all 4 sides of the OverDrive® vertical clearance area. See "A" in Figure 17-4. 
processor fan/heatsink. 

Minimum airspace around Figure 17-4 Extend from the motherboard surface to the top of the 
heatsink clip tabs. fan/heatsink. See "Keep Out Zones" in Figure 17-4. 

I 
17-23 



OVERDRIVE® PROCESSOR SOCKET SPECIFICATION intet 

Table 17-12. Mechanical Test Criteria for the OverDrive@) Processor (Contd.) 

Criteria Refer To: Comment 

ZIF socket lever operation. Figure 17-4 Must operate from fully closed to fully open position with 
no interference. 

17.6.4.2. OVERDRIVE@ VRM CLEARANCE AND AIRSPACE REQUIREMENTS 

Refer to Figure 17-6 for a drawing of the various clearance and airspace requirements of the 
OverDrive VRM. Nothing must intrude into the space envelope, including airspace region, de­
fined in Figure 17-6 with the exception of Header 8 itself. 

17.6.5. Functional Criteria 

The OverDrive processor is intended to replace the original Pentium Pro processor. The system 
must boot properly without error messages when the OverDrive processor is installed. 

17.6.5.1. SOFTWARE COMPATIBILITY 

System hardware and software that operates properly with the original Pentium Pro processor 
must operate properly with the OverDrive processor. 

17.6.5.2. BIOS FUNCTIONALITY 

The BIOS must continue to operate correctly with the OverDrive processor installed in the sys­
tem. Always use the CPU Signature and Feature flags to identify if an OverDrive processor is 
installed. Please refer to the Pentium® Pro Processor Developer s Manual: Volume 3, Program­
mers Reference Manual (Order Number 242691) for the BIOS recommendations. 

Table 17-13. Functional Test Criteria 

Criteria Refer To: Comment 

Software Compatibility No incompatibilities resulting from upgrade installation. 

BIOS Functionality Section • CPU Type Reported on Screen must be reported correctly 
17.3.3. or not at all. Intel recommends reporting "OverDrive® 

Processor". 
• Never Use Timing Loops. 
• Do not test the cache, or use model specific registers 

when the upgrade is detected. 
• Program MTRRs as for a Pentium® Pro processor. 
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17.S.S. End User Criteria 

17.6.6.1. QUALIFIED OVERDRIVE® PROCESSOR COMPONENTS 

To ensure processor upgradability, a system should employ the following Intel-qualified Over­
Drive processor components. For a list of qualified components contact your Intel sales repre­
sentative, or ifin the US, contact Intel FaxBACK Information Service at (800) 525-3019. 

• Genuine Intel OEM CPU 

• Socket 8, 387-hole ZIF 

• Header 8, 40-pin shrouded (Systems and Motherboards employing Header 8 solution 
only.) OR programmable voltage regulator capable of providing the voltage and current 
required by the OverDrive processor. 

17.6.6.2. VISIBILITY AND INSTALLATION 

Socket 8 and Header 8 must be visible upon removal of the system cover. Otherwise, the OEM 
must include diagrams or other indicators visible upon removal of the system cover or clear in­
structions in the user's manual to guide the end user to the CPU socket and the VRM header. 
Special tools, other than a screw driver, must not be required for an upgrade installation. 

17.6.6.3. JUMPER CONFIGURATION 

End user configured jumpers are not recommended. If design requires jumpers or switches to 
upgrade the system, a detailed jumper description in the manual is required. The jumpers must 
be easy to locate and set. Jumper identification should be silk-screened on the motherboard if 
possible. Jumper tables on the inside of the system case are recommended. 

17.6.6.4. BIOS CHANGES 

BIOS changes or additional software must not be required to upgrade the system with the Over­
Drive processor. 

17.6.6.5. DOCUMENTATION 

The system documentation must include installation instructions, with illustrations of the sys­
tem, Socket 8 and Header 8 location, and any heats ink clip's operation and orientation instruc­
tions. Furthermore, there must be no documentation anywhere stating that the warranty is void 
if the OEM processor is removed. 

17.6.6.6. UPGRADE REMOVAL 

The upgrade process must be reversible such that upon re-installation of the original CPU, the 
system must retain original functionality and the cooling solution must return to its original 
effectiveness. 
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APPENDIX A 
SIGNALS REFERENCE 

This appendix provides an alphabetical listing of all Pentium Pro processor signals. The tables 
at the end of this appendix summarize the signals by direction: output, input, and VO. 

A.1. ALPHABETICAL SIGNALS REFERENCE 

A.1.1. A[35:3]# (1/0) 

The A[35:3]# signals are the address signals. They are driven during the two-clock Request 
Phase by the request initiator. The signals in the two clocks are referenced Aa[35:3]# and 
Ab[35:3]#. During both clocks, A[35:24]# signals are protected with the API # parity signal, and 
A[23:3]# signals are protected with the APO# parity signal. 

The Aa[35:3]# signals are interpreted based on information carried during the first Request 
Phase clock on the REQa[4:0]# signals. 

For memory transactions as defined by REQa[4:0]# = {XXOIX,XXIOX,XXllX}, the 
Aa[35:3]# signals define a 236-byte physical memory address space. The cacheable agents in the 
system observe the Aa[35:3]# signals and begin an internal snoop. The memory agents in the 
system observe the Aa[35:3]# signals and begin address decode to determine if they are respon­
sible for the transaction completion. Aa[4:3]# signals define the critical word, the first data 
chunk to be transferred on the data bus. Cache line transactions use the burst order described in 
Section 3.3.4.1., 'Line Transfers" to transfer the remaining three data chunks. 

For Pentium Pro processor 10 transactions as defined by REQa[4:0]# = 1000X, the signals 
Aa[16:3]# define a 64K+3 byte physical 10 space. The 10 agents in the system observe the sig­
nals and begin address decode to determine if they are responsible for the transaction comple­
tion. Aa[35: 17]# are always zero. Aa16# is zero unless the 10 space being accessed is the first 
three bytes of a 64KByte address range. 

For deferred reply transactions as defined by REQa[4:0]# = 00000, Aa[23:16]# carry the de­
ferred ID. This signal is the same deferred ID supplied by the request initiator of the original 
transaction on Ab[23: l6]#/DID[7:0]# signals. Pentium Pro processor bus agents that support de­
ferred replies sample the deferred ID and perform an internal match against any outstanding 
transactions waiting for deferred replies. During a deferred reply, Aa[35:24]# and Aa[l5:3]# are 
reserved. 

For the branch-trace message transaction as defined by REQa[4:0]# = 01001 and for special and 
interrupt acknowledge transactions, as defined by REQa[4:0]# = 01000, the Aa[35:3]# signals 
are reserved and undefined. 
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During the second clock of the Request Phase, Ab[35:3]# signals perform identical signal func­
tions for all transactions. For ease of description, these functions are described using new signal 
names. Ab[31:24]# are renamed the attribute signals ATTR[7:0]#. Ab[23:16]# are renamed the 
Deferred ID signals DID[7:0]#. Ab[15:8]# are renamed the eight-byte enable signals BE[7:0]#. 
Ab[7:3]# are renamed the extended function signals EXF[4:0]#. 

Ab[31 :24]# Ab[23:16]# Ab[15:8]# Ab[7:3]# 

ATTR[7:0]# 010[7:0]# BE[7:0]# EXF[4:0]# 

On the active-to-inactive transition of RESET#, each Pentium Pro processor bus agent samples 
A[35:3]# signals to determine its power-on configuration. 

A.1.2. A20M# (I) 

The A20M# signal is the address-20 mask signal in the PC Compatibility group. If the A20M# 
input signal is asserted, the Pentium Pro processor masks physical address bit 20 (A20#) before 
looking up a line in any internal cache and before driving a readlwrite transaction on the bus. 
Asserting A20M# emulates the 8086 processor's address wrap-around at the one Mbyte bound­
ary. Only assert A20M# when the processor is in real mode. The effect of asserting A20M# in 
protected mode is undefined and may be implemented differently in future processors. 

Snoop requests and cache-line write back transactions are unaffected by A20M# input. Address 
20 is not masked when the processor samples external addresses to perform internal snooping. 

A20M# is an asynchronous input. However, to guarantee recognition of this signal following an 
1/0 write instruction, A20M# must be valid with active RS[2:0]# signals of the corresponding 
I/O Write bus transaction. In FRC mode, A20M# must be synchronous to BCLK. 

During active RESET#, the Pentium Pro processor begins sampling the A20M#, IGNNE# , and 
LINT[1:0] values to determine the ratio of core-clock frequency to bus-clock frequency. See Ta­
ble 9-4. After the PLL-Iock time, the core clock becomes stable and is locked to the external bus 
clock. On the active-to-inactive transition of RESET#, the Pentium Pro processor latches 
A20M#, IGNNE#, and LINT[1:0] and freezes the frequency ratio internally. 

A.1.3. ADS# (I/O) 

The ADS# signal is the address Strobe signal. It is asserted by the current bus owner for one 
clock to indicate a new Request Phase. A new Request Phase can only begin if the In-order 
Queue has less than the maximum number of entries defined by the power-on configuration 
(l or 8), the Request Phase is not being stalled by an active BNR# sequence and the ADS# as­
sociated with the previous Request Phase is sampled inactive. Along with the ADS#, the request 
initiator drives A[35:3]#, REQ[4:0]#, AP[1 :0]#, and RP# signals for two clocks. During the sec­
ond Request Phase clock, ADS# must be inactive. RP# provides parity protection for REQ[ 4:0]# 
and ADS# signals during both clocks. If the transaction is part of a bus locked operation, 
LOCK# must be active with ADS#. 
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If the request initiator continues to own the bus after the first Request Phase, it can issue a new 
request every three clocks. If the request initiator needs to release the bus ownership after the 
Request Phase, it can deactivate its BREQn#1 BPRI# arbitration signal as early as with the acti­
vation of ADS#. 

All bus agents observe the ADS# acti vation to begin parity checking, protocol checking, address 
decode, internal snoop, or deferred reply ID match operations associated with the new transac­
tion. On sampling the asserted ADS#, all agents load the new transaction in the In-order Queue 
and update internal counters. The Error, Snoop, Response, and Data Phase of the transaction are 
defined with respect to ADS# assertion. 

A.1.4. AERR# (1/0) 

The AERR# signal is the address parity error signal. Assuming the AERR# driver is enabled 
during the power-on configuration, a bus agent can drive AERR# active for exactly one clock 
during the Error Phase of a transaction. AERR# must be inactive for a minimum of two clocks. 
The Error Phase is always three clocks from the beginning of the Request Phase. 

On observing active ADS#, all agents begin parity and protocol checks for the signals valid in 
the two Request Phase clocks. Parity is checked on AP[1:0]# and RP# signals. APl# protects 
A[3S:24]#, APO# protects A[23:3]# and RP# protects REQ[4:0]#. A parity error without a pro­
tocol violation is signalled by AERR# assertion. 

If AERR# observation is enabled during power-on configuration, AERR# assertion in a valid 
Error Phase aborts the transaction. All bus agents remove the transaction from the In-order 
Queue and update internal counters. The Snoop Phase, Response Phase, and Data Phase of the 
transaction are aborted. All signals in these phases must be deasserted two clocks after AERR# 
is asserted, even if the signals have been asserted before AERR# has been observed. Specifically 
if the Snoop Phase associated with the aborted transaction is driven in the next clock, the snoop 
results, including a STALL condition (HIT# and HITM# asserted for one clock), are ignored. 
All bus agents must also begin an arbitration reset sequence and deassert BREQn#/BPRI# arbi­
tration signals on sampling AERR# active. A current bus owner in the middle of a bus lock op­
eration must keep LOCK# asserted and assert its arbitration request BPRI#/BREQn# after 
keeping it inactive for two clocks to retain its bus ownership and guarantee lock atomicity. All 
other agents, including the current bus owner not in the middle of a bus lock operation, must 
wait at least 4 clocks before asserting BPRI#JBREQn# and beginning a new arbitration. 

If AERR# observation is enabled, the Pentium Pro processor retries the transaction once. After 
a single retry, the request initiator treats the error as a hard error and asserts BERR# or enters the 
Machine Check Exception handler, as defined by the system configuration. 

If AERR# observation is disabled during power-on configuration, AERR# assertion is ignored 
by all bus agents except a central agent. Based on the Machine Check Architecture of the system, 
the central agent can ignore AERR#, assert NMI to execute NMI handler, or assert BINIT# to 
reset the bus units of all agents and execute an MCE handler. 
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A.1.S. AP[1 :0]# (1/0) 

The AP[l :0]# signals are the address parity signals. They are driven by the request initiator dur­
ing the two Request Phase clocks along with ADS#, A[35:3]#, REQ[4:0]#, and RP#. AP1# cov­
ers A[35:24]#. APO# covers A[23:3]#. A correct parity signal is high if an even number of 
covered signals are low and low if an odd number of covered signals are low. This rule allows 
parity to be high when all the covered signals are high. 

Provided "AERR# drive" is enabled during the power-on configuration, all bus agents begin 
parity checking on observing active ADS# and determine if there is a parity error. On observing 
a parity error on anyone of the two Request Phase clocks, the bus agent asserts AERR# during 
the Error Phase of the transaction. 

A.1.6. ASZ[1 :0]# (1/0) 

The ASZ[1 :0]# signals are the memory address-space size signals. They are driven by the re­
quest initiator during the first Request Phase clock on the REQa[ 4:3]# pins. The ASZ[1 :0]# sig­
nals are valid only when REQa[1:0]# signals equal OlB, lOB, or lIB, indicating a memory 
access transaction. The ASZ[I:O]# decode is defined in Table A-I. 

Table A-1. ASZ[1 :0]# Signal Decode 

ASZ[1 :0)# Description 

0 0 0<= A[35:3]# < 4 GB 

0 1 4 GB <= A[35:3]# < 64 GB 

1 x Reserved 

If the memory access is within the O-to-( 4GB yte -1) address space, ASZ[ I :0]# must be OOB. If 
the memory access is within the 4Gbyte-to-(64GByte -1) address space, ASZ[1:0]# must be 
01B. All observing bus agents that support the 4Gbyte (32 bit) address space must respond to 
the transaction only when ASZ[I:O]# equals 00. All observing bus agents that support the 
64GByte (36- bit) address space must respond to the transaction when ASZ[ 1 :0]# equals OOB or 
OIB. 

A.1.7. ATTR[7:0]# (1/0) 

The ATTR[7:0]# signals are the attribute signals. They are driven by the request initiator during 
the second Request Phase clock on the Ab[31:24]# pins. The ATTR[7:0]# signals are valid for 
all transactions. The ATfR[7:3]# are reserved and undefined. The ATTR[2:0]# are driven based 
on the Memory Range Register attributes and the Page Table attributes. Table A-2 defines 
ATfR[3:0]# signals. 
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Table A-2. ATTR[7:0]# Field Descriptions 

ATTR[7:3]# ATTR[2]# ATTR[1:0]# 

Potentially 
11 10 01 00 

Reserved (0) Speculatable Write Back WriteProtect WriteThrough UnCacheable 

A.1.8. BCLK (I) 

The BCLK (clock) signal is the Execution Control group input signal. It determines the bus fre­
quency. All agents drive their outputs and latch their inputs on the BCLK rising edge. 

The BCLK signal indirectly determines the Pentium Pro processor's internal clock frequency. 
Each Pentium Pro processor derives its internal clock from BCLK by multiplying the BCLK fre­
quency by 2, 3, or 4 as defined and allowed by the power-on configuration. 

All external timing parameters are specified with respect to the BCLK signal. 

A.1.9. BE[7:0]# (1/0) 

The BE[7:0]# signals are the byte-enable signals. They are driven by the request initiator during 
the second Request Phase clock on the Ab[l5:8]# pins. These signals carry various information 
depending on the REQ[4:0]# value. 

For memory or I/O transactions (REQa[4:0]# = {IOOOOB, 10001B, XXOlXB, XXlOXB, 
XX llXB }) the byte-enable signals indicate that valid data is requested or being transferred on 
the corresponding byte on the 64 bit data bus. BEO# indicates D[7:0]# is valid, BEl# indicates 
D[15:8]# is valid, ... , BE7# indicates D[63:56]# is valid. 

For Special transactions ((REQa[4:0]# = OlOOOB) and (REQb[1 :0]# = OIB», the BE[7:0]# sig­
nals carry special cycle encodings as defined in Table A-3. All other encodings are reserved. 

Table A-3. Special Transaction Encoding on BE[7:0]# 

BE[7:0]# Special Cycle 

0000 0000 Reserved 

0000 0001 Shutdown 

0000 0010 Flush 

0000 0011 Halt 

0000 0100 Sync 

0000 0101 Flush Acknowledge 

0000 0110 Stop Clock Acknowledge 

0000 0111 SMI Acknowledge 

0000 1000 through 1111 1111 Reserved 
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For Deferred Reply, Interrupt Acknowledge, and Branch Trace Message transactions, the 
BE[7:0]# signals are undefined. 

A.1.10. BERR# (1/0) 

The BERR# signal is the Error group Bus Error signal. It is asserted to indicate an unrecoverable 
error without a bus protocol violation. 

The BERR# protocol is as follows: If an agent detects an unrecoverable error for which BERR# 
is a valid error response and BERR# is sampled inactive, it asserts BERR# for three clocks. An 
agent can assert BERR# only after observing that the signal is inactive. An agent asserting 
BERR# must deassert the signal in two clocks if it observes that another agent began asserting 
BERR# in the previous clock. 

BERR# assertion conditions are defined by the system configuration. Configuration options en­
able the BERR# driver as follows: 

• 
• 
• 
• 

enabled or disabled 

asserted optionally for internal errors along with IERR# 

optionally asserted by the request initiator of a bus transaction after it observes an error 

asserted by any bus agent when it observes an error in a bus transaction 

BERR# sampling conditions are also defined by the system configuration. Configuration op­
tions enable the BERR# receiver to be enabled or disabled. When the bus agent samples an ac­
tive BERR# signal and if MCE is enabled, the Pentium Pro processor enters the Machine Check 
Handler. If MCE is disabled, typically the central agent forwards BERR# as an NMI to one 
of the processors. The Pentium Pro processor does not support BERR# sampling (always 
disabled). 

A.1.11. BINIT# (1/0) 

The BINIT# signal is the bus initialization signal. If the BINIT# driver is enabled during the 
power on configuration, BINIT# is asserted to signal any bus condition that prevents reliable fu­
ture information. 

The BINIT# protocol is as follows: If an agent detects an error for which BINIT# is a valid error 
response, and BINIT# is sampled inactive, it asserts BINIT# for three clocks. An agent can as­
sert BINIT# only after observing that the signal is inactive. An agent asserting BINIT# must 
deassert the signal in two clocks if it observes that another agent began asserting BINIT# in the 
previous clock. 

IfBINIT# observation is enabled during power-on configuration, and BINIT# is sampled assert­
ed, all bus state machines are reset. All agents reset their rotating ID for bus arbitration to the 
state after reset, and internal count information is lost. The LI and L2 caches are not affected. 

If BINIT# observation is disabled during power-on configuration, BINIT# is ignored by all bus 
agents except a central agent that must handle the error in a manner appropriate to the system 
architecture. 
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A.1.12. BNR# <"0) 
The BNR# signal is the Block Next Request signal in the Arbitration group. The BNR# signal 
is used to assert a bus stall by any bus agent who is unable to accept new bus transactions to 
avoid an internal transaction queue overflow. During a bus stall, the current bus owner cannot 
issue any new transactions. 

Since multiple agents might need to request a bus stall at the same time, BNR# is a wire-OR 
signal. In order to avoid wire-OR glitches associated with simultaneous edge transitions driven 
by multiple drivers, BNR# is activated on specific clock edges and sampled on specific clock 
edges. A valid bus stall involves assertion of BNR# for one clock on a well-defined clock edge 
(Tl), followed by de-assertion ofBNR# for one clock on the next clock edge (T1+ 1). BNR# can 
first be sampled on the second clock edge (T1 + 1) and must always be ignored on the third clock 
edge (Tl +2). An extension of a bus stall requires one clock active (Tl +2), one clock inactive 
(Tl+3) BNR# sequence with BNR# sampling points every two clocks (Tl+1, Tl+3, ... ). 

After the RESET# active-to-inactive transition, bus agents might need to perform hardware ini­
tialization of their bus unit logic. Bus agents intending to create a request stall must assert BNR# 
in the clock after RESET# is sampled inactive. 

After BINIT# assertion, all bus agents go through a similar hardware initialization and can cre­
ate a request stall by asserting BNR# four clocks after BINIT# assertion is sampled. 

On the first BNR# sampling clock that BNR# is sampled inactive, the current bus owner is al­
lowed to issue one new request. Any bus agent can immediately reasselt BNR# (four clocks 
from the previous assertion or two clocks from the previous de-assertion) to create a new bus 
stall. This throttling mechanism enables independent control on every new request generation. 

If BNR# is deasserted on two consecutive sampling points, new requests can be freely generated 
on the bus. After recei ving a new transaction, a bus agent can require an address stall due to an 
anticipated transaction-queue overflow condition. In response, the bus agent can assert BNR#, 
three clocks from active ADS# assertion and create a bus stall. Once a bus stall is created, the 
bus remains stalled until BNR# is sampled asserted on subsequent sampling points. 

A.1.13. BP[3:2]# <"0) 
The BP[3:2]# signals are the System Support group Breakpoint signals. They are outputs from 
the Pentium Pro processor that indicate the status of breakpoints. 

A.1.14. BPM[1 :0]# <"0) 
The BPM[1:0]# signals are more System Support group breakpoint and performance monitor 
signals. They are outputs from the Pentium Pro processor that indicate the status of breakpoints 
and programmable counters used for monitoring Pentium Pro processor performance. 
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A.1.1S. BPRI# (I) 

The BPRI# signal is the Priority-agent Bus Request signal. The priority agent arbitrates for the 
bus by asserting BPRI#. The priority agent is always be the next bus owner. Observing BPRI# 
active causes the current symmetric owner to stop issuing new requests, unless such requests are 
part of an ongoing locked operation. 

If LOCK# is sampled inactive two clocks from BPRI# driven asserted, the priority agent can 
issue a new request within four clocks of asserting BPRI#. The priority agent can further reduce 
its arbitration latency to two clocks if it samples active ADS# and inactive LOCK# on the clock 
in which BPRI# was driven active and to three clocks if it samples active ADS# and inactive 
LOCK# on the clock in which BPRI# was sampled active. If LOCK# is sampled active, the pri­
ority agent must wait for LOCK# de asserted and gains bus ownership in two clocks after 
LOCK# is sampled de asserted. The priority agent can keep BPRI# asserted until all of its re­
quests are completed and can release the bus by de-asserting BPRI# as early as the same clock 
edge on which it issues the last request. 

On observation of active AERR#, RESET#, or BINIT#, BPRI# must be deasserted in the next 
clock. BPRI# can be reasserted in the clock after sampling the RESET# active-to-inactive tran­
sition or three clocks after sampling BINIT# active and RESET# inactive. On AERR# assertion, 
if the priority agent is in the middle of a bus-locked operation, BPRI# must be re-asserted after 
two clocks, otherwise BPRI# must stay inactive for at least 4 clocks. 

After the RESET# inactive transition, Pentium Pro processor bus agents begin BPRI# and 
BNR# sampling on BNR# sample points. When both BNR# and BPRI# are observed inactive 
on a BNR# sampling point, the APIC units in Pentium Pro processors on a common APIC bus 
are synchronized. In a system with multiple Pentium Pro processor bus clusters sharing a com­
mon APIC bus, BPRI# signals of all clusters must be asserted after RESET# until BNR# is ob­
served inactive on a BNR# sampling point. The BPRI# signal on all Pentium Pro processor 
buses must then be deasserted within lOOns of each other to accomplish APIC bus synchroniza­
tion across all processors. 

A.1.16. BRO#(1/0), BR[3:1]# (I) 

The BR[3:0]# pins are the physical bus request pins that drive the BREQ[3:0]# signals in the 
system. The BREQ[3:0]# signals are interconnected in a rotating manner to individual processor 
pins. #. Table A-4 gives the rotating interconnect between the processor and bus signals. 

Table A-4. BRO#(1/0), BR1#, BR2#, BR3# Signals Rotating Interconnect 

Bus Signal Agent 0 Pins Agent 1 Pins Agent 2 Pins Agent 3 Pins 

BREQO# BRO# BR3# BR2# BR1# 

BREQ1# BR1# BRO# BR3# BR2# 

BREQ2# BR2# BR1# BRO# BR3# 

BREQ3# BR3# BR2# BR1# BRO# 
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During power-up configuration, the central agent must assert the BRO# bus signal. All symmet­
ric agents sample their BR[3:0]# pins on active-to-inactive transition of RESET#. The pin on 
which the agent samples an active level determines its agent ID. All agents then configure their 
pins to match the appropriate bus signal protocol, as shown in Table A-5. 

Table A-S. BR[3:0]# Signal Agent IDs 

Pin Sampled Active on RESET# Agent 10 

BRO# 0 

BR3# 1 

BR2# 2 

BR1# 3 

A.1.17. BREQ[3:0]# (I/O) 

The BREQ[3:0]# signals are the Symmetric-agent Arbitration Bus signals (called bus request). 
A symmetric agent n arbitrates for the bus by asserting its BREQn# signal. Agent n drives 
BREQn# as an output and receives the remaining BREQ[3:0]# signals as inputs. 

The symmetric agents support distributed arbitration based on a round-robin mechanism. The 
rotating ID is an internal state used by all symmetric agents to track the agent with the lowest 
priority at the next arbitration event. At power-on, the rotating ID is initialized to three, allowing 
agent 0 to be the highest priority symmetric agent. After a new arbitration event, the rotating ID 
of all symmetric agents is updated to the agent ID of the symmetric owner. This update gives the 
new symmetric owner lowest priority in the next arbitration event. 

A new arbitration event occurs either when a symmetric agent asserts its BREQn# on an Idle 
bus (all BREQ[3:0]# previously inactive), or the current symmetric owner de-asserts BREQm# 
to release the bus ownership to a new bus owner n. On a new arbitration event, based on 
BREQ[3:0]#, and the rotating ID, all symmetric agents simultaneously determine the new sym­
metric owner. The symmetric owner can park on the bus (hold the bus) provided that no other 
symmetric agent is requesting its use. The symmetric owner parks by keeping its BREQn# sig­
nal active. On sampling active BREQm# asserted by another symmetric agent, the symmetric 
owner de-asserts BREQn# as soon as possible to release the bus. A symmetric owner stops is­
suing new requests that are not part of an existing locked operation upon observing BPRI# ac­
tive. 

A symmetric agent can not deassert BREQn# until it becomes a symmetric owner. A symmetric 
agent can reassert BREQn# after keeping it inactive for one clock. 

On observation of active AERR#, RESET#, or BINIT#, the BREQ[3:0]# signals must be deas­
serted in the next clock. BREQ[3:0]# can be reasserted in the clock after sampling the RESET# 
active-to-inacti ve transition or three clocks after sampling BINIT# active and RESET# inactive. 
On AERR# assertion, if bus agent n is in the middle of a bus-locked operation, BREQn# must 
be re-asserted after two clocks, otherwise BREQ[3:0]# must stay inactive for at least 4 clocks. 
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A.1.18. 0[63:0]# (1/0) 

The D[63:0]# signals are the data signals. They are driven during the Data Phase by the agent 
responsible for driving the data. These signals provide a 64-bit data path between various Pen­
tium Pro processor bus agents. 32-byte line transfers require four data transfer clocks with valid 
data on all eight bytes. Partial transfers require one data transfer clock with valid data on the 
byte(s) indicated by active byte enables BE[7:0]#. Data signals not valid for a particular transfer 
must still have correct ECC (if data bus ECC is selected). If BEO# is asserted, D[7 :0]# transfers 
the least significant byte. If BE7# is asserted, D[63:56]# transfers the most significant byte. 

The data driver asserts DRDY# to indicate a valid data transfer. If the Data Phase involves more 
than one clock the data driver also asserts DBSY# at the beginning of the Data Phase and de­
asserts DBSY# no earlier than on the same clock that it performs the last data transfer. 

A.1.19. OBSY# (1/0) 

The DBSY# signal is the Data-bus Busy signal. It indicates that the data bus is busy. It is asserted 
by the agent responsible for driving the data during the Data Phase, provided the Data Phase in­
volves more than one clock. DBSY# is asserted at the beginning of the Data Phase and may be 
deasserted on or after the clock on which the last data is driven. The data bus is released one 
clock after DBSY# is deasserted. 

When normal read data is being returned, the Data Phase begins with the Response Phase. Thus 
the agent returning read data can assert DBSY# when the transaction reaches the top of the In­
order Queue and it is ready to return response on RS[2:0]# signals. In response to a write request, 
the agent driving the write data must drive DBSY# active after the write transaction reaches the 
top of the In-order Queue and it sees active TRDY# with inactive DBSY# indicating that the 
target is ready to receive data. For an implicit writeback response, the snoop agent must as­
sert DBSY# active after the target memory agent of the implicit writeback asserts TRDY#. Im­
plicit writeback TRDY# assertion begins after the transaction reaches the top of the In-order 
Queue, and TRDY# de-assertion associated with the write portion of the transaction, if any is 
completed. In this case, the memory agent guarantees assertion of implicit writeback response 
in the same clock in which the snooping agent asserts DBSY#. 

A.1.20. OEFER# (I) 

The DEFER# signal is the defer signal. It is asserted by an agent during the Snoop Phase to in­
dicate that the transaction cannot be guaranteed in-order completion. Assertion of DEFER# is 
normally the responsibility of the addressed memory agent or I/O agent. For systems that in­
volve resources on a system bus other than the Pentium Pro processor bus, a bridge agent can 
accept the DEFER# assertion responsibility on behalf of the addressed agent. 

When HITM# and DEFER# are both active during the Snoop Phase, HITM# is given priority 
and the transaction must be completed with implicit writeback response. If HITM# is inactive, 
and DEFER# active, the agent asserting DEFER# must complete the transaction with a Deferred 
or Retry response. 
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If DEFER# is inactive, or HITM# is active, then the transaction is committed for in-order com­
pletion and snoop ownership is transferred normally between the requesting agent, the snooping 
agents, and the response agent. 

If DEFER# is active with HITM# inactive, the transaction commitment is deferred. If the defer 
agent completes the transaction with a retry response, the requesting agent must retry the trans­
action. If the defer agent returns a deferred response, the requesting agent must freeze snoop 
state transitions associated with the deferred transaction and issues of new order-dependent 
transactions until the corresponding deferred reply transaction. In the meantime, the ownership 
of the deferred address is transferred to the defer agent and it must guarantee management of 
conflicting transactions issued to the same address. 

If DEFER# is active in response to a newly issued bus-lock transaction, the entire bus-locked 
operation is re-initiated regardless of HITM#. This feature is useful for a bridge agent in re­
sponse to a split bus-locked operation. It is recommended that the bridge agent extend the Snoop 
Phase of the first transaction in a split locked operation until it can either guarantee ownership 
of all system resources to enable successful completion of the split sequence or assert DEFER# 
followed by a Retry Response to abort the split sequence. 

A.1.21. OEN# (I/O) 

The DEN# signal is the defer-enable signal. It is driven to the bus on the second clock of the 
Request Phase on the EXF1 #/ Ab4# pin. DEN# is asserted to indicate that the transaction can be 
deferred by the responding agent. 

A.1.22. OEP[7:0]# (1/0) 

The DEP[7:0]# signals are the data bus ECC protection signals. They are driven during the Data 
Phase by the agent responsible for driving D[63:0]#. The DEP[7:0]# signals provide optional 
ECC protection for the data bus. During power-on configuration, DEP[7:0]# signals can be en­
abled for either ECC checking or no checking. 

The ECC error correcting code can detect and correct single-bit errors and detect double-bit or 
nibble errors. Chapter 8, Data Integrity provides more information about ECe. 

DEP[7:0]# provide valid ECC for the entire data bus on each data clock, regardless of which 
bytes are valid. If checking is enabled, receiving agents check the ECC signals for all 64 data 
signals. 

A.1.23. 010[7:0]# (1/0) 

The DID[7:0]# signals are Deferred Identifier signals. They are transferred using A[23: 16]# sig­
nals by the request initiator. They are transferred on Ab[23: 16]# during the second clock of the 
Request Phase on all transactions, but only defined for deferrable transactions (DEN# asserted). 
DID[7:0]# is also transferred on Aa[23: 16]# during the first clock of the Request Phase for De­
ferred Reply tranactions. 
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The deferred identifier defines the token supplied by the request initiator. DID[7:4]# carry the 
request initiators' agent identifier and DID[3:0]# carry a transaction identifier associated with 
the request. This configuration limits the bus specification to 16 bus masters with each one of 
the bus masters capable of making up to sixteen requests. 

Every deferrable transaction issued on the Pentium Pro processor bus which has not been guar­
anteed completion (has not successfully passed its Snoop Result Phase) will have a unique De­
ferred ID. This includes all outstanding transactions which have not had their snoop result 
reported, or have had their snoop results deferred. After a deferrable transaction passes its Snoop 
Result Phase without DEFER# asserted, its Deferred ID may be reused. Similarly, the deferred 
ID of a transaction which was deferred may be reused after the completion of the snoop window 
of the deferred reply. 

DID[7]# indicates the agent type. Symmetric agents use O. Priority agents use 1. DID[6:4]# in­
dicates the agent ID. Symmetric agents use their arbitration ID. The Pentium Pro processor has 
four symmetric agents, so does not assert DID[6]#. DID[3:0]# indicates the transaction ID for 
an agent. The transaction ID must be unique for all transactions issued by an agent which have 
not reported their snoop results. 

Table A-S. 010[7:0]# Encoding 

010[7]# 010[6:4]# 010[3:0]# 

Agent Type Agent ID Transaction ID 

The Deferred Reply agent transmits the DID[7:0]# (Ab[23:16]#) signals received during the 
original transaction on the Aa[23: 16]# signals during the Deferred Reply transaction. This pro­
cess enables the original request initiator to make an identifier match and wake up the original 
request waiting for completion. 

A.1.24. DRDY# (1/0) 

The DRDY# signal is the Data Phase data-ready signal. The data driver asserts DRDY# on each 
data transfer, indicating valid data on the data bus. In a multi-cycle data transfer, DRDY# can 
be deasserted to insert idle clocks in the Data Phase. During a line transfer, DRDY# is active for 
four clocks. During a partial 1-to-8 byte transfer, DRD Y # is active for one clock. If a data trans­
fer is exactly one clock, then the entire Data Phase may consist of only one clock active DRDY# 
and inactive DBSY#. If DBSY# is asserted for a 1-to-8 byte transfer, then the data bus is not 
released until one clock after DBSY# is deasserted. 

A.1.2S. DSZ[1 :0]# (1/0) 

The DSZ[l:O]# signals are the data-size signals. They are transferred on REQb[4:3]# signals in 
the second clock of Request Phase by the requesting agent. The DSZ[l :0]# signals define the 
data transfer capability of the requesting agent. For the Pentium Pro processor, DSZ#= 00, 
always. 
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A.1.26. EXF[4:0]# (I/O) 

The EXF[4:0]# signals are the Extended Function signals. They are transferred on the Ab[7:3]# 
signals by the request initiator during the second clock of the Request Phase. The signals specify 
any special functional requirement associated with the transaction based on the requestor mode 
or capability. The signals are defined in Table A-7. 

Table A-7. EFX[4:0]# Signal Definitions 

Extended 
EXF Name Functionality When Activated 

EXF4# SMMEM# SMM Mode After entering SMM mode 

EXF3# SPLCK# Split Lock The first transaction of a split bus lock operation 

EXF2# Reserved Reserved 

EXF1# DEN# Defer Enable The transactions for which Defer or Retry Response is 
acceptable. 

EXFO# Reserved Reserved 

A.1.27. FERR# (0) 

The FERR# signal is the PC Compatibility group Floating-point Error signal. The Pentium Pro 
processor asserts FERR# when it detects an unmasked floating-point error. FERR# is similar to 
the ERROR# signal on the Intel387™ coprocessor. FERR# is included for compatibility with 
systems using DOS-type floating-point error reporting. 

A.1.28. FLUSH# (I) 

When the FLUSH# input signal is asserted, the Pentium Pro processor bus agent writes back all 
internal cache lines in the Modified state and invalidates all internal cache lines. At the comple­
tion of a flush operation, the Pentium Pro processor issues a Flush Acknowledge transaction to 
indicate that the cache flush operation is complete. The Pentium Pro processor stops caching any 
new data while the FLUSH# signal remains asserted. 

FLUSH# is an asynchronous input. However, to guarantee recognition of this signal following 
an I/O write instruction, FLUSH# must be valid along with RS[2:0]# in the Response Phase of 
the corresponding I/O Write bus transaction. In FRC mode, FLUSH# must be synchronous to 
BCLK. 

On the active-to-inactive transition ofRESET#, each Pentium Pro processor bus agent samples 
FLUSH# to determine its power-on configuration. See Table 9-4. 
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A.1.29. FRCERR(I/O) 

The FRCERR signal is the Error group Functional-redundancy-check Error signal. If two Pen­
tium Pro processors are configured in an FRC pair, as a single "logical" processor, then the 
checker processor asserts FRCERR if it detects a mismatch between its internally sampled out­
puts and the master processor's outputs. The checker's FRCERR output pin is connected to the 
master's FRCERR input pin. 

For point-to-point connections, the checker always compares against the master's outputs. For 
bussed single-driver signals, the checker compares against the signal when the master is the only 
allowed driver. For bussed multiple-driver Wire-OR signals, the checker compares against the 
signal only if the master is expected to drive the signal low. 

FRCERR is also toggled during the Pentium Pro processor's reset action. A Pentium Pro pro­
cessor asserts FRCERR for approximately 1 second after RESET's active-to-inactive transition 
if it executes its built-in self-test (BlST). When BIST execution completes, the Pentium Pro pro­
cessor de-asserts FRCERR if BlST completed successfully and continues to assert FRCERR if 
BIST fails. If the Pentium Pro processor does not execute the BIST action, then it keeps 
FRCERR asserted for approximately 20 clocks and then de-asserts it. 

Chapter 9, Configuration describes how a Pentium Pro processor can be configured as a master 
or a checker. 

A.1.30. HIT# (1/0), HITM#(I/O) 

The HIT# and HITM# signals are Snoop-hit and Hit-modified signals. They are snoop results 
asserted by any Pentium Pro processor bus agent in the Snoop Phase. 

Any bus agent can assert both HIT# and HITM# together for one clock in the Snoop Phase to 
indicate that it requires a snoop stall. When a stall condition is sampled, all bus agents extend 
the Snoop Phase by two clocks. The stall can be continued by reasserting HIT# and HITM# to­
gether every other clock for one clock. 

A caching agent must assert HITM# for one clock in the Snoop Phase if the transaction hits a 
Modified line, and the snooping agent must perform an implicit writeback to update main mem­
ory. The snooping agent with the Modified line makes a transition to Shared state if the original 
transaction is Read Line or Read Partial, otherwise it transitions to Invalid state. A Deferred Re­
ply transaction may have HITM# asserted to indicate the return of unexpected data. 

A snooping agent must assert HIT# for one clock during the Snoop Phase if the line does not hit 
a Modified line in its writeback cache and if at the end of the transaction it plans to keep the line 
in Shared state. Multiple caching agents can assert HIT# in the same Snoop Phase. If the request­
ing agent observes HIT# active during the Snoop Phase it can not cache the line in Exclusive or 
Modified state. 

On observing a snoop stall, the agents asserting HIT# and HITM# independently reassert the 
signal after one inactive clock so that the correct snoop result is available, in case the Snoop 
Phase terminates after the two clock extension. 
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A.1.31. IERR# (0) 

The IERR# signal is the Error group Internal Error signal. A Pentium Pro processor asserts 
IERR# when it observes an internal error. It keeps IERR# asserted until it is turned off as part 
of the Machine Check Error or the NMI handler in software, or with RESET#, BINIT#, and 
INIT# assertion. 

An internal error can be handled in several ways inside the processor based on its power-on con­
figuration. If Machine Check Exception (MCE) is enabled, IERR# causes an MCE entry. IERR# 
can also be directed on the BERR# pin to indicate an error. Usually BERR# is sampled back by 
all processors to enter MCE or it can be redirected as an NMI by the central agent. 

A.1.32. IGNNE# (I) 

The IGNNE# signal is the PC Compatibility group Ignore Numeric Error signal. If IGNNE# is 
asserted, the Pentium Pro processor ignores a numeric error and continues to execute non­
control floating-point instructions. If IGNNE# is deasserted, the Pentium Pro processor freezes 
on a non-control floating-point instruction if a previous instruction caused an error. 

IGNNE# has no effect when the NE bit in control register 0 is set. 

IGNNE# is an asynchronous input. However, to guarantee recognition of this signal following 
an I/O write instruction, IGNNE# must be valid along with RS[2:0]# in the Response Phase of 
the corresponding I/O Write bus transaction. In FRC mode, IGNNE# must be synchronous to 
BCLK. 

During active RESET#, the Pentium Pro processor begins sampling the A20M# , IGNNE# and 
LINT[I:O] values to determine the ratio of core-clock frequency to bus-clock frequency. See Ta­
ble 9-4. After the PLL-lock time, the core clock becomes stable and is locked to the external bus 
clock. On the active-to-inactive transition of RESET#, the Pentium Pro processor latches the ra­
tio and freezes the frequency ratio internally. 

A.1.33. INIT# (I) 

The INIT# signal is the Execution Control group initialization signal. Active INIT# input resets 
integer registers inside all Pentium Pro processors without affecting their internal (LI or L2) 
caches or their floating-point registers. Each Pentium Pro processor begins execution at the 
power-on reset vector configured during power-on configuration regardless of whether INIT# 
has gone inactive. The processor continues to handle snoop requests during INIT# assertion. 

INIT# can be used to help performance of DOS extenders written for the Intel 80286 processor. 
INIT# provides a method to switch from protected mode to real mode while maintaining the 
contents ofthe internal caches and floating-point state. INIT# can not be used in lieu ofRESET# 
after power-up. 

On active-to-inactive transition of RESET#, each Pentium Pro processor bus agent samples 
INIT# signals to determine its power-on configuration. 

INIT# is an asynchronous input. In FRC mode, INIT# must be synchronous to BCLK. 
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A.1.34. INTR (I) 

The INTR signal is the Interrupt Request signal. The INTR input indicates that an external in­
terrupt has been generated. The interrupt is maskable using the IF bit in the EFLAGS register. 
If the IF bit is set, the Pentium Pro processor vectors to the interrupt handler after the cul!ent 
instruction execution is completed. Upon recognizing the interrupt request, the Pentium Pro pro­
cessor issues a single Interrupt Acknowledge (INTA) bus transaction. INTR must remain active 
until the INTA bus transaction to guarantee its recognition. 

INTR is sampled on every rising BCLK edge. INTR is an asynchronous input but recognition 
of INTR is guaranteed in a specific clock if it is asserted synchronously and meets the setup and 
hold times. INTR must also be deasserted for a minimum of two clocks to guarantee its inactive 
recognition. In FRC mode, INTR must be synchronous to BCLK. On power-up the LINT[l:O] 
signals are used for power-on-configuration of clock ratios. Both these signals must be software 
configured by programming the APIC register space to be used either as NMIIINTR or LINT[l:O] 
in the BIOS. Because APIC is enabled after reset, LINT[l :0] is the default configuration. 

A.1.35. LEN[1 :0]# (1/0) 

The LEN[1:0]# signals are data-length signals. They are transmitted using REQb[1:0]# signals 
by the request initiator in the second clock of Request Phase. LEN[1 :0]# define the length of the 
data transfer requested by the request initiator as defined in Table A-8. The LEN[1 :0]#, HITM#, 
and RS[2:0]# signals together define the length of the actual data transfer. 

Table A·S. LEN[1 :0]# Signals Data Transfer Lengths 

LEN[1 :0]# Request Initiator's Data Transfer Length 

00 0-8 Bytes 

01 16 Bytes 

10 32 Bytes 

11 Reserved 

A.1.36. LlNT[1 :0] (I) 

The LINT[l:O] signals are the Execution Control group Local Interrupt signals. When APIC is 
disabled, the LINTO signal becomes INTR, a maskable interrupt request signal, and LINTl be­
comes NMI, a non-maskable interrupt. INTR and NMI are backward compatible with the same 
signals for the Pentium processor. Both signals are asynchronous inputs. In FRC mode, 
LINT[l:O] must be synchronous to BCLK. 

During active RESET#, the Pentium Pro processor continuously samples the A20M#, IGNNE#, 
and LINT[1 :0] values to determine the ratio of core-clock frequency to bus-clock frequency. Af­
ter the PLL-Iock time, the core clock becomes stable and is locked to the external bus clock. On 
the active-to-inactive transition of RESET#, the Pentium Pro processor freezes the frequency ra­
tio internally. 
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Both of these signals must be software configured by programming the APIC register space to 
be used either as NMIIINTR or LINT[l :0] in the BIOS. Because APIC is enabled after reset, 
LINT[l:O] is the default configuration. 

A.1.37. lOCK# (1/0) 

The LOCK# signal is the Arbitration group bus lock signal. For a locked sequence of transac­
tions, LOCK# is asserted from the first transaction's Request Phase through the last transaction's 
Response Phase. A locked operation can be prematurely aborted (and LOCK# deasserted) if 
AERR# or DEFER# is asserted during the first bus transaction of the sequence. The sequence 
can also be prematurely aborted if a hard error (such as a hard failure response or AERR# asser­
tion beyond the retry limit) occurs on anyone of the transactions during the locked operation. 

When the priority agent asserts BPRI# to arbitrate for bus ownership, it waits until it observes 
LOCK# deasserted. This enables symmetric agents to retain bus ownership throughout the bus 
locked operation and guarantee the atomicity of lock. If AERR# is asserted up to the retry limit 
during an ongoing locked operation, the arbitration protocol ensures that the lock owner receives 
the bus ownership after arbitration logic is reset. This result is accomplished by requiring the 
lock owner to reactivate its arbitration request one clock ahead of other agents' arbitration re­
quest. LOCK# is kept asserted throughout the arbitration reset sequence. 

A.1.38. NMI (I) 

The NMI signal is the Non-maskable Interrupt signal. It is the state of the LINTI signal when 
APIC is disabled. Asserting NMI causes an interrupt with an internally supplied vector value of 
2. An external interrupt-acknowledge transaction is not generated. If NMI is asserted during the 
execution of an NMI service routine, it remains pending and is recognized after the IRET is ex­
ecuted by the NMI service routine. At most, one assertion of NMI is held pending. 

NMI is rising-edge sensitive. Recognition ofNMI is guaranteed in a specific clock if it is assert­
ed synchronously and meets the setup and hold times. If asserted asynchronously, active and in­
active pulse widths must be a minimum of two clocks. In FRC mode, NMI must be synchronous 
to BCLK. 

A.1.39. PICClK (I) 

The PICCLK signal is the Execution Control group APIC Clock signal. It is an input clock to 
the Pentium Pro processor for synchronous operation of the APIC bus. PICCLK must be syn­
chronous to BCLK in FRC mode. 

A.1.40. PICD[1 :0] (1/0) 

The PICD[1:0] signals are the Execution Control group APIC Data signals. They are used for 
bidirectional serial message passing on the APIC bus. 
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A.1.41. PWR_GO (I) 

PWR_GD is driven to the Pentium Pro processor by the system to indicate that the clocks and 
power supplies are within their specification. 

This signal is used within the Pentium Pro processor to protect circuits against voltage sequenc­
ing issues. While the MTBF of a Pentium Pro processor is on the same order as previous pro­
cessors without the use of the PWR_GD pin, the use of this signal further increases the Mean 
Time Between Failures (MTBF) of the Pentium Pro processor component. 

This signal will not affect FRC operation. 

A.1.42. REQ[ 4:0]# (110) 

The REQ[4:0]# signals are the Request Command signals. They are asserted by the current bus 
owner in both clocks of the Request Phase. In the first clock, the REQa[ 4:0]# signals define the 
transaction type to a level of detail that is sufficient to begin a snoop request. In the second clock, 
REQb[ 4:0]# signals carry additional information to define the complete transaction type. 
REQb[ 4:2]# is reserved. REQb[ 1 :0]# signals transmit LEN[ 1 :0]# (the data transfer length infor­
mation). In both clocks, REQ[4:0]# and ADS# are protected by parity RP#. 

All receiving agents observe the REQ[4:0]# signals to determine the transaction type and par­
ticipate in the transaction as necessary, as shown in Table A-9. 

Table A-g. Transaction Types Defined by REQa#/REQb# Signals 

REQa[4:0]# REQb[4:0]# 

Transaction 4 3 2 1 0 4 3 2 1 0 

Deferred Reply 0 0 0 0 0 x x x x x 

Rsvd (Ignore) 0 0 0 0 1 x x x x x 

Interrupt Acknowledge 0 1 0 0 0 DSZ# x 0 0 

Special Transactions 0 1 0 0 0 DSZ# x 0 1 

Rsvd (Central agent 0 1 0 0 0 DSZ# x 1 x 
response) 

Branch Trace Message 0 1 0 0 1 DSZ# x 0 0 

Rsvd (Central agent 0 1 0 0 1 DSZ# x 0 1 
response) 

Rsvd (Central agent 0 1 0 0 1 DSZ# x 1 x 
response) 

I/O Read 1 0 0 0 0 DSZ# x LEN# 
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Table A-9. Transaction Types Defined by REQa#/REQb# Signals 

REQa[4:0]# REQb[4:0]# 

Transaction 4 3 2 1 0 4 I 3 2 1 I 0 

110 Write 1 0 0 0 1 DSZ# x LEN# 

Rsvd (Ignore) 1 1 0 0 x DSZ# x x I x 

Memory Read & ASZ# 0 1 0 DSZ# x LEN# 
Invalidate 

Rsvd (Memory Write) ASZ# 0 1 1 DSZ# x LEN# 

Memory Code Read ASZ# 1 D/C#= 0 DSZ# x LEN# 
0 

Memory Data Read ASZ# 1 D/C#= 0 DSZ# x LEN# 
1 

Memory Write (may not ASZ# 1 WIWB 1 DSZ# x LEN# 
be retried) #=0 

Memory Write (may be ASZ# 1 WIWB 1 DSZ# x LEN# 
retried) #=1 

A.1.43. RESET# (I) 

The RESET# signal is the Execution Control group reset signal. Asserting RESET# resets all 
Pentium Pro processors to known states and invalidates their Ll and L2 caches without writing 
back Modified (M state) lines. RESET# must remain active for one microsecond for a "warm" 
reset. For a power-on type reset, RESET# must stay active for at least one millisecond after Vee 
and CLK have reached their proper DC and AC specifications. On observing active RESET#, 
all bus agents must deassert their outputs within two clocks. 

A number of bus signals are sampled at the active-to-inactive transition ofRESET# for the pow­
er-on configuration. The configuration options are described in Chapter 9, Configuration and in 
every signal description in this chapter. 

Unless its outputs are tristated during power-on configuration, after active-to-inactive transition 
of RESET#, the Pentium Pro processor optionally executes its built-in self-test (BIST) and be­
gins program execution at reset-vector O_OOOF _FFFOH or O_FFFF _FFFOH. 

A.1.44. RP# (I/O) 

The RP# signal is the Request Parity signal. It is driven by the request initiator in both clocks of 
the Request Phase. RP# provides parity protection on ADS# and REQ[4:0]#. When a Pentium 
Pro processor bus agent observes an RP# parity error on anyone of the two Request Phase 
clocks, it must assert AERR# in the Error Phase, provided "AERR# drive" is enabled during the 
power-on configuration. 
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A correct parity signal is high if an even number of covered signals are low and low if an odd 
number of covered signals are low. This definition allows parity to be high when all covered sig­
nals are high. 

A.1.4S. RS[2:0]#(I) 

The RS[2:0]# signals are the Response Status signals. They are driven by the response agent (the 
agent responsible for completion of the transaction at the top of the In-order Queue). Assertion 
of RS[2:0]# to a non-zero value for one clock completes the Response Phase for a transaction. 
The response encodings are shown in Table A-I O. Only certain response combinations are valid, 
based on the snoop result signaled during the transaction's Snoop Phase. 

Table A-10. Transaction Response Encodings 

RS[2:0j# Description HITM# DEFER# 

000 Idle State. NA NA 

001 Retry Response. The transaction is cancelled and must be 0 1 
retried by the initiator. 

010 Defer Response. The transaction is suspended. The defer agent 0 1 
will complete it with a defer reply 

011 Reserved. 0 1 

100 Hard Failure. The transaction received a hard error. Exception X X 
handling is required. 

101 Normal without data 0 0 

110 Implicit Writeback Response. Snooping agent will transfer the 1 X 
modified cache line on the data bus. 

111 Normal with data. 0 0 

The RS[2:0]# assertion for a transaction is initiated when all of the following conditions are met: 

• 
• 
• 

All bus agents have observed the Snoop Phase completion of the transaction. 

The transaction is at the top of the In-order Queue. 

RS[2:0]# are sampled in the Idle state 

The response driven depends on the transaction as described below: 

• 

• 
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The response agent returns a hard-failure response for any transaction in which the 
response agent observes a hard error. 

The response agent returns a Normal with data response for a read transaction with HITM# 
and DEFER# deasserted in the Snoop Phase, when the addressed agent is ready to return 
data and samples inactive DBSY#. 
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The response agent returns a Normal without data response for a write transaction with 
HITM# and DEFER# deasserted in the Snoop Phase, when the addressed agent samples 
TRDY# active and DBSY# inactive, and it is ready to complete the transaction. 

The response agent must return an Implicit writeback response in the next clock for a read 
transaction with HITM# asserted in the Snoop Phase, when the addressed agent samples 
TRDY# active and DBSY# inactive. 

The addressed agent must return an Implicit writeback response in the clock after the 
following sequence is sampled for a write transaction with HITM# asserted: 

TRDY# active and DBSY# inactive 

followed by TRDY# inactive 

followed by TRDY# active and DBSY# inactive 

The defer agent can return a Deferred, Retry, or Split response anytime for a read 
transaction with HITM# deasserted and DEFER# asserted. 

The defer agent can return a Deferred or Retry response when it samples TRDY# active 
and DBSY# inactive for a write transaction with HITM# deasserted and DEFER# asserted. 

A.1.46. RSP# (I) 

The RSP# signal is the Response Parity signal. It is driven by the response agent during assertion 
of RS[2:0]#. RSP# provides parity protection for RS[2:0]#. 

A correct parity signal is high if an even number of covered signals are low and low if an odd 
number of covered signals are low. During Idle state of RS[2:0]# (RS[2:0]#=OOO), RSP# is also 
high since it is not driven by any agent guaranteeing correct parity. 

Pentium Pro processor bus agents can check RSP# at all times and if a parity error is observed, 
treat it as a protocol violation error. If the BINIT# driver is enabled during configuration, the 
agent observing RSP# parity error can assert BINIT#. 

A.1.47. SMI# (I) 

System Management Interrupt is asserted asynchronously by system logic. On accepting a Sys­
tem Management Interrupt, the Pentium Pro processor saves the current state and enters SMM 
mode. It issues an SMI Acknowledge Bus transaction and then begins program execution from 
the SMM handler. 

A.1.48. SMMEM# (I/O) 

The SMMEM# signal is the System Management Mode Memory signal. It is driven on the sec­
ond clock of the Request Phase on the EXF4#/Ab7# signal. It is asserted by the Pentium Pro 
processor to indicate that the processor is in System Management Mode and is executing out of 
SMRAM space. 
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A.1.49. SPLCK# (I/O) 

The SPLCK# signal is the Split Lock signal. It is driven in the second clock of the Request Phase 
on the EXF3#/Ab6# signal of the first transaction of a locked operation. It is driven to indicate 
that the locked operation will consist of four locked transactions. Note that SPLCK# is asserted 
only for locked operations and only in the first transaction of the locked operation. 

A.1.S0. STPCLK# (I) 

The STPCLK# signal is the Stop Clock signal. When asserted, the Pentium Pro processor enters 
a low power state, the Stop Grant state. The processor issues a Stop Grant Acknowledge special 
transaction, and stops providing internal clock signals to all units except the bus unit and the 
APIC unit. The processor continues to snoop bus transactions and service interrupts while in 
Stop Grant state. When STPCLK# is deasserted, the processor restarts its internal clock to all 
units and resumes execution. The assertion of STPCLK# has no effect on the bus clock. 

STPCLK# is an asynchronous input. In FRC mode, STPCLK# must be synchronous to BCLK. 

A.1.S1. TCK (I) 

The TCK signal is the System Support group Test Clock signal. TCK provides the clock input 
for the test bus (also known as the test access port). Make certain that TCK is active before ini­
tializing the TAP. 

A.1.S2. TOI(I) 

The TDI signal is the System Support group test-data-in signal. TDI transfers serial test data into 
the Pentium Pro processor. TDI provides the serial input needed for JTAG support. 

A.1.S3. TOO (0) 

The TDO signal is the System Support group test-data-out signal. TDO transfers serial test data 
out from the Pentium Pro processor. TDO provides the serial output needed for JTAG support. 

A.1.S4. TMS (I) 

The TMS signal is an additional System Support group JTAG-support signal. 
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A.1.SS. TRDY# (I) 

The TRDY# signal is the target Ready signal. It is asserted by the target in the Response Phase 
to indicate that the target is ready to receive write or implicit writeback data transfer. This en­
ables the request initiator or the snooping agent to begin the appropriate data transfer. There will 
be no data transfer after a TRDY# assertion if a write has zero length indicated in the Request 
Phase. The data transfer is optional if an implicit writeback occurs for a transaction which writes 
a full cache line (the Pentium Pro processor will perform the implicit writeback). 

TRDY# for a write transaction is driven by the addressed agent when: 

• 

o 

o 

when the transaction has a write or writeback data transfer 

it has a free buffer available to receive the write data 

a minimum of 3 clocks after ADS# for the transaction 

the transaction reaches the top-of-the-In-order Queue 

a minimum of 1 clock after RS[2:0]# active assertion for transaction "n-l". 
(After the transaction reaches the top of the In-order Queue). 

TRDY# for an implicit writeback is driven by the addressed agent when: 

I) 

• 

transaction has an implicit writeback data transfer indicated in the Snoop Result Phase. 

it has a free cache line buffer to receive the cache line writeback 

if the transaction also has a request initiated transfer, that the request initiated TRDY# was 
asserted and then deasserted (TRDY# must be deasserted for at least one clock between the 
TRDY# for the write and the TRDY# for the implicit writeback), 

a minimum of 1 clock after RS[2:0]# active assertion for transaction "n-l". 
(After the transaction reaches the top of the In-order Queue). 

TRDY# for a write or an implicit writeback may be deasserted when: 

• 
• 
• 

• 
• 

inactive DBSY# and active TRDY# are observed. 

DBSY# is observed inactive on the clock TRDY# is asserted. 

a minimum of three clocks can be guaranteed between two active-to-inactive transitions of 
TRDY# 

the response is driven on RS[2:0]#. 

inactive DBSY# and active TRDY# are observed for a write, and TRDY# is required for 
an implicit write back. 

A.1.56. TRST# (I) 

The TRST# signal is an additional System Support group JTAG-support signal. 

I 
A-23 



SIGNALS REFERENCE 

A.2. SIGNAL SUMMARIES 

The following tables list attributes of the Pentium Pro processor output, input, and I/O signals. 

Table A-11. Output Signals 1 

Name Active Level Clock Signal Group 

FERR# Low Asynch PC compatibility 

IERR# Low Asynch Implementation 

PROY# Low BCLK Implementation 

TOO High TCK JTAG 

THERMTRIP# Low Asynch Implementation 

NOTE: 

1. Outputs are not checked in FRC mode. 

Table A-12. Input Signals 1 

Name Active Level Clock Signal Group Qualified 

A20M# Low Asynch PC compatibility Always2 

BPRI# Low BLCK Pentium® Pro Always 
processor bus 

BR1# Low BLCK Pentium Pro Always 
processor bus 

BR2# Low BLCK Pentium Pro Always 
processor bus 

BR3# Low BLCK Pentium Pro Always 
processor bus 

BCLK High . Pentium Pro Always 
processor bus 

OEFER# Low BLCK Pentium Pro Snoop Phase 
processor bus 

FLUSH# Low Asynch PC compatibility Always2 

IGNNE# Low Asynch PC compatibility Always2 

INIT# Low Asynch Pentium Pro Always2 

processor bus 

INTR High Asynch PC compatibility APIC disabled mode 

LlNT[1:0] High Asynch APIC APIC enabled mode 

NMI High Asynch PC compatibility APIC disabled mode 

PICCLK High . APIC Always 

PWR_GO High Asynch Implementation 

PREQ# Low Asynch Implementation 
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Table A-12. Input Signals 1 (Contd.) 

Name Active Level Clock Signal Group Qualified 

RESET# High BCLK Pentium Pro Always 
processor bus 

RS[2:0]# Low BCLK Pentium Pro Always 
processor bus 

RSP# Low BCLK Pentium Pro Always 
processor bus 

SMI# Low Asynch PC compatibility 

STPCLK# Low Asynch Implementation 

TCK High - JTAG 

TDI TCK JTAG 

TMS TCK JTAG 

TRST# Low Asynch JTAG 

TRDY# Low TCK Pentium Pro Response Phase 
processor bus 

NOTES: 

1. All asyncronous input signals must be synchronous in FRC 

2. Synchronous assertion with active RS[2:0]# guarantees synchronization. 

Table A-13. Input/Output Signals (Single Driver) 

Name Active Level Clock Signal Group Qualified 

A[35:3]# Low BCLK Pentium® Pro ADS#, ADS#+ 1 
processor bus 

ADS# Low BCLK Pentium Pro Always 
processor bus 

AP[1:0]# Low BCLK Pentium Pro ADS#, ADS#+1 
processor bus 

ASZ[1:0]# Low BCLK Pentium Pro ADS# 
processor bus 

ATIR[7:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

BE[7:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

BRO# Low BCLK Pentium Pro Always 
processor bus 

BP[3:2]# Low BCLK Pentium Pro Always 
processor bus 

BPM[1:0]# Low BCLK Pentium Pro Always 
processor bus 
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Table A-13. Input/Output Signals (Single Driver)(Contd.) 

Name Active Level Clock Signal Group Qualified 

D[63:0]# Low BCLK Pentium Pro DRDY# 
processor bus 

DBSY# Low BCLK Pentium Pro Always 
processor bus 

DEN# Low BCLK Pentium Pro ADS# + 1 
processor bus 

DEP[7:0]# Low BCLK Pentium Pro DRDY# 
processor bus 

DID[7:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

DSZ[1:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

DRDY# Low BCLK Pentium Pro Always 
processor bus 

EXF[4:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

FRCERR High BCLK Implementation Always 

LEN[1:0]# Low BCLK Pentium Pro ADS#+1 
processor bus 

LOCK# Low BCLK Pentium Pro Always 
processor bus 

REQ[4:0]# Low BCLK Pentium Pro ADS#, ADS#+ 1 
processor bus 

RP# Low BCLK Pentium Pro Always 
processor bus 

SMMEM# Low BCLK Pentium Pro ADS# + 1 
processor bus 

SPLCK# Low BCLK Pentium Pro ADS# + 1 
processor bus 
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Table A-14. InpuUOutput Signals (Multiple Driver) 

Name Active Level Clock Signal Group Qualified 

AERR# Low BCLK Pentium® Pro ADS# + 3 
processor bus 

BNR# Low BCLK Pentium Pro Always 
processor bus 

BERR# Low BCLK Pentium Pro Always 
processor bus 

BINIT# Low BCLK Pentium Pro Always 
processor bus 

HIT# Low BCLK Pentium Pro Always 
processor bus 

HITM# Low BCLK Pentium Pro Always 
processor bus 

PICD[1:0] High PICCLK APIC Always 
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Suite 360 Tel: (800) 628-8686 Suite 500 FAX: (203) 778-2168 Bloomington 55431 FAX: (803) 788-7999 Rexdale M9W 6H8 
FLORIDA Tel: (800) 628-8686 

Intel Corp. 
Tel: (800) 628-8686 

TWX: 910-576-2867 FAX: (416) 675-2438 
Intel Corp. FAX: (612) 831-6497 100 Executive Center Dr 
600 West Hillsboro Blvd. Suite 109, B183 QUEBEC 
Suite 348 NEW JERSEY GreenvlJle 29615 
Deerfield Beach 33441 T d (800) 628-8686 Intel of Canada, Ltd. 
Tel: (800) 628-8686 Intel Corp. FAX: (803) 297-3401 1 Rue Holiday, Tour West 
FAX: (305) 421-2444 2001 Route 46 Suite 320 

Suite 310 PI. Claire H9R 5N3 
Parsippany 07054 Tel: (800) 628-8686 
Tel: (800) 628-8686 
FAX: (201) 402-4893 

FAX: 514-694-0064 



NORTH AMERICAN DISTRIBUTORS 
ALABAMA CALIFORNIA Hall-Mark Computer Wyle Electronics CONNECTICUT 

15950 Bernardo Ctr Dr 9525 Chesapeake Dr. 
Anthem Electronics Anthem Electronics SuiteC San Diego 92123 Anthem Electronics 
600 Boulevard South 9131 Oakdale Avenue San Diego 92127 Tel: (619) 565-9171 61 Mattatuck Heights 
Suilol04F & H Chatsworth 91311 Tel: (800) 409-1483 FAX: (619) 365-0512 Road 
Huntsville 35802 Tel: (818) 775-1333 

Hall-Mark Computer Wyle Electronics Waterburg 06705 
Tel: (205) 890-0302 FAX: (818) 775-1302 Tel: (203) 575-1575 1175 Bordeaux Drive 3000 Bowers Avenue FAX: (203) 596-3232 Arrow/Schwaber Anthem Electronics Sunnyvale 94089 Santa Clara 95051 
Electronics 1 Oldfield Drive Tel: (800) 409-1483 Tel: (408) 727-2500 Arrow/Schwaber 
1015 Henderson Road Irvine 92718-2809 

Hall-Mark Computer 
FAX: (408) 727-5896 Eloctronics 

Huntsville 35805 Tel: (714) 768-4444 
Wyle Electronics 860 N. Main S\. Ex\. 

Tel: (205) 837-6955 FAX: (714) 768-6456 1 Mauchly Wa11ingford 06492 
FAX: (205) 721-1581 Irvine 92718 17872 Cowan Avenue Tel: (203) 265-7741 Anthem Electronics Tel: (800) 409-1483 Irvine 92714 FAX: (203) 265-7988 Hall·Mark Computer 580 Menlo Drive 

Hall-Mark Computer 
Tel: (714) 863-9953 

4890 University Square Suite 8 FAX: (714) 263-0473 Hall-Mark Computer 
Huntsville 35816 Rocklin 95677 580 Menlo Drive Still River Corporate Ctr 
Tel: (800) 409-1483 Tel: (916) 624-9744 Suite 2 Wyle Electronics 55 Federal Road 

FAX: (916) 624-9750 Rocklin 95765 26010 Mureau Road Danbury 06810 Hamilton Hallmark Tel: (800) 409-1483 Suite 150 
4890 University Square Anthem Electronics Calabasas 91302 

Tel: (800) 409-1483 
Suite 1 9369 Carroll Park Drive Hamilton Hallmark Tel: (818) 880-9000 Hamilton Hallmark 
Huntsville 35816 San Diego 92121 3170 Pullman Street FAX: (818) 880-5510 125 Commerce Court, 
Tel: (205) 837-8706 Tel, (619) 453-9005 Costa Mesa 92626 Unit 6 
FAX: (205) 830-2565 FAX: (619) 546-7893 Tel: (714) 641-4100 Zeus Arrow Cheshire 06410 

FAX: (714) 641-4122 Electronics Tel: (203) 271-2844 MTI Systems Sales Anthem Electronics 
Hamilton Hallmark 

6276 San Ignacio FAX: (203) 272-1704 4950 Corporate Drive 1160 Ridder Park Drive Avenue 
Suite 120 San Jose 95131 2105 Lundy Avenue Suite E Pioneer Standard 
Huntsvllle 35805 Tel: (408) 453-1200 San Jose 95131 San Jose 95119 2 Trap Falls Road 
Tel: (205) 830-9526 FAX: (408) 441-4504 Tel: (408) 435-3500 Tel: (408) 629-4689 Shelton 06484 
FAX: (205) 830-9557 FAX, (408) 435-3720 FAX: (408) 629-4792 Tel: (203) 929-5600 Arrow/Schweber 
Pioneer Technologies Electronics Hamilton Hallmark Zeus Arrow FLORIDA Group 26707 West Agoura 4545 Viewridge Avenue Electronics 
4835 University Square Road San Diego 92123 6 Cromwell Street Anthem Electronics 
Suite 5 Calabasas 91302 Tel: (619) 571-7540 Suite 100 5200 NW 3rd Avenue 
Huntsville 35805 Tel: (818) 880-9686 FAX: (619) 277-6136 Irvine 92718 Suite 206 
Tel: (205) 837-9300 FAX: (818) 772-8930 Hamilton Hallmark Tel: (714) 581-4622 Ft. Lauderdale 33309 
FAX: (205) 837-9358 

Arrow/Schweber 21150 Califa Street FAX: (714) 454-4355 Tel: (305) 484-0990 
Wyle Electronics Electronics Woodland Hills 91367 

COLORADO Anthem Electronics 
7800 Governers Dr., W. 48834 Kato Road Tel: (818) 594-0404 598 S. Northlake Blvd. 
Tower Building, 2nd Suite 103 FAX: (818) 594-8234 Anthem Electronics Suite 1024 
Floor Fremont 94538 Hamilton Hallmark 373 Inverness Dr. S. Altamonte Sprgs 32701 
Huntsville 35807 Tel: (510) 490-9477 580 Menlo Drive Englewood 80112 Tel: (813) 797-2900 
Tel: (205) 830-1119 FAX: (510) 490-1084 Suite 2 Tel: (303) 790-4500 FAX: (813) 796-4880 
FAX, (205) 830-1520 

Arrow/Schweber Rocklin 95762 FAX: (303) 790-4532 
Arrow/Schweber 

ARIZONA Electronics Tel: (916) 624-9781 Arrow/Schweber Electronics 
6 Cromwell FAX: (916) 961-0922 Electronics 400 Fairway Drive 

Alliance Electronics Suite 100 Pioneer Standard 61 Inverness Dr East Suite 102 
7550 East Redfield Rd Irvine 92718 5126 Clareton Drive Suite 105 Deerfield Beach 33441 
Scottsdale 85260 Tel: (714) 581-4622 Suite 106 Englewood 80112 Tel: (305) 429-8200 
Tel: (602) 261-7988 FAX: (714) 454-4206 Agoura Hills 91301 Tel: (303) 799-0258 FAX: (305) 428-3991 
Anthem Electronics Arrow/Schweber Tel: (818) 865-5800 FAX: (303) 799-0730 

Arrow/Schweber 
1555 West 10th Place Electronics Pioneer Standard Avnet Computer Electronics 
Suite 101 9511 Ridgehaven Court 217 Technology Drive 9605 Maroon Circle 37 Skyline Drive 
Tempe 85281 San Diego 92123 Suite 110 Englewood 80111 Suite 3101 
Tel: (602) 966-6600 Tel: (619) 565-4800 Irvine 92718 Tel: (800) 426-7999 Lake Mary 32746 
FAX: (602) 966-4826 FAX: (619) 279-8062 Tel: (714) 753-5090 Hall-Mark Computer ~!~~1~~~?~~3:~g~0 Arrow/Schweber Arrow/Schweber Pioneer Technologies 9605 Maroon Circle 
Electronics Electronics 

r;~Ffto Robles 
Englewood 80111 Arrow/Schweber 

2415 West Erie Drive 1180 Murphy Avenue Tel: (800) 409-1483 Electronics 
Tempe 85282 San Jose 95131 San Jose 95134 Hamilton Hallmark 

4010 Boy Scout Dr. 
Tel: (602) 431-0030 Tel: (408) 441-9700 Tel: (408) 954-9100 Suite 295 
FAX: (602) 431-9555 FAX: (408) 453-4810 12503 East Euclid Dr Tampa 33607 FAX: (408) 954-9113 Suite 20 Tel: (813) 873-1030 Avnet Computer Avnet Computer Pioneer Standard Englewood 80111 FAX: (813) 873-0077 1626 South Edwards Dr 1 Mauchley 4370 La Jolla Village Tel: (303) 790-1662 
Tempe 85281 Irvine 92718 Drive FAX: (303) 790-4991 Avnet Computer 
Tel: (800) 426-7999 Tel: (800) 426-7999 San Diego 92122 Hamilton Hallmark 

541 S. Orlando Ave. 
Suite 203 

~:~~~~~;gW~~I:~e Avnet Computer Tel: (619) 546-4906 710 Wooten Road Maitland 32751 
371 Van Ness Way Wyle Electronics Suite 28 Tel: (800) 426-7999 Phoenix 85040 Torrance 90501 15370 Barranca Pkwy Colorado Springs 

Tel: (800) 409-1483 Tel: (800) 426-7999 Irvine 92713 80915 Hall-Mark Computer 
Pioneer Standard Avnet Computer Tel: (714) 753-9953 Tel: (719) 637-0055 10491 72nd SI. North 
1438 West Broadway 15950 Bernardo Ctr Dr FAX: (714) 753-9877 FAX: (719) 637-0088 Largo 34647 
Suite B.:'140 Suite 6 Wyle Electronics ~~~~e~~e~~~ono~p~!~: 

Tel: (800) 409-1483 
Tempe 85282 San Diego 92127 15360 Barranca Pkwy ~~~~~5~~;st,~~~eh Tel: (602) 350-9335 Tel: (800) 426-7999 Suite 200 Blvd. 

Hamilton Hallmark Avnet Computer Irvine 92713 Suite 201 Suite 206 
Englewood 80111 ClealWater 34620 4637 South 36th Place 1175 Bordeaux Drive Tel: (714) 753-9953 
Tel: (303) 773-8090 Tel: (800) 409-1483 Phoenix 85040 Suite A FAX: (714) 753-9877 

Tel: (602) 437-1200 Sunnyvale 94089 Wyle Electronics Wyle Electronics Hamilton Hallmark 
FAX: (602) 437-2348 Tel: (800) 426-7999 2951 Sunrise Blvd. 451 East 124th Avenue 3350 N.W. 53rd Street 
Wyle Electronics Hall·Mark Computer Suite 175 Thornton 80241 Suite 105·107 

Rancho Cordova 95742 Tel: (303) 457-9953 Ft Lauderdale 33309 4141 East Raymond 21150 Califa Street 
Tel: (916) 638-5282 FAX: (303) 457-4831 Tel: (305) 484-5482 Phoenix 85040 Woodland Hills 91367 FAX: (305) 484-2995 Tel: (602) 437-2088 Tel: (800) 409-1483 FAX, (916) 638-1491 

FAX: (602) 437-2124 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
Hamilton Hallmark Arrow/Schwaber MARYLAND Zous Arrow 
10491 72nd St. North Electronics 

Wylo Elactronlcs 
Electronics 1325 East 79th Street 

Largo 34647 1140 W Thorndale Ad 
Tel: (813) 541-7440 Itasca 60143 

Anthem Electronics 25 Upton Drive Suite 1 

FAX: (813) 544-4394 Tel: (708) 250-0500 
7168A Columbia Wilmington 01887 Bloomington 55425 
Gateway Drive Tel: (508) 658-4776 Tel: (612) 853-2280 

Hamilton Hallmark Avnet Computer ColumbIa 21046 FAX: (508) 694-2199 FAX: (612) 853-2298 

7079 University Blvd. 1124 Thorndale Ave Tel: (800) 239-6039 
Winter Park 32792 Bensenville 60106 Arrow/Schwaber 

MICHIGAN MISSOURI 

Tel: (407) 657-3300 Tel: (800) 426-7999 
FAX: (407) 678-4414 

Electronics Arrow/Schwaber Arrow/Schwaber 

Hall-Mark Computer 9BOOJ Patuxenl Woods Electronics Electronics 

Pioneer Technologies 1124 Thorndale Ave Drive 44720 Helm Street 2380 Schuetz Road 

~~~~orthlake Blvd 
Bensenville 60106 Columbia 21046 Plymouth 48170 SI. Louis 63141 

Tel: (800) 409-1483 Tel: (301) 596-7800 Tel: (313) 462-2290 Tel: (314) 567-6888 

Suite 1000 FAX: (301) 596-7821 FAX: (313) 462-2686 FAX: (314) 567-1164 

Alia Monte Spgs 32701 Hamilton Hallmark 
Tel: (407) 834-9090 1130 Thorndale Ave ~;p2e~~lu~~~er 

Avnet Computer :;;;kTdoe~¥~i~r South 
FAX: (407) 834-0865 Bensenville 60106 41650 Garden Brk Rd 

Tel: (800) 426-7999 Gateway Drive Suite 120 1f:r~8~~r Jg2~999 Pioneer Technologies 
MTI Systems Sales 

SuiteG Novi 48375 

Group Columbia 21045 Tel: (800) 426-7999 

674 South Military Trail 1140 West Thorndale Tel: (800) 426-7999 
~f~15~'g~r~~:Gr~tr{d ~;~~~i~~rC~~r~~~h 

Deerfield Beach 33442 Avenue 
Tel: (305) 428-8877 Itasca 60143 Hall·Mark Computer i:r~8~~) :gg-~~83 
FAX: (305) 481-2950 Tel: (708) 250-8222 7172 Columbia Suite 120 

FAX: (708) 250-8275 Gateway Drive Novi 48375 

Wyle Electronics Suite G Tel: (800) 409-1483 Hamilton Hallmark 

1000 112th Circle North Pioneer Standard Columbia 21046 Hamilton Hallmark 
3783 Rider Trail South 

S1. Petersburg 33716 2171 Executive Drive Tel: (800) 409-1483 1f:r~3~~r ~~?_~5350 
Suite 800 Suite 200 44191 Plymouth Oaks 

Tel: (813) 579-1518 Addison 60101 Hamilton Hallmark Blvd. FAX: (314) 291-0362 

FAX: (813) 579-1518 Tel: (708) 495-9680 10240 Old Columbia Suite 1300 

FAX: (708) 495-9831 Road Plymouth 48170 NEW HAMPSHIRE 

Zeus Arrow Columbia 21046 Tel: (313) 416-5806 

Electronics Wyle Electronics Tel: (410) 988-9800 FAX: (313) 416-5811 Avnet Computer 

~Td~k6~:nsu?t~~e101 
2055 Army Trail Road FAX: (410) 381-2036 Hamilton Hallmark 

2 Executive Park Drive 

Suite 140 
Bedford 03102 

Lake Mary 32746 Addison 60101 North Atlantic 41650 Garden Brk Rd Tel: (800) 426-7999 

Suite 800 Tel: (800) 853-9953 Industries Suite 100 

Tel: (407) 333-3055 Zeus Arrow 
Systems Division Novi 49418 NEW JERSEY 

FAX: (407) 333-9681 
7125 River Wood Drive Tel: (313) 347-4271 

Electronics Columbia 21046 FAX: (313) 347-4021 Anthem Electronics 

GEORGIA 1140 W Thorndale Ave Tel: (301) 312-5800 Pioneer Standard 
26 Chapin Road, Unit K 

Itasca 60143 FAX: (301) 312-5850 
Pine Brook 07058 

Anthem Electronics Tel: (708) 250-0500 
4505 Broadmoor S.E. Tel: (201) 227-7960 

2400 Pleasant Hill Rd INDIANA 
Pioneer Technologies Grand Rapids 49512 FAX: (201) 227-9246 

Suites 9 & 10 
Group Tel: (616) 698-1800 

Duluth 30136 Arrow/Schweber 
1 581 0 Gaither Road FAX: (616) 698-1831 Arrow/Schweber 

Tel: (404) 931-3900 
Gaithersburg 20877 Electronics 

Electronics Tel: (301) 921-0660 Pioneer Standard 4 East Stow Road 
FAX: (404) 931-3902 7108 Lakeview FAX: (301) 670-6746 44190 Plymouth Oaks Unit 11 

Arrow/Schweber Parkway West Drive Blvd. Marlton 08053 

Electronics Indianapolis 46268 Wyle Electronics Plymouth 48170 Tel: (609) 596-8000 

4250 E Rivergreen Pkwy Tel: (317) 299-2071 9101 Guilford Road Tel: (313) 525-1800 FAX: (609) 596-9632 

Suite E FAX: (317) 299-2379 Suite 120 FAX: (313) 427-3720 

Duluth 30136 Avnet Computer 
Columbia 21046 Arrow/Schweber 

Tel: (404) 497-1300 
Tel: (301) 490-2170 MINNESOTA Electronics 

FAX: (404) 476-1493 
655 West Carmel Drive FAX: (301) 490-2190 Anthem Electronics 

43 Route 46 East 

Suite 160 Pine Brook 07058 

Avnet Computer Carmel 46032 MASSACHUSETTS 7646 Golden Triangle Tel: (201) 227-7880 

3425 Corporate Way Tel: (800) 426-7999 Drive FAX: (201) 227-2064 

Suite G Uall-Mark Computer 
Anthem Electronics Eden Prairie 55344 Avnet Computer 

Duluth 30136 
200 Research Drive Tel: (612) 944-5454 

Tel: (800) 426-7999 
655 West Carmel Drive Wilmington 01887 FAX: (612) 944-3045 l·B Keystone Avenue 

Carmel 46032 Tel: (508) 657-5170 Building 36 

Hall-Mark Computer Tel: (800) 409-1483 FAX: (508) 657-6008 Arrow/Schweber Cherry Hill 08003 

3425 Corporate Way 
Electronics Tel: (800) 426-7999 

Suite G 
Hamilton Hallmark Arrow/Schweber 10100 Viking Drive 

Duluth 30136 
655 West Carmel Drive Electronics Suite 100 Hall-Mark Computer 

Tel: (800) 409-1483 
Suite 160 25 Upton Drive Eden Prairie 55344 l·B Keystone Avenue 

Carmel 46032 Wilmington 01887 Tel: (612) 941-5280 Building 36 

Hamilton Hallmark Tel: (317) 575-3500 Tel: (508) 658-0900 FAX: (612) 942-7803 Cherry Hill 08003 

3425 Corporate Way FAX: (317) 575-3535 FAX: (508) 694-1754 
~;3~k;:nmFfou;~~ East 

Tel: (800) 409-1483 

Suite G &A Pioneer Standard Avnet Computer Hall·Mark Computer 
Dululh 30136 
Tel: (404) 623-5475 

9350 Priority Way W Dr 10 D Centennial Drive Suite 410 10 Lanidex Plaza West 

FAX: (404) 623-5490 
Indianapolis 46250 Peabody 01960 Minnetonka 55343 Parsippany 07054 

Tel: (317) 573-0880 Tel: (800) 426-7999 Tel: (800) 426-7999 Tel: (800) 409-1483 

Pioneer Technologies FAX: (317) 573-0979 
~gI6~~rn~;n~:rD~r:e ~:~Io~~~~ ~~~S~~:t 

Hamilton Hallmark 
Group KANSAS ~~Idi~~o~~ Avenue 
4250C Rivergreen Pkwy 
Duluth 30136 Arrow/Schweber 

Peabody 01960 Suite 410 

Tel: (404) 623-1003 
Tel: (800) 409-1483 Minnetonka 55343 Cherry Hill 08003 

Electronics Tel: (800) 409-1483 Tel: (609) 424-0110 
FAX: (404) 623-0665 9801 Legler Road Hamilton Hallmark FAX: (609) 751-2552 

Wyle Electronics Lenexa 66219 10 D Centennial Drive Hamilton Hallmark 

6025 The Corners Pkwy Tel: (913) 541-9542 Peabody 01960 9401 James Ave South Hamilton Hallmark 

Suite 111 FAX: (913) 541-0328 Tel: (508) 531-7430 Suite 140 10 Lanidex Plaza West 

Norcross 30092 Hall-Mark Computer 
FAX: (508) 532-9802 Bloomington 55431 Parsippany 07054 

Tel: (404) 441-9045 Pioneer Standard 
Tel: (612) 881-2600 Tel: (201) 515-5300 

10809 Lakeview Ave FAX: (612) 881-9461 FAX: (201) 515-1601 
FAX: (404) 441-9086 lenexa 66219 44 Hartwell Avenue 

ILLINOIS Tel: (800) 409-1483 Lexington 02173 Pioneer Standard MTI Systems Sales 

Hamilton Hallmark ~~~mM~~3:~~~7 
7625 Golden Triangle 43 Route 46 East 

Anthem Electronics 
Drive Pinebrook 07058 

1300 Remington Road 
10809 Lakeview Suite G Tel: (201) 882-8780 

Avenue Wyle Electronics Eden Prairie 55344 FAX: (201) 539-6430 
Suite A lenexa 66215 5 Oak Park Drive 
Schaumberg 60173 

Tel: (612) 944-3355 
Tel: (913) 888-4747 Bedford 01803 FAX: (612) 944-3794 

Tel: (708) 884-0200 FAX: (913) 888-0523 ~~~~~mm5:5gg9 FAX: (708) 885-0480 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
PloneerStandard Pioneer Standard Hall-Mark Computor Pioneer Technologies ~;~~~~~hE~~~ West 14-A Madison Road 60 Crossway Pk West 777 Dearborn Pk Lane 8905 Southwest 
Fairfield 07006 Woodbury, Long Island Suite L Numbus Ave. Suite 525 
Tel: (201) 575-3510 11797 Worthington 43085 Suite 160 Houston 77008 
FAX: (201) 575-3454 Tel: (516) 921-8700 Tel: (800) 409-1483 Beaverton 97005 Tel: (800) 426-7999 

Wyle Electronics 
FAX: (516) 921-2143 

Hamilton Hallmark 
Tel: (503) 626-7300 

Hall-Mark Computer 
115 Roule 46, Bldg F Pioneer Standard 5821 Harper Road 

FAX: (503) 626-5300 
12211 Technology Blvd 

Mountain Lakes 07046 840 Fairport Park Solon 44139 Wyle Electronics Austin 78727 
Tel: (201) 402-4970 Fairport 14450 Tel: (216) 498-1100 9640 Sunshine Court Tel: (800) 409-1483 

NEW MEXICO 
Tel: (716) 381-7070 FAX: (216) 248-4803 Building G Hall-Mark Computer FAX: (716) 381-5955 Suite 200 

Hamilton Hallmark Beaverton 97005 4004 Belt1ine Road 
Alliance Electronics, Zeus Arrow 777 Dearborn Pk Lane Tel: (503) 643-7900 Suite 200 
Inc. Electronics Suite L FAX: (503) 646-5466 Dallas 75244 
3411 Bryn Mawr N.E. 100 Midland Avenue Worthington 43085 Tel: (800) 409-1483 
Albuquerque 87101 Port Chester 10573 Tel: (614) 888-3313 PENNSYLVANIA 

Hall-Mark Computer Tel: (505) 292-3360 Tel: (914) 937-7400 FAX: (614) 888-0767 
FAX: (505) 275-6392 FAX: (914) 937-2553 Anthem Electronics 1235 North Loop West 

MTI Systems Sales 355 BUsiness Ctr Drive Houston 77008 
Avnet Computer NORTH CAROLINA 23404 Commerce Pk Horsham 19044 Tel: (800) 409-1483 
7801 Academy' Road Road Tel: (215) 443-5150 Hamilton Hallmark Building 1, SUite 204 Anthem Electronics Beachwood 44122 FAX: (215) 675-9875 12211 Technology Albuquerque 87109 4805 Greenwood Tel: (216) 464-6688 
Tel: (800) 426-7999 Suite 100 FAX: (216) 464-3564 Avnet Computer Boulevard 

Raleigh 27604 213 Executive Drive AUstin 78727 
NEW YORK Tel: (919) 782-3550 Pioneer Standard Suite 320 Tel: (512) 258-8848 

4433 Interpoin! Blvd Mars 16046 FAX: (512) 258-3777 
Anthem Electronics Arrow/Schweber Dayton 45424 Tel: (800) 426-7999 Hamilton Hallmark 47 Mall Drive Electronics Tel: (513) 236-9900 
Commack 11725 5240 Greensdairy FAX: (513) 236-8133 Arrow/Schweber 11420 Page Mill Road 
Tel: (516) 864-6600 Road Electronics Dallas 75243 
FAX: (516) 493-2244 Raleigh 27604 Pioneer Standard 2681 Mosside Blvd Tel: (214) 553-4300 

Tel: (919) 876-3132 4800 East 131st Street Suite 204 FAX: (214) 553-4395 
Arrow/Schweber FAX: (919) 878-9517 Cleveland 44105 Monroeville 15146 Hamilton Hallmark Electronics Tel: (216) 587-3600 Tel: (412) 856-9490 BOOO West glen 3375 Brighton Henrietta Avnet Computer FAX: (216) 663-1004 
Townline Road 4421 Stuart Andrew Pioneer Technologies Houston 77063 
Rochester 14623 Boulevard Wyle Electronics Group Tel: (713) 781-6100 

Tel: (716) 427-0300 Suite 600 6835 Cochran Rd. 259 Kappa Drive FAX: (713) 953-8420 

FAX: (716) 427-0735 Charlotte 28217 Solon 44139 Pittsburgh 15238 Pioneer Standard 
Tel: (800) 426-7999 Tel: (216) 248-9996 Tel: (412) 782-2300 1826D Kramer'Lane Arrow/Schweber FAX: (412) 963-8255 AUstin 78758 Electronics Hall-Mark Computer OKLAHOMA 

20 Oser Avenue 3510 Spring Forest Rd Pioneer Technologies Tel: (512) 835-4000 

Hauppauge 11788 Suite B Arrow/Schweber 
~Jg'M'nterprise Road 

FAX: (512) 835-9829 

Tel: (516) 231-1000 Raleigh 27604 Electronics Pioneer Standard 
FAX: (516) 231-1072 Tel: (800) 409-1483 12101 East 51st Street Keith Valley Bus.Ctr 13765 Beta Road Suite 106 Horsham 19044 Dallas 75244 Avnet Computer Hamilton Hallmark Tulsa 74146 Tel: (215) 674-4000 Tel: (214) 263-3168 2 Penn Plaza 3510 Spring Forest Rd Tel: (918) 252-7537 
Suite 1245 Suite B FAX: (918) 254-0917 r'~~~;I~~~~nics FAX: (214) 490-6419 

New York 10121 Raleigh 27604 Pioneer Standard 
Tel: (800) 426-7999 Tel: (800) 409-1483 Hamilton Hallmark Suite 111 10530 Rockley Road 5411 S.1251h E. Ave Marlton 08053-3185 
Avnet Computer Hamilton Hallmark Suite 305 Tel: (609) 985-7953 

Suite 100 
Houston 77099 1057 E. Henrietta Road 5234 Greens Dairy Rd Tulsa 74146 FAX: (609) 985-8757 Tel: (713) 495-4700 Rochester 14623 Raleigh 27604 Tel: (918) 254-6110 

Tel: (800) 426-7999 Tel: (919) 878-0819 FAX: (918) 254-6207 TEXAS FAX: (713) 495-5642 

Hall-Mark Computer Pioneer Technologies Pioneer Standard Anthem Electronics Wyle Electronics 
2 Penn Plaza Group 9717 East 42nd Street 651 N. Plano Road 1810 Greenville Ave 
New York 10121 2200 Gateway Ctr. Blvd Suite 105 Suite 401 Richardson 75081 
Tel: (800) 409-1483 Suite 215 Tulsa 74146 Richardson 75081 Tel: (214) 235-9953 

Morrisville 27560 Tel: (918) 665-7840 Tel: (214) 238-7100 
FAX: (214) 644-5064 

Hall-Mark Computer Tel: (919) 460-1530 FAX: (918) 665-1891 FAX: (214) 238-0237 Wyle Electronics 1057 E Henrietta Road 
Rochester 14623 OHIO OREGON Anthem Electronics 9208 Waterford Center 

Blvd Tel: (800) 409-1483 14050 Summit Drive Suite 160 Arrow/Schweber AlmacArrow Suite 119 Hamilton Hallmark Electronics Electronics Tel: (512) 388-0049 
AUstin 78750 

933 Motor Parkway 6573 Cochran Road 9500 S.W. Nimbus Ave FAX: (512) 388-0271 
Tel: (512) 345-8853 

Hauppauge 11788 Suite E Suite E FAX: (512) 345-9330 
Tel: (516) 434-7470 Solon 44139 Beaverton 97008 Arrow/Schweber Wyle Electronics FAX: (516) 434-7491 Tel: (216) 248-3990 Tel: (503) 629-8090 Electronics 2901 Wilcrest 
Hamilton Hallmark FAX: (216) 248-1106 FAX: (503) 645-0611 Brake Glr III, Bldg M1 Suite 120 
1057 E Henrietta Road 11500 Metric Boulevard Houston 77099 Arrow/Schweber Anthem Electronics Suite 160 Rochester 14623 Electronics 9090 SW Gemini Drive Austin 78758 

Tel: (713) 879-9953 
Tel: (716) 475-9130 8200 Washington Beaverton 97005 Tel: (512) 835-4 180 

FAX: (713) 879-9953 
FAX: (716) 475-9119 Village Drive Tel: (503) 643-1114 FAX: (512) 832-5921 Zeus Arrow 
Hamilton Hallmark Centerville 45458 FAX: (503) 626-7928 Electronics 
3075 Veterans Tel: (513) 435-5563 Arrow/Schweber 3220 Commander Dr 
Memorial Hwy. FAX: (513) 435-2049 Avnet Computer Electronics Carrollton 75006 
Ronkonkoma 11779 

9750 SW Nimbus Ave. 3220 Commander Drive Tel: (214) 380-4330 Avnet Computer Beaverton 97005 Carrollton 75006 Tel: (516) 737-0600 7764 Washington Tel: (800) 426-7999 Tel: (214) 380-6464 
FAX: (214) 447-2222 

FAX: (516) 737-0838 Village Drive 
Hall-Mark Computer FAX: (214) 248-7208 UTAH 

MTI Systems Sales Dayton 45459 
1 Penn Plaza Tel: (800) 426-7999 9750 SW Nimbus Ave. Arrow/Schweber Anthem Electronics Beaverton 97005 Electronics 250 West 34th Street Avnet Computer Tel: (800) 409-1483 19416 Park Row 1279 West 2200 South 
New York 10119 2 Summit Park Drive Suite 190 

Salt Lake City 84119 
Tel: (212) 643-1280 Suite 520 Hamilton Hallmark Houston 77084 Tel: (801) 973-8555 
FAX: (212) 643-1288 Independence 44131 9750 SW Nimbus Ave. Tel: (713) 647-6868 

FAX: (801) 973-8909 
Beaverton 97005 

Pioneer Standard Tel: (800) 426-7999 
Tel: (503) 526-6200 FAX: (713) 492-8722 Arrow/Schwaber 

68 Corporate Drive Hall-Mark Computer FAX: (503) 641-5939 Avnet Computer 
Electronics 

Binghamton 13904 5821 Harper Road 4004 Beltline 
1946 West Parkway 

Tel: (607) 722-9300 Solon 44139 Suite 200 
Boulevard 

FAX: (607) 722-9562 Tel: (800) 409-1483 Dallas 75244 Salt Lake City 84119 
Tel: (801) 973-6913 

Tel: (800) 426-799 FAX: (801) 972-0200 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
Avnet Computer ~~~~eleJ6T~~~o~~~!es ALASKA ONTARIO Pioneer/Pioneer 
1100 East 6600 South 155 Colonnade Rd .. S, 
Suite 150 Suite 100 Avnet Computer Arrow/Schweber Suite 17 
Salt Lake City 84121 Bellevue 98007 1400 W Benson Blvd Electronics Nepean K2E 7K3 
Tel: (800) 426-7999 Tel: (206) 644-7500 Suite 400 36 Antares Drive Tel: (613) 226-8840 

Hall-Mark Computer Wyle Electronics Anchorage 99503 Unill00 FAX: (613) 226-6352 
Tel: (800) 426-7999 Nepean K2E 7W5 

1100 East 6600 South 15385 NE 9D1h 51 Tel: (613) 226-6903 QUEBEC 
Suite 150 Redmond 98052 FAX: (613) 723·2018 
Sail lake City Tel: (206) 881-1150 CANADA Arrow/Schweber 
Telo (800) 409-1483 FAX: (206) 881-1567 ArrowfSchwebor Electronics 

Hamilton Hallmark ALBERTA Electronics 1100 Street Regis Blvd 
WISCONSIN 1093 Meyerside, Unit 2 Dorval H9P 2T5 

1100 East 6600 South Avnet Computer Mississauga L5T 1 M4 Tel: (514) 421-7411 
Suite 120 Arrow/Schweber 1144 29th Avenue NE Tel: (416) 670·2010 FAX: (514) 421-7430 
Salt Lake City 84121 Electronics Suite 108 FAX: (416) 670·5863 
Tel: (801) 266·2022 200 N. Patrick Calgary T2E 7Pl 

Gates Arrow 
FAX: (801) 263·0104 Suite 100 Avnet Computer Electronics 

Brookfield 53045 Tel: (800) 387-3406 Canada System 500 Boul. 
Wyle Electronics Tel: (414) 792-0150 Pioneer/Pioneer Engineering Group St-Jean-Baptiste Ave 
1325 West 2200 South FAX: (414) 792-0156 560,1212·31 Ave. NE 151 Superior Blvd. Quebec H2E 5R9 
Suite E Calgary T2E 758 Mississuaga L5T 2L 1 Tel: (418) 871-7500 
West Valley 84119 Avnet Computer Tel: (403) 291-1988 Tel: (BOO) 387-3406 FAX: (418) 871-6816 
Tel: (801) 974-9953 2440 Soulh 1791h SI 
FAX: (801) 972-2524 New Berlin 53416 FAX: (403) 295·8714· Avnet Computer Avnet Computer 

Tel: (800) 426-7999 BRITISH COLUMBIA 190 Colonade Road 7575 Trans Canada 
WASHINGTON Nepean K2E 7J5 Suite 601 

Hall-Mark Computer Almac Arrow Tel: (800) 387-3406 SI. Laurent H4T 1 V6 
Almac Arrow 2440 Soulh 1791h 51 Electronics Tel: (800) 265-1135 
Electronics New Berlin 53146 8544 Baxter Place Canada System 
14360 S.E. Eastgate Tel: (800) 409-1483 Burnaby V5A 4T8 Engineering Group Hamilton Hallmark 

:eifevue 98007 
151 Superior Boulevard 7575 Transcanada Hwy 

Hamilton Hallmark Tel: (604) 421-2333 Mississuaga L5T 2L 1 Suite 600 
Tel: (206) 643·9992 2440 South 179th St FAX: (604) 421-5030 Tel: (800) 387-3406 Street Laurent H4T 2V6 

New Berlin 53146 FAX: (206) 643-9709 
Tel: (414) 797·7844 Hamilton Hallmark Hamilton Hallmark Tel: (514) 335·1000 

8610 Commerce Court FAX: (514) 335·2481 
Anthem Electronics FAX: (414) 797-9259 

Bumaby V5A 4N6 
151 Superior Blvd., 

190171201h Ave N.E. Unit 1-6 Pioneer/Pioneer 
Suite 102 Pioneer Standard Tel: (604) 420-4101 Mississauga L5T 2L 1 520 McCaffrey 
Bothell 98011 120 Bishops Way FAX: (604) 420-5376 Tel: (416) 564-6060 Street Laurent H4T 1 N1 
Tel: (206) 483-1700 Suite 163 Pioneer/Pioneer FAX: (416) 564·6033 Tel: (514) 737-9700 
FAX: (206) 486-0571 Brookfield 53005 4455 North 6 Road FAX: (514) 737-5212 

Tel: (414) 780-3600 Rochmond V6V 1 P6 Hamilton Hallmark 
Avnet Computer FAX: (414) 780-3613 Tel: (604) 273-5575 190 Colonade Road 
8630 154th Ave, NE Nepean K2E 7J5 
Redmond 98052 Wyle Electronics FAX: (604) 273·2413 Tel: (613) 226-1700 
Tel: (800) 426-7999 150 North Patrick 

MANITOBA FAX: (613) 226-1184 
Building 7, Suite 150 

Hamilton Hallmark Brookfield 53045 Pioneer/Pioneer Pioneer/Pioneer 
8630 154th Avenue Tel: (414) 879·0434 540 Marjorie Street 3415 American Drive 
Redmond 98052 FAX: (414) 879-0474 Mississauga L4V 1T6 
Tel: (206) 881-6697 Winnipeg R3H OS9 Tel: (416) 507-2600 
FAX: (206) 867-0159 FAX: (416) 507-2831 



intel~ 

NORTH AMERICAN SERVICE OFFICES 
Computervision 

Intel Corporation's North American Preferred Service Provider 
Central Dispatch: 1-800-876-SERV (1-800-876-7378) 

ALABAMA GEORGIA MICHIGAN NORTH CAROLINA UTAH 
Birmingham Atlanta Detroit Ashville Salt Lake City 
Huntsville 

HAWAII 
Flint Charlotte 

VERMONT 
ALASKA Honolulu 

Grand Rapids Greensboro 
Lansing Raleigh White River Junction 

Anchorage 
ILLINOIS Troy Wilmington VIRGINIA 

ARIZONA Chicago MINNESOTA OHIO Charlottesville 
Phoenix Wood Dale Minneapolis Cincinnati Richmond 
Tucson 

INDIANA Cleveland Roanoke 
MISSOURI Virginia Beach 

ARKANSAS Carmel Columbus 

North Little Rock Evansville 
Springfield Dayton WASHINGTON Street Louis 

CALIFORNIA 
Ft. Wayne OKLAHOMA Renton 
South Bend MISSISSIPPI Oklahoma City Richland 

Concord Jackson 
Los Angeles IOWA Tulsa WASHINGTON D.C: 
Ontario Cedar Rapids NEW HAMPSHIRE OREGON 
Orange Davenport Manchesler~ 

WEST VIRGINIA 
Beaverton 

Redwood City West Des Moines Charleston 

Sacramento MONTANA PENNSYLVANIA WISCONSIN KANSAS Butte San Diego 
Kansas City 

Camp Hill Milwaukee 
San Francisco NEBRASKA Erie 
Van Nuys Wichita Pittsburgh CANADA Omaha 

COLORADO KENTUCKY Wayne Calgary 

Louisville NEW JERSEY 
SOUTH CAROLINA 

Edmonton 
Colorado Springs 

Madisonville Cherry Hill Fredericton 
Denver Hamilton Township Charleston Halifax 

CONNECTICUT LOUISIANA Westfield Columbia Misslssauga 
E. Windsor Baton Rouge Greenville Montreal 

NEW MEXICO 
Middlebury New Orleans TENNESSEE Ottawa 

Albuquerque 
Chattanooga Toronto 

FLORIDA MAINE Vancouver, BC· 
Auburn NEW YORK Knoxville 

Ft. Lauderdale Albany Memphis Winnipeg 
Jacksonville MARYLAND Binghampton Nashville Quebec City 
Miami Baltimore Buffalo Regina 
Orlando Farmingdale 

TEXAS St.John's 
Pensacola MASSACHUSETTS 

New York City Austin 
Tampa Bedfoird Rochester Houston 

S. Easton Dryden Dallas 
Tyler 




