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4.4. BoardlTrace Properties 
Specific board and trace properties were assumed while 
performing the simulations to optimize the chip set 
layout. These properties were used as the specification 
or guideline the board manufacturer should use in 
building boards. Figure 24 provides the board layer 
stackup. 

Table 6 lists the minimum and maximum trace 
characteristics. These parameters along with the board 
material determine the spacing between layers and the 
total board thickness. See Table 7. 

4.5. Design Notes 
1. All fast-switching signals are routed near the 

power and ground planes on inner layers of the 
board to minimize EMI effects. However, two sets 
of signals are routed on the top layer of the board: 
BRDYC1#, and JTAG signals. BRDYCl# is 
routed on top to take advantage of the higher trace 
velocity. JTAG signals can be routed on any layer 
because they are low-speed signals and will 
probably be rerouted by each customer to suit 
individual needs. 

2. Resistor Rl(OO) on page 2 of the I-Mbyte and 
2-Mbyte schematics is used to set the Pentium 
processor's (735\90, 815\100, 1000\120, 

1110\133) configurable output buffers (A3-A20. 
ADS#. WIR#. and HITM#). When the resistor is 
included the buffers are set to the extra large size. 
When it is not included (BUSCHK# internally 
pulled high) the buffers are set to the large size. 
Intel currently recommends the large buffers be 
used for the I-Mbyte layout example. The 00 
resistor should be designed in your design for 
flexibility. 

3. The 82498 output buffers that drive the 82493 
inputs must also be configured to be large. This is 
done by driving 82498 CLDRV [BGT#] high 
during' reset. The 82498 and 82493 memory bus 
buffer sizes must be controlled by the Memory 
Bus Controller. Please refer to the Pentium@ 
Family Developer's Manual Volume 2: 
82496182497182498 Cache Controller and 
82491182492182493 Cache SRAM. 

4. Series termination resistors were added to the nets 
PAI9, PA20, PA21 and several other nets to 
control overshoot. A value of 240 is 
recommended. but the value depends on overshoot 
measurement on the actual design. 

5. Several Topologies require different line widths on 
the same trace. This information can be extracted 
automatically using a Quad Design translation 

2-1577 



AP·521 

tool. For extraction procedure, please refer to Quad 
Design's user's manual, "Preparing PCB Design 

Databases for Simulation with TLCIXTK." 

TEMP 

Figure 24. Board Layer Stackup 

Table 6. Trace Characteristics 

4 Inner Layers 2 Outer Layers 

Width/Space 5/5 Mils 8/8 Mils 

Zo 6511 ± 10% 7511± 10% 

Velocity 1.85 to 2.41 
ns/ft 

1.5 to 2.1 ns/ft 

Table 7. Other Printed Circuit Board 
Geometries 

Via Pad 25 Mils 

Via Hole 10 Mils 

Pentiuml!! Processor (735\90, 
815\100,1000\120,1110\133) 

45 Mils 

SPGA Pad 

Pentium Processor (735\90, 29 Mils 
815\100,1000\120,1110\133) 

SPGAHole 

82498 PGA Pad 55 Mils 

82498 PGA Hole 38 Mils 

82493 Surface Mount 70x13 
Package Pad Primary Side 

Layout Grid 5 Mils 

2-1578 

6. Layout Rules/Common DefinitionslExplanations: 
Identical symbols for transmission lines means that 
the lines should be identical in Length, Width, and 
Configuration (e.g. Strip, Microstrip etc.). The term 
"as short as possible but greater than a certain 
length" is defined as follows. In order to satisfy the 
maximum flight time requirements, generally, it is 
desired that the transmission lines be as short as 
possible. Many signals however have tight minimum 
flight time requirements. For these signals it is 
necessary to lengthen the lines, but not too long so as 
to violate the maximum flight times. Whenever 
possible, a length window is given so that both min 
timings and max timings are specified. When both 
margins are very tight and the signals are heavily 
loaded with too many transmission lines, it is very 
difficult to specify a range of lengths for every 
segment on that topology without being too 
restrictive. Instead the strategy was to lengthen a 
specific segment to satisfy min timings and shorten 
all other segments as short as possible to meet max 
timings. The exact lengths can be extracted from the 
layout. 

I 



4.6. Explanation of Information 
Provided 

The following sections outline the design files 
associated with the 1-Mbyte CPU -Cache Chip Set 
design example that are available from Intel. These files 
are provided to simplify the task of porting the design 
example into a specific design. By using these files, 
designers may eliminate or minimize the amount of 
duplicate effort when using the design example as the 
basis for their design. The following items are available: 

• Schematics 

• 1/0 Model Files 

• Board Files 

• B ill of Materials 

• Photoplot Log 

• N etlist Report 

• Placed Component Report 

• Artwork for Each Board Layer 

• Trace Segment Line Lengths 

Hard copies of the schematics are provided in the 
following section. ASCII or soft copies of all the 
information are available from Intel Order Number 
242658. 

4.6.1. SCHEMATICS 

Schematics for the I-Mbyte CPU-Cache Chip Set design 
example were created using CadenceNalid Concept 
Schematic Capture program V1.5-p3. The schematics 
are 11 pages long and are provided in A-size format. 
Both the Cadence and the postscript files (A-size format) 
are available from Intel as described above. 

4.6.2. 110 MODEL FILES 

All electrical 1/0 simulations were performed using 
TLC* V4.2.8 from Quad Design Technology, Inc. The 
simulations were performed at the fast and slow corners 
to verify that all signal quality and flight time 
specifications were met. The files used for these 
simulations are available from Intel as described above. 
These files include the topology, model, and control 
files needed to run the simulations for all nets in the 
optimized interface. 

4.6.3. BOARD FILES 

The board files for the design example were created 
using Allegro* V 6.1 from Cadence Design Systems, Inc. 

I 
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The files are available from Intel as described above. 
These files may be used to import the design example 
into a specific system design. 

NOTE 

Some changes to the layout and nets may be 
necessary to complete importing these files into a 
specific system design. 

4.6.4. BILL OF MATERIALS 

The bill of materials file was created using Allegro V 6.1 
from Cadence Design Systems, Inc. The file is available 
from Intel as described above. 

4.6.5. PHOTOPLOT LOG 

The photoplot log file was created using Allegro V 6.1 
from Cadence Design Systems, Inc. The file is available 
from Intel as described above. 

4.6.6. NETLIST REPORT 

The netlist report was created using Allegro V 6.1 from 
Cadence Design Systems, Inc. The file is available from 
Intel as described above. 

4.6.7. PLACED COMPONENT REPORT 

The placed component report was created using Allegro 
V6.1 from Cadence Design Systems, Inc. The file is 
available from Intel as described above. 

4.6.8. ARTWORK FOR EACH BOARD 
LAYER 

The artwork for the six board layers was created using 
Allegro V6.1 from Cadence Design Systems, Inc. The 
files are available from Intel in a Gerber* format as 
described above. 

4.6.9. TRACE SEGMENT LINE LENGTHS 

The file containing the trace segment line lengths was 
created from the artwork files of section 4.6.8. All 
lengths are provide in mils (1/1000 inch). The stubs 
listed in the tables are associated with the pin escapes 
required for the 82493s. The file is available from Intel 
as described above. 
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4.6.10. I/O SIMULATION RESULTS FOR 
EACH NET 

Electrical simulations were performed on each net 
within the optimized interface of the I-Mbyte cpu­
Cache Chip Set design example. The simulations were 

simulations were done using 1LC V4.2.8 from Quad 
Design Technology, Inc. using the files described in 
section 4.6.2. Table 8 summarizes the slow corner 
simulation results and Table 9, summarizes the fast 
comer simulation results. 

done at the fast and slow corners to verify that signal The flight time specifications listed in Tables 8 and 9 are 
quality and flight time specifications are met. The the 60/66-MHz flight times. 

Table 8 1·Mbyte Slow Corner Simulation Results 
Flight TIme (ns) Signal Quality 

Maximum 
Maximum Flight TIme Flight Time Settling TIme Overshoot 

Net Flight Time Specification Margin (ns) (V) 
82498 Driving 

PA3-18 5.72 11.2 5.48 15.91 0 

PA19·31 2.47 3.2 0.73 7.1 0 

AHOLD 0.77 1.5 0.73 3.88 0.11 

AP 1.23 3.2 1.97 4.5 0.1 

BRDYC1# 0.72 1.5 0.78 3.86 0.09 

EADS# 0.8 1.5 0.73 3.9 0.06 

EWBE# 0.85 1.5 0.65 3.95 0.18 

INV 1.39 1.5 0.11 4.53 0.27 

KEN# 0.77 1.5 0.73 3.88 0.11 

NA# 0.74 1.5 0.76 3.79 0.09 

WBlWn 0.92 1.5 0.58 3.91 0.19 

BLASn 2.42 3.2 0.78 5.55 0.46 

BLEC# 1.89 2.5 0.61 5.73 0.06 

BOFF1# at CPU 1.5 

BOFF2# at SRAM 1.87 3.2 1.33 4.87 0.36 

BRDYC2# 2.3 3.2 0.9 5.42 0.4 

BUS# 2.14 3.2 1.06 5.24 0.35 

MAWEA# 2.13 3.2 1.07 5.24 0.26 

MCYC# 2.14 3.2 1.06 5.21 0.33 

WAY 2.27 3.2 0.93 5.36 0.44 

WBA 2.1 3.2 1.1 5.24 0.36 

WBTYP 2.19 3.2 1.01 5.22 0.47 

WBWE# 2.26 3.2 0.94 5.41 0.29 

WRARR# 2.37 3.2 0.83 5.53 0.37 
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Table 8. 1·Mbyte Slow Comer Simulation Results (Contd.) 

Flight Time (ns) Signal Quality 

Maximum 
Maximum Flight Time Flight Time Settling Time OVershoot 

Net Flight Time SpeclflcaUon Margin (ns) (V) 

PenUume Processor (735\90,815\100,1000\120,1110\133) Driving 

PA3-18 2.94 3.7 0.76 22.19 0.41 

PA19-31 1.66 1.8 0.14 4.99 0.09 

CPO-7, CDO-63 1.47 2.0 0.53 4.75 0.17 

ADS# 2.27 3.3 1.03 5.27 0.45 

HITM# 2.37 3.6 1.23 5.43 0.5 

WR# 2.43 3.6 1.17 5.52 0.52 

ADSC# 1.36 1.5 0.14 4.7 0.16 

AP 1.45 1.5 0.05 4.62 0.09 

CACHE# 1.45 1.5 0.05 4.79 0.17 

D/C# 1.36 1.5 0.14 4.7 0.16 

LOCK# 1.36 1.5 0.14 4.7 0.16 

MIIO# 1.46 1.5 0.04 4.8 0.18 

PCD 1.36 1.5 0.14 4.7 0.16 

PWT 1.36 1.5 0.14 4.7 0.16 

SCYC 1.34 1.5 0.16 4.68 0.16 

CBEO-7# 2.08 2.8 0.72 6.16 0.07 

82493 Driving 

CPO-7, CDO-63 1.93 2.3 0.37 4.91 0.15 
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Table 9. 1-Mbyte Fast Comer Simulation Results 

Minimum Flight Time (ns) Signal Quality (V) 

Minimum Minimum 
Minimum Right Time Flight Time Overshoot Overshoot 

Net Flight Time Specification Margll) Overshoot, Specification Margin 

82498 Driving 

PA3-18 1.53 0.8 0.73 0.77 2.6 1.83 

PA19-31 0.86 0.6 0.26 2.03 2.6 0.57 

AHOLD 0.65 0.6 0.05 2.49 2.6 0.11 

AP 0.86 0.6 0.26 2.01 2.6 0.59 

BRDYC1# 0.61 0.6 ' 0.01 2.45 2.6 0.15 

EADS# 0.68 0.6 0.08 2.34 2.6 0.26 

EWBE# 0.72 0.6 0.12 2.53 2.6 0.07 

INV 1.03 0.6 0.43 2.43 2.6 0.17 

KEN# 0.65 0.6 0.05 2.48 2.6 0.12 

NA# 0.63 0.6 0.03 2.45 2.6 0.15 

WBIWT# 0.95 0.6 0.35 2.61 2.6 -0.Q1 

BLAST# 1.33 0.8 0.53 2.29 2.6 0.31 

BLEC# 0.94 0.8 0.14 1.59 2.6 1.01 

BOFF# at CPU 0.84 0.8 0.04 2.57 2.6 0.03 

BOFF# at SRAM 1.06 0.8 0.26 2.11 2.6 0.49 

BRDYC2# 1.27 0.8 0,47 2.25 2.6 0.35 

BUS# 1.13 0.8 0.33 2.02 2.6 0.58 

MAWEA# 1.11 0.8 0.31 1.93 2.6 0.67 

MCYC# 1.14 0.8 0.34 2.04 2.6 0.56 

WAY 1.26 0.8 0.46 2.25 2.6 0.35 

WBA 1.12 0.8 0.32 1.99 2.6 0.61 

WBTYP 1.27 0.8 0.47 2.34 2.6 0.26 

WBWE# 1.19 0.8 0.39 2.01 2.6 0.59 

WRARR# 1.28 0.8 0.48 2.18 2.6 0.42 
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Table 9. 1-Mbyte Fast Corner Simulation Results (Contd ) 

Minimum Right TIme (ns) Signal Quality (V) 

Minimum Minimum 
Minimum Flight Time Flight TIme Overshoot Overshoot 

Net Flight Time SpeclflcaUon Margin Overshoot SpeclflcaUon Margin 

PentlumfJ Processor (735\90,.815\100,1000\120,1110\133) Driving 

PA3-18 1.07 0.8 0.27 1.49 2.6 1.11 

PA19-31 1.04 0.6 0.44 2.11 2.6 0.49 

CPO-7, COO-63 1.1 0.8 0.3 2.01 2.6 0.59 

AOS#at SRAM 1.33 0.8 0.53 2.28 2.6 0.32 

HITM# 1.35 0.8 0.55 2.42 2.6 0.18 

WR# 1.11 0.8 0.06 2.02 2.6 0.58 

AOSC# 0.86 0.6 0.26 2.02 2.6 0.58 

AP 0.93 0.6 0.33 2.08 2.6 0.52 

CACHE# 0.93 0.6 0.33 2.04 2.6 0.56 

D/C# 0.86 0.6 0.26 2.02 2.6 0.58 

LOCK# 0.86 0.6 0.26 2.02 2.6 0.58 

M/IO# 0.94 0.6 0.34 2.04 2.6 0.56 

PCD 0.86 0.6 0.26 2.02 2.6 0.58 

PWT 0.86 0.6 0.26 2.02 2.6 0.58 

SCVC 0.85 0.6 0.25 2.05 2.6 0.55 

CBEO-7# 1 0.6 0.4 2.21 2.6 0.39 

82493 Driving 

CPO-7, CDO-63 1.05 0.8 0.25 2.07 2.6 0.53 

Note: An overshoot specification voltage in parentheses denotes the value for Vss n different from Vee. 
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4.7. Non·Parity Layout 

Intel has not simulated a non-parity layout example. The 
following suggestions will assist in modifying the 
design example for non-parity implementations. You 
must simulate all paths that are altered when the parity 
components are removed to ensure that flight time and 
signal quality specifications are still met. 

Modify the following aspects of the layout example: 

1. Remove the two leftmost 82493 components. 
These are the parity components. 

2. Rework Topology 1. Keep the trace leading to the 
Pentium processor (735\90, 815\100, 1000\120, 
1110\133) length La. Retune (if needed) the trace 
to the 82498 of length Lb to be electrically 
equivalent. 

3. Rework topologies 3 and 3b. Remove the traces 
which led to the parity components which have 
already been removed. 

4. Remove the Byte Enable traces that connect to the 
parity chips. 

Making traces electrically equivalent means that 
reflections from all branches return to the source at the 
same point in time. In simple cases, electrically 
equivalent traces are the same length. In all cases, 
simulate the effects of changing trace lengths to find the 
proper trace length apd routing. 

5.0. 2·MBYTE PENTIUM@ 
PROCESSOR (735\90, 815\100, 
1000\120, 1110\133)/82498/82493 
CPU-CACHE CHIP SET LAYOUT 
EXAMPLE 

This chapter contains an example layout design for 
Intel's 2-Mbyte CPU -Cache Chip Set. Intel has 
simulated and validated the design by measuring the 
flight time and signal quality parameters on boards 
based on the design example. 

The intent of the design example is to provide system 
designers a starting point. It provides one solution of 
how the Pentium processor (735\90,815\100, 1000\120, 
1110\133), 82498 cache controller, and 82493 cache 
SRAM components can be placed and routed to ensure 
flight time and signal quality specifications are met. It is 
not the only soluticn. System designers can alter the 
layout to meet their system requirements as long as the 
flight time and signal quality specifications are met. 

2-1614 

5.1. Layout Objectives 

The 2-Mbyte layout is an example of a CPU-Cache chip 
set arrangement that meets Intel's chip set specifications. 
The layout consists of one Pentium processor (735\90, 
815\100, 1000\120, 1110\133), one 82498 cache 
controller, and eighteen 82493 cache SRAMs for a 
2-Mbyte second-level cache with parity. Although the 
layout is specifically designed for a chip set with parity, 
conversion to a non-parity layout will also be discussed. 

This example layout follows the chip set's flight time 
and signal qUality specifications. In addition to meeting 
those specifications, these objectives were used: 

1. To design the optimized portion of the interface so 
that the layout is not limited by interconnect 
performance. By not artificially creating any 
critical paths, the interface can yield maximum 
performance of the chip set. 

2. To be consistent with EMI and thermal 
requirements. 

3. To have the layout be used as a validation and 
correlation vehicle by Intel. Intel used the layout to 
validate the optimized interface of the chip set, 
measure flight times and signal quality, and tune 
input and output buffers. 

Provided are complete specifications for a board layout: 
parts list, board layer plots, and the electronic files in 
Gerber format. Also provided are a set of topologies and 
line lengths so it will be easy to understand how the 
layout was generated. 

5.2. Component Placement 

To meet flight time with clock skew restrictions the 
parts should be placed in relative proximity to each 
other. At the same time, we ensured that the layout's 
Memory Bus Controller (MBC) interface signals are 
routable. Figure 25 illustrates how the chip set 
components are placed in the layout example. The dot 
indicates the location of pin 1. Figure 25 is a component 
top view of the layout. 

5.3. Signal Routingrropologies 

Tables 10 and 11 list the signal nets and their 
corresponding topologies for the optimized and external 
interfaces of the CPU-Cache Chip Set. 

All chip set signals in the optimized interface fall into 
six groups: Low addresses, High addresses, Pentium 

I 



processor (735\90, 815\100, 1000\120, 1110\133) 
control, 82498 control, CPU data and parity, and Byte 
enables. Within each group are subsets of signals that 
share common origination and destination points. Each 
subset has a unique routing called a "topology". Groups, 
subsets, and topologies are listed in Table 10. 

Topologies are given only for signals that are routed to 
multiple chips. It is the system designer's responsibility 
for routing the "point-to-point" signals such as CADS#. 

Topologies are also supplied for the external interface. 
These topologies provide channels for routing signals 
from the chip set components to the periphery where 
they can be connected to the memory bus and memory 
bus controller (MBC). However, topologies are not 

0 

B cs cs 
cd52-55 cd60-63 

0 0 

B Cs. CS CS 
(Pt~Y) 

cd44-47 cd40-43 

0 0 0 

cs cs CS 
cd20-23 cd28-31 cd36-39 

0 

~ 
0 

Cs. cs CS (P8.rNY) 
cd12-15 cd16-19 

~ ~ CS CS 
cd4-7 cdO-3 

AP-521 

supplied for point to point signals in the MBC interface 
(e.g. CRDY#). Instead, the system designer must 
optimize these for the particular application. 

Table 11 lists the topologies provided for the MBC 
interface signals which are not point to point. 

Figures 26 through 41 contain the topologies which are 
described in Tables 10 and 11. A topology is a graphical 
representation of how specific sets of signals are routed. 
A topology shows the components that share a specific 
signal and the relative lengths of the traces between 
components. A small box with a capital D inside 
represents a clamping diode in the topology diagrams. 
Refer to the schematics (section 5.6.1) for details on the 
type of diode required. 

B CS 
cd5S-59 

o 
0 

cs 
cd48-51 Processor 

B CS 
cd32-35 

B cs 
cd24-27 

cc 

o 

~ CS 
. cd8-11 

o =Pin1 

PF'2020 

Figure 25. Component Placement 
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Table 10. 2-Mbyte Optimized Interface Signal Net/Topology Assignments 

Grouping RouUng Requirements Topology 

Low Addresses 

(PA3-PA19) Lines as short as possible. Line segments between all 
82493s in the array are equal to retain symmetry. La,Lc: as 

1 

short as possible. Diodes at the end of the 82493 array and 
at the 82498 cache controller. La: 0.9-1.2", W=15 Mils. Lb: 
3.7-3.9". Lc: 1.0-1.17". Ld: <1.2". Le: <1.0". 

High Addresses 

(PA20-PA21) Point to point links with resistors. PA20: La + Lb = 4.270". 2b 
PA21: La+Lb=4.150". 

(PA22-PA31) Point to point links. L: 4.0-4.2". 2 

Pentlum~ Processor (735\90,815\100,1000\120,1110\133) Control 

(HITM#, W/R#) Lines as short as possible. Line segments between all 
82493s in the array are equal to retain symmetry. La, Lc as 

1 

short as possible. La: Surface layer, W = 50 Mils or as wide 
as possible. Lc: 1.0-1.17", Ld: <1.2", Le: <1.0". For HITM#, 
La: 2.7", Lb:5.075". For W/R#, La: 2.65", Lb: 4.6". 

(ADS#) Lines as short as possible. Line segments between all 3 
82493s in the array are equal to retain symmetry. La: 3.94" 
and as short as possible, W = 15 Mils or as wide as possible. 
All traces on surface layer. Diodes at the end of the 82493 
array. Ld: 1.2". Le: 1.0". 

(ADSC#, AP, BOFF1#, Point to point links. L: 4.0-4.2". BOFF1# and BRDYC1# 2 
CACHE#, D/C#, L=5.5", AP: >4", surface layer, and as short as possible. 
LOCK#, Mil 0#, PCD, WBIWT# is surface layer. 
PWT, SCYC, WBIWT#) 

82498 Control 

(BLAST#, BOFF2#, Lines as short as possible. Line segments between all 3b 
BUS#, MAWEA#, WBA, 82493s in the array are equal to retain symmetry. Lb: 
WBTYP, WBWE#, <2.587" and as short as possible. Diodes at the end of the 
BRDYC2#, MCYC#, 82493 array. Ld: <1.2". Le: <1.0". For these signals 
WRARR#, WAY) (priority top to bottom), Lb is surface layer and greater than or 

equal to 15 Mils (or if not possible, then inner layer is greater 
than or equal to 5 Mils wide) or as wide as possible: 
BRDYC2#, BOFF2#, BLAST#, WBTYP, WBWE#, WBA, 
MWEA#, BUS# 

(BLEC#) Connected to the Cache controller and eight of the 82493s. 
La and La: 2.72" and Ld: 1.795" and as short as possible. 

4 

~AHOLD, BRDYC1#, Point to point links. Must be kept as short as possible. 2 
ADS#, INV, KEN#, 

NA#, EWBE#) 

CPU Data and Parity . 

(COO-C063, CPO-CP7) Point to point links. L: 5.50-7.4" 2 

Byte Enables 

(CBEO#-CBE7#) Connected to the Pentium processor (735\90,815\100, 5 
1000\120,1110\133), two cache 82493s and one parity 
82493. La: 5-9". 
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Table 11. 2-Mbyte External Interface Signal NetITopology Assignments 

Signal Topology 

MD0-63, ParityO-7 8 

BRDYO#, CLKO 9 

CRDY#, RESETC 10 

MBRDY#, MOCLK, MDOE#, MEOC# 11 

BRDY#'s, CLK's 12 

MFRZ#, MZBn, MCLK 14 

RESETCPU 15 

MSEL# 16 & 17 
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Figure 26. Topology 1 
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Processor CC 
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Figure 27. Topology 2 
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Figure 28. Topology 2b 
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Figure 41. Topology 17 

5.4. BoardlTrace Properties 

Specific board and trace properties were assumed while 
performing the simulations to optimize the chip set 
layout. These properties were used as the specification 
or guideline the board manufacturer should use in 
building boards. Figure 42 provides the board layer 
stackup. 

Table 12 lists the IUlrumum and maximum trace 
characteristics. These parameters along with the board 

material determine the spacing between layers and the 
total board thickness. See Table 13. 

5.5. Variable Line Widths 

Variable Line Widths are used for impedance matching 
between driver and receiver, consequently increasing a 
signal's velocity. Tables 14 and 15 show the impedance 
and velocities for a given line width. 
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Figure 42. Board Layer Stackup 

Table 12 TT TraceChar2Trace Characteristics 

4 Inner Layers 2 Outer Layers 

Width/Space 5/5 Mils 8/8 Mils 

Zo 650± 10% 750± 10% 

Velocity 1.85 to 2.41 nslft 1.5 to 2.1 nslft 

Table 13. TT_OtherPCBGeos20ther Printed 
Circuit Board Geometries 

Via Pad 25 Mils 

Via Hole 10 Mils 

Pentium® Processor (735\90, 45 Mils 
815\100,1000\120,1110\133) 

SPGA Pad 

Pentium Processor (735\90, 29 Mils 
815\100,1000\120,1110\133) 

SPGA Hole 

82498 PGA Pad 55 Mils 

82498 PGA Hole 38 Mils 

82493 Surface Mount 70x13 
Package Pad Primary Side 

Layout Grid 5 Mils 
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Table 14. TT NomLineWidthMicrostrlp Line 
Impedance and Velocity as a Function of Nominal 

Line Width 

WNOM ZMIN ZMAX VMIN VMAX 

8.00 69.60 105.00 1.61 1.98 

10.00 62.80 94.70 1.64 2.01 

15.00 76.10 52.00 . 1.64 2.03 

20.00 44.20 65.60 1.67 2.06 

25.00 34.30 50.60 1.67 2.08 

30.00 30.90 45.90 1.70 2.08 

35.00 28.20 41.60 1.70 2.11 

40.00 25.70 38.40 1.70 2.13 

45.00 23.80 35.30 1.73 2.13 

50.00 22.20 32.80 1.73 2.13 
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Table 15. Strlpllne Impedance and Velocity as a 
FuncUon of Line Width 

WNOM ZMIN lMAX VMIN VMAX 

S.OO 48.00 89.20 1.90 2.36 

10.00 3S.10 60.00 1.90 2.36 

1S.00 49.20 27.90 1.90 2.36 

20.00 23.20 41.10 1.90 2.36 

25.00 19.80 3S.30 1.90 2.36 

30.00 17.40 31.10 1.90 2.36 

3S.00 1S.50 28.00 1.90 2.36 

40.00 14.10 2S.30 1.90 2.36 

4S.00 12.80 23.10 1.90 2.36 

SO.OO 11.80 21.20 1.90 2.36 

5.6. Design Notes 
1. All fast-switching signals are routed near the 

power and ground planes on inner layers of the 
board to minimize EMI effects. However, two sets 
of signals are routed on the top layer of the board: 
BRDYCl#, and JTAG signals. BRDYCl# is 
routed on top to take advantage of the higher trace 
velocity. JTAG signals can be routed on any layer 
because they are low-speed signals and will 
probably be rerouted by each customer to suit 
individual needs. 

2. Resistor Rl(On) on page 2 of the 1-Mbyte and 
2-Mbyte schematics is used to set the Pentium 
processor (735\90, 815\100, 1000\120, 1110\133) 
configurable output buffers (A3-A20, ADS#, 
WfR#, and HITM#). When the resistor is included 
the buffers are set to the extra large size. When it is 
not included (BUSCHK# internally pulled high) 
the buffers are set to the large size. Intel currently 
recommends the extra-large buffers be used for the 
2-Mbyte layout example. The on resistor should 
be designed in your design for flexibility. 

3. The 82498 output buffers that drive the 82493 
inputs must also be configured to be large. This is 
done by driving 82498 CLDRV [BGT#j high 
during reset. The 82498 and 82493 memory bus 
buffer sizes must be controlled by the Memory Bus 
Controller. Please refer to the Pentium@ Family 
Developer's Manual Volume 2: 

I 
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82496182497182498 Cache Controller and 
82491182492182493 Cache SRAM. 

4. Series termination resistors were added to the nets, 
PA20, PA21 and several other nets to ·control 
overshoot. A value of 24n is recommended, but 
the value depends on overshoot measurement on 
the actual design. 

S. Several Topologies require different line widths on 
the same trace. This information can be extracted 
automatically using a Quad Design translation 
tool. For extraction procedure, please refer to Quad 
Design's user's manual, "Preparing PCB Design 
Databases for Simulation with TLCIXTK." 

6. Layout Rules/Common Definitions/Explanations: 
Identical symbols for transmission lines means that 
the lines should be identical in Length, Width, and 
Configuration (e.g. Strip, Microstrip etc.). The 
term "as short as possible but greater than a certain 
length" is defined as follows. In Qrder to satisfy the 
maximum flight time requirements, generally, it is 
desired that the transmission' lines be as short as 
possible. Many signals however have tight 
minimum flight time requirements. For these 
signals it is necessary to lengthen the lines, but not 
too long so as to violate the maximum flight times. 
Whenever possible, a length window is given so 
that both min timings and max timings are 
specified. When both margins are very tight and 
the signals are heavily loaded with too many 
transmission lines, it is very difficult to specify a 
range of lengths for every segment on that 
topology without being too restrictive. Instead the 
strategy was to lengthen a specific segment to 
satisfy min timings and shorten all other segments 
as short as possible to meet max timings. The exact 
lengths can be extracted from the layout. 

5.7. Explanation of Information 
Provided 

The following sections outline the design files 
associated with the 2-Mbyte CPU-Cache Chip Set 
design example that are available from Intel. These files 
are provided to simplify the task of porting the design 
example into a specific design. By using these files, 
designers may eliminate or minimize the amount of 
duplicate effort when using the design example as the 
basis for their design. The following items are available: 

• Schematics 
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• I/O Model Files 

• Board Files 

• Bill of Materials 

• Photoplot Log 

• N etlist Report 

• Placed Component Report 

• Artwork for Each Board Layer 

• Trace Segment Line Lengths 

Hard copies of the schematics are provided in the 
following section. ASCII or soft copies of all the 
information are available from Intel Order Number 
242658. 

5.7.1. SCHEMATICS 

Schematics for the 2-Mbyte CPU-Cache Chip Set design 
example were created using CadenceN alid "Concept" 
Schematic Capture program V1.5-p3. The schematics 
are 19 pages long and are provided in A size format. 
Both the Cadence and the postscript files (A size format) 
are available from Intel as described above. 

5.7.2. 1/0 MODEL FILES 

All electrical I/O simulations were performed using TLC 
V4.2.8 from Quad Design Technology, Inc. The 
simulations were performed at the fast and slow comers 
to verify that all signal quality and flight time 
specifications were met. The files used for these 
simulations are available from Intel as described above. 
These files include the topology, model, and control 
files needed to run the simulations for all nets in the 
optimized interface. 

5.7.3. BOARD FILES 

The board files for the design example were created 
using Allegro V6.1 from Cadence Design Systems, Inc. 
The files are available from Intel as described above. 
These files may be used to import the design example 
into a specific system design. 

NOTE 
Some changes to the layout and nets may be 
necessary to complete importing these files into a 
specific system design. 
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5.7.4. BILL OF MATERIALS 

The bill of materials file was created using Allegro V6.1 
from Cadence Design Systems, Inc. The file is available 
from Intel as described above. 

5.7.5. PHOTOPLOT LOG 

The photoplot log file was created using Allegro V6.1 
from Cadence Design Systems, Inc. The file is available 
from Intel as described above. 

5.7.6. NETLIST REPORT 

The netlist report was created using Allegro V 6.1 from 
Cadence Design Systems, Inc. The file is available from 
Intel as described above. 

5.7.7. PLACED COMPONENT REPORT 

The placed component report was created using Allegro 
V6.1 from Cadence Design Systems, Inc. The file is 
available from Intel as described above. 

5.7.8. ARTWORK FOR EACH BOARD 
LAYER 

The. artwork for the six board layers was created using 
Allegro V6.1 from Cadence Design Systems, Inc. The 
files are available from Intel in a Gerber format as 
described above. 

5.7.9. TRACE SEGMENT LINE LENGTHS 

The file containing the trace segment line lengths was 
created from the artwork files of section 5.6.8. All 
lengths are provided in mils (111000 inch). The stubs 
listed in the tables are associated with the pin escapes 
required for the 82493s. The file is available from Intel 
as described above. 

5.7.10. I/O SIMULATION RESULTS FOR 
EACH NET 

Electrical simulations were performed on each net 
within the optimized interface of the 2-Mbyte CPU­
Cache Chip Set design example. The simulations were 
done at the fast and slow comers to verify that signal 
quality and flight time specifications are met. The 
simulations were done using TLC V 4.2.8 from Quad 
Design Technology, Inc. using the files described in 
section 5.6.2. Table 16 summarizes the slow comer 
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simulation results and Table 17 summarizes the fast 
comer simulation results. 
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The flight time specifications listed in Tables 16 and 17 
are the 60/66-MHz flight times. 

Table 16. 2-Mbyte Slow Comer Simulation Results 

Flight Time (ns) Signal Quality 

Maximum 
Maximum Flight Time Flight Time Settling Time Overshoot 

Net AlghtTlme Specification Margin (ns) (V) 

82498 Driving 

PA3-19 11.41 11.2 -0.21 24.78 0 

PA20-31 2.35 3.2 0.85 7.49 0 

AHOLD 0.71 1.5 0.79 3.85 0.08 

AP 1.17 3.2 2.03 4.43 0.17 

BRDYC1# 0.97 1.5 0.53 7.35 0.27 

EADS# 0.64 1.5 0.86 3.83 0.06 

EWBE# 0.79 1.5 0.71 3.9 0.13 

INV 1.32 1.5 0.18 4.46 0.24 

KEN# 0.71 1.5 0.79 3.85 0.08 

NA# 0.67 1.5 0.83 3.77 0.06 

WBIWT# 0.86 1.5 0.64 3.85 0.17 

BLAST# 3 3.2 0.2 24.16 0.76 

BLEC# 1.73 2.5 0.77 3.93 0.68 

BOFFl # at CPU 1.21 1.5 0.29 4.55 0.15 

BOFF2# at SRAM 2.73 3.2 0.47 18.96 1.95 

BRDYC2# 2.76 3.2 0.44 21.59 0.8 

BUS# 2.87 3.2 0.33 24.41 0.73 

MAWEA# 2.88 3.2 0.32 24.56 0.73 

MCYC# 2.91 3.2 0.29 23.84 0.81 

WAY 2.91 3.2 0.29 23.77 0.82 

WBA 2.93 3.2 0.27 24.89 0.72 

WBTYP 2.93 3.2 0.27 24.96 0.72 

WBWE# 2.89 3.2 0.29 24.83 0.7 

WRARR# 2.98 3.2 0.22 24.78 0.75 
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Table 16 2·Mbyte Slow Corner SlmulaUon Resulte (Contd ) 

flight TIme (na) Signal Quality 

Maximum 
Maximum flight TIme FllahtTlme SetUlng TIme OVershoot 

Net Flight TIme Speclftcatlon argln (na) (V) 

PenUume Proceaaor(735\9O, 81S\100,100Q\120,1110\133) Driving 

PA3-19 3.45 3.7 0.25 6.76 0.56 

PA20-31 1.61 1.8 0.19 3.49 0.76 

CPO-7, CDO-63 1.n 2.0 0.23 5.06 0.18 

ADS# 2.n 3.3 0.53 24.93 0.78 

HITM# 3.4 3.6 0.2 6.73 0.65 

WA# 3.2 3.6 0.4 6.52 0.63 

ADSC# 1.32 1.5 0.18 4.65 0.14 

AP 1.39 1.5 0.11 4.55 0.22 

CACHE# 1.17 1.5 0.33 4.49 0.1 

D/C# 1.16 1.5 0.34 4.48 0.1 

LOCK# 1.16 1.5 0.34 4.48 0.1 

MIIO# 1.17 1.5 0.33 4.49 0.09 

PCD 1.17 1.5 0.33 4.49 0.09 

PWT 1.17 1.5 0.33 4.49 0.1 

SCYC 1.17 1.5 0.33 4.49 0.09 

CBEO-7# 2.57 2.8 0.23 6.73 0.04 

82493 Driving 

CPO-7, CDO-63 2.24 2.3 0.06 5.21 0.17 
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Table 17 2-Mbyte Fast Comer Simulation Results 

Minimum flight Time (ns) Signal Quality (V) 

Minimum Minimum 
Minimum Flight Time Flight Time Overshoot Overshoot 

Net Flight Time SpeclflcaUon Margin Overshoot Specification Margin 

82498 Driving 

PA3-19 2.24 0.8 1.44 0.33 2.6 2.27 

PA20-31 0.7 0.6 0.1 2.05 2.6 0.55 

AHOLD 0.58 0.6 -0.02 2.38 2.6 0.22 

AP 0.65 0.6 0.05 2.45 2.6 0.15 

BRDYC1# 0.8 0.6 0.2 2.58 2.6 0.02 

EADS# 0.52 0.6 -0.08 2.3 2.6 0.3 

EWBE# 0.63 0.6 0.03 2.46 2.6 0.3 

INV 0.95 0.6 0.35 2.35 2.6 0.25 

KEN# 0.58 0.6 -0.02 2.39 2.6 0.21 

NA# 0.56 0.6 -0.04 2.36 2.6 0.24 

WBIWT# 0.7 0.6 0.1 2.51 2.6 0.09 

BLAST# 0.65 0.8 -0.15 1.36 2.6 1.24 

BLEC# 0.71 0.8 -0.09 0.97 2.6 1.63 

BOFF#atCPU 1 0.8 0.2 2.03 2.6 0.57 

BOFF# at SRAM 0.51 0.8 -0.29 1.38 2.6 1.22 

BRDYC2# 0.57 0.8 -0.23 1.35 2.6 1.25 

BUS# 0.61 0.8 -0.19 1.42 2.6 1.18 

MAWEA# 0.61 0.8 -0.19 1.42 2.6 1.18 

MCYC# 0.61 0.8 -0.19 1.4 2.6 1.2 

WAY 0.61 0.8 -0.19 1.4 2.6 1.2 

WBA 0.67 0.8 -0.13 1.34 2.6 1.26 

WBTYP 0.63 0.8 -0.17 1.39 2.6 1.21 

WBWE# 0.61 0.8 -0.19 1.42 2.6 1.18 

WRARR# 0.69 0.8 -0.11 1.26 2.6 1.34 
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Table 17 2·Mbyte Fast Comer Simulation Results (Contd ) 

Minimum Flight Time (ns) Signal Quality (V) 

Minimum . Minimum 
Minimum Fllghtnme. FlI8htnme Overshoot OVershoot 

Net Flight Time Speclftcatlon argln OVershoot Speclftcatlon Margin 

Pentium- Processor (735\90, 81~100, 1000\120, 1110\133) Driving 

PA3-19 1.2 0.8 0.4 1.09 2.6 1.51 

PA20-31 0.89 0.6 0.29 2.07 2.6 0.53 

CPO-7, CDO-63 0.96 0.8 0.16 2.01 2.6 0.59 

ADS# 0.89 0.8 0.09 1.2 2.6 1.4 

HITM# 1.31 0.8 0.51 1.03 2.6 1.57 

WR# 1.13 0.8 0.33 1 2.6 1.6 

ADSC# 0.83 0.6 0.23 2 2.6 0.6 

AP 0.85 0.6 0.25 2.44 2.6 0.16 

CACHE# 0.72 0.6 0.12 2.02 2.6 0.58 

D/C# 0.71 0.6 0.11 2.02 2.6 0.58 

LOCK# 0.71 .0.6 0.11 • 2.02 2.6 0.58 

M/IO# 0.71 0.6 0.11 1.99 2.6 0.61 

PCD 0.72 0.6 0.12 2.02 2.6 0.58 

PWT 0.71 0.6 0.11 2.02 2.6 0.58 

SCVC 0.71 0.6 0.11 2 2.6 0.6 

CBE0-7# 0.69 0.6 0.09 1.89 2.6 0.71. 

82493 Driving 

CPO-7, CDO-63 0.91 0.8 0.11 2.08 2.6 0.52 

Note: An overshoot specifICation voltage in parentheses denotes the value lor V ss .1 different lrom V ce. 
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1.0. INTRODUCTION 

In addition to standard 3.3V Pentium'" processors, Intel 
is offering 3.3V Pentium processors with VRE 
specificat.1Ons to enable quicker time-to-market cycles, 
and higher-performance desktop and server systems. 
This document will explain the voltage specifications, 
recommend solutions for supplying consistent power, 
and suggest validation techniques to ensure robust 
3_3V Pentium processor-based desktop or server 
systems. VRE (Voltage Regulated Extension) 
components have stricter supply voltage specifications 
than standard components, and as such VRE-based 
designs bring additional challenges to power regulation. 
Although this document focuses on VRE designs, the 
system design and voltage measurement concepts also 
apply to designs for standard components. 

This document contains five key sections: 

Chapter 2.0 discusses the standard and VRE 
specifications. The VRE and standard voltage ranges 
have been adjusted for the C2-step and all subsequent 
processors. These changes are reflected in the chapter 
(and the entire document). Chapter 2.0 also gives an 
overview of some important system design and voltage 
measurement considerations associated with VRE 
components. The consequences of specification 
violations are also discussed. 

Chapter 3.0 deals with the power supply and regUlation. 
It contains power implementation recommendations to 
ensure a robust system design. In addition, this chapter 
contains detailed low cost bulk and high speed 
decoupling recommendations for Socket 5, Socket 7, 
and standard 3.3V designs. 

Chapter 4.0 explains the proper measurement techniques 
to verify that systems meet their respective voltage 
specifications. These measurement techniques apply to 
all Pentium processors. Measurement results from the 
Pentium'" Processor Flexible Motherboard Reference 
Design are shown in this chapter. 

Appendix A provides information about tools to assist in 
both simulating decoupling solutions, and in taking 
voltage measurements. This section also contains 
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information on how to obtain and use the recommended 
"stress" code for voltage noise measurement. 

Finally, Appendix B provides a list of thud party 
vendors. These vendors include suppliers of regulators, 
resistors, capacitors, and sockets. 

2.0. SPECIFICATIONS 

2.1. The VRE Specification 

The main difference between the VRE, and standard 
3.3V specifications are the voltage supply requirements 
(see Table 1). Since the VRE specification has a stricter 
Vee requirement than the standard voltage specification, 
VRE-based systems are very sensitive to voltage supply 
noise and transients. Any overshoot or undershoot 
heyond the voltage range (at a measurement 
bandwidth of 20MHz) is not pennitted. Any transient 
excursion beyond the specified voltage range may result 
in unstable system behavior. Note that socket type and 
measuring techniques are also specified and sbould be 
followed to ensure consistent and accurate 
measurements. 

Complete S-Specs, and availability of the Pentium 
processor family may be found in the latest Pentium 
processor stepping information or Pentium'" Processor 
Specification Update (Order Number 242480). 

The complete specifications shown above must be 
met to ensure a robust VRE-based platfonn. All 
measurements must be made and guaranteed at the back 
of the motherboard at the CPU socket pins. The voltage 
specifications assume an oscilloscope measurement 
bandwidth of 20MHz. Socket 5 or Socket 7 (or an 
equivalent socket of less than SnR) should be used to 
ensure upgradability to future Pentium OverDrive'" 
processors and to ensure accurate transient 
measurements. 

Note that standard voltage range encompasses the VRE 
range, hence standard parts will operate in VRE systems 
(see Figure 1). 
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Table 1 Comparison of Standard SpeclflcaHons to VRE SpeclflcaHons 

SpeclflcaUons Standard VRE 

Vee 3.135V' to 3.6V 3.4V· to 3.6V 

No overshoot or undershoot No overshoot or undershoot 
allowed allowed 

Timings Standard and MD ' MDonly 

Thermals Same Maximum Icc and Maximum Power Dissipation 

Socket Pentiuml!l OVerDrivel!l Processor Upgrade Socket 5 or Socket 7 

Measurement Transients must be measured and guaranteed at the back of the 
mcitherboard at the CPU socket pins. The measurement should be 
taken with a bandwidth of at least 20MHz (see section 4.2). 

Notes: 'Applies to the C2 stepping, and all subsequent Pentium" processors. 
'Applies to the C2 stepping, and all subsequent Pentium" proceeeors wMh the VRE specHication. 

2.1.1. The VRE Supply Voltage Range 

VRE components allow less transient tolerance than 
standard components. To compensate for the smaller 
transient tolerance. VRE-based platforms must use 
accurate voltage regulators and adequate local 
decoupling capacitors. During worst-case transient 
conditions (transition into and out of Stop Grant Mode 
or Halt Power Down Mode), current supplied to the 
processor can change by several amperes in tens of 

nanoseconds. Since power supply units and voltage 
regulators can at best respond in a time frame on the 
order of milliseconds, bulk decoupling capacitors are 
required to act as current reservoirs until the power 
supply unit or voltage regulators regulate to the, new 
load. Due to the high operation speed of the internal 
core of the Pentium processor, high frequency capacitors 
are also required to filter the excessive noise 
components. Failure to provide adequate power 
regulation during this transition may result in 
undershoot and overshoot beyond the voltage 
specifications of the processor. 

3.40V VRERange 3.60V 

• Standard Range 
3.135V 3.60V 

Flgure1. A Comparison of Standard and VRE SpeclflcaHons 

2.2. Typical Application Behavior 
Poorly designed desktop and server systems may violate 
VRE specifications during normal operation. An 
unusual application instruction mix can cause large 
current spikes from clock cycle to clock cycle. Figure 2 
shows the rapid fluctuations of system power during 
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execution of a BAPC093* benchmark trace (BAPC093 
is a system benchmark used for measuring system 
performance). These quick transitions in current occur in 
a shorter time frame than that in which the power supply 
unit or voltage regulator may be able to respond. 

Worst-case transients occur during power management. 
Figure 3 shows an oscilloscope trace of a system leaving 
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the low-power Stop Grant State (via a deassertion of 
STPCLK#). The supply voltage "droops" due to ESL 
and ESR effects (see section 3.5). and because the 
voltage regulator cannot respond quickly enough to the 
large, instantaneous change in current. Droops and 
surges also occur in systems with proper decoupling, but 
to a lesser extent. The system also has high frequency 
noise due to high operation speed of the internal core. 
Figure 3 shows the "droop" due to ESRIESL effects 
when exiting the Stop Grant state. The longer term 
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voltage variations ( on the order of milliseconds) are not 
shown in this plot. Violating the VRE specifications by 
undershooting or overshooting the voltage range may 
result in unreliable and unstable behavior. The 
consequences of voltage specification VIOlations are 
explained in the next section. Chapter 3.0 will 
recommend techruques for providing accurate regulation 
and proper decoupling to ensure a robust VRE-based 
platform. 

Trace Execution Time = 1 hour 59 minutes and 8 seconds 

Figure 2. Rapid Fluctuations of System Power While During Active Operation (BAPC093*) 
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Figure 3. Voltage "Droop" when ExlUng Stop Grant State 

2.3. Voltage Specification 
Violations 

Overshooting the voltage specification can cause certain 
signals to violate their Minimum Valid Delay timing 
specifications. This timing violation will in turn lead to 
a failure in the system. Excessive and sustained 
overshooting can also cause hot electron related effects 
which can compromise the reliability of the part. 

Undershooting causes a reduction in the performance of 
the component, and may also lead to timing related 
failures. The processor will not function properly at its 
correct clock frequency. 

Extensive die probing experiments show that high 
frequency overshooting and undershooting of the 
voltage specification are filtered by the processor's 
package parasitics, and are accounted for during the 
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testing of the processor. As a result, the recommended 
oscilloscope measurement bandwidth has been adjusted 
to 20MHz (see section 4.2 for details). 

3.0. THE POWER SUPPLY 

Until traditional power supply units with 3.3V DC 
outputs are widely available, supplying power to the 
3.3V Pentium processor requires a 5V-to-3.3V voltage 
regulator. In addition, robust local decoupling must be 
provided to accommodate the transition to and from 
low-power modes. It is important to select the 
components to be as accurate as possible. A platform 
based on an inaccurate power supply unit must be 
compensated with a more accurate regulator and extra 
local decoupling. Similarly, a platform based on an 
inaccurate regulator requires accurate supporting 
components and additional decoupling capacitors. As 
shown next, selecting accurate components will 
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maximize the voltage transient allowed. 

The VRE specification allows a total voltage bndget of 
20OmV. It is important to understand the voltage budget 
must include any deviation in the voltage regulator, the 
inaccuracy of its supporting components, and other non­
ideal behavior of real components. When designing for a 
VRE-based platform, these DC factors must be 
subtracted from the total VRE budget. The remaining 
allowance should be targeted when measuring the 
voltage transient. It is hence important to select accurate 
voltage regulators and precise support components to 
allow maximum voltage transients. 

VRE Specifications = 

+ 

+ 

1: Voltage Regulator Accuracy 

Support Component Accuracy 

Thennal Drift and Aging Effects 

+ Measured Voltage Transient 

5.50V 

5.25V 

5VDCPower 
Supply Unit 4.75V 

4.50V 

3.1. Selecting an Accurate Power 
Supply Unit 
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The power supply unit must provide a minimum 
se!point equal to, or higher than the minimum input 
voltage required by the regulator (see Figure 4). Off-the­
shelf 5V. power supply units with a 5% accuracy 
speCificatIOn can meet the typical 4.75V requirement of 
most regulators. However, a 5V power supply unit with 
an accuracy of 10% may provide a se!point as low as 
4.5V and fail the minimum input requirement. Similarly, 
an accurate power supply unit may also fail if the 
voltage regulator has minimum input voltages higher 
than 4.75V. If using a less accurate power supply unit, 
the minimum setpoint must be raised to meet or exceed 
the minimum input voltage required by the voltage 
r<;gulator. If a voltage regulator requires an input voltage 
hIgher than 4.75V, consider choosing a more accurate 
power supply unit to raise the minimum setpoint. 

Sufficient decoupling must be provided between the 
power supply unit and the voltage regulator to minimize 
any noise. The disturbance on the 5V power supply unit 
may exceed the specification of TIL logic devices if the 
decoupling capacitance is insufficient. 

Voltage 
Po~Supply Regulator 
Min Setpoint 

2: 5V 3.3 
Min Input 
Voltage 

Agure 4. Setpolnt Requirement of Power Supply 

3.2. Selecting an Accurate Voltage 
Regulator 

There are two types of voltage regulators: switching 
and linear. Switching regulators provide - power by 
pulsing the voltages and currents to the load, thus 
resulting in lower heat dissipation and higher efficiency. 
Switching regulators are however generally more 
expensive and require more supporting components than 
linear regulators. Unear regulators essentially are 

voltage dividers and provide power by "dividing down" 
the 5V inputs to 3.3V outputs. Linear regulators 
dissipate more power, but are less expensive and 
typically require only two additional (feedback) 
resistors. Unless the system has strict thermal 
requirements, linear regulators generally are suited for 
high-volume designs. Both types of regulators can meet 
the VRE voltage range if they have accurate outputs and 
precise supporting components. Table 2 below compares 
the two types of voltage regulators: 
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An inaccurate regulator leaves little room for transient 
tolerance. For example, VRE specifications allow a 
voltage regulator solution to deviate only two percent 
(3.4V to 3.6V) from the desired regulator setpoint of 
3.SV. Static specifications such as line regulation, 
temperature drift, and the initial setpoint must be held to 
1 % if any transient is to be permitted at all. Table 3 
recommends the voltage regulator module accuracy 
required to ensure a robust VRE-based platform. 

There are direct tradeoffs between the accuracy of the 
regulator and the amount of local decoupling. Using an 
inaccurate regulator requires more accurate dividing 
resistors and more decoupling. Conversely, using high­
ESR, quick-aging capacitors necessitates accurate 
regulators. The next section recommends the bulk and 
high-speed decoupJing required to ensure a robust VRE­
based platform. The recommendations were based on 
extensive simulations and empirical measurements_ 

Table 2 Comparison of Voltage Regulators 

CharacterisUcs (Typical) Unear Regulator Switching Regulator 

Maximum Efficiency 67% 95% 

Maximum Power Dissipation 33% 5% 

2 to 6 5 to 12 

Supporting Components (feedback resistors) (feedback resistors, MOSFET 
switches, inductor, diode, caps) 

Approximate Total Cost Moderate Moderately High 

Table 3 RecommendaUons for Linear Voltage Regulator 

Parameters Total Accuracy Maximum Deviation 

Voltage Regulator Setpoint ± 1 % (VRE) ±35mV (VRE) 

+ 

Feedback Resistors 

+ ± 2% (STD) ± 66mV(STD) 

Thennal Drift, Aging Effects 
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3.3. Bulk Decoupling 
Recommendations 

The Pentium processor can be shut down and restarted 
very quickly with either the STPCLK# signal, or the 
HALT instruction. Switching the supply current on and 
off in very short time may cause serious power supply 
surges and droops in systems with inadequate bulk 
decoupling. Adequate bulk decoupling capacitors, 
located between the power and ground planes, near the 
processor, are necessary to filter these surges and 
droops. Adequate bulk capacitance is necessary to 
provide a current reservoir until the regulator can 

• 100 

! 

respond to the new load. It is important to use tantalum 
capacitors to minimize any aging effect. Electrolytic 
capacitors age faster, are inaccurate and are not stable 
over a wider temperature range. Capacitors with long 
leads add inductance and increase transients. Figure 5 
shows the bulk decoupling required and a layout 
example to ensure the effectiveness of bulk decoupJing. 

Table 4 shows the decoupling recommendations for 
Socket 5, Socket 7 and standard 3.3V designs. Socket 7 
is backward-compatible with Socket 5, and in addition it 
allows for upgradabiJity to a future OverDrive 
processor. Note that the recommendations in Table 4 
have already been optimized for cost efficiency . 

capacrtor values are In micro farad 

Figure 5. Recommended Bulk Decoupllng Capacitor Values and Layout for VRE-based Design 

Ap·522 

2-1647 



AP-522 

3.4. High Speed Decoupling 
Recommendations 

Due to its high speed core activity, the Pentium 
processor generates high frequency noise components 
and higher current spikes in the power supply. High 
frequency capacitors between the power and ground 
planes and near the processor, are required to filter these 
high frequency noise components. Since the inductive 
effects of circuit board traces and component leads 
become more critical at higher frequencies, it is critical 
to place high frequency capacitors as near as possible to 
the processor, using short traces to minimize inductance. 
Surface mount capacitors should be placed inside and 
around the socket cavity as shown in Figure 6. 

The recommendations shown in Table 4 and Table 5 
were based on extensive simulations and experiments. 
They provide a robust solution to accommodate various 
Pentium processors and Pentium Overdrive processors. 
During system design cycles, questions may arise about 
reducing cost by reducing the amount of decoupling, 
substitnting with different capacitor dielectrics, and 
using less accurate resistors. Before committing to any 
deviations from the recommendations, it is highly 
recommended that the solution be simulated and 
certified for the variety in components, temperatures, 
and lifetime degradations. The use of fewer, lower 
quality decoupling than indicated in this section is 
discouraged, even if voltage measurements indicate 
that the margin exists at 20MHz.1 

Table 4 Bulk Decoupllng RecommendaUons for 3 3V Platforms 

Design Qty Value Type Maximum ESR Maximum ESL 

Socket 5 4 100 j.!F Tantalum 25mO 0.68nH 

(100 mQ/cap) (2.7 nH/cap) 

Socket 7 4 100 j.!F Tantalum 25mO 0.68nH 

(100 mQ/cap) (2.7 nH/cap) 

Standard 4 100 j.!F Tantalum 25mO 0.68nH 

(low cost, (100 mQ/cap) (2.7 nH/cap) 
non -VRE) 

Footnotes 
1 The product test environment assumes a certain minimum amount of decoupling. 
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Table 5 High Speed Decoupllng RecommendaHons for 3.3V Platforms 
Socket Qty Value Type Maximum ESR MaximumESL 

SocketS 18 1 J.1F X7R1X7S 0.83 ma 0.117 nH 

ceramic caps (15 mllicap) (2.1 nH/cap) 

Socket 7 25 1 J.1F X7R1X7S 0.6ma 0.084 nH 

ceramic caps (15 mllicap) (2.1 nH/cap) 

Standard 12 1 J.1F X7R1X7S 1.25ma 0.175 nH 

ceramic caps (15 mllicap) (2.1 nHlcap) 

capacrtor values are In micro farad 

Figure 6. Recommended High Speed Decoupllng Capacitors and Layout for VRE-based 
Unlned-Plane Designs 
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Socket 7 1 
capacrtor values are In micro farad 

Figure 7. Recommended High Speed Decoupllng Capacitors and Layout for VRE·based 
Unlfled·Plane Deelgns 

3.5 ESR and ESL: Why Less is 
Better? 

Effective Series Resistance (ESR) and Effective Series 
Inductance (ESL) are elements of non-ideal behavior of 
real components. The ESR and ESL determine how 
quickly a capacitor can source current to regulate a new 
load. More importantly. the ESR must be low enough at 
high frequencies to not offset the desired filtering effects 
of bulk decoupling capacitors. For a given current 
transient. the voltage transient is proportional to the ESL 
and ESR. The use of capacitors with high ESR and ESL 
hence contributes to higher voltage transients and may 
cause overshooting or undershooting. Aluminum 
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electrolytic capacitors degrade at a relatively low 
frequency. Low ESR tantalum caps can retain ESR 
specifications up to about 1-10 MHz. Low ESR ceramic 
capacitors can retain ESR specifications up to l00MHz. 
Do not reduce the quantity of capacitors shown in Table 
4 and Table 5 if substituting with capacitors with a 
larger value. When placed in parallel. two 2201JF 
tantalum capacitors may have higher ESR than four 100 
J,LF capacitors. Placing capacitors in parallel reduces the 
maximum overall ESR. The maxiDUlm overall ESR 
specifications listed in Table 4 are the same for 
capacitors with values of 100J,LF. 2201JF. and 330J,LF. 
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3.6. Decoupling Recommendations 
for Split-Plane Designs 

A split-plane design using Socket 7 should have all the 
decoupling capacitors recommended for Socket 7 (in 
Tables 4 and 5) placed on the core power plane. In 
addition 12 capacitors, each with a value of O.I~, 
should be used to decouple the 1/0 power plane. 

4.0. TAKING VOLTAGE 
MEASUREMENTS 

4.1. Creating Worst-Case Transient 
Excursion 

The recommendations for regulators and local 
decoupling can be validated by creating worst-case 
supply transient conditions and measuring accurately as 
shown in Figure 8. Worst-case transients may be 
generated by executing the "stress" program on a 
Pentium processor test sample (refer to Appendix A for 
directions on obtaining test samples and the "stress" 
program). Table 6 explains the steps to create the worst-
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case transient conditions. Table 7 provides the 
measurement technique summary. 

It is necessary to assert and deassert the STPCLK# 
signal while executing the "stress" program to create the 
worst-case transient condItions. Asserting the STPCLK# 
signal will place the processor into the Stop Grant mode 
(consuming about 15% of active current). Deasserting 
the STPCLK# signal will return the processor to the 
Normal state. To simulate actual system behavior, V co 

should be stabilized before asserting or deasserting 
STPCLK# as shown below. Asserting and deasserting 
STPCLK# too rapidly may generate unrealistic voltage 
transients. There are no minimum time specifications 
required to stabilize V co since the estimated time is 
highly dependent on the system (length of current 
instruction, outstanding write cycles, response time of 
voltage regulator, and accuracy and quantity of 
decoupling). However, based on experiments from the 
Pentium'" Processor Flexible Motherboard Reference 
Design, STPCLK# should be asserted and deasserted at 
a rate of 10-100KHz. As part of their power saving 
features, certain BIOS are able to assertldeassert 
STPCLK# during execution of a batch file such as 
described in Table 6. 

Table 6. DlrecUons to Generate Worst-Case Transient 
Step One A Install Pentium III processor 

Step Two B Insert diskette containing the "stress" program 

Step Three C Copy ·STR4Y.EXE" to the C drive 

Step Four 0 Create a batch file with an infinite loop that executes "STRY4.EXE" once in every 
loop. See Appendix A. 

Step Five E Run the batch file created in step four. 

Step Six F Measure V "and set oscilloscope as shown in Table 8 to obtain the voltage 
transient. Tfie voltage transient must not overshoot 3.6V, or dip lower than 3.4V 
for VRE systems. 

Step Seven G Assert and deassert STPCLK# while the "stress" program is executing. 

Table 7. Measurement Technique Summary 

Measurement Bandwidth' ~ 20 MHz 

Probe Bandwidth ~ 250 MHz 

Board Location At the back of the board, at Socket pins 

Pin Locations 12 Pins (listed above) 

Note: ' Signals should be attenuated by no more than 3dB at 20MHz, and 6dB at 40MHz. 
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STPCLK# Here 

CenterVCC 

3.6V 

Regulated VCC Level 

Minimum VCC: VRE: 3.4V 
SID: 3.135V 

Assert I Deassert 
STPCLK# Here 

/ 

Rgure 8. Method for GeneraUng Woret·Case Transient via STPCLK# 

4.2. Measurement Technique 

All transient measurements must be taken at the back of 
the motherboard at the socket pins on an iPSL-certified 
Socket 5, Socket 7, or an equivalent socket of 5nH or 
less. Measuring transients on an unspecified socket or at 
a different location will result in inaccurate readings. 
For accurate readings, all probe connections must be 
clean. Shorten the ground lead of the probe to minimize 
any extra inductance. A specially-made probe as shown 
in Figure 9A will ensure accurate readings by 
connecting the probe tip directly to the Vas signal and 
connecting four standoffs to the Vas plane. Figure 9B 
proposes an alternate solution by providing a short loop 
of wire around the ground shield of the probe. Figure 9C 
is a good example of how not to perform measurements. 
The ground cable of the probe will add significant noise 
to the transient measurements. 

The following V cJV ss pairs should be measured, and 
must all meet the voltage specification: AN13/AMIO, 
AN211AM18, . AN29/AM26, AC37fl36, U371R36, 
1.3711136, A251B28, A171B20, A7IBIO, GlIK2, SlN2, 
ACIIZ2. These pins are a subset of all V cJV as pairs, 
and hence should not be singled out when placing 
decoupling capacitors. 

The scope settings shown in Table 8 are recommended 
for accurate measurements. Although the measurement 
bandwidth of the scope should be set at 20MHz, a probe 
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with a bandwidth of at least 250MHz should be used. 
This high bandwidth probe ensures a total effective 
bandwidth of 20MHz. The trigger point should be set in 
the middle of the range and slowly moved to both the 
high and low ends of the VRE range. 

Table 8. Recommended Oscilloscope 
ConfiguraUons to Capture Voltage 

Transient 
Bandwidth' 20 MHz' 
Sampling ~ 100 Million Samples I 
Rate Second 
Vertical .s. 20 mVldivision 
Reading 
Horizontal ~ 500 nS/division 
Reading 
Display Infinite Persistence 

Notes: 'Signals should ba attenuated by no more than 3dB 
al20MHz, and 6dB at40MHz. 

, A probe with a bandwidth of alleast 250mhz 
should ba used. 
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Signal A 

Correct Correct Not Correct!!! 

Figure 9. Correct and Incorrect Probe Connections for Measuring Transient 

4.3. Measurement Results 

The voltage transient measurement shown in Figure 10 
was taken on the Pentium Processor Flexible 
Motherboard Reference Design (FMB) using the 
technique shown in Figure 9B. The Pentium processor 
FMB is an actual motherboard designed to 
accommodate various Pentium Processors and Pentium 
OverDrive processors, regardless of specifications. The 
Pentium processor FMB ensures accurate voltage 
regulation and proper decoupling through the Voltage 
Regulator Module (VRM), a small add-on module. To 
allow maximum flexibility, a variety of VRM models 
are available to accommodate all voltage specifications 
on the Pentium processors. For more detailed 
specifications of the Pentium processor FMB or VRM, 
please refer to the Pentium® Processor Flexible 
Motherboard Design Guidelines, Revision 2.0 
(Reference Number SC-0990). 

Figure 10 shows the Pentium processor exiting the Stop 
Grant Mode. Measurements were taken with a Tektronix 

TDS-684A oscilloscope and P6245 probe, wlule running 
the "~tress" program with STPCLK# togghng to 
potentially create worst case transients. STPCLK# was 
also used to trigger the measurement. The platform used 
a VRE Spec VRM. 

The VRE specification can tolerate voltage transients 
from 3.4V to 3.6V. The available tolerance of 200m V 
allows for voltage deviations due to transients and for 
VRM setpoint accuracy. VRM setpoint accuracy refers 
to the range in which the VRM maintains the output 
voltage (I.e. DC offset, noise, regulation tolerance 
including reference resistor tolerance under line and 
temperature variations). In this case, the setpoint 
accuracy is 70mV. The maximum voltage transients 
measured was about 58mV. This demonstrates that the 
Pentium processor flexible motherboard reference 
deSIgn meets the VRE voltage specifIcation. It is 
important to note that the VRM and motherboard 
decoupling should allow for the main processor or 
Pentium OverDrive processor with the worst case 
current ramp. 
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Figure 10. Transient Measurements with VRE Spec VRM 
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Appendix A: Test Samples and "Stress" Code 

The "stress" program and may be obtained through a local Intel Field Sales representatlve or by calling Intel Technical 
Support at 1-800-628-8686. Intel Field Sales representatives may obtam the stress program from Sales Library 
Database (Technical Documents). 

After the "stress" program has been obtained and installed 0'1 the C drive. a batch file should be written to run an 
infinite loop. The following is an example. The file is called STRESS.BAT: 

:loop 

STRY4.exe 

echo on 

gota loop 

At the DOS. prompt. type STRESS and take measurements as explained in Chapter 4.0. 
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Appendix B: Third Party Components 

The following vendors offer various solutions to ensure a robust VRE-based platform. Please contact the following 
vendors for specifications, samples, and design support. 

Table 9 Voltage Regulator Modules 
Vendor North America Europe APAC Japan 

Unear Bob Scott Fred Killinger Dick Collins 
Tech 

Tel: (408) 432-1900 Tel: (49)89-3197410 Tel: (65) 293-5322 

Fax: (408) 434-0507 Fax: (49) 89-3194821 Fax: (65) 292-0398 

Maxim! David Timm (Maxim) Jacob Huang (Ambit) David Timm (Maxim) 
Ambit' 

Tel: (408) 737-7600 Tel: 88635-784975 Tel: (408) 7:¥l-7600 

Fax: (408) 737-7194 Fax: 886-35-775100 Fax: (408) 737-7194 

Power Phil Lulewicz Joe Ywli Ken Katsumoto 
Trends' 

Tel: (708) 406-0900 Tel: (408) 7:¥l-7600 Tel: (81) 3-5367-9000 

Fax: (708) 406-0901 Fax: (408) 737-7194 Fax: (81) 3-5467-07n 

Semtech' Art Fury Julian Foster Art Fury 

Tel: (805)498-2111 Tel: (44) 592-630350 Tel: (805) 498-2111 

Fax: (805) 498-3804 Fax: (44) 592-n4781 Fax: (805) 498-3804 

Siliconix Howard Chen Eric Williams Howard Chen Tony Grizelj 

Tel: (408) 970-4151 Tel: (44) 344-485757 Tel: (408) 970-4151 Tel: (81) 3-5562-3321 

Fax: (408) 970-3910 Fax: (44) 344-427371 Fax: (408) 970-3910 Fax: (81)3-5562-3316 

Nole: ' DP VRM available 
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Table 10. Socket 7 

Vendor North America Europe APAC Japan 

Amp Jim Crompton Rob Rix H.ltoh 

Tel: (910) 855-2338 Tel: (44) 753-67-6892 Tel: (81) 44-844-8086 

Fax: (910) 855-2224 Fax: (44) 753-67-6808 Fax: (81) 44-812-3203 

Appros Tony Goulart Appros Taiwan Inc. Appros Inc. 

Tel: (415) 548-1636 Tel: (886) 2-718-4774 Tel: (03) 3358-4857 

Fax: (415) 548-1124 Fax: (886) 2-718-4344 Fax: (03) 3358-5734 

Augat David M. Barnum Ani Shahab Atsushi Sasaki 

Tel: (508) 699-9890 Tel: (44) 952-670-281 Tel: (81) 44-853-5400 

Fax: (508) 695-8111 Fax: (44) 952-670-342 Fax: (81) 44-853-1113 

Foxeonn Julia Jang or Paul Fitting Ronny Chiou or Ivan Liaw 

Tel: (408) 749-1228 Tel: (886) 2-268-3466 

Fax: (408) 749-1266 Fax: (886) 2-268-3225 

Yamaiehi Ann Sheperd Mr. Matsuda Alan Liu Mr. Shiwaku 

Tel: (408) 456-0797 Tel: (49) 89-451021-43 Tel: (886) 02-546-0507 Tel: (81) 3-3778-6161 

Fax: (408) 456-0779 Fax: (49) 89-451021-10 Fax: (886) 02-546-0509 Fax: (81) 3-3778-6181 
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Table 11. Decoupllng Capacitors 
Vendor Part No. Type North America APAC 

Singapore 
Dennis Liebennan Steve Chan 

AVX 1206YZ105KAT1A 1/lF.X7S Tel: (803) 946·06HI Tel: (65) 258·2833 
Fax: (803) 448·2606 Fax: (65) 258-8221 

Korea 
TPSD107K010R0100 100/lF. Tantalum K.J.Kim 

Tel: (82) 2-785-6504 
Fax: (82) 2-784-5411 
Taiwan 
Nanco Electronics 

Johanson Sales Department Bill Yu 
Dielectrics Tel: (818) 364-9800 Tel: (886) 2-758-4650 

160R18W105K4 1/lF. X7R Fax: (818) 364-6100 Fax: (886) 2·729·4209 

Hong Kong 
Tel: (852) 765-3029 
Fax: (852) 330-2560 

KEMET Richey-Cypress Intemation Accounts 
Electronics T495X107K010AS 100/lF. Tantalum Electronics Warren Marshall 

Tel: (408) 956-80)0 Tel: (800) 421-7258 
Fax: (408) 956-8245 Fax: (714) 895-0060 

Taiwan 
Tel: (886) 2-562-4218 
Fax: (886) 2-536-6721 

Murata Sales Department 
Electronics Tel: (404) 436-1300 Hong Kong 

GRM40X7R105J016 1/lF. X7R Fax: (404) 436-3030 Tel: (852) 782-2618 
Fax: (852) 782-1545 

Korea 
Tel: (82) 2·730-7605 
Fax: (82) 2-739-5483 
Korea 
Tel: (82) 2·554-6633 
Fax: (82) 2-712-6631 

TDK 
Sales Department Taiwan 

CC1206HX7R105K 1 /IF. X7R/X7S Tel: (708) 803-6100 Tel: (886) 2-712-5090 
Fax: (708) 803-6296 Fax: (886) 2-712-3090 

Hong Kong 
Tel: (852) 736-2238 
Fax: (852) 736-2108 
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Table 12. Header 7 

Vendor North America Europe APAC I Japan 

Amp Larry Freeland Rob Rix H. Itoh 

Tel: (717) 780·6045 Tel: (44) 753-67-6892 Tel: (81) 44-844-8086 

Fax: (717) 780-7027 Fax: (44) 753-67-6808 Fax: (81) 44-812-3203 

Foxconn Julia Jang or Paul Fitting Ronny Chiou or Ivan Uaw 

Tel: (408) 749-1228 Tel: (886) 2-268-3466 

Fax: (408) 749-1266 Fax: (886) 2-268-3225 

Table 13. Shorting Blocks 

Vendor North America Europe APAC Japan 

Amp Larry Freeland Rob Rix H.ltoh 

Tel: (717) 780-6045 Tel: (44) 753-67-6892 Tel: (81) 44-844-8086 

Fax: (717) 780-7027 Fax: (44) 753-67 -6808 Fax: (81) 44-812-3203 

Foxeonn Julia Jang or Paul Fitting Ronny Chiou or Ivan Uaw 

Tel: (408) 749-1228 Tel: (886) 2-268-3466 

Fax: (408) 749-1266 Fax: (886) 2-268-3225 

Molex Micheal Gits (Molex) (Molex) (Molex) 

Tel: (708) 527-4801 Tel: (49) 89-413092-0 Tel: (65) 268-6868 Tel: (81) 427-21-5539 

Fax: (708) 969-1352 Fax: (49)89-401527 Fax: (65) 265-6044 Fax: (81) 427 -21-5562 

I 2-1659 
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Table 14. Resistors 

Vendor Size Type Accuracyl Value Contact 

Beckman 0805 thin 0.1%,10K-l00Kohms Cathy Whittaker 

IndUstrial thick 1-5%, 10-lM ohms (214) 392-7616 

0603 thick 1-5%, 10-1 M oh.ms 

Dale Electronic 0603 thin 0.5%, 10-100K ohms Gary Bruns 

thick 1%,2%, 10-lM ohms (402) 371-0080 

0805 thin 0.1%,100-100Kohms 

KoaSpear 0805 thin 0.1%,100-100Kohms T. Yogi 

thick 0.5-5%, 10-lM ohms (814) 362-5536 

Thin Film Technology 1206 thin 0.1%,100-250Kohms Thin Film TECH. (607) 625 8445 

Regional Sales Managers 

0.5%, 10-250K ohms Patrick J Lyons ext. 14 

All states W. of Mississippi except Texas 
and S. CaiWornia 

0805 thin 0.1%, 100-100K ohms 

0.5%, 10-lM ohms Mark Porisch ext. 12 

Southern U.S. E. of Mississippi including 
Texas 

0603 thin 0.1%,100-33Kohms 

0.5%, 10-330K ohms Tim Goertzen ext. 13 

Northen U.S. E. of Mississippi & Canada 

0402 thin 0.5%, 10-100K ohms 

Mike Smith (310) 768-8923 

Southern California 

2-1660 I 
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NORTH AMERICAN SALES OFFICES 

AAIZOHA 
=t::t..way ~eoa:- lEIAS 

I11III.=. _,00 125 Hal Mila Road ...... c;oc,. 
410 44Ih_ _8 Red Bank 07701 ~=--oITe_Hwy 
8u11e470 _nel32751 

TII:= __ 
"'-'Ix 85008 T.I:~ __ FAX: )747_ AIIItIn 78759 
TII:~ __ FAX: (40 88().1283 TaI:~eze._ 
FAX: ~ NEW YORK FAX: (51 338-9335 
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GEORGIA 
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...... eorp. 
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8u11e203 No!cftIea 30092 : 51 253-7391 ~tic~ffl.;.~ c.IIIbuaa, CA .,302 

~tic~~5 FAX: (718)223-2581 
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FAX: (81 )-880-1820 Inial Qorp. ='05~. Hwy 249 inial=:. IIAHD :'.::'.t~DrIve SUle880 
3550W A ...... 

='~t7.in_ ~~~: 
Houaton 77070 

8uIIe 140 
~~--SIIcIame'*> 15821 Sull8238 FAX: (518)348-7939 : 91 881·2410 

TaI:(800~ __ 
_83702 

FAX: (713)378-2891 
FAX: (11 8711-7011 TeI:~ __ OHIO 

UTAH 
...... COrp. FAX: 331.zz&5 

=:r70rlve :::s.::-RIdge DrIve 
ILLINOIS SUllo 205 ~=6400 SouIh 8u11e4A Hudaon 44238 SUllo 135 

1IIIn=1I2123 ='= ...... IeRoad ~~~~~ Muna~'07 Til: __ 

~tic:(80'~ FAX: (81 )487-2480 SUI. 400 
~~_DrIVe =~DrIve ~~ WASHINGTON 

FAX:=) fI05.8782 SUllo 220 
1IIIn ...... 15131 

=454~ ==A ....... SE 
TII:~ __ 

INDIANA FAX: ( 441_ ~~2528 _,05 

==TU8IInA_ ==Road 
FAX: (513)880-88511 --TaI:~ __ _100 

~~828~ 
DICI.AIIOIIA FAX: 748-4415 

_Ana 112701 
==~ WISCONSIN 

~-
FAX: (31 577-41311 

·It 0) &85-1114 IIARYLAND SUle115 -=. FAX: 4) 541-11157 ~~82 400 EXIIOUIIve DrIve 
~~IeVaIIe =' =-. Bus. Pkwy 

8uIIe 401 
FAX~(~84IHI819 BrooIdIeId 53005 

_zoa.RCO SUIl8ZOO ~tic~~= _B_1I2075 ~ JuncIIon 20701 OREGON 

-~. 
Til: ( )_ 

~54~'G_er 1860 E. rand Avenue 
FAX: (301) 208-38711 CANADA 

SUllo 150 MASSACHUSETTS 

=~ ral~==45 Inial Cc!<P. Baa 97008 
BRmSH COlUMBIA 

FAX: (31t) 540-7133 ~&Park ~~~~ :;1:.::r .... Ltd• 

COLORADO FAX: (503) 545-8181 Sull8404 

~ticl~~= PENNSYLVANIA 
SUll811 =='Chony_ Va........, vee 3E2 

SUllo 700 MICHIGAN Inial Corp. ~~~=~3 Denver 80222 925 Harvest DrIve 
~~=-= 

-Corp. SUllo ZOO ONTARIO 
~2~rlw:":.em Hwy. Blue Bea 19422 

FAX: (303)322-8670 ~~~~~ inial of C ........ lid. 
~H"'48334 

2650 a ....... _ Drive 
CONNEcncUT T~ ?_ SOUTH CAROlINA 

SUllo 250 
F : (3 3)851-11770 Ottawa K28 8H8 

_CO~ 
~'=~Road 

TII:(800~ __ 

40 Old Road MINNESOTA FAX: (61 820-5936 
SUllo 311 
=06811 

=W.:t __ sune4 ~'l::w...~ Ltd. Tet __ 
ColUmbIa 29223 

FAX: )778-2168 SuIte 380 Tel: (~eze._ SUlle500 

BIoo~55431 FAX: 788-7899 RexdaleMBW8H8 
FLORIDA 

Tal: __ 
Tel: (800~ eze._ ~: 91 578-2887 ~=Ive eert_or FAX: (41 675-2438 ==11..-_. FAX: (612) 831-8497 

SUllo 109. BI83 QUEBEC 
_348 NEW JERSEY _29615 
~_33441 

...... Corp. 
TaI:~_ ~~~West Tal: ~82f1.8888 FAX: 297-3401 

FAX: 421-2_ 2001 Route 46 SUIl8320 
SuIte 310 PI. ClaIre H9R 6N3 

~ Tal' 
FAX: (20\) 402_ 

~~l~~== 
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NORTH AMERICAN DISTRIBUTORS 

ALABAMA CALFORNIA HaI~M.rk Comp_ = ~I:'~:' Dr. 
CONNECTICUT 

15950 Bematdo C1r Dr 
AntMm Electronlea Anthem Electronlea SulieC', San~92123 AntMm EIectronIea 
6OO_SouIh 9131 oakdale Avenue ~~~~~~~83 Tel: (61 565-9171 ~ltatuck HeIghta 
Suftel04F&H Chela_ 91311 FAX: (61 ) 365..()512 
HunlaYll1e 35602 

~~~mrJ"~~ ~fs=== 
WyleElectronlea 

Walerburg 06705 
Tel: (205) 890-0302 Tel: (20301675-1676 

3000 Bowers Avenue FAX: (2 ) 696-3232 --- Anthem EIoctronIea ~~r~roo\e4~~~83 Benta Clara 95051 
EIectronIea I 0IdI1eId Drfve ~~!1~~m7: A" .. wlSC"" ..... 
1015 Hendel1lOn Road Irvine 92718-2909 

HaI~M.rk Computor 
EIectronIea 

HuntsYllle 35805 
~~r~1~r~~56 ~l=n~ 

680 N. Main st. Ext. 

~~~~g~~m~1 1rX:.~~~18 Walll=06492 
Tel: (2 ~ 285-7741 

Anlhem EIectronlea Tel: (800) 409-1483 IrYIna 92714 FAX: (2 ) 265-7968 
H.I~M.rk Computor 560 Menlo D~ve Tel: (714) 863-9953 

~s.:.~~~':s~ 6Square SuHe8 HaI~M.rk Comp_ FAX: (714) 283-0473 Hall-Mllrk Computo. 
Rocklin 95677 560 Menlo Driv8 :un:=,,~e C1r Tel: (600) 409-1483 
~~~~J~tf~:.~~j'50 

SuHe2 WyIe Electronics 
Rocklin 95765 26010 Mureou Road 

~~i"~~?1483 HamlHon H.llm.rk Tel: (800) 409-1483 SuHel50 
4890 UniversHy Square Anlhom Eleclronlcs Colabasas 91302 
Suftel 9369 Conoll Park D~ve HamlHon H.llm.rk 

~~~~m:=o Hamlfton Hellm.rk 
HuntsYllle 35816 ~~ fe~Tlta~~ 

3170 Pullman Straet 125 Convneroe Court, 

~~~~~~~~~ 
Costa Moaa 92626 Unft6 

FAX: (61~) 546-7893 Tel: (714) 541-4100 :zous_ C_05410 
FAX: (714) 541-4122 EIectronlea 

~~~:o1W2~m. MTIS=:S .... Anthem Electronlea 
Ham'fton H.llmark 

6276 Ben ignacio 
4950 Ie Drive 1160 Ridder Park D~ve Avenue 
SuIIe 120 Ben Jose 95131 ~~~~M31nue SUfte E PIonoor stand.rd 
HuntsYllle 35605 

~~f~~~~~~~ Ben Jose 95119 2 Trap Falls Road 

~~f~h~~~ ~1'icft~~~~ ~~f=Ws~ Shelton 06484 
Tel: (203) 929-5800 

Planoe. TechnologtM 

_1Sch_ 
HamlRan Hellmark Electronlea -- FLORIDA 

=tnivorally Square 
26707 Weal Agoura ~5Dy:~r,Jvenue EIectronlea 
Road ' 6 Cromweft SII88I AntMm EIectronlea 

SUIIe 5 Colabaaae 91302 Tel: (61~671-7540 SUfte 100 S200 NW 3rd Avenue 
HuntsYlUa 35605 

~1'icf'lmm:o 
FAX: (61 ) 277-8136 irvine 92718 SUfte 206 

~~f~~~m7~~ Hamlfton Hallmark ~~r~1~ffi.~ A. lauderdale 33309 --- 21150 Colila Sireet Tel: (305) 4Il4-0990 

WyIe Electronlea EIectronIea Woodland Hilla 91367 COLORADO Anthem EIectronlea 
7800 Governera Dr .. W. 46834 Kala Road ~~f~~~~=~ S99 S. Northlake BlVd. l::: Building, 2nd SuHe 103 Anthem EIectronlea SUIte 1024 

Fremont 94538 H.mlRan Hallmark 373 Invemesa Dr. S. Altamonte ~ 32701 
HuntsYl11e 35607 Tel: (510) 490-9477 560MenIoD~ ~Iewood 80112 Tel: (813~ 7-2900 

~~~~~mo FAX: (510) 490-1054 SuHe2 Te: (~ 790-4500 FAX: (81 ) 795-4880 -- Rocklin 95762 FAX: ( ) 790-4532 

__ 
ARIZONA Electronlea Tel: (916) 624-9781 ArrowlSch_ Electronlea 

6CromweH F(>;x: (916) 96Hl922 Electronlea 400 Faitway D~ 
Alllinco Electronlea Sulle 100 PIa_ Standsrd 61 Invem ... Dr East Sulle 102 
7550 East Redfield ReI Irvine 92718 5126 Clarelon D~ SuHe 105 DeerfIeld Beach 33441 
Scottsdale 85260 Tel: (714) 581-4622 Suhe 106 E:;p:lewood 80112 ~~~f~~~t~ggl Tel: (602) 261-7968 FAX: (714) 454-4206 

~(~~iI~~:Jo Te: (~799-0258 
Antham Electronlea ArrowlSch_r 

FAX: ) 799-0730 ---1555 WestlO1h Place Electronlea PIa ..... r Standard AvnelComp_ Electronlea 
Suite 101 9511 Rldg.heven Court 217 Technology Drive 9605 Maroon Circle ~e~'l:iDrive 
+:rr~5~~l..66OO ~r felfB)5~reoo Sufte 110 ~:;p:~=:g.v9k Lake Mary 32746 
FAX: (m) 966-4826 

Irvine 92718 
F(>;x: (619) 279-8062 Tel: (714) 753-5090 

~~~~I:c~or 
Tel: (40~ 333-9300 

ArrowlSchweber ArrowISth_ PIa_r Technolag'" 
FAX: (40 333-9320 

Electronlea Electronlea 
~~'lfio Robles ~:;p:I(=:~~k ArrowlSchw_ 

2415 West Erie Drive ~~O~~~re"ue Electronlea 

+~'Ts'Jf~-OO3O Ben Jose 95134 HamlHon Hallmark :1~ ~ Scout Dr. 
Tel: (408) 441-9700 

~~!~~f~J~3 12503 Eeal Euclid Dr FAX: (602) 431-9555 FAX: (408) 453-4810 Ta~33607 Suite 20 Tel: 813~ 873-1030 AvnoI Camput ... Avnot Computor Pla_. standard ~lewood60111 FAX: (81 ) 873-0077 1626 SouIh Edwards Dr 
1~':'~~18 4370 La Jolla Village Te: (~790-1662 

+:lTe'~~~7999 Drive F(>;x: ( ) 790-4991 Avnat Computor 
Tel: (800) 426-7999 

~rfelm'~~ H.mlRan Hellmark 
541 S. Ortando Ave. 
SulIe203 

~~M:a~;;W~W:c. Avnot Computo. 710 Woolen Road MaHland 32751 
371 Van Noaa Way 

moE~.=a~kwy 
SUHe28 Tel: (600) 428-7999 Phoenix 85040 Torrance 60501 CoIoraOO Springs 

Tel: (800) 409-1483 • Tel: (800) 426-7999 Irvine 92713 80915 ~~.J"st":'t= Planoor standard AvnetComp_ Tel: (714) 753-9953 ~MT~~~ffi~ Largo 34547 
1438 West Broadway 15950 Bernardo Ctr Dr FAX: (714) 753-9877 

Tel: (800) 409-1483 
SUHoB-I40 SuHe6 

~~':oE~.:'';''~kwy ~~~~lap~ 
+:n'to~f~~9335 ~~g~4~~~~ SulIe200 Blvd. ~:f~:;;~:::~ 
HamlHon H.llm.rk Avnot Computor Irvine 92713 SuHe 201 SulIe206 

rJ~":Wso Clearwaler 34620 
4637 South 36th Place 1175 Banleaux D~ve Tel: (714) 753-9953 

Tel: (600) 409-1483 Phoenix 85040 SUHeA FAX: (714) 753-9877 
Tel: (602) 437-1200 

~~~~roo~4~~ WyIe EIect",nlea w"e!~=::''':venue HamlRan Hellmark 
FAX: (602) 437-2348 2951 SUnrtee BlVd. 3350 N.W. 53rd strael 

WyIe Electronlea Hal~rk Computor SUHe 175 ThomIon 60241 SulIel05-107 
Rancho COrdova 95742 ~~~~~:;7~~1 R. Lauderdale 33309 4141 East Raymond 21150 CaIIIa Street 

~1'icf~~~t~8~~1 
Tel: (305oh 464-5482 Phoenix 85040 Woodland Hills 91367 FAX: (3 ) 454-2995 

~~~m~i~7~~~4 Tel: (800) 409-1483 



intel· 
NORTH AMERICAN DISTRIBUTORS (Cont'd) 

Hamilton HoIlm."k AnuwISchwebor z.u._ 
10411 72nc1 St. _ EIocIJonlea IIAIIYLAND ~:t: ~a:::--_ 
Largo 34647 1140 W Thorndale Ad 

Eledranlea 

Tel: (813~641-7440 ltaoca60143 
Anthem Eloctronlea ~1=.::,e887 SuII.l 

FAX: (81 5«_ Tel: (708) 250-0500 
7168ACoIIInbIa 

Tel: (~858 ... 776 ~~ 
Hamilton Hallmark g:=~~ 

Tel: (61 853-2260 

~~~r.~:~JzIvd. ~mw::::.t.~ve Tal: (800) 233-6039 
FAX: ( ) 694-2199 FAX: (61 ) 853-2298 

Banoanvltle 60106 -- MICHIGAN MISSOURI 

Tel: (40~657-3300 Tel: (800) 426-7999 
FAX:(40 678~14 

Eledranlea -- --PIoneer Tochnologlea 
Hall-Mark Comp<Itar 9BOOJ Patuxent Woods Eledranlea Eledranlea 
1124 Thorndale Ave Drive 44720 Helm Straat 2360 Schuetz Road 

~tfo.u,laka Blvd 
_nvtlle60106 Columbia 21046 ~48170 St. Loula 63141 
Tel: (800) 409-1483 Tel: (301) 596-7800 ~~~m:~: Tal: (314) 567-6888 

Suite 1000 FAX: (301) 596-7821 FAX: (314) 567-1164 
Ana Mont. Spgs 32701 Hamilton HoIlmark 
Tal: (40~834-8090 1130 Thorndale Ave ~;::~uter :r==:'UWrkAd :=R~';:: South 
FAX: (40 834-0865 Benaanvtlle 60106 

~~neer Technologlea 
Tel: (800) 426-7999 Gateway Drive sun. 120 Earth ~ 63045 

~oS~:::t"-l-~IOs.=. 
SuIIeG 

_ 48375 
Tel: (800 426-7999 

674~hMIlIta~ 
Columbia 21045 Tel: (800) 426-7999 

DIHII1IeIdBaach Avenue 
Tel: (800) 426-7999 

~~~~ml~ ~~c:.::r=h 
~~!f~:::;~fso 

ltaoca 60143 ~~~...:::.mputer Earth ~ 63045 

~~f':o/,r=5 
sun. 120 Tel: (800 409-1483 

Gateway DrIve Novl46375 
WyIe Electronlea SUleG Tel: (800) 409-1463 Hamilton Hallmark 

1000 112th ctn:Ie North Pioneer standard Columbia 21046 Hamilton Holimark 
3763 Rider Trail South 

~~roburg 33716 2171 Executive Drive Tel: (800) 409-1483 Ear1h~63045 
SUne200 44191 Plymouth oaka Tel: (314 291-5350 

~~~~mm9~m8 
Addleon 60101 Hamlllon H.llmark Blvd. FAX: (314) 291_ 

~~f1~:::-=1 
10240 Old CcIII11bIa Suno13OO 

z.u._ Rood ~48170 NEW HAMPSHIRE 
ColumbIa 21046 Tel: (313~416-5806 

Eledranlea WyIe Electronlea ~~!tmr:;~~ 
FAX: (31 416-5611 Avnot ComJ>utor 

37 ::rne DrIve 2055 Army Tral Rood 2 Execu\Ive Park DrIve 

Bldg " Sullo 3101 SUKel40 
North Atlantlc 

Hamilton Holimork IIedfonI 03102 

lIIka Mary 32746 AddIaon 60101 41650 Garden Brk Ad Tel: (800) 426-7999 

SuIIe 800 Tel: (800) 853-9953 Ind_ sun. 100 

Tel: (40~333-3055 z.u._ ~:m'':= Drive 

__ 18 
NEW JERSEY 

FAX: (40 333-9681 Eloctronlea CoIuni>1a 21046 ~~~m~tml Alllham EIoctronIca 

GEORGIA 1140 W Thorndale Ave Tel: (301) 312-5800 PIoneer standard 
26.Phap1n Rood, Unn K 

ltaoca60143 FAX: (301) 312-5950 PIne Boook 07056 

Anthem _nlea Tel: (708) 250-0500 4505 Bn>admoor S.E. Tel: (201)227-7960 

2400 Pleasant Hill Ad INDIANA 
Pioneer Technologlea Grand RapIds 49512 FAX: (201) 227-9246 

Sulteo9& 10 ~g Ganber Rood 
Tel: (616) 698-1800 

Duluth 30136 ArrowISchweber 
FAX: (616) 698-1631 --Tel: (404) 931-3900 ~~=11~ Pioneer standard 

Eloctronlea 

FAX: (404) 931-3902 
Electronlca 4 EesI_Rood 

7108 Lakavlew FAX: (301) 670-&746 44190 Plymouth oaks UnH 11 

ArrowISchwaber Pal1<way WOOl Drive Blvd. Martton 08053 

Eloctronlea Inclia~IIS 46288 WyIe Electronlea Plymouth 48170 ~~!=f:S~ 
4250 E Rlverg,een Pkwy Tel: (31 ~99-2071 9101 GulKord Rood ~~$~~~~mo 
SUne E FAX: (31 299-2379 Sune120 

Duluth 30136 
CoIuni>la21046 --Tel: (404) 497-1300 

A ..... Compulor Tel: (301) 490-2170 MINNESOTA EIocIJonlea 

FAX: (404) 476-1493 
655 West Cannel Drive FAX: (301) 490-2190 An1ham Eloctronlea 

43 Route 46 East 
Sunel60 Pine Boook 07058 

A ..... Computer carmel 46032 MASSACHUSETTS b~ Gofden Trtangte Tel: (201) 227-7880 

3425 Corporate Way Tel: (800) 426-7999 
Anthem Eloctronlcs Eden Pralrta 55344 

FAX: (201) 227-2064 

SufteG Hal~Mark Computer Avnet Computor 
Duluth 30136 

200 Reseerch Drive ~~!~mf:t~~ 
Tel: (800) 426-7999 

655 WOOl CannOl Drive r.:~i~j-~~o 
1-8 Keystone A.enue 

carmel 46032 gut':ln'k~ 08003 
Hal!-Mark Computer Tel: (800) 409-1463 FAX: (508) 657-6008 _ber 

~~~teWay 
Eloctronlea Tel: ~) 426-7999 

Hamilton Hallmark ~r 10100 Yoking Drive 

Duluth 30136 655 West Cannet Drive Electronlea Suneloo Hall-Mark Computer 

Tel: (800) 409-1483 
SuHel60 ~I~on !i~~87 

Eden Prairie 55344 1-8 Keystone Avenue 

carmel 46032 ~~!~mr:l2~~~ =~08003 Hamilton Hallmark Tel: (31ih575-3500 Tel: (!\'fa) 658-0900 
3425 CoIporate Way FAX: (31 575-3535 FAX: (508) 694-1754 :=BrC:Ff= East 

Tel: ( ) 409-1463 

SuleG&A Plon_ standard A ..... Computer Hal!-Mark Computer 
Duluth 30136 
Tel: (404) 623-5475 r~~~~~WD' 10 0 Centennial Drive Sune 410 10 Lanldex Plaza West 

FAX: (404) 623-5490 ~~=)0~:~999 
Minnetonka 55343 ~:r'=)~-~ Tel: (31 573-0880 Tel: (800) 426-7999 

Pioneer T_nologles FAX: (31 573-0979 = Ri.~' .. n Pkwy 
~~I=~,:r~:e ~'I:'':'=t:;; 

Hamilton Holimark 

KANSAS :J=~A.enue 
Duluth 301 ArrowISc:hw ...... ~=)~~~483 

SUKe 410 
Cheri"1 06003 

Tel: (404) 623-1003 
Minnetonka 55343 

FAX: (404) 623-0665 Electronlea Hamilton H.llmork 
Tel: (800) 409-1463 Tel: ( m 424-0110 

Wyle Eloctronlca ~~~~I~ood 10 0 cantannlal Drive Hamilton Hallmark 
FAX: ( )751-2552 

~; rn Comera Pkwy ~~~~mffi;~8 ~=)°J:l~430 
9401 James A.e South Hamilton Hollmork 
SuII.I40 10 La_x Plaza West 

NorclO88 30092 
FAX: (508) 532-9802 ~on65431 Pa=~07054 

Tel: (404) 441-9045 ~~.;o..:::r: PIoneer Slanclard 
Tel: (61 881-2800 Tel: 1) 16-5300 

FAX: (404) 441-9086 Lanexa 88219 44 Hartwell A.enue 
FAX: (612) 881-9461 FAX: (201) 515-1601 

ILLINOIS Tol: (800) 409-1483 Lex/n81on 02173 Pioneer Slanclard ~e::.1ea 
Hamlllon Holimork 

Tel: ( lih861-9200 b~ Golden Trtangte 

Anthem EIocIJonlea 
FAX: (61 863-1547 PI"-07056 

1300 Remington Rood 1 0809 lakeview 
~~kEp-='g~ 

SuMeG Tel: (201) 882-8780 

SultaA 
Avenue Eden Prairie 55344 FAX: (201) 539-6430 

t.~~~1~ 
Lenexa 88215 Tal: (612) 944-3355 

~~~~~i~~88~~3 
Bedford 01803 FAX: (612) 944-3794 
Tal: (61W71-9953 

FAX: (708) 885-0480 FAX: (61 275-3809 



intel® 
NORTH AMERICAN DISTRIBUTORS (Cont'd) 

PIoneerStandard PIo .... Sblndard ~1-~=7>t~ne :r~~noIoIIIM ~;:t==W88I I4-A Madison Road W~l':~nd Fairfield 07006 SuHeL NumbuaAve. SUIIe525 

~~~mlfrr-~~ 11797 f.r<':8810:00~Ja SUHelSO HouaIon 77008 

~~~~mf:~;~~\t ' Beaverton 97005 Tal: (800) 426-7999 

Wl;iElectronlcs HamlHon Hallmart< Tal: (~6.26-7300 
~~~Ivd II Route 46, B'g¥ F PIoneer Sblndard ~~n~~Road 

FAX: ( 526-6300 

Mountain Lakes 0 046 640 Fairport Park WyIe Electronics _In 79727 
Tel: (201) 402-4970 Falrporll4450 ~~~~mtg:i1~ 9640 Sunahlne Court Tal: (800) 409-1_ 

NEW MEXICO 
Tel: (716) 381-7070 =:m- ~~~ FAX: (716) 381-5955 

Hamilton Hellmark Beaverton 97005 Alliance electronics, Zeua_ 777 Dearborn Pk Lane 
~~~~~~~ 

SUne200' 
Inc. Electronics suneL oaDaa75244 

,3411 BI'/Tl Mawr N.E. 100 Midland Avenue ~r(~\'ilo;.::t3 ' 
Tal: (800) 409-1_ 

~~2~~~ Port Chester 10573 PENNSYLVANIA 

~~h~ Tel: (914) 937-7400 FAX: (614) 888-0767 
FAX: (m) 275-6392 FAX: (914) 937-2553 Anthem electronics 
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