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i ntGI e Introduction

Introduction 1

The Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide describes
Intel’s design recommendations for systems that are based on the Intel® Pentium® 4 processor with
512-KB L2 cache on 0.13 micron process and the Intel® E7205 chipset. The document provides
motherboard design recommendations such as layout and routing guidelines, and addresses other
system design issues such as power delivery. For specific design issues (e.g., thermal
considerations), refer to the design guides and application notes listed in Section 1.1, “Reference
Documentation”.

In this document, “processor “and “chipset” refer to the Pentium 4 processor with 512-KB L2
cache on 0.13 micron process and the E7205 chipset. Where a reference is intended to refer to a
specific processor, the specific processor is listed.

The Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide has been
developed to ensure maximum flexibility for board designers, while reducing board design risks.
The design information provided in this document falls under one of the two following categories:

* Design Recommendations. These are items that are based on Intel’s simulations and lab
experience, are strongly recommended, and may be necessary to meet timing and signal
quality specifications.

* Design Considerations. These are suggestions for platform design that provide one way to
meet the design recommendations. They are based on the reference platforms designed by
Intel and should be used as examples, but may not be applicable to specific designs.

Note: The guidelines recommended in this document are based on experience, simulation, and validation
work performed by Intel during development of Pentium 4 processors with 512-KB L2 cache on
0.13 micron process / E7205 chipset-based systems. This work is ongoing, and the
recommendations are subject to change.

Platform schematics are included in Appendix A. The schematics are for a specific design
implementation, but the core schematics remain the same for most platforms that are based on the
chipset. The schematic set provides a reference schematic for each chipset component, as well as
common motherboard options. Additional flexibility is possible through other permutations of
these options and components.
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Reference Documentation

Item

Location/Number

Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13 Micron
Process Datasheet

298643

Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13 Micron
Process Thermal Design Guidelines

http://developer.intel.com/design/
Pentium4/guides/

Intel® Pentium® 4 Processor with 512KB L2 Cache on .13 Micron
Process Signal Integrity and Usage Guidelines

http://developer.intel.com/design/
Pentium4/devtools/

Intel® Pentium® 4 Processor 478-Pin Socket (mPGA478) Design
Guidelines

http://www.intel.com/design/Pentiumé4/
guides/249890.htm

Intel® Pentium® 4 Processor in the 478 Pin Package Datasheet

249887

Intel® Pentium® 4 Processor in the 478-pin Package Thermal Design
Guidelines

249889

ITP700 Debug Port Design Guide

http://www.intel.com/design/Xeon/
guides/249679.htm

Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet 251937
Intel® E7205 and Intel® E7505 Length Matching Spreadsheet Note 1
Intel® NetBurst™ Microarchitecture BIOS Writer's Guide Note 1
Intel® Pentium® 4 Processor VR-Down Design Guidelines Note 1

Voltage Regulator Module (VRM) 9.1 DC-DC Converter Design
Guidelines

http://developer.intel.com/design/
Xeon/guides

PCI Local Bus Specification

http://www.pcisig.com/

PCI-PCI Bridge Specification

http://www.pcisig.com/

PCI Bus Power Management Interface Specification

http://www.pcisig.com/

PCI-X Specification

http://www.pcisig.com/

PCI Local Bus Specification Rev 2.2

http://www.pcisig.com/

Serial ATA Specification Rev 1.0

http://www.serialata.org/cgi-bin/
SerialATA10gold.zip

Sil3112 PCI to Serial ATA Controller Datasheet Rev 0.01

http://www.siliconimage.com/
home.asp

Intel® 82801DB 1/0 Controller Hub 4 (ICH4) Datasheet

http://www.intel.com/design/chipsets/
datashts/290744 . HTM

AP-728 Intel® ICH Family Real Time Clock (RTC) Accuracy and
Considerations under Test Conditions

http://www.intel.com/design/chipsets/
applnots/292276.htm

JEDEC DDR SDRAM Unbuffered DIMM Design Specification

www.jedec.org

JEDEC DDR SDRAM Unbuffered DIMM Design Specification
Addendum

http://www.intel.com/technology/
memory/ddr/specs/
ddr200_unbuff_dimm_spec_09.htm

JEDEC DDR SDRAM Registered DIMM Design Specification

http://www.intel.com/technology/
memory/ddr/specs/
ddr200_reg_dimm_spec_10.html

DDR200 JEDEC Specification Addendum

http://www.intel.com/technology/
memory/pcsdram/spec/
ddr200_spec_10.htm
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Item

Location/Number

82562ET 10/100 Mbps Platform LAN Connect (PLC) Networking
Silicon Datasheet

http://fdbl.intel.com/servlet/
opencontentservlet?OBJID=09000d29
80129¢13

CK408 Clock Synthesizer/Driver Specification

Note 1

AC '97 Component Specification, Revision 2.3

http://developer.intel.com/ial/
scalableplatforms/audio/

Communication and Network Riser Specification

http://developer.intel.com/technology/
cnr/index.htm

ATA/ATAPI-6 Standard

http://T13.0rg

Intel® BGA/OLGA Assembly Development Guide- NDA r1.4

Note 1

Accelerated Graphics Port Interface Specification 3.0, Revision 0.95

http://www.agpforum.org/

Low Pin Count Interface Specification, Revision 1.0

http://developer.intel.com/design/
chipsets/industry/lpc.htm

Universal Serial Bus 2.0 Specification

http://www.usb.org/

Advance Configuration and Power Interface (ACPI) Specification

http://www.teleport.com/~acpi/

Microsoft Windows* Logo Program System and Device
Requirements

www.microsoft.com/hwdev/winlogo

NOTES:
1. Contact your Intel representative for the latest version of this item.
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INtal.

1.2 Terminology

This section defines conventions and terminology that is used throughout the design guide.

Term

Description

Aggressor

A network that transmits a coupled signal to another network.

AGTL+

The processor’s system buses use a bus technology called AGTL+, or Assisted Gunning
Transceiver Logic. AGTL+ buffers are open-drain and require pull-up resistors to provide
the high logic level and termination. AGTL+ output buffers differ from GTL+ buffers with
the addition of an active pMOS pull-up transistor to assist the pull-up resistors during the
first clock of a low-to-high voltage transition.

Asynchronous
GTL+

Pentium 4 processors with 512-KB L2 cache on 0.13 micron process do not utilize CMOS
voltage levels on any signals that connect to the processor. As a result, legacy input
signals such as A20M#, IGNNE#, INIT#, LINTO/INTR, LINT1/NMI, PWRGOOD, SMI#,
SLP#, and STPCLK# utilize GTL+ input buffers. Legacy output FERR# and other non-
AGTL+ signals (THERMTRIP# and PROCHOT#) utilize GTL+ output buffers. All of these
signals follow the same DC requirements as AGTL+ signals, however the outputs are not
actively driven high (during a logical 0 to 1 transition) by the processor (the major
difference between GTL+ and AGTL+). These signals do not have setup or hold time
specifications in relation to HCLKINP/HCLKINN. However, all of the Asynchronous GTL+
signals are required to be asserted for at least two HCLKINSs in order for the processor to
recognize them.

Bus Agent

A component or group of components that, when combined, represent a single load on
the AGTL+ bus.

Crosstalk

The reception on a victim network of a signal imposed by aggressor network(s) through
inductive and capacitive coupling between the networks.

» Backward Crosstalk - Coupling that creates a signal in a victim network that travels in
the opposite direction as the aggressor’s signal.

» Forward Crosstalk - Coupling that creates a signal in a victim network that travels in
the same direction as the aggressor’s signal.

» Even Mode Crosstalk - Coupling from a signal or multiple aggressors when all the
aggressors switch in the same direction that the victim is switching.

* 0Odd Mode Crosstalk - Coupling from a signal or multiple aggressors when all the
aggressors switch in the opposite direction that the victim is switching.

Flip Chip Ball Grid
Array (FCBGA)

Microprocessor packaging using “flip chip” design, where the processor is attached to the
substrate face-down for better signal integrity, more efficient heat removal and lower
inductance.

Flight Time

Flight time is a term in the timing equation that includes the signal propagation delay, any
effects the system has on the Tco of the driver, plus any adjustments to the signal at the
receiver needed to guarantee the setup time of the receiver. More precisely, flight time is
defined as:

* The time difference between a signal at the input pin of a receiving agent crossing
the switching voltage (adjusted to meet the receiver manufacturer’s conditions
required for AC timing specifications; i.e., ringback, etc.) and the output pin of the
driving agent crossing the switching voltage when the driver is driving a test load
used to specify the driver’s AC timings.

*  Maximum and Minimum Flight Time - Flight time variations are caused by many
different parameters. The more obvious causes include variation of the board
dielectric constant, changes in load condition, crosstalk, power noise, variation in
termination resistance and differences in 1/0 buffer performance as a function of
temperature, voltage, and manufacturing process. Some less obvious causes
include effects of Simultaneous Switching Output (SSO) and packaging effects.

+ Maximum flight time is the largest acceptable flight time a network will experience
under all conditions.

* Minimum flight time is the smallest acceptable flight time a network will experience
under all conditions.
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Term

Description

ISI

Inter-symbol interference is the effect of a previous signal (or transition) on the
interconnect delay. For example, when a signal is transmitted down a line, and the
reflections due to the transition have not completely dissipated, the following data
transition launched onto the bus is affected. ISl is dependent upon frequency, time delay
of the line, and the reflection coefficient at the driver and receiver. IS can impact both
timing and signal integrity.

Network

The network is the trace of a Printed Circuit Board (PCB) that completes and electrical
connection between two or more components.

Overshoot

The maximum voltage observed for a signal at the device pad, measured with respect to
VCC_CPU.

Pad

The electrical contact point of a semiconductor die to the package substrate. A pad is
only observable in simulations.

Pin

The contact point of a component package to the traces on a substrate, such as the
motherboard. Signal quality and timings can be measured at the pin.

Power-Good

“Power-Good” or “PWRGOOD” (an active high signal) indicates that all of the system
power supplies and clocks are stable. PWRGOOD should go active a predetermined time
after system voltages are stable and should go inactive as soon as any of these voltages
fail their specifications.

Ringback

The voltage that a signal changes to after reaching its maximum absolute value.
Ringback may be caused by reflections, driver oscillations, or other transmission line
phenomena.

System Bus

The System Bus is the microprocessor bus of the processor.

Setup Window

The time between the beginning of Setup to Clock (Tgy min) @nd the arrival of a valid
clock edge. This window may be different for each type of bus agent in the system.

Simultaneous Switching Output (SSO) effects are differences in electrical timing
parameters and degradation in signal quality caused by multiple signal outputs
simultaneously switching voltage levels in the opposite direction from a single signal or in
the same direction. These are called odd mode and even mode switching, respectively.

SSO This simultaneous switching of multiple outputs creates higher current swings that may
cause additional propagation delay (“push-out”) or a decrease in propagation delay (“pull-
in”). These SSO effects may impact the setup and/or hold times and are not always taken
into account by simulations. System timing budgets should include margin for SSO
effects.

Stub The branch from the bus trunk terminating at the pad of an agent.

T The main connection, excluding interconnect branches, from one end agent pad to the

runk
other end agent pad.

Undershoot ;23 minimum voltage extending below VSS that is observed for a signal at the device
VCC_CPU is the core power for the processor. The System Bus is terminated to

VCC_CPU
VCC_CPU.

Victim A network that receives a coupled crosstalk signal from another network is called the

victim network.
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1.3 System Overview

22

The E7205 chipset is designed for use with Pentium 4 processors with 512-KB L2 cache on

0.13 micron process. The architecture of the E7205 chipset provides the performance and feature-
set required for single-processor based entry workstation system. Figure 1-1 illustrates an example
processor / chipset system configuration for entry workstation platforms.

Figure 1-1. Example Processor / Chipset Based System Configuration
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1.3.1 Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13
Micron Process

The Pentium 4 processor with 512-KB L2 cache on 0.13 micron process is the next generation of
the Pentium 4 processor in the 478-pin package with the Intel® NetBurst™ microarchitecture. The
processor delivers performance levels that are significantly higher than previous generations of
Intel® 1A-32 processors. Table 1-1 describes the basic feature set of the processor.

Table 1-1. Intel® Pentium® 4 Processor Feature Set Overview

Feature Intel® Pentium® 4 Processor
L2 Cache 512-KB
Data Bus Transfer Rate 4.27 GBI/s
Package mPGA478

The processor includes the following advanced microarchitecture features:

Advanced Dynamic Execution

Execution Trace Cache

Streaming SIMD (single instruction, multiple data) Extensions 2
Advanced Transfer Cache

Enhanced floating point and multimedia engine
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1.3.2 Intel® E7205 Chipset

The chipset consists of two major components: the Memory Controller (MCH), and the I/O
Controller 4 (ICH4). The chipset components communicate via the hub interface (HI).

The MCH is a 1005-ball FC-BGA package and contains the following functionality:
¢ System Bus Features:
— Supports single processor at 533 MHz
— System bus bandwidth of 4.27 GB/s
— Supports 36-bit system bus addressing model
— 12 deep in-order queue, 1-deep defer queue
* Memory Bus Features:

— 144-bit wide, DDR266 (PC2100) memory interface Memory bandwidth of 4.27 GB/s or
3.2 GB/s.

— Supports non-ECC (x64) and ECC (x72) DDR266 DIMMs using 128-Mb, 256-Mb, and
512-Mb DRAMs

— Supports a maximum of 4 GB of memory

— Supports S4EC/D4ED ECC

— Supports up to 16 simultaneous open pages
* AGP 8X Bus Features

— Single AGP device

— AGP interface asynchronously coupled to core

— AGP 3.0 Specification

— 8X or4X at 0.8 V (AGP 3.0) electrical characteristics

— 4X,2X, or 1X at 1.5 V (AGP 2.0) electrical characteristics

— 0.8 Vand 1.5 V AGP electrical. No 3.3 V support

— 32-deep AGP request queue

— 32-bit upstream address support for inbound AGP and PCI cycles

— 32-bit downstream address support for outbound PCI and Fast Write cycles
¢ 1/O Features

— Provides HI1.5 Connection for ICH4
- HI1.5 = HI1.0 protocols with HI2.0 electrical characteristics
- 266 MB/s point-to-point connection for ICH4 with parity protection
- 8-bit wide, 66 MHz base clock, 4X data transfer
- Parallel termination mode for longer trace lengths
- 64-bit inbound addressing, 32-bit outbound addressing
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1.3.2.1 Intel® 1/0 Controller Hub 4 (ICH4)

The I/O Controller Hub (ICH4) provides the legacy I/O subsystem for E7205 chipset-based
platforms. Additionally, it integrates many advanced I/O functions. The ICH4 includes the

following features:

* Provides HI1.5 Connection to MCH

— 266 MB/s point-to-point connection for ICH4 with parity protection

— 8-bit wide, 66 MHz base clock, 4X data transfer

— Parallel termination mode for longer trace lengths

— 64-bit inbound addressing, 32-bit outbound addressing
¢ 2-channel Ultra ATA/100 bus master IDE controller

Introduction

* 3 Universal Host Controller Interface (UHCI) USB host controllers (capabilities for six ports)

* 1/O APIC

¢ SMBus 2.0 controller

¢ LPC interface

e AC'97 2.3 interface
* PCI 2.2 interface

¢ Integrated LAN Controller

1.3.3 Processor Support

Table 1-2 provides a summary of the supported processor configurations for the chipset-based

platform.

Table 1-2. Supported Processor Configurations

ProcBej:c()'I\'n?-l)Stem Installed Memory Allowable Comment
400 DDR200 Yes Validated
400 DDR266 Yes Validated
533 DDR200 No Not validated
533 DDR266 Yes Validated

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide
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1.3.4

1.3.5

26

DIMM Support

intel.

Table 1-3 provides a summary of the supported memory configurations for the chipset-based

platform.

Table 1-3. DIMM Support Summary

Type

Unbuffered

Dual Channel

1 to 2 pairs of DIMMs (4 rows)

Bandwidth Summary

Table 1-4 describes the clock speed, sample rate, and bandwidth for each interface in the chipset-

based platform.

Table 1-4. Platform Bandwidth Summary

Interface Clock Speed Samples per Data Width Bandwidth
(MHz) Clock (Bytes) (MB/s)
System Bus (Data) 133 4 8 4200
System Bus (Address) 133 2 4 1066
DDR Interface 133 2 16 4200
DDR Interface 100 2 16 3200
Hub Interface 66 4 1 266
AGP 8X 66 8 4 2032
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Component Quadrant Layout

Component Quadrant Layout 2

Note:

2.1

The quadrant layout figures below do not show the exact component ball count—only the general
quadrant information. Use only the exact ball assignment to conduct a routing analysis. Reference
the following documents for ball assignment information:

o Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet
o Intel® Pentium® 4 Processor with 512KB L2 Cache on .13 Micron Process Datasheet
e Intel® I/O Controller Hub 4 (ICH4) Datasheet

All figures in this section show the top view.

Intel® Pentium® 4 Processor Quadrant Layout

Figure 2-1 illustrates the quadrant layout of the Pentium 4 processor with 512-KB L2 cache on
0.13 micron process.

Figure 2-1. Intel® Pentium® 4 Processor Quadrant Layout (Top View)
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2.2 MCH Quadrant Layout

Figure 2-2 illustrates the quadrant layout for the MCH chipset component.
Figure 2-2. MCH Quadrant Layout (Top View)
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2.3

Intel® ICH4 Quadrant Layout

Figure 2-3 shows the quadrant layout for the Intel® 82801CA ICH4 chipset component.

Figure 2-3. Intel® ICH4 Quadrant Layout (Top View)
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Platform Stack-Up and Component
Placement Overview 3

3.1 Platform Component Placement

Figure 3-1 illustrates the general component placement for the processor/chipset-based customer
reference platform. Table 3-1 lists the assumptions used for the component placement.

Table 3-1. Assumptions for System Placement Example

Assumptions
System Configuration

Form Factor Number of PCB Layers Assembly

Entry Workstation (UP) ATX (12" x 9.6”) 6 Single Sided
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Figure 3-1. Intel® Pentium® 4 Processor / Intel® E7205 Chipset-Based System Placement
Example
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3.2 Platform Stack-Up

Figure 3-2 shows the recommended platform stack-up. All internal layers are 1 0z. copper. Top and
bottom layers are 0.5 oz. not including the plating. Because of the stackup, some signals will be
routed stripline and/or microstrip. Layer 1, layer 4, and the bottom layer are used for signal routing
with all three layers providing ground referencing.

Intel strongly recommends that system designers use the stack-up shown in Figure 3-2. Intel
encourages platform designers to perform comprehensive simulation analysis to ensure all timing
specifications will be met. This is particularly important if a design deviates from the design
guidelines provided.

Figure 3-2. Board Stack-Up

Layer Copper
Thickness Weight
Top SIGNAL 2.1 0.5 oz plus plating
PREPREG 4.0
Layer 2 GND 1.2 1o0z.
CORE 4.3
Layer 3 POWER 1.2 1o0z.

PREPREG 6.5

23.0
PREPREG 6.5
Layer 4 SIGNAL 1.2 1o0z.
CORE 4.3
Layer 5 GND 1.2 1o0z.
PREPREG 4.0
Bottom SIGNAL 21 0.5 oz plus plating
Panel Thickness (mils) = 61.6 Assumes finished thickness on pStrip Layers
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Platform Clock Routing Guidelines

Platform Clock Routing Guidelines 4

To minimize jitter, improve routing, and reduce cost, E7205 chipset-based systems will use a
single-chip clock solution, the CK408. The CK408 provides three 133/100 MHz differential output
pairs for all of the bus agents, and six 66 MHz speed clocks that drive all I/O buses. Figure 4-1
shows the implementation of the bus clocks for this configuration. For more information on
CK408, refer to the CK408 Clock Synthesizer/Driver Specification.

Table 4-1. Intel® E7205 Chipset Clock Group

Clock Name Fr?ﬂll:_lir;cy Receiver
Host CLK 133/100 Processor, MCH, Debug Port
CLK66 66 MCH, Inte/® ICH4, AGP
CLK33 33 PCI Connector, ICH4, SIO, FWH
CLK14 14.318 ICH4, SIO
USBCLK 48 ICH4

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide
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Table 4-2. Platform System Clock Cross-Reference

Clock Group CK-408 Component Component Pin Name
CPU# Debug Port BCLKO
CPU Debug Port BCLK1
HOST CLK CPU# Processor BCLKO
CPU Processor BCLK1
CPU# MCH HCLKINN
CPU MCH HCLKINP
3Vve6_4 AGP AGPCLK
3Vve6_3 Port 80 N/A
CLK66 3V66_2 Intel® ICH4 CLK66
3Vv66_1 MCH GCLKIN
3Vv66_0 Test Point N/A
Slot 4 CLK
Slot 5 CLK
FWH. LPC CLK, CLK
PCI_33MHz SIO, Glue Chip CLOCKI, CLK_IN
SATA, 1394 PCI_CLK, PCI_PCLK
CLK33
LAN P_CLK
ICH4 PCICLK
Slot 3 CLK
PClclkF Slot 2 CLK
Slot 1 CLK
Audio BIT_CLK
CLK14 REFO ICH4 CLK14
SIO CLOCKI
USBCLK USB48MHz ICH4 CLK48
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Figure 4-1. Intel® E7205 Chipset-Based System Clocking Diagram

HOST_CLK (4)
CPU——— P Processor D
DIMMclk  ——»] I DDR
3x (unbuffered) M Channel A
CK408 CPU—————p» ITP M
CPU
. -
MCH
CLK®66 (3) 3V66 ———— P DIMMclk ———» |
3x (unbuffered)
D
CLK14 (1) REFO I DDR
M Channel B

» M

®
b— 3V66 ————— > Intef
ICH4
USBCLK (1) USB48MHz—®»
A
CLK33 PCIF (3) PClclkF > Super I/0
CLK33 PCI (7) PCI_33MHz x7 X2 —p
@ o FWH
o LPC
3V66
A

AGP 8X
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4.1

411

41.1.1

Clock Groups

HOST_CLK Clock Group

HOST_CLK Clock Topology

The CK408 clock synthesizer provides three sets of 133/100 MHz differential clock outputs. The
differential clocks are driven to the processors, the chipset, and the debug port as shown in
Figure 4-1.

The clock driver differential bus output structure is a “Current Mode Current Steering” output,
which develops a clock signal by alternately steering a programmable constant current to the
external termination resistors, Ry. The resulting amplitude is determined by multiplying I, by the
value of Ry. The current I,;; is programmable by a resistor and an internal multiplication factor so
that the amplitude of the clock signal can be adjusted for different values of R; to match
impedances and to accommodate future load requirements.

The recommended termination for the differential bus clock is a “Shunt Source Termination.”
Refer to Figure 4-2 for an illustration of this termination method. Parallel R resistors perform a
dual function—they convert the current output of the clock driver into a voltage, and they match
the driver output impedance to the transmission line. The series resistors, Ry, provide isolation
from the clock driver's output parasitics, which would otherwise appear in parallel with the
termination resistor, Ry.

The value of R should be selected to match the characteristic impedance of the motherboard, and
R should be between 20 Q and 33 € Simulations have shown that Rg values above 33 € provide
no benefit to signal integrity and only degrade the edge rate.

Figure 4-2. Source Shunt Termination
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Table 4-3. HOST_CLK Routing Guidelines

Layout Guideline Value lllustration Notes
300 ps total )
. Figure 4-2
HCLKIN skew between agents Budget: ) and 1,2,3,4
150 ps for clock driver Figure 4-4
150 ps for interconnect
Differential pair spacing 20 — 25 mils Figure 4-5 5,6
Spacing to other traces 25 mils Figure 4-5
Maintain a minimum S/h ratio of
> 5/26
Keep parallel serpentine
Serpentine spacing sections as short as possible. Figure 4-5

Minimize 90 degree bends.
Make 45 degree bends, if

possible.

Motherboard impedance — differential 100 Q typical 8
Motherboard impedance — single ended | 50 Q + 10% 9
Egof_ﬁssgggﬂfgéﬂgtgs_ 0.5 inch max Figure 4-2 13
E;O‘l’_ezssgs r{;“g:f’gfggg‘e_ 0-0.2inch” Figure 4-2 13
Egy’f_%?f;:g:’t:;%f?fg‘; 0-0.2inch Figure 4-2 13
ﬁﬂ?’:{f"giggk'egﬁégfto Re 0.5 inch max Figure 4-2 13
I'i”;':;"g;”t%'g;?gg ode 0-0.2inch Figure 4-2 13
I'i”g':;?‘g?%len”f;g R, 0-0.2inch Figure 4-2 13
MCH routing length — 0 - 10 inches Figure 4-2

L4, L4: Rg-R; Node to Load

0.282 inch £ 0.010 inch
Processor to CS length matching (LT) Chipset LT must be 0.282 inch Figure 4-2 10
longer than Processor LT

Processor to processor length matching

(LT) + 10 mils Figure 4-2 15

HCLKINP — HCLKINN length matching + 10 mils

Rg series termination value 33Q+5% Figure 4-2 1

49.9 Q+ 1%

R; shunt termination value (for 50 @ MB impedance)

Figure 4-2 12

NOTES:

1. The skew budget includes clock driver output pair to output pair jitter (differential jitter), clock skew due to
interconnect process variation, and static skew due to layout differences between clocks to all bus agents.

2. This number does not include clock driver common mode (cycle to cycle) jitter or spread spectrum clocking.

3. The interconnect portion of the total budget for this specification assumes that clock pairs are routed on
multiple routing layers and are routed no longer than the maximum recommended lengths.

4. Skew measured at the load between any two-bus agents. Measured at the crossing point.
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5. Edge to edge spacing between the two traces of any differential pair. Uniform spacing should be maintained
along the entire length of the trace.

6. Clock traces are routed in a differential configuration. Maintain the minimum recommended spacing between
the two traces of the pair. Do not exceed the maximum trace spacing because this will degrade the noise
rejection of the network.

7. Set line width to meet correct motherboard impedance. The line width value provided here is a
recommendation to meet the proper trace impedance based on the recommended stack up.

8. The differential impedance of each clock pair is approximately 2*Zsingle-ended*(1-2*Kb) where Kb is the
backwards crosstalk coefficient. For the recommended trace spacing, Kb is very small and the effective
differential impedance is approximately equal to 2 times the single-ended impedance of each half of the pair.

9. The single ended impedance of both halves of a differential pair should be targeted to be of equal value. They
should have the same physical construction. If the HCLKIN traces vary within the tolerances specified, both
traces of a differential pair must vary equally.

10.Length compensation for the processor socket and package delay is added to chipset routing to match
electrical lengths between the chipset and the processor from the die pad of each. Therefore, the
motherboard trace length for the chipset will be longer than the trace length for the processor.

11.Rs values between 20 Q — 33 Q have been shown to be effective.

12.R; shunt termination value should match the motherboard impedance.

13.Minimize L1, L2 and L3 lengths. Long lengths on L2 and L3 degrade effectiveness of source termination, and
contribute to ring back.

14.The goal of constraining all bus clocks to one physical routing layer is to minimize the impact on skew due to
variations in Er, and the impedance variations due to physical tolerances of circuit board material.

15.Length of LT for one processor must match the LT of all other HCLKIN traces to other processor with specific
tolerance.

Figure 4-3. Length Matching of Host Clocks (with Package Compensation)

—_—— \
| Rs |
! Y —"VWN— v, %
1
: X+ X, # X, =Y, +Y,+Y, }____ cPU
N e
| Rs }
| X —VW— X %
[
Clock = "
ock | X, + X, =Y, +Y,+0.282 | Vi

Driver_| (Y, and X, = intemal lengths in CPU and MCH)

It’s important that the host clocks from the clock pin to the processor silicon match the length from
the clock pin to the MCH silicon. Package compensation is optional, but can be accommodated
very easily.

The In-Target Probe clock lengths require a defined relationship to the processor and MCH host
clock lengths. For more information on this relationship, refer to /TP700 Debug Port Design Guide
(available at http://www.intel.com/design/Xeon/guides/249679.htm) for the design of your
platform.
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Figure 4-4. Clock Skew As Measured from Agent to Agent
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Figure 4-5. Trace Spacing
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41.1.2 HOST_CLK General Routing Guidelines

* When routing the differential clocks, do not split up the two halves of a differential clock pair
between layers, and route to all agents on the same physical routing layer referenced to
ground.

* Ifalayer transition is required, make sure that the skew induced by the vias used to transition
between routing layers is compensated in the traces to other agents.

* Do not place vias between adjacent complementary clock traces, and avoid differential vias.
Vias placed in one half of a differential pair must be matched by a via in the other half.
Differential vias can be placed within length L1, between clock driver and Rg, if needed to
shorten length L1.
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4.1.2 CLK66 Group

The driver is the clock synthesizer’s 66 MHz clock output buffer, and the receiver is the 66 MHz
clock input buffer at the MCH, ICH4, and AGP.

Figure 4-6. Topology for CLK66

X=L1+L2
L1 /\/\/\/ L2
R1
Clock MCH or
Driver Intel® ICH4
Table 4-4. CLK66 Routing Guidelines
Parameters Routing Guidelines
Clock Group CLK66
Topology Point-to-point
Reference Plane Ground Referenced (contiguous over entire length)
Characteristic Trace Impedance (Zg) | 50 Q = 10%
Trace Width 6 mils on external layers, and 5 mils on internal layers
Trace Spacing 25 mils
Spacing to Other Traces 25 mils
Trace Length — L1 0.00 inch — 0.50 inch
Trace Length — L2 3.00 inches — 9.00 inches
Resistor R1=33Q+5%
Skew Requirements The CLK66 group should minimize skew (~0) between each other.
Clock Driver to MCH X (X can be between 3 inches— 9.5 inches)
Clock Driver to Intel® ICH4 X
. X —4.6 inches (4 inches add-in card clock length plus 0.6 inch
Clock Driver to AGP connector approximation for connector delay)
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41.21 CLK66 Group to AGP Connector

The driver is the clock synthesizer’s 66 MHz clock output buffer, and the receiver is the 66 MHz
clock input buffer at the AGP device. Use these guidelines when routing to an AGP connector.

Figure 4-7. Topology for CLK66 to AGP Connector

L1 A A A L2 0.6" 4"

R1 Trace on
Clock AGP Card AGP
Driver Device
AGP Connector
Table 4-5. CLK66 Routing Guidelines (for AGP Connector)
Parameters Routing Guidelines
Topology Point-to-point
Characteristic Trace Impedance (Z;) | 50 Q = 10%
Trace Width 6 mils on external layers, 5 mils on internal layers
Trace Spacing 25 mils
Spacing to Other Traces 25 mils
Trace Length — L1 0.00 — 0.50 inch
Trace Length — L2 MCH 66 MHz Clock — L1 — 4.6 inches
MCH 66 MHz Clock — 4.6 inches (Must be matched to £ 100 mils of

AGPCLK Total Length (L1+L2) the CLK66 total length)
Resistor R1=33Q+5%

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide 43



u
Platform Clock Routing Guidelines I ntGI o

4.1.2.2 CLKG66 Skew Requirements

44

All 66 MHz clock lengths require length matching. All devices down on the motherboard must
have matching clock lengths. The AGP connector is equivalent approximately to 0.6 inch of trace,
and 4 inches of clock trace exists on the add-in card. Therefore, the AGP clock is routed 4.6 inches
shorter than the clocks to down devices (See Figure 4-8).

The skew between clocks can be further reduced by including the package lengths internal to the
MCH and ICH4 in the length matching equations. This is not a requirement, but improves timing
margins. Figure 4-9 shows the relationship between the 66 MHz clocks when accounting for
internal package lengths.

Figure 4-8. Clock Skew and Tracing Requirements (Without Package Compensation)

Total Length = x o
W —~ MCH
33 Q
C
K
- P Total Length = x-4.6" o
4 A — AGP
0 33 Q
8
P Total Length = x N
<« o > Intel®
33Q ICH4
Resistor within
0.5" of clock pin
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Figure 4-9. Clock Skew and Trace Requirements (With Package Compensation)

Total Length = x

AAA MCH
33 Q
C
K
- Total Length = x - 4.189" >
4 M AGP
0 33 Q
8
P Total Length = x - 0.184" o
< ”  Intel
YW ICH4
33 Q

AN

Resistor within
0.5" of clock pin
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413 CLK33 Clock Group

The driver is the clock synthesizer’s 33 MHz clock output buffer, and the receiver is the 33 MHz
clock input buffer at the PCI devices on the PCI cards.

Figure 4-10. Topology for CLK33 to PCI Device Down

L1 L2

R1
PCI Device,
FWH or SIO

Clock
Driver

Table 4-6. CLK33 Routing Guidelines (PCl Device Down)

Parameter Routing Guidelines

Clock Group CLK33

Topology Point-to-Point

Reference Plane Ground Referenced (contiguous over entire length)

50 Q + 10%

Characteristic Trace Impedance (Zg)

46

Trace width 6 mils on external layers, 5 mils on internal layers
Trace Spacing 25 mils
Trace Length — L1 0.00 — 0.50 inch

Trace Length — L2

ICH 66 MHz Clock — L1(")

Resistor

R1=33Q+5%

Skew Requirements

The maximum PCI device to PCl device skew allowed bé/ the PCI
Spec is 2 ns. All PCI devices must be within 2 ns of Intel
The clock generator spec allows for 500 ps skew; therefore, up to +

1 ns may be used to ease routing.

ICH4 clock.

NOTES:

1. The 66 MHz total clock length must equal the 33 MHz total clock length, which is a requirement of the ICH4.
2. The designer must ensure that the total device to device skew on PCI bus does not exceed 2 ns including

clock generator skew.
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Figure 4-11. Topology for CLK33 to PCI Connector

L1 AA A L2 0.6" 25"

Trace on

R1 PCI Card
Clock PCI

Driver Device

PCI Connector

Table 4-7. CLK33 Routing Guidelines (for PCl Connector)

Parameter Routing Guidelines
Clock Group CLK33
Topology Point- to-Point
Reference Plane Ground Referenced (contiguous over entire length)

Characteristic Trace Impedance (Z;) | 50 Q + 10%

Trace width 6 mils on external layers, 5 mils on internal layers
Trace Spacing 25 mils

Trace Length — L1 0.00 — 0.50 inch

Trace Length — L2 ICH 66 MHz Clock — L1 - 3.1”

Resistor R1=33Q+5%

The maximum PCI device to PCI device skew allowed by the PCI
Spec is 2 ns. All PCI devices must be within 2 ns of the Intel® ICH4
clock. The clock generator spec allows for 500 ps skew; therefore,
up to £ 1 ns may be used to ease routing.

Skew Requirements
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41.31 CLK33 Skew Requirements

All 33 MHz clocks to PCI devices must match in length. In addition, the 33 MHz clock to the ICH4
must match the length of the 66 MHz clock to the ICH4. The PCI connector is equivalent to
approximately 0.6 inch of trace, and 2.5 inches of clock trace exists on the add-in card. Therefore,
the clock to PCI slots is required to be 3.1 inches shorter than the clocks to down devices to ensure
that the length from the clock chip to all PCI devices is equal.

The skew between clocks can be further improved by including the package lengths internal to the
MCH and ICH4. This is not a requirement, but improves timing margins. Figure 4-13 shows the
relationship between the 33 MHz clocks when accounting for internal package lengths.

Figure 4-12. Clock Skew and Tracing Requirements (Without Package Compensation)

Total Length = x — 3.1" -
AWV PCI
33 Q
C
K
Total Length = x | SIO
- L
4 NN or
330 FWH
0
8 66 MHz Total Length = x o
Ll
Wy Intel®
33 Q
P 33 MHz Total Length = x ICH4
33 Q
Resistor within
0.5" of clock pin
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Figure 4-13. Clock Skew and Trace Requirements (With Package Compensation)

Total Length = x — 2.505"
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AN PCI
33 Q
C
K
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41.4 CLK14 Clock Group

The driver is the clock synthesizer’s 14.318 MHz clock output buffer, and the receiver is the
14.318 MHz clock input buffer at the ICH4 and SIO.

Figure 4-14. Topology for CLK14

L1 /\/\/\/ L2
Clock R1 Intel® ICH4,
Driver SIO
Table 4-8. CLK14 Routing Guidelines
Parameter Routing Guidelines
Clock Group CLK14
Topology Point-to-point
Reference Plane Ground Referenced (contiguous over entire length)
Characteristic Trace Impedance (Zg) | 50 Q = 10%
Trace Width 6 mils on external layers, 5 mils on internal layers
Trace Spacing 25 mils
Trace Length — L1 0.00 - 0.50”
Trace Length — L2 3.00 -9.00”
Resistor R1=33Q+ 5%
Should have minimal skew (~ 0) between each other. However, each
Skew Requirements of the clocks in this group is asynchronous to clocks of any other
group.
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415 USBCLK Clock Group

The driver is the clock synthesizer’s USB clock output buffer, and the receiver is the USB clock
input buffer at the ICH4.

Figure 4-15. Topology for USB_CLK

L1 L2

Clock R1 Intel®
Driver ICH4

Table 4-9. USBCLK Routing Guidelines

Parameter Routing Guidelines
Clock Group USBCLK
Topology Point-to-point
Reference Plane Ground Referenced (contiguous over entire length)

Characteristic Trace Impedance (Z;) | 50 Q + 10%

Trace Width 6 mils on external layers, 5 mils on internal layers

Trace Spacing 25 mils

Trace Length — L1 0.00 inch — 0.50 inch

Trace Length — L2 3.00 inches — 12.00 inches

Resistor R1=33Q+5%

Skew Requirements None — USBCLK is asynchronous to any other clock on the board.
Maximum Via Count per Signal 2
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4.2

Clock Driver Decoupling

In

The decoupling requirements for a CK408 compliant clock synthesizer are as follows:

¢ One 22 pF polarized (decoupling) cap placed close to the Vp, generation circuitry.

¢ Eleven 0.1 pF high-frequency decoupling caps placed close to the Vpp pins on the Clock

driver.

¢ Three 0.1 pF high-frequency decoupling caps placed close to the Vppa pins on the Clock

driver.

* One 10 pF polarized (decoupling) cap placed close to the Vppa pins on the Clock driver.

* One 0.1 pF high-frequency decoupling cap placed close to the Vppa generation circuitry.

¢ All decoupling caps should be placed close to the Clock driver pins. Refer to Figure 4-16.

Figure 4-16. Decoupling Capacitors Placement and Connectivity
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Note:

Platform Clock Routing Guidelines

Clock Driver Power Delivery

Special care must be taken to provide a quiet Vpp, supply to the Ref Vpp, Vppa and the 48 MHz
Vpp. These Vpp, signals are especially sensitive to switching noise induced by the other Vpps on
the clock chip. They are also sensitive to switching noise generated elsewhere in the system, such
as CPU VRM. It is recommended that a ground flood be placed directly under the clock chip to
provide a low impedance connection for the VSS pins. In addition, power vias should be
distributed evenly throughout the ground flood.

For all power connections to planes, decoupling caps, and vias, the maximum trace width
allowable and shortest possible lengths should be used to ensure lowest possible inductance.

EMI Constraints

Clocks are a significant contributor to EMI. The following recommendations can aid in EMI
reduction:

* Maintain uniform spacing between the two halves of differential clocks.

* Route clocks on physical layer adjacent to a VSS reference plane only.
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System Bus Routing Guidelines

System Bus Routing Guidelines 5

5.1

Table 5-1. System Bus Routing Summary for the Processor

Processor System Bus Guidelines

This section covers the system bus source synchronous (data, address, and associated strobes) and
common clock signal routing for systems. Table 5-1 summarizes the layout recommendations for
Pentium 4 processors with 512-KB L2 cache on 0.13 micron process configurations, and expands
on specific design issues and their recommendations.

1

Parameter

Type

Line-to-Line Spacing2

Data and common clock system bus must be routed at 7-mil wide traces and with
13-mil spacing

Breakout Guidelines
(Processor and MCH)

7-mil wide with 5-mil spacing for a maximum of 250 mils from the component ball

Data Line Lengths
(agent to agent
spacing)

2"-10" from pin to pin

Data signals of the same source synchronous group should be routed to the same
pad-to-pad length within £ 100 mils of the associated strobes. The pad is defined as
the attach point of the silicon die to the package substrate. Length must be added to
the system board to compensate for package length differences. Signals should be
referenced to VSS.

DSTBn/p[3:0}#

A layer transition may occur if the reference plane remains the same (VSS) and the
layers are all of the same configuration (all stripline or all microstrip).

A data strobe and its complement should be routed within + 25 mils of the same pad-
to-pad length.

If one strobe switches layers, its complement must switch layers in the same
manner.

DSTBn/p# should be referenced to VSS

Address Line Lengths
(agent to agent
spacing)

ADSTB[1:0}#

2" — 10" from pin to pin

Address signals of the same source synchronous group should be routed to the
same pad-to-pad length within £ 200 mils of the associated strobes. The pad is
defined as the attach point of the silicon die to the package substrate. Length must
be added to the system board to compensate for package length differences. A layer
transition may occur if the reference plane remains the same (VSS) and the layers
are all of the same configuration (all stripline or all microstrip).

Common Clock Line
Lengths

2.5" - 10" pin to pin.
No length compensation is necessary.

Topology

Point-to-point (chipset to processor).

Routing Priorities

All signals should be referenced to VSS.

Ideally, layer changes should not occur for any signals. If a layer change must occur,
reference plane must be VSS and the layers must all be of the same configuration
(all stripline or all microstrip for example).

The Data Bus must be routed first, then the address bus and then common clock.

Clock keep-Out Zones

Refer to Table 4-3.

Trace Impedance

50 Q+15%

NOTES:

1. Refer to the Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet for MCH package dimensions,
and refer to the Inte/® Pentium® 4 Processor with 512KB L2 Cache on .13 Micron Process Signal Integrity
and Usage Guidelines for processor package dimensions.

2. Data and common clock system bus may be routed at 7 mil wide traces and with 10 mil spacing if line length

is kept under 6 inches.
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Figure 5-1. Cross-Sectional View of 3:1 Ratio

Reference Plane(Vss)

Trace Trace

Y

3x

The return path is the route current takes to return to its source. It may take a path through ground
planes, power planes, other signals, integrated circuits, and vias, VRMs etc. It is useful to think of
the return path as following a path of least resistance back to the original source. Discontinuities in
the return path often have signal integrity and timing effects that are similar to the discontinuities in
the signal conductor. Therefore, the return paths must be given similar considerations. A simple
way to evaluate return path parasitic inductance is to draw a loop that traces the current from the
driver through the signal conductor to the receiver, and then back through the ground/power plane
to the driver again. The smaller the area of the loop, the lower the parasitic inductance will be.

The following sets of return path rules apply:

¢ Always trace out the return current path and provide as much care to the return path as the path
of the signal conductor.

* Decoupling capacitors do not adequately compensate for a plane split.

* Do not allow splits in the reference planes in the path of the return current.

¢ Do not allow routing of signals on the reference planes near system bus signals.
* Maintain VSS as a reference plane for all system bus signals.

* Do not route over via anti-pads or socket anti-pads.
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5.2 GTLREF Layout and Routing Recommendations

There are four AGTL+ GTLREF pins on the processor that are used to set the reference voltage
level for the AGTL+ signals (GTLREF). Because all of these pins are connected inside the
processor package, the GTLREF voltage may be supplied to only one of the four pins.

Figure 5-2. GTLREF Routing

VCC_CPU
499Q+1%
GTLREF
L1 =1.5" max Pin
100Q +1% 1
/l\ 1uF 1~ 220 pF

* The processor must have one dedicated voltage divider.
* Decouple the voltage divider with a 1 uF capacitor.
¢ Keep the voltage divider within 1.5 inches of the GTLREF pin

* Decouple the pin with a high-frequency capacitor (such as a 220 pF 603) as close to the pin as
possible

* Keep signal routing at least 10 mils separated from the GTLREF routes. Use a minimum of a
7-mil trace for routing.

* Do not allow signal lines to use the GTLREF routing as part of their return path (i.e., do not
allow the GTLREF routing to create splits or discontinuities in the reference planes of the
System Bus signals.)
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5.2.1

5.3

5.3.1

58

HVREF, HSWNG, HRCOMP Layout and Routing
Recommendations at the MCH

The HVREF signals must be tied to a resistor divider network that supplies 2/3*VCC_CPU. Use
one 49.9 Q + 1% resistor to the VCC_CPU plane, and one 100 Q + 1% resistor to ground for the
divider. Decouple with one 0.1 uF capacitor at the MCH. The trace to the voltage divider should be
routed at a maximum of 3 inches at 12 mils wide. Keep this trace at a minimum of 10 mils away
from other signals.

The HSWNG signals must be tied to a resistor divider network that supplies 1/3*VCC_CPU. Use
one 300 Q £ 1% resistor to the VCC_CPU plane, and one 150 Q + 1% resistor to ground for the
divider. Decouple with one 0.01 pF capacitor at the MCH. The trace to the voltage divider should
be routed at a maximum of 3 inches at 12 mils wide. Keep this trace at least 10 mils away from
other signals.

Each HRCOMP signal must be tied to ground through a 32.4 Q + 1% resistor. The trace to each
resistor should be routed a maximum of 0.5 inches at 10 mils wide. Keep each trace at least 7 mils
away from other signals.

Processor Configuration

Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13
Micron Process Configuration

This section provides more details for routing Pentium 4 processors with 512-KB L2 cache on
0.13 micron process-based systems. Both recommendations and considerations are presented.

For proper operation of the processor and chipset, it is necessary that the system designer meet the
timing and voltage specifications of each component. The following recommendations are Intel's
best guidelines based on extensive simulation and experimentation that make assumptions that may
not apply to specific OEM system designs. The most accurate way to understand the signal
integrity and timing of the system bus in a platform is by performing a comprehensive simulation
analysis. It is conceivable that adjustments to trace impedance, line length, termination impedance,
board stack-up, and other parameters can be made that improve system performance.

Refer to the Intel® Pentium® 4 Processor with 512KB L2 Cache on .13 Micron Process Datasheet
for a system bus signal list, a description of signal types, and signal definitions.
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5.3.2

System Bus Routing Guidelines

Topology and Routing

Table 5-2. Source Synchronous Signal Groups and the Associated Strobes

5.3.2.1

Signals Associated Strobe
REQ[4:0J#, A[16:3]# ADSTBO#
A[31:17]# ADSTB1#
D[15:0}#, DBIO# DSTBPO#, DSTBNO#
D[31:16]#, DBI1# DSTBP1#, DSTBN1#
D[47:32]#, DBI2# DSTBP2#, DSTBN2#
D[63:48]#, DBI3# DSTBP3#, DSTBN3#

Design Recommendations

The following are the design recommendations for the data, address, data strobes, and common
clock signals. Based on the example shown in Figure 5-3, the data, address, strobe and common
clock should be routed 7 mils with 13 mil spacing. For the following discussion, the pad is defined
as the attach point of the silicon die to the package substrate.

Data

The pin-to-pin distance for the data signals from the processor to the chipset should be between
2.0 inches and 10 inches (i.e., 2.0" <L1 < 10"). Data signals of the same source synchronous group
should be routed to the same pad-to-pad length within + 100 mils of the associated strobes. As a
result, additional trace will be added to some data nets on the system board so that all trace lengths
within the same data group are the same length (+ 100 mils) from the pad of the processor to the
pad of the chipset. This length compensation will result in minimizing the source synchronous
skew that exists on the system bus. Without the length compensation the flight times between a
data signal and its strobe will be different, which results in an inequity between the setup and hold
times. Data signals may change layers if the reference plane remains VSS.

delta .. =(cpu_pkglen  —cpu_pkglen . .)+(cs_pkglen —cs_pkglen . )

Equation 5-1. Calculation to Determine Package Delta Addition to Motherboard Length for UP

Note:

Note:

Systems
Refer to Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet for package lengths.
Strobe package length is the average of the strobe pair.

Address

Address signals follow the same rules as data signals with the exception that they should be routed
to the same pad-to-pad length within + 200 mils of the associated strobes. Address signals may
change layers if the reference plane remains VSS.
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Data Strobes

In

tel.

A strobe and its complement should be routed to a length equal to their corresponding data group’s
mean pad-to-pad length + 25 mils. This causes the strobe to be received closer to the center of the
data pulse, which results in reasonably comparable setup and hold times. A strobe and its
complement (xSTBp/n#) should be routed to + 25 mils of the same length. It is recommended that
skew be simulated to determine the length that best centers the strobe for a given system.

Common Clock

Common clock signals should be routed to a minimum pin-to-pin motherboard length of
2.5 inches, and a maximum motherboard length of 10 inches.

Figure 5-3. Processor Topology

Processor

Pad /

Length L1

A

MCH

Pad

== Package Trace

—— Motherboard PCB Trace
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54 Routing Guidelines for Asynchronous GTL+ and
Other Signals

This section describes layout recommendations for signals other than data, strobes and address.
Table 5-3 lists the signals that are described in this section.

Table 5-3. Miscellaneous Signals (Signals That Are Not Data, Address, or Strobe)

Signal Name Type Direction Topology Driven by
A20M# Asynchronous GTL+ | 2 Intel® ICH4
BRO# AGTL+ /0 4 Processor
XCOMP/YCOMP | Analog | 5
FERR# Asynchronous GTL+ O 1 Processor

Open Drain
IGNNE# Asynchronous GTL+ | 2 ICH4
INIT# Asynchronous GTL+ | 2-A ICH4
LINTO/INTR
LINT1/NMI Asynchronous GTL+ | 2 ICH4
PROCHOT# Asynchronous GTL+ O 1 Processor

Open Drain
PWRGOOD Other | 2-B ICH4
RESET# AGTL* | 4 MCH

Open Drain
SLP# Asynchronous GTL+ | 2 ICH4
SMI# Asynchronous GTL+ | 2 ICH4
STPCLK# Asynchronous GTL+ | 2 ICH4
THERMTRIP# | AGTL* 0 1 Processor

Open Drain
VCCA Power | 3 External logic
VCCIOPLL Power | 3 External logic
VCC_SENSE Other O Processor

. Open Drain

VCCVID[4:0] 3.3V Tolerant (0] 8,9 Processor
VSSA Power | 3 Ground
THERMDA/ .
THERMDC Other /0 6 External logic
TESTHI Other /0 7 External logic

All signals must meet the AC and DC specifications described in the Intel® Pentium® 4 Processor
with 512KB L2 Cache on .13 Micron Process Datasheet.
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5.4.1

5.4.1.1

Topologies

The following sections describe the topologies and layout recommendations for the miscellaneous

signals.

In

tel.

Topology 1: Asynchronous GTL+ Signals Driven by the Processor—
FERR#, PROCHOT# and THERMTRIP#

These signals should adhere to the following routing and layout recommendations. Figure 5-4
illustrates the recommended topology. If PROCHOT# is routed to external logic, voltage
translation may be required to avoid excessive voltage levels at the processor and to meet input
thresholds for the external logic.

Table 5-4. Layout Recommendations for FERR# and THERMTRIP# Signals—Topology 1

Trace Z, Trace Spacing L1 L3 Rpy
50 Q 7 mil 1" —12" 3" max 62 + 5% Q
Figure 5-4. Routing lllustration for FERR# and THERMTRIP#
CPU VDD
Processor Intel® ICH4
L1 L3
Table 5-5. Layout Recommendations for PROCHOT# Signal—Topology 1
Trace Z, Trace Spacing L1 L2 L3 Rpy
50 Q 7 mil 1"—17" 10" max 3" max 62+5% Q
Figure 5-5. Routing lllustration for PROCHOT#
L2 =10"
Voltage External Logic
Processor Translator CPU VDD 9
Rpu

62

L1

/\

L3
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5.41.2 Topology 2: Asynchronous GTL+ Signals Driven by the Intel® ICH4—

A20M#, IGNNE#, LINT[1:0], SLP#, SMI#, and STPCLK#

The V_CPU _IO signals are documented to support only 0.8 V to 1.75 V. The ICH4 output signals
voltage swing depend on the voltage passed into these signals (V_CPU_I0[2:0]), and voltages
below 0.8 V are not supported by the ICH4’s buffers. These signals should adhere to the following
routing and layout recommendations. Figure 5-6 illustrates the recommended topology.

Table 5-6. Layout Recommendations for Miscellaneous Signals—Topology 2

Processor CMOS

Processor CMOS Signals Length

Maximum Trace Signal

Routing Requirements

Length

Referencing

Matching

50on5

L1 =19 inches

N/A

None

Figure 5-6. Routing lllustration for A20M#, IGNNE#, LINT[1:0], SLP#, SMI#, and STPCLK#

Intel® ICH4

Processor

L1

CPU Output Signals

5413 Topology 2-A: INIT#

Level shifting is required for the INIT# signal to the FWH to meet the input logic levels of the
FWH. See Section 10.4.4 for voltage level translation circuitry.

Table 5-7. Layout Recommendations for INIT#—Topology 2A

Trace
Trace Zo | gpacing L1 L2 L3 L4 Rpy
50 Q 7 mil 2" max 10" max 17" max 3" max 300 Q £ 5%
Figure 5-7. Routing lllustration for INIT#
Vcc_FWH
®
Processor Intel® ICH4 300 ohm + 5%
Voltage L4
T |
\ L3 /\ L1 ranslator L2
* FWH
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5414 Topology 2-B: Miscellaneous Signals Driven by the Intel® ICH4 Open
Drain; PWRGOOD

This signal should adhere to the following routing and layout recommendations. Figure 5-8
illustrates the recommended topology.

Table 5-8. Layout Recommendations for Miscellaneous Signals—Topology 2B

Trace Z, Trace Spacing L1 L3 Rpy

50 Q 7 mil 1" -12" 3" max 300 Q +5%

Figure 5-8. Routing lllustration for PWRGOOD

VDDfCPU

Intel®
ICH4

B /N u /

Processor

Reu

5.4.1.5 Topology 3: VCCIOPLL, VCCA and VSSA

VCCIOPLL and VCCA are isolated power for internal PLLs. It is critical that they have clean,
noiseless power on their input pins. Keep these signals away from noisy or high-frequency signals.
Keep their traces as short as possible. Follow the recommendations in Figure 5-9 for layout
guidelines. VSSA should not be connected directly to ground on the system board. Further details
can be found in Section 12.6

Figure 5-9. Routing lllustration for VCCIOPLL, VCCA and VSSA

Vee cru i

(]
| ]
]

St bet ([

g 1 g
1 Processor

Motherboard /[ i pkg Veen Core

: °

Col |

33 yF !
(]
(]

4.7 uH I i VCCIOF’LL

!
(]
]
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5.4.1.6

Figure 5-10. Routing lllustration for BR0O# and RESET#

Table 5-9.

5.4.1.7

Topology 4: BRO# and RESET#

Since the processor does not have on-die termination on the BRO# and RESET# signals, it is
necessary to terminate using discrete components on the system board. Connect the signals
between the components as shown in Figure 5-10. The E7205 chipset has on-die termination and

System Bus Routing Guidelines

thus it is necessary to terminate only at the processor end. The value of Ry should be 51€2 + 5% for
RESET#. The value of R should be 150 Q — 220 Q £5% for BRO#.

VCC_CPU
Rt
L1
MCH Processor
L2
BR0# and RESET# Lengths
Signal R; L1 L2
RESET# 51Q <1 -2" 2.5"-10"
BRO# 150 — 220 Q < 1"-2" 2.5"-10"

Topology 5: XCOMP/YCOMP Signals

Terminate the XCOMP/YCOMP pins to ground through two resistors. Refer to the latest
schematics for the resistor values. Do not wire the COMP pins together; connect each pin to its

own termination resistor.
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5.4.1.8

5.4.1.9

5.4.1.10

66

Topology 6: THERMDA/THERMDC Routing Guidelines

The processor incorporates an on-die thermal diode. THERMDA (diode anode) and THERMDC
(diode cathode) pins on the processor can be connected to a thermal sensor located on the system
board to monitor the die temperature of the Processor for thermal management/long term die
temperature change monitoring purpose. This thermal diode is separate from the Thermal
Monitor's thermal sensor and cannot be used to predict the behavior of the Thermal Monitor.

Because the thermal diode is used to measure a very small voltage from the remote sensor, care
must be taken to minimize noise induced at the sensor inputs. Below are some guidelines:

* Remote sensor should be placed as close as possible to THERMDA/THERMDC pins. It can
be approximately 4 to 8 inches away as long as the worst noise sources such as clock
generators, data buses and address buses etc. are avoided.

* Route the THERMDA and THERMDC lines in parallel and close together with ground guards
enclosed.

¢ Use wide tracks to reduce inductance and noise pickup that may be introduced by narrow ones.
A width of 10 mils and spacing of 10 mils is recommended.

Topology 7: TESTHI and RESERVED Pins

TESTHI[11:8] and TESTHI1 must be connected to VCC_CPU via a pull-up resistor. TESTHI[5:2],
TESTHIO, and TESTHI12 must be connected to VCC_CPU via a pull-up resistor or be tied directly
to VCC_CPU. Ideally, each TESTHI pin should be pulled up with a resistor value that matches the
impedance of the system bus interface. If a value matching the system bus interface is not possible,
each signal must use a pull-up resistor with a value between 40 Q and 60 €.

Additionally, if the ITPCLKOUT][1:0] pins are not used then they may be tied directly to
VCC_CPU, or connected individually to VCC_CPU using pull-up resistors with values between

1 kQ and 10 kQ. Tying ITPCLKOUT][1:0] directly to VCC_CPU or sharing a pull-up resistor to
VCC_CPU, will prevent use of debug interposers. This implementation is strongly discouraged for
system boards that do not implement an onboard debug port.

Topology 8: VCCVID Regulator Recommendations

¢ The output of the voltage regulator used to generate VCCVID should be no more than
1.5 inches away from pin AF4 of the processor.

* The trace connecting the voltage regulator output to pin AF4 should be as wide as practical,
but not less than 0.025 inches.

* The trace connecting the voltage regulator output to pin AF4 should have both a 0.1 uF and
1.0 pF capacitor for decoupling. The 1.0 uF capacitor should be located as close as possible to
the output of the voltage regulator. The 0.1 pF capacitor should be located as close as possible
to pin AF4 on the processor.

If an integrated voltage regulator such as the MIC5248 is used, the voltage input (pin 1) should be
connected to the system boards VCC or 3.3 V rails through a zero ohm resistor. The input of the
voltage regulator should also be decoupled with a 0.1 puF capacitor at the pin. The trace connecting
the voltage regular input to the zero resistor should be equal to or greater than the voltage regulator
output trace connected to the processor (i.e. if the connection to the processor is 0.025 inches than
the trace width to the input of the voltage regulator should be 0.025 inches or greater). The voltage
regulator power good signal (pin 4) should be connected to the voltage regulator output (pin 5)
through a 10 kQ resistor.
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5.41.11 Topology 9: Processor Voltage Regulator Sequencing Requirements

The Pentium 4 processor with 512-KB L2 cache on 0.13 micron process requires a 1.3 V supply to
the VCCVID pins to support the on-die VID generation circuitry. A linear regulator is
recommended to generate this voltage. The on-die VID generation circuitry has some power
sequencing requirements. Figure 5-11 shows a block diagram of a power sequencing
implementation. Figure 5-12 and Figure 5-13 illustrate timing diagrams of the power sequencing
requirements.

Figure 5-11. Power Sequencing Block Diagram

Intel® PWRGOOD
ICH4

| VRMPWRGD
VID[4:0]
l VID_Good'
v v

Processor g5 vee P Processor
Voltage Regulator
A
VID_Good 1ms
Generation  |— Dela G
Logic Y
System Power ’ ) VCCVID Voltage
Supply PS_PWR_OK Regulator

NOTES:
1. VID_Good connected to voltage regulator controller output enable.
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Figure 5-12. Power-on Sequence Timing Diagram

VCCVID 4* J
| Ta Tb
VID_GOOD Q

VvID[4:01 ///////])

HeLkiN ZZITTTTTTTTTITTTITTT Y X X X X XX X OO
veo ZZZITTIITTITTIITTTITT

PWRGOOD

RESET# /L[ /1//11///////

Tc Td

NOTES:

. Ta=1 ms minimum (VCCVID > 1V to VID_GOOD high)

. Tb =50 ms maximum (VID_GOOD to VCC valid maximum time)

. Tc = T37 (PWRGOOD inactive pulse width) = 10 BCLKs min

. Td = T36 (PWRGOOD to RESET# de-assertion time) = 1 ms (min), 10 ms (max)

. VID_GOOD is not a processor signal. This signal is routed to the output enable pin of the voltage regulator
control silicon.

AR WN =

Figure 5-13. Power-off Sequence Timing Diagram

Vce

ALLAARAEARREERARRARRRRARRRRRRRARRAN
PWRGOOD ——\

VCCVID \

VID_GOOD

VID[4:0] IAARARARAAAAARARARARRRRRRRRRY

NOTES:

1. This timing diagram is not intended to show specific times. Instead a general ordering of events with respect
to time should be observed.

2. When VCCVID is less than 1V, VID_GOOD must be low.

3. VCC must be disabled before VID[4:0] becomes invalid.

4

. VID_GOOD is not a processor signal. This signal is routed to the output enable pin of the voltage regulator
control silicon.
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DDR System Memory Design
Guidelines 6

This chapter contains information and details for designing an E7205 chipset-based platform with
DDR PC2100. The chapter provides information on the DDR reference stack-up, topologies, and
DDR layout, and routing guidelines for each system memory interface signal group that is
described. This chapter also provides system memory bypass capacitor guidelines and DDR power
deliver requirements. Together, these guidelines provide for a robust DDR solution for an E7205
chipset-based design.

As system memory transfer rates increase, careful attention must given to all of the E7205 chipset
guidelines to provide system robustness for DDR PC2100.

As stated earlier, the MCH is a dual channel memory interface. The pinout for the two channels has
been optimized for a motherboard design with interleaved DIMMs. The DIMM closest to the MCH
is DIMMO on channel A, the next DIMM is DIMMO on Channel B. The DIMMs continue to
alternate between Channel A and B to the termination resistors.

The Double Data Rate (DDR) SDRAM system memory interface supports unbuffered memory
only. The system memory interface can be divided into six signal groups: Data, Address/
Command, Control, Feedback, Clocks and DC bias signals. Table 6-1 summarizes the signal
groupings. Refer to the Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet for more
information about these signals.

The E7205 chipset supports Error Checking and Correction (ECC).
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Table 6-1. Intel® E7205 Chipset DDR Signal Groups

Group

Signal Name

Control

CKE_x[3:0]
CS_x[3:0}#

Clocks

CMDCLK_x[7:0]
CMDCLK_x[7:0#

Data

DQ_x[63:0]
DQS[_x17:0]
CB_x[7:0]

Address / Command

MA_x[12:0]
BA_x[1:0]
RAS x#
CAS_x#
WE_x#

DC Biasing

RCVENOUT_x#

DC Bias

DRCOMP_H
DRCOMP_V
ODTCOMP
DRCOMPVREF_H
DRCOMPVREF_V
DDR_STRAP
DVREF_A/DVREF_B
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6.1 DDR-SDRAM Stack-Up and Referencing Guidelines

The E7205 chipset platform designs using the DDR-SDRAM memory sub-system require
continuous ground referencing for all DDR signals. Based on the six-layer stack-up shown below,
the DDR channel is completely ground referenced. Although the DDR bus is technically
referencing both power and ground on layer 4, it is much more tightly coupled to the ground plane
because it is closer to the ground plane. Attention still must be paid to ensure that DDR signals do
not cross power plane splits because a small percentage of the return current travels through the
power planes.

All DDR signals must be ground referenced to provide an optimal current return path. To do this,
the ground plane must be solid and continuous from the MCH DDR signal pins to beyond the VTT
termination capacitors at the end of the channel.

Figure 6-1. Board Stack-Up

Layer Copper
Thickness Weight
Top SIGNAL 2.1 0.5 oz plus plating
PREPREG 4.0
Layer 2 GND 1.2 1o0z.
CORE 4.3
Layer 3 POWER 1.2 1o0z.
23.0
PREPREG 6.5
Layer 4 SIGNAL 1.2 1o0z.
CORE 4.3
PREPREG 4.0
Bottom SIGNAL 2.1 0.5 oz plus plating
Panel Thickness (mils) = 61.6 Assumes finished thickness on uStrip Layers
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6.2

Unbuffered DDR System Memory Topology and
Layout Design Guidelines

This section contains information and details on the DDR topologies, layout and routing
guidelines. The guidelines are provided for each corresponding signal group: Data, Address/
Command, Control, Feedback, Clock and DC biasing.

The MCH has two channels of DDR memory. All signals can break out of the MCH and route
entirely referenced to ground. The general routing strategy in a 6-layer board is to route all the data
and strobes for Channel B (closest to edge of MCH package) on the top layer. The Channel A data
and strobes can be routed entirely on the layer 4. The address, control and clock signals for both
channels can be routed entirely on the bottom layer. With this strategy, the whole interface will be
ground referenced. The specific details of those individual topologies will be shown in the
following sections.

Figure 6-2. DDR Routing Strategy

72

SIGNAL <-—-- Ch B DQ/DQS
PREPREG

GND
CORE
POWER

PREPREG

PREPREG
SIGNAL <-—--—- Ch A DQ/DQS
CORE
GND
PREPREG
SIGNAL <-—- Ch A & B Add/Ctrl/Clocks

Because of the height-restricted areas of the ATX chassis, it is best to place the DIMMs as close to
the back of the chassis as possible. With the E7205 chipset platform having interleaved DIMMs,
placing the termination resistors immediately after the last DIMM in Channel A, physically the
third DIMM from the MCH was not ideal. Instead, the termination resistors for both channels were
placed beyond the last DIMM. The result of this is that lengths to termination resistors on Channel
A grow larger than previous DDR designs, especially for chip selects and clock enable signals. The
additional advantage of this is that Channel B data and strobes can be routed on the top layer with
no layer transitioning. The Channel A data and strobes transition to layer 4 at the MCH and can
route to the DIMMs and return to the top layer to terminate at the resistor pads. The same is true for
the clocks, control and address signals which are routed on the bottom layer.
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Figure 6-3. DDR DIMM and Termination Strategy
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The following signaling group sections are intentionally ordered in the same fashion that Intel
recommends approaching the length matching criteria. The CKE and CS# signals should be routed
first and made as short as possible. From those lengths, the required command clock group lengths
are determined which will drive the required lengths for the data/strobe groups and address/control
groups, respectively.
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6.2.1

Table 6-2.

Control Signals — CKE_x[3:0], CS_x[3:0]#

The MCH control signals are source-clocked signals that include 4 clock enable (CKE) and 4 chip
selects (CS#) signals. These control signals are clocked into the DIMMSs using the positive edge of
the differential clock signals. The Intel MCH drives the control signals and clocks signals together,
with the clocks centered in the valid control window. Only one chip select (CS#) and one clock
enable (CKE) signal is needed for each DDR-SDRAM physical DIMM device row.

Two chip selects and two clock enables are routed to each DIMM (one for each side) to support
double-sided DDR DIMMs. Table 6-2 below summarizes the CKE/CS# to DIMM pin mapping.

Control Signal DIMM Pin Mapping
Signal Relative to DIMM pin
CS_x0# DIMMO 157
CS_x1# DIMMO 158
CS_x2# DIMM1 157
CS_x3# DIMM1 158
CKE_x0 DIMMO 21
CKE_x1 DIMMO 111
CKE_x2 DIMM1 21
CKE_x3 DIMM1 1M1

Resistor packs are acceptable for the parallel control termination resistors (Ryt), but the control
signals cannot be routed to the same resistor pack (RPACK) used by data, data strobe, address/
command signals.

Table 6-3 and Figure 6-4 through Figure 6-6 depict the recommended topology and layout routing
guidelines for the DDR-SDRAM control signals for the first and second DIMM.

Figure 6-4. DIMM-0 Control Signal Routing Topology (CS_x[1:0]#, CKE_x[1:0])
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Figure 6-5. DIMM-1 Control Signal Routing Topology (CS_x[3:2]#, CKE_x[3:2])
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Table 6-3. Control Signal Group Routing Guidelines

Parameter

Routing Guidelines

Signal Group

CS_x[3:0]#, CKE_x[3:0]

Topology

Point-to-point

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Z)

A,B=60Q *10%

Nominal Trace Width

A, B =5 mils

Nominal Trace Spacing

MCH to first DIMM = 15 mils

Group Spacing

20 mils minimum spacing from non-DDR related signals.

Trace Length A (CS_x[1:0]#/CKE_x[1:0]) — CS#:1.5"-5.5"
MCH Signal Ball to DIMM Pins on First DIMM | CKE: 1.5" — 5.5"
Trace Length A (CS_x[3:2]#/CKE_x[3:2]) — CS#: 15" —5.5"
MCH Signal Ball to DIMM Pins on Second e & omw
CKE: 1.5"-5.5
DIMM
Trace Length B (CS_x[1:0]#/CKE_x[1:0]) — CS#:0.1"-2.5"
DIMM pins on first DIMM to R Pad CKE: 0.1"—-2.5"
Trace Length B (CS_x[3:2]#/CKE_x[3:2]) — CS#:0.1"-2.5"
DIMM pins on Second DIMM to R Pad CKE: 0.1"—- 25"
Termination Resistor (Ry) 56 Q £ 5%

MCH Breakout Guidelines

5 mil width using maximum spacing until broken out beyond
the MCH package.

Length Tuning Method

CS_x[3:0[#/CKE_x[3:0] do not have length matching
requirements. Keep as short as possible because the longest
CS# or CKE length drives the minimum CMDCLK length. See
the following section for details.

Figure 6-6. Control Signal Trace Width/Spacing Routing on Lead-in Length

VSS (Layer 5)

20 mils 5 mils
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»|€
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OTHER
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Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide

75




u
DDR System Memory Design Guidelines I ntGI o

6.2.1.1

6.2.2

76

Table 6-4.

Control Group Signal Length Matching Requirements

The CS# and CKE signals do not require length matching but must be routed as short as possible.
As an example, CS_x[1:0]# and CKE_x[1:0] will be routed to the first DIMM in either Channel A
or Channel B. After routing those four signals, the longest net, which includes the MCH internal
package length, will drive the minimum length for the clocks to the first DIMM in the channel,
CMDCLK x[0,4,6] and CMDCLK x[0,4,6]#. It’s important to include the internal lengths in
calculating the longest net because the longest net on the board may not be the longest net from
MCH die pad to DIMM pin.

Clock Signals — CMDCLK_x[7:0], CMDCLK_x[7:0]#

The MCH clock signals include 8§ differential clock pairs CMDCLK x[7:0] and

CMDCLK x[7:0]#. In an unbuffered configuration, CMDCLK x[3:2] and CMDCLK _x[3:2]# are
left floating because only six pairs are needed for a 2-DIMM per channel configuration. The MCH
generates and drives these differential clock signals required by the DDR interface; therefore no
external clock driver is required for the DDR interface. Three differential clock pairs are routed to
each DIMM connector. Table 6-4 summarizes the clock signal mapping.

Clock Signal Mapping

Signal Routed to

CMDCLK_x[0,4,6], CMDCLK_x[0,4,6]# | DIMMO
CMDCLK_x[1,5,7], CMDCLK_x[1,5,7]# | DIMM1
CMDCLK_x[2,3],CMDCLK_x[2,3]# No Connect

The differential clock pairs must be routed differentially from the MCH to their associated DIMM
pins, and must maintain the correct isolation spacing from other signals. When the signals
serpentine, maintain a minimum of 20-mil spacing. The differential clock pair must maintain
correct spacing to remain differential.
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Table 6-5 is provided to help the routing of the clock signals. The table summarizes a typical clock
signal to DIMM pin mapping.

Table 6-5. Clock Signal DIMM Pin Mapping

Signal Relative to DIMM pin
CMDCLK_x0 DIMMO 137
CMDCLK_x0# DIMMO 138
CMDCLK_x4 DIMMO 16
CMDCLK_x4# DIMMO 17
CMDCLK_x6 DIMMO 76
CMDCLK_x6# DIMMO 75
CMDCLK_x1 DIMMA1 137
CMDCLK_x1# DIMM1 138
CMDCLK_x5 DIMMA1 16
CMDCLK_x5# DIMM1 17
CMDCLK_x7 DIMMA1 76
CMDCLK_x7# DIMM1 75

The CS# and CKE lengths drive the minimum length requirements for the command clocks. The
rest of the DDR system memory signals are tuned to CMDCLK/CMDCLK#. The individual group

signal length matching requirements are detailed in their corresponding section for each system
memory group. CMDCLK/CMDCLK# must be length-matched to each other.

No external termination resistors are needed for the clock signals. Table 6-6 and Figure 6-7 through
Figure 6-9 show the recommended topology and layout routing guidelines for the DDR-SDRAM

differential clocks.

Figure 6-7. DDR Clock Routing Topology (CMDCLK_x[0,4,6]/CMDCLK_x[0,4,6]#)

MCH

P#

Differential

DIMM 0

(O
L0

A#
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Figure 6-8. DDR Clock Routing Topology (CMDCLK_x[1,5,7]/CMDCLK_x[1,5,7]#)

Differential
MCH DIMM 1
C G J
P A
0 ®

P# A#

Table 6-6. Clock Signal Group Routing Guidelines

Parameter Routing Guidelines
Signal Group CMDCLK_x[7:4,1:0]/CMDCLK_x[7:4,1:0]#
Topology Point-to-point
Reference Plane Ground Referenced
Characteristic Trace Impedance (Z) Differential = 84 Q + 10%
Nominal Trace Width 6 mils
Nominal Differential Trace Spacing 7 mils

20 mils minimum spacing from another DDR signal group.

Group Spacing 20 mils minimum spacing from non-DDR related signals.

Serpentine Spacing 20 mils minimum
Trace Length A (CMDCLK_x[0,4,6]) — Min = 3.5"
MCH Signal Ball to pin of first DIMM Max = 9.0"
Trace Length A (CMDCLK_x[1,5,7]) — Min = 3.5"

MCH Signal Ball to pin of Second DIMM Max = 9.0"

5-mil width with 5-mil differential spacing until broken out of

MCH Breakout Guidelines
package.

Exact length matching from MCH internal die pad to DIMM
connector pin is required for CMDCLKSs and their complements. In
Length Matching addition, CMDCLKs must length match the other command clocks
connecting to the same DIMM, i.e., CMDCLK_x0 must match
CMDCLK_x4 and CMDCLK_x6 which all route to the first DIMM.

Figure 6-9. Clock Signal Trace Width/Spacing Routing Cross Section

20 mils 6 mils 7 mils 6 mils 20 mils
|: :|< >« >le >|< >|
I I I I I I
OTHER CMD_CLK CMD_CLK# OTHER
SIGNALS = SIGNALS
VSS
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Clock Group Signal Length Matching Requirements

The MCH provides three differential clock pair signals for each DIMM. A differential clock pair
consists of a CMDCLK signal and its complement signal CMDCLK#. In the previous section, it
was advised that the CS# and CKE signals be routed as short as possible. Including the MCH
internal package lengths in the comparison, the longest CS# or CKE is determined. From this net,
the minimum length of the command clocks is determined. The longest net within CS_x[1:0]# and
CKE x[1:0] will determine the minimum length of CMDCLK x[0,4,6]. The longest net within
CS_x[3:2]# and CKE_x[3:2] will determine the minimum length of CMDCLK x[1,5,7].

If the longest CKE has a lead-in length between:

1.5-2.5" then the minimum CMDCLK length > CKE + 2.0"
or 2.5-3.5" then the minimum CMDCLK length > CKE + 2.5"
or 3.5-4.0" then the minimum CMDCLK length > CKE + 3.0"
or 4.0-55" then the minimum CMDCLK length > CKE + 3.5"

If the longest CS# has a lead-in length between:

1.5-2.5" then the minimum CMDCLK length > CS# + 1.0"
or 2.5-3.0" then the minimum CMDCLK length > CS# + 1.5"
or 3.0-3.5" then the minimum CMDCLK length > CS# + 2.0"
or 3.5-45" then the minimum CMDCLK length > CS# + 2.5"
or 4.5-55" then the minimum CMDCLK length > CS# + 3.0"

It is important to compare the CS# and CKE lengths after the previous equations have been applied
to determine the minimum command clock length. For instance, a CS# length of 2 inches and a
CKE length of 1.9 inches would suggest the CS# signal would create the longest minimum
command clock length requirement. After applying the equations, the CS# length is adjusted to

3 inches (2" + 1") and the CKE length is adjusted to 3.9 inches (1.9" + 2.0"). Therefore, the longest
adjusted net is actually the CKE signal and it will determine the minimum command clock length.

From the above equations, it is clear why the CS# and CKE signals must be as short as possible.
The maximum control signal length drives the command clocks to be longer. This requires the data
and strobe signals to increase in length as well.
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Figure 6-10 shows the length matching requirements between the control and the clock signals.

Figure 6-10. Control Signal to CMDCLK Trace Length Matching Requirements

DIMM 0

"""""""""" = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths

MCH Package

CS_x[1:0]#, CKE_x[1:0
e (0] S r'y } CTRL Length = X

MCH
DIE o | CMDCLK x[0.4,6] °
T CMDCLK_x[0.4 6]# ° } Clock Minimum Length = £(X)
Note: Lengths are measured from MCH
pad to DIMM 0 connector pin.
DIMM 0 DIMM 1
"""""""""" = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths
MCH Package
CS_x[3:2]#, CKE_x[3:2]
e ® } CTRL Length = X
MCH

DIE CMDCLK_x[1,57]
- CMDCLK_x[1,5,7]#

[ ]
( X J

} Clock Minimum Length = f(X)

Note: Lengths are measured from MCH
pad to DIMM 1 connector pin.

CMDCLK and its complement CMDCLK# within each differential clock pair requires exact length
matching from MCH pad to the pins of the DIMM connector.

The length of the CMDCLK and its complement to first and second DIMM include the MCH
package length + the motherboard trace length. The internal package trace lengths is provided in
the Intel® E7205 Chipset Memory Controller Hub (MCH) Datasheet.

In addition, clock length matching is required between clock pairs associated to the same DIMM.
The differential clock pairs for the first DIMM connector, CMDCLK x[0,4,6]/

CMDCLK x[0,4,6]#, require exact matching of the trace lengths from MCH internal pad to the
pins of the first DIMM connector. The differential clock pairs for the second DIMM connector,
CMDCLK x[1,5,7/CMDCLK_x[1,5,7]#, require exact matching of the trace lengths from MCH
internal pad to the pins of the second DIMM connector.

CMDCLK x0=CMDCLK x0#=CMDCLK x4 = CMDCLK x4#=CMDCLK x6
= CMDCLK_x6#

and

CMDCLK_x1 = CMDCLK_x1#=CMDCLK_x5=CMDCLK_x54# = CMDCLK_x7
= CMDCLK_x7#
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Note that the differential clocks must also be tuned with the data strobes, address/command, and
control signals. Figure 6-11 shows the length matching requirements for the differential clock
signals.

Figure 6-11. CMDCLK to CMDCLK# Trace Length Matching Requirements

DIMM 0
----------= MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths
CMDCLK_x0 _
MCH Package » CMDCLK_x0 = X
‘o CMDCLK 0% ° CMDCLK_xO# = X
o] CMDCLK x4 ° CMDCLK_x4= X
-+ o] CMDCLK xd# ° ™ CMDCLK_x4# = X
MCH |-y CMDCLK_x6 Py CMDCLK_x6 = X
Die CMDCLK_x6#
-------- L ] CMDCLK_x6# = X
Note: Lengths are measured from MCH pad
to DIMM 0 connector pin.
DIMM 0 DIMM 1
----------= MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths
MCH Pack | CMDCLK X1 ® | ] oMDCLKxi=Y
ackage -
. CMDCLK_x1# ° CMDCLK_x1#=Y
S| CMDCLK x5 Py CMDCLK_x5 = Y
‘. o | CMDCLK x5# ° T CMDCLK x5#=Y
e B T
Die e X ° CMDCLK_x7 =Y
~~~~~~~~ o| CMDCLK x7# ° CMDCLK_x7#= Y
Note: Lengths are measured from MCH
pad to DIMM 1 connector pin.
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6.2.3

Table 6-7.

Note:

82

Data Signals — DQ_x[63:0], DQS_x[17:0], CB_x[7:0]

The MCH data signals are source synchronous signals that include the 64-bit wide data bus,

8 check bits, and 9 data strobe signals. DQS_x[17:9] are needed only for x4 devices that are unique
to registered memory. The signals DQS_x[17:9] can be tied directly to ground at the DIMMs.
Table 6-7 summarizes the DQ/CB to DQS mapping.

Signals and Associated Strobe

Signal Associated Strobe
DQ_x[7:0] DQS_x0
DQ_x[15:8] DQS_x1
DQ_x[23:16] DQS_x2
DQ_x[31:24] DQS_x3
DQ_x[39:32] DQS_x4
DQ_x[47:40] DQS_x5
DQ_x[55:48] DQS_x6
DQ_x[63:56] DQS_x7
CB_x[7:0] DQS_x8

It is important to note that the DQ and CB signals must be length matched only to their associated
DQS in board etch length—the lengths do not have to account for package compensation. The
DQSs and DQ/CBs must match in length only from the MCH ball to DIMM pin. However, the
strobe signals (DQS) do have to package compensate when determining their minimum length
relative to the command clocks. The following sections provide more information on the length
tuning method.

Resistor packs are acceptable for the parallel data and data strobe termination resistors (Ry), but
data and strobe signals should not be routed to the same resistor pack (RPACK) used by address/
command, or control signals.

Figure 6-12 and Table 6-8 describe the recommended topology and layout routing guidelines for
the DDR-SDRAM data signals.

It is important to note that the data/strobe groups require a “mixed impedance” topology. The lead-
in length from the MCH to the first DIMM is a lower impedance than the segment connecting the
first DIMM to the second DIMM and continuing to the termination resistor.

The variables in the figure are:
P = MCH package trace from silicon to the package ball
A = Board trace from the ball of the MCH to the first DIMM pin

B = Board trace from the first DIMM to the second DIMM pin
C = Board trace from the second DIMM pin to the termination resistor pin
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Figure 6-12. Data Signal Routing Topology

Table 6-8.
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MCH

DIMM 0 DIMM 1

Vit
Rtt

e

P A

Data Signal Group Routing Guidelines (Channel A and B)

Parameter Routing Guidelines
Signal Group DQ_x[63:0], CB_x[7:0], DQS_x[8:0]
Topology Daisy Chain
Reference Plane Ground Referenced
- A=50Q,

Characteristic Trace Impedance (Z,) B, C =60 Q+ 10%

. ) A =7 mils
Nominal Trace Width B, C = 5 mils

Nominal Trace Spacing

MCH to first DIMM = 10 mils data, 12 mils strobe
Within DIMM Pin Field = 7 mils
From DIMM to DIMM = 15 mils
Second DIMM to Rtt = 15 mils

Group Spacing 20 mils minimum from non-DDR related signals.
: .| Min=1.5"

Trace Length A — MCH Ball to First DIMM Pin Max = 5.5"

Trace Length B — First DIMM Pin to Second Min=1.1"

DIMM Pin Max = 1.2"

Trace Length C — DIMM Pin to termination Min =0.1"

resistor pad Max =1.5"

Termination Resistor (Ry) 39 Q£ 5%

MCH Breakout Guidelines

5 mil width with 5 mil spacing until beyond the package edge

Length Tuning Method

Length matching from the MCH internal die pad to the DIMM
connector pin is required for DQ_x[63:0], CB_x[7:0] to
DQS_x[8:0]. DQS_x[8:0] requires tuning to the DDR clock
signals. See following sections for details.
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6.2.3.1

6.2.3.1.1
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Data Group Signal Length Matching Requirements

Strobe to Command Clock Length Matching Requirements

The tuning of strobes and differential clock signals must take into account the package lengths
internal to the MCH package. Matching requires tuning from the MCH internal pad ball to the pins
of the DIMM connector.

To Channel A first DIMM:

CMDCLK Length =X,
DQS Length =Y,
where Y > X — 3.0 inches

To Channel B first DIMM:

CMDCLK Length =X,
DQS Length =Y,
where Y > X — 2.5 inches

To Channel A second DIMM:

CMDCLK Length =X,
DQS Length =Y,
where Y > X —3.3"

To Channel B second DIMM:

CMDCLK Length =X,
DQS Length =Y,
where Y > X —2.8"

Length X and Y to first and second DIMM include the MCH package length + the motherboard
trace length from the ball of the MCH to the DIMM. No length matching is required from the
second DIMM to the parallel termination resistors. Figure 6-13 shows the length matching
requirements between the DQS and clock signals for Channel B only.

Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide



intel.

DDR System Memory Design Guidelines

Figure 6-13. Channel B DQS to CMDCLK Trace Length Matching Requirements

6.2.3.1.2

DIMM 0

--------- = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths

MCH Package

DQS_x[8:0]
® j— DQS Length >= X - 2.5"
MCH

Die CMDCLK_x[0,4,6]
.| CMDCLK X046l | o } Clock Length = X

Note: Lengths measured from MCH
pad to DIMM 0 pin.

DIMM 0 DIMM 1
--------- = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths
MCH Package DQS._ X[8:0]
. ® ® DQS_x Length >= X - 2.85"
MCH
Die ceon, CMDCLK_x[1,5,7] °
~ CMDCLK_x[1,5,7]# ° } Clock Length = X
Note: Lengths measured from MCH
pad to DIMM 1 pin.

Data to Strobe Length Matching Requirements

The tuning of the data strobes to the associated data and check bit signals does not require taking
package length compensation into account. It is required that the strobes use package compensation
when determining the required lengths relative to the command clocks as described in the previous
section. However, length matching of the strobe to its associated data and check bits requires
accounting only for the board etch. For instance, a command clock length to the first DIMM in
Channel A equal to 8 inches requires that the strobe length to the first DIMM have a minimum
length of 5 inches (8 inches —3 inches) from die pad to DIMM. If the DQS_x0 happens to have
500 mils of internal package length, the board etch must be 4.5 inches. The eight signals,
DQ_x[7:0], would then have to be routed to 4.5 inches, and do not require package compensation.

DQS Length =X,
Associated DQ/CB Byte Group Length =Y,
(X —=25mils) £Y < (X + 25 mils)

Length X and Y to first and second DIMM do not include the MCH package length—only the
motherboard trace length. No length matching is required from the second DIMM to the parallel
termination resistors.
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Table 6-9 and Figure 6-14 show the length matching requirements between the DQ, CB, and DQS

signals.

Table 6-9. DQ/CB to DQS Length Matching Mapping

Signals Length Mismatch Relative to
DQ_x[7:0] + 25 mils DQS_x0
DQ_x[15:8] + 25 mils DQS_x1
DQ_x[23:16] + 25 mils DQS_x2
DQ_x[31:24] + 25 mils DQS_x3
DQ_x[39:32] + 25 mils DQS_x4
DQ_x[47:40] + 25 mils DQS_x5
DQ_x[55:48] + 25 mils DQS_x6
DQ_x[63:56] + 25 mils DQS_x7
CB_x[7:0] + 25 mils DQS_x8

It is important to note that the + 25 mils tolerance must be divided between the segment from the
MCH to the first DIMM, and the first DIMM to the second DIMM. For instance, a designer may
use + 15 mils of tolerance on the lead-in length to the first DIMM, and use + 10 mils on the DIMM
to DIMM segment. This ensures that the overall + 25 mils requirement is met. If the £ 25 mils
tolerance were used on each segment individually, a data signal's length could theoretically be out
of specification by 25 mils at the second DIMM. The division of the tolerance is arbitrary, but
allowing more lenience on the lead-in length is typically the easiest from a routing standpoint.

Figure 6-14. DQ/CB to DQS Length Matching

rrrrrr = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths

MCH
Package

DQ_x/CB_x0

DIMM O

DQ x/CB_x1

MCH
Die

DQ_x/CB_x2

DQ_x/CB_x3

} DQ_x/CB_x Length (Y) = (X + 25 mils)

DQS x
DQ_x/CB_x4

‘ [ ]

—}— pas_xLength = X

DQ_x/CB_x5

DQ_x/CB_x6

DQ_x/CB_x7

} DQ_x/CB_x Length (Y) = (X + 25 mils)

Note: Lengths are measured from MCH
ball to DIMM 0 connector pins.

—————— = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths

MCH
Package

DQ_x/CB_x0

DIMM O DIMM 1

DQ_x/CB_x1

MCH
Die

DQ_x/CB_x2

DQ_x/CB_x3

} DQ_X/CB_x Length (Y) = (X + 25 mils)

DQS x

DQ_x/CB_x4

} DQS_x Length = X

DQ_x/CB_x5

DQ_x/CB_x6

DQ_x/CB_x7

} DQ_x/CB_x Length (Y) = (X + 25 mils)

Note: Lengths are measured from MCH
ball to DIMM 1 connector pins.
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6.2.4 Address/Command Signals — MA_x[12:0], BA_x[1:0],
RAS x#, CAS x#, WE_x#

The MCH address/command signals are source-clocked signals that include 13 system memory
address (MA_x[12:0]), 2 bank address (BA), row address select (RAS x#), column address select
(CAS_x#), and write enable (WE_x#) signals. The address/command signals are clocked into the
DIMMs using the positive edge of the differential clock signals. The MCH drives the address/
command and clock signals together.

Resistor packs are acceptable for the series (Rs) and parallel (Ryr) address/command termination
resistors, but address/command signals cannot be routed to the same resistor pack (RPACK) used
by data, data strobe, or control signals.

There is a required length relationship between the command clocks and the address/command
signals, but it usually comes out naturally through normal routing without extra consideration.
Details are explained in the following section.

Table 6-10 and Figure 6-15 and Figure 6-16 show the recommended topology and layout routing
guidelines for the DDR-SDRAM address/command signals.

Figure 6-15. Address/Command Signal Routing Topology

DIMM 0 DIMM 1
MCH vt

> Got—

Rit
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Table 6-10. Address/Command Signal Group Routing Guidelines

Parameter

Routing Guidelines

Signal Group

MA_x[12:0], BA_x[1:0], RAS_x#, CAS_x#, WE_x#

Topology

Daisy chain

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Z,)

A, B, C=60Q+15%

Nominal Trace Width

A, B, C =5 mils

Nominal Trace Spacing from MCH

MCH to first DIMM = 12 mils

Within DIMM Pin Field = 7 mils
From DIMM to DIMM = 12 mils
Second DIMM to Rtt = 12 mils

Group Trace Spacing

20 mils spacing from non-DDR related signals.

Trace Length A — MCH Signal Ball to DIMM 1 | Min = 1.5"
pin Max = 6.5"

. . Min = 1.1"
Trace Length B — DIMM pin to DIMM pin Max = 1.2
Trace Length C — Last DIMM pin to parallel Min =0.1"
termination resistor pad Max = 1.5"
Termination Resistor (Ryt) 56 Q + 5%

MCH Breakout Guidelines

5 mil trace width with maximum spacing allowable until
beyond the MCH package edge. This breakout length should
be as short as possible

Length Tuning Method

MA_x[12:0], BA_x[1:0], RAS_x#, CAS_x#, WE_x# do not

require tuning to each other. The lengths are related to the
DIMM's associated command clocks. See following section
on length requirements.

Figure 6-16. Address/Command Signal Width/Spacing Routing on Lead-in Length

20 mils 5 mils 12 mils 5 mils 20 mils
< > »le > ¢ >« >
I I
OTHER Address / Address / OTHER
SIGNALS Command Command SIGNALS
VSS
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6.2.4.1 Address/Command Group Signal Length Matching Requirements

The tuning of the address/command signals (MA x[12:0], BA x[1:0], RAS x#, CAS x#, WE_x#)
and differential clock signals must take into account the internal package lengths of the MCH
package. Matching will require tuning of the address/command signals to the differential clock
signals from the MCH ball pad to the pins of the DIMM connector. The address/command signals
must be routed 1.5 inches or less than the command clock length to the associated DIMM. The
address/command signals route to both DIMMs, while the command clocks route only to one
respective DIMM. Therefore, the address/command signal length from the MCH die pad to the
first DIMM must be 1.5 inches or less than CMDCLK x[0,4,6] from the die pad to the first DIMM.
The address/command signals lengths from the MCH die pad to the second DIMM must be

1.5 inches or less than the CMDCLK x[1,5,7] lengths. The following equation reiterate the
previous text:

Command Clock Length = X,
Address/Command Length < (X — 1.5 inches),

No length matching is required from the last DIMM to the parallel termination resistors.
Figure 6-17 shows the length matching requirements between the address/command signals and
the clock signals.

Figure 6-17. Address/Command Signal to Command Clock Length Matching Requirements

DIMM 0
"""""""""""" = MCH Package Lengths from Pad to Ball
= Motherboard Trace Lengths
MCH Package MA_x[11:0], BA_x[1:0],
RAS_x#, CAS_x#, WE_x#,
- = Y } Add/Cmd Max Length Y < (X - 1.5")
MCH
Die “__ o | CMDCLK x[0,46] °
. CMDCLK_x[0,4,6]# ® } Command Clock Length = X
Note: Lengths are measured from MCH pad
to DIMMO connector pins.
DIMM 0 DIMM 1
rrrrrrrrrrrrrrrrrrr = MCH Package Lengths from Pad to Ball
— = Motherboard Trace Lengths
MCH Package MA_x[12:0], BA_x[1:0],
e RAS_xd#, CAS xit, WE_xit PS ® } Add/Cmd Max Length = Y < (X - 1.5")
MCH
Die o | CMDCLK x[1,57] °
. - CMDCLK_x[1,5,7]# ° Command Clock Length = X

Note: Lengths are measured from MCH pad
to DIMM 1 connector pins.
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6.2.5 DC Biasing

6.2.5.1 RCVENOUT_A#, RCVENOUT_B#

The MCH provides two pins, RCVENOUT A# and RCVENOUT B#, for Channel A and B,
respectively. There is an internal delay loop inside the E7205 chipset package that requires an
external termination for the driver. The signal must be tied to a resistor divider between the 2.5 V
rail and ground. The high and low side resistor values are shown in Figure 6-18. It is important that
the two signal pins do not share a single resistor divider even though the recommended circuit is
identical for both. The following figures and table show the recommended topology and layout
routing guidelines for the RCVENOUT# signal.

Figure 6-18. DDR Feedback RCVENOUT_A#, RCVENOUT_B# Routing Topology

25V

78.7 Q1%

RCVENOUT_A#

78.7 Q1%

Table 6-11. RCVEN_OUT_A#, RCVENOUT_B# Routing Requirements

Parameter Routing Guidelines
Signal Group RCVENOUT_x#
Topology Point-to-point with resistor divider
Characteristic Trace Impedance 50 Q
Nominal Trace Width 7 mils
Max Trace Length to Resistor Divider <750 mils
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6.2.5.2 DRCOMPVREF_H, DRCOMPVREF_V

The MCH provides signals DRCOMPVREF H and DRCOMPVREF V for voltage referencing.
DRCOMPVREF_H and DRCOMPVREF V are used for both channel A and B as voltage
referencing for the horizontal and vertical buffer resistive compensation circuitry. The
DRCOMPVREF_H and DRCOMPVREF V signals can be shorted together and tied to a single
resistor divider network. The values for the biasing circuitry and routing topology are shown in
Figure 6-19.

Figure 6-19. DRCOMPVREF_H and DRCOMPVREF_V Routing Topology

25V

DRCOMPVREF_V
DRCOMPVREF_H

—~ 1nF

NOTE: The capacitor in the figure is 1 nanoFarad.

Table 6-12. DRCOMPVREF_H and DRCOMPVREF_V Routing Requirements

Parameter Routing Guidelines
Signal Group DRCOMPVREF_H, DRCOMPVREF_V
Topology Point-to-point with resistor divider
Nominal Trace Width 20 mils
Resistor Value (Pull-up and Pull-down) 499Q+1%
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6.2.5.3 VREF_A and VREF_B

VREF A and VREF B are describe in Section 6.4.4.

6.2.5.4 DRCOMP_H and DRCOMP_V

The MCH provides two signals for resistive compensation. The DRCOMP_H and DRCOMP_V
signals are used to calibrate the horizontal and vertical DDR buffers, respectively. It is important
that these signals do not share biasing circuitry. The individual signal must tie to its own individual
resistor which ties to ground. The values for the biasing circuitry and routing topology are provided
in Figure 6-20 and Table 6-13.

Figure 6-20. DRCOMP_H and DRCOMP_V Routing Topology

DRCOMP_H

249Q+1%

Table 6-13. DRCOMP_H and DRCOMP_V Routing Guidelines

Parameter Routing Guidelines
Signal Group DRCOMP_H, DRCOMP_V
Topology Point-to-point with pull-down resistor
Reference Plane Ground referenced
Characteristic Trace Impedance (Z,,) 50 Q
Nominal Trace Width 7 mils
Resistor Value 249Q+1%
Max Trace Length to Resistor Divider < 750 mils
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6.2.5.5 DDR_STRAP

The MCH provides a signal that is used to indicate to the BIOS the type of memory that is
implemented in a motherboard design. This signal should be pulled to 2.5 V. The topology is

shown below.

Figure 6-21. DDR_STRAP Routing Topology

25V
DDR_STRAP
Table 6-14. DDR_STRAP Routing Guidelines
Parameter Routing Guidelines
Signal Group DDR_STRAP
Topology Float or point-to-point with pull-down resistor
Nominal Trace Width 7 mils
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6.2.5.6 ODTCOMP

The MCH provides a signal that is used to tune the on-die termination resistors on the DDR
interface. This signal should be tied ground through a resistor. The topology and resistor value is
shown in Figure 6-22.

Figure 6-22. ODTCOMP Routing Topology

ODTCOMP
402 Q +1%
Table 6-15. ODTCOMP Routing Requirements
Parameter Routing Guidelines
Signal Group ODTCOMP
Topology Point-to-point with pull-down resistor
Reference Plane Ground referenced
Resistor Value 402Q+1%
Characteristic Trace Impedance (Z,) 50 Q
Nominal Trace Width 7 mils
Max Trace Length Limit to Resistor <750 mils
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6.3.1

6.3.1.1

DDR System Memory Design Guidelines

System Memory Bypass Capacitor Guidelines

MCH System Memory Interface Decoupling Requirements

MCH System Memory High-Frequency Decoupling

Every MCH ground and power ball in the system memory interface should have its own via. For
2.5 V high-frequency decoupling, a minimum of ten 0603 0.1 pF high-frequency capacitors are
required and must be within 100 mils of the MCH package. The vias should be placed within

25 mils of the capacitor pads. The traces from the ground and power vias to the capacitor pad must
be as wide as possible. Figure 6-23 shows the MCH DDR 2.5 V high-frequency decoupling
capacitors.

Figure 6-23. MCH DDR 2.5 V Decoupling
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Table 6-16. MCH System Memory Decoupling Capacitor Requirements

6.3.1.2

Parameter Guideline
Capacitor Number Ten 0603 0.1 uyF MLC capacitors placed near MCH
Capacitor Placement Within 100 mils of the MCH
Capacitor Pad to Ground via Trace Width Route as wide as possible with a minimum width of 18 mils
Vias (Power and Ground) Placed within 25 mils of the capacitor pad

MCH System Memory Low-Frequency Bulk Decoupling

The MCH system memory interface requires low-frequency bulk decoupling. Place four 100 pF
electrolytic capacitors between the MCH and the first DIMM connector. These capacitors are in
addition to the bulk decoupling required by the 2.5 V regulator (regulator bulk decoupling is design
specific).
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Figure 6-24. Shared MCH/DIMM 2.5 V Bulk Decoupling Example

‘ i |

4 x 100uE

-

Table 6-17. MCH System Memory Bulk Capacitor Requirements

Parameter Guideline
Capacitor number Four 100 pF capacitors
Capacitor placement Evenly placed between the MCH and first DIMM pin
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6.3.2

DDR System Memory Design Guidelines

DDR-DIMM Decoupling Requirements

The DDR DIMMs require bulk decoupling in addition to the decoupling that is required by the
MCH. Place two 100 pF capacitors per DIMM at each end. A 4-DIMM design would use eight
total 100 pF caps. Using a 7343-sized capacitor will allow placement under the lever actuated arms
of the DIMMs.

Figure 6-25. DIMM Bulk Capacitor Requirements
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Table 6-18. DIMM Bulk Capacitor Requirements

6.4

6.4.1

Parameter Guideline

Capacitor number Two 100 pF capacitors per DIMM

One placed at both the left side and the right side of the

Capacitor placement DIMM sockets

Power Delivery

The following guidelines are recommended for an E7205 chipset DDR system memory design.
The main focus of these MCH guidelines is to minimize signal integrity problems and improve the
power delivery of the MCH system memory interface and the DDR-DIMMs.

DDR Voltage Regulator Guidelines

E7205 chipset designs using the DDR-SDRAM memory sub-system require several different
voltages: 2.5V, 1.25 V, and VREF. To generate these voltages, a 2.5 V and a 1.25 V regulator are
required and must be designed to supply the required voltage and current levels to meet both the
MCH and the DDR-SDRAM device requirements. DDR voltage regulation will be governed by
either an on-motherboard regulator circuitry or a module with the necessary complement of
external capacitance, and will vary according to the needs of different OEM design targets.
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6.4.2

6.4.3

6.4.4

Power Delivery Guidelines for 2.5V

Attention must be paid to the 2.5 V power plane to ensure proper MCH and DIMM power delivery.
This 2.5 V plane must extend from the MCH 2.5 V power vias all the way to the 2.5 V DDR
voltage regulator and its bulk capacitors. The 2.5 V power plane under the DIMM connectors must
encompass all of the DIMM 2.5 V pins.

The 2.5 V power plane, which is generated by the 2.5 V regulator, is used to supply power to the
MCH 2.5 V I/O Ring, the DDR-SDRAM 2.5 V Core, and the DDR-SDRAM 2.5 V I/O Ring. The
2.5 V regulator should be placed at the end of the DDR channel near the VTT Termination Island.

Power Delivery Guidelines for 1.25 V

The 1.25 V power plane, which is generated by the 1.25 V regulator, is used to supply the DDR
termination voltage (VTT). Special considerations must be taken for the 1.25 V regulator design
because it must be able to source and sink a significant amount of current. The 1.25 V regulator
should be placed at the end of the DDR channel near the VTT Termination Island.

DDR Reference Voltage

The DDR system memory reference voltage (VREF) is used by the DDR-SDRAM devices to
compare the input signal levels of the data, command, and control signals, and is also used by the
MCH to compare the input data signal levels. VREF must be generated as shown in the

Figure 6-26. It should be generated from a typical resistor divider using 1%-tolerance resistors. The
VREF resistor divider should be placed no further than 1.0 inch from the DIMMs. Additionally,
VREF must be decoupled locally at each DIMM connector and at the MCH. Finally, the VREF
signal should be routed with as wide a trace as possible (12 mils minimum width), and isolated
from other signals with a minimum of 12 mils spacing. During breakout from the MCH, a
minimum of 7 mil spacing can be maintained for a maximum length of 350 mils.

Figure 6-26. DDR VREF Generation Example Circuit
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Table 6-19. DDR VREF Generation Requirements

Parameter

Guideline

VREF Routing

Minimum 12 mils wide and separated from other traces with a minimum 12 mils
spacing, except during breakout, which is allowed 7 mil spacing to other signals for no
more than 350 mils.

Voltage Divider

Place resistor divider consisting of two 49.9 Q + 1% resistors. Minimize distance from
MCH to resistor divider.

Decoupling
Requirements

Three 0603 0.1 pyF capacitors
One 0603 1.0 uF capacitor

Decoupling Place one 0.1 uF decoupling cap at each of the DIMM sockets, and one 0.1 yF
Placement decoupling cap at the MCH. Place the 1.0 pF decoupling cap near the voltage divider.
6.4.5 DDR VTT Termination

All DDR signals, except the command clocks, must be terminated to 1.25 V (VTT) using 5%
resistors at the end of the channel opposite the MCH. Place a solid 1.25 V (VTT) termination island
on the top signal layer, just beyond the last DIMM connector. The VTT termination island must be
at least 50 mils wide. Use this termination island to terminate all DDR signals using one resistor
per signal. Resistor packs are acceptable, with the understanding that the signals within an RPACK
are from the same DDR signal group. No mixing of signals from different DDR signal groups is
allowed within an RPACK. The parallel termination resistors connect directly to the VTT island on
the top signal layer.

Figure 6-27. DDR VTT Termination Island Example

it

i

Table 6-20. DDR VTT Termination Island Requirements

Parameter Guideline

Island Width 50 mils minimum

Connect termination resistors and decoupling capacitors

Resistor and capacitor connectivity directly to the termination island
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6.4.5.1 VTT Termination Island High-Frequency Decoupling Requirements

The VTT Island must be decoupled using high-speed bypass capacitors—one 0603 0.1 pF
capacitor per two DDR signals, or two capacitors per RPACK. These decoupling capacitors
connect directly to the VTT island and to ground, and must be spread-out across the termination
island so that all the parallel termination resistors are near high-frequency capacitors. The capacitor
ground via should be within 25 mils of the capacitor pad and the via, and the pad should be
connected with as wide a trace as possible. The distance from any DDR termination resistor pin to
a 0.1 pF VTT capacitor pin must not exceed more than 100 mils.

Finally, place two 4.7 uF ceramic capacitors on each end of the termination island
(see Figure 6-30).

Figure 6-28. DDR VTT Termination 0.1 uF High-Frequency Capacitor Example 1

One Termination Resistor
per DDR Signal

Parallel Terminated

DDR Signals

ollm
oll
o] Bl |

<:..

One 0.1 uF Decoupling Vtt Capacitor Ground Vias
Capacitor per 2
Resistors
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Figure 6-29. DDR VTT Termination and High-Frequency Capacitor Example 2
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Figure 6-30. DDR VTT Termination 4.7 yF High-Frequency Capacitor Example
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Table 6-21. DDR VTT Termination Island High-Frequency Decoupling Requirements

Parameter Guideline

Place one decoupling cap for every two DDR signals/
termination resistors (or two caps for every RPACK). The
distance from any termination resistor to decoupling capacitor
should not exceed 100 mils.

0.1 yF capacitors

Four capacitors required. Place two capacitors at each end of

4.7 pF capacitors the termination island.
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6.4.5.2

6.4.6

6.4.6.1

6.4.6.2

102

VTT Termination Island Low-Frequency Bulk Decoupling
Requirements

The VTT termination island requires low-frequency bulk decoupling. The output of the 1.25 V
regulator must have enough bulk decoupling to ensure the stability of the regulator. The amount of

bulk decoupling required at the output of the 1.25 V regulator will vary according to the needs of
specific OEM design targets.

Power Sequencing Requirements

MCH Power Sequencing Requirements
There are no MCH power sequencing requirements. All MCH power rails should be stable before

deasserting reset. Common design practice is to have all MCH power rails come up as close in time
as possible.

DDR-SDRAM Power Sequencing Requirements
There are no DDR-SDRAM power sequencing requirements except that 1.25 V must come up after

the 2.5 V rail. Because of this requirement, designs should have the 1.25 V rail derived from a
regulator with 2.5 V as its input.
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Hub Interface 1.5

7

This chapter describes the routing guidelines for the 8-bit hub interface 1.5. This hub interface
connects the MCH to the ICH4 (see Figure 7-1). This interface supports only the parallel
termination mode. Therefore, the DPRSLPVR pin on the ICH4 must be tied to ground to ensure

that it will run in parallel mode.

The MCH and ICH4 ball assignments are optimized to simplify the hub interface routing between
these devices. The hub interface signals must be routed directly from the MCH to the ICH4 with all
signals referenced to VSS. Layer transitions should be keep to a minimum. If a layer change is
required, use only two vias per net and keep all data signals and associated strobe signals on the

same layer.

The 8-bit hub interface signals are all in the same data group (i.c., all signals are associated with

HI STBS/HI STBF).
Figure 7-1. 8-Bit Hub Interface1.5 Routing
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ICH4 H|[1120] _
»
_ CLKe6 CLK66

»

Clock Synthesizer

MCH
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71 Hub Interface 1.5 High-Speed Routing Guidelines

The Hub Interface 1.5 signal groups are listed in Table 7-1. The general routing parameters for the
HI 1.5 signals are listed in Table 7-2.

Table 7-1. HI 1.5 Signal Groups

Group Signals
Common Clock Signal HI_x[11:8]
Source Synchronous Signal HI_x[7:0], HI_STBF, HI_STBS
Miscellaneous Signal HIRCOMP, HISWNG, HIVREF

Table 7-2. HI 1.5 Routing Parameters

Trace Length Trace Breakout Width/
System Type Min-Max Trace Z, Width/Spacing Spacing
Data to Data: 7/13 mils (7/5 mi(F at |\4(53|6| o)
Strobe to Strobe: 7/13 mils max dist = mils
"_oam o
266 MTls =20 202 £10% | Sirobe to Data: 7/18 mils 715 mils at Intel® ICH4
Other signals to Data: 7/13 mils | (max dist = 500 mils)

Each strobe signal trace must be the same length for HI 1.5 devices on the motherboard, and each
data signal trace must be matched within £ 100 mils.

104 Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide



7.2

tel.

Hub Interface 1.5

Hub Interface 1.5 Generation/Distribution of
Reference Voltages

The nominal Hub Interface 1.5 reference voltage is 0.35 V £ 5%. The 8-bit hub interface on the
MCH has a dedicated HIVREF pin to sample this reference voltage. In addition to the reference
voltage, a reference swing voltage must be supplied to control buffer voltage swing characteristics.
The nominal hub interface 1.5 reference voltage swing must be 0.8 V for the MCH and ICH4. Each
hub interface on the MCH has a dedicated HISWNG pin to sample this reference swing voltage.
The ICH4 also has a dedicated reference swing voltage pin (HITERM). Refer to the Table 7-3.
Both of these reference voltages can be generated locally with a single voltage divider circuit.
Figure 7-2 shows an example voltage divider circuit.

Table 7-3. HI 1.5 Reference Circuit Specifications

Reference Volt Reference 1.3 V Voltage 1.5 V Voltage Dlvider Circuit
Se e gf_cet_ o a\v_;je Swing Voltage Dlvider Circuit Recommended Values
pe?l_"f;E'%n V) Specification (V) Recommended
(HITERM) Values Group 1 Group 2!
R1 =402 Q+ 1% R6=80.6Q+1% |R6=226 Q1%
= + 19 R5=511Q+1% |R5=147Q + 1%
. For Intel® ICH4 = 0.8 | R2=511 Q1% ° °
0.350 + 5% For MCH = 0.8 R3=549Q+1% |R4=402Q+1% |R4=113Q+1%
Aol C1=0.1pF C1=0.1pF
OTH C2=0.01 uF C2=0.01 yF

NOTE:
1. Use only resistors from group 1 or 2—do not mix values from these groups.

Figure 7-2. HI 1.5 Locally Generated Reference Divider Circuits
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All resistor values must be rated at + 1% tolerance. The selected resistor values must also ensure
that the reference voltage and reference swing voltage tolerance are maintained over the input
leakage specification. A 0.1 uF capacitor (C1 in Figure 7-2) should be placed close to each resistor
divider, and a 0.01 uF bypass capacitor (C2 in Figure 7-2) should be placed within 0.25 inches of
reference voltage pins. The trace length from the voltage divider circuit to the HIREF and
HUBRETF pins must be no longer than 3.5 inches.

Both the voltage reference and voltage swing reference signals should be routed at least 20 mils to
25 mils from all other signals.
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Hub Interface 1.5 Resistive Compensation

The hub interface uses a resistive compensation signal (RCOMP) to compensate buffer
characteristics for temperature, voltage, and process.

Table 7-4. Hub Interface 1.5 RCOMP Resistor Values

RCOMP Resistor Tied To

Component Trace Impedance RCOMP Resistor Value
MCH 50 Q +10% R1=324Q+1% VCC1_3
Intel® ICH4 50 Q +10% R2=433Q+2% VCC1_5

Figure 7-3. Hub Interface 1.5 RCOMP Circuits

7.4
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8-Bit Hub Interface Decoupling Guidelines

To improve I/O power delivery, use two 0.1 pF capacitors per each component (i.e., the ICH4 and
MCH). These capacitors should be placed within 150 mils of each package, adjacent to the rows
that contain the hub interface. If the layout allows, wide metal fingers running on the VSS side of
the board should connect the VCC1_5/VCCI1 3 side of the capacitors to the VCC1_5/VCC1 3
power pins. Similarly, if layout allows, metal fingers running on the VCC1_5/VCCI 3 side of the
board should connect the ground side of the capacitors to the VSS power pins.
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8

This chapter provides guidelines for integrating discrete high-speed Serial ATA onto systems based
on the E7205 chipset using ICH4. The topics discussed include layout and routing guidelines, and

platform integration.

Note: The guidelines recommended in this chapter are based on experience and simulation work
performed at Intel while developing Serial ATA. This work is ongoing, and the recommendations
and considerations are subject to change. Table 8-1 shows a comparison of the Serial ATA (Gen I)
and Parallel ATA technologies.

Table 8-1. Serial ATA vs. Parallel ATA

Parameter Serial ATA Parallel ATA
Performance 150 MB/s 100 MB/s
Max Cable Length 39.37 inches 18 inches
Signaling Tolerance 250 mV 5V
Signal pins on cable 4 26
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Figure 8-1 shows the Serial ATA solution using a discrete host controller.

Figure 8-1. Uni-Processor System Block Diagram (Intel® ICH4) with Serial ATA
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8.1 Host Controller Details

The E7205 chipset platform will use the Sil3112* device from Silicon Image. This section gives
details on package type, mechanical specifications, function, and general layout of the part.

8.1.1 Functional Description

The Sil3112 is a PCI-to-Serial ATA controller chip that transfers data between the PCI bus and
storage media. The Sil3112 communicates with the ICH4 over the PCI bus, and communicates
with storage media over the Serial ATA bus.

Note: The Sil3112 PCI interface is compliant with PCI Local Bus Specification (Revision 2.2).
8.1.2 Mechanical Specifications

Figure 8-2. Host Controller Mechanical Specifications (144-pin TQFP Package Type)
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Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide 109



Serial ATA | n .

8.1.3 Quadrant Layout

Figure 8-3. Quadrant Layout of the Host Controller
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8.2 Layout/Routing Guidelines

8.2.1 General Recommendations

8.2.1.1 Ground Planes

Considerations for designing the ground planes around differential lines:

* The ground plane over/under the differential traces should be a continuous plane from chip
ground to connector ground.

* Any discontinuity or a split of the ground plane should be avoided.

* The ground plane should have ground contact to both the chip analog ground (pin numbers 8,
11, 14,17, 21, 24, 27, 30, 34), and at connector ground.

* The ground plane should extend more than twice the width of the signal trace beyond the
differential pair.

8.2.1.2 Clock Topology

The Serial ATA device requires a 25 MHz crystal in combination with it own PLLs. A 22 pF
capacitor to each of the clock pins (XTALO, XTAL1) is recommended.

Figure 8-4. Example of Clock Implementation
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This section describes critical considerations for routing signals and power to the chip and
connector. Three of the topics discussed are stack-up, trace length, and connector placement.

Routing Constraints

6-Layer Stack-Up PCB

Figure 8-5. Microstrip PCB Stack-Up

Table 8-2.

8.2.2.2

8.2.2.21

8.2.2.2.2

112

Differential Pair

[\

Ground Plane L >

A
\ 4

Microstrip PCB Stack-Up

Parameter Value

S (Separation between differential pair) | 7 mils

W (width of transmission line) 5 mils
Zo=211 58 Q
Z it (Differential Line Impedance) 100Q+5Q

Differential Lines Discussion

Length

The length of the differential pairs (Tx pair and Rx pair) should be as short as possible. The
recommended maximum length constraint is 3.9 inches. If the maximum length is exceeded, the
high-frequency differential signal will suffer signal attenuation and increased rise time/fall time.

Length Matching

The two traces in a differential pair should be matched in length. The lines should have same line
length, number of vias, transmission line structure, and pad sizes. The traces in a differential pair
should match in length within 17.72 mils. The 17.72 mils difference of the signal propagation
produces about 3 ps skew.
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8.2.2.2.3 Pads and Stubs

The size of the soldering pads on the differential pair should be small to reduce the parasitics of the
pads. It is recommended to keep the pad size 60 mils x 30 mils or smaller. This will enable the
parasitic capacitance of a bonding pad to be kept below 50 pF. The capacitance loading effect of
the conventional pad (with ground plane under the pad) is not acceptable. Hence, the ground plane
under the bonding pad must be removed. The effect of other metals on the opposite side of the PCB
core can be ignored because the thickness of the core is 40 mils, which is relatively thick. Stubs
should be avoided on the differential lines.

8.2.2.2.4 Crosstalk

To reduce the crosstalk noise between the nearby differential pairs or to other adjacent signal lines,
grounded shield guard can be inserted between the pairs or before the adjacent lines to the
differential pairs. To improve the effect of the shields, the shield guard should be grounded at the
chip and at the Serial ATA connector. Figure 8-6 shows the grounded shield guard for the
microstrip line structure. It is recommended that Sg > 2W, where W is width of the differential
signal trace.

Figure 8-6. Grounded Shield Guard

Shield Guard
Differential Pair Differential Pair
L | | | L]
< Sg » < Sg »
[ —
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8.2.3 Layout Routing Strategy

8.2.3.1 Routing of Differential Lines

114

The two routing examples for Sil3112 and the Serial ATA connector are shown in Figure 8-7,
Figure 8-8, Figure 8-9 and Figure 8-10. Figure 8-7 and Figure 8-8 are examples of vertical
orientation of the Serial ATA connectors, while Figure 8-9 and Figure 8-10 are examples of
horizontal orientation of the Serial ATA connectors. In the figures, differential pairs (Tx, Rx) are
connected between the Sil3112 chip and the Serial ATA connectors.

Figure 8-7. Serial ATA Connectors (Vertical Orientation Example 1)

TP

TXN

RxN ™

RXP i
RxP2
RxN2
TxN2
TxP2

TP TxP1
TxN1

TxN ——,

| RxN1
RxN RxP1
RxP

Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide



intel.

Figure 8-8. Serial ATA Connectors (Vertical Orientation Example 2)
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Figure 8-9. Serial ATA Connectors (Horizontal Orientation Example 1)

Figure 8-1
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8.3.1

8.3.1.1

8.3.1.2

Table 8-3.

8.3.1.3

Serial ATA

Platform Integration Considerations

Power Supply Considerations

Voltages
The voltages that are supplied to the controller are 1.8 V and 3.3 V. The 3.3 V pins are used to

supply power to I/0O, which have a tolerance of + 0.3 V. The 1.8 V pins supply power to the internal
core and SerDes power.

Power Consumption
The estimated typical power consumption for the Sil3112 is shown in Table 8-3.

Typical Power Consumption

Voltage Current

1.8 V Supply current for PHY blocks 190 mA

1.8 V Supply current for core logic 140 mA

3.3 V Supply current (for 1/0s) 55 mA
Decoupling

The recommended number of decoupling capacitors for the 3.3 V signal rail is eleven. Each of
these capacitors should have a value of 0.1 uF. For the 1.8 V signal rail it is recommended to use
ten 0.1 pF capacitors and one 10 pF capacitor. In all these cases the capacitor should be placed as
close as possible to the package. When choosing these components, the smallest components
should be chosen since they have the least parasitic inductance.

Optional solder pads for coupling capacitors are recommended both for Tx and Rx serial lines. For
DC coupling case, a 0 Q resistor can be placed between these pads. For AC coupling, 0.01 uF
ceramic capacitors can be used. When placing solder pads for coupling capacitors, minimum solder
pad size should be used. No stubs from the Tx/Rx lines are allowed.

To improve the decoupling capability of the small decoupling capacitors (0.1 uF or 0.01 pF), LIC
(Low Inductance Capacitor) can be used with BGA type bonding. These decoupling capacitors can
be placed between GND and VDD, and the soldering pads should be small.
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8.3.14

Table 8-4. Differential Pin Description

Power Supply Isolation for Analog Blocks

Pin # Pin Name Function
6 VDDD Rx power
12 VDDD Tx power
19 VDDD PLL power
25 VDDD Tx power
32 VDDD Rx power
37 VDDD Xtal power

These power pins supply internal analog and clock generation blocks. They are sensitive to power
supply noise. Attention should be paid to proper isolation and bypassing of these pins. Figure 8-11
shows the recommended circuitry.

Figure 8-11. Example Circuitry for Analog Blocks

33.3V ,L—Gl 3Z
0.1uF

1.8V - o ) g

— 1
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o
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Serial ATA

Table 8-5. Ferrite Bead Specifications (L1, L2, L3, L4, L5, L6)

8.3.1.5

Requirement Specification
Impedance >50 Q at 100 MHz
Series Resistance <05Q
Imax > 100 mA

VREG Implementation

To provide 1.8 V signals to the necessary pins, you must have a well-designed voltage regulator
circuit. The recommended circuit contains one 10 € resistor, one 100 Q resistor, and one 45.3 Q
resistor. The circuit should contain a 1 puF capacitor, a 0.1 puF capacitor, and one 22 pF capacitor.

Figure 8-12. VREG Implementation

8.3.2

33V
A

10Q

NOTE: The 22 pF capacitor should be placed near the output of the regulator circuit.

SMBus Considerations

The SMBus controller in the Sil3112* part is a master device that will contend with the ICH4. To
eliminate the contention, it is recommended to disconnect the SMBus signals to the Serial ATA
controller. The SMBus signals on the Serial ATA controller are master device/output signals, and
therefore the pins can be left floating.
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AGP 8X 9

This chapter contains information for one possible AGP routing and layout solution that is based
on the reference platform. Other implementations of AGP routing may be used with proper
simulation based on parameters specified in the design guide available at www.agpforum.org.
Refer to Section 14.6 and Section 15.5 for AGP 8X schematic and layout checklists.

Table 9-1 and Table 9-2 show the AGP signal groups and associated strobes.
Note: The AGP supports both 4X and 8X operation.

Table 9-1. Signal Groups

Group Signals

1 AD[15:0], C#/BE[1:0], ADSTBFO, ADSTBSO

2 AD[31:16], C#/BE[3:2], DBI_HI, DBI_LO (AGP 3.0), ADSTBF1, ADSTBS1

3 SBA[7:0] (AGP 2.0), SBA[7:0}# (AGP 3.0), SBSTBF, SBSTBS

4 IRDY, TRDY, FRAME, SERR# (AGP 2.0), SERR (AGP 3.0), STOP, DEVSEL, PAR

RBF# (AGP 2.0), RBF (AGP 3.0),
WBF# (AGP 2.0), WBF (AGP 3.0), REQ, GNT

5

Table 9-2. Associated First and Second Strobes

Group Signals First Strobe Second Strobe
1 AD[15:0], C#/BE[1:0] ADSTBFO ADSTBSO0
2 AD[31:16], C#/BE[3:2], DBI_HI, DBI_LO (AGP 3.0) ADSTBF1 ADSTBS1
3 SBA[7:0] (AGP 2.0), SBA[7:01# (AGP 3.0) SBSTBF SBSTBS
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9.1

Table 9-3.

9.2

Note:

122

intel.

Recommended AGP 8X Routing Parameters

The AGP 8X signals must be routed directly from the MCH to the AGP connector with all signals
referenced to VSS. A consistent VSS reference plane must be maintained at all times. In addition,
all signals within an address/data group must be routed on the same layer (see Table 9-1 for
address/data groups). Table 9-3 summarizes the routing parameters for the AGP interface.

AGP 8X Routing Parameters
. Trace . Min Max
Signal Group Impedance (20)1 Layer Spacing Length | Length
Stripline 20 mils 2.5 7.0
Strobe to Strobe
Microstrip 25 mils 2.5” 6.0”
Stripline 20 mils 2.5 7.0
Strobe to Data
Microstrip 25 mils 2.5” 6.0”
60 Q!
Stripline 20 mils 2.5 7.0
Data to Data
Microstrip 20 mils 2.5” 6.0”
Stripline 15 mils 2.5 7.5
Common Clock
Microstrip 15 mils 2.5” 7.5”

NOTE:

1. To meet the 60 Q trace impedance requirement, a trace width of 5 mils was used based on the board stack-
up described in Section 3.2. The trace width needed to meet the 60 Q requirement will vary according to
platform stack-up.

Length Matching

The data groups shown in Table 9-2 must match the strobes within 25 mils. First and second
strobes must match to within 5 mils. There are no requirements for length matching between
groups, and there are no length matching requirements for signals in groups 4 and 5.

MCH package lengths must be considered when tuning the AGP bus.
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9.3 Miscellaneous Signal Requirements

9.3.1 SERR/PERR

The PERR signal is not supported by the MCH and must be supplied to the card based on the

GC 8XDET signal. SERR# (AGP2.0) or SERR (AGP 3.0) routes between the connector and the
MCH with no special termination. See Figure 9-1 for a PERR reference circuit. The circuit supplies
pull-down to ground during 8X operation, and a pull-up to 1.5 V during 4X operation.

Figure 9-1. PERR Reference Circuit

12V 15V
1KQ 10 KQ §
AGP_PERR
OouT
AGP_GC_DET 10 KQ
10 KQ
1 200 Q

9.3.2 TYPEDET

The TYPEDET signal is not required due to the use of a 1.5 V connector.

9.3.3  PRCOMP_AGP[1:0]

These signals are used to calibrate the AGP buffers. The PRCOMP signals each require a 43 Q
resistor to VCC_AGP.
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9.3.4  PREF_AGP[1:0]

A complex VREF circuit is required to meet the reference voltage requirements for AGP 4X and
8X. One possible implementation of this circuit can be found in the AGP Design Guide available at
www.agpforum.org.

While the VREF voltage for AGP 8X mode is 0.35 V, the circuit implemented in the CRB
schematics seems to show a voltage of only 0.3 V. If the resistance across the transistor is taken
into account, it can be shown that the circuit generates the required 0.35 V.

9.3.5 PSWNG_AGP[1:0]

Provide the reference voltages used by the AGP RCOMP circuits. PSWNG_AGP is based on a
resistor divider circuit and comes off of 1.5 V. The voltage level is 0.8 V for 8X mode and is the
maximum voltage for the AGP signal bus. For AGP 4X mode, the PSWNG_AGP level is a “don’t

care.”
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Intel® I/O Controller Hub 4 (ICH4) 10

10.1 System Overview

The ICH4 is designed for a variety of processors/memory controller hubs and has improved
enhancements over the Intel® ICH2 and Intel® ICH3.

The ACPI compliant ICH4 platform can support the Full-on, Stop Grant, Suspend to RAM,
Suspend to Disk, and Soft-Off power management states. Through the use of the integrated LAN
functions, the ICH4 also supports Wake-on-LAN for remote administration and troubleshooting.

The ICH4 integrates an UltraATA/100 controller, one EHCI host controller, and three UHCI host
controllers supporting six external ports, LPC interface controller, FWH interface controller, PCI
interface controller, AC '97 digital controller, integrated LAN controller, and a hub interface for
communication with the MCH. The ICH4 component will provide the data buffering and interface
arbitration required to ensure that system interfaces operate efficiently and provide the bandwidth
necessary to enable the system to obtain peak performance.

10.1.1 System Features
The I/O Controller Hub provides the I/O subsystem with access to the rest of the system.
Additionally, it integrates the following functions:
¢ Upstream hub interface for access to the MCH
¢ 2 channel Ultra ATA/100 Bus Master IDE controller

* 1 EHCI USB 2.0 Host Controller and 3 UHCI USB 1.1 Host Controllers (Expanded
capabilities for six ports)

* SMBus 2.0 controller

* FWH interface

* LPC interface

* AC'97 2.3 interface

* PCI 2.2 interface

* Integrated System Management Controller

* Integrated LAN Controller

The ICH4 also contains the arbitration and buffering necessary to ensure efficient utilization of
these interfaces.
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10.1.2

Bandwidth Summary

Table 10-1 provides a summary of the ICH4 system bandwidth.

Table 10-1. Intel® ICH4 System Bandwidth Summary

intel.

Interface Clock Speed Samples Data Rate Data Width Bandwidth
(MHz) Per Clock (Mega-samples/s) (bits) (MB/s)
Hub Interface 66 4 266 8 266
PCl 2.2 33 1 33 32 133
Up to 44.444 44.444 (Write 88.9 (Write)
IDE Write ! 50 (Read 16 100 (Read
Up to 50 Read (Read) (Read)
LCI 5-50 1 5-50 3 1.875-18.75
AC 97 12.288 1 12.288 1 1.536
LPC 33 1 33 4 16.5
USB 2.0 High Up to 240
. |
Spoed (embedded in Up to 2 480 1 60
data)
SMBus 10 1 10 1 1.25

10.1.3

System Configurations

Table 10-1 shows a typical platform configuration using the ICH4 component.

Figure 10-1. Intel® ICH4 System Block Diagram
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Intel® 1/O Controller Hub 4 (ICH4)

10.1.4 Intel® ICH4 Conventions and Terminology

Table 10-2 defines the conventions and terminology that are used in the following ICH4

descriptions.

Table 10-2. Intel® ICH4 Conventions and Terminology

Term

Definition

AC

Audio Codec

AMC

Audio/Modem Codec

Anti-Etch

Any plane-split, void or cutout in a VCC or GND plane is referred to as an anti-etch

BER

Bit Error Rate.

CcMC

Common Mode Choke.

CNR

Communications and Networking Riser.

EMI

Electro Magnetic Interference.

ESD

Electro Static Discharge.

FS

Full Speed; Refers to USB 1.1 Full Speed.

FWH

Firmware Hub. A nonvolatile memory device used to store the system BOIS.

HS

High Speed. Refers to USB 1.1 High Speed.

Intel® ICH4

1/0 Controller Hub Fourth Generation.

LOM

LAN on Motherboard.

LPC

Low Pin Count.

LS

Low Speed. Refers to USB 1.1 Low Speed.

MC

Modem Codec.

PCM

Pulse Code Modulation.

PLC

Platform LAN Connect.

RTC

Real Time Clock.

SMBus

System Management Bus. A two-wire interface through which various system
components can communicate.

SPD

Serial Presence Detect.

S/PDIF

Sony/Phillips Digital Interface.

STD

Suspend to Disk.

STR

Suspend to RAM.

TCO

Total Cost of Ownership.

TDM

Time Division Multiplexed.

TDR

Time Domain Reflectometry.

UBGA* CSP

Micro Ball Grid Array.

uSB

Universal Serial Bus.
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10.2

10.2.1

Platform Initiatives

Integrated LAN Controller

intel.

The ICH4 incorporates an integrated LAN Controller. Its bus master capabilities enable the
component to process high level commands and perform multiple operations, which lowers CPU
utilization by off-loading communication tasks from the CPU.

The ICH4 supports several components, depending upon the target market. Available LAN
com%onents include the Intel® 82562ET/82562EZ for basic Ethernet 10/100 connection, the

Intel

82562EM/82562EX component which provides an Ethernet 10/100 connection with the

added manageability capabilities, the Intel® 82540EM Gigabit Ethernet Controller, and the
Intel® 8255 1QM Fast Ethernet Controller.

Table 10-3. LAN Component Overview

Interface

Intel® 82562EZ (196 BGA)

LAN Component To Intel® ICH4 Connection Features
Gigabit Ethernet N
® (1000BASE-T) with Alert | Gigabit Ethernet, ASF
Intel® 82540EM (196 BGA) PCI Standard Format (ASF) 1.0 alerting, PCI 2.2
alerting compatible
Ethernet 10/100
® Performance 10/100 connection, ASF 1.0
Intel™ 82551QM (196 BGA) PCI Ethernet with ASF alerting | alerting, PCI 2.2
compatible
) . Ethernet 10/100
Intel® 82562EM (48 Pin SSOP) 10/100 Ethernet with Alert .
Intel® 82562EX (196 BGA) LCl on LAN (AoL) alerting (CXQE)"‘C“"”’ Alerton LAN
Intel® 82562ET (48 Pin SSOP) LCI Basic 10/100 Ethernet Ethernet 10/100

connection

The ICH4 supports the IDE controller with two sets of interface signals (Primary and Secondary)
that can be independently enabled, tri-stated or driven low. The component supports
Ultra ATA/100, Ultra ATA/66, Ultra ATA/33, and multiword PIO modes for transfers up to

The ICH4 contains three UHCI Host Controllers and one EHCI Host Controller. Each UHCI Host
Controller includes a root hub with two separate USB ports each, for a total of six legacy USB
ports. The EHCI Host Controller includes a root hub that supports up to six USB 2.0 ports. The
ICH4 supports a maximum of six USB ports at any given time. The connection to either a UCHI or
the EHCI is dynamic and dependent on the USB device capability, meaning that all ports support

10.2.2 Ultra ATA/100 Support
100 MB/sec.

10.2.3 Expanded USB Support
HS/FS/LS.
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10.2.4 Manageability and Other Enhancements

The ICH4 platform integrates several functions designed to manage the system and lower the total
cost of ownership (TCO) of the system. These system management functions are designed to
report errors, diagnose the system, and recover from system lockups without the aid of an external
microcontroller.

10.2.4.1 SMBus 2.0

The ICH4 integrates an SMBus 2.0 controller. The SMBus provides an interface to manage
peripherals such as serial presence detection (SPD) on RAM, thermal sensors, PCI cards, etc. The
slave interface allows an external microcontroller to access system resources.

The ICH4 platform integrates several functions designed to expand the capability of interfacing
several components to the system.

10.2.4.2 Interrupt Controller
The interrupt capabilities of the ICH4 platform maintain the support for up to eight PCI interrupt

pins and PCI 2.2 Message-Based Interrupts. In addition, the ICH4 supports system bus interrupt
delivery.

10.2.4.3 Intel® Compatible Firmware Hub (FWH)

The ICH4 platform supports the Intel Compatible Firmware Hub BIOS Memory size up to 8 MB
for increased system flexibility.
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10.2.5

AC ’97 6-Channel Support

The Audio Codec '97 (AC'97) Specification, Version 2.3 defines a digital interface that can be used
to attach an audio codec (AC), a modem codec (MC), and/or an audio/modem codec (AMC) in
various configurations. The AC *97 specification defines the interface between the system logic
and the audio or modem codec known as the “AC-link.”

The ICH4 platform’s AC *97 (with the appropriate codecs) improves overall platform integration
by incorporating the AC-link. By using an audio codec, the AC-link allows for cost-effective, high-
quality, integrated audio on the ICH4 platform. In addition, an AC 97 soft modem can be
implemented with the use of a modem codec. Several system options exist when implementing
AC ’97. The ICH4 integrated digital link allows several external codecs to be connected to the
ICH4. The system designer can provide audio with an audio codec, a modem with a modem codec,
or an integrated audio/modem codec (Figure 10-2). The digital link is expanded to support three
audio codecs or a combination two audio codecs and a modem codec (Figure 10-3 and

Figure 10-4).

The digital link in the ICH4 is AC *97 compliant, supporting up to three codecs with independent
PCI functions for audio and modem. Microphone input and left and right audio channels are
supported for a high quality two-speaker audio solution. Wake on ring from suspend is also
supported with an appropriate modem codec.

The ICH4 expands audio capability with support for up to six channels of PCM audio output

(full AC3 decode). Six-channel audio consists of Front Left, Front Right, Back Left, Back Right,
Center, and SubWoofer for a complete surround sound effect. ICH4 has expanded support for three
audio codecs on the AC-link.

Figure 10-2. AC "97 with Audio/Modem Codec
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Figure 10-4. AC '97 with Audio and Modem Codec

Intel® 1/O Controller Hub 4 (ICH4)
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Figure 10-5. AC 97 with 2 Audio and a Modem Codec (4 Channel Secondary)
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10.3

Warning:

Warning:

10.3.1

132

Layout/Routing Guidelines

This section describes motherboard layout and routing guidelines for ICH4 based systems. This
section does not discuss the functional aspects of any bus, or the layout guidelines for an add-in
device.

If the guidelines listed in this document are not followed, it is very important that thorough signal
integrity and timing simulations are completed for each design.

Even when the guidelines are followed, critical signals should still be simulated to ensure proper
signal integrity and flight time. As bus speeds increase, it is imperative that the guidelines
documented are followed precisely.

Any deviation from these guidelines must be simulated!

General Recommendations

The trace impedance typically noted (i.e., 60 Q + 15%) is the “nominal” trace impedance. That is,
the impedance of the trace when not subjected to the fields created by changing current in
neighboring traces. When calculating flight times, it is important to consider the minimum and
maximum impedance of a trace based on the switching of neighboring traces. Using wider spaces
between the traces can minimize this trace-to-trace coupling. In addition, these wider spaces reduce
crosstalk and settling time.

Coupling between two traces is a function of the coupled length, the distance separating the traces,
the signal edge rate, and the degree of mutual capacitance and inductance. To minimize the effects
of trace-to-trace coupling, the routing guidelines documented in this section should be followed.

All recommendations in this section (except where noted) assume 5-mil wide traces. If trace width
is greater than 5 mils, the trace spacing requirements must be adjusted accordingly (linearly).

If the six layer stack-up is not used, extremely thorough simulations of all interfaces must be
completed. Using a thicker dielectric (prepreg) will make routing very difficult or impossible.
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10.3.2

Component Quadrant Layout

Intel® 1/O Controller Hub 4 (ICH4)

The quadrant layouts shown are approximate, and the exact ball assignments should be used to
conduct routing analysis. These quadrant layouts are designed for use during component

placement.

Figure 10-6. Intel® ICH4 Component Quadrant Layout (Top View)
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10.3.3

IDE Interface

This section contains guidelines for connecting and routing the ICH4 IDE interface. The ICH4 has
two independent IDE channels. This section provides guidelines for IDE connector cabling and
motherboard design, including component and resistor placement, and signal termination for both
IDE channels. The ICH4 has integrated the series resistors that have been typically required on the
IDE data signals (PDD[15:0] and SDD[15:0]) running to the two ATA connectors. While it is not
anticipated that additional series termination resistors will be required, OEMs should verify
motherboard signal integrity through simulation. Additional external 0 Q resistors can be
incorporated into the design to address possible noise issues on the motherboard. The additional
resistor layout increases flexibility by offering stuffing options for later use.

The IDE interface can be routed with 5-mil traces on 7-mil spaces and must be less than 8 inches
long (from ICH4 to IDE connector). Additionally, the maximum length difference between the
shortest data signal and the longest strobe signal of a channel is 0.5 inches.

Table 10-4. IDE Routing Summary

10.3.3.1

10.3.4

134

Maximum

Trace Impedance Trace Lengths

IDE Signal Length Matchin

51Q-69Q, 8 inches No more than 0.5 inches (500 mils) between the shortest data signal
60 Q target and the longest strobe signal

Cabling

Length of cable: Each IDE cable must be equal to or less than 18 inches.
Capacitance: Less than 35 pF.

Placement: A maximum of 6 inches between drive connectors on the cable. If a single drive
is placed on the cable, it should be placed at the end of the cable. If a second drive
is placed on the same cable, it should be placed on the next closest connector to
the end of the cable (6 inches away from the end of the cable).

Grounding: Provide a direct, low impedance chassis path between the motherboard ground
and hard disk drives.

Cable Detection for Ultra ATA/66 and Ultra ATA/100

The ICH4 IDE Controller supports P10, Multi-word (8237 style) DMA, Ultra DMA modes 0
through 5, and Native Mode IDE. Note that there are no motherboard hardware requirements for
supporting Native Mode IDE. Native Mode IDE is supported through the operating system and
system drivers. The ICH4 must determine the type of cable that is present to configure itself for the
fastest possible transfer mode that the hardware can support.

An 80-conductor IDE cable is required for Ultra DMA modes greater than 2 (Ultra ATA/33). This
cable uses the same 40-pin connector as the old 40-pin IDE cable. The wires in the cable alternate:
ground, signal, ground, signal, ground, signal, ground, etc. All the ground wires are tied together
on the cable (and they are tied to the ground on the motherboard through the ground pins in the
40-pin connector). This cable conforms to the Small Form Factor Specification SFF-8049. This
specification can be obtained from the Small Form Factor Committee.
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To determine if Ultra DMA modes greater than 2 (Ultra ATA/33) can be enabled, the ICH4 requires
the system software to attempt to determine the cable type used in the system. If the system
software detects an 80-conductor cable, it may use any Ultra DMA mode up to the highest transfer
mode supported by both the chipset and the IDE device. If a 40-conductor cable is detected, the
system software must not enable modes faster than Ultra DMA Mode 2 (Ultra ATA/33).

Intel recommends that cable detection be performed using a combination Host-Side/Device-Side
detection mechanism. Note that Host-Side detection cannot be implemented on an NLX form
factor system because this configuration does not define interconnect pins for the PDIAG#/
CBLID# from the riser (containing the ATA connectors) to the motherboard. These systems must
rely on the Device-Side Detection mechanism only.

Combination Host-Side/Device-Side Cable Detection

Host side detection (described in the ATA/ATAPI-6 Standard) requires the use of two GPI pins (one
for each IDE channel). The proper way to connect the PDIAG#/CBLID# signal of the IDE
connector to the host is shown in Figure 10-7. All IDE devices have a 10 kQ pull-up resistor to 5 V
on this signal. A 10 kQ pull-down resistor on PDIAG#/CBLID# is required to prevent the GPIO
from floating if a device is not present, and allows for use of a non-5 V tolerant GPIO.

Figure 10-7. Combination Host-Side/Device-Side IDE Cable Detection

IDE Drive IDE Drive
——
To Secondary y — 5V
IDE Connector iz =
; — 10kQ
GPIO J : E
Intel® : =™ rorr
ICH4 : PDIAGH f—
PC[;GGD:/ ; ¢
GPIO :
10kQ
IDE Drive IDE Drive
- IDE Drive |
5V 5V
To Secondary
IDE Connector 80-Conductor ke oka
GPIO IDE Cable
ICH4 PDIAGH/ N PDIAGH PDIAGH#
CBLID#
GPIO
10kQ 1 Open

This mechanism allows the BIOS, after diagnostics, to sample PDIAG#/CBLID#. If the signal is
high there is 40-conductor cable in the system and Ultra DMA modes greater than 2
(Ultra ATA/33) must not be enabled.

If PDIAG#/CBLID# is detected low, there may be an 80-conductor cable in the system, or there
may be a 40-conductor cable and a legacy slave device (Device 1) that does not release the
PDIAG#/CBLID# signal as required by the ATA/ATAPI-6 standard. In this case, BIOS should
check the IDENTIFY DEVICE information in a connected device that supports Ultra DMA modes
higher than 2. If ID Word 93 bit 13 is 1, an 80-conductor cable is present. If this bit is 0, a legacy
slave (Device 1) is preventing proper cable detection, and BIOS should configure the system as
though a 40-conductor cable is present and should notify the user of the problem.
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10.3.4.2

Device-Side Cable Detection

For platforms that must implement Device-Side detection only (e.g., NLX platforms), a 0.047 uF
capacitor is required on the motherboard as shown in Figure 10-8. This capacitor should not be
populated when implementing the recommended combination Host-Side/Device-Side cable
detection mechanism described previously. Note that some drives may not support device-side
cable detection.

Figure 10-8. Device Side IDE Cable Detection
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IDE Drive IDE Drive
5V
10 kQ
Intel® A
ICH4 PDIAGH/ PDIAG#
CBLID#
0.047
vl IDE Drive
“ ’———/’, 5V
80-Conductor EE
. IDE Cable —% 10 ke
ICH4 z”f
PDIAGH ——— PDIAGH
—
0.047
uF I Open

This mechanism creates a resistor-capacitor (RC) time constant. Drives supporting Ultra DMA
modes greater than 2 (Ultra DMA/33) will drive PDIAG#/CBLID# low and then release it (pulled
up through a 10 kQ resistor). The drive will sample the signal after releasing it. In an 80-conductor
cable, PDIAG#/CBLID# is not connected through to the host; therefore, the capacitor has no effect.
In a 40-conductor cable the signal is connected to the host; therefore, the signal rises more slowly
as the capacitor charges. The drive can detect the difference in rise times and reports the cable type
to the BIOS when it sends the IDENTIFY DEVICE packet during system boot as described in the
ATA/ATAPI-4 Standard.
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10.3.4.3 Primary IDE Connector Requirements

The requirements for the primary IDE connector are shown in Figure 10-9.

e A 22 Q—47 Q series resistor is required on RESET#. The correct value should be determined
for each unique motherboard design based on signal quality.

* An 8.2 kQ to 10 kQ pull-up resistor is required on IRQ14 and to VCC3_3.
* A 4.7k€Q pull-up resistor to VCC3_3 is required on PIORDY and SIORDY.

* Series resistors can be placed on the control and data lines to improve signal quality. The
resistors are placed as close to the connector as possible. Values are determined for each

unique motherboard design.

* The 10 kQ resistor to ground on the PDIAG#/CBLID# signal is now required on the primary
connector. This change is to prevent the GPI pin from floating if a device is not present on the

IDE interfac

c.

Figure 10-9. Connection Requirements for Primary IDE Connector

Intel®
ICH4

IRQ14

GPIOx

PCIRST#'

™

22-47Q

A 4

L//’
PDD[15;0]

PDA[2:0]

PDCS[3,1}#

PDIOR#

PDIOW#

YVYyYVY QY¥“Y

PDDREQ

PDDACK#

y

33V

4.7kQ

PIORDY (PRDSTB / PWDMARDY#)

33V

8.2-10 kQ %

A

_ PDIAG#/ CBLID#

10 kQ

CSEL

Primary IDE Connector

NOTES:

1. Because of ringing, PCIRST# must be buffered.
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10.3.4.4
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Secondary IDE Connector Requirements

The requirements for the secondary IDE connector are shown in Figure 10-10,

Figure 10-10.

22 Q —47 Q series resistors are required on RESET#. The correct value should be determined
for each unique motherboard design based on signal quality.

An 8.2 kQ to 10 kQ pull-up resistor is required on IRQ14 and to VCC3_3.
A 4.7 kQ pull-up resistor to VCC3_3 is required on PIORDY and SIORDY

Series resistors can be placed on the control and data line to improve signal quality. The
resistors are placed as close to the connector as possible. Values are determined for each
unique motherboard design.

The 10 kQ resistor to ground on the PDIAG#/CBLID# signal is now required on the
Secondary Connector. This change is to prevent the GPI pin from floating if a device is not
present on the IDE interface.

Connection Requirements for Secondary IDE Connector
PCIRSTH! [~ 22-47 2
ANNN———P
I/
P SDDI[15;0]

SDA[2:0] R

SDCS[3.1}# ,

SDIOR# q

SDIOW# >

Intel® J SDDREQ
ICH4 SDDACK# o
[=}
3
33V 33V 8
[
Q
(&)
47kQ 8.2-10kQ % ]
. SIORDY =
v ©
el
[
8
RQ15 |« @
w
GPIOy |« _ SDIAGH/ CBLID#
10 kQ CSEL

NOTES:
1. Because of ringing, PCIRST# must be buffered.
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10.3.5 AC’97

The ICH4 implements an AC °97 compliant digital controller. Any codec attached to the ICH4
AC-link must be AC *97 compliant as well. Contact your codec IHV for information on AC 97
compliant products. The Audio Codec '97 (AC'97) Specification, Version 2.3 is on the Intel website:

http://developer.intel.com/ial/scalableplatforms/audio/index.htm#97spec/

The AC-link is a bi-directional, serial PCM digital stream. It handles multiple input and output data
streams as well as control register accesses, employing a time division multiplexed (TDM) scheme.
The AC-link architecture provides for data transfer through individual frames transmitted in a
serial fashion. Each frame is divided into 12 outgoing and 12 incoming data streams, or slots. The
architecture of the ICH4 AC-link allows a maximum of three codecs to be connected. Figure 10-11
shows a three codec ICH4 AC-link topology.

Figure 10-11. Intel® ICH4 AC ’97 — Codec Connection

AC/MC/AMC
AC_RESET# -
AC_SDOUT | _-|—D
J AC_SYNC - T
’ AC_BIT_CLK
< Primary Codec
Intel®
ICH4  AC_SDIN2
AC_SDIN1
AC_SDINO
AC/MC/AMC
> Secondary Codec
AC/MC/AMC
> Tertiary Codec

NOTE: If a modem codec is configured as the primary AC-link codec, there should not be any Audio Codecs
residing on the AC-link. The primary codec must be connected to AC_SDINZ2 if also routing to CNR. If
no CNR exists on the platform, the primary codec may be connected to AC_SDINO as described in the
ICH4 datasheet.
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Table 10-5. AC 97 AC_BIT_CLK Routing Summary

Using the assumed 6-layer stack-up, the AC *97 interface can be routed using 4-mil traces with
6-mil spacing between the traces. Maximum length between ICH4 to CODEC/CNR is 14 inches.
This assumes that a CNR riser card implements its audio solution with a maximum trace length of
6 inches for the AC-link. Trace impedance should be Z, = 60 Q + 15%.

Clocking is provided from the primary codec on the link via AC BIT CLK, and is derived from a
24.576 MHz crystal or oscillator. Refer to the primary codec vendor for crystal or oscillator
requirements. AC_BIT CLK is a 12.288 MHz clock driven by the primary codec to the digital
controller (ICH4) and to any other codec that is present. That clock is used as the time base for
latching and driving data. Clocking AC_BIT_CLK off the CK408 14.31818 MHz clock is not
supported.

The ICH4 supports wake on ring from S1-S5 via the AC-link. The codec asserts AC_SDIN to wake
the system. To provide wake capability and/or caller ID, standby power must be provided to the
modem codec.

The ICH4 has weak pull-downs/pull-ups that are always enabled. This will keep the link from
floating when the AC-link is off or there are no codecs present.

The Shut-off bit not set indicates that there is a codec on the link. Therefore, AC_BIT CLK and
AC_SDOUT will be driven by the codec and ICH4 respectively. However, AC_SDINO,

AC _SDIN1, and AC_SDIN2 may not be driven. If the link is enabled, the assumption can be made
that there is at least one codec.

Figure 10-12. Intel® ICH4 AC *97 — AC_BIT_CLK Topology

Intel® ICH4
R1 R2 C
BIT_CLK L1 /\/\/\/ L3 L3 A A A L1 N
R
L2
Primary
Codec

60 Q target L3 =
L4 =

0.1 to 0.4) inches
1 to 6) — L3 inches

debug purposes

Trace Maximum Series Termination Resistance AC_BIT_CLK Signal
Impedance Trace Length Length Matching
Him(Tto)—L3inches | o 3310470
510-69Q, |L2= on o 6) inches R2 = Optional 0 Ohm resistor for N/A
(

NOTE: Simulations were performed using Analog Device's codec (AD1885) and the Cirrus Logic's codec
(CS4205b). Results showed that if the AD1885 codec is used, a 33 Q resistor is best for R1; and if the
CS4205b codec is used, a 47 Q resistor for R1is best.
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Figure 10-13. Intel® ICH4 AC 97 — AC_SDOUT/AC_SYNC Topology

Intel® ICH4
L2 i3 ,R2 4 |C
SDATA_OUT * N
R
L3
R1
L4 Primary

Codec

Table 10-6. AC 97 AC_SDOUT/AC_SYNC Routing Summary

Trace
Impedance

Maximum
Trace Length

Series Termination Resistance

AC_SDOUT/
AC_SYNC Signal
Length Matching

51Q-69 Q,
60 Q target

L1
L2
L3
L4

=(1to 6)— L3 inches
=(1to 8) inches

= (0.1 to 0.4) inches

= (0.1 to 6) — L3 inches

R1=33t047 Q

R2 = R1 if the CNR card that will be
used with the platform does not have a
series termination on the card.
Otherwise, R2 = 0 Ohm.

N/A

NOTES:

1. Simulations were performed using Analog Device’s* codec (AD1885) and the Cirrus Logic’s* codec
(CS4205b). Results showed that if the AD1885 codec is used, a 33 Q resistor is best for R1; and if the
CS4205b codec is used, a 47 Q resistor for R1 is best.

2. Bench data shows that a 47 Q resistor for R1is best for the Sigmatel* 9750 codec.
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Figure 10-14. Intel® ICH4 AC ’97 - AC_SDIN Topology
Codec
Y5
R1
Intel® ICH4 CNR
Y1
Y2 va R2 Y1
AC_SDIN2 o AC97_SDATA_IN2
Y3 R2 Y1
AC_SDIN1 AC97_SDATA_IN1
R2
AC_SDINO Y3 A AC97_SDATA_INO
/ 10 KQ
The 10 KQ resistor is required if
the platform will support CNR. —
Table 10-7. AC 97 AC_SDIN Routing Summary
Trace Maximum . s . AC_SDIN Signal
Impedance Trace Length Series Termination Resistance Length Matching
Y1=(0.1t00.4) |n.ches R1=331047 Q
_ Y2=(1to8)-Ylinches | gy - R1ifthe CNR card that will be used
51Q-69Q, _ ; ‘ .
60 Q target Y3=(1to14)-Y1inches | with the platform does not have a series N/A
Y4 = (1t0 6)— Y1 inches termination on the card. Otherwise, R2 =0
Y5 = (0.1 to 6) - Y1 inches | O™
NOTES:

1. Simulations were performed using Analog Device’s* codec (AD1885) and the Cirrus Logic’s* codec
(CS4205b). Results showed that if the AD1885 codec was used a 33 Q resistor was best for R1 and if the
CS4205b codec was used a 47 Q resistor for R1 was best.

2. Bench data shows that a 47 Q resistor for R1is best for the Sigmatel* 9750 codec.
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10.3.5.1 AC ’97 Routing

To ensure the maximum performance of the codec, proper component placement and routing
techniques are required. These techniques include properly isolating the codec, associated audio
circuitry, analog power supplies, and analog ground planes from the rest of the motherboard. This
includes plane splits and proper routing of signals not associated with the audio section. Contact
your vendor for device-specific recommendations.

The basic recommendations are as follows:

Special consideration must be given for the ground return paths for the analog signals.

Digital signals routed in the vicinity of the analog audio signals must not cross the power plane
split lines. Analog and digital signals should be located as far as possible from each other.

Partition the board with all analog components grouped together in one area, and all digital
components in another.

Separate analog and digital ground planes should be provided with the digital components
over the digital ground plane, and the analog components, including the analog power
regulators, over the analog ground plane. The split between planes must be a minimum of
0.05 inches wide.

Keep digital signal traces, especially the clock, as far as possible from the analog input and
voltage reference pins.

Do not completely isolate the analog/audio ground plane from the rest of the board ground
plane. There should be a single point (0.25 inches to 0.5 inches wide) where the analog/
isolated ground plane connects to the main ground plane. The split between planes must be a
minimum of 0.05 inches wide.

Any signals entering or leaving the analog area must cross the ground split in the area where
the analog ground is attached to the main motherboard ground. That is, no signal should cross
the split/gap between the ground planes, which would cause a ground loop, thereby greatly
increasing EMI emissions and degrading the analog and digital signal quality.

Analog power and signal traces should be routed over the analog ground plane.
Digital power and signal traces should be routed over the digital ground plane.

Bypassing and decoupling capacitors should be close to the IC pins or positioned for the
shortest connections to pins, with wide traces to reduce impedance.

All resistors in the signal path or on the voltage reference should be metal film. Carbon
resistors can be used for DC voltages and the power supply path, where the voltage coefficient,
temperature coefficient, and noise are not factors.

Regions between analog signal traces should be filled with copper, which should be
electrically attached to the analog ground plane. Regions between digital signal traces should
be filled with copper, which should be electrically attached to the digital ground plane.

Locate the crystal or oscillator close to the codec.
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10.3.5.2 Motherboard Implementation

The following design considerations are provided for the implementation of an ICH4 platform
using AC ’97. These design guidelines have been developed to ensure maximum flexibility for
board designers while reducing the risk of board-related issues. These recommendations are not the
only implementation or a complete checklist, but they are based on the ICH4 platform.

¢ Active components such as FET switches, buffers, and logic states should not be implemented
on the AC-link signals, except for AC_RST#. Doing so would potentially interfere with timing
margins and signal integrity.

* The ICH4 supports wake-on-ring from S1-S5 states via the AC-link. The codec asserts
AC_SDIN to wake the system. To provide wake capability and/or caller ID, standby power
must be provided to the modem codec. Internal pull-downs will prevent the inputs from
floating if no codec is attached to the link, so external resistors are not required.

¢ PC BEEP should be routed through the audio codec. Care should be taken to avoid the
introduction of a pop when powering the mixer up or down.

10.3.5.2.1 Valid Codec Configurations

Table 10-8. Valid Codec Configurations

Option Primary Codec Secondary Codec Tertiary Codec

1 Audio Audio Audio

2 Audio Audio Modem

3 Audio Audio Audio/Modem
4 Audio Modem Audio

5 Audio Audio/Modem Audio

6 Audio/Modem Audio Audio

NOTES:

1. For power management reasons, codec power management registers are in audio space. Therefore, if there
is an audio codec in the system it must be Primary. In addition, there cannot be two modems in a system
because there is only one set of modem DMA channels.

2. The ICH4 supports a modem codec on any of the AC_SDIN lines. However, the Modem Codec ID must be
either 00 or 01.
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SPKR Pin Consideration

SPKR is used as both the output signal to the system speaker, and as a functional strap. The strap
function enables or disables the “TCO Timer Reboot function” based on the state of the SPKR pin
on the rising edge of PWROK. When enabled, the ICH4 sends an SMI# to the processor upon a
TCO timer timeout. The status of this strap is readable via the NO_REBOOT bit (bit 1, D31: FO,
Offset D4h). The SPKR signal has a weak integrated pull-down resistor (the resistor is only
enabled during boot/reset). Therefore, its default state is a logical zero or set to reboot. To disable
the feature, a jumper can be populated to pull the signal line high (see Figure 10-15). The value of
the pull-up must be such that the voltage divider output caused by the pull-up, the effective pull-
down (Rggp), and the ICH4’s integrated pull-down resistor will be read as logic high (0.5 VCC3_3
to VCC3 3+0.5V).

Figure 10-15. Example Speaker Circuit

vCe3 3

R value is Stuff jumper to disable

""""""""""" H implementation timeout feature (no reboot).

specific. /

Intel® ICH4
)
) )
i} i i
SPKR ! i
! Effective impedance |
! due to speaker and H
Integrated ! codec circuit. H
Pulldown 9-50KQ i Reif i
i |
] )
) )
) )
) )
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10.3.6

CNR

The Communication and Networking Riser (CNR) Specification defines a hardware scalable
Original Equipment Manufacturer (OEM) motherboard riser and interface. This interface supports
multi-channel audio, V.90 analog modem, phone-line based networking, 10/100 Ethernet based
networking, SMBus Interface Power Management Revision 1.1, and USB 2.0. The CNR
specification defines the interface, which should be configured before shipment of the system.
Standard I/O expansion slots, such as those supported by the PCI bus architecture, are intended to
continue serving as the upgrade medium. The CNR mechanically shares a PCI slot. Therefore, the
system designer will not sacrifice a PCI slot if he decides not to include a CNR in a particular build.

Figure 10-16 shows the interface for the CNR connector. Refer to the appropriate section of this
document for the corresponding design and layout guidelines. The Platform LAN Connection
(PLC) can be either an 82562ET/EZ or an 82562EM/EX component. Refer to the CNR
specification for additional information.

For more information, refer to the Communication Network Riser Specification, Revision 1.2
available at:
http://developer.intel.com/technology/cnr/download.htm

Figure 10-16. CNR Interface

10.3.6.1

AC '97 Interface
LAN Interface

Intel® USB 2.0 Communication and
ICH4 : Networking Riser
SMBus 1.1
Power
Reserved

L CNR Connector

AC ’97 Audio Codec Detect Circuit and Configuration Options

The following are general circuits and guidelines to implement a number of codec configurations.
Refer to the Communication Network Riser Specification, Revision 1.2 for Intel's recommended
codec configurations.

Table 10-9. Signal Descriptions

146

Signal Description

When low, indicates that the codec on the motherboard is enabled and primary on the
CDC DN ENAB# AC '97 Interface. When high, indicates that the motherboard codec(s) must be removed

- = from the AC '97 Interface (held in reset) because the CNR codec(s) will be the primary
device(s) on the AC '97 Interface

AC97_RESET# Reset signal from the AC '97 Digital Controller (Intel® ICH4)

SDATA INn AC '97 serial data from an AC '97-compliant codec to an AC '97-compliant controller
— (i.e., the ICH4)
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10.3.6.1.1 CNR 1.2 AC ’97 Disable and Demotion Rules for the Motherboard

The following are the CNR1.2 AC '97 Disable and Demotion Rules for the motherboard:

1. All AC'97 “non-chaining” codecs on the motherboard must always disable themselves when
the CDC_ DN ENAB# signal is in a high state.

2. A motherboard AC '97 codec must never change its address or SDATA_IN line used,
regardless of the state of the CDC_DN_ ENAB# signal.

3. On a motherboard containing an AC '97 Controller supporting three AC '97 codecs, the AC '97
v2.2 or AC '97 Revision 2.3 codec on the motherboard must be connected to the SDATA IN2

signal of the CNR connector.
4. A motherboard should not contain any more than a single AC '97 codec.

The above rules allow for forward and backward compatibility between CNR Version 1.1/ 1.2
cards. For more information on chaining, consult the Communication Network Riser Specification,

Revision 1.2.

Figure 10-17. Motherboard AC 97 CNR Implementation with a Single Codec Down on Board

Motherboard
(CNR 1.2 Compliant)

AC_RST#

From Intel® ICH4

Rev 2.2 Codec
C°f\e° SDATA_IN

RESET# ID1# IDO#
Address =00
3.3V

CDC_DN_ENAB#

To GPIO }
R=10KQ
__ AC_SDINO - N
AC_SDIN1
ToICH4 <« = (
_ AC_SDIN2 I_
R=10KQ é
2 - CNR Connector
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Figure 10-18. Motherboard AC 97 CNR Implementation with no Codec Down on Board

Motherboard
(CNR 1.2 Compliant)
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From Intel® ICH4
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10.3.6.2 CNR Routing Summary

Table 10-10 is a summary of the CNR Riser routing requirements.

Table 10-10. CNR Routing Summary

Trace Impedance Maximum Trace Length Signal Length Matching RefselrgeT::Iing

77 Q — 103 Q diff tial i

. . Irerential, 10° N(_) more then 150 mils trace Ground
90 Q differential target mismatch
51Q-690Q AC_BIT_CLK (See Figure 10-12)
60 O target ? AC_SDOUT (See Figure 10-13) | N/A Ground

9 AC_SDIN (See Figure 10-14)
510-690 Equal to or up to 500 mils
’ 9.5” (See Table 10-21) shorter than the LAN_CLK Ground

60 Q target trace
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10.3.7 USB 2.0

10.3.71 Layout Guidelines

10.3.7.1.1  General Routing and Placement

Use the following general routing and placement guidelines when laying out a new design. These
guidelines will help to minimize signal quality and EMI problems

Place the ICH4 and major components on the un-routed board first. With minimum trace
lengths, route high-speed clock, periodic signals, and USB 2.0 differential pairs first. Maintain
maximum possible distance between high-speed clocks/periodic signals to USB 2.0
differential pairs and any connector leaving the PCB (i.e., /O connectors, control and signal
headers, and power connectors).

USB 2.0 signals should be ground referenced.

Route USB 2.0 signals using a minimum of vias and corners. This reduces reflections and
impedance changes.

When it becomes necessary to turn 90 degrees, use two 45 degree turns or an arc instead of
making a single 90 degree turn. This reduces reflections on the signal by minimizing
impedance discontinuities (see Figure 10-43).

Do not route USB 2.0 traces under crystals, oscillators, clock synthesizers, magnetic devices
or ICs that use and/or duplicate clocks.

Stubs on high-speed USB signals should be avoided because stubs cause signal reflections and
affect signal quality. If a stub is unavoidable in the design, the total of all the stubs on a
particular line should not be greater than 200 mils.

Route all traces over continuous planes (VCC or GND), with no interruptions. Avoid crossing
over anti-etch if at all possible. Crossing over anti-etch (plane splits) increases inductance and
radiation levels by forcing a greater loop area. Similarly, avoid changing layers with USB 2.0
traces as much as practical. It is preferable to change layers to avoid crossing a plane split.
Refer to Section 10.3.7.2.

Separate signal traces into similar categories and route similar signal traces together (such as
routing differential pairs together).

Keep USB 2.0 USB signals clear of the core logic set. High current transients are produced
during internal state transitions and can be very difficult to filter out.

Follow the 20*h rule by keeping traces at least 20*(height above the plane) away from the
edge of the plane (VCC or GND, depending on the plane the trace is over). For the suggested
stack-up the height above the plane is 4.5 mils. This calculates to a 90-mil spacing requirement
from the edge of the plane. This helps prevent the coupling of the signal onto adjacent wires
and also helps prevent free radiation of the signal from the edge of the PCB.
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10.3.7.1.2

USB 2.0 Trace Separation

Use the following separation guidelines. Figure 10-19 provides an illustration of the recommended
trace spacing.

* Maintain parallelism between USB differential signals with the trace spacing needed to
achieve 90 Q differential impedance. Deviations will normally occur because of package
breakout and routing to connector pins. Just ensure the amount and length of the deviations are
kept to the minimum possible.

¢ Use an impedance calculator to determine the trace width and spacing required for the specific
board stackup being used.

* Minimize the length of high-speed clock and periodic signal traces that run parallel to high
speed USB signal lines to minimize crosstalk. Based on EMI testing experience, the minimum
suggested spacing to clock signals is 50 mils.

¢ Based on simulation data, use 20-mil minimum spacing between high-speed USB signal pairs
and other signal traces for optimal signal quality. This helps to prevent crosstalk.

Figure 10-19. Recommended USB Trace Spacing

10.3.7.1.3

Low-Speed Clock/High-
Non Periodic Speed Periodic
Signal DP1 DM1 DP2 DM2 Signal

20 20 75 7575 50

Distance in mils

USBRBIAS/USBRBIAS# Connection

The USBRBIAS pin and the USBRBIAS# pin can be shorted and routed 5 on 5 to one end of a
22.6 Q + 1% resistor to ground. Place the resistor within 500 mils of the ICH4 and avoid routing
next to clock pins.

Figure 10-20. USBRBIAS/USBRBIAS# Connection

Table 10-1

150

Intel® ICH4
USBRBIAS
226 Q+1%

USBRBIAS#

1. USBRBIAS/USBRBIAS# Routing Summary
Trace Maximum Signal Length Signal
Impedance Trace Length Matching Referencing

51Q-69Q, .
60 Q target 500 mils N/A N/A
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10.3.7.1.6
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USB 2.0 Termination

A common-mode choke should be used to terminate the USB 2.0 bus. Place the common-mode
choke as close as possible to the connector pins. See Section 10.3.7.5 for details.

USB 2.0 Trace Length Pair Matching

USB 2.0 signal pair traces should be trace length matched. Max trace length mismatch between
USB 2.0 signal pair should be no greater that 150 mils.

USB 2.0 Trace Length Guidelines

Use the following trace length guidelines.

Table 10-12. USB 2.0 Trace Length Guidelines

USB 2.0 Trace Confi Signal Signal Motherboard Card Trace Maximum
Impedance 9 Ref Matching Trace Length Length Total Length

77Q-103Q
differential, Back . .
90 Q differential | Panel 17 inches N/A 17 inches
target
77Q-103Q
differential, . . .
90 Q differential CNR 8 inches 6 inches 14 inches
target The max

mismatch

between

data pairs .

Ground should not Cable Motherboard CZ?:QI'?:::L '\:1?:,:;"‘

tbheagr?gger Lengths Trace Length Length Length
77Q-103 Q mils
differential, Front 9 6 2 17
90 Q differential | Panel 105 5 5 175
target

12 4 2 18
13.5 3 2 18.5
15 2 2 19
NOTES:

1. These lengths are based on simulation results and may be updated in the future.
2. All lengths are based upon using a common-mode choke (see Section 10.3.7.5.1 for details on common-
mode choke).
3. The numbers in Table 10-12 are based on the following simulation assumptions:
a. CNR configuration: max 6 inches trace on add-on card.
b. An approximate 1:1 trade-off can be assumed for Motherboard Trace Length vs. Daughter card Trace
Length (e.g., trade 1 inch of Daughter card for 1 inch of Motherboard Trace Lengths).
4. Routing guidelines are based on the stack-up assumptions in Chapter 3.
5. Numbers in Table 10-12 are based on the following simulation assumptions:
a. Trace length on front panel connector card assumed a max of 2 inches.
b. USB twisted-pair shielded cable as specified in USB 2.0 specification was used.
6. For front panel solutions, signal matching is considered from the ICH4 to the front panel header.
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10.3.7.2

10.3.7.2.1

10.3.7.3

152

Plane Splits, Voids and Cut-Outs (Anti-Etch)

The following guidelines apply to the use of plane splits voids and cut-outs.

VCC Plane Splits, Voids, and Cut-Outs (Anti-Etch)

Use the following guidelines for the VCC plane.

1. Traces should not cross anti-etch because it greatly increases the return path for those signal
traces. This applies to USB 2.0 signals, high-speed clocks, and signal traces as well as slower
signal traces that might be coupling to them. USB signaling is not purely differential in all
speeds (i.e., the Full-speed Single Ended Zero is common mode).

2. Avoid routing of USB 2.0 signals within 25-mils of any anti-etch to avoid coupling to the next
split or radiating from the edge of the PCB.

When breaking signals out from packages it is sometimes very difficult to avoid crossing plane
splits or changing signal layers, particularly in today's motherboard environment that uses several
different voltage planes. Changing signal layers is preferable to crossing plane splits if a choice has
to be made between one or the other.

If crossing a plane split is completely unavoidable, proper placement of stitching capacitors can
minimize the adverse effects on EMI and signal quality performance caused by crossing the split.
Stitching capacitors are small-valued capacitors (1 uF or lower in value) that bridge voltage plane
splits close to where high speed signals or clocks cross the plane split. The capacitor ends should
tie to each plane separated by the split. They are also used to bridge, or bypass, power and ground
planes close to where a high-speed signal changes layers. As an example of bridging plane splits, a
plane split that separates VCC5 and VCC3_3 planes should have a stitching capacitor placed near
any high-speed signal crossing. One side of the capacitor should tie to VCCS5_and the other side
should tie to VCC3_3. Stitching caps provide a high-frequency current return path across plane
splits. They minimize the impedance discontinuity and current loop area that crossing a plane split
creates.

GND Plane Splits, Voids, and Cut-Outs (Anti-Etch)

Avoid anti-etch on the GND plane.
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10.3.7.4  USB Power Line Layout Topology

The following is a suggested topology for power distribution of Vbus to USB ports. Circuits of this
type provide two types of protection during dynamic attach and detach situations on the bus: inrush
current limiting (droop), and dynamic detach flyback protection. These two situations require both
bulk capacitance (droop), and filtering capacitance (for dynamic detach flyback voltage filtering).
It is important to minimize the inductance and resistance between the coupling capacitors and the
USB ports. That is, capacitors should be placed as close as possible to the port, and the power-
carrying traces should be as wide as possible, preferably a plane.

Figure 10-21. Good Downstream Power Connection

5\/_7 Thermister Vee
5V Switch _@@y 1
5V Sus—| 1 1 = —
L —— 47 pF Port1
220 uF ]
N L.—: s —
— Gnd
o Vce p >
]
47 pF - Port2
—
, 4
Gnd
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10.3.7.5

10.3.7.5.1

EMI Considerations

The following guidelines apply to the selection and placement of common mode chokes and ESD
protection devices.

Common Mode Chokes

Testing has shown that common-mode chokes can provide required noise attenuation. A design
should include a common-mode choke footprint to provide a stuffing option in the event the choke
is needed to pass EMI testing. The choke should be placed as close as possible to the USB
connector signal pins. In systems that route USB to a front panel header, the choke should be
placed on the front panel card. See Section 10.3.7.7.3

Figure 10-22. A Common-Mode Choke
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Vce
L
-
Common Mode
D+ Choke
o USB A
PR p—— Connector
D-___*(Y Y™ -
ESD Supression
Components _L_—-

Common mode chokes distort full-speed and high-speed signal quality. As the common mode
impedance increases the distortion increases, so you should test the effects of the common mode
choke on full speed and high-speed signal quality. Common Mode Chokes with a target impedance
of 80 Q to 90 Q at 100 MHz generally provide adequate noise attenuation.

Finding a common mode choke that meets the designer's needs is a two-step process.

1. A part must be chosen with the impedance value that provides the required noise attenuation.
This is a function of the electrical and mechanical characteristics of the part chosen, and the
frequency and strength of the noise present on the USB traces that you are trying to suppress.

2. Once you have a part that gives passing EMI results, test the effect this part has on signal
quality. Higher impedance common-mode chokes generally have a greater damaging effect on
signal quality, so care must be used when increasing the impedance without doing thorough
testing. Thorough testing means that the signal quality must be checked for low-speed, full-
speed, and high-speed USB operation.
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10.3.7.7

10.3.7.71
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ESD

Classic USB (1.0/1.1) provided ESD suppression using in line ferrites and capacitors that formed a
low pass filter. This technique doesn't work for USB 2.0 because of the much higher signal rate of
high-speed data. A device that has been tested successfully is based on spark gap technology.
Proper placement of any ESD protection device is on the data lines between the common mode
choke and the USB connector data pins as shown in Figure 10-22. Other types of low-capacitance
ESD protection devices may work as well but were not investigated. As with the common mode
choke solution, it is recommended to include footprints for some type of ESD protection device as
a stuffing option in case it is needed to pass ESD testing.

Front Panel Solutions

Cables

The front panel internal cable solution must meet all the requirements of Chapter 6 of the USB 2.0
Specification for High/Full-speed cabling for each port with the exceptions described in Cable
Option 2. For more information refer to the FPIO design guideline available at:

http://www.formfactors.org/developer/fpio_design guideline.pdf.

Internal Cable Option 1

Use standard High-speed/Full-speed compatible USB cables. These must meet all cabling
requirements called out in Chapter 6 of the USB 2.0 Specification. Recommended motherboard
mating connector pin-out is covered in detail later in this document.

Internal Cable Option 2

Use custom cables that meet all of the requirements of Chapter 6 of the USB 2.0 Specification with
the following additions/exceptions.

* They can share a common jacket, shield, and drain wire.

* Two ports with signal pairs that share a common jacket may combine Vbus and ground wires
into a single wire provided the following conditions are met:

— The bypass capacitance required by Section 7.2.4.1 of the USB 2.0 Specification is
physically located near the power and ground pins of the USB connectors. This is easiest
to achieve by mounting the front panel USB connectors and the bypass capacitance on a
small PCB (daughter card). Refer to the front panel daughter card referenced later for
details.

— Selecting proper wire size: A general rule for replacing two power or ground wires with a
single wire is to choose a wire size from Table 6-6 in Section 6.6.3 of the USB 2.0
Specification that has less than or equal to ' the resistance of either of the two wires being
combined. The data is provided for reference in the following table.

Table 10-13. Conductor Resistance (Table 6-6 from USB 2.0 Specification)

American Wire Gauge (AWG) Ohm /100 Meters Maximum
28 23.20
26 14.60
24 9.09
22 5.74
20 3.58

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide 155



| |
Intel® 1/0 Controller Hub 4 (ICH4) Intel ®

10.3.7.7.2

Example: 2-24 gauge (AWG) power or ground wires can be replaced with one 20-gauge wire.

Proper wire gauge selection is important to meet the voltage drop and droop requirements called
out in the USB 2.0 Specification at the USB connectors as well as at the stake pins on the PCB.

Placing the capacitance near the USB connectors for cables that share power and ground
conductors is required to ensure the system passes droop requirements. Cables that provide
individual power and ground conductors for each port can usually meet droop requirements by
providing adequate capacitance near the motherboard mating connector because droop is actually
an effect felt by adjacent ports due to switching transients on the aggressor port. In the separate
conductor case, all transients will be seen/dampened by the capacitance at the motherboard mating
connector before they can cause problems with the adjacent port sharing the same cable. See
section 7.2.2 and 7.2.4.1 of the USB 2.0 Specification for more details.

Cables that contain more than two signal pairs are not recommended because of unpredictable
impedance characteristics.

Motherboard/PCB Mating Connector

Proper selection of a motherboard mating connector for front panel USB support is important to
ensure that signal quality is not adversely affected because of a poor connector interface. The cable
and PCB mating connector must also pass the TDR requirements listed in the USB 2.0
Specification.

Pinout

A ten pin, 0.1-inch pitch stake pin assembly is recommended with the pinout listed in Table 10-14
and the schematic shown in Figure 10-23.

Table 10-14. Front Panel Header Pinout
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Pin Description

VCC

VCC

dm1

dm2

dp1

dp2

Gnd

Gnd

©| | N| O O | W N| =

key

-
o

No connect or over-current sense
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Figure 10-23. Front Panel Header Schematic

THRMSTR > 1.5 A For Two Ports

Coypass > 120 uF Per Hub —__

Vbus

0]©
= DM1— (3)(4) —— DMWR2
pP1 —— (5)(6) —— DP2
GND— (7)(8) —— GND

KEY | [9](0) —— NCor Overcurrent

It is highly recommended that the fuse element (thermistor) for the front panel header be included
on the motherboard to protect the motherboard from damage.

* This protects the motherboard from damage in the case where an un-fused front panel cable
solution is used.

* [talso provides protection from damage if an un-keyed cable is inadvertently plugged onto the
front panel USB connector.

* It provides protection to the motherboard in the case where the front panel cable is cut or
damaged during assembly or manufacturing resulting in a short between Vbus and ground.

Routing Considerations

* Traces or surface shapes from VCC to the thermistor, to Cbypass and to the connector power
and ground pins should be at least 50 mils wide to ensure adequate current carrying capability.

* There should be double vias on power and ground nets, and the trace lengths should be kept as
short as possible.
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10.3.7.7.3

Front Panel Connector Card

The best way to provide front or side panel support for USB is to use a daughter card and cable
assembly. This allows the placement of the EMI/ESD suppression components right at the USB
connector where they will be the most effective. Figure 10-24 shows the major components
associated with a typical front/side panel USB solution that uses a front panel connector card. For
more information, refer to the FPIO design guideline available at:

http://www.formfactors.org/developer/fpio_design guideline.pdf.

Figure 10-24. Motherboard Front Panel USB Support

10.3.8

158

Front Panel USB Ports

Motherboard

When designing the motherboard with front/side panel support, the system integrator should know
which type of cable assembly will be used. If the system integrator plans to use a connector card,
ensure that there aren't duplicate EMI/ESD/thermistor components placed on the motherboard
because this will usually cause drop/droop and signal quality degradation or failure.

Front Panel Daughter Card Design Guidelines

¢ Place the Vbus bypass capacitance, Common Mode Choke, and ESD suppression components
on the daughter card as close as possible to the connector pins.

* Follow the same layout, routing and impedance control guidelines as specified for
motherboards.

* Minimize the trace length on the front panel connector card. Less than 2-inch trace length is
recommended.

¢ Use the same mating connector pin-out as previously outlined for the motherboard.

* Trace length guidelines are given in Table 10-12.

I/0 APIC Desigh Recommendation

The processor does not support I/O APIC. Follow these recommendations.
* On the ICH4
— Tie APICCLK directly to ground

— Tie APICDO, APICD1 to ground through a 10 kQ resistor (Separate pull-downs are
required if using XOR chain testing.)

® On the Processor

— Consult processor documentation
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SMBus 2.0/SMLink Interface

The SMBus interface on the ICH4 uses two signals, SMBCLK and SMBDATA, to send and
receive data from components residing on the bus. These signals are used exclusively by the
SMBus Host Controller. The SMBus Host Controller resides inside the ICH4.

The ICH4 incorporates a SMLink interface supporting Alert on LAN*, Alert on LAN2* and a
slave functionality. It uses two signals: SMLINK[1:0]. SMLINKO corresponds to an SMBus clock
signal, and SMLINKI1 corresponds to an SMBus data signal. These signals are part of the SMB
Slave Interface.

For Alert on LAN* functionality, the ICH4 transmits heartbeat and event messages over the
interface. When using the 82562EM/82562EX Platform LAN Connect Component, the ICH4’s
integrated LAN Controller will claim the SMLink heartbeat and event messages and send them out
over the network. An external, Alert on LAN2*-enabled LAN Controller

(e.g., 82562EM/82562EX 10/100 Mbps Platform LAN Connect) will connect to the SMLink
signals to receive heartbeat and event messages, as well as access the ICH4 SMBus Slave
Interface. The slave interface function allows an external microcontroller to perform various
functions. For example, the slave write interface can reset or wake a system, generate SMI# or
interrupts, and send a message. The slave read interface can read the system power state, read the
watchdog timer status, and read system status bits.

Both the SMBus Host Controller and the SMBus Slave Interface obey the SMBus 1.0 protocol, so
the two interfaces can be externally wire-OR’d together to allow an external management ASIC
(e.g., 82562EM/82562EX 10/100 Mbps Platform LAN Connect) to access targets on the SMBus as
well as the ICH4 Slave interface. Additionally, the ICH4 supports slave functionality, including the
Host Notify protocol, on the SMLink pins. Therefore, to be fully compliant with the SMBus 2.0
specification (which requires the Host Notify cycle), the SMLink and SMBus signals must be tied
together externally. This is done by connecting SMLink0O to SMBCLK, and SMLink]1 to
SMBDATA.

Figure 10-25. SMBUS 2.0/SMLink Interface
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Host Controller and Temperature on
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AA /
SMBus SMBCLK fsﬁ Microcontroller
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Intel® ICH4
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Wire OR Motherboard
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NOTE: Intel does not support external access of the ICH4’s Integrated LAN Controller via the SMLink interface.
Also, Intel does not support access of the ICH4’s SMBus Slave Interface by the ICH4’s SMBus Host
Controller. Refer to the ICH4 datasheet for full functionality descriptions of the SMLink and SMBus
interface.
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10.3.9.1

10.3.9.1.1

10.3.9.1.2

10.3.9.1.3

SMBus Architecture and Design Considerations

SMBus Design Considerations

There is not a single SMBus design solution that will work for all platforms. One must consider the
total bus capacitance and device capabilities when designing SMBus segments. Routing SMBus to
the PCI slots makes the design process even more challenging since they add so much capacitance
to the bus. This extra capacitance has a large affect on the bus time constant which in turn affects
the bus rise and fall times.
Primary considerations in the design process are:

* Device class (High/Low power). Most designs use primarily High Power Devices.

* Are there devices that must run in S3?

* Amount of VCC_suspend current available (i.e., minimizing the load of VCC_suspend).

General Design Issues / Notes

Regardless of the architecture used, there are some general considerations.

* The pull-up resistor size for the SMBus data and clock signals is dependent on the bus load
(this includes all device leakage currents). Generally, the SMBus device that can sink the least
amount of current is the limiting agent on how small the resistor can be. The pull-up resistor
cannot be made so large that the bus time constant (Resistance X Capacitance) does not meet
the SMBus rise and time specification.

* The maximum bus capacitance that a physical segment can reach is 400 pF.

¢ The ICH4 does not run SMBus cycles while in S3.

* SMBus devices that can operate in STR must be powered by the VCC_suspend supply.
¢ If SMBus is connected to PCI, it must be connected to all PCI slots.

High Power/Low Power Mixed Architecture

This design allows for current isolation of high and low current devices and also allows SMBus
devices to communicate while in S3. VCC_suspend leakage is minimized by keeping non-essential
devices on the core supply. This is accomplished by the use of an “FET” to isolate the devices
powered by the core and suspend supplies (See Figure 10-26).

Figure 10-26. High Power/Low Power Mixed VCC_suspend/VCC Architecture
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Added Considerations for Mixed Architecture
* The bus switch must be powered by VCC_suspend.

* Devices that are powered by the VCC_suspend well must not drive into other devices that are
powered off. This is accomplished with the “bus switch”.

* The bus bridge can be a device like the Phillips* PCA9515
10.3.9.2 Calculating The Physical Segment Pull-Up Resistor
The following tables are provided as a reference for calculating the value of the pull-up resistor that
may be used for a physical bus segment. If any physical bus segment exceeds 400 pF, a bus bridge
device such as the Phillips PCA9515 must be used to separate the physical segment into two

segments that individually have a bus capacitance less than 400 pF.

Table 10-15. Bus Capacitance Reference Chart

. No. of Devices/ . Cap
Device Trace Length Capacitance Includes (oF)
Intel® ICH4 1 Pin Capacitance 12
CK408 1 Pin Capacitance 10
Pin Capacitance (10 pF) + 1 inch worth of trace capacitance
DIMMS 2 (2 pF/inch) per DIMM and 2 pF connector capacitance per 28
DIMM
2 86
3 129
PCI Slots 4 Each PCI add-in card is allowed up to 40 pF + 3 pF per each 172
connector
5 215
6 258
>24 48
SMBus
Trace Length >36 2 pF per inch of trace length 72
in inches
>48 96
CNR 1 Pin Capacitance (10 pF) + 6 inch worth of trace capacitance o4
(2 pF/inch) and 2 pF connector capacitance
Table 10-16. Bus Capacitance/Pull-Up Resistor Relationship
Physical Bus =
Segment Capacitance Pull-Up Range (For VCC =3.3V
0 to 100 pF 8.2kQto 1.2 kQ
100 to 200 pF 4.7 kQto 1.2 kQ
200 to 300 pF 3.3kQto 1.2 kQ
300 to 400 pF 2.2kQto 1.2 kQ

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide 161



| |
Intel® 1/0 Controller Hub 4 (ICH4) Intel ®

10.3.10

10.3.10.1

PCI

The ICH4 provides a PCI Bus interface that is compliant with the PCI Local Bus Specification,
Revision 2.2. The implementation is optimized for high-performance data streaming when the
ICH4 is acting as either the target or the initiator on the PCI bus. For more information on the PCI
Bus interface, refer to the PCI Local Bus Specification Revision 2.2.

The ICH4 supports six PCI Bus masters (excluding the ICH4) by providing six REQ#/GNT# pairs.
In addition, the ICH4 supports two PC/PCI REQ#/GNT# pairs, one of which is multiplexed with a
PCI REQ#/GNTH# pair.

PCI Routing Summary

The following represents a summary of the routing guidelines for the PCI Slots. Simulations
assume that PCI cards follow the PCI Specification, Revision 2.2 trace length guidelines.

Figure 10-27. PCI Bus Layout Example

Intel® ICH4

NOTE: If a CNR connector is placed on the platform, it will share a slot space with one of the PCI slots.
However, it will not take away from the slot functionality.

Figure 10-28. PCI Bus Layout Example with IDSEL
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Table 10-17. PCI Data Signals Routing Summary

Maximum Trace Length
Trace

Topology
Impedance L1 L2 L3 L4 L5 L6

2 Slots 4t010 | 15
W1=W2= 0.5 inches, o es | inchas | WA | NA | NA | N/A
R_IDSEL = 300 to 900 Q
3 Slots

47Q-69Q, . 4t010 | 15 15

60 Q target W1=W2= 0.5 inches, inches | inches | inches | /A N/A N/A

R_IDSEL = 300 to 900 Q

4 Slots

W1=W2= 0.5 inches,
R_IDSEL = 300 to 900 Q
5 Slots

W1=W2= 0.5 inches,
510-69Q, |R_IDSEL =300 to900Q

60 Q target 6 Slots

W1=W2= 0.5 inches,
R_IDSEL = 300 to 900 Q

41010 1.0 1.0 1.0

inches | inches | inches | inches N/A N/A

5t08 1.0 1.0 1.0 1.0

inches | inches | inches | inches | inches N/A

5t07 1.0 1.0 1.0 1.0 1.0
inches | inches | inches | inches | inches | inches

Figure 10-29. PCI Clock Layout Example

W1 w2 |_| w3
R=33Q I_I
CK408 Connector PCI
W4
o=
R=33Q
CK408
W5
Intel® ICH4
Table 10-18. PCI Clock Signals Routing Summary
Maximum Trace Length
Trace Topology
Impedance w1 w2 w3 wa W5
Can be as long
2.5inches as needed as
2(1) g Eafrsge% 2-6slots | 0.5inches i(XXEe_sAf.S) (shown as 0.5inches | long as W2 is
9 reference only) scaled
accordingly
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10.3.11

RTC

The ICH4 contains a real time clock (RTC) with 256 bytes of battery-backed SRAM. The internal
RTC module provides two key functions: keeping date and time and storing system data in its
RAM when the system is powered down.

The ICH4 uses a crystal circuit to generate a low-swing 32 kHz input sine wave. This input is
amplified and driven back to the crystal circuit via the RTCX2 signal. Internal to the ICH4, the
RTCX1 signal is amplified to drive internal logic as well as to generate a free running full swing
clock output for system use. This output ball of the ICH4 is called SUSCLK (see Figure 10-30).

Figure 10-30. RTCX1 and SUSCLK Relationship in Intel® ICH4

Note:

Low-Swing 32.768 kHz avUaw
: e
Sine Wave Source RTeXT Intel®

Internal
Oscillator | %

Full-Swing 32.768 kHz
i -
Output Signal m : SUSCLK

For further information on the RTC, refer to Application Note AP-728 ICH/ICH4/ICH4-M/
ICH3-S/ICH3-M Real Time Clock (RTC) Accuracy and Considerations Under Test Conditions.
This application note is valid for ICH4.

Even if the ICH4 internal RTC is not used, it’s still necessary to supply a clock input to RTCX1 of
the ICH4 because other signals are gated from that clock in suspend modes. However, in this case,
the frequency accuracy (32.768 kHz) of the clock inputs is not critical, a cheap crystal can be used,
or a single clock input can be driven into RTCX1 with RTCX2 left as no connect

(see Figure 10-31). This is not a validated feature on ICH4.

The peak to peak swing on RTCX1 cannot exceed 1.0 V.

Figure 10-31. External Circuitry for the Intel® ICH4 (Internal RTC Is Not Used)
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RTCX1 m RTCX2 Internal

External

32 kHz
No Connection
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10.3.11.1

RTC Crystal

Intel® 1/O Controller Hub 4 (ICH4)

The ICH4 RTC module requires an external oscillating source of 32.768 kHz connected on the
RTCX1 and RTCX2 balls. Figure 10-32 shows the external circuitry that comprises the ICH4 RTC

oscillator.

Figure 10-32. External Circuitry for the Intel® ICH4 RTC

™~ .
3.3V Sus > l X] vecrte
I 1uF
P Py RTCX2
T >
32768 kHz ——— Ri
Xtal
Vbatt ta 10 MQ
: . X rrexi
0.047uF == c c2 e,
18 pF I 18 pF I
. {Xl VBIAS
NOTES:

1. The exact capacitor value must be based on the crystal maker’'s recommendation. (Typical values for C1 and
C2 are 18 pF, based on crystal load of 12.5 pF).

abhwbN

. VccRTC: Power for RTC Well
. RTCX2: Crystal Input 2 — Connected to the 32.768 kHz crystal.
. RTCX1: Crystal Input 1 — Connected to the 32.768 kHz crystal.
. VBIAS: RTC BIAS Voltage — This ball is used to provide a reference voltage. This DC voltage sets a current

that is mirrored throughout the oscillator and buffer circuitry.

6. VSS: Ground

Table 10-19. RTC Routing Summary
Trace Max Trace Length | Signal Length Signal
Impedance to Crystal Matching R1,R1, C1, and C2 Tolerances Referencing
R1=R2=
10 MQ £ 5%
51Q-69Q, . C1=C2 = (NPO class)
1inch N/A Ground
60 Q target See Section 10.3.11.2 for
calculating a specific capacitance
value for C1 and C2
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10.3.11.2
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External Capacitors

To maintain the RTC accuracy, the external capacitor C3 must be 0.047 pF, and capacitor values C,
and C, should be chosen to provide the manufacturer's specified load capacitance (C, ) for the
crystal when combined with the parasitic capacitance of the trace, socket (if used), and package.
The following equation can be used to choose the external capacitance values:

CLOAD = [(Cl + CINI + CTRACE])*(CZ + CINZ + CTRACEZ)]/[(CI + CINI + CTRACE] + C2 +
CIN2 + CTRACEZ)] + CPARASITIC

Where:
* Cioap = crystal's load capacitance. This value can be obtained from Crystal's specification.

* Cni> Cyo = input capacitances at the RTCX1, RTCX2 balls of the ICH4. These values can be
obtained in the ICH4 datasheet.

* Crracels Crracea = trace length capacitances measured from Crystal terminals to the RTCX1,
RTCX2 pins. These values depend on the characteristics of board material, the width of signal
traces, and the length of the traces. Typical value, based on a 5 mil wide trace and a % ounce
copper pour, is approximately equal to:

Crracg = trace length * 2 pF/inch (assuming a 5 mil trace 2 oz. copper)

* Cparasimic = crystal’s parasitic capacitance. This capacitance is created by the exist of 2
electrode plates and the dielectric constant of the crystal blank inside the crystal part. Refer to
the crystal's specification to obtain this value.

Ideally, C1, C2 can be chosen such that C1 = C2. Using the C, ;. equation, the value of C1, C2
can be calculated to give the best accuracy (closest to 32.768 kHz) of the RTC circuit at room
temperature. However, C2 can be chosen such that C2 > C1. C1 can then be trimmed to obtain the
32.768 kHz.

In certain conditions, both C1, C2 values can be shifted away from the theoretical values
(calculated values from the above equation) to obtain the closest oscillation frequency to
32.768 kHz. When C1, C2 value are smaller then the theoretical values, the RTC oscillation
frequency will be higher.

The following example describes the calculation of practical C1, C2 values if theoretical values
cannot guarantee the accuracy of the RTC in low temperature conditions:

Example 1

According to a required 12 pF load capacitance of a typical crystal that is used with the ICH4, the
calculated values of C1 = C2 is 10 pF at room temperature (25 °C) to yield a 32.768 kHz
oscillation.

At 0 °C the frequency stability of crystal is —23 ppm (assuming that the circuit has 0 ppm at 25 °C).
This makes the RTC circuit oscillate at 32.767246 kHz instead of 32.768 kHz.

If the values of C1, C2 are chosen to be 6.8 pF instead of 10 pF, The RTC will oscillate at higher
frequency at room temperature (+23 ppm), but this configuration of C1 / C2 makes the circuit
oscillate closer to 32.768 kHz at 0 °C. The 6.8 pF value of C1 and 2 is the practical value.

Note that the temperature dependency of the crystal frequency is a parabolic relationship (ppm /

degree square). The effect of changing crystal's frequency when operating at 0 °C (25 °C below
room temperature) is the same when operating at 50 °C (25 °C above room temperature).
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10.3.11.3 RTC Layout Considerations

Since the RTC circuit is very sensitive and requires highly accurate oscillation, reasonable care
must be taken during RTC circuit layout and routing. Some recommendations are:

* Reduce trace capacitance by minimizing the RTC trace length. ICH4 requires a trace length
less than 1 inch on each branch (from crystal's terminal to RTCXn pin). Routing the RTC
circuit should be kept simple to simplify the trace length measurement and to increase the
accuracy of trace capacitance calculations. Trace capacitance depends on the trace width and
dielectric constant of board’s material. On FR-4, a 5-mil trace has approximately 2 pF per
inch.

* Trace signal coupling must be reduced by avoiding routing of adjacent PCI signals close to
RTCX1, RTCX1, and VBIAS.

* Ground guard plane is highly recommended.

* The oscillator VCC should be clean. Use a filter, such as an RC low-pass or a ferrite inductor.

10.3.11.4 RTC External Battery Connection

The RTC requires an external battery connection to maintain its functionality and its RAM while
the ICH4 is not powered by the system.

Example batteries are Duracell* 2032, 2025, and 2016 (or equivalent), which can give many years
of operation. Batteries are rated by storage capacity. The battery life can be calculated by dividing
the capacity by the average current required. For example, if the battery storage capacity is

170 pAh (assumed usable) and the average current required is 3 pA, the battery life will be at least:

170,000 uAh / 5uAd = 34,000 h = 3.9 years

The voltage of the battery can affect the RTC accuracy. In general, when the battery voltage
decays, the RTC accuracy also decreases. High accuracy can be obtained when the RTC voltage is
in the range of 3.0 Vto 3.3 V.

The battery must be connected to the ICH4 via an isolation Schottky diode circuit. The Schottky
diode circuit allows the ICH4 RTC well to be powered by the battery when the system power is not
available, and by the system power when it is available. To do this, the diodes are set to be reverse
biased when the system power is not available. Figure 10-33 is an example of a diode circuit.

Figure 10-33. A Diode Circuit to Connect RTC External Battery

VCC3_3SBY

@ [ ] veerRTC

Lo
w T
Il
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10.3.11.5 RTC External RTCRST# Circuit

Figure 10-34. RTCRST# External Circuit for the Intel® ICH4 RTC

10.3.11.6

168

Note:

VCC3_3SBY

Diode/ (p)
Battery

Circuit

2 {] VeeRTC
1.0 },LF T\

1kQ o ____ .
: 8.2 kQ :

| %ﬂ RTCRST# |

+

: 2.2 uF :

| |

| RTCRST# T |

= | = |

Circuit

The ICH4 RTC requires some additional external circuitry. The RTCRST# signal is used to reset
the RTC well. The external capacitor and the external resistor between RTCRST# and the RTC
battery (Vbat) were selected to create an RC time delay such that RTCRST# will go high some
time after the battery voltage is valid. The RC time delay should be in the range of 18 ms—25 ms.
When RTCRST# is asserted, bit 2 (RTC_PWR_STS) in the GEN_PMCON_3 (General PM
Configuration 3) register is set to 1 and remains set until software clears it. Therefore, when the
system boots, the BIOS knows that the RTC battery has been removed.

This RTCRST# circuit is combined with the diode circuit (shown in the Figure 10-33) whose
purpose is to allow the RTC well to be powered by the battery when the system power is not
available. Figure 10-34 is and example of this circuitry that is used in conjunction with the external
diode circuit.

VBIAS DC Voltage and Noise Measurements

VBIAS is a DC voltage level that is necessary for biasing the RTC oscillator circuit. This DC
voltage level is filtered from the RTC oscillation signal by the RC Network of R2 and C3

(see Figure 10-32). Therefore, it is a self-adjusted voltage. Board designers should not manually
bias the voltage level on VBIAS. Checking VBIAS level is used for testing purposes only to
determine the right bias condition of the RTC circuit.

VBIAS should be at least 200 mV DC. The RC network of R2 and C3 filters out most of the AC
signal that exists on this ball. However, the noise on this ball should be kept to a minimum to

guarantee the stability of the RTC oscillation.

Probing VBIAS requires the same technique as probing the RTCX and RTCX2 signals
(using Op-Amp). See Application Note AP-728 for further details about measuring techniques.

VBIAS is very sensitive to environmental conditions.
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10.3.11.7

10.3.11.8

10.3.12

Intel® 1/O Controller Hub 4 (ICH4)

SUSCLK

SUSCLK is a square waveform signal output from the RTC oscillation circuit. Depending on the
quality of the oscillation signal on RTCX1 (largest voltage swing), the SUSCLK duty cycle can be
between 30-70%. A SUSCLK duty cycle beyond the 30-70% range indicates a poor oscillation
signal on RTCX1 and RTCX2.

SUSCLK can be probed directly using normal probe (50 € input impedance probe), and is an
appropriated signal that is used to check the RTC frequency to determine the accuracy of the
ICH4’s RTC Clock (see Application Note AP-728 for further details).

RTC-Well Input Strap Requirements

All RTC-well inputs (RSMRST#, RTCRST#, INTRUDER#) must be either pulled up to VccRTC
or pulled down to ground while in G3 state. RTCRST#, when configured as shown in Figure 10-34,
meets this requirement. RSMRST# should have a weak external pull-down to ground, and
INTRUDER# should have a weak external pull-up to VccRTC. This will prevent these nodes from
floating in G3, and correspondingly will prevent Io-RTC leakage that can cause excessive coin-
cell drain. The PWROK input signal should also be configured with an external weak pull-down.

Internal LAN Layout Guidelines

The ICH4 provides several options for LAN capability. The platform supports several components
depending upon the target market. Available LAN components include the 82540EM Gigabit
Ethernet Controller, 82551QM Fast Ethernet Controller, 82562EZ/82562ET and 82562EX/
82562EM Platform LAN Connect components.

Table 10-20. LAN Component Connections/Features

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide

LAN Component ';:‘tt‘:jf@"‘fgl_f: Connection Features
Gigabit Ethernet (1000BASE- | Gigabit Ethernet, ASF 1.0
Intel® 82540EM (196 BGA) PCI T) with Alert Standard Format | alerting, PCI 2.2
(ASF) alerting compatible
Ethernet 10/100
® Performance 10/100 Ethernet | connection, ASF 1.0
Intel™ 82551QM (196 BGA) PCI with ASF alerting alerting, PCI 2.2
compatible
Intel® 82562EM (48 Pin SSOP) - 10/100 Ethernet with Alert on Egr‘]ig‘(jito?’;?eoﬁ on LAN
Intel® 82562EX (196 BGA) LAN* (AoL) alerting (Rol) ’
Intel® 82562ET (48 Pin SSOP) . Ethernet 10/100
Intel® 82562EZ (196 BGA) LCl Basic 10/100 Ethernet connection

Which LAN component to use on the ICH4 platform depends on the end user's need for connection
speed, manageability, and bus connection type. In addition, footprint compatible packages make it
possible to design a platform that can use any of the LAN components without the need for a
motherboard redesign.
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10.3.12.1

Footprint Compatibility

The 82540EM Gigabit Ethernet Controller, 82551QM Fast Ethernet Controller, and the 82562EX/
82562EZ Platform LAN Connect devices are all manufactured in a footprint-compatible 15 mm x
15 mm (1 mm pitch), 196-ball grid array package. Many of the critical signal pin locations on the
82540EM, 82551QM, and 82562EX/82562EZ are identical, allowing designers to create a single
design that accommodates any one of these parts. Because the use of some pins on the 82540EM
differ from the use on the 82551QM or the 82562EX/82562EZ, the parts are not referred to as “pin
compatible.” The term “footprint compatible” refers to the fact that the parts share the same
package size, same number and pattern of pins, and layout of signals that allow for the flexible,
cost effective, multipurpose design.

Design guidelines are provided for each required interface and connection. Refer to the following
figures and tables for the corresponding section of the design guide. The guidelines use the
82546EZ to refer to both the 82562EZ and the 82562EX. The 82562EX is specified in those cases
where there is a difference.

Figure 10-35. Intel® ICH4/Platform LAN Connect Sections

A
/ | mtelesosez | —> 5
; — ; T :
| EZ/ET/EXEM | ! : Magnetic Connector | :
_ ; : Module ]
Intel® ICH4 T S
" Intel® 82551QM
pCl | ' Intel® 82540EM :
Refer to the PCI
Specification

NOTE: 82562EZ/EX, 82551QM, and 82540EM are footprint compatible with each other. 82562ET/EM are
footprint compatible with each other.

Table 10-21. LAN Design Guide Section Reference

170

Layout Section Figure 10-35 Design Guide Section

Reference
Intel® ICH4 — LAN Connect A Section 10.3.12.2, “Intel® ICH4 — LAN Connect Interface
Interface (LCI) Guidelines”
Intel® 82562EZ/EX A Section 10.3.13, “Design and Layout Considerations for
Intel® 82562ET/EM Intel* 82562EZ/ET/EX/EM”
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10.3.12.2

10.3.12.2.1

Intel® 1/O Controller Hub 4 (ICH4)

Intel® ICH4 — LAN Connect Interface Guidelines

This section contains guidelines on how to implement a Platform LAN Connect device on a system
motherboard or on a CNR riser card. It should not be treated as a specification, and the system
designer must ensure through simulations or other techniques that the system meets the specified
timings. Special care must be given to matching the LAN CLK traces to those of the other signals,
as shown below. The following are guidelines for the ICH4 to LAN Connect Interface. The
following signal lines are used on this interface:

* LAN_CLK

* LAN RSTSYNC
* LAN RXD[2:0]
* LAN TXD[2:0]

This interface supports 82562ET and 82562EM components. Signal lines LAN CLK,
LAN RSTSYNC, LAN RXDO0, and LAN TXDO are shared by all components.

Bus Topologies

The Platform LAN Connect Interface can be configured in several topologies:
* Direct point-to-point connection between the ICH4 and the LAN component

* LOM/CNR Implementation
LOM (LAN On Motherboard) or CNR Point-To-Point Interconnect

The following are guidelines for a single solution motherboard. Either 82562EM, 82562ET, or
CNR are uniquely installed.

Figure 10-36. Single Solution Interconnect

< L >
’ LAN_CLK
LAN_RSTSYNC »| Platform LAN
Intel® ICH4 LAN_RXDI[2:0] Connect
PL
LAN_TXD[2:0] R (PLC)

Table 10-22. LAN LOM or CNR Routing Summary

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide

Maximum Trace Signal . .
Trace Length Impedance | Referencing LAN Signal Length Matching
Intel® 82562EZ/ET/ .
EX/EM 4.5to 12 inches 510-690 Data signals must be equal to or no
3 60 O tan et’ Ground more than 0.5 inches (500 mils)
Intel™ 82562EZ/ET/ 210 9.5 inches 9 shorter than the LAN clock trace.
EX/EM on CNR '
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LOM (Lan On Motherboard) and CNR Interconnect

intel.

The following guidelines apply to an all-inclusive configuration of PLC design. This layout
combines LAN on motherboard and the CNR solutions. The resistor pack ensures that either a
CNR option or a LAN on motherboard option can be implemented at one time. (See Figure 10-37

and Table 10-23).

Figure 10-37. LOM/CNR Interconnect

RPak 1 B
A 0-33Q PLC
Intel® F;,Zi' CNR G
ICH4 _____¢@ NR Card _
' |
= [
C | D |
0-33Q Cl I
F;ei' N: PLC!
a RI :
I [
RPak 2 : :
NOTE: Either RPak 1 or RPak 2 can be populated, but not both.
Table 10-23. LAN LOM/CNR ‘Dual Routing Summary
Maximum Trace Length Trace Signal LAN Signal
A B c D Impedance Ref. Length Matching
0.5to 4 to ;
Intel® 82562EZ/ET/ Data signals must
EX/EM 7.5 .(11 5-A) | NA NA be equal to or no
inches | inches 51Q-690, | o | morethan 0.5
® 05to 15to 60 Q target inches (500 mils)
Intel 82562EZ/1ET/ 75 NA (9 —A) Q.5 to3 shorter than the
EX/EM on CNR inches inches inches LAN clock trace.

NOTES:

1. Total motherboard trace length should not exceed 9 inches

Additional guidelines for this configuration are as follows:

¢ Stubs due to the resistor pack should not be present on the interface.

* The resistor pack value can be 0 to 33 Q (See Section 10.3.12.2.5).
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Intel® 1/O Controller Hub 4 (ICH4)

Signal Routing and Layout

Platform LAN Connect Interface signals must be carefully routed on the motherboard to meet the
timing and signal quality requirements of this interface specification. The following are some
general guidelines that should be followed. It is recommended that the board designer simulate the
board routing to verify that the specifications are met for flight times and skews due to trace
mismatch and crosstalk. On the motherboard the length of each data trace is either equal in length
to the LAN_CLK trace, or up to 0.5 inches shorter than the LAN CLK trace. (LAN CLK should
always be the longest motherboard trace in each group.)

Figure 10-38. LAN_CLK Routing Example

10.3.12.2.3

10.3.12.2.4

10.3.12.2.5

10.3.12.2.6

“ bl e -

Al i

el

Aoyl

LAN_RXDO0O

Crosstalk Consideration

Noise due to crosstalk must be carefully controlled to a minimum. Crosstalk is the key cause of
timing skews and is the largest part of the tRMATCH skew parameter. tRMATCH is the sum of the
trace length mismatch between LAN_ CLK and the LAN data signals. To meet this requirement on
the board, the length of each data trace is either equal to or up to 0.5 inches shorter than the

LAN CLK trace. Maintaining at least 100 mils of spacing should minimize noise due to crosstalk
from non-PLC signals.

Impedances

The motherboard impedances should be controlled to minimize the impact of any mismatch
between the motherboard and the add-in card. An impedance of 60 Q + 15% is strongly
recommended; otherwise, signal integrity requirements may be violated.

Line Termination

Line termination mechanisms are not specified for the LAN Connect Interface. Slew rate
controlled output buffers achieve acceptable signal integrity by controlling signal reflection, over/
undershoot, and ringback. A 0 Q to 33 € series resistor can be installed at the driver side of the
interface should the developer have concerns about over/undershoot. Note that the receiver must
allow for any drive strength and board impedance characteristic within the specified ranges.

Disabling Intel® ICH4 Integrated LAN

The LAN Connect Interface on the ICH4 can be left as a no-connect if it is not used.
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10.3.13

10.3.13.1

10.3.13.1.1

10.3.13.1.2

Design and Layout Considerations for
Intel™ 82562EZ/ET/EX/EM

For correct LAN performance, designers must follow the general guidelines outlined in
Section 10.3.12.2. Additional guidelines for implementing an 82562EZ/ET/EX/EM Platform LAN
Connect component are provided below.

Guidelines for Intel® 82562EZ/ET/EX/EM Component Placement

Component placement can affect signal quality, emissions, and temperature of a board design. This
section provides guidelines for component placement.

Careful component placement can:

* Decrease potential problems directly related to electromagnetic interference (EMI), which
could cause failure to meet applicable government test specifications.

¢ Simplify the task of routing traces. To some extent, component orientation will affect the
complexity of trace routing. The overall objective is to minimize turns and crossovers between
traces.

Minimizing the amount of space needed for the Ethernet LAN interface is important because all
other interfaces will compete for physical space on a motherboard near the connector edge. As with
most subsystems, the Ethernet LAN circuits must be as close as possible to the connector. Thus, it
is imperative that all designs be optimized to fit in a very small space.

Crystals and Oscillators

To minimize the effects of EMI, clock sources should not be placed near I/O ports or board edges.
Radiation from these devices may be coupled onto the I/O ports or out of the system chassis.
Crystals should also be kept away from the Ethernet magnetics module to prevent interference of
communication. The retaining straps of the crystal (if they should exist) should be grounded to
prevent possibility radiation from the crystal case, and the crystal should lay flat against the PC
board to provide better coupling of the electromagnetic fields to the board.

For a noise-free and stable operation, place the crystal and associated discretes as close as possible
to the 82562EZ/ET/EX/EM, keeping the trace length as short as possible, and do not route any
noisy signals in this area.

Intel® 82562EZ/EX / Intel® 82551QM Termination Resistors

The 100 € (£ 1%) resistor that is used to terminate the differential transmit pairs (TDP/TDN) and
the 121 Q + 1% receive differential pairs (RDP/RDN) should be placed as close to the Platform
LAN connect component 82562EZ/ET/EX/EM) as possible. This is because these resistors are
terminating the entire impedance that is seen at the termination source (i.e., 82562ET), including
the wire impedance reflected through the transformer.

Figure 10-39. Intel® 82562EZ/ET/EX/EM Termination
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A 4

LAN Connect

Interf >
Intel® | reriace | Intel® Magnetics RJ45
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NOTE: Place termination resistors as close to the Intel® 82562ET as possible.
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10.3.13.1.3 Critical Dimensions

There are two dimensions to consider during layout. Distance 'A' from the line RJ45 connector to
the magnetics module, and distance 'B' from the 82562EZ/ET/EX/EM to the magnetics module.
The combined total distances A and B must not exceed 4 inches (preferably, less than 2 inches).
See Figure 10-40.

Figure 10-40. Critical Dimensions for Component Placement

B A
Intel® Intel® »  Magnetics [* | Line
ICH4 82562ET e Module «—p| RJ45
EEPROM
Table 10-24. Dimensions for Figure 10-40
Distance Priority Guideline
A 1 <1inch
B 2 <1inch
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Caution:

Note:

10.3.13.1.4
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Distance from Magnetics Module to RJ45 (Distance A)

The distance A in Figure 10-40 above should be given the highest priority in board layout. The
distance between the magnetics module and the RJ45 connector should be kept to less than one
inch of separation. The following trace characteristics are important and should be observed:

¢ Differential Impedance: The differential impedance should be 100 Q. The single ended trace
impedance will be approximately 60 €. However, the differential impedance can also be
affected by the spacing between the traces.

* Trace Symmetry: Differential pairs (such as TDP and TDN) should be routed with consistent
separation and with exactly the same lengths and physical dimensions (for example, width).

Asymmetric and unequal length traces in the differential pairs contribute to common mode noise.
This can degrade the receive circuit's performance and contribute to radiated emissions from the
transmit circuit. If the 82562EZ/ET/EX/EM must be placed further than a couple of inches from
the RJ45 connector, distance B can be sacrificed. Keeping the total distance between the
82562EZ/ET/EX/EM and RJ45 as short as possible should be a priority.

Measured trace impedance for layout designs targeting 100 Q often result in lower actual
impedance. OEMs should verify actual trace impedance and adjust their layout accordingly. If the
actual impedance is consistently low, a target of 105 Q—110 Q should compensate for second order
effects.

Distance from Intel® 82562EZ/ET/EX/EM to Magnetics Module (Distance B)

Distance B should also be designed to be less than one inch between devices. The high-speed
nature of the signals propagating through these traces requires that the distance between these
components be closely observed. In general, any section of traces that is intended for use with
high-speed signals should observe proper termination practices. Proper termination of signals can
reduce reflections caused by impedance mismatches between device and traces. The reflections of
a signal may have a high-frequency component that may contribute more EMI than the original
signal itself. For this reason, these traces should be designed to a 100 € differential value. These
traces should also be symmetric and of equal length within each differential pair.

Reducing Circuit Inductance

The following guidelines show how to reduce circuit inductance in both back planes and
motherboards. Traces should be routed over a continuous ground plane with no interruptions. If
there are vacant areas on a ground or power plane, the signal conductors should not cross the
vacant area. This increases inductance and associated radiated noise levels. Noisy logic grounds
should be separated from analog signal grounds to reduce coupling. Noisy logic grounds can
sometimes affect sensitive DC subsystems such as analog to digital conversion, operational
amplifiers, etc. All ground vias should be connected to every ground plane. Similarly, every power
via should be connected to all power planes at equal potential. This helps reduce circuit inductance.
Another recommendation is to physically locate grounds to minimize the loop area between a
signal path and its return path. Rise and fall times should be as slow as possible because signals
with fast rise and fall times contain many high-frequency harmonics that can radiate significantly.
The most sensitive signal returns closest to the chassis ground should be connected together. This
will result in a smaller loop area and will reduce the likelihood of crosstalk. The effect of different
configurations on the amount of crosstalk can be studied using electronics modeling software.
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Terminating unused connections

In Ethernet designs it is common practice to terminate unused connections on the RJ45 connector
and the magnetics module to ground. Depending on overall shielding and grounding design, this
may be done to the chassis ground, signal ground, or a termination plane. Care must be taken when
using various grounding methods to insure that emission requirements are met. The method most
often implemented is called the “Bob Smith” Termination. In this method a floating termination
plane is cut out of a power plane layer. This floating plane acts as a plate of a capacitor with an
adjacent ground plane. The signals can be routed through 75 Q resistors to the plane. Stray energy
on unused pins is then carried to the plane.

Termination Plane Capacitance

It is recommended that the termination plane capacitance equal a minimum value of 1500 pF. This
helps reduce the amount of crosstalk on the differential pairs (TDP/TDN and RDP/RDN) from the
unused pairs of the RJ45. Pads may be placed for an additional capacitance to chassis ground,
which may be required if the termplane capacitance is not large enough to pass EFT (Electrical Fast
Transient) testing. If a discrete capacitor is used, it should be rated for at least 1000 Vac to meet the
EFT requirements.

Figure 10-41. Termination Plane
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To disable the 82562EZ/ET/EX/EM, the device must be isolated (disabled) before assertion of
reset (RSM_PWROK). Using a GPIO such as GPO28 to be LAN_Enable (enabled high), LAN will
default to enabled on initial power-up and after an AC power loss. This circuit shown in

Figure 10-42 allows this behavior. The BIOS controlling the GPIO can disable the LAN PHY.

Intel® 82562EZ/ET/EX/EM Disable Guidelines

Figure 10-42. Intel® 82562EZ/ET/EX/EM Disable Circuitry

3.3V Sus
LAN_RST# ——
GPIO_LAN_ENABLE - AVAVAVAY, MMBT3906
10 kQ + 5%
Intel® 82562EZ/ET/EX/EM
Disable
10 kQ + 5%

There are 4 pins that are used to put the 82562EZ/ET/EX/EM controller in different operating
states: Test En, Isol Tck, Isol Ti, and Isol Tex. Table 10-25 describes the operational/disable
features for this design.

The four control signals shown in Table 10-25 should be configured as follows:

¢ Test _En should be pulled-down through a 100 € resistor.

* The remaining 3 control signals should each be connected through 100 € series resistors to the
common node Intel® 82562EZ/ET/EX/EM _Disable of the disable circuit.

Table 10-25. Intel® 82562EZ/ET/EX/EM Control Signals
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Test_En Isol_Tck Isol_Ti Isol_Tex State
0 0 0 0 Enabled
0 1 1 1

Disabled w/ Clock (low power)

1

1

1

1

Disabled w/out Clock (lowest power)
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10.3.13.3 General LAN Differential Pair Trace Routing Considerations

Trace routing considerations are important to minimize the effects of crosstalk and propagation
delays on sections of the board where high-speed signals exist. Signal traces should be kept as short
as possible to decrease interference from other signals, including those propagated through power
and ground planes. Observe the following suggestions to help optimize board performance.

Note: Some suggestions are specific to a 4.3 mil stack-up.):
* Maintain constant symmetry and spacing between the traces within a differential pair.
* Keep the signal trace lengths of a differential pair equal to each other.

¢ Keep the total length of each differential pair under 4 inches. [Many customer designs with
differential traces longer than 5 inches have had one or more of the following issues: IEEE phy
conformance failures, excessive EMI (Electro Magnetic Interference), and/or degraded receive
BER (Bit Error Rate).]

* Do not route the transmit differential traces closer than 100 mils to the receive differential
traces.

* Do not route any other signal traces both parallel to the differential traces, and closer than
100 mils to the differential traces (300 mils is recommended).

* Keep maximum separation between differential pairs to 7 mils.

* For high-speed signals, the number of corners and vias should be kept to a minimum. If a
90 degree bend is required, it is recommended to use two,45 degree bends. Refer to
Figure 10-43.

* Traces should be routed away from board edges by a distance greater than the trace height
above the ground plane. This allows the field around the trace to couple more easily to the
ground plane rather than to adjacent wires or boards.

* Do not route traces and vias under crystals or oscillators. This will prevent coupling to or from
the clock. And as a general rule, place traces from clocks and drives at a minimum distance
from apertures by a distance that is greater than the largest aperture dimension.

Figure 10-43. Trace Routing
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Trace Geometry and Length

The key factors in controlling trace EMI radiation are the trace length, and the ratio of trace-width
to trace-height above the ground plane. To minimize trace inductance, high-speed signals and
signal layers that are close to a ground or power plane should be as short and wide as practical.
Ideally, this trace width to height above the ground plane ratio is between 1:1 and 3:1. To maintain
trace impedance, the width of the trace should be modified when changing from one board layer to
another if the two layers are not equidistant from the power or ground plane. Differential trace
impedances should be controlled to be ~100 €. It is necessary to compensate for trace-to-trace edge
coupling, which can lower the differential impedance by up to 10 € when the traces within a pair
are closer than 30 mils (edge-to-edge).

Traces between decoupling and I/O filter capacitors should be as short and wide as practical. Long
and thin traces are more inductive and would reduce the intended effect of decoupling capacitors.
For similar reasons, traces to I/O signals and signal terminations should be as short as possible.
Vias to the decoupling capacitors should be sufficiently large in diameter to decrease series
inductance. Additionally, the PLC should not be closer than one inch to the connector/magnetics/
edge of the board.

Signal Isolation

The following are rules to follow for signal isolation:

* Separate and group signals by function on separate layers if possible. Maintain a gap of
100 mils between all differential pairs (Ethernet) and other nets, but group associated
differential pairs together. Note: Over the length of the trace run, each differential pair should
be at least 0.3 inches away from any parallel signal traces.

* Physically group together all components associated with one clock trace to reduce trace
length and radiation.

¢ Isolate I/O signals from High-speed signals to minimize crosstalk, which can increase EMI
emission and susceptibility to EMI from other signals.

* Avoid routing high-speed LAN traces near other high-frequency signals associated with a
video controller, cache controller, processor, or other similar devices.
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Magnetics Module General Power and Ground Plane Considerations

To properly implement the common mode choke functionality of the magnetics module, the chassis
or output ground (secondary side of transformer) should be separated from the digital or input
ground (primary side) by a physical separation of 100 mils minimum.

Figure 10-44. Ground Plane Separation

100 Mils Minimum Spacing

Magnetics Module

TTUT

Separate Chassis Ground Plane

Good grounding requires minimizing inductance levels in the interconnections, and keeping
ground returns short, signal loop areas small, and power inputs bypassed to signal return, will
significantly reduce EMI radiation.

The following guidelines help reduce circuit inductance in both back planes and motherboards:

* Route traces over a continuous plane with no interruptions (do not route over a split plane). If
there are vacant areas on a ground or power plane, avoid routing signals over the vacant area.
This will increase inductance and EMI radiation levels.

* Separate noisy digital grounds from analog grounds to reduce coupling. Noisy digital grounds
may affect sensitive DC subsystems.

¢ All ground vias should be connected to every ground plane, and every power via should be
connected to all power planes at equal potential. This helps reduce circuit inductance.

* Physically locate grounds between a signal path and its return. This will minimize the loop
area.

* Avoid fast rise/fall times as much as possible. Signals with fast rise and fall times contain
many high-frequency harmonics that can radiate EMI.

* The ground plane beneath the filter/transformer module should be split. The RJ45 connector
side of the transformer module should have chassis ground beneath it. By splitting ground
planes beneath transformer, noise coupling between the primary and secondary sides of the
transformer and between the adjacent coils in the transformer is minimized. There should not
be a power plane under the magnetics module.
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10.3.13.3.4 Common Physical Layout Issues
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The following is a list of common physical layer design and layout mistakes in LAN On
Motherboard Designs.

1.

Unequal length of the two traces within a differential pair. Inequalities create common-mode
noise and will distort the transmit or receive waveforms.

. Lack of symmetry between the two traces within a differential pair. (Each component and/or

via that one trace encounters must be encountered by the other trace at the same distance from
the PLC.) Asymmetry can create common-mode noise and can distort the waveforms.

. Excessive distance between the PLC and the magnetics, or between the magnetics and the

RJ45 connector. Beyond a total distance of about 4 inches, it can become extremely difficult to
design a spec-compliant LAN product. Long traces on FR4 (fiberglass epoxy substrate) will
attenuate the analog signals. In addition, any impedance mismatch in the traces will be
aggravated if they are longer (see #9 below). The magnetics should be as close to the
connector as possible (= one inch).

. Routing any other trace parallel to and close to one of the differential traces. Crosstalk getting

onto the receive channel will cause degraded long cable BER. Crosstalk getting onto the
transmit channel can cause excessive emissions (failing FCC), and can cause poor transmit
BER on long cables. At a minimum, other signals should be kept 0.3 inches from the
differential traces.

. Routing the transmit differential traces next to the receive differential traces. The transmit

trace that is closest to one of the receive traces will put more crosstalk onto the closest receive
trace and can greatly degrade the receiver’s BER over long cables. After exiting the PLC, the
transmit traces should be kept 0.3 inches or more away from the nearest receive trace. The
only possible exceptions are in the vicinities where the traces enter or exit the magnetics, the
RJ45, and the PLC.

Use of an inferior magnetics module. The magnetics modules that we use have been fully
tested for IEEE PLC conformance, long cable BER, and for emissions and immunity. (Inferior
magnetics modules often have less common-mode rejection and/or no auto transformer in the
transmit channel.)

. Use of an 82555 or 82558 physical layer schematic in a PLC design. The transmit terminations

and decoupling are different. There are also differences in the receive circuit. Follow the
appropriate reference schematic or Application Note.

. Not using (or incorrectly using) the termination circuits for the unused pins at the RJ45 and for

the wire-side center-taps of the magnetics modules. These unused RJ pins and wire-side
center-taps must be correctly referenced to chassis ground via the proper value resistor and a
capacitance or termplane. If these are not terminated properly, there can be emissions (FCC)
problems, IEEE conformance issues, and long cable noise (BER) problems. The Application
Notes have schematics that illustrate the proper termination for these unused RJ pins and the
magnetics center-taps.

Incorrect differential trace impedances. It is important to have ~100 Q impedance between the
two traces within a differential pair. This becomes even more important as the differential
traces become longer. It is very common to see customer designs that have differential trace
impedances between 75 Q and 85 €2, even when the designers think they've designed for

100 Q. (To calculate differential impedance, many impedance calculators only multiply the
single-ended impedance by two. This does not take into account edge-to-edge capacitive
coupling between the two traces. When the two traces within a differential pair are kept close?
to each other, the edge coupling can lower the effective differential impedance by 5 Q - 20 Q.
A 10 Q- 15 Q drop in impedance is common.) Short traces will have fewer problems if the
differential impedance is a little off.
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10. Use of capacitor that is too large between the transmit traces and/or too much capacitance from
the magnetic's transmit center-tap (on the Intel 82562ET side of the magnetics) to ground.
Using capacitors more than a few pF in either of these locations can slow the 100 Mbps rise
and fall time so much that they fail the IEEE rise time and fall time specs. This will also cause
return loss to fail at higher frequencies, and will degrade the transmit BER performance.
Caution should be exercised if a cap is put in either of these locations. If a cap is used, it should
almost certainly be less than 22 pF. (6 pF to 12 pF values have been used on past designs with
reasonably good success.) These caps are not necessary unless there is some overshoot in
100 Mbps mode.

1. It is important to keep the two traces within a differential pair close? to each other. Keeping
them close? helps to make them more immune to crosstalk and other sources of common-mode
noise. This also means lower emissions (i.e., FCC compliance) from the transmit traces, and
better receive BER for the receive traces.

2. Close should be considered to be less than 0.030 inches between the two traces within a
differential pair. 0.007 inch trace-to-trace spacing is recommended.

FWH Guidelines

The following provides general guidelines for compatibility and design recommendations for
supporting the FWH device. The majority of the changes will be incorporated in the BIOS. Refer to
the FWH BIOS Specification or equivalent.

FWH Vendors

The following vendors manufacture firmware hubs that conform to the Intel FWH Specification.
Contact the vendor directly for information on packaging and density.

* SST http://www.ssti.com/
* STM http://us.st.com/stonline/index.shtml
* ATMEL http://www.atmel.com

FWH Decoupling

A 0.1 pF capacitor should be placed between the VCC supply pins and the VSS ground pins to
decouple high-frequency noise, which may affect the programmability of the device. Additionally,
a 4.7 pF capacitor should be placed between the VCC supply pins and the VSS ground pins to
decouple low frequency noise. The capacitors should be placed no further than 390 mils from the
VCC supply pins.
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10.4.3

10.4.4

In Circuit FWH Programming

All cycles destined for the FWH will appear on PCI. The ICH4 hub interface to PCI Bridge will put
all processor boot cycles out on PCI (before sending them out on the FWH interface). If the ICH4
is set for subtractive decode, these boot cycles can be accepted by a positive decode agent on the
PCI bus. This enables the ability to boot from a PCI card that positively decodes these memory
cycles. To boot from a PCI card, it is necessary to keep the ICH4 in subtractive decode mode. If a
PCI boot card is inserted and the ICH4 is programmed for positive decode, there will be two
devices positively decoding the same cycle.

FWH INIT# Voltage Compatibility

The FWH INIT# signal trip points must be considered because they are not consistent among
different FWH manufacturers. The INIT# signal is active low. Therefore, the inactive state of the
ICH4 INIT# signal must be at a value slightly higher than the VIH min FWH INIT# pin
specification. The ICH4 inactive state of this signal is typically governed by the formula
V_CPU_IOmin - noise margin. Therefore if the V. CPU_IOmin of the processor is 1.6 V, the noise
margin is 200 mV, and the VIH min spec of the FWH INIT# input signal is 1.35 V, there would be
no compatibility issue because 1.6 V-0.2 V = 1.40 V, which is greater than the 1.35 V minimum of
the FWH. If the VIH min of the FWH is 1.45 V there would be an incompatibility, and logic
translation would have be used. Note that these examples do not take into account actual noise that
may be encountered on INIT#. Care must be taken to ensure that the VIH min specification is met
with ample noise margin.

See Section 5.4.1.3 for INIT# topology and guidelines. The voltage translator circuitry is shown in
Figure 10-45.

Figure 10-45. FWH Level Translation Circuit
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FWH V., Design Guidelines

The Vpp pin on the FWH is used for programming the flash cells. The FWH supports Vpp 0of 3.3 V
or 12 V. If Vpp is 12V, the flash cells will program about 50% faster than at 3.3 V. However, the
FWH supports 12 V Vpp for only 80 hours (3.3 V on Vpp does not affect the life of the device). The
12 V Vpp would be useful in a programmer environment, which is typically an event that occurs
very infrequently (much less than 80 hours). The Vpp pin must be tied to 3.3 V on the
motherboard.

In some instances, it is desirable to program the FWH during assembly with the device soldered
down on the board. To decrease programming time it becomes necessary to apply 12 V to the Vpp
pin. The following circuit allows testers to put 12 V on the Vpp pin while keeping this voltage
separated from the 3.3 V plane to which the rest of the power pins are connected. This circuit also
allows the board to operate with 3.3 V on this pin during normal operation.

Figure 10-46. FWH V,; Isolation Circuitry

3.3V 12V (From Motherboard)
1kQ
—E—L_, FET
» VPP
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10.5

10.5.1

10.5.2

Power Management Interface

SYS_RESET# Usage Model

The System Reset ball (SYS RESET#) on the ICH4 can be connected directly to the reset button
on the systems front panel provided that the front panel header pulls this signal up to 3.3 V standby
through a weak pull-up resistor. The ICH4 will debounce signals on this pin (16 ms) and will allow
the SMBus to go idle before resetting the system; thus helping prevent a slave device on the
SMBus from “hanging” by resetting in the middle of a cycle.

PWRBTN# Usage Model

The Power Button ball (PWRBTN#) on the ICH4 can be connected directly to the power button on
the systems front panel. This signal is internally pulled-up in the ICH4 to 3.3 V standby through a
weak pull-up resistor (24 kQ nominal). The ICH4 has 16 ms of internal debounce logic on this pin.

Figure 10-47. SYS_RESET# and PWRBTN# Connection
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Power-Well Isolation Control Requirements

The RSMRST# signal of the ICH4 must transition from 20% signal level to 80% signal level and
vice-versa in 50 ps. Slower transitions may result in excessive droop on the VccRTC node during
Sx-to-G3 power state transitions (removal of AC power). Droop on this node can potentially cause
the CMOS to be cleared or corrupted, the RTC to loose time after several AC power cycles, or
erroneous intruder bit assertion.

The circuit shown in Figure 10-48 can be implemented to control well isolation between the
VceeSus3 3 and RTC power-wells in the event that RSMRST# is not being actively asserted during
the discharge of the standby rail or does not meet the 50 ps rise/fall time.

Figure 10-48. RTC Power Well Isolation Control

Empty
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10.7 General Purpose 1/O0

10.7.1 GPIO Summary

The ICH4 has 12 general purpose inputs, 8 general purpose outputs, and 16 general purpose inputs/
outputs. Some of these general purpose inputs and outputs have native functions assigned to them.

Table 10-26. GPIO Summary (Sheet 1 of 2)

GPIO# Available Power Well II:';l:ltt/_%l:jtt';ttt/ Tolerance
0 Yes? Core Input 5V
1 Yes? Core Input 5V
2 Yes? Core Input 5V
3 Yes? Core Input 5V
4 Yes? Core Input 5V
5 Yes? Core Input 5V
6 Yes Core Input 5V
7 Yes Core Input 5V
8 Yes Resume Input 33V
9 Yes Resume Input 33V
10 Yes Resume Input 33V
11 Yes? Resume Input 3.3V
12 Yes Resume Input 3.3V
13 Yes Resume Input 33V
14 Yes Resume Output 3.3V
15 Yes Resume Output 3.3V
16 Yes? Core Output 33V
17 Yes? Core Output 3.3V
18 Yes Core Output 3.3V
19 Yes Core Output 33V

20 Yes Core Output 3.3V
21 Yes Core Output 3.3V
22 Yes Core Output open drain 33V
23 Yes Core Output 3.3V
24 Yes Resume Input-Output1 3.3V
25 Yes Resume Input-Output1 33V
26 Yes Resume Input-Output1 3.3V
27 Yes Resume Input-Output1 3.3V
28 Yes Resume Input-Output1 3.3V
29 Yes Resume Input-Output’ 33V
30 Yes Resume Input-Output1 3.3V
31 Yes Resume Input-Output1 3.3V
32 Yes Core Input-Output’ 33V
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GPIO# Available Power Well II?I';TJtt/%TJtt%TJtt/ Tolerance
33 Yes Core Input-Output” 33V
34 Yes Core Input-Output” 33V
35 Yes Core Input-Output1 3.3V
36 Yes Core Input-Output” 33V
37 Yes Core Input-Output” 33V
38 Yes Core Input-Output1 3.3V
39 Yes Core Input-Output” 33V
40 Yes Core Input-Output” 33V
41 Yes Core Input-Output1 3.3V
42 Yes Core Input-Output” 3.3V
43 Yes Core Input-Output” 3.3V

NOTES:

1. Defaults as an Output to the ICH4.

2. Can be used as GPIO if the native function is not needed. ICH4 defaults these signals to native functionality.
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System Design Considerations

Power Delivery

Table 10-27. Power Delivery Terminology

Term

Description

Suspend-To-RAM
(STR)

In the STR state, the system state is stored in main memory and all unnecessary system
logic is turned off. Only main memory and logic required to wake the system remain
powered. This state is used in the Customer Reference Board to satisfy the S3 ACPI
power management state.

Full-power
Operation

During full-power operation, all components on the motherboard remain powered. Note
that full-power operation includes both the full-on operating state, and the S1 (CPU stop-
grant state) state.

Suspend Operation

During suspend operation, power is removed from some components on the
motherboard. The customer reference board supports two suspend states: Suspend-to-
RAM (S3), and Soft-off (S5).

Power Rails

An ATX power supply has 6 power rails: +5V, -5V, +12V, =12V, +3.3 V, and 5 VSB. In
addition to these power rails, several other power rails are created with voltage
regulators on the Intel® ICH4 Chipset Reference Board.

Core power rail

A power rail that is on only during full-power operation. These power rails are on when
the PSON signal is asserted to the ATX power supply. The core power rails that are
distributed directly from the ATX power supply are: 5V, £ 12V, and + 3.3 V.

Standby Power Rail

A power rail that is on during suspend operation (these rails are also on during full-power
operation). These rails are on at all times (when the power supply is plugged into AC
power). The only standby power rail that is distributed directly from the ATX power supply
is 5 VSB (5 V Standby). There are other standby rails that are created with voltage
regulators on the motherboard.

Derived Power Rail

A derived power rail is a power rail that is generated from another power rail using an on-
board voltage regulator. For example, 3.3 VSB is usually derived (on the motherboard)
from 5 VSB using a voltage regulator.

Dual Power Rail

A dual power rail is derived from different rails at different times (depending on the power
state of the system). Usually, a dual power rail is derived from a standby supply during
suspend operation, and from a core supply during full-power operation. Note that the
voltage on a dual power rail may be misleading.
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Intel® ICH4 Reference Board Power Delivery

Figure 10-49. Intel® ICH4 Platform Power Delivery Example
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VccSus3_3-ICH4 Resume:

5V, 5VDUAL

CNR Intel® 82562EH,
Intel® 82562EH (PHY) +
Modem Codec SO0, S1,
S3, S5

—:1 PCl 3.3Vaux: 3.3V
--1-"P11.5A SO, S1; 435mA S3, S5

;l USB Cable Power: 5V
7| 3A S0, S1; TBD mA S3, S5

8.5 mA S3,
0 mA S3

5 in desktop
5 in mobile

VceRTC-ICH
5 pA

4 RTC: Vbat
G3

o AC97 Audio Codec: 5V
"1BD mA S0, S1; TMD mA S3, S5

V5RefSus: 5VSB
10 pA SO, 81, S3, S5

TBDmA S0, S1
LPC Super 1/O: 3.3V

FWH Core: 3.3V
67mA S0, S1

\4

Shaded regulators/components are onin S3, S5.

LEGEND:
ATX Power Planes Platform Power Planes
—» 5VSB —» 5V Dual
—» 5v ----9 1.8V (If using HI 1.0)
—» 33V ----% 3.3VSB
—» 12v --—-§ 2.5V
----9 1.5VSB
P 15V

Figure 10-49 shows the suggested power delivery architecture for the ICH4 chipset. This power
delivery architecture supports the “Instantly Available PC Design Guidelines” via the suspend-to-
RAM (STR) state. During STR, only the necessary devices are powered. These devices include
main memory, the ICH4 resume well, PCI wake devices (via 3.3 Vaux), and USB (USB can be
powered only if sufficient standby power is available). To ensure that enough power is available
during STR, a thorough power budget must be completed. The power requirements must include
each device’s power requirements, both in suspend and in full-power. The power requirements
must be compared against the power budget supplied by the power supply. Because of the
requirements of main memory and PCI 3.3 Vaux (and possibly other devices in the system), it is
necessary to create a dual power rail.
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Note:

Note:

Note:

Note:

The models given in this Design Guide are only examples. There are many power distribution
methods that achieve similar results. It is critical when deviating from these examples in any way
to consider the effect of the change.

In addition to the power planes provided by the ATX power supply, an instantly available ICH4
chipset-based system (using Suspend-to-RAM) requires 7 power planes to be generated on the
board. The requirements for each power plane are described in this section. In addition to on-board
voltage regulators, the ICH4 Chipset Reference Board has a 5 V Dual Switch.

5 V Dual Switch

This switch powers the 5 V Dual plane from the 5 V core ATX supply during full-power operation.
During Suspend-to-RAM the 5 V Dual plane is powered from the 5 V Standby power supply. Note
that the voltage on the 5 V Dual plane is not 5 V. There is a resistive drop through the 5 V Dual
Switch that must be considered. Therefore, no components should be connected directly to the 5 V
Dual plane. On the ICH4 Reference Board, the only devices connected to the 5 V Dual plane are
voltage regulators (to regulate to lower voltages).

This switch is not required in an ICH4 chipset-based system that does not support Suspend-to-
RAM (STR).

1.8V

The 1.8 V plane powers the ICH4 Hub Interface 1.0 I/O buffers. If using Hub Interface 1.5, the
Hub Interface power signals should be connected to 1.5 V.

This regulator is not required in all designs
1.5V

The 1.5 V plane powers the ICH4 hub interface 1.5 I/O buffers, as well as other components. For
ICH4 power requirements for this rail, see Table 10-28. For decoupling considerations, see
Section 10.8.1.5.

This regulator is required in all designs.

3.3VSB

The 3.3 VSB plane powers the I/O buffers in the resume well of the ICH4 and the PCI 3.3 Vaux
suspend power pins. The 3.3 Vaux requirement states that during suspend, the system must deliver
375 mA to each wake-enabled card, and 20 mA to each non wake-enabled card. During full-power
operation, the system must be able to supply 375 mA to EACH card. Therefore, the total current

requirement is:

Full-power Operation: 375 mA * number of PCI slots
Suspend Operation: 375+20 * (number of PCI slots - 1)

In addition to the PCI 3.3 Vaux, the ICH4 suspend well power requirements must be considered as
shown in Figure 10-49.

This regulator is required in all designs.

1.5VSB

The 1.5 VSB plane powers the logic to the ICH4 resume well.
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10.8.1.2

10.8.1.3

®

Intel® 1/O Controller Hub 4 (ICH4)

Power Supply PS_ON Consideration

Ifa pulse on SLP_S3# or SLP_S5# is short (~ 10-100 mS) such that PS_ON is driven active during
the exponential decay of the power rails, a few power supply designs may not be designed to
handle the short pulse condition. In this case, the power supply will not respond to this event and
will never power back up. These power supplies would have to be unplugged and re-plugged to
bring the system back up. Power supplies not designed to handle this condition must have their
power rails decay to a certain voltage level before they can properly respond to PS_ON. This level
varies with affected power supply.

The ATX spec does not specify a minimum pulse width on PS_ON de-assertion, which means
power supplies must be able to handle any pulse width. This issue can affect any power supply
(beyond ATX) with similar PS_ON circuitry. Because of variance in the decay of the core power
rails per platform, a single board or chipset silicon fix would be non-deterministic (may not solve
the issue in all cases).

The platform designer must ensure that the power supply used with the platform is not affected by
this condition.

Intel® ICH4 Analog Power Delivery

There are no analog ICH4 circuits that require filters.
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10.8.1.4 Intel® ICH4 Power Delivery

Figure 10-50. Intel® ICH4 Layer 1 Power Delivery
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Figure 10-51. Intel® ICH4 Layer 3 Power Delivery
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Figure 10-53. Intel® ICH4 Layer 6 Power Delivery
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10.8.1.5

Intel® ICH4 Decoupling Recommendations

The ICH4 is capable of generating large current swings when switching between logic high and
logic low. This condition can cause the component voltage rails to drop below specified limits. To
avoid this, ensure that the appropriate amount of bulk capacitance is added in parallel to the voltage
input pins. It is recommended that the developer use the amount of decoupling capacitors specified
in Table 10-28 to ensure that the component maintains stable supply voltages. The capacitors
should be placed as close to the package as possible (100 mils nominal). Rotate caps that are placed
over power planes to minimize loop inductance. The basic theory for minimizing loop inductance
is to consider which voltage is on layer two (power or ground), and spin the decoupling cap with
the opposite voltage towards the BGA (Ball Grid Array). This greatly minimizes the total loop
inductance. It is recommended that for prototype board designs the designer include pads for extra
power plane decoupling caps.

Table 10-28. Decoupling Requirements for Intel® ICH4

196

Pin Rggﬁ?r?r)rl:]r?ts Dec(c::l;rr‘)lti;\ge'l)'ype Decoupling Placement
VCC3_3 (6)0.1 uF Decoupling Cap (VSS) | pese mom e w1 Th
VceSus3_3 (2) 0.1 yF Decoupling Cap (VSS) | Place near balls: A22 and AC5
V_CPU_IO (1) 0.1 uF Decoupling Cap (VSS) | Place near ball: AA23
VC1_5 (2) 0.1 yF Decoupling Cap (VSS) | Place near balls: K23 and C23
VccSus1_5 (2) 0.1 uF Decoupling Cap (VSS) | Place near balls: A16 and AC1
V5REF (1) 0.1 yF Decoupling Cap (VSS) | Place near ball: E7
V5REF_Sus (1) 0.1 uF Decoupling Cap (VSS) | Place near ball: A16
VccRTC (1) 0.1 yF Decoupling Cap (VSS) | Place near ball: AB5
VCCHI (2) 0.1 uF Decoupling Cap (VSS) | Place near balls: T23 and N23
VCCPLL g; 8:(1)1”5;”(1 Decoupling Cap (VSS) | Place near ball: C22
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Figure 10-54. Intel® ICH4 Decoupling Capacitor Placement
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3.3V/1.5V and 3.3 V/1.8 V Power Sequencing

There are no power sequencing requirements for the associated 3.3 V/1.5 V rails or the 3.3 V/1.8 V
rail of the ICH4. It is generally good design practice to core power up before or at the same time as
the other rails.

V5REF/ 3.3 V Sequencing

V5REF is the reference voltage for 5 V tolerance on inputs to the ICH4. VSREF must be powered
up before VCC3_3, or after VCC3_3 within 0.7 V. Also, VS5REF must power down after VCC3_3,
or before VCC3_3 within 0.7 V. This rule must be followed to ensure the safety of the ICH4. If the
rule is violated, internal diodes will attempt to draw power sufficient to damage the diodes from the
VCC3_3rail. Figure 10-55 shows a sample implementation of how to satisfy the VSREF/VCC3_3
sequencing rule.

This rule also applies to the stand-by rails, but in most platforms the VccSus3 3 rail is derived
from the VceSusS rail. Therefore, the VecSus3 3 rail will always come up after the VeeSusS rail.
As aresult, VSREF_SUS will always be powered up before VccSus3 3. In platforms that do not
derive the VceSus3 3 rail from the VeeSusS5 rail, this rule must be observed in the platform design.

Figure 10-55. Example V5REF / 3.3 V Sequencing Circuitry

VCC Supply
(3.3V) 5V Supply
1kQ
I 1uF
To System VREF To System
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10.8.1.8 Intel® ICH4 Power Consumption Numbers

Table 10-29 describes ICH4 power consumption.

Table 10-29. Intel® ICH4 Power Consumption Measurements

Maximum Power Consumption
Power Plane

S0 S1 S3 S4/S5 G3
1.5V Core 550 mA 266 mA N/A N/A N/A
3.3VIIO 528 mA 0.76 mA N/A N/A N/A
1.5V SUS 82 mA 52 mA 25 mA 25 mA N/A
3.3vsus' 167 mA 1mA 0.8 mA N/A
VceRTC N/A N/A N/A N/A 5uA
V_CPU_IO 2 2.4 mA 2.4 mA N/A N/A N/A
VCCHI 3
HI 1.0 (1.8 V) 132 mA 132 mA N/A N/A N/A
HI1.5(1.5V) 99 mA 99 mA N/A N/A N/A
V5REF 10 uA 10 pA N/A N/A N/A
V5REF_SUS 10 uA 10 pA 10 uA 10 uA 10 pA

NOTES:

1. 3.3 V SUS S0 assumes maximum USB 2.0 traffic (6 ports populated).
2. V_CPU_IO S1 state primarily due to STPCLK# activity.

3. VCCHI power consumption is dependant on the Hub Interface being used

10.8.2 Thermal Design Power

The thermal design power is the estimated maximum possible expected power generated in a
component by a realistic application. It is based on extrapolations in both hardware and software
technology over the life of the product. It does not represent the expected power generated by a

power virus.

The ICH4 thermal design power consumption dissipation is estimated to be 2.9 Watts.
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10.8.3
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Features

* Dual, Strapping, Selectable Feature Sets

* Audio-disable circuit

* Mute Audio Circuit

* 5 Vreference generation

* 5V standby reference generation

* HD single color LED driver

* IDE reset signal generation/PCIRST# buffers
* PWROK (PWRGD 3V) signal generation

* Power Sequencing / BACKFEED CUT

* Power Supply turn on circuitry

* RSMRST# generation

* Voltage translation for DDC to VGA monitor

Intel® 1/O Controller Hub 4 (ICH4)

Glue Chip 4 (Intel® ICH4 Glue Chip)

To reduce the component count and BOM cost of the ICH4 platform, Intel has developed an ASIC
component that integrates miscellaneous platform logic into a single chip. The ICH4 Glue Chip is
designed to integrate the following functions into a single device. By integrating much of the
required glue logic into a single device, overall board cost can be reduced.

* HSYNC /VSYNC voltage translation to VGA monitor

* Tri-state buffers for test

* Extra GP Logic Gates

* Power LED Drivers

* Flash FLUSH# / INIT# circuit

More information regarding this component is available from the following vendors:

Vendor

Contact Information

Philips Semiconductors

6028 44th Way NE
Olympia, WA 98516-2477
Phone: (360) 413-6900
Fax: (360) 438-3606

Fujitsu Microelectronics

3545 North 1st Street, M/S 104
San Jose, CA 95134-1804
Phone: 1-800-866-8600

Fax: 1-408-922-9179

NOTE: These vendors are listed by Intel as a convenience to Intel's general customer base, but Intel does not

make any representations or warranties whatsoever regarding quality, reliability, functionality, or
compatibility of these devices. This list and/or these devices may be subject to change without notice.
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Debug Port 11

Refer to ITP700 Debug Port Design Guide for all information necessary to develop a Debug Port
on this platform including electrical specifications, mechanical requirements, and all In-Target
Probe (ITP) signal layout guidelines.
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Power Distribution Guidelines

Power Distribution Guidelines 12

Table 12-1. Power Delivery Terminology

Term

Definition

Full-Power

During full-power operation, all components on the motherboard remain powered. Note
that full-power operation includes both the full-on operating state, and the S1 (processor
stop-grant) state.

Power Rails

A power supply has five power rails: +12 'V, =12V, +5 V, +3.3 V, +5VSB. In addition to
these power rails coming off the power supply, several other power rails are created by
voltage regulators on the E7205 chipset Reference Board.

Core Power

A power rail that is only on during full-power operation. These power rails are on when rail
the active-low PSON signal is asserted to the power supply. The core power rails that are
distributed directly from the power supply are: +12V, =12V, +5V, and +3.3 V.

Standby Power
Rail

Standby power is supplied by the power supply during times when the system is powered
down. The purpose is to maintain functions that must always be enabled, such as the date
and time-of-day within the BIOS. A 5VSB power rail is provided by the power supply.

Derived Power

A derived power rail is any power rail generated from another power rail using a Rail on-
board voltage regulator. For example, +2.5 V is derived from a +5 V power rail using a
voltage regulator.
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12.1 Customer Reference Board Power Delivery

Figure 12-1 shows the power delivery architecture for the Customer Reference Board.

Figure 12-1. Intel® E7205 Chipset Power Delivery Example
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NOTE: The examples given in this Design Guide are only examples. Many power distribution methods achieve
similar results. It is critical, when deviating from these examples in any way to consider the effects of the
change.
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1211 Voltage Rail and Max Current Specifications

12111 Processor VID

The processor core voltage power plane is used to power the processors. The core voltage operates
between 1.3 V and 1.5 V. The VRM or VRD equivalent will be a VRM 9.1 design. Refer to the
Intel® Pentium® 4 Processor VR-Down Design Guidelines. A VRM 9.1 compatible design is
required for all E7205 chipset platforms.

12112 25V

The 2.5 V power plane is used to power the DDR DRAM core, the MCH DDR 1/0 ring, and the
2.5 V-to-1.25 V switching regulator. The 2.5 V power plane is created using a switching regulator,
which should be able to support the specification listed in Table 12-2. This switching regulator
receives its input directly from the 5 V power rail of the power supply. Refer to the DRAM
specification for vendor specific maximum current.

12113 15V

The 1.5 V power plane powers the AGP 8X component and the AGP 8X interface located on the
MCH. Refer to Table 12-2 for details.

12114 1.25V

The voltage regulator produces two 1.25 V rails. One is for VREF, and the other is for V- The
switching regulator divides the 2.5 V power rail by two to drive 1.25 V reference voltage. This
provides some common mode noise rejection between the DDR termination and I/O voltages.
Because of power sequencing requirements, the 1.25 V power rail must be derived by the 2.5 V
regulator. Refer to Table 12-2 for details.

12.1.1.5 1.8V
The 1.8 V power plane is created using a switching regulator that sources from the 5 V power rail

on the power supply. The 1.8 V plane powers the ICH4 core logic. Refer to Table 12-2 for
maximum current specification.

12116 13V

The 1.3 V power plane powers the MCH core logic. Refer to Table 12-2 for maximum current
specification.

121.1.7 5VSB

The 5 VSB power plane comes directly from the 5 VSB power rail and has two functions: to
provide power to resume functions in I/O devices off of the ICH4, and to provide 1.8 VSB power
through a linear regulator. Refer to Table 12-2 for maximum current specification.
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12.1.1.8

12.1.1.9

3.3VSB

The 3.3 VSB power plane is the output of a 5 VSB-to-3.3 VSB voltage regulator. The power plane
is used solely for the resume 1/O features of the ICH4. Refer to Table 12-2 for maximum current
specification.

1.8 VSB

As already stated, the 1.8 VSB provides power to the resume logic within the ICH4. Refer to
Table 12-2 for maximum current specification.

Table 12-2. Platform Component Max Current Specifications

12.2

206

Voltage Rail (V) / Max Current Specification (A)
Platform Component

1.3 1.25 14 1.5 2.5 3.3
MCH 3.20 2.10 0.6 6.80 -
Intel® ICH4 - - - 0.97 - 0.61
DDR - 6.20 - - 21.00
CK 408 - - - - - 0.36
Rail Totals (A) 3.20 6.20 2.10 1.03 26.80 0.97

Power Requirements

Intel recommends using an Intel® Pentium® 4 Processor VR-Down Design Guidelines-compliant
regulator for the processor system board designs. An Intel® Pentium® 4 Processor VR-Down
Design Guidelines-compliant regulator may be integrated as part of the system board or on a
module. The system board designer should properly place high-frequency and bulk-decoupling
capacitors as needed between the voltage re%ulator and the processor to ensure voltage fluctuations
remain within the specifications in the Intel®™ Pentium® 4 Processor in the 478 Pin Package
Datasheet. See Table 12-3 for recommendations on the amount of decoupling needed.

Specifications for the processor voltage are contained in the Intel® Pentium® 4 Processor in the
478 Pin Package Datasheet. These specifications are for the processor die. For %idance on
correlating the die specifications to socket level measurements, refer to the Intel® Pentium® 4
Processor VR-Down Design Guidelines.

The voltage tolerance of the loadlines contained in these documents help the system designer
achieve a flexible motherboard design solution for all frequencies of the processor. Failure to meet
the load line requirements when modeling the system power delivery may result in a system that is
not upgradeable.

The processor requires local regulation because of its higher current requirements, and to maintain
power supply tolerance. For example, an on-board DC-to-DC converter converts a higher DC
voltage to a lower level using a switching regulator. Distributing lower current at a higher voltage
to the converter minimizes unwanted losses (I x R). More important however, an on-board
regulator regulates the voltage locally, which minimizes DC line losses by reducing motherboard
resistance on the processor voltage. Figure 12-2 shows an example of the placement of the local
voltage regulation circuitry.
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In this section, North and South are used to describe a specific side of the socket based on the

placement of the customer reference board shown in Figure 3-1. North refers to the side of the
processor closest to the back panel, and South refers to the side of the processor closest to the

system memory.

Figure 12-2. VR Component Placement
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12.3 Decoupling Requirements

For the processor voltage regulator circuitry to meet the transient specifications of the processor,
proper bulk and high-frequency decoupling is required. The decoupling requirements for the
processor power delivery in this case are shown in Table 12-3.

Table 12-3. Decoupling Requirements

. ESR ESL Ripple Current
Capacitance (each) (each) Rating (each) Notes
11 OS-CONs*, 560 puF 9 mQ, max 4 nH, max 4.080 Arms 1
38 1206 package, 10 uF 3.97 mQ, typ 880 pH, typ 1

NOTE:
1. The ESR, ESL, and ripple current values in this table are based on the values used in power delivery
simulation by Intel, and are not vendor specifications.

The decoupling should be placed as close as possible to the processor power pins. Table 12-4 and
Figure 12-3 illustrate the recommended placement.

Table 12-4. Decoupling Locations

Type Number Location

North side of the processor as close as possible to the keep-

560 uF OS-CONs 6 out area for the retention mechanism

South side of the processor as close as possible to the keep-

560 uF OS-CONs S out area for the retention mechanism

1206 package, 10 uF 14 North side of the processor as close as possible to the
processor socket

1206 package, 10 uF 10 Inside the processor socket cavity

1206 package, 10 uF 14 South side of the processor as close as possible to the

processor socket

Figure 12-3. Processor Decoupling Placement
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124 Layout

All six layers in the processor area should be used for power delivery. Four layers should be used
for VCC_CPU and two layers should be used for ground. Traces are not sufficient for supplying
power to the processor because of the high current and low resistance required to meet the
processor voltage specifications. To satisfy these requirements, shapes that encompasses the power
delivery part of the processor pin field are required. Figure 12-4 through Figure 12-6 show
examples of how to use shapes to deliver power to the processor.

Figure 12-4. Top Layer Plane
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Figure 12-5. Layer 3 Plane

210 Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide



I ntel . Power Distribution Guidelines

The high-frequency decoupling capacitors should be placed with alternating VCC_CPU and VSS
to provide a better path for power delivery through the capacitor field. An example of this
placement is shown in Figure 12-7.

Figure 12-7. Alternating VCC_CPU/VSS Capacitor Placement
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The processor socket has 478 pins with 50-mil pitch. The routing of the signals, power and ground
pins will require creation of many vias. These vias cut up the power and ground planes beneath the
processor resulting in increased inductance of these planes. To provide the best path through the
via field, it is recommended that vias be shared for every two processor ground pins and for every
two processor power pins. Figure 12-8 illustrates this via sharing.

Figure 12-8. Shared Power and Ground Vias
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The switching voltage regulators typically used for processor power delivery require the use of a
feedback signal for output error correction. The VCC _SENSE and VSS SENSE pins on the
processor should not be used for generating this feedback. These pins should be used as
measurement points for lab measurements only. They can be routed to a test point or via on the
back of the motherboard with a trace that is a maximum length of 100 mils for this purpose. The
socket loadline defined in the Intel® Pentium® 4 Processor in the 478 Pin Package VR Down
Design Guidelines is defined from pins AC14 (VCC_CPU) and AC15 (VSS), and should be
validated from these pins. These pins are located approximately in the center of the pin field on the
North side of the processor. Feedback for the voltage regulator controller should therefore be taken
close to this area of the power delivery shape. Figure 12-9 shows an example routing of the
feedback signal. It is routed as a trace from the 1206 capacitor in the Northwest corner of the
processor back to the voltage regulator controller. Because the feedback in this case is not taken
from the exact point that defines the socket loadline (pins AC14/AC15), it is important to consider
any voltage drop from the feedback point to these pins in the design.

Figure 12-9. Routing of VR Feedback Signal
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12.5

12.5.1

Thermal Considerations

For a power delivery solution to meet the flexible motherboard (FMB) requirements, it must be
able to deliver a fairly high amount of current. This high amount of current also requires that the
solution be able to dissipate the associated heat generated by the components and keep all of the
components and the PCB within their thermal specifications. OEMs should evaluate their
component configurations, system airflow, and layout to ensure adequate thermal performance of
the processor power delivery solution.

Simulation

To completely model the system board, one must include the inductance and resistance that exists
in the cables, connectors, PCB planes, pins, body of components (such as resistors and capacitors),
processor socket, and the voltage regulator module. More detailed models showing these effects
are shown in Figure 12-10.

Figure 12-10. Detailed Power Distribution Model for Processor with Voltage Regulator on

214

System Board

Processor Equivalent Model

R=25 mQ/42 R=25 mQ/42
L=3.3 nH/42 L=3.3 nH/41
L1 L2 L3 L4 L5 L6 L7
—1 F—— F— F—— } { }
OSCONs —— 1206s —— 1206sin  —— —— 1206sin —— 1206s —— OSCONs
north on north cavity (north) cavity (south) on south south
\% \% \% \% \% \%
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Table 12-5 lists model parameters for the system board shown in Figure 12-10.

Table 12-5. Intel® Pentium® 4 Processor Power Delivery Model Parameters

Segment Resistance

L1 0.22 mQ
L2 0.283 mQ
L3 0.283 mQ
L4 0.144 mQ
L5 0.283 mQ
L6 0.375 mQ
L7

12.6 Filter Specifications for VCCA, VCCIOPLL, and
VSSA

VCCA and VCCIOPLL are power sources required by the PLL clock generators on the processor
silicon. Since these PLLs are analog in nature, they require quiet power supplies for minimum
jitter. Jitter is detrimental to the system—it degrades external I/O timings, as well as internal core
timings (i.e., maximum frequency). To prevent this degradation, these supplies must be low pass
filtered from VCC. The general desired filter topology is shown in Figure 12-11. Not shown in the

core is parasitic routing. Excluded from the external circuitry are parasitics associated with each
component.

Figure 12-11. Typical VCCIOPLL, VCCA, and VSSA Power Distribution

VCC (CPU) :
ann | ~ VCCA
i |
o, L 1 L |[en
33 uF b T S
1
Mother i 7 Processor
Board T L
C \|/ : VSSA Core
10 |
33 uF !
4.7uH i VCCIOPLL
N ]
\
1

The function of the filter is two-fold. It protects the PLL from external noise through low-pass
attenuation. It also protects the PLL from internal noise through high-pass filtering. In general, the
low-pass description forms an adequate description for the filter. For simplicity, this document
addresses the recommendation for the VCCA filter design. The same characteristics and design
approach is applicable for the VCCIOPLL filter design.

Note: The 1 pF package capacitor shown in Figure 12-11 does not exist on the Pentium 4 processors in
the 478- pin package. It is present for the Pentium 4 processors with 512-KB L2 cache on 0.13
micron process only.
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The AC low-pass recommendation, with input at VCC and output measured across the capacitor
(C, or Cjp in Figure 12-11), is as follows:

< 0.2 dB gain in pass band

< 0.5 dB attenuation in pass band < 1 Hz (see DC drop in next set of requirements)
> 34 dB attenuation from 1 MHz to 66 MHz

> 28 dB attenuation from 66 MHz to core frequency

The filter recommendation (AC) is graphically shown in Figure 12-12.

Figure 12-12. Filter Recommendation

0.2dB  |---reei -
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—05dB |=——
Forbidden
Zone
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-28dB f--c--ce-e--- (SILEEEELD - - - EERES LEEEEEREE R o -
—34dB oo e ¢ - pro— A P RRRREE
DC 1Hz foeak 1MHz 66 MHz fcore
+“—>
Passband High
Frequency
Band

NOTES:

1. Diagram not to scale.

2. No specification for frequencies beyond fcore (core frequency).
3. fpeak, if existent, should be less than 0.05 MHz.

Other recommendations:
¢ Use shielded type inductors to minimize crosstalk.

¢ Capacitors for the filter can be any value between 22 pF and 100 pF as long as components
with ESL <5 nH and ESR < 0.3 Q are used.

* Values of either 4.7 pH or 10 uH may be used for the inductor.
¢ Filter should support DC current > 60 mA
* DC voltage drop from VCC to VCCA should be < 60 mV.

* To maintain a DC drop of less than 60 mV, the total DC resistance of the filter from
VCC_CPU to the processor socket should be a maximum of 1 Q.
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Other routing requirements:

* C should be within 600 mils of the VCCA and VSSA pins. An example of the component
placement is shown in Figure 12-13.

* VCCA route should be parallel and next to VSSA route (minimize loop area).
* A minimum of a 12 mil trace should be used to route from the filter to the processor pins.

¢ L should be close to C.

Figure 12-13. Example Component Placement for PLL Filter
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12.7

MCH Power Delivery Requirements

The following guidelines are recommended for optimum MCH power delivery. The main focus of
these guidelines is to minimize power noise and signal integrity problems to the E7205 chipset.
The following guidelines are not intended to replace thorough system validation on E7205 chipset-
based products.

Figure 12-14. MCH Decoupling Placement (Backside View)
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2.5V Power Plane (DDR)
See Section 6.3.1.1.

1.25 V Power Plane (DDR_VTT)
See Section 6.4.3 and Section 6.4.2.

VCC_CPU

A maximum of five, 0.1 uF capacitors are recommended (at least four (4) with 900 pH to 1.1 nH
inductance must be placed under the MCH) for FSB 1.45 V power plane decoupling. The designer
should evenly distribute placement of decoupling capacitors among the FSB interface signal field.
In addition to the minimum decoupling capacitors under the MCH, the designer should place a
maximum of nine evenly-spaced capacitors for FSB (at least seven must be within 0.5 inch of the
outer row of balls to the MCH).

1.5 V Power Plane (AGP)

Ten 0.1 uF high-frequency decoupling capacitors (package 0603) should be placed near the MCH
to assist in the signal integrity areas of via stitching and return paths for the read condition of the
AGP interface.
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12.7.6
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1.3 V Power Plane (VCC_CORE)

There are no additional decoupling requirements for the 1.3 V power plane.

Filter Specifications

VCCAHI and VCCAFSB are required by the MCH’s internal PLLs and DLLs. VCCAHI is created
by using a low pass filter on VCC1_3. VCCAFSB is created by using a low pass filter on VCC1_3.
The MCH has internal analog PLL clock generators that require quiet power supplies for minimum
jitter. Jitter is detrimental to a system—it degrades external I/O timings, as well as internal core
timings (i.e., maximum frequency). The filter topologies are shown in Figure 12-15 through
Figure 12-16.

When designing the VCCAHI and VCCAFSB filters (Figure 12-15 and Figure 12-16) make sure
that the following guidelines are followed:

— One Inductor 100 nH close to the edge of the package (within 1 inch form the die).

— One LF capacitor 100 puF or 150 pF close to the edge of the package.

— At least one Low ESL HF capacitor, 0.1 uF on the backside of the motherboard under the

die.
Figure 12-15. MCH Filter Topology for VCCAHI (HUB Interface)
RLC Network Within 1"
Within 1" of Ball
VCC1_3 g >t >
ﬁ) FYWW1 00 nH VCCAHI I
DA - - - MCH
1Q 1OOUFI I 0.1 uF
= = Route
to Ball
HUB Interface u1s
Figure 12-16. MCH Filter Topology for VCCAFSB (System Bus)
RLC Network Within 1"
Within 1" of Ball
VCC_CPU i > >
? m1 00 ni | | VCCAFSB |
MV - - MCH
1Q 100uFI I 0.1 uF
= = Route
to Ball
System Bus P16
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Mechanical Design Considerations

13

13.1

Retention Mechanism Placement and Keep-Outs

The RM requires a keep-out zone for a limited component height area under the RM as shown in
Figure 13-1 and Figure 13-2. The figures show the relationship between the RM mounting holes

and pin one of the socket, and show the keep-out requirements.

The retention holes should be non-plated holes. The retention holes should have a primary and
secondary side route keep-out area of 0.409 inches diameter.

For heatsink volumetric information, refer to the Intel® Pentium® 4 Processor in the 4 78-pin
Package Thermal Design Guidelines.

Figure 13-1. Retention Mechanism Keep-Out
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Figure 13-2. Retention Mechanism Keep-Out
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Schematic Checklist 14

141 Processor Checklist

Table 14-1 is a schematic checklist for the Pentium 4 processor with 512-KB L2 cache on 0.13
micron process.

Table 14-1. Intel® Pentium® 4 Processor Schematic Checklist (Sheet 1 of 3)

Checklist Items Recommendations Comments \/

Processor / MCH Signals

A[35:3] » Connect to HA[35:3] pins on MCH.
ADS# » Connect to the associated pin on the MCH.
ADSTBI[1:0]# » Connect to HADSTB[1:0]# pins on MCH.
BNR# * Connect to the associated pin on the MCH.
BPRI# » Connect to the associated pin on the MCH.

* Connect to the associated pin on the MCH.
BRO# + Terminate to VCC_CPU through a 150 Q resistor near the

processor.

» Connect to the associated pin on the MCH.

RESET# + Terminate to VCC_CPU through a 150220 Q + 5% resistor
near the processor.

D[63:0]# » Connect to HD[63:0]# pins on MCH.
DBI[3:0]# » Connect to the associated pin on the MCH.
DBSY# » Connect to the associated pin on the MCH.
DEFER# » Connect to the associated pin on the MCH.
DRDY# * Connect to the associated pin on the MCH.
DSTBN[3:0]# » Connect to HDSTBN[3:0]# pins on MCH.
DSTBP[3:0J# * Connect to HDSTBP[3:0]# pins on MCH.
HIT# » Connect to the associated pin on the MCH.
HITM# » Connect to the associated pin on the MCH.
LOCK# » Connect to HLOCK# pin on MCH.
REQ[4:0]# * Connect to HREQ[4:0]# pins on MCH.
RS[2:0]# » Connect to the associated pin on the MCH.
TRDY# * Connect to HTRDY# pin on MCH.
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Table 14-1. Intel® Pentium® 4 Processor Schematic Checklist (Sheet 2 of 3)

Checklist Items

Recommendations

Comments

Processor / Intel® |

CH4 Signals

Connect to the associated pin on the ICH4 (No extra pull-up

A20M# ; :
resistors required).
CPUSLP# . Copnect to th_e associated pin on the ICH4 (No extra pull-up
resistors required).
« Connect to the associated pin on the ICH4.
FERR# + Terminate to VCC_CPU through a 62 Q + 5% resistor near the
ICH4.
IGNNE# . Copnect to th_e associated pin on the ICH4 (No extra pull-up
resistors required).
» Connect to the associated pin on the ICH4 (No extra pull-up
resistors required).
INIT# » A voltage translator is required for FWH.
» Connect to Firmware Hub.
* LINT1 connects to ICH4 NMI (No extra pull-up resistors
ired).
LINT[1:0] required) .
* LINTO connects to ICH4 INTR (No extra pull-up resistors
required).
* Connects to ICH4 CPUPWRGD pin (Weak external pull-up
PWRGOOD resistor required).
» Terminate to VCC_CPU through a 300 Q + 5% resistor.
SMI# » Connect to the associated pin on the ICH4 (No extra pull-up
resistors required).
STPCLK# » Connect to the associated pin on the ICH4 (No extra pull-up

resistors required).

Processor Only Signals

AP[1:0]# * No Connect.
» Connect to CK-408.
» Connect 20 Q — 33 Q series resistors to each clock signal.
BCLK[1:0] * Connecta49.9 Q * 1% shunt source termination (R;) resistor
to GND for each signal on the processor side of the series
resistor (50 MB impedance).
» These signals should be terminated with a 51 Q + 5% resistor to
BPM[5:0}# VCC_CPU near the processor. If a debug port is implemented
’ termination is required near the debug port as well. Refer to the
ITP700 Debug Port Design Guide for further information.
BINIT# » No Connect.
+ BSELO:
Connect to CK-408.
BSEL[1:0] Terminate to CK-408 3.3 V supply through a 1 kQ resistor.
* BSELT1:
No connect.
» Terminate to GND through a 49.9 Q + 1% resistor.
COMP[1:0] « Minimize the distance from termination resistor and processor

pin.
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Table 14-1. Intel® Pentium® 4 Processor Schematic Checklist (Sheet 3 of 3)

Checklist Items Recommendations Comments \/

DBR# Refer to the ITP700 Debug Port Design Guide for further
information.

DP[3:0]# No Connect.

IERR# No Connect.
Terminate to VCC_CPU through a 49.9 Q + 1% resistor.

GTLREF3 Terminate to GND through a 100 Q +1 % resistor.
Should be 2/3 VCC_CPU.

GTLREF[2:0] No connect.

ITP CLKO _Refer to_the ITP700 Debug Port Design Guide for further

- information.
ITP CLK1 _Refer to_the ITP700 Debug Port Design Guide for further
- information.

MCERR# No Connect.

PROCHOT# No Connect.

RSP# No Connect.

SKTOCC# Connect to Glue Chip / Discrete Logic (If pin is used).

TCK Refer to the ITP700 Debug Port Design Guide for further
information.

DI Refer to the ITP700 Debug Port Design Guide for further
information.

DO Refer to the ITP700 Debug Port Design Guide for further
information.

TESTHI See Section 5.4.1.9.

- o -

THERMTRIP# Terminate to VCC_CPU through a 62 Q + 5% resistor near the
processor.

THERMDA Connect to thermal monitor circuitry if used.

THERMDC Connect to thermal monitor circuitry if used.

™S Refer to the ITP700 Debug Port Design Guide for further
information.
Refer to the ITP700 Debug Port Design Guide for further

TRST# . .
information.

VCCA Connect with isolated power circuitry to VCC_CPU.

VCCIOPLL Connect with isolated power circuitry to VCC_CPU.

VCC_SENSE Used as feedback to VR controller or leave as no connect.
Connect to 1.2 V linear regulator.
The voltage specification for VCCVID is 1.2 V +10% / -5%. The

VCCVID voltage specification applies to both static and AC components
for this voltage. In addition, the rising edge of the voltage must
be monotonic.

VID[4:0] Connect to VR or VRM. These signals must be pulled up to

' 3.3 V through 1 kQ pull-ups.
VSSA Connect with isolated power circuitry to VCC_CPU.
VSS_SENSE No Connect
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In

Intel® E7205 Chipset MCH Checklist

For specific layout recommendations, refer to the appropriate section of this document.

Table 14-2. MCH Schematic Checklist (Sheet 1 of 2)

Checklist Items

Recommendations

Comments

Host Interface

ADS#
AP[1:0#
BINIT#

BNR#

BPRI#
BREQO#
DBSY#
DEFER#
HA[35:3]#
HD[63:0]#
HADSTB[1:0J#
HDSTBP[3:0]#
HDSTBN[3:0#
HIT#

HITM#
HLOCK#
HREQ[4:0]#
HTRDY#
DEP[3:0}#
DRDY#
RS[2:0#
RSP#
CPURST#
XERR#

See Processor section of this
checklist.

DINV[3:0J#

Connect to Processor DBI[3:0}#.

Hub Interface A

Maximum length of 20” (stripline

series resistors.

HLA[11:0] routing).

* Connect to Intel® ICH4. + The length of each data signal must
PoTRBS ) c M h Il II-d be matched within + 0.1 of the
PSTRBS_0 ust not have pull-up, pull-down, or +0.

associated HI_STRB differential pair.

Clocks, Reset, Mi

scellaneous Signals

HCLKINP * Route to CK408 with a 49.9 Q pull-
HCLKINN down resistor to ground.
» Connect to PCIRST# output of the
RSTIN# Intel® ICH4.
» Used to calibrate the I/O Buffers.
* Resistive compensation is used by
« Tiethe COMP pintoa32.4Q + 1% the ICH4 and MCH to adjust the
PRCOMP_A Pull up to VCC.p ° buffer characteristics to specific
board characteristic. Same
compensation must be used on both
ICH4 and MCH side.
« This signal is used to calibrate the
HYRCOMP * Tiethe COMP pintoa24.9Q+1% Host AGTL+ I/O buffers
HXRCOMP pull down resistor to ground. characteristics to specific board

characteristic.
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Table 14-2. MCH Schematic Checklist (Sheet 2 of 2)

Schematic Checklist

Checklist Items

Recommendations

Comments

PRCOMP_AGPO0
PRCOMP_AGP1

Tie the COMP pinto a43.2Q + 1%
pull down resistor to ground.

Resistive compensation is used by
the AGP to adjust the buffer
characteristics to specific board
characteristics.

TESTSIG1
TESTSIG2 * Can be left as No Connect.

« Tie to a resistor divider with 100 Q
TESTSIG3 to VSS and 49.9 Q to 1.3 V.
TESTSIG4 e 249 Qpull-up to 1.3 V.

Voltage References - Power Planes

To provide constant and clean power

R52 = 147 + 1%
R4'=402+1% Qor
R42=113+1%
C1=0.1pF
C2=0.01pF

HDVREF[3:0] * Use one dedicated voltage divider deliverv to the data. address and
HAVREF[1:0] for all these signals. Decouple the commrgn clock sign’aIs of the host
CCVREF voltage divider with 1 yF capacitor. AGTL+ interface.
VREF_DDR * Route from VR to DIMMs and MCH.
* HIVREF should be generated locally
with a voltage divider circuit. The
« Hub reference voltage = value of these resistors must be
0.350 V + 1% 9 chosen to ensure that the reference
R.1 392‘ 1‘:)/ voltage tolerance is maintained over
* = +1% Q the entire input leakage
PREF_A R2=499+1% Q specification.
R3=453+1% Q . Resi h |
C1=01yF esistances shown are only
C2 =0.01 uF suggested values to achieve proper
i reference voltage of 0.35 V. See
latest board schematics for actual
CRB implementation.
* The host compensation reference
HXSWNG voltage can be implemented using a + The HSWNG inputs of MCH are
HYSWNG simple voltage divider circuit. used provide reference voltage for
« R1=150+ 1% and R2 =301+ 1% the compensation logic.
C1=C2=0.01pF
* The MCH hub interfaces use a
+ Hub reference swing voltage = compensation voltage to control the
0.800 V +£1%. buffer voltage characteristics.
. R6"=806+1% Qor * Resistances shown are only
R62 = 226 + 1% suggested values to achieve proper
HISWNG[B:A] R51"=51.1+1% Qor swing voltage of 0.8 V. See latest

board schematics for actual CRB
implementation.

NOTE: Use only resistors from group 1
or 2; do not mix values from these
groups.
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Intel® ICH4 Checklist

In

For specific layout recommendations, refer to the appropriate section of this document.

Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 1 of 8)

Checklist Items

Recommendations

Comments

PCI Interface

PERR#, SERR%,
PLOCK#, STOP#,
DEVSEL#,
TRDY#, IRDY#,
FRAME¥,
REQ[4:0}#,
GPIOO/REQA¥,
GPIO1/REQB# /

These signals require a pull-up
resistor. Recommend an 8.2 kQ pull-
up resistor to VCC3_3 or a 2.7 kQ
pull-up resistor to VCCS5.

See PCI 2.2 Component
Specification for pull-up
recommendations for VCC3_3
and VCCS5.

be 300 Q to 900 Q.

REQ5#
* The PCIRST# signal should be
buffered to form the IDERST# signal . .
PCIRST# 33 Q series resistor to IDE Improves Signal Integrity.
connectors.
* No external pull-up resistors are
required on PCI GNT signals. These signals are actively driven
PCIGNT[4:0]# However, if external pull-up resistors ®
. by the Intel™ ICH4.
are implemented, they must be pulled
up to VCC3_3.
. i . This signal has integrated pull-up
PME# No extra pull-up resistor. of 18 KQ 10 42 kO
These signals have integrated
pull-ups of 24 kQ.
GNTA has an added strap
GNTA# /GPIO16 function of “top block swap”. The
GNTB/ GNT5#/ + No extra pull-up needed. signal is sampled on the rising
GPIO17 P P edge of PWROK. Default value is
high or disabled due to pull-up. A
Jumper to a pull-down resistor
can be added to manually enable
the function.
IDSEL The series resistor on IDSEL should See Table 10-17.

Hub Interface

HICOMP

Tie the HICOMP pinto a43.3Q+ 1%
pull-up resistor to VCC1_5.

ZCOMP No longer supported.

HI_VSWING

800 mV.

See Section 7.2.

LAN Interface

LAN_CLK

Connect to LAN_CLK on Platform
LAN Connect Device.

ICH4 contains integrated 100 kQ
nominal pull-down resistor on
signal.

LAN_RXDI[2:0]

Connect to LAN_RXD on Platform
LAN Connect Device.

ICH4 contains integrated 10 kQ
pull-up resistors on interface.

LAN_TXDI[2:0], Connect to LAN_TXD on Platform

LAN_RSTSYNC LAN Connect Device.

If the LAN connect .

h ) Platform LAN connect interface can . .
Tstggface is not be left NC if not used. Input buffers internally terminated.
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 2 of 8)

Schematic Checklist

Checklist Items Recommendations Comments \
EEPROM Interface
Prototype Boards should include a + ICH4 contains integrated pull-up
placeholder for a pull-down resistor resistor for this signal.
EE DOUT on this signal line, but do not + Connected to EEPROM data input
- populate the resistor. Connect to signal (Input from EEPROM
EE_DIN of EEPROM or CNR perspective and output from ICH4
Connector. perspective).
» |ICH4 contains integrated pull-up
. ) resistor for this signal.
No extra circuitry required. Connect
EE_DIN to EE_DOUT of EEPROM or CNR * Connected to EEPROM data
Connector. output signal (Output from
EEPROM perspective and input
from ICH4 perspective).
FWHI/LPC Interface
EXVS-E:[B:;O?] / No extra pull-ups required. Connect * ICH4 Integrates 24 kQ pull-up
LDRQh ,’0] straight to FWH/LPC. resistors on these signal lines.
FWH Decoupling Follow vendor recommendation.
Interrupt Interface
These signals require a pull-up . )
PIRQID: resistor. Recommend a 2.7 kQ pull- The PIRQ.X# signals can be
[D:Al# up resistor to VCC5 or 8.2 kQ to q%ut1e1d t$2|n’ﬁrrup:sss, 456,79,
VCC3_3. 1A Aaordo.
These signals require a pull-up . .
PIRQ[H:EJ#/ resistor. Recommend a 2.7 kQ pull- The PIRQ.X# signals can be
; . routed to interrupts 3, 4,5, 6,7, 9,
GPIO[5:2] up resistor to VCC5 or 8.2 kQ to 10 11.12. 14 or 15
VCC3_3. T ’
The APICCLK should be tied directly
to GND. Pull APICDI[1:0] to GND
APIC through a 10 kQ pull-down resistor. If
using XOR chain testing, a pull-down
for each APIC signal is required
(i.e., two 10 kQ pull-down resistors).
External weak (8.2 kQ) pull-up . L
SERIRQ resistor to VCC3_3 is recommended. Open drain signal.
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 3 of 8)

Checklist Items Recommendations Comments \/

GPIO

GPIO[7:0]:

* These pins are in the main power
well. Pull-ups must use the VCC3_3
plane.

* Unused core well inputs must be
pulled up to VCC3_3.

* GPIO[1:0] can be used as
REQ[B:AJ#.

* GPIO1 can be used as PCl REQ5#.

* GPIOQ[5:2] can be used as
PIRQ[H:EJ#.

* GPIOS.

* These signals are 5V tolerant.

* These pins are inputs.

GPIO8 and [13:11]:

» These pins are in the resume power
well. Pull-ups must use the
VceSus3_3 plane.

* Unused resume well inputs must be
pulled up to VccSus3_3.

» These signals are not 5V tolerant.

* GPIO11 can be used as
SMBALERT#.

» These pins are inputs.

GPIO[23:16]:
GPIO Pins + Fixed as output only. Can be left NC.

* GPIO22 is open drain.

* GPIO[17:16] can be used as
GNT[B:AJ#.

* GPIO17 can be used as PCl GNT5#.

+ GPIO18.

« GPIO19.

» GPIO20.

+ GPIO21.

* GPIO22 (open drain).

+ GPIO23.

» These signals are not 5V tolerant.

GPIO[28, 27, 25, 24]:

» /O pins. Default as outputs so can be
left as NC.

» These pins are in the Resume Power
Well.

» GPIO[28:27, 25] From resume power
well. (Note: use pull-up to VccSus3_3
if these signals are pulled-up).

+ GPIO24.

* These signals are not 5V tolerant.

GPIO[43:32]:

* /O pins. From main power well.

* Default as outputs.

* These signals are not 5V tolerant.

» Ensure that ALL unconnected
signals are OUTPUTS ONLY!
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 4 of 8)

Schematic Checklist

Checklist Items Recommendations Comments \
uUsB
USBRBIAS 22.6 Q + 1% connected to ground.
Connected to the same 22.6 Q +1%
USBRBIASH# resistor to ground as USBRBIAS.
USBP[5:0]P, No external resistors required » OQutput driver impedance of 45 Q
USBP[5:0]N quirec. provided.
0C[5:0] If not used, use 10 kQ to VccSus3_3. | « Inputs must not float.
Unconnected USB Unconnected USB data signals can
data signals be left as no-connects.
Power Management
Connect to temperature Sensor. « Input to ICH4 cannot float.
THRM# pull-up if not used (an 8.2 kQ pull-up THRM# polarity bit defaults
resistor to VCC3_3). THRM# to active low, so pull-up.
THRMTRIP# See Section 5.4.1.1 * Input to Intel ICH4 cannot float.
SLP_S3#, .
SLP_S4# No pullup/douin reststors needed. - Signals driven by ICH4.
SLP_S5# 9 y '
Recommend a 10 kQ pull-down to
ground.
This signal should be connected to . .
PWROK power monitoring logic, and should + Timing requirement.
go high no sooner than 10 ms after
both VCC3_3 and VCC1_5 have
reached their nominal voltages.
i . « This signal has an integrated pull-
PWRBTN# No extra pull-up resistors. up of 18 kQ — 42 kQ.
Recommend an 8.2 kQ pull-up .
ressorto VocSusa 3. Akoa (1005 | TPl e (CHcemmot ot
SYS_RESET# to 8.2 kQ) pull-down resistor isolated the ICH4 after the signal is
from SYS_RESET# by means of a h 9
. internally debounced.
normally open switch.
 If this signal is enabled as a wake
event, it is important to keep this
RI# does not have an internal pull-up. Flgnal povtvelgeig_dur.lng ’:he povlver
RI# Recommend an 8.2 kQ pull-up 0ss event. IS signal goes 'ow
resistor to resume well (active), when power returns the
: RI_STS bit will be set and the
system will interpret that as a
wake event.
Recommend a 10 kQ pull-down to
ground.
This signal should be connected to
RSMRST# power monitoring logic, and should «  Timing requirement.
go high no sooner than 10 ms after greq
both VccSus3_3 and VecSus1_5
have reached their nominal voltages.
Can be tied to LAN_RST#.

Intef® Pentium® 4 Processor and Intef® E7205 Chipset Platform Design Guide

231




Schematic Checklist

Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 5 of 8)

Checklist Items

Recommendations

Comments

LAN_RST#

Recommend a 10 kQ pull-down to
ground.

This signal should be connected to
power monitoring logic, and should
go high no sooner than 10 ms after
both VccSus3_3 and VccSus1_5
have reached their nominal voltages.
Can be tied to RSMRST#.

Timing requirement.

Processor Signals

A20M#, . . .
» Point-to-point connection. No
CPU_SLP#, L ;
T external termination required at the
IGNNE#, INTR, ;
ICH4. See Section 5.4.1.2 for
NMI, SMI#, o
STPCLK# processor guidelines.
« See Section 5.4.1.3 and
INIT# Section 10.4.4.
* Requires external pull-up resistor to
FERR# CPUVDD. See Section 5.4.1.1 for

processor guidelines.

RCIN#, A20GATE

Pull-up signals to VCC3_3 through a
10 kQ resistor.

Typically driven by open drain
external micro-controller.

CPUPWRGD

Connect to the processor’s
CPUPWRGD input. Requires
external pull-up resistor. See
Section 14.1 for processor
guidelines.

Refer to documentation of the
processor that platform utilizes for
specific values. This signal
represents a logical AND of the
Intel ICH4's PWROK and
VRMPWRGD signals.

System Management

SMBDATA,
SMBCLK

Require external pull-up resistors.
See Section 10.3.9 to determine the
appropriate power well to use to tie
the pull-up resistors. (Core well,
suspend well, or a combination.

Pull-up value also determined by bus
section characteristics. Additional
circuitry may be required to connect
high and low powered sections.

Required to be tied to SMLink signals
for SMBus 2.0 compliance. SMBCLK
should be tied to SMLINKO and
SMBDATA should be tied to
SMLINK1.

Value of pull-ups resistors
determined by line load.

SMBALERT#/
GPIO11

See GPIO section if SMBALERT# not
implemented.

232
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 6 of 8)

Schematic Checklist

Checklist Items

Recommendations

Comments

SMLINK[1:0]

Requires external pull-up resistors.
See Section 10.3.9 to determine the
appropriate power well to use to tie
the pull-up resistors. (Core well,
suspend well, or a combination).

Pull-up value also determined by bus
section characteristics. Additional
circuitry may be required to connect
high and low powered sections.

Required to be tied to SMLink signals
for SMBus 2.0 compliance. SMBCLK
should be tied to SMLINKO and
SMBDATA should be tied to
SMLINK1.

Value of pull-ups resistors
determined by line load. Typical
value used is 8.2 kQ.

INTRUDER#

Pull signal to VccRTC (VBAT)
through ~10 kQ.

Signal in VccRTC (VBAT) well.

RTC

VBIAS

The VBIAS pin of the ICH4 is
connected to a 0.047 pF capacitor.
See Figure 10-32.

For noise immunity on VBIAS
signal.

RTCX1,RTCX2

Connect a 32.768 kHz crystal
oscillator across these pins with a 10
MQ resistor. See Section 10.3.11.3
for capacitor guidelines.

The external circuitry shown in
Figure 10-32 will be required to

maintain the accuracy of the RTC.

The circuitry is required since the
new RTC oscillator is sensitive to
step voltage changes in VccRTC
and VBIAS. A negative step on
power supply of more than

100 mV will temporarily shut off
the oscillator for hundreds of
milliseconds.

Time constant due to RC filter on this
line should be 18-25 ms.

47 Q from the motherboard codec to
the ICH4.

RTCRST# Recommended value for Resistor = * Timing Requirement.
180 kQ and Capacitor is 0.1 pF.
AC’97
Requires a jumper to 8.2 kQ pull-up * This pin has a weak internal
resistor. Should not be stuffed for 20 kQ nominal pull-down. To
AC SDOUT default operation. properly detect a safe_mode
— . L ) condition a strong pull-up will be
Series termination resistor 0 Q to required to over-ride this internal
47 Q on board codec. pull-down.
Internal pull-downs in Intel ICH4; no
external pull-downs required.
AC_SDIN1, . P o q * These pins have a weak internal
AC SDINO Series termination resistor 0 Q to 20 kQ nominal pull-down.
- 47 Q from the AC_SDIN lines to the
ICH4.
Series termination resistor 33 Q to — .
. » This pin has a weak internal
AC_SDIN2 TlgHKifrom the AC_SDIN lines to the 20 kO nominal pull-down.
No extra pull-down resistors required.
AC BITCLK Series termination resistor 33 Q to + This pin has a weak internal

20 kQ nominal pull-down.
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 7 of 8)

In

Checklist Items

Recommendations

Comments

AC_SYNC

No extra pull-down resistors required.

* Some implementations add
termination for signal integrity.
Platform specific.

Miscellaneous Signals

SPKR

See Section 10.3.5.3.

* Has integrated pull-down. The
integrated pull-down is only
enabled at boot/reset for strapping
functions; at all other times, the
pull-down is disabled.

TPO

TPO requires external pull-up resistor
to VecSus3_3.

Power

V_CPU_I0[2:0]

The power pins should be connected
to the proper power plane for the
processor’s CMOS compatibility
signals. Use one 0.1 yF decoupling
capacitor.

* Used to pull-up all processor
interface signals.

VccRTC

Use one 0.1 yF decoupling capacitor.

No clear CMOS jumper on VccRTC.
Use a jumper on RTCRST# or a GPI,
or use a safe mode strapping for
clear CMOS.

VCC3_3

Use six 0.1 yF decoupling capacitors.

VceSus3_3

Use two 0.1 pF decoupling
capacitors.

VCC1_ 5

Use two 0.1 pyF decoupling
capacitors.

VceSus1_5

Use two 0.1 yF decoupling capacitor.

V5REF_Sus

Use one 0.1uF decoupling capacitor.

V5REEF is the reference voltage for
5V tolerant inputs in the ICH4.
V5REF must power up before or
simultaneous to VCC3_3. It must
power down after or simultaneous to
VCC3_3. For most platforms this is
not an issue because VccSus3_3 is
usually derived from V5REF_Sus.

V5REF

Use one 0.1 pyF decoupling capacitor.

V5REF is the reference voltage for
5V tolerant inputs in the ICH4.
V5REF must power up before or
simultaneous to VCC3_3. It must
power down after or simultaneous to
VCC3_3.

VCCPLL

Use one 0.1 pF decoupling capacitor
and one 0.01 pyF decoupling
capacitor.

VCCHI

Use two 0.1 pF capacitors.

HIREF

350 mV.
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Table 14-3. Intel® ICH4 Schematic Checklist (Sheet 8 of 8)

Checklist Items Recommendations Comments \/

IDE Checklist

+ No extra series termination resistors + These signals have integrated
or other pull-ups/pull-downs are series resistors.

PDDI[15:0], required.

SDD[15:0] PDD7/SDD7 does not require a NOTE: Simulation data indicates that
10 kQ pull-down resistor. the integrated series termination

resistors are a nominal 33 Q but can
+ Refer to ATA ATPI-6 Specification. range from 31 Q to 43 Q.

PDIOW#,
PDIOR#,
EBRAZ\%K# * These signals have integrated
PDC[Si#}‘ + No extra series termination resistors. series resistors.
PDCS3#’ Pads for series resistors can be
SDIOWH#. implemented should the system NOTE: Simulation data indicates that
SDIOR#. designer have signal integrity the integrated series termination
SDDACK# concerns. resistors are a nominal 33 Q but can
SDA[2:0] ’ range from 31 Q to 43 Q.
SDCS1#,
SDCS3#
PDREQ, * No extra series termination resistors. + These signals have integrated
SDREQ « No pull-down resistors needed. series resistors in the ICH4.
* No extra series termination resistors.
PIORDY, . * These signals have integrated
SIORDY * Pull-up to VCC3_3 via a 4.7 kQ series resistors in the ICH4.
resistor.
* Recommend 8.2 kQ —10 kQ pull-up
IRQ14, IRQ15 resistors to VCC3_3. +  Open drain outputs from drive.
* No extra series termination resistors.
» The PCIRST# signal should be
IDERST# buffered to form the IDERST# signal.

A 33 Q series termination resistor is
recommended on this signal.

Host Side/Device Side Detection » The 10 kQ resistor to GND
(recommended method): prevents GPI from floating if no

« Connect IDE pin PDIAG#/CBLID to devices are present on either IDE
an ICH4 GPIO pin. Connect a 10 kQ interface. Allows use of 3.3 V and
. pin. . . 5V tolerant GPIOs.
Cable Detect resistor to GND on the signal line.

Device side detection: NOTE: All Ultra DMA drives

+ Connect a 0.047 WF capacitor from | supporting modes greater than Mode
IDE pin PDIAG#/CBLID to GND. No | 2 will have the capability to detect
ICH4 connection. cables.
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®
14.4 Hub Interface Checklist
Table 14-4. Hub Interface Checklist
Checklist Items Recommendations Comments \/

MCH / Intel® ICH4 Signals

HI_x[11:0] « Connect together.
HI_STB » Connect together.
HI_STB# « Connect together.

» Connect voltage divider circuit with R1=R2=150 Q + 1%.

* Use two 0.1 pF capacitors within 150 mils of the ICH4. The MCH
should be decoupled with one 0.1 pF capacitor within 150 mils
HI_REF of the package and one 10 pF capacitor nearby.

* Bypass to GND through a 0.1 yF capacitor located near each
component's (MCH and ICH4) HIREF pin.

« Decouple with a 0.1 pyF capacitor placed near the divider circuit.

VCC1_8 * Connect to 1.8 V power supply.

MCH Signals Only

PRCOMP_A * Pull-up to VCC1_3 through a 32.4 Q + 1% resistor.

ICH4 Signals Only

* Tie the HICOMP pin to a 43.3 Q + 1% pull-up resistor to

HICOMP VCC1_5. ZCOMP is no longer supported.
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Schematic Checklist

DDR SDRAM Checklist

Table 14-5. DDR SDRAM Checklist (Sheet 1 of 2)

Checklist Items Recommendations Comments \/
MCH / DIMM Signals
Connect from MCH to first and second DIMM in channel,
DQ_x[63:0] then terminate to DDR_VTERM (1.25 V) through a 39 Q
CB_x[7:0] resistor. Resistor packs can be used, but do not use
DQS_x[8:0] address/command or control signals on the same RPACK
as these signals.
. These signals are left floating at the MCH. Ground them at
DQS[17:9] the DIMM.
MA_x[12:0] Connect from MCH to first and second DIMM in channel,
BA_x[1:0] then terminate to DDR_VTERM (1.25 V) through a 56 Q
RAS_x# resistor. Resistor packs can be used, but do not use data/
CAS_x# strobe or control signals on the same RPACK as these
WE_x# signals.
Connect to a single DIMM, then terminate to DDR_VTERM
CS_x[3:01# (1.25 V) through a 56 Q resistor. Refer to Table 6-2 for
CKE x[é'O] correct DIMM pin mapping. Resistor packs can be used,
= but don't use data/strobe or address/command signals on
the same RPACK as these signals.
4. Route each signal and its complement differentially to the
gmggtﬁ—igi}g}# DIMM. Signal does not route to termination. Refer to
e Table 6-5 for correct DIMM pin mapping.
Connect to a resistor divider, 49.9 Q to both 2.5V and
GND near the MCH, and add a 1 yF decoupling capacitor
VREF from VREF to ground near the divider. Connect to the
VREF pin on each DIMM in the channel. Decouple each
DIMM with a 0.1 yF capacitor. Decouple with a 0.1 yF
capacitor near the MCH. See Section 6.4.4 for details.
MCH Signals Only
CMDCLK_x[3:2] . .
CMDCLK X[3-2J# These signals are left floating at the MCH.
RCVENOUT x# Connect to a resistor divider, 78.7 Q to both 2.5 V and
- ground.
Connect these signals together and to a resistor divider,
BSggMExEEE—C 49.9 Q to both 2.5 V and ground, decoupled with a 100 pF
- capacitor from DRCOMPVREF to ground.
DRCOMP_H .
DRCOMP_V Connect to ground through a 24.9 Q resistor.
DDR_STRAP Connect directly to 2.5 V.
ODTCOMP Connect to ground through a 402 Q resistor.
VCCDDR Connectto 2.5 V.
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Table 14-5. DDR SDRAM Checklist (Sheet 2 of 2)

Checklist Items

Recommendations

Comments

DIMM Signals Only

A13
FETEN No Connect.
VDDID
SDA Connect to SMBus Data.
SCL Connect to SMBus Clock.
VDD C tto 2.5 V.
nn SV.
vDDQ onnectio
VSS Connect to ground.
VDDSPD Connect to power (from a minimum of 2.3 V to a maximum

of 3.6 V Strongly recommended connecting to 3.3 V.

Decoupling Capacitors

MCH High-Frequency
Decoupling

Place ten 0603 0.1 uyF MLC capacitors near the MCH.
Connect from 2.5 V to ground.

MCH Bulk Decoupling

Place four 100 uF capacitors between the MCH and the
first DIMM. Connect from 2.5 V to ground.

DIMM Decoupling

Place two 100 uF capacitors per DIMM, one each on
either side of the DIMM socket. Connect from 2.5 V to
ground.

VTT Decoupling

Place one 0.1 yF capacitor for every two termination
resistors (or 2 caps/RPACK). Place four 4.7 uF capacitors
around the termination island, two on either side (See
Figure 6-30). Connect from 1.25 V to ground.
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14.6 AGP Interface Checklist

Table 14-6. AGP Interface Checklist (Sheet 1 of 2)

Checklist Items’ Recommendations Comments \/

MCH / Connector Signals

AD_STB[1:0] (AGP 2.0)
AD_STBF[1:0] (AGP 3.0)

AD_STB[1:0# (AGP 2.0)/
AD_STBS[1:0] (AGP 3.0)

DBI_LO (AGP 3.0) » Connect to AGP connector.

GAD[31:0]

GC/BE[3:0}# (AGP 2.0)/
GCH#/BE[3:0] (AGP 3.0)

GC_DET# » See Figure 9-1

GDEVSEL# (AGP 2.0/
GDEVSEL (AGP 3.0)

GFRAME# (AGP 2.0)/
GFRAME (AGP 3.0)

GGNT# (AGP 2.0)/
GGNT (AGP 3.0)

GIRDY# (AGP 2.0)/
GIRDY (AGP 3.0) « Connect to AGP connector.

GPAR

GREQ# (AGP 2.0)
GREQ (AGP 3.0)

GSTOP# (AGP 2.0)/
GSTOP (AGP 3.0)

GTRDY# (AGP 2.0/
GTRDY (AGP 3.0)

MB_DET# » Terminate to GND.

PIPE# (AGP 2.0/
DBI_HI (AGP 3.0)

RBF (AGP 2.0)/
RBF# (AGP 3.0)

SBA[7:0] (AGP 2.0)/
SBA[7:0}# (AGP 3.0)

SB_STB (AGP 2.0)/

SB_STBF (AGP 3.0) » Connect to AGP connector.

SB_STB# (AGP 2.0)/
SB_STBS (AGP 3.0)

STO

ST1

ST2

WBF# (AGP 2.0)/
WBF (AGP 3.0)

VCC1_5 » Connect to 1.5V power supply.
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Table 14-6. AGP Interface Checklist (Sheet 2 of 2)

Checklist Items’ Recommendations Comments

Connector Signals Only

3.3Vaux Connect to PCI 3.3VAUX.

12v Connect to 12 V.

AGPCLK Connect to CK408.

INTA# See recommendat_ions for PIRQ[D:AJ# signals in the
ICH4 Section of this document.

INTB# See recommendat_ions for PIRQ[D:AJ# signals in the
ICH4 Section of this document.

PERR Refer to Section 9.3.1.

ggsgﬁz AAGCE,P&ZO'?)/ Connect to AGP connector.

OVRCNT No connect.

PCIRST Connect to PClI slot PCIRST.

PME# Connect to PCl PME#.

TYPEDET# Refer to Section 9.3.2.

usB+ No connect.

UsB- No connect.

VCC Connect to VCC3_3.

VCC5 Connect to VCC.

vDDQ Connect to V1.5CORE.

PREF_AGP[1:0] (C:‘,c?::ee(;totr? VREF divider network at the AGP

MCH Signals Only
Connect to VREFCG pin on connector.

PREF_AGPI[1:0] Terminate to ground through a 0.1 uF capacitor at the
MCH.

PRCOMP_AGP[1:0] rF:euslilsEt}grc.:h signal to VCC_AGP through a43.2 Q + 1%

NOTE:

1. Checklist items may have differing names depending on the AGP signaling mode being used. In these cases,
the differing names are separated by a slash with AGP2.0 signal names listed first, followed by AGP3.0
signal names.
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14.7 CK 408 Clock Interface Checklist

Table 14-7. CK 408 Clock Interface Checklist (Sheet 1 of 2)

Checklist Items Recommendations Comments \/

* Connect to MCH.

66BUFFO « Connect to a series 33 Q + 5% resistor and terminate to GND
through a 10 pF + 5% capacitor.

* Connect to ICH4.

66BUFF1 « Connect to a series 33 Q + 5% resistor and terminate to GND

through a 10 pF + 5% capacitor.

* Connect to AGP.

66BUFF2 « Connect to a series 33 Q + 5% resistor and terminate to GND
through a 10 pF + 5% capacitor.
66IN * No Connect.

» Connect to processor.

CPU[1:0] + Connect to a series 27 Q * 5% resistor and terminate to GND
through a 49.9 Q + 1% resistor.

» Connect to processor.

CPU[1:01# + Connect to a series 27 Q * 5% resistor and terminate to GND
through a 49.9 Q + 1% resistor.

» Connect to MCH.

CPU2
CPU2# » Connect to a series 27 Q * 5% resistor and terminate to GND
through a 49.9 Q + 1% resistor.
CPU_STOP# » Terminate to VCC3_3 through a 1 kQ + 1% resistor.
DOT48MHz * No Connect.
IREF » Terminate to GND through a 475 Q + 1% resistor.
» Connected from the VCC3_3 through a series 10 kQ + 5%
MULTO resistor and terminate to GND through a parallel 1 kQ *+ 1%
resistor.
PCI[6:0] » Connect to a series 33 Q * 5% resistor and terminate to GND
' through a 10 pF + 5% capacitor.
PCIF[2:0] » Connect to a series 33 Q + 5% resistor and terminate to GND
’ through a 10 pF + 5% capacitor.
PCI_STOP# » Terminate to VCC3_3 through a 1 kQ + 1% resistor.
PWRDWN# + Terminate to VCC3_3 through a 1 kQ + 1% resistor.
REFO » Connect to a series 33 Q + 5% resistor and terminate to GND
through a 10 pF + 5% capacitor.
S[1:0] + Terminate to VCC_CLK through a 1 kQ + 5% resistor.
S2 + Terminate to GND through a 1 kQ + 5% resistor.
SCLK » Connect to DIMMs.
SDATA » Connect to DIMMs.
+ Connect to ICH4.
USB48MHz + Terminate to GND through a 33 Q + 5% resistor and a
10 pF £ 5% capacitor.
VDD » Terminate to VCC_CLK.
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Table 14-7. CK 408 Clock Interface Checklist (Sheet 2 of 2)
Checklist Items Recommendations Comments \/

VDD48MHz * Terminate to VCC_CLK.

VDDA » Terminate to GND through a 0.1 yF + 5% capacitor.

VSS * Terminate to GND.

VSSA « Terminate to GND.

VSS48MHz « Terminate to GND.

VSSIREF « Terminate to GND.

» Connect to an inverted copy of VCC_CPU. Refer to the

VTT_PWRGD# respective section of the design guide for more details.
XTAL_IN » Terminate to GND through a 10 pF + 5% capacitor.
XTAL_OUT « Terminate to GND through a 10 pF + 5% capacitor.
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Layout Checklist

Layout Checklist

15

15.1 System Bus Layout Checklist

Table 15-1. System Bus Layout Checklist (Sheet 1 of 2)

No. Recommendations Comments \/
Data Signals: D[63:0]#, DBI[3:0]#
1 » Point-to-point Topology.
9 » Edge to edge spacing versus trace to reference plane height ratio
should be 3:1.
* 2.0 inches to 10.0 inches pin-to-pin data signal lengths.
4 + Traces should be 7 mils wide with 13 mil spacing.
» Data signals of the same source synchronous group should be
5 routed to the same pad-to-pad length within +100 mils of the
associated strobes.
Data Strobes: DSTBN/P[3:0]
1 * Traces should be 7 mils wide with 13 mil spacing.
9 » Data strobes and their compliments should be routed within
+25 mils of the same pad to pad length.
Address Strobes: ADSTB[1:0]
1 + Point-to-point Topology.
9 » Edge to edge spacing versus trace to reference plane height ratio
should be 3:1.
3 * 2.0 inches to 10.0 inches pin-to-pin address signal lengths.
4 + Traces should be 7 mils wide with 13 mil spacing.
Address Signals: A[3:31]#, REQ[4:0]
1 * Traces should be 7 mils wide with 13 mil spacing.
2 » 2.0 inches to 10.0 inches pin-to-pin address signal lengths.
» Address signals of the same source synchronous group should be
3 routed to the same pad-to-pad length within +200 mils of the
associated strobes.
Clocks: HCLKINP/HCLKINN
1 * These should be routed as a differential pair with 7 mil traces and
7 mil spacing between them.
2 * 2.5inches to 10.0 inches pin-to-pin common clock lengths.
3 » 25 mil spacing should be maintained around all clocks.
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Table 15-1. System Bus Layout Checklist (Sheet 2 of 2)

No. Recommendations Comments \/

Processor AGTL+: FERR#, PROCHOT#, THERMTRIP#

1 « Traces should be 5 mils wide with 7 mil spacing.

2 1.0 inches to 12.0 inches max from Processor to Intel® ICH4.

3 ¢ 3.0 inches max from ICH4 to VDD.

ICH4 AGTL+: A20M#, IGNNE#, INIT#, LINT[1:0], SLP#, SMI#, STPCLK

1 « Traces should be 5 mils wide with 7 mil spacing.

2 * 12.0 inches max from ICH4 to Processor.

3 » Level shifting is required from the INIT# pin to FWH.

ICH4 Open Drain AGTL+: PWRGOOD

1 * 7 mil spacing.

2 * 1.0 inch to 12.0 inches max from ICH4 to Processor.
3 * 1.1 inches max breakout length.

4 » 3.0 inches max from Processor to VDD.

Miscellaneous AGTL+: BR0#, RESET#

1 « Terminate using discrete components on the system board.

5 * Minimize the distance between the terminating resistors and
processor.

3 » Connect the signals between these components.

Miscellaneous AGTL+: COMP[1:0]

1 » Minimize the distance from terminating resistor.

Miscellaneous AGTL+: THERMDA, THERMDC

1 * 10 mils wide by 10 mil spacing.

* Remote sensor should be placed as close as possible to
THERMDA/THERMDC pins. It can be approximately 4.0 inches to

2 - -
8.0 inches away as long as the worst noise sources such as clock
generators, data, buses and address buses, etc. are avoided.

3 * Route in parallel and close together with ground guards enclosed.
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15.2  Intel® ICH4 Layout Checklist

Table 15-2. Intel® ICH4 Layout Checklist (Sheet 1 of 5)

No. Recommendations Comments \/

1 » Board impedance must be 50 Q + 10% if using Hub

Interface 1.5.
2 » Traces must be routed 5 mils wide with 15 mils spacing.
« To breakout of the MCH and Intel® ICH4 package, the
3 Hub Interface signals can be routed 5 on 5. Signals must

be separated to 5 on 15 within 300 mils of the package.

» Max trace length 20” is dependant on MCH/ICH4

simulations.

5 » Data signals must be matched within + 0.1 inches of the
HI_STB differential pair.

6 * HI_STB/HI_STBS and HI_STB#/HI_STBF lengths must
be matched.

* (Local Reference Divider Circuit only) HIREF dividers

7 should be placed no more than 4 inches of away from
MCH or ICH4.

8 » Hl signals must be referenced to ground.

IDE Interface

1 * 5 mil wide and 7 mil spaces.

2 + Max trace length is 8 inches long.

3 * The maximum length difference between the data and
strobe lengths is 0.5 inches.

USB 2.0

1 «  With minimum trace lengths, route high-speed clock and
USB differential pairs first.

2 » Route USB signals ground referenced.

3 * Route USB signals using a minimum of vias and corners.
This reduces signal reflections and impedance changes.

* When it becomes necessary to turn 90°, use two 45°
4 turns or an arc instead of making a single 90° turn. This

reduces reflections on the signal by minimizing
impedance discontinuities.

» Do not route USB traces under crystals, oscillators, clock
5 synthesizers, magnetic devices or IC’s that use and/or
duplicate clocks.

» Stubs on USB signals should be avoided, as stubs will

6 cause signal reflections and affect signal quality. If a stub
is unavoidable in the design, the sum of all stubs on a
given data line should not be greater than 200 mils.
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Table 15-2. Intel® ICH4 Layout Checklist (Sheet 2 of 5)

No. Recommendations Comments \/

» Route all traces over continuous planes (GND) with no
interruptions. Avoid crossing over anti-etch if possible.
Crossing over anti-etch (plane splits) increases

7 inductance and radiation levels by forcing a greater loop

area. Likewise, avoid changing layers with high-speed

traces. (Applies to USB signals, high-speed clocks, as
well as slower signals that might be coupling to them.)

« Keep USB signals clear of the core logic set. High current
8 transients are produced during internal state transitions,
which can be very difficult to filter out.

» Keep traces at least 90 mils away from the edge of the
plane (VCC or GND depending on which plane to which
9 the trace is routed). This helps prevent the coupling of the
signal onto adjacent wires and helps prevent free
radiation of the signal from the edge of the PCB.

* Maintain parallelism between USB differential signals
with the trace spacing needed to achieve 90 Q differential
impedance. (Recommended: 7.5 on 7.5 spacing with
4-layer, 4.3 mil prepreg stackup).

10

» Minimize the length of high-speed clock and periodic
signal traces that run parallel to USB signal lines to
minimize crosstalk. The minimum recommended spacing
to clock signals is 50 mils.

1"

» Use 20 mil minimum spacing between USB signal pairs

12 and other signal traces. This helps to prevent crosstalk.

» USB signal pair traces should be trace length matched.
Max trace length mismatch between USB signal pair
(such as DM1 and DP1) should be no greater than 150
mils.

13

14 * No termination resistors needed for USB.

» USBRBIAS (ball A23) and USBRBIAS# (ball B23) should
15 be routed 5 on 5 with a single trace 500 mils or less to the
22.6 Q 1% resistor to ground.

* Maximum length from the ICH4 to the back panel should
16 not be greater than 17 inches. Maximum length from the
ICH4 to the CNR should not be greater than 8 inches.

Platform LAN Connect Interface

1 « Trace spacing: 5 mils wide, 10 mil.
9 « Stubs due to R-pak CNR/LOM stuffing option should not . To minimize inductance.
be present.

* Max mismatch between the length of a clock trace and
3 the length of any data trace is 0.5 inches (clock must be
longest trace).

* To meet timing and signal
quality requirements.

4 * Maintain constant symmetry and spacing between the * To meet timing and signal
traces within a differential pair out of the LAN PHY. quality requirements.
+ Issues found with traces
» Keep the total length of each differential pair (from PHY to longer than 4 mches_: IEEE
5 phy conformance failures,

connector) under 4 inches (preferably less than 2 inches). excessive EMI and or

degraded receive BER.

246 Intel® Pentium® 4 Processor and Intel® E7205 Chipset Platform Design Guide



Table 15-2. Intel® ICH4 Layout Checklist (Sheet 3 of 5)

Layout Checklist

No.

Recommendations

Comments

Do not route the transmit differential traces closer than
100 mils to the receive differential traces.

To minimize crosstalk.

Distance between differential traces and any other signal
line is 100 mils. (300 mils recommended).

To minimize crosstalk.

Route 5 mils on 10 mils for differential pairs (out of LAN
phy).

To meet timing and signal
quality requirements.

Differential trace impedance should be controlled to be
~100 Q.

To meet timing and signal
quality requirements.

10

For high-speed signals, the number of corners and vias
should be kept to a minimum. If a 90-degree bend is

required, it is recommended to use two 45-degree bends.

To meet timing and signal
quality requirements.

1

Traces should be routed away from board edges by a
distance greater than the trace height above the ground
plane.

This allows the field
around the trace to couple
more easily to the ground
plane rather than to
adjacent wires or boards.

12

Do not route traces and vias under crystals or oscillators.

This will prevent coupling
to or from the clock.

13

Trace width to height ratio above the ground plane should
be between 1:1 and 3:1.

To control trace EMI
radiation.

14

Traces between decoupling and I/O filter capacitors
should be as short and wide as practical.

Long and thin lines are
more inductive and would
reduce the intended effect
of decoupling capacitors.

15

Vias to decoupling capacitors should be sufficiently large
in diameter.

To decrease series
inductance.

16

Avoid routing high-speed LAN near other high-frequency
signals associated with a video controller, cache
controller, processor, or other similar devices.

To minimize crosstalk.

17

Isolate 1/O signals from high-speed signals.

To minimize crosstalk.

18

Place the Intel® 82562ET/EM part more than 1.5 inches
away from any board edge.

This minimizes the
potential for EMI radiation
problems.

19

Place at least one bulk capacitor (4.7 puF or greater OK)
on each side of the Intel® 82562ET/EM.

Research and
development has shown
that this is a robust design
recommendation.

20

Place decoupling capacitors (0.1 uF) as close to the
Intel® 82562ET/EM as possible.
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Table 15-2. Intel® ICH4 Layout Checklist (Sheet 4 of 5)

No. Recommendations Comments \/

AC’97

1 Zo AC97 =60 Q = 15%.

2 4 mil trace width, 6 mil spacing between traces.

AC_SDIN Max Trace Lengths
* ICH4 to primary codec:
L =14 inches.
3 * From Primary Codec T junction to CNR:
L =6 inches.

*+ CNR:
L =14 inches.
(Using given example 4-layer 4.3 mil prepreg stackup.)

AC_SDOUT Max Trace Lengths

* ICH4 to primary codec:
L =14 inches.
*+ CNR:
L =14 inches.
(Using given example 4-layer 4.3 mil prepreg stackup.)

AC_BIT_CLK Max Trace Lengths
* ICH4 to primary codec:
L =13.6 inches.

*+ CNR:
L =13.6 inches.
(Using given example 4-layer 4.3 mil prepreg stackup.)

» Series termination resistor on AC_BIT_CLK line should
be no more than 0.9 to 7.6 inches from the ICH4.

» Series termination resistors on AC_SDIN lines if needed
7 should be no more than 100 to 400 mils from the CNR
card or the on board codec.

Clocking

* CLK_33 goes to ICH4, FWH, and SIO.

1 » Clock chip to series resistor 0.5 inches and from series
resistor to receiver 15 inches max. Routed on one Layer.

* PCI_33 goes to PCI Device or PCI Slot, there are
5 clocks.

» Clock chip to series resistor 0.5 inches and from series
resistor to receiver 13 inches max. Routed on one Layer.

* CLK_66 goes to ICH4 and MCH.

3 » Clock chip to series resistor 0.5 inches and from series
resistor to receiver 14 inches max. Routed on one Layer.
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Table 15-2. Intel® ICH4 Layout Checklist (Sheet 5 of 5)

No. Recommendations Comments \/

RTC

1 * RTC LEAD length = 1.0 inches Max.

2 » Minimize capacitance between RTCX1 and RTCX2.

3 * Put GND plane underneath Crystal components.

» Do not route switching signals under the external

4 components (unless on other side of board).
» The ability to probe this
5 + If SUSCLK is not used in the platform it should be routed signal can decrease the
to a testpoint. resolution time for RTC
related issues.
PCI Guidelines

» Data Lines - See specific topology guidelines in
Table 10-17).

2 » Clock Lines (See Figure 10-29 and Table 10-18).

3 » IDSEL (See Figure 10-28).

Processor CMOS Guidelines

» Series termination should be less than 2000 mils from the
1 ICHA4. Total length from the ICH4 to the processor should
be no more than 19 inches.

FWH Decoupling Guidelines

* 0.1 pF capacitors should be placed between the VCC
1 supply pins and the VSS ground pins and no less than
390 mils from the VCC supply pins.

* 4.7 yF capacitors should be placed between the VCC
2 supply pins and the VSS ground pins and no less than
390 mils from the VCC supply pins.
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15.2.1 Intel® ICH4 Decoupling

Table 15-3. Intel® Decoupling Checklist

No. Recommendations Comments \/

* VCC3_3: Six 0.1 pF capacitors.
1 Less than 100 mils from package
Place near balls: A4, A1, H1, T1, AC10, and AC18.

* VccSus3_3: Two 0.1 yF capacitors.
2 Less than 100 mils from package
Place near balls: A22 and AC5.

* V_cpu_io: One 0.1 pF capacitor.

3 Less than 100 mils from package
Place capacitor near ball AA23.

* VCC1_5: Two 0.1 yF capacitors.
4 Less than 100 mils from package
Place near balls: K23 and C23.

* VccSus1_5: Two 0.1 yF capacitors.
5 Less than 100 mils from package
Place near balls: A16 and AC1.

* V5REF: One 0.1 yF capacitor.

Less than 100 mils from package

Place capacitor near balls: E7.
6 * V5REF is the reference voltage for 5 V tolerant inputs in
the Intel® ICH4. Tie to pins VAREF[2:1]. VSREF must
power up before or simultaneous to VCC3_3. It must
power down after or simultaneous to VCC3_3.

* V5REF_Sus: One 0.1 yF capacitor.
Less than 100 mils from package
Place capacitor near ball: A16.

7
* V5REF_Sus only affects 5 V-tolerance for USB OC[5:0]#
pins and can be connected to VccSus3_3if 5 V tolerance
on these signal is not required.
8 * VccRTC: One 0.1 yF capacitor.

Place near ball: AB5.

* VCCHI: Two 0.1 pF capacitor.
9 Less than 100 mils from package
Place near balls: T23 and N23.

* VCCPLL: One 0.1 yF and one 0.01 yF capacitor.
10 Within 100 mils of package
Place near ball: C22.
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15.3 Hub Interface Layout Checklist

Table 15-4. Hub Interface Layout Checklist

Layout Checklist

No. Recommendations Comments \/
General Recommendations
1 » ltis recommended that all signals be referenced to VSS
2 » Board impedance must be 60 Q + 10%.
Traces must be routed as follows (see below for breakout
routing requirements):
» Data to Data: 7/13 mils.
3 |+ Strobe to Strobe: 7/13 mils.
+ Strobe to Data: 7/18 mils.
» Other signals to Data: 7/13 mils.
4 * Max trace length is 8 inches.
Data Signals
1 + Can be routed to 7 on 5 for breakout, but must be
separated to 5 on 15 within 300 mils of the package.
2 » No explicit matching requirements between individual
data signals.
Strobe Signals
1 + Strobe pair should have a minimum of 15 mils spacing
from any adjacent signals.
2 « Each strobe signal must be the same length.
3 » Strobe trace lengths should be 0 — 400 mils shorter than
the longest data trace length.
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15.3.1 Hub Interface Decoupling, Compensation, and VREF
Table 15-5. Hub Interface Decoupling, Compensation, and VREF Checklist
No. Recommendations Comments \

VCC1_8 Decoupling

* Decouple the Intel® ICH4 with two 0.1 WF capacitors
within 150 mils from the package.

« Decouple the MCH with one 0.1 yF capacitor within

2 150 mils of the package and one 10 pF capacitor nearby.

3 « Capacitors should be adjacent to hub interface rows.
HLRCOMP

1 * Place resistor using a 10 mils wide and 0.5 inch max

trace length.

2 * 7 mil group spacing.

* Minimize the distance between HLRCOMP resistor and
MCH.

» Should be placed no more than 4 inches of away from
MCH or ICH4.

* Bypass to ground with a 0.1 yF capacitor located within
0.25 inches of each component's HIREF pin.

3 * Place one 0.1 yF capacitor at the divider.
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15.4

15.4.1

System Memory Layout Checklist

Unbuffered DDR (2 DIMM) Checklist

Table 15-6. Unbuffered DDR (2 DIMM) Checklist

Layout Checklist

Checklist Items Recommendations Comments \

MCH / DIMM Signals

Route on a ground-referenced layer (stripline for Channel A, ChA

microstrip for Channel B). MCH to first DIMM should be
DQ_x[63:0] 1.56"-5.0", Z,=50 Q, 7/15. First DIMM to second DIMM should
CB_x[7:0] be 1.1"-1.2", 60 Q, 5/15. Second DIMM to termination should be
DQS_x[8:0] 0.1"-1.5", 60 , 5/15. DQ/CB lengths should be within 25 mils of | ChB

associated DQS. Make sure to match the strobe lengths to the

clocks as described in Section 6.2.3.
MA_x[12:0] Route on a ground-referenced microstrip layer, Z, = 60 Q, 5/12. | ChA
BA_x[1:0] MCH to first DIMM should be 1.5"-6.5". First DIMM to second
RAS_x# DIMM should be 1.1"-1.2". Second DIMM to termination should
CAS_x# be 0.1"—1.5". Make sure to match the signal lengths to the ChB
WE_x# clocks as described in Section 6.2.4.1.

Route on a ground-referenced microstrip layer, Z, = 60 Q, 5/15. | ChA
CS_x[3:0]# MCH to DIMM should be 1.5"-5.5", DIMM to termination should
CKE_x[3:0] be 1.0"-2.5". Make sure to match the signal lengths to the ChB

clocks as described in Section 6.2.2.1.

Route differentially on a ground-referenced microstrip layer. ChA
CMDCLK_x[7:4,1:0] MCH to DIMM should be 3.5"-9.0", diff. Z, = 84 Q, 6/7. Keep
CMDCLK_x[7:4,1:0]# clock pairs 20 mils from any other signals. Make sure to adhere | cpg

to length matching rules for above signals.

Route a 12 mil wide trace to the resistor divider and to each ChA
VREF DIMM in the channel. Keep all other signals at least 20 mils

away. ChB
MCH Signals Only

Connect to resistor divider with a 7 mil wide trace. Keep the ChA
RCVENOUT_x# s :

- trace length to a minimum. ChB
DRCOMPVREF_H Connect to resistor divider with a 20 mil wide trace. Keep the
DRCOMPVREF_V trace length to a minimum.

DRCOMP_H Connect to pull-down resistor with a 7 mil wide trace. Keep the
DRCOMP_V trace length to a minimum.
DDR STRAP Conne_ct_ to 2.5 V with a 7 mil wide trace. Keep the trace length
— to a minimum.
ODTCOMP Connect to puII-doyvr) resistor with a 7 mil wide trace. Keep the
trace length to a minimum.
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AGP 8X Layout Checklist

Table 15-7. AGP 8X Layout Checklist (Sheet 1 of 3)

No.

Recommendations Comments \/

Power

Plane Decoupling

Use high-frequency decoupling capacitors in the range of
(0.001 uF — 1 yF).

Use bulk decoupling capacitors in the range of
(0.001 uF — 1 yF).

Capacitors should be as close to the power pins as possible. If
possible, capacitors should be mounted on the backside of the
graphics card under the controller package. Bulk decoupling can
be mounted near the chipset interface and near the connector for
power delivery and signaling reasons.

AC Signal Decoupling Requirements

1

.

Place 3 0.01 pF or larger, low ESL capacitors as close as
possible to a VCC3_3 pair of pins on the connector.

Place 6 0.01 pF or larger, low ESL capacitors as close as
possible to a VDDQ pair of pins on the connector.

Place 1 0.01 pF or larger, low ESL capacitor as close as possible
to the +5 V connector pin.

Place 1 0.01 pF or larger, low ESL capacitor as close as possible
to the +12 V connector pin.

Place 1 0.01 pF or larger, low ESL capacitor as close as possible
to the 3.3 Vaux connector pin.

All power and ground pins must be connected to the
motherboard to guarantee power delivery and proper AC signal
return paths.

All ground pins on the add-in cards must be connected for proper
grounding and AC return paths. All VDDQ pins must be
connected on the add-in card to the local VDDQ power plane. All
used power pins must be bypassed to ground close to the
connector with a 0.01 pF or larger, low ESL/ESR capacitor to
provide good AC coupling to the adjacent signaling pins.
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Table 15-7. AGP 8X Layout Checklist (Sheet 2 of 3)

No. Recommendations Comments \/

Motherboard Layout Requirements

» AGP strobe signals must be grouped with associated data
1 signals. It is also recommended that the strobe be centered
within its associated group to minimize the signal to strobe skew.

+ AD_STBO (AGP 2.0) / AD_STBFO (AGP 3.0) and
2 AD_STBO# (AGP 2.0) / AD_STBSO0 (AGP 3.0) should be
grouped with AD[15:0] and C/BE[1:0]#.

- AD_STB1 (AGP 2.0)/ AD_STBF1 (AGP 3.0) and
3 AD_STB1# (AGP 2.0)/ AD_STBS1 (AGP 3.0) should be
grouped with AD[31:16], C/BE[3:2]#, DBI_HI, DBI_LO (AGP 3.0).

+ SB_STB and SB_STB# should be grouped with
SBA[7:0] (AGP 2.0).

+ SB_STBF and SB_STBS should be grouped with
SBA[7:0]#.

+ Traces should as short and direct as possible. Avoid changing
the power plane reference during routing.

» PCB should be fabricated using FR-4 with an overall board
6 thickness of 62 miles + 10%. The outer layers should use
. copper and the inner layers should use 1 oz. copper.

» AGP signals must be carefully routed on the motherboard and
7 graphics card to meet the timing and signal quality requirements
of the specification.

Trace Length Mismatch Requirements

« Avoid signal mismatch by routing all lines within a group using

1 the same type (either stripline or microstrip).

* For add-in cards, the data lines should be kept within
+ 0.025 inches from their respective strobe.

3 * For motherboards, the data lines should be kept within
+ 0.025 inches from their respective strobe.

Strobe Trace Routing Considerations

» The strobe signals should be routed together, but separated by
1 at least five times the maximum dielectric thickness to each other
and to any other signal routed adjacent to the strobe.

Board Constraints

» Impedance of required microstrip traces is specified at
1 60 Q + 10% and the impedance for stripline traces is specified at
56 Q + 10% for add-in cards and motherboards.

» Reduce crosstalk by decreasing the distance of a trace to the
2 nearest reference plane (dielectric thickness/height). Or increase
the distance to adjacent traces.

* The 8X mode source synchronous signals and the 66 MHz clock
3 signal should not cross any split planes. Ensure signal quality is
not compromised.

« All 8X mode source synchronous signals should be routed on a
layer reference to a ground plane.

» Dummy vias should be used to match the total via count for each
group.
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Table 15-7. AGP 8X Layout Checklist (Sheet 3 of 3)
No. Recommendations Comments \/

Control Signal and Clock Recommendations

* There are no external pull-up or pull-down resistors for control
1 signals on the AGP 8X mode board design since resistors are
integrated inside the device buffers.

Ground Plane References

1 » Each source synchronous signal group must be routed on the
same layer referenced to ground with the same layer transitions.
VvDDQ Plane

* The plane from the voltage regulator source to the AGP
1 connector VDDQ pins should be wide enough to minimize the
inductance path.

5 « Buffer I/O rail on the add-in card should connect to the VDDQ
plane directly.

Connector Impedance Matching

* The motherboard designer can put short trace stubs near each
1 connector pin to increase the equivalent capacitance which can
help reduce the AGP connector impedance.

Trace Bends and Serpentines

« Void 90 degrees bends, instead use two 45 degree bends. Trace
1 bends and serpentines generate coupling causing the line to be
shorter electrically.
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15.6 CK 408 Layout Checklist

Table 15-8. CK 408 Layout Checklist (Sheet 1 of 3)

No. Recommendations Comments \/

Host Clock: CPU#/CPU

1 e 7 mils wide.

+ Differential pair spacing should be based on a distance from

2 HCLKINN to HCLKINP.

» Spacing to other traces should 4 times to 5 times greater than
distance from HCLKINN to HCLKINP.

» Processor routing length- Clock driver to Rg should be 0.5 inch
max.

5 * Processor routing length- Rg to Rg-R; should be 0 inch to 0.2 inch.

» Processor routing length- Rg-R; node to R; should be 0 inch to
0.2 inch.

» Processor routing length- Rg-R; node to load should be 2 inches
to 9 inches.

8 * MCH routing length- Clock driver to Rg should be 0.5 inch max.
9 * MCH routing length- R to Rg-R; should be 0.5 inch max.
* MCH routing length- Rg-R; node to R; should be 0.0 inch to

10 0.2 inch max.

1 » MCH routing length- Rs-R; node to load should be 2.0 inches to
9.0 inches max.

12 » Clock driver to processor and clock driver to chipset length

matching should be 600 mils.
13 * 10 mil length matching between HCLKINN to HCLKINP.

+ Do not split up the two halves of a differential clock pair between

14
layers.

15 * Route all agents on the same physical routing layer referenced to
ground of the differential clock.

16 » Make sure that the skew induced by the vias is compensated in
the traces to other agents.

17 » Do not place vias between adjacent complementary clock traces.

18 » Maintain uniform spacing between the two halves of differential
clocks.

19 * Route clocks on physical layers adjacent to the VSS reference

plane only.
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Table 15-8. CK 408 Layout Checklist (Sheet 2 of 3)

No. Recommendations Comments \/

66 MHz Clock Group

1 * Point-to-point Topology.

2 » 5 mils wide and 20 mil spacing.

3 « 20 mil group spacing.

4 » Series termination within 0.5 inch of the driver.

5 « Trace length from series termination to receiver on the
motherboard between 4.0 inches and 8.5 inches.

6 « The total trace lengths must be matched to + 100 mils of each
other.

7 « Follow these guidelines when routing to an AGP device down on

the motherboard.

AGP Clock (when routing to an AGP connector)

1 * Point-to-point Topology.

2 * 5 mils wide and 20 mil spacing.

3 « 20 mil group spacing.

4 » Series termination within 0.5 inch of the driver.

5 » The total trace length must be 4.0 inches less than the CLK66

total trace lengths + 100 mils.

33 MHz Clock Group

1 « Point-to-point Topology.

» 5 mils wide and 15 mil spacing.

* 15 mil group spacing.

Al WOW|DN

« Series termination within 0.5 inch of the driver.

* The total mismatch between any two 33 MHz clocks must be less
5 than 7.5 inches. If routing to a PCI connector, 2.6 inches of routing
on the PCI card must be included in the 7.5 inches total mismatch.

« The 33 MHz clock to the Intel® ICH4 must be matched to
+ 100 mils of the 66 MHz clock to the ICH4.

14 MHz Clock Group

1 « Balanced T Topology.

2 * 5 mils wide and 10 mil spacing.
3 « 10 mil group spacing.
4 » Series termination within 0.5 inch of the driver.
5 » The total trace length from the Clock driver to SIO and Clock
driver must be matched to 0.5 inch.
6 » Signal must T within 12 inches of the series termination.
» Max trace length of stubs is 6 inches.
7 « Total trace length matched to £ 0.5 inch of each other.
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Table 15-8. CK 408 Layout Checklist (Sheet 3 of 3)

No. Recommendations Comments \/

USB Clock

1 * Point-to-point Topology.

* 5 mils wide.

2
3 * 15 mil group spacing.
4

» Series termination within 0.5 inch of the driver.

« Trace length from series termination to receiver on the
motherboard between 3.0 inches and 12 inches.

15.6.1 CK 408 Decoupling Checklist

Table 15-9. CK 408 Decoupling Checklist

No. Layout Recommendations Comments \

VDDA/VDD Decoupling

1 * Place one 10 yF capacitor close to the VDD generation circuitry.

5 » Place six 0.1 pyF capacitors close to the VDD pins on the clock
driver.

3 » Place three 0.01 pF capacitors close to the VDDA pins on the clock
driver.

4 » Place one 10 yF bulk decoupling capacitor close to the VDDA
generation circuitry.

5 » Host clock pairs must be differentially routed on the same physical
routing layer.

6 + Differential clocks must not have more than two via transitions.

7 » Ground referencing is strongly recommended for all platform clocks.

8 » Motherboard layer transitions and power plane splits must be kept

to @ minimum.
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Schematics A

This appendix contains a set of schematics for the Intel® Pentium® 4 processor / Intel® E7205
chipset platform Customer Board (CRB).
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PIN NAME ESHEQ USAGE gg;EgT Q%S%EG NOTES
GPI O] MAIN P_REQFX —— - P,U ON PG 41, 2.7K TO UCCS
GPIC113 MAIN P_REQSx —— - P,U ON PG 41, 2.7K TO UCCS, USED ON LAN
GPIC21 MAIN P_INTExX - - P-U ON PG 41, 8.2K TO UCC3, USED ON PCI SLOTS
GPIC313 MAIN P_INTF % —— - P,U ON PG 41, 8.2K TO UCC3, USED ON PCI SLOTS, SATA
GPIC41 MAIN P_INTGx - - P-U ON PG 41, 8.2K TO UCC3s USED ON PCI SLOTS
GPIC51 MAIN P_INTHx P-U ON PG 41, 8.2K TO UCC3, USED ON PCI SLOTS
GPICB] MAIN AGPBUSY-NOT USED P,U ON PG 38, 10K TO UCC3 [STRAPPED TOGETHER WITH GP71
GPIC71 MAIN AVAILABLE-NOT USED - - P-U ON PG 3B, 10K TO UCC3 C[STRAPPED TOGETHER WITH GPB61
GPIC81 RESUME CDC_DWN_ENAB>* - - P-D ON PG 3B, 10K TO GROUND (EMPTY 100K P,U TO 3.3V STBY)
GPIC1113 RESUME SMB_ALERT-NOT USED P,U ON PG 38, 10K TO 3. 3USB
GPIC121 RESUME LPC_SIO_SMIx P, U ON PG 61, 10K TO 3.3V STBYs USED ON PORT ANGELES IO_SMI/GFPIO4
GPIC133 RESUME LPC_SIO_PMEx - P,U ON PG 61, 10K TO 3.3U STBY, USED ON PORT ANGELES IO_PME
T GPOLC1613 MAIN P_GNTFk OF F EMPTY P/D ON PG 41, 10K TO GROUND
O GPOLC17T1] MAIN P_GNTSx OF F USED ON LAN
= GPOLC1813 MAIN STPPCI-NOT USED OF F
GPOLC1913 MAIN SLP_S1-NOT USED OFF
GPO L2031 MAIN STPCPU-NOT USED OF F
GPOC211 MAIN C3_STAT-NOT USED OF F
GPOLC221 MAIN CPU_PERF—-NOT USED OFF P,U ON PG 38:; 10K TO UCC3 «OsD OUTPUT)>
GPOLC231 MAIN GMUXSEL—-NOT USED OFF
GPIOCL241 RESUME CLK_RUN—NOT USED DEFINED
GPIOL251 RESUME GPIO_GRN_BLNK= NOT USED DEFINED GPIO 25, 27: 28 ARE BLINK CAPABLE
GPIOCL271 RESUME GPIO_YLW_BLNK— NOT USED DEF INED GPIO 25, 27: 28 ARE BLINK CAPABLE
GPIOL281 RESUME GPIO_LAN_DISABLE/EMAIL _LED DEFINED P,D ON PAGE 27, 10K TO GROUNDs; GPIO 25, 27, 28 ARE BLINK CAPABLE
GPIOL321 MAIN GPIO_MUTE_AUDIO-NOT USED i
GPIOLC331 MAIN GPIO_AUD_EN—- NOT USED - -
GPIOL361 MAIN AVAILABLE-NOT USED - i
GPIOL371] MAIN BOARD_SKUB —— - P, D ON PAGE 308, 10K TO GROUND (EMPTY 10K P,/U TO UCC3)>
GPIOLC381 MAIN BOARD_SKU1 - - P-D ON PAGE 38, 18K TO GROUND ¢EMPTY 180K P,U TO UCC3>
GPIOL391] MAIN BOARD_SKU2 - i P,D ON PAGE 38, 18K TO GROUND (EMPTY 10K P,U TO UCC3>
GPIOC481 MAIN BOARD_SKU3 - - P-D ON PAGE 38, 18K TO GROUND <EMPTY 10K P,U TO UCC3>
GPIOC411 MAIN AGPPRO_PRESENT 1 - - CONNECTED TO AGPPRO CONNECTOR
GRPIOC421 MAIN AGPPRO_PRESENTZ2 - i CONNECTED TO AGPPRO CONNECTOR
GPIOC431 MAIN RSUD-BOARD_SKU4 - - P-D ON PAGE 3@, 18K P,sU TO UCC3 (EMPTY 10K TO GND)»
GPIO GPIO_DMABGE_DETECT_PRI INPUT DEFINED P-D ON PAGE 32; 15K TO GROUND
GPI1 GPIO_DMABE_DETECT_SEC INPUT DEFINED P, D ON PAGE 32, 15K TO GROUND
T GPIZ AVAILABLE-NOT USED INPUT DEFINED P,D ON PAGE B6:; 18K TO GROUND (EMPTY 10K P,s/U TO UCC3>: COMz2 DETECT IF P-UP
= GPI3 MANUFACTURING MODE INPUT DEFINED P-U ON PAGE B66; 4.7K TO UCC3 (EMPTY PAD-SITE TO ALLOW ICT PROBE»
b GPI4 NORMAL /CONF IG/RECOVERY BIOS INPUT DEFINED P, D ON PAGE 66, 4.7K TO GROUND (HEADER TO ALLOW 1K P,/U TO UCC3>
GPIOO FAN1_CTRL (TRISTATE @PWRGD)> - OUTPUT PAGE 68—-72; DESIGN FEATURE WITH EMPTY PsUs EMPTY FET FOR FAN EXP.
] GPIO1 FAN2_CTRL (TRISTATE @PWRGD)> - QUTPUT PsU ON PG 72, 1K TO UCC3
3 GPIO2 DIAGLED-DATA— RESISTOR CFG OPTION - OUTPUT PAGE 96—-92; DESIGN FEATURE WITH PsU, P/D RESISTOR STRAPPING
_J GPIO3 DIAGLED-STB—- RESISTOR CFG OPTION - OUTPUT PAGE 96—-92; DESIGN FEATURE WITH PsUs P/D RESISTOR STRAPPING
{) GRPIo4 IO_SMI% (TRISTATE @PWRGD)> i QUTPUT PsU ON PG 61, 18K TO 3.3V STBY, USED ON ICH IO_SMI/GPI12
O GPIOS AVAILABLE-NOT USED (TRISTATE@PWR> - OUTPUT EMPTY P,U. P,D PAGE 61; ORPTION FOR FORCING SIO ADDRESS SELECT
— I0/PMEX IO_PMEx ¢(INACTIVE @ PWRGD)> - QUTPUT P,sU ON PG 61, 18K TO 3.3V STBY, USED ON ICH IO_PME/GPI13
03} GPIOB: 7 FAN_TACHL & 2 (TRISTATE @PWRGD> - INPUT PAGE 725 10K PULL-UP TO 12U (THROUGH A UOLTAGE DIVIDER)>
IRQ ROUTING TABLE ICH4 ICH4 ICH4 1CH4 ICH4 ICH4 Egﬁgri
ICH SIGNALS AGP SLOT1L SLOT2 SLOT3 | SLOT4 | SLOTS SLOTE ACS7: SMBUS | LAN USB #1| USB #2| USB #3 |USB 2.0 LAN SATA 1394
P_INTAx | IRQA IRQD IRQC X
P_INTBx IRQGB IRQC IRQA N/A X IRQA
P_INTCx IRQA IRQB X IRGA
P_INTDx IRQB IRQGA X
P_INTEx IRQD IRQC IRQGD
P_INTF> IRQA IRGB IRQC IRQA
P_INTGx IRQB IRGA IRQD
P_INTHx IRQC IRGD IRGB X
REQ/GNT 4] 1 ARB—2 | ARB-3 | ARB—4 N/A S5 S5 4 3
IDSEL 16 17 18 19 20 N/A 24 21 22 23 GDIO / IQQ / IDSEL
ARG DOCUMENT NUMBER| PAGE | REV
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AK<1B> ADSx CK_H_L@@_133M_ITP_CPUX AD26 | T1TP_CLki 4 compa |_L24 _H_COMPB 7
AXCLS> APBDX compr | P1 H_COMPL 7
Axcl4a> AP 1% -
El AKC13> BINITx H_A2EM C6 ~ Az2amx - BPMk<S> (YAB4  H_BPMS_PREGH 7 100
AKC12> BNRxX - H_FERRAC BE < FERRX m BPMKk<a> [{AAS  H_BPMA_PRDYx 7 1o@
AKcIL g 27 H_TGNNEX B2 | 1oNNEX g BPMk<3> (9T6 H_BPM3_1 TPk 7 1e@
Axcle> g DP¥<3> a BPMkc2> [§AC4  H_BPM2_TTP* 7 180
AXCD> bl DP*<2> H_INTR DL LINTD < BPMk< 1> [HABS H_BPM1_ITPx 7 1@
AKB> DP*< 1> H_NML ES [LINTL BPMkce> [ACE  H-_BPMB_TTPK 7 100
) 9 DP*<D> H_SMIX BS | sMIx 2
AKE> > 1 Remil 2 ’_b STPCLIKK 2 TESTHI® | AD24 H_TESTHIB_PU 7
AkCS> C TESTHIA® QICH,H,STPCLK* H_STPCL K% DBR* AE2S FP_RSTx 70 96 18P 27
Axc4> T| TESTHIS 503 (=] E— TESTHI12 [FAD25 H_TESTHIL2_PU 7
AXC3> TESTHI1® 2 1A 4 VUID<4>
El H_ADSTBOx ADSTBO* BRxXB 3 UID<3> GTLREF<3> | _AA6 H_GTLREF N7 =8
=] HREQ<4. . @y % REQx< 4> 2 uUID<2> GTLREF <25
REQX<3> BPRIx L VID<1> U GTLREF<1>
REQ#<2> HUID_TSOLATE<4. . B> 4] UID<@> GTLREF ¢8>
REQX< 1> 0 DBESY* (YHS  H-DESYk El ° O [0p]
REQ<@> O DEFERx H_DEFER% El 98 sa ucc H TESTHIS
X DRDY* H_DROY* g VCCPVID ® UccuID > TESTHI4
Ax<3S> [= HITx H_HIT 3 T__Af3 lrsun TESTHI3
Ak<34> Z HITM* H_HITM® ) uccA TESTHI2
A%<33> o} H_UCCSENSE UCCSENSE TESTHI7 H_TESTHIE7_PUCL
Ak<32> R = O%@? a7 H_UCCIOPLL AE23  luccIoPLL TESTHIE
AXCSL> AD22 |ussa
AK<3@> D INITx 0%27 H_USSSENSE A4 | ys3SSENSE sKToCCk (MYAF26  H_SKTOCCK poT> =7
AXx<29> g
axcz2e> Y LOCHKx O% El _TP_H_RSUD_PID AE2L |psup TESTHIL | AA2 H_TESTHIL_PU ?
axcars A TP_H.RSUD ____A22 |Rsup PWRGOOD [ AB23 H_PWRGD 7 27
AXC2E> o) MCERR¥ OUE TP_CPU_US TP_H_RSVD_SMIZ2 A7 RSUD PROCHOT* C3 TP_CPU_PROCHOT*
AK25> A H_TEMP_RET B3 | THRMDA SLpk pAB26  H_SLPx Yann
Axc24> [} H_TEMP_SRC C4 | THRMDC
a3 5 RESET« [~AB25 H_crursTx +a H_THERMTRIPK A2 | THERMTRIPx
AX<22> RS¥<2> 4 2 TCK
AXC2L> RS*<1> El Q?gg RSUD TDI
Ak<2D> RS*<B> = RSUD TDO
Ak 19> RSP TP_cPu_AB2 a7 mUCC,VIDGD 1 R 2 UcC_uipen_cPu__AD2 RSUD ™S
AXCLB> TRDY* - El o 1A TE_H.NC.3  AF24 frsup TRST*
L ADSTBL AXCLT> B@3 EMPTY Bl _|Nc_kEY_B1 uss
9 @ S * ADSTBLx
E7. AE24, AE22, AE1D Ic 2 A
a16104 %05 NEVER STUFF RESISTOR D14, ADL2, AD1B, ADS: AD4: AD23, AD2L. AEL7: AELS, RELS, AEL1, AES: AE2E 603 cH

USED FOR INTERNAL DEBUG PURPOSES. B28, ACL7: AC1S, ACL3, ACL1, ACS, ACTs ACSs AC2; AC2S, AC22: ACLS, ADLS, AD1E
AB14: ABL2, ABLD: ABB: ABE: AB3: AB24, AB2L

WE: W3: W21, AAZE

1E1
478 DIN SOCKET

Dk<1S> Dk<4a7>
AD7s AD19s AE1B: AE16: AEL4: AELR: AELD: AEB: AEG: AE2D =
Di<ia> Di<45> DESIGN NOTE:
Dx< 13> D*<45> 14, E12, ELR £8, E20, F17, F 1S, F13, FLL, FO, F19, AALE, ARLE: AAL4, AAL2. PALE, AAB, ABL7 S TUFF RESISTOR ALL TIMES
Dx< 12> Dx<44> 13, B11. B9: B7: B19; C18, C16, C14, C12, C1@, C8, C28, 017, D15, D13, 011, 09, 07, D19, E16, E1B0R  SHORT USS DIRECTLY TO
Dw<Lis D43y AF L7, AF L5, AF 15, AF L L AF D, AF7, AFS, AFEL, AF19, ALE, ALE: L4, ALS: AL, S, A28, B17: B15 GND IN DESIGN.
e eeaz? 24, Y2, Y5, 122, Y25, AAL, AR4, AR, AAS, ARLL: AALD, AALS, AALT, AALS, ARZS, AR2G
Dx< 8> (=B Nl Dx<ats B+ N3, N24, N214 PS, P2, P25, P22, R26. R4 R1, R23, TEs T3 T24, T21. USs U2, U5, LI22, U2E RESISTOR USED FOR INTERNAL
21+ H2B1 H4y H1s H23s TS: T2, J25, J22, KBs K31 K24, K21, L26s L4: L1, L23s MSs M2, M25 MEE
g H_D<15. . B>k D¥<B> 3 0 Dk<4m> 11, EQ, E2B, £7: E4, E1, £23, £10, F18, FLE, F14. F12, F 1@, FB, F5, F2, F25, F22, G6: G3: G DEBUG PURPOSES ONLY.
Dk<7> D o Dx<33> Sy C2, C25s C225 C19s D1Bs D165 D14, 012, 018 DBs D6y D3s D24, D21, D2@s E17: E15, E13
e B Drises 3, A4, AL, A15, B18, B1G, B 4, B12, B10, B2E, B8, B4 B23, B2, C17, C1S, C13: CLL, €8, C7
DK<S> %) DK<37> CQD NOTE“ F18s AF LBs AF 144 AF 12, AF 1B AF8s AFEs AF1s AF 20, ALTy A15: A13, ALL ADs A
DK< 4> Y| T owezss 3 °
D¥<3> @ Dx<35> kil H_D, H_A AND ASSOCIATED SIGNALS WITHIN THAT GROUP ON CONCEPT MODEL
Dxe> O H - Dueads 5 MUST BE LENGTH MATCHED TO THE STROBE (STB OR STBP/STBN> SIGNAL(S)
D¥<@> Dx<32> (91133 WITHIN THE SAME ADDR OR DATA GROUP TO +/-25 MILS,
H_DBI<@> % 2 H_DBI<2>%
2 TS TEN(B & K ey | poro e Dess nostencorn 2 STBP/STBN PAIRS MUST BE LENGTH MATCHED TO WITHIN +/-1@ MILS OF EACH OTHER.
g H_STBP<@> % DSTBPX<@> DSTBP*<2> P23 H_STBP<2>% g
[ H_VID_TSOLATE<4. .
Dk<31> Dx<63> 992453' CAD NOTE: 4
s s MAKE TRACE THICK BETWEEN CPU PIN-AF4 &
Dx<28> Dx<B@> —D.
"UIDGD CNTRL" PIN-S. PLACE CAP SITES CLOSE TO PIN AF4
Dw¢27> Dw¢sa>
oy olo wioos (UCCUID) ON CPU.
D¥<25> D D¥CS7> H_OCE3. . 485 %
3 Dx<24> 3 & D¥<S6> 3
Dk<23> U] Dk<SS>
Dx<22> Dx<S4>
Dk<21> Al T Dk<S3> T o VCC3
px<zp> U | = Dx<es2> 1o Ay
DK<LS> % Dx<S1> 160
Dw< LB> Dx<SB> 538
DH<LT> Dw<49> XER"
Dx<1B> Dx<4B>
3 ¢BI H_DBI<1>% DBIk<1> DBI*¢3> 3
El H_STBN<L >k DSTBN*< 1> DSTBN*< 3> El
=} H_STBP<1>% DSTBP*®<1> DSTBP*< 3> H_STBP<3> % a

e CPU SOCKET
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NGRUP. SCH__1. DOCUMENT NUMBER| PAGE | REV

5
Wed oct 237 12:38:32 2002 ng5397 5 h.s

8 7 S} S 4 3 | 2 | 1




®R-7 g | - | 5 5 | 4 3 2 L
sese [TNYYCCE CPU SIGNAL TEQMINQTION‘
- Lo ITP/TAP TERMINATIO
CAD NOTE: CAD NOTE: voen ‘

PLACE @ CPU END OF ROUTE
®

CAD NOTE: ‘7

PLACE @ ICH END OF ROUTE
® Py

‘ ‘ 1 1 1

PLACE @ CPU END OF ROUT;} ‘

1 A 1
R1C1@ R1E4 R3C1 ‘ R5G1 RSGEt R1D12 ‘ ‘ Eéaw
43.3 150 301 62 62 62 e
1% 3 17 5% 5% =4 =
‘ €03 €03 €03 €63 Ebs | Go3 ‘
2 2 ‘ 2 2 Cl p— H_BPMS_PREQx 5 1o
E— E— = oU0Ty& o7 H_BPM4_PRDY % 5 oo
H-THERMTRIP* oUTy6 27 H_BPM3_ITPx CUD6c 1e0
H_FERRX oD ° = H_BPM2_ITPx STy s Loa
H_PWRGD ’) > 276 H_BPM1_ITPx ms 1p@
H_BR<@> % [COT> & H_BPMB_ITPx SUTY 6 loe
H_CPURSTx D>s s o 100 o TD1 :>our oo
7::::::::::::::: H_TRSTx OUT) 128 6
TESTHI PULLUPS
veeP CAD NOTE:
PLACE THESE RESISTORS CLOSE TO THE CPU SOCKET
‘ RP301 ‘
St
Sz
‘ . BE3M ‘
Ic
Y
L
Iy : DESESE N S
H_TESTHIG? PUCL. . B> & ALWAYS STUFF S%
H_TESTHIZTOS PU<3. . B> s b
H_TESTHIBSTO1@ _PUS. . 15| & 2
2 H_TESTHI T _PU &
H_TESTHILL_PU c H_PSBSEL® CoD & os
THESE MAY BE COST-REDUCED FOR PRODUCTION BY GROUPING C1B@:81, [7:2]s AND C1l:@]1 TO ONE PULLUP PER GROUP ‘
HESE MAY BE COSTTREDUCED FOR PRODUCTION BY GROUPING LiB8B4, fried. AND £RrB3 1O ONE PULLYR PRR BROLF - ‘ SRR, GTLREF GENERATION CIRCUIT
— _ _ as 88 vccp 1 RiD3 2 H_GTL REFg a8 6
PRECISION FSB COMPENSATION RESISTORS SPARE e
202286-068 TP_SPARE_CPU_SL_3  TP_SPARE_CPU_S1_4 03
2 R1D13 1
‘ H_COMP1 s ‘ - 3 4 ‘ ‘
RP3D0L RP1CL RP1CL
s1 s1 s1
R3D2 1 H_COoMP@ s sz s/ sz
e . 053U 253U @53u umoss-oaT =
L ‘683 cCh caD NOTE: - = = - B CAD NOTE: b
PLACE THESE OUTSIDE SOCKET CAVITY TP_SPARE_CPU 516 ~ | TP_SPARE_CPU_51_5 PLACE CAPS CLOSE TO GTL REF PIN OF MCH =
DRAWING
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CR-8

PLL SUPPLY FILTER

B44pPE6-008 2
caci4
2 L > H_uccA D 5

1 r2aq 2
2 1A
683 CH

DESIGN NOTE:

EXPERIMENT TO REDUCE DESIGN BY
BY <«1) CAP.

IND
G44pEE-mOS D
cac13
2 1 g CCIOPLL POy 5

CAD NOTE:

PLACE COMPONENTS AS CLOSE AS POSSIBLE TO PROCESSOR SOCKET

TRACE WIDTH TO CAPS MUST BE NO SMALLER THAN 12MIL

DRAWING
NGRUP. SC

H_1.8
Wed Oct 23 18: 38: 33 2002

CPU PLL FILTERS

DOCUMENT NUMBER
AS53397

PAGE
8

REV
.5

3




CR-9

S} S 4 3 2 1
uscl ABE313-805
E7205 MCH
ELE <3> s
cza 2> e
H21 <1> I
F26 D> e
Cl7 <3> I
B21 <2> I
G22 <I> &
E27 <B> I
1@ 97 6 5
5
e Usci
° E7285 MCH AB6313-005
5| GAD3L aGP sT2| J5 2
g GAD30 ST1 EL/I G T
HREQL 29 GAD23 STo [ HL @ _ST<2..0> 15
HREQB H_REQ4. . B> s 28 2 | GAD2B oo
& D Sg é GAD27 GC#/BE3 ?g 3
6 HXRCOMP 13 u GARD26 GC#/BE2 2
5 HYRCOMP SN R 25 Pl |cAD25 GC#/BE1 [ U9 1
5 HXSWING 13 98 24 4 |GAD24 GC#/,BER [ UL @ G,C,BE<3..@>*@15
& HYSWING HYSWING 1398 23 T1 _|cAD23
3 22 ?Z GAD22 GREQ | J6 15
S RSTIN [~J24 P_PCIRSTx — 30 21 GAD21 GGNT [ KB 15
4 TESTIN p<I1B MCH_TESTx 13 20 PE_|GAD20 GFRAME [ YB 15
g L \ig ]5 GADL9 GTRDY gzg 1s
CCUREF | _BS MCH_GTLREF 1398 GADLB GPAR 1s
3 <] hrd PS 1GADL? GSTOP | _AB1 15
4 HOUREF3 |_ALL 1B RS |cADLE
4 HDUREF2 [ A22 15 REB |GADLS PSWING_AGP1 | U4 AGP_PSWING T 13
=] HDUREF L [ F2L 14 B |GADL4 PSHING_AGPD [ NG 9 NGl
5 HDUREFg [ F24 13 T GADL3
5] HAUREF L | D2 12 U7 |cADL2 PRCOMP_AGP1 | P4 MCH_AGP_RCOMP 1 13
i HAUREF@ | F8 iL US_ |GADLL PRCOMP_AGPR |15 MCH_AGP_RCOMPO i3
i H_AC35. . 3>% 12 UG |GADLA
7 HA3S NE4 35 q 5 S YS _lcAng PREF_AGP1 | T2 @AGPREF TR 15 98
8 HA34 34 8 B _|GAD8 PREF _AGPD U5 ® <4
7 HA33 33 L L jcAD7 -
HA32 32 5 S 1GADE AD_STBFB | Y3 G_ADSTBO 15
HA3L ET S 2 | GADS AD_STBS® [ V2 G _ADSTBOX 15
HA3D 38 4 4_1GAD4 AD_STBF 1 G_AD 1 is
HA29 EE] 3 1 GAD3 AD_STBS1 G_ADSTB Ik is
HA28 EE] 2 Y3 |cAD2 SB_STBF G| is
HAZ? 27 Il Y4 |GADL SB_STBS G K 15
HA26 26 @ AA3 | GADO
HA25 25
HA24 24 15 G_DBI_LO M8 |GDBI_LO
HA23 23 15 G_PIPEX M3 | GDBI_HI/PIPE#
HA22 22 15 G_RBF % 3 |RBF
HA2L 21 15 G_HBF % WBF
HA28 20 15 G_DEUSELk GDEUSEL
HALY 19 15 G_TRDYx GIRDY
HALB 15 15 G_SERRx SERR G_SBAT. . B> (I s
neL = TP_RSU_MCH_ALIA _ AL1A |RSy Yg
HALB 16 —ReL R 0 GCLKIN CK_BBM_MCH
HALS 15 TP_RSU_MCH_Y7 Y7 |RsUD (] 1+
HALA4 14 TP_RSU_MCH_L9 LS |rpsun
HAL3 13
HAL2 12 Ic
HALL 11
HAL® 10
HAg 5
HAB 5
HA? 7
HAB 5
HAS S
HA4 4
HA3 3
HCLKINN | J16 CK_H_ 18P 15331 MCHk TR 14
HCLKINP [ JL7 CK_H_l@B_133M_McH % 14
HADSTBL (HHI H ADSTBL* =y s
HADSTBA [CE H_ADSTBOX 5
RS2 H_RS<2. . @>% 6
RS1L
RSB
RSP
BINIT (HH4 TP BINITx
Ic DRAWING
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cr-1a g 7 | 6 5 4 | 3 2 1
M_DATA_AKE3. . @> M_DATA_B<E3. . @>
1718 22 23
UsCcl usci
E7205 MCH E7205 MCH
CHANNEL A CHANNEL B
63 AEL2 |po_AB3 RSUD |_AH2S TP_mcH_AHz3 63 AM3 |pqa_BE3 RSUD |_AN2S TP_mcH_ANzs
62 AGLL |pa_ps2 RSUD [ AJS  Te_ncr_ATs 62 __AL4 |na_Be2 RSUD [ ANS__ TR_McH_ANS
61 AJLA |po_ABL RSUD [ _AHLZ TP_mcH_pH14 61 __AMB |DQ_BBL RSUD [ ARL2 Te_mcH_mKkiz
6@ AHLL DAQ_AGA RSUD AHLS TP_MCH_AH1S 68 ALB Da_B&A RSUD ALL1S TP_MCH_AL1S
59 AELL |pa_psa RSUD | _AG23 TP_mcH_AG23 53 AN3 |po_Bsg RSUD | _AL25 TP_mcH_ALas
s _AF12 DQ_ASB RSUD AB28 TP_MCH_AB26 s8 AM4 DQ_B58 TP_MCH_AD33
57 _AHL@ |pa_As7 RSUD [U27 Te_mor_uar 57 _AL7 |Da_BS7 TR_MCH_UZ3
s6__AGLZ2 DQ_AS6 RSUD NZ28  TP_MCH_N2B S6 AM? DQ_B5S6 TP_MCH_M32
55 _AGL4 DQ_ASS RSUD H28 TP_MCH_H2B S5 AN Da_BSS TP_MCH_F33
54 AJ13 |pa_As4 DQS_AB 54 AN1L |pa_B54 8
53 AK14 |pa_As3 DQS_A7 53 AN12 |pa_B53 7
2 AKIS Ipa_As2 DAS_AB S2_ALl4 |pqg_Bs2 &
SL AEL4 IDG_ASL DAS_AS S1L_AM1@ |DpqQ_BSL Bl
58_AGLS |Dpa_Asp DQS_A4 Sa_ALLll Ipa_Bs@ 4
49 AFLS |1Da_AR49 DAsS_A3 48 AM13 |DQ_B49 &l 3
48 AELS IDQ_A48 Das_A2 48 AL13 Ipa_B4s Y 2
47 AEL7 |1DQ_A47 DQS_AL 47 ALL7 |DQ_B47 ™M 1
46 AGL? |Da_A46 Das_AB 46 AMIE |Da_B4s Das_Bo [ G 2 2224
45 _AK2@ | Dpo_A4s 45 _AL2@ | pqa_B4s
44 AFLB |Dpo_A44 CMDCLK_A? | _AJE CK_M_133M_P_DDR7_A o7 17 24 _AN2@ | Dq_B44 CMDCLK_B? |_A CK_M_133M_P_DDR7_B T 22
43 _AHL7 |pa_m43 CMDCLK_A7 [NAJ7 CK_M_133M_N_DDR7_A 17 43 AK17 | pa_B43 CMDCLK_B7 [~A CK_M_133M_N_DDR7_B 22
42 AJ1B |pa_p42 CMDCLK_AB [MAGB CK_M_133M_P_DDR6_A 17 42 AN1B8 |pq_B42 CMDCLK_B6E [MAl CK_M_133M_P_DDR6_B 22
41 AJIS |pa_A4l CMDCLK_AE [HAGY CK_M_133M_N_DDR6_A 7 21 AMIS |pa_B4l CMDCLK_BE [~A CK_M_133M_N_DDR6_B 22
40 AELB |pa_p4m CMDCLK_AS 3L CK_M_133M_P_DDRS_A 17 48 ANZ2L | po_B4@ CMDCLK_BS CK_M_133M_P_DDRS_B 22
39 AJ22 CMDCLK_AS 32 CK_M_133M_N_DDR5_A I 33 _AK23 | Da_B39 CMDCLK_BS CK_M_133M_N_DDR5_B 25
38 __AHZ22 CMDCLK_A4 [MK25 CK_M_133M_P_DDR4_A 17 38 _AKZ4 | pQo_B38 CMDCLK_B4 CK_M_133M_P_DDR4_B 22
37 AJ2 CMDCLK_A4 (\J26 CK_M_133M_N_DDR4_A 17 37 AKZ6 | DQ_B37 CMDCLK_B4 CK_M_133M_N_DDR4_B 22
36 _AJ2 RSuUD FAFLG TP_MCH_AF18 36 AN26 |Do_B3s RSUD TP_MCH_AC2S
35 AG2 ] 35 AL23 |Da_B3S RSUD TP_MCH_AD2S
34 Al TP_MCH_AK21 34 AN24 |pq_B34 RSUD TP_MCH_AF31
33 A RSUD [NAJ2L _ 33 _AM25 |DQ_B33 RSUD TP_MCH_AF 3B
32 CMDCLK_AL [MAE22  CK. _P_DDRL. A [=TTS 17 52 AL26 |Dpa_B32 CMDCLK_BL CK_M_133M P_DDRL_B STy 22
31 A CMDCLK_AL Haf22  CK. _N_DDR1_A 17 31 A DG_B31 CMDCLK_BL CK_M_133M_N_DDR1_B 22
30 A CMDCLK_AB [FAF24  CK_ _P_DDRO_A i 3 A Do_B30 CMDCLK_B@ CK_M_133M_P_DDRD_B 22
g A CMDCLK_AR [~AG24  CK_| _N_DDR@O_A 17 g - CMDCLK_BA CK_M_133M_N_DDRO_B 22
28 A 268
27 A CKE_A3 | K31 27 CKE_B3
26 A CKE_A2 26 CKE_B2
25 A CKE_AL M_SCKE_A¢3. . B> 17 19 25 CKE_BL M_SCKE_B<3..B> 22 24
24 Al CKE_AB 24 CKE_B@
23 23
22 rsun |_AMI TP_MCH_AMG 22 RsUD |_ANB TP_MCH_ANS
21 MA_AL2 21 MA_BL2 [ R29
20 MA_ALL 20 MA_BLL
19 MA_ALB 19 MA_BLO
18 MA_A9 18 MA_B9
17 MA_AB 17 MA_EB
16 MA_A? 16 MA_B7?
15 MA_AB 15 MA_BE
14 MA_AS 14 MA_BS
13 MA_A4 13 MA_B4
12 MA_A3 12 MA_B3
L1 MA_A2 L1 MA_B2
1o MA_AL i) MA_BL M_MAA_B< 2. .0>
E] MA_AB E] MA_BB 2223
8 B8
7 AH2B 1 7 AG2B 1
£ EE:% ETE s BS_Al. . ®> 1719 £ gg:gé T M_BS_B<1l..@> 22 24
S S
2 cAS_A hANL4 M_CAS_Ak 1719 2 CAS_B |NAEL3 M_CAS_Bx 22 04
3 BAs A <ALLE M_RAS_AK (ST g 3 BAS B <AMLE M_RARS_DX SIS o)
2 WE_A RAMLS M_WE_AX 719 2 WE_B [RANLS M_WE_BX 22 24
1 1
a a
1817 -M DATA_CB_ AT ; e 2322 EM DATA_CB_B<7 ;
5 AG2 5
s AE2 5
4 AE2 RCUENOUT_A {~AH31L RCUENOUT _Ak 13 4
S e peu| 3
2 AG2 DRCOMPUREF _H |_AK32 @ DRCOMPUREF _H_| 13 2
1 _AF2 DRCOMPUREF_U [ AT3L ¥ pei| 1
@ AF2 8
ODTCOMP |_AG33 ODTCOMP 13
=0 13 [[)YLP2S MCH UREF A ac3o < 13 [Ty YLP25_MCH UREF_B
DRCOMP_H |_AK33 DRCOMP_H 13
g8 78 [T ) Y=2PS_SM L24 |DDR_STRAP DRCOMP_U [ AT33 DRCOMP_U @13 iC
© MCH
DRAWING
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CR-11 g 5 5 4 3 2 1
LsC1
C1UH
ss 5 [T YU=LP3_CORE 1 2 VCCAFSB 1
125e nat IND 1
@B@s 721891 -804 ?m@u 202341 -002
207
6.0V
Lsc2 /|: ;ggg "644502-BAL "
. 1UH = =
ssss [T U=LP3_CORE 1 g 2 VCCAMT [STTY 11 98 78 Vo2PS oM
721891—8194]3 C 202341002
180U C5C14
%%y Sy
2 ;ggg "644502-0@1 " Iégg
603
) ) UscL
E7205 MCH
_1P3_CORE
5886 [IN-=t—==rse—— _ POWER
P14 |ucc UCCDDR | B32 ¢
Pl lucc UCCDDR | D38
RIS fucc UCCDDOR 28
RLY lyccC UCCDDR [ H26
?3 ucc UCCDDR 423
vcc UCCDDR [t b
Ti6 Jucc |& UCCDDR [ K38 ¢
T18 fucC |, UCCDDR | L23
Ul7? lucc | ¢ UCCDDR 24
U8 Jucc UCCDDR 28
Vi4 lucc UCCDDR 23
Vit Jucc UCCDDR | P24
VlB Jucc UCCDDR | P26
S _Jucc UCCDDR | P32
ucc UCCDDR [ R23
ucc UCCDDR %‘
vcc UCCDDR b
vee | UCCDDR Hgi
vce |f UCCDDR
uscl UCC |y UCCDDR [ Y28
hoTTERr vee |© UGChDR [v2a
HUB INTERFACE Uec JechpR Y26
13 [TR) HI-AUSKING AD2 | pSWNG_A RsuUD |_J21  MCH_J21_PU ] 13 E 55
98 13 HI_AUREF AREL |pPREF_A RSUD | _J28  McH_J2B_PU 13 UCCDOR =
13 HI_ARCOMP ACL PRCOMP_A UCCAFSB oiE UCCDDR
ARG J23 PWRGD_3V 11 UCCAFSB UCCDOR
f-ail PURGD <] er 11 UCCAHT ULS | uccAHT UCCDDOR
HI_AG RSUD | Y1l TP_MCH_YLL _ UCCDDR
29 HI_AB RSUD | W1l TP_MCH_WLL se 87 [N Y=LP5_CORE 2 vccace VCCDDR
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EE] S/, 263K RP4HS
SM ic 2 2 7
S5 CPACEED
RP2G3 El Ic
1 3 =} >
EEJRMAACTAEEN ¢ RP4GE
SM ic L 2 7
ES EPACEED
RP1G1 SM Ic
2 1 8 >
EE] Sy 0630 RP 4GS
22 18 SM ic a 1 8
S6 Sy 063W
SM ic
RP2HB
3 3 =}
S5 S7. 063U
<M ic
M_RAS_Bk 3 RPEGEB
1a — — a 2
[BIND 56 Sy 0630 4
SM ic
BRD4H55 L
M_CAS_Bik 56 Sv. 63U
o O 55 S/, 063K .4 SM ic
El ic
RP2H5
@
RP4HE ;
1o M_WE B 2 7 SE CPACEED
= 56 S D63W =M ©
E ic
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DR CHANNEL B

V_1P25_MEMUTT

CAD NOTE:
PLACED AT LEFT

END OF UTT ISLAND

1P25_MEMUTT

U_

Il
g
@
a

DECOUPLING CAPACITORS FOR DDR TERMINATION RESISTORS

CH B DDR DIMM DECOURPLING

REV

25
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Rz g & s | 4 | 3 | 2 1
[Eygent
ICH4
41 383615 P_INTA 0S5 ~ PIRGAK AD<31> 36 37 38 39 4B 44 S5 60
56 41 38 36 L5 — B C2 < pIRGEw AD¢3E>
44413537 — C B4 pIROCK AD<29>
413837 — D A3 PIRGDN ADc2E>
41 4@ 39 26 — E CB < PIRCEX/GPIO2 ADC27>
50 41 4033 37 = F 07 9 PIRGF%/GFIO3 INPUT ADC26>
a1 4@ 39 =7 = G C3 | PIRQGK,GPIO4  ONLY ADc25>
41 49 33 35 — H C4 < PIROHK/GPIOS AD<24>
ADC23>
3 P_REQ<4. . J=[=)
B8 S8 42 41 4@ 39 REGk<4> ADc<22>
CED C7 < REGK<3> AD<21>
B3~ REQK<2> AD<20>
A2 4 REGK<L> ADCLI>
Bl ~ rREQHK<D> ADCLE>
a4 41 P_REQS% AB < REQE*/REQSK/GPIOL INPUT) ADCL7>
a1 P_REQAX B5S < rREQAN/GPIOE ONLY AncLE>
ADCLS>
4 DB~ GNTH<a> ADCL4>
3 B7r4enNTxe3s> ADCLE>
2 Eg GNT*<2> ADCL2>
1 GNT*< 1> ADCLL>
a4 P_GNTS5x 2@ CLGNTH<D> An<La>
a1 P_GNTA* 1 C5 < GNTS#/GNTE*/GFIOL7 OUTRUT| AD¢3>
42 58 1 EB < GNTAX/GPIOLE ONLY. ADCE>
5844 41 4@ 30 36 27 36 P_FRAME K _ ADc7>
S5 4441 483935 37 35 CBTY P_TRDY>* é FRAME ¥ ADE>
55 44 41 4@ 39 35 37 36 P_TRDYX F2 iggii ngzi
554441483938 37 36 P_DEVSEL X 3 DEUSEL* AD¢S>
=14) =
64441 a0 39 35 97 58 ST 9 B_STOPX EIQ e ap<as
50 55 44 42 39 35 37 36 B PAR Gl par ADC1>
5644 41 48 39 35 37 28 E_PFRR —g PERR AD<@>
PLOCK* P_C/BE<3. .B8>% - = =
41 4@ 39 35 37 36 P_PLOCKx S SERRK C/BE< 3> (L) 3537383940 445550
e Jg PHEx C/BEx<2>
5544 41 48 39 35 37 36 B PCIRSTH C/BEX<1>
58 <D PS A pcrcir C/BEX<E>
S5 44 4@ 39 38 37 36 1S P_PMEk
Ic
)
14
UvrGl
ICH4 _TDE_PDDOCIS. . @ 1cHa I1CH4 TDE_SDDKIS. . @
=2 @ = = - 15 PDO<1S> spDc1s> | YL7 = - @ =
14 PODC 14> SoDcla> | ARLY
13 PDDC13> SDD<13> | Y16
12 PDD< 12> 3DD<12> | ABLB
1L PDDCLL> SOD<LL> | YIS
12 PDD<1@> 3DDc1@> | AALS
2 9 |poDcas spocas [ ACLS
8 AB9 | ppocas SDocaE> | Y14
z ARB | pDDc¢7> 3DDc7> [ AAL4
5 Y5 |roDes> spoce> [ Wid
s ABS | ppocss spoes> | ABLS
4 AR PDD<4> 5pOc4a> | WIS
3 AR PDDCE> spo<s> | ACLB
2 Y PDD<2> Spocas | WLE
L Ac PDDCL> Spocl> | ABLY
2 AB PDD<?> Spoca> | WL7
=2 C WL2 ~ PDIOWK SDIOWx (YAALS CH4_ D IOl 52
32 gl Y12 poDACK«  SDDACKK [SABLS CHA_TTIE TDACEK 32
32 [ AAL1 ™ pporea sporeq [ZABLS CHA_TDE JDREQ 32
32 C ACL2 ~ pDIORK SDIOR (Y15 CHA_ TOR 32
22 C ABL12 ™ proRrDY s1orpy [ZACLY CHA_TTI ORDY 32
o a612 | eoam coem |_AAZB @ CHA_TDE_SDAKD. . @> BT =2
1 ABL3 PDAL sSDAL AC22 L
22 (BTy —LCH4_IDE PDAa. .0 [ Fere e
. ICHA_IDE_PDCS1% Y13 A pocsix sDesLx |NAB21 ICHA4_IDE_SDCS1x .
=t @ TCHZ4_TDE _PDCSOx AELZ " pocaIm SDeasy pRAcos TCHZ_TDE _SDeSok @ ey
IRala |ACL3 ICH4_IDE_IRQLA .
IRals [ AALD TCHZA_TDE _IRQLS %az
Ic
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w27 g 7 5 | s 4 3 2
DESIGN NOTE:
SITE MAY BE EMPTIED IF SIGNAL FROM PORT
ANGELES IS ROUTED THROUGH FP_RSTx AND
IF INTERNAL PULL-UP IS SUFFICIENT,
DUPLICATE EMPTY SITE NEAR PORT ANGELES
ISOLATED BY EMPTY B8 OHM RESISTOR.
1 R7H3 2
u7GL 54 (I Y=3R3-5TBY -~ S5
ICcH4 [ so3  cn
© g9 APTCCLK — GPIO0E | _R2 ICH GPI6_GPIO7_PU TN | 32
£ pég APICD_B ) j GPIOT 53
DC_DWN_ENAB
APICD_1 % g GPIOB L3 @3@ 43 67
s ICH_H_STPCL Kx Y23 ~ STRCLKK - ~cproiz | VS 10 SMIxk 61
am an55 ] 2o Shioi 3 TR 4=
U21 < cpusLPx
ngg CPUPWRGD 5} GPIOLB Lfé TP_GP0O18
2 INTR GPIOL3 TP_GPO19
5 QQUT}H-H=2arbk V21| o 0-) Cproan (WIS TP _GPaen
W23 ~ sMIx =5 cpro21 573 TP_GPORL
W21 IGNNEX 8 GPIOZ22 Y20 ICH_GPO22_PU @3@
LS P Eeen COAGATE Y25 fopcate GPro2s [PI2L TP GPORS
& QUT—+— 98 51 KBRS T U22 ~ RCIN 5 CGPro24a HAC2 TP._GPI024
76 H FERRX AA2L | FERRN O cpross [FV2 TP GProzs
V22 4 INITx ,: GPIO27 ﬁﬁ TP_GPIO27
GPIo28 GPIO_LAN_DISABLE:XK 27 44 74
57 QOT}-H-FURGD 985156 OUT] FR_TRQ J22 |serIra L SLP_S3xk SE L 67
SLP_s3% (MY4 SLP_Sdxk &7
939866 6156 ¢ BT YL FRAME X TS5 () LFRAMEX/FWH4 SLP_Sax pyY2 TP_SLP_S5x
H_INTR 61 L__DRQx U3 ~ LDRGD* SLP_ssx [<AA2 ICH RI_PU 30
5 LUT TP_ICH_LORQL GPIBk U4 < LDRQ1K RIx P{YL ] SW_ON>k 70 74 75 96
PWRBTNx P<AAL f
LADB/FWHB SYS_RsTx Y3 FP_RSTok N]s 7™ o5 10

LADL/FWHL LANRSTX PYS o GPIO_LAN_DISABLEx* 27
5 QUT}-H-NHT LAD2/FKH2 TPo [YAB2_ 1 ICH BATLOWPU 30
LAD3/FWH3 SUS_STATx/LPCPD [HAB3 ICH_SU TAT 6198
URMPWRGD [ZVY19 ICH_URMPWRGD 30
SUSCLK THERMTRIPx (HW28 H_THERMTRIPx* 67
96 LOUT LCH_H_ oMk THRMk UL ICH_THRM_PUbx 30
50 [TRS_LCH-INTRUDER_HDR W6 ~ INTRUDER*
3 TCH_RTCRST_PULLUP W7 < RTCRSTx SMILINKR | _AC3 @ SMB_CLK_RESUME [OUT> =6 =7 28 39 40 44 57 98 68
5 H_TGNNEx o7 PLRGO_3U ABE ] puRoK SMCINK: [ ABL T
<Ot — &7 RSMRS Tk ARG ~ RSMRSTx SMBDATA | AB4 é SMB_DATA_RESUME [OOT) 35 37 38 39 42 44 67 68 98
81 U_3P@ BAT URFG ABS M yccrTe sMBCLK | AC4 ]
30 URTA Y6 lusiAs SMBALERT/GPIOL1 [HAAS SMB_ALERT_PU TN 39
H_INITx S8 ICH RTICX1 BC7 | Rrcx: <]
56 & QOUT}--= 30 TCH RTC ACE | rTcxa sprr | _H23 PKR (BT 304859
V28 N cLki4 | J23 K_14M TCH
ua3 N < 4+
ic 1
1 R7HS
1 10K
R7HT n
10K s
5% 2
R EMPTY
DESIGN NOTE: =25 1
UN-STUFF RESISTOR FOR ALL =
SKUS USING INTEL DESIGN/GLUE4.
FOR INTERNAL DEBUG PURPOSES. -
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crR-28 g - IS 5 4 | 3 2 B

[Veletc]
U7GL I ( 4
1CH4
as [UCC3-3
B2 |UCC3_3
HE UCC3_3 Uss D22
JL 1UCC3-3 uss [CAca3
K6 lucc3_3 Uss | ACL8
Mi@ |UCC3-3 uss [CAcia
PBE_lucc3_3 Uss | _Acla
1 1ucc3-3 USS [[ACS
Pl2 |UCC3_3 Us5 [CACL
UlD |UCC3-3 uss [_AB28
ULE |UCC3-3 Uss [[AB7
ULB |UCC3-3 uss [(An22
AcB |UCC3_3 uUss [(An16
ACL7? UCC3_3 Uss ARL12
HIB |UCC3_3 Us5 [(Ang
JI8 |UCC3_3 USS | _AAR3
Uss Y19
54 [T U_3P3_STBY ES |UCCSUS3_3 Uss [ Y7
FS 1UCCSUS3-3 Uss [W22
ELL |UCCSUS3-3 Uss [(WB
1o ]UCCSUS3-3 Uss [WS
US 1UCCSUS3-3 uss [ M28
UB 1UCCSUS3-3 uss [[UL7
U7 |UCCSUS3_3 uss [ VLS
FIS |UCCSUS3-3 uUss [U3
FLE |uccsus3_3 uss | T23
Fl7 |UCCSUS3-3 Uss [ P22
B8 |UCCSUS3-3 uss [ T19
4 |UCCSUS3C3 Us5 [[TL
Uss R21
e 67 [T U_1PS_CORE 18 |ycci_s Uss | R1B
12 luccl_s UsSs | RS
18 lucci_5 uss | Pz
22 1UCCL_5 Uss [ P13
PIB |UCCLI_S Uss [ PLL
T8 |UCCL_5 Uss [ P3
5 g UCCL_5 Uss gj
UCC1_5 uss >
+ l%EEE(JBHSF L23 |UCCHI® USS ]
2201 14 |UCCHIL Uss 4
225 PLB |UCCHI2 uss 3
o EbFe T22 |UCCHI3 vas 2
"281307-001" 54 [T Y- 1P5_STBY F6 |UCCSUS1_S Uss a
L . F7 1UCCSUS1-5 Uss >
El2 |UCCSUSI_5 uUss 3
R6 |UCCSUS1_5 Uss 2
T5 |UCCSUS1_5 uss 1
U6 |UCCSUS1-5 uss
G1B8 |UCCSUSI_5 uss [[M22
EL3 |UCCSUSI_5 UsS L2l
Fl4 JUCCSUSI_5 uss [[Li4
20 |UCCSUS1I_S Uss [[L13
V_REFSY E? vag ot
&7 _| Py USREF 1 Uss [ L
o h VB |USREF2 Uss | Lig
UsSS [ K23
57 [Ty Y=REFSV_SUS ELS |USREF_SUS uss [[U2B
uss S
8 88 [TR)—2CCP Py PL4 |Y_CPU_IO USS 3
A Ve S vag et
AA23 |Y_CPU_IO Uss
Uss
98 87 VCCPLL Uss T
Uss
Uss S
Uss uss
USS Uss
USS uUss
USS Uss 2
USS uss 1
USS uss E]
UsSS uss E]
USS uUss 7
UsSS uss 5
USS Uss 4
Uss Uss %
USS uss 3
Uss Uss 1
USS Uss =]
Uss uss i
USS Uss S
USS uUss 2
USS Uss
UsSs uss
! - ICH POWER/GND
C11335-801 DRAWING
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CNR | FP | BPL/LAN | 8PR/1384 | SIGNAL NAME FROM ICH
x LSB_BACKL: LSEPB
x USB_BACK2: USBPL
x UsB_BACKa: LsEP2
x LsB_BACKa: LSEP3
X USB_FRONT1: USBP4
X oPTy| X LUSB_FRONT2: _CNR LISBPS
uvrG1
ICH4
o> HI<11..8> @1129
HIC1>
ES) U usBP_a HI<2>
33 US| USBP_@k HI¢3>
a3 U USBP_L HI<4>
33 US| USBP_Lk HIC¢S>
35 B g N USBP_2 HIC<E>
35 USBP_2x HI<T>
35 g CR4 USBP_3 HI<B>
35 U CR Ak USBP_3x% HI<9>
7435 g ONTT USBP_4 HI<1@>
74 gg B 8 éfCNR Eggg:gw HI<L1> HI<L11> (B L2
35 UsS ONTZ2_CNRx USBP_Su HI_sTBs | P21 HI_STBS 5T it
it HI-STBE @11
[ D USB_OC_BACK_LEF T
83 QCx<B>
— USB_OC_BACK_RIGHTx ockiss picome | R5e FEGtNe—Ten =
_OC_ - ock¢2 HISWING - —
= D I HIREF [ M23 HT_UREF_TCH 3%
34 @ USB_OC_FRONT* 0Ck< 4> cLKBE |_T21 CKCHBL_BEM_TICH 14
OQC*<S>
P_ICH_GP GPI032 LANRXDD | AlD C R 31
P_ICH_GP GPI033 LANRXDL | A3 Cl 31
P_ICH_GP GPI034 LANRXD2 | ALl Q 31
i— g’—gi GPLO35 LANTXDB g S % 46 31
_ICH_ GPIO36 LANTXDL 4631
32 [T BOARDID<A. . @> o cprosr LanTxp2 [ Al2 C 46 31
L PIO38 s LANRSTSYNC | BL1 C 46 31
2 PIO39 LANCLK | _CL1 Cl 31
3 GPIO04@
15 AGP_PRO_PRSNT 1 H21 | Gproar Ee_pIN | D11 Cl 31 46
15 AGP_PRO_PRSNTZ F22 GPIO42 EE_CS DiD C 31 48
32 BOARDID< 4> E23 |cpross EE_SHCLK | C12 C 31 48
CK_48M_ICH USB Fig Pramni c sesee
L D _48M_ICH_| cLK4s -
i ACSYNC AUD_L INK_SYNC_R 30
ACSDOUT AUD_L INK_SDO_R 3066
ICH_USB_RBIAS B23 ~USBRBIASK  ACBITCLK AUD_L INK_BCLK 43 48
ACRSTx UD_L —RSTk 43 48 67
USBRBIAS ACSDING AUD_LINK_SDI® 43
ACSDINL UD_L _SDT1 43
ACSDINZ UD_L _SD 43 48
IC
CAD NOTE:
CAN BE _SHORTED TOGETHER CLOSE TO
ICH WHILE KEERPING TOTAL LENGTH
TO RESISTOR LESS THAN 588 MIL
R6GB
2.6
603
_DRAWING
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crR-38 g

6 | s

w

[ SPARE

TR_RPAK_1BK_PU_2

TP_ICH_1BK_1

ICH_GPI6_GPIO7_PU

[OUTD
U 27

OPEN-DRAIN

UCC3

RSGE
5'/
EMPTY

CDC_DWN_ENAZ

ENABLE NO_REBOOT MODE
DEFAULT JUMPER EMPTY ‘

DEBUG ONLY uees
A

DESIGN NOTE:
ATTACH SUTITCASE JUMPER TO

STUFF FOR CNR ONLY
(NO AUDIO DOWN>

DESIGN NOTE

STUFF FOR AUD/CNR

VU_3P3_STBY

U_1PS_CORE

U_1PS_STBY

VU_1PS_CORE

N

U_3PR_BAT_UREG

3
> HI_UREF_ICH {5828

1 REG1S2
- - S
ChD NOTES:

PLACE 8. B81UF CQP NITHIN @ 25" OF’
DEVICE PIN <(MCH, ICH
PLACE @. 1UF CQP CLOSE TO RESISTOR CIRCUIT

L -

VU & CRB ONLY]|
EVALUATION
R7GS

P_PCIRST_ICHx ;

2
603

STUFF CAP FOR EMI IF NECESSARY

L?ESIGN NOTE:

BOARDID(4. . B>

DESIGN NOT?]{

CAD NOTE:
PLACE AT SOUTH END OF THE BOARD

DUAL FOOT PRINTED WITH THE CUSTOM INTRUDER HEADER

AUD/NO-CNR,

—‘ 20 JCH_EE_DOUT_R 1 R7GS 2
Sy

1K
‘ E03 EMPTY

CAD NOTE:
BACKSIDE COMPONENT

IBH3
1X3HDR
1

ND*QUD/ND*CNJ ‘

‘ o8 88 mb{

u_mersu_sus
‘ 57 1D

CAD NOTE:

3027

DEFAULT:

* =

81

1

PLACE ALL WITHIN 4@ MILS OF ICHA4.

CLEAR CMOS

TP_CLRCMOS
ICH_RTCRST_PULLUP

SERIES TERMINATION FOR SOFT AUDIO
s [T AUD-LINK SDO_R 1 R7CB 2 aup_i1nk_spo

20 4. 7UF
16U
50
1205
c7G1L

L 2
207 4. 7UF

EMPTY
120

OUT> 43 48
33 54
883 cn ‘

1 R7G7 2
=) @RUD,LINK,SYNC,R AUD_L INK_SYNC @ 43 48

33 S
‘ ‘ 603 CH ‘
CAD NOTE:
PLACE CLOSE TO ICH ]
UBIAS
[oOD 27
crm7 1 R7H122

V_BAT_VREG_R_CR

1@M
523

S%
cH

XYTHL

Ui

7 AS2705-083
M SOCKET

3 1

32. 768KHZ SOCKET

gH2
ses 2 OUT 1X2HDR 1@7555-102
1
2 «‘—l@% 519601 -081
p > HDR =
1 REGLL 1|ReG? 1|RE6G14 1|R6GIB 1[REGS 7
1K 10K 1K 10K CAD NOTE: ‘ l—-IO_LRTCXl 27
SA 54 5v 54 7 PLACE AT_NORTH END OF THE BOARD
2|EMPTY 2| CH 2|cH 2|cH 2| cH J8H2
B3 603 683 603 6B3 1x2HDR 107555-102 ]
L L 1 L L P 1 2 ICH_RTCX2 .
HDR =
U_3P@_BAT_UREG ! RBH2 2 ICH_INTRUDER_HDR 27 7s
L O 33BK - Sx oo
c03 CH
1 RSH3 2 @ ICH_RTCRST_PULLUP 5oy a0 27
22K Sy
E= 0N ICH TERMINATION
SMB-ALERT-PU__[OOT) 27 1o DRAWING
ICH _RI_PU oo 27 > iég NGRUP. SCH__1. DOCUMENT NUMBER| PAGE | REV
I1CH_BATLOW_PU [Ty 27 603 Wed Oct 23 lB 38 46 2002 A95397 30 1.5
8 - | 5 5 | 4 3 | 2 | 1




R-31 g 7 & s 4 3 2 1

LAN CONNECT INTERFACE <LCI> TO CNR

CNR STUFFING ORPTION FOR LAN-UP SOLUTION

RPEF2
46 29 ICH_LAN_TXD@_R 1 8 ICH_LAN_TXD@_CNR a3
BN 33 Sy B3N o>
ICH_LAN_TXDL_R o o oRrEe, ICH_LAN_TXD1_CNR
e D= 55 Ve oean s oD+
ICH_LAN_TXD2_R 4T 2 =" * ICH_LAN_TXD2_CNR
4629 [I-=r==H= = = AT ==H= = [5oD +=
ICH_LAN_RXDA_R " Ry ICH_LAN_RXDA_CNR
_| | a_| _| _| B_!
028 L 33 5. BESKW @43
ICH_LAN_RXDL_R ED P " * ICH_LAN_RXD1_CNR
46 29 | — = | | =! 43
am 5 VWV, oeam e
ICH_LAN_RXD2_R o DN ICH_LAN_RXDO2_CNR
46 29 | — = | | = 43
am 55 Ve oean <
ICH_LAN_RST_R R85 o i ICH_LAN_RST_CNR
B D 55 VWVe oemn — fouT> “2
ICH_LAN_CLK_R " LRy ICH_LAN_CLK_CNR
46 29 — — — — — — 43
<00Th = S osan <
SM I1c

DESIGN NOTE:
LAN CONNECT INTERFACE TO 82562EX/EZ CAN NOT BE STUFFED CONCURRENTLY
B2562EX/EZ IS A DESIGN ENGINEERING EUVALUATION FEATURE

| RP?FEB
ICH EE_DIN_R ICH_EE_DIN_CNR
23«5 QUT} 5 A= <<
SM Ic
5 RP?FE{?
23 CH_EE_DOUT_R 1CH_EE_DOUT_CNR 43
[BEiD g o A= oD
sM Ic
4 RP?F25
29 CH EE_CS.R ICH_EE R 43
> > AT oD
SM Ic
5 RF’7F26
23 CH EE_CLK_R IcH_EE_CLK_CGNR 43
o 5 AT oD
SM Ic

DESIGN NOTE:

@ OHM SERIES "RPACK"
CNR EEPROM IS IN PLACE
OPTION OF STUFFING CNR W/LAN,
BYPASSING 82562EX/EZ LAN DOWN
LAN CONNECT INTERFACE STUB REDUCTION.

TCH LAaN L INK
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DESIGN NOTE: 26 [IN> —LCH4.IDE_SDD<iS. . @
ERIES RESISTORS INTEGRATED INTO ICH: 25 [T ICHA_TDE_PDD<IS. . B>
UFS UARY BETWEEN 18.7 OHMS — 38.2 OHMS
2 R5J4 1
33 =4
=
uces Js5J2
A IDE_RSTx 2X20HDR 20
57 | 1DE_PRI_RST.R L 2
L RTHS => a E i1 s | |PRIMARY IDE
5] g
AL 5 = = 2 CONNECTOR
ses ICH4_IDE_PDDREQ : i ) i
— | 3 11 12 12
26 @ 2 13 14 13
L 15 16 14
20 [T LCHA_1DE_PDIOKX L is ig 14
p=]
ICH4_IDE_PDIORX En 22
26 m 23 24
25 26
25 (QOT}—LCH4_I1DE_PIORDY = =
239 38
R7H1O ICH4_IDE_PDDACK® ET 32 tp_roc_pRr_2
2 21 * I 33 34 GPIO_DMAGE_DE TECT_PRI 5ryry s
B.2K 5% o5 ICH4_IDE_IRG14 ° 2 22
603 cH <OUTH A 4 37 36
39 48
25 [Ty LCHA_IDE_PDACI> o
26 [T LCH4—LDE_PDACD) - 1DE_PRI_ACTKETTY 67
2 RAHI 1
25 [T LCHA_IDE_PDCS1% —
683 CH
25 [T LCH4_IDE_PDCS3x% =
vcc3
5 ICH4_IDE_PDA2> 2
A m RS2 " "= 1B
2 1 = _—
2 REHB = ToH1 CAD NOTE:
a7 S & 2X20HDR_20 PLACE CLOSE TO CONNECTOR PIN
BB83 CH IDE_SEC_RST.R L 2
7 3 4 B
25 (QOT}—LCH4_1DE_SDDREG 5 B 6 5
> < o 21 SECONDARY IDE
20 [T LCH4_IDE_SDIOKK = = 12 1L
2 I 5 =1 CONNECTOR
ICH4_IDE_SDIORX T 15 16 T2
= IE a 17 18 15
p=]
25 (QOT}—LCH4_I1DE_SIORDY 18 o
23 24
1CH4_TDE_SDDACK* 55 26
2 REHT 1 s I o7 26
S = 29 30
55.82; EQ 25@ ICH4_IDE_IRQLS é 3L 32 Te_toeseC_s2
55 54 GPIO_DMAGE_DETECT_SEC 577y 66
25 [Ty LCH4_IDE_SDACL> 55 =6
37 38
25 [T LCH4_IDE_SDA®> 39 48
HDR &
25 [T LCHA_IDE_SDCS1x% - IDE_SEC_ACTX [mry er
25 [T LCHA_IDE_SDCS5% 2 R4H2 1
1]c4aH33 15K sy
25 [T LCHA_IDE_SDAC2> o eaTur sos o
2| ghpry
683
R 1as
CAD NOTE:
PLACE CLOSE TO CONNECTOR PIN
CAD NOTE:
DATA LINES SHOULD BE MATCHED TO STROBES («(XDIORXs WITHIN +/—-25BMIL
STROBES SHOULD BE MATCHED TO THEIR COMPLEMENT WITHIN +/—108MIL
DRAWING
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S] S 4 3 2 1
USEB BACK PANEL HEADER (LEF TS
DESTIGN NOTE:
STUFF INDUCTOR OPTION 1 R4Ba 2 - - -
FOR EMI ISSUES .
FItN DESTIGN NOTE:
L4B2 CONNECTOR STUFFING OPTIONS:
9BOHM DEFALLT: USE A74307-0@L WITH GIGRBIT LAN (B2S4PEP) DESIGNS & () LSE
IND 4PIN OPTION: USE A74314-@81 WITH 1B,10@ LAN (82S62EX/EZ> DESIGNS & (2> USB
23 (FT) USB_BACKLx S 4 | USB_BACKL R OPTION: USE 749193-@@l DOLBLE STACK LISE
- 3347 749193001
as (T USB_BACKL e | 3 | USgBACKL_A i a3 [Ty YREG_USB_BP_LEFT o LA
IND ‘
752482-083 1 g
USB_BACK2_Rxk 2
1 R4BS 2 Yo Y i USB_BACK2_R 3 §
563 EMETY EMPTY EMPTY 33 47 8 L
— As3pvs-oaL — Asapvs-oL o
DESTIGN NOTE 5 1L
4733 USB_BACK1_Rxk 6
STUFF INDUCTOR OPTION 1 R4Bp 2 o % USB_BACKI_R ¥
FOR EMI ISSUES - Yo g I
603 EMPTY
L4B1 EMPTY
SPOHM
IND 4PIN
29 @ USB_BACK2x% oo 4 USB_BACK2_ Rk NOTE : 1
- ‘ SIGNAL PINS SWAPPED TO ALLOW
25 (BT USB_BACK2 fery ¥ | 3 | UssggRCK2_R OVERLAP WITH COMBO-CONNECTOR
IND
752402-009
1 R4B3 2 ECRAEll 2CR4521
583 EMPTY EMPTY EMPTY
— AS3P75-001 — AS3P75-0PL
‘ CAD NOTE: ‘
PLACE DUAL-DIODE COMPONENTS
NEAR USB CONN
oaume. DOCUMENT NUMBER| PAGE | REV
Wed Oct 23 1B:38: 47 2002 A95397 3z b.s
8 7 =) =) 4 3




R34 g 7 & s 4 3 2 1
" - = = == - - _ —=--" —_ = - = - —- - = - - = 7 Y 0 0 " = — - - - - —/
|CAD NOTE: ‘ S —
| TRACE ROUTING IS 7.5 MIL, 7 MIL smcmﬂ : ‘
‘. _ __ _ __ _ __ _ __ _ _ _ PLACE MIDWAY BETWEEN THE FRONT PANEL HEADER (2X5) & CNR.
‘ RUN MUST HAVE 5@ MIL TRACE (FOR POWER> TO BOTH LOCATIONS. |
USB_CNR_PWR ‘
I oD +2
vee DESIGN NOTE:
| Qa1 STUFF FOR
514501DY "MB WITH FUSE" ‘
| L 51 oevle FRONT PANEL
81 VREG_USB_NCH 2 161 DRN | 7 SUPPORT 657448-004
‘ - BEE%PESES—;?Ji 2 o g ERNv-il USB_FNT_PWR ‘
81 — — G2 DRN rY rY = = @35 T4
H ®
| iC THRMSTR ‘
| CAD NOTE: ’ﬁ%ﬂL - jise - +[1E3DL !
.1 INCH COPPER ON e
DRATN AND  SOURCE DESIGN NOTE: ‘ géggc ‘
|
STUFF _FOR . .
"MB WITHOUT FUSE" 201507 o1 ‘
‘ FRONT PANEL =
SUPPORT ‘ ‘
|
a 1A
‘ ‘ 805 EMPTY !

54 [TR)--323.STBY

IMPLEMENTING THE B OHM FEATURE ASSUMES FP CARD HAS A FUSE

IN LINE WITH THE UOLTAGE SUPPLY !
|

DEFARULT: FUSE IN CIRCUIT FOR USB FRONT—PANEL POWER!

57 [IN ) FHRGD-2U

USB_OC_FRONT* sy 25

Q7E1L
MBT39@4DUAL |3

USB_OC_FRONT_Rx

ss [Ny

USB_OC_CNR*

43 [

usB FP HDR ~ POWER

DRAWING
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cR-35 g

v

1a25 Ty USB-FRONTL

DESIGN NOTE:

INDUCTOR OPTION IF NECESSARY L R1A3 2

AFTER EMI VALIDATION

[4] 1A
603 EMPTY
L1A3
SBOHM

IND 4PIN
=) @ USB_BACK3 1 RN, 4
5 (BT USB_BACKG* 2 || 3 ! Py S1 il
FE IND cpmal Ecmm
1 Ripa 2 ‘ EMPTY EMPTY

DESIGN NOTE

INDUCTOR OPTION IF NECESSARY L R1A2 2

— AS3075-DO1 = AS3075-001

1A
603 EMPTY ‘

DESIGN NOTE:

AFTER EMI VALIDATION

2 1A
E03 EMPTY
LiA2
SBOHM

STUFF SPARK GAP DEVICES (DUAL-DIODE
‘ SYMBOL > FOR ESD PROTECTION.

IND 4PIN
25 (GTy USB BACKx 1 ) 4 i

I 3557
20 (T USB_BACK4 2 | | 3 35 57

IND
T e | e

1 RipE 2 EMPTY EMPTY

VA — rs3075-B0L — As3o7s-BaL

603 EMPTY CQD NOTEH

PLACE DUAL-DIODE COMPONENTS
NEAR USB CONN

UsSB FNT PANEL HEADER

J7EL
2X5HDR_9

USB_FRONT2_Rk (7, 25 74

1a25 (T USB-FRONT Lx

USB_FRONT2_R 4T 35 74

L 2
3 4 |
S 6
7 5
1@

1 1
CrF3 CrF
ll b T -
525 o[ Sav 5| Sey
gP¥c EMPTY EMPTY
2
ROL

DESIGN NOTE:

STUFF FOR FP "FILTERING"

DESIGN NOTE: |
CAUTION: @ OHM TO GND.
STUFF ONLY FOR "CUSTOM ‘

[4] 1A
805 EMPTY

2 i
STUFF FOR MB WITH FUSE" FRONT
"MB WITHOUT FUSE" = PANEL SUPPORT
FRONT PANEL - JE—

SUPPORT

USB BACK PANEL HEADER <(RIGHTS

DESIGN NOTE:
CONNECTOR STUFFING OPTIONS:
DEFAULT: USE A74325-001 WITH 1384 & <23 USB
OPTION: USE 748183-P@t DOUBLE STACK USB

J1A3
82 -UREG USB_BP_ QIGHT < UsB

;49193*881
57 35 USB_BPRAK
57 35 % USB_BPRA

57 35 USB_BPR3X
57 35 USB_BPR3

N
J

°
Tm\lmm ‘L\.mmr—

EMPTY

NOTE: <

SIGNAL PINS SWAPPED TO ALLOW
OVERLAP WITH COMBO—CONNECTOR

| USB SWITCH |
‘ UsB OPTION FOR CNR OR FRONT PANEL ‘

‘ 2 (BT USBFRONT2_CNR o jR?GE 2 USB_CNR D - ‘

EZS EMPTY

‘ 603 EMPTY

‘ DESTON NOTES, ‘

‘ 2 B> USB_FRONT2_CNRx l R7G3 2 USB_CNRX

1 RreL 2 USB_FRONT2_R (BT 35 74

2 1A
‘ 603 CH ‘

1 Ryea 2 USB_FRONT2_R¥ETY 5574

s I

2 1A
R R7F3 - W 603 CH CAD NOTE:
>+ [ID>-USBFNT PuRg |1\ —USB-0C.FRONT_RupTT =6 AR ARE F RONT PAREL HEADER"
885 cH — e [
| T
Fwwwﬁ USB BPR ~ FP HDR
SUPPORTi — _DRAWING DOCUMENT NUMBER| PAGE REV
IDEFAULT: FUSE IN CIRCUIT FOR USB FRONT-PANEL POWER| NG 5: 285" 187 38: 45 2am2 AOS397 | a5 b.s
8 7 | S | 5 | 1
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=36 g 7 6 | s | 4 3 2 1

PCI SLOT 5 SHARED WITH CNR HEADER
PCI SLOT S
FURTHEST FROM CPU

VUCC3 Veie —-12U ucCC VUCC3
o1 [T U_3P3_PCIVALX A A 12y J8B2 A A
PCI CONN2_2 CONN
Qlo TRST M12u_1 | Bl
A P12V 1 TC 2
A3 1TMS GND1 3
A4 | TD TD 4 TP_PCIS B4
75 _|Psy_2 PSU_p [ BS
2658 41 38 15 P_INTBx AB~ INTAX PSU_1 5]
26 41 38 15 % P_INTAK A7~ INTCk INTBx i P_INTH-* 39 40 41 26
A 3 I 8 P_INTE @39 4B 41 26
TP_PCIS_Ag A9 |RSUD1 PRST 1 =] TP_PCIS_B3
A1@ SU_4 R TP_PCIS_BI®
TP_PCIS_ALL A1l |RSUD3 1 TP_PCIS_B11
A12 |GNDID El
A13 |GND16 3
Al4 |3, 3UAU 4 TP_PCIS Bl4
P_RST_SLOTSk AIS~ RST* S
&7 1s D AT pou s g CK P 33M.SS  (7rie
42 [THYP=CNT_ARB<4. . 2>k 4 4 gmgg z .
58 44 48 39 36 37 26 15 @ P_PME% — E % QE%Q o P_REQ_ARBA. . )% OUTy 3738 42
AZ21 |[pP3_3Y 1 29
28 Egg AD28 g
26 D26 27
e P! g =
24 D24
L) AZ6 | IDSEL B 3
AZ27 |p3_3y 7 23
22 A ADZ22
20 A =] 21
A 19
18 [l 31
16 17
33 2
P_FRAMEX 34
A= ED 35 P_IRDYx BT 2657 36,39 40 41 44 58 60
S8 44 41 48 38 38 37 26 < E > P_TROYx S5
&2 37 P_DEVSEL* BT ) 2637 3539 4D 41 44 55 60
S8 44 41 4@ 39 38 37 26 <EI > P_STOPx
&8 9 P_PLOCK# 26 37 38 39 40 41
98 57 44 48 39 38 37 27 @ gm57%g§aREEgUEE ? P_PERRX @ 26 37 38 30 40 41 44 58 60
B8 67 44 4B 338 38 37 27 = —
98 P_SERR* [OOT) 26 37 95 35 40 41 44 55 50
6@ SB 44 4@ 338 38 37 26 <EI > P_PAR 3
15 1
S 14
13 B
11 4 12
8 18
] 9
ASB| BSO
Y AS1|BS51
2 AS2~ C_BE®* ADE8 | _B52 8
SIS} _3U AD@7 [ B2 i
5 A4 | AD26 pP3_3v [ Bo4
4 ASS |ADB4 AD@S [ BES B
vee ASE_|GND21 AD@3 [ BSE 3
2 AS7 1AD@2 GND19 =4
RPSE1L f ASB_| ADo® ADO L 1
ASY |psSy_8 PSU_9 59
1 8 P_REQB4E% ABY~ REQB 4% ACKG 4% [S14] P_ACKBE4% @ 37 38 39 40
2. 7K S/ BE3W ABIMpPSU_12 PSU_S Bl
Ed Ic AB2 |PSU_1@ PSU_7 62
60 S6 44 4@ 339 38 37 26 C}EI P_AD¢31..08> NC=1,2 431-00
60 56 44 40 39 38 37 26 @ P_C/BEXS. . @y
SPARES 1 1
RPBE 1 - DESIGN NOTE: -
TP_2700_RP3 3 6 Tp_278B_RPE
> TR PCI SLOTS = PCI DEUICE #20
Ed REQ/GNT PAIR = #4 D C I 5 L O T 5
IRG MAP A+ B . C . D
RPBE L
TP_27PR_RP4 4 S TP avemres B/ H I AIE
P4 TANN P2 DRAWING
257; %é 063K NGRUP. SCH_1. 36 DOCUMENT NUMBER| PAGE | REV
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CR-37 g - = = | - = - -

PCI SLOT 4

U_3P3_PCIVAUX
oL [ vces vce  +12v -12uU vce vces
A A JBB2 A A
PCI CONNZ_2 CONN
AL~ TRST* Mi2yu_1 | Bl
A2 P12u_1 TCK [B
a3 1TMs GNDL 3
A4 17D TD 54 TP_PCI4_B4
S 1psyU_2 PSVU_8 >
2541 35 P_INTDx ABA INTA* PSU_L =]
26 52 41 47 39 @ P_INTF A7 INTCK INTBx i P_INTCK 38 41 44 26
A PSU_3 INTDx P_INTGK @39 4@ 41 25
TP_PCI4_AZ AS |rRsSUDL PRST 1k =] TP_PCI4_ED
A10 - R TF_PcIa_BlD
TP_PCI4_A1L All |RrRSUD3 PRST2% 11 TP_PCI4_BL1
A1Z |GND1@ GND2 El
LS 16 GND3 [ BIZ
AL4 |3, 3vAU RSUDS 4 TP_PCI4_Bi4
57 15 [T P_RST_SLOTSx% AIS~RST* GND4 S
g g PSU_B C g CK_P_33M_54 @ 14
3 GNT GND7
42 (I E=CNI_ARB4. . 2y A0 ENDE S = 3 b REG ARB(4. Dy e
58 44 4p 23 39 35 25 15 GUT |P=PMEx RIS~ PME PSU_11 9 OUT =
30 A28 AD3a AD3L [ 520 =i
A2l 1p3_3v AD29 21 29
25 AZ2 |AD28 GNDB [_B22
26 AZ3 1AD26 AD27 3 27
AZ4 | GNDE AD2S [ B24 25
24 A2 ]AD24 P3_3U [ BZ25
13 A5 | IDSEL C_BE3x HBEZE El
AZ7 1P3_3U AD23 MBZ7 23
22 A28 | AD22 GND12 28
20 AZ9 1AD2@ AD21 5] 21
AZ0 | GND9 AD19 20 13
L5 P31 1ADL8 P3_3U 1
16 A3Z2 |AD16 ADL7 32 17
A33 1P3_3V C_BEZ2x 33 2
S8 4441403030835 25 (BT P_FRAMEX B34~ FRAME % GND14 [~B34
42 B0 A3SS 13 IRDY % 35 P_IRDYk @ 26 36 38 39 48 41 44 58 60
55444140 393536 25 (BT » P_TRDY# ASE~ TRDY* P3_3v ME3E
B AZS 7 GND22 DEUSL x 37 P_DEVSEL K (BT 252520294041 425550
55 44 41 40 35 38 36 26 @ P_STOP A38~ STOP* GND1S 3
N SMB_CLK_RESUME e Locox RaE Frrere IETD
95 57 44 4@ 339 35 36 27 — = . K = ok 26 36 35 39 40 41 44 5560
5; 57 44 40 39 3; 36 27 @ MB_DATA_RESUME A4L | SMB_DAT] P3_3 E41 ° -
98 A42 | GND2S SERRx 42 P_SERRXK [OUIT) 25 =& 28 52 4 41 44 55 50
50 55 44 40 35 38 36 26 @ P_PAR A P P3_3V
15 A44 1AD1S C_BELx 44 L
A45 1p3_3V AD14 > 14
13 A45_1AD13 GND23 48
i A47 |ADLL AD a7 12
848 |GND17 AD 545 18
9 /49 |ADp9 GND24 49
KEY ASO| BSa KEY
KEY AS1|BSL KEY
Ju} AS2~ C_BE@ ADEs | _BS2 5
ASSA P3_3VU AD@7 [ B23 7
uce 5 A24 | ADE P3_3V [ B3
=i e
A 5
2 gég Do2 GND13S gg
2 ADBA ADBD L 1
JREeEL ASS|Fe0 6 Py g [E5T
P_REQEADK ABD~ REQE 45 ACKE 4 [~BED P_ACKE A% 36 28 39 40
2. 7K S/, OB3W ABLIM PSU_12 PSU_S 61 @
5M ic ABZ2 | pSu_1o PSU_7 B2
6@ 56 44 49 30 38 36 26 @BI P_OoD¢31. .0 NC=1, 2 431-01071
5055 44 40 39 36 36 256 (BT » P_C/BEC3. @)k
DESIGN NOTE:

PCI SLOT4 = PCI DEVICE #19
REQ/GNT PAIR = #3

IRQ MAP QD::]?::;CF::% DCI 5LOT4

DRAWING
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R7E g 7 5] 4 3 2 L
UCccs3 ucc +1z2v —12v ucCcC ucc3
A A JBB3 A A
51 I V_3P3_PCIVAUX PCI CONNZ2_2 CONN
AL~ TRST* Mi2y_1 | BL
b o5
A4 | TDI TD 4 TP_PC13 B4
AS 1psU_2 PSVU_B >
26 44 41 37 P_INTCxX ABA INTAx pPSU_1 S
2658 41 36 15 @ P_INTB* A7 INTCx INTBx i P_INTDx* 374126
A SU_ INTDx P_INTA% @ 153641 26
TP_PcI3_AD AS |RSUD1 PRST 1% =] TP_pcra_ea
ALl 1psu_ SV w3 ma
TP_PCI3_ALL All |rRSUD3 PRST2% 1 TP_PCI3_BIL
Al2 |GNDID GND2 2
AL3 |GNDLE GND3 3
A14 13, 3UAU RSUDS 4 TP_PCI3B14
5715 [T P_RST_SLOTS* AIS~ RSTx GND4 S
42 [ToyP=ONT_ARB(4. . 22 e EE#;E GEE? = CK_P_33M._53 ]
~18Y ENDS BEox 5 5 P_REQ_ARB<4. . 2> % @35 37 42
58 44 4p 39 37 35 25 15 QUT} P_PME X — E g QE%B PEgﬁé% B % o
A21 |pP3_3V AD29 [ B21 23
28 A22 | AD28 GNDB | _B22
26 A23 | AD26 AD27 [ B 27
A24 | GND6 AD25 [ B24 25
24 A25 1 AD24 P3_3U [ B25
18 726 | IDSEL C_BE3x HB2b 3
AZ7 3_ AD23 MB27 23
22 A28 | AD22 GND12 [ B28
20 A29 | AD20 AD21 [ B29 21
A0 | GND9 AD19 | _B3@ 19
18 A3 1AD16 P3_3U 1
16 A32 |ADL6 AD17 32 17
A33 1p3_3V C_BE2x 33 2
564441403937 35 25 (BT Y P_FRAMEx A34~ FRAME % GND14 34
42 58 — Eig D13 IRDY gg P_IRDY* (BT 25 3537 33 4p 41 445860
55 44 41 49 39 37 36 26 = Si TRDYx _3V
B CED [ Eig GND22 DEUSL x gg P_DEUSEL % (BT 25 3537 32 4p 41 445860
— Si STOPx D1
58 44 41 40 39 37 ZZ E T S — g:g B3 50 COCK% 3% E,E\ES%K* TT) 26 36 37 39 40 41
! — 4 SMB_CLK PERRx 4 | K
5557 54 18 33 37 3 5y A3 SFB-DATARESUME a1 SHE_ DA 55 I ZeSsaTIs AR AL esE
98 A42 | GND25 SERRx 42 P_SERRX
60 56 44 48 39 37 36 26 @ P_PAR g S AR 3_3 S @ seEssTasamaaasase
1S 4 AD1S C_BE1x 4 1
A45 1p3_3Y AD1 =] 14
13 A48 1AD13 GND23 45
i A47 |AD1L ADL 47 12
A48 | GNDL7 AD1 48 10
9 A49 | ADoS GND24 49
KEY ASe|BSO KEY
KEY AS1|BSL KEY
2 AS2~ C_BED* AD@B |_BS2 8
&l P3_3U AD@7 [ B i
uee 5 AS4"| ADBE P3_3v [ Ba4
s B e |- e
A 3
2 ;gg D22 GND13 gg
2] ADBO ADD L 1
RP7EL AS9 1 pPSU_8 _9 [ B33
3 6 REQBE4Ck ABO~ REQG 4 ACKGB 4% 650 P_ACKE 4> @ 36 37 39 40
2. 7K AR ABL PSU_12 PSU_S o1
sM ic AB2 | PSU_18 PSU_7 62
6058 44 40 39 37 36 26 ¢HT P_AD<31..0> NC=1L-2 431001
6056 44 4039 37 36 26 (BT P_C/BE<3. . @k
~ DESIGN NOTE: '
PCI SLOT3 = PCI DEVICE #18
tra mep BB PCI SLOT3
IRQ MAP AT B C I D
C.: D! B.A _DRAWING
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R 8 7 5 4 3 2 1
UCCc3 +12v —12V ucCC uCccs3
A J7B3 A A
o1 I V_3P3_PCIVAUX PCI CONNZ2_2 CONN
AL~ TRSTx Mi2y_1 | BL
AZAP12V_1 TCK [ B
A3 1TMS GND1 3
A4 | TDT TD 4 TE_FCIZ B4
AS pPsyu_ PSU_p [ BS
26 41 40 27 P_INTGX AS~ INTAx SU_ 5
26 41 42 26 @ P_TNTE* A7 INTCxK INTBx i P_INTFx 37 40 41 60 25
=) U_ INTDk =] P_ TNTFK @35 4241 28
TE_PCI2 A3 A9 |RSUDL PRST 1k P<BI TP_PCI2_ED
Ald [pPsy_4 SU 4] TE_FCIZ_BlD
TE_PCIZ ALl All |RSUD3 PRST2x (mBL1 TE_FCIZ_E1l
AlZ |GND1@ GND2 2
Al3 1GND16 GND3 3
AL4 |3, 30AU RSUDS E] ez pls
&7 15 [Ty-P=ReT_SLOTox o S GNDS 2 CK_P_33M_52
P_GNT<4. . 7>k - — = < 3 14
fll NP BLIO GNTx GND'? z P_REG<4. . @ 26 48 41 42 55 60
P_PMEx QLB GNDS REGxk [DELD 1
S8 44 48 38 37 36 26 1S @ = . g EE%@ F’Sgﬁéi & o
A2 |P3_3U AD29 1 29
25 AZ2Z2 |ADZ8 GNDB 2
26 AZ3 |AD26 AD27 ] 27
A24 | GNDE AD2S Z] 25
24 AZ25 |ADZ4 P3_3U S
17 AZ26 | TOSEL C_BE3x =] 3
AZ7 1P3_3V AD23 i 25
22 A28 |AD22 GND12 5]
28 f29 1AD28 AD21 J 21
A3Z_| GND9 AD19 [ B3@ 19
15 ARSI |ADLB pP3_30 [ B31
16 A3Z |AD16 AD17 [_B3Z2 17
P_FRAMEx 233 1pa_3v C_BE2k (B33 2
55 44 41 40 35 37 36 26 = S FRAMEX GND14 53
° rn ED AZ5- GND IRDYk 35 P_IRDY% (BT 253537 2 4p 41 a4 58 60
S5 44 41 40 35 37 36 26 @ P_TRDYx A35~ TROYx 3_3V 35
£ b SToPx Eég GND22 DEUSLxk 337 P_DEVSEL X (BT 2636 37 28 40 41 44 56 60
5544 41 4@ 35 37 36 26 = STOP> GND1S
} TREdED SMB_CLK_RESUME 0 ST EoEK % E=PER N G
98 B7 44 4@ 38 37 36 27 — — - Ok = 26 36 37 38 40 41 44 55 6@
€ &7 44 40 35 37 36 27 @ FME-DATA_RESUME 821 |SME_DAT P33y ZBAL P_SERRx -
GND25 SERRX = 26 36 37 38 40 41 44 58 6@
€0 55 44 4@ 35 37 36 26 @ P_PAR &l PAR P3_3 3 @ e
1S A44 1AD1S C_BE 1 HB44 1
A4S 1P3_3V AD1 a5 14
JE] A45 1AD13 GND23 [ B45
i A47 1AD11 AD12 47 12
A48 |GND17 AD1e [ B4E 18
g A49 | AD3 GND24 =]
KEY ASE| BSO KE
KEY AS1|BS1
2 52~ C_BE@x s
A5 P35 3 7
vcc = AS4 | ADOG
a Egg ADG4 S|
GND21 3
2 AS7T |ADD
[l AS8 | ADeo 1
2RP?E17 REQE 4Bk Eg% FE0ES P_ACKE4x
REQB4% _
2. 7K Sz 063K ABIPSU B0 2 3720 <0
SM ic AGZ2 |pPsU_10
60 58 44 40 36 37 36 26 (BT P_AD<3L. . B> NC=1, 2 5043100
soso4sanzez7 ez (BT P_C/BECS. . D>
DESIGN NOTE:
PCI SLOT2 = PCI DEVICE #17
REQ/GNT PAIR = #1
IRG MR A DB CD FPCT SLOTZ
G PP EH DRAWING
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CR-42 g 7 & 5 4 3 2 1

s5 [TRH-Y10<E>

v1i2u
e H_UID<1>
o ERE PCI_SLOT 1
! 3>
= e CLOSEST TO CPU
uCcC3 uccC —-12V ucc Ucecs3
A A JeBz2 A A
PCI CONNZ2_2 CONN
o1 [T Y-3P3_PCTUAUX A1 TRS T Mizu_1 | Bl
AZAP12V_1 TCK [ B TP_PCIL_ B2
A3 ] TMS GNDL [ B3
k] TDO 4 TP_PCII_B4
AS 1pPsu_ PSU_p [ BS
2560 41 33 37 P_INTFx A5~ INT Ak PBU,‘ 5
a i SN A7 INTCx INTEx PBY E_INTGx BRIsaE
— Pk = 363
A9 |rRSUDL PRST 1k P<BI TP_PCI1_B9 FEEsarEs
Al 1psv_4 R [4] TF_PCI1 Bl
ALl |RSUD3 PRST2% [(NB1L TP_FCT1_B1l
AlZ |GND1@ 2
A13 1GND16 3
P_RST_SLOTSx S é Ss?ugu é EE——
67 15 Ez&} = = x
AL PSY_B 5 CK_P_33M_S1 La
o P_GNT<4. D% {0
> 2 g é\/gmgé g 2 P_REQG<4. . @>% 2639 41 42 55 60
59 44 23 39 57 26 25 1S (OUT} P_PME — E %\/ EB%@ g o
AZT |pP3_3U 1 29
26 AZZ |pDes 2
25 222 AD26 j 27
GNDE 25
24 AZ25 | ADR24 S
16 AZ26 | TDSEL =) 3
S Y
22 AD22
20 29 | pD2o 3 21
AZ0 | GNDS ADL9 [ B30 19
15 A31 |ADLB P2_30 [B31
15 AZZ |aD16 Aan 532 17
P_FRAMEX EQE{ PIaay Copeas :3 2
56 44 41 39 35 37 36 26 | S} FRAME X GND14 53
rxe GO A5 GND13 TRDY 35 P_TIRDY> (BT 2525372829 41 2458 60
58 44 41 39 38 37 36 26 @ P_TRDYx A35~ TRDYx P3_3 35
60 - Egg\’ GND22 DEUSLxk [HB ’; P_DEUSEL K (O 255637 36 39 41 4456 60
s s anze e 2 ges (TS 5;5 p—— Ces® E%gggw Egééi G| P_PLOCK = 25 55 57 55 39 41
S8 67 44 39 38 37 36 27 — = ! Ok = 26 36 37 38 39 41 44 58 68
5 5 ME_DATA_RESUME A4T1 | SMB_DAT P3_3U 1
seEraesaEsETeegl @ A42 | GND25 Sgng 42 P_SERRK [OIT) 25 =& 57 52 29 41 44 53 59
50 55 44 39 35 37 35 25 @ P_PAR = 244 AR cpgﬁ?* s .
045 1p3_3U “AD 45 14
13 745 1AD13 GND23 [ B45
i A47 1ADL 1 ADL 47 12
A48 1GND17 ADL 543 12
] A49 | ADB3 GND24 g
Y ASO| BSa KE
Y AS1|BSL
2 H52~ C_BE@ 5
Egj P3_3U 7
=1 ADBE
2 Egg ADD4 E}
GND21 3
vee 2 Egg ADB2
2 ADBO 1
RPT7EL A9 | P5VU_8
4 S REQB4AX AB0~ REQB4x
2. 7K Sz 063K AB 1A PSU
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| LAN BI-COLOR SPEED LED | a7 44 @ LAN_MDI_@x L1 |top—  ucT o |
| |
| | 47 44 LAN_MDI_1 12 |Tpi+ SGND | H: = = |
1@ MBPS OFF 47 44 LAN_MDI_ 1% 13 TD1- | 1" |
| | ‘ 4R o a7 a4 LAN_L INK_UPx a7 LAN_LINK |
| | 47 44 BT H-LANMDI_2 14 TD2+ = LAl |
| 100 MBPS GREEN | 47 44 LAN_MDI_2% 15 | Tpz- \2 éég " s i |
! ! LAN_MDI_3 16 ! 503 i G483 9758%%@ !
47 44 ="01- TD3+ | I 470PF 107, |
! 1008 MBPS YELLOW ! 47 44 STy EON-MDI_ 3% 17 |7p3- L= 0! 107 5 ig |
e ! ! 2| 2R
AT4387-001 10 IDESTIGN NOTE: I IBZE 583 |
T T T T T T T T T T T ST ST s s s s s s s s Bl GND=23. . 30 ISTUFF _FOR B254@EM: I |
UNSTUFF _FOR B25510QM| = |
| USB STACK | | |
‘ USB STACK 1000 BBEsEEXsEZ L _____ |
| o9 [T YREG_USB_BP_LEFT JA4AL | ijﬁfgjl e, B
| DUAL LAYOUT 2 X USB | - h |
| as [IED>LONACTLEDN2D y 1O iewimcies [STN 4440 D STUFFING OPTIONS FOR LED ENABLING |
| L 1000 - N
| 3 USB_BACK1_Rk g | 10 il DESIGN NOTE: !
! % % LSBBACKIR 2 : 1000 ! STUFF FOR 10/100 (82551QM, B82S62EX/EZ :
| |
| ‘ JA4AL N 155 U_3P3_PCIUALX (TR e |
! = ‘ CRN_LED i b2 EMBTY !
USB_BACKZ2_Rx* 6 | | |
: gg %7BRCKE*R = L ED LaN_LINK 22 T 21 LAN-LINKIBOK BT 44 47 ‘: |
8 | - 16 | 47 (LY LAN-LINK |
! YLW_LED \‘ CED g
L | - . |
e = o, ‘: DESIGN NOTE: |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 STUFF FOR GIGABIT (82548EM)> |
RSAB
| 1A 2 LAN_LINKLOAAK 44 !
| Ve ED |
| 4p2 CH |
| |
L ________ |
T e e
| DIFFERENTIAL PAIR TERMINATIONS |
| ST e lANTMEI R T T~~~ — -
| 47 44 LAN_MDI_B | AT | :
[T et e REALS | - |
! 129 | 5.9 | :
| %
''DESIGN NOTE: ! e | e ‘
| |STUFF FOR B254BEM ONL ; | do2 : |
| |
I % SS‘*{ | REA24 ! :
1! 1% | 49.9 \‘
| cH | cr H
| 402 | 47 44 482 | |
! | DESTIGN NOTE: Hy
| I i 1| STUFF FOR 8254BEM ONLY! |
! |l 47 44 Iy
| REA19 i |
48. 9 - !
| 1z~ DESIGN NOTE: i [
| CH_ CHANGE TO 62 OHM 1" I
| 422 A36P93-@77 FOR BAS51QM |
‘ 82562EX,EZ LAN “ L
| REAZD ! !
49,3 I |
| 17 | | |
| cH i |
| 42 ! L
| ,,,,,,,,,,,,,,,,J‘4744 \:
L ______________ e <
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cR-ag g 7 6 5 | 4 3 2 | 1
AUD_L INK_SDO 1 RoB2 2 7 CK_14M_AUD
30 14
M A <
90 [T AUD-LINK_SYNC | Bp3  CH !
"DFESTGN NOTE: ! CAD NOTE:
| DESTGN ROTE: | COD NOTE: e |
: IS PRESENT AND NO cle B : DESTIGN NOTE @
AUD, L INK_RSTx RBB13 STUFF FOR ALL CODECS
23 [(IN > = " ey + WITH 14 MHZ_CLK _
,,,,,,,,, sp3 1A= T
I'meaToeNn NOTE = |
'DESIGN NOTE: |
| STUFT IF AUDIO AND CNR ARE PRESENT |
| | 53@772-010 1 ReB2 2 - AUD_L INK_BCLK 43 29
RBB12 Y9B1 BI
o7 [T CDC, DWN_RSTx L 2 . o4 Sz 33 gp3 5% CH =
Lo _____1KegsssH _ @ FUD_CK_24M XTigT | D 12 P _ AUD_CK_24M_XTL_0O 2| omo
1 SM‘ 19°F
C%EPEF EMPTY SEELZ \ 1 EEETY
A\ 1A =
EEETY gga ‘ -
Se3375-112 1 Rr8B3 2 AUD_LINK_SDIZ2 2943
SpKR 1 RemS 2 pc BEEP Ave o DESIGN NOTE: — ~=LEESBLE OO
27 S5 33 5%
UBAZ2 | =amurr rom amss auront | L Tees L ___________
STACI7EE —— Wi ismear | j‘
2 [XTL_IN o1 |
S | SDATA_OUT XTL_oUT | 3 |
18 |svne BIT_CLK | B AUD_LINK_BOKR |
CDC_RESETk 11 RESET SDATA_IN B8 AUD_LINK_SDI2_R | |
0 | .
AUD_STRAP_45 45 ~ 100 | DESIGN NOTE: :
Wml SPDIF | 48 AUD_SPDIF s2 L2 ENGINEER DEBUG SITES FOR 9766 |
= EAPD I e g gt
ss B> e ouT L |39 ° AUD_CDC_LOUT -
AUD_PCBEEP_IN_CODEC 12 |pc_BEEP HP_OUT_R |_41 AUD_CDC_ROUT @
oo [T AuD-tono v L Rg8L 2 Wt P2 AUL_MONO_ IN_R 5 Prone =2
® 5p3 1ACH 1 [ e AUD_LAUXIN 2 roe
7777777777777777 _ _l.eupe = @ AUD_RAUXIN 5 lAux_ R
i RBBB 1 Y5V TP_UID_L 6 |uiDEo_L
| 5, 5K | 583 TP_UID_R 7 |UIDEO_R LINE_OUT_L |35 TP_AUD_LINE_LOUT_R
‘ AUD_LCDO 8 |cp.L LINE_OUT_R| 36 TP_AUD_LINE_ROUT_R
'DESIGN NOTE: g5 = [HRS——AUD-CHCND 1S Icoew rewoolT [ 57 AUD_MONO_OUT_C pormy s
| Srur ot 37 emaLos ronEn 2 ‘ s auBRel 28 Jcow
| N\PUT REGUIRES AODITIONAL ATTENUATION = _ ) TP_AUD_MICO TN 220 |mMicz
so AUD_LLINEIN 23 | LINE_IN_L
e @ AUD_RL INEIN 24 | INE_IN_R
uces AUD_3D_C 34 |nc 34 REFFLT |27
UREFOUT [ 28 ‘
AFLTL | 29 ‘ A 49
AFLT2 | 3@ ‘ 2 SS
NC_31 |31 ‘ A a9
cap2 |32 ‘ A 43
NC_33 |33 AUD_3SD_R ‘ A
GPI10m 3 aunba_eraLocn A e
GPIOL | 44 nosTRAE
HP_coMM |48
NC=49 IC
AB2521 -2
AussZ_DCPL °
1
RSA4
)
1A
CH
L > B@3
sS4 U_SPB_AUD_ANALOG
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R-43 g - 5 4 3 2 L
CAD NOTE:
KEEP CAPS AS CLOSE
AS POSSIBLE TO AC97
CODEC.
a8 @ AUD_A _REFFLT
48 @ AUD_AFLT1
48 [TN AUD_AFLT2
48 [IN AUD_AFLT4
544pE5-001
l, cBA2
TOr
—1ox
602433-016 T
| cons %8
10F
2%,
EIX-SR
623
H cges 1
250PF cens
Gy i
107
206 187
! = 2 523
0
cor oo
14 . .
2| x7r
503
= "xTR"
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crR-58 g - 6 5 4 3 2 1
663573-011
J7B2
1X4HDR
é AUD_MONO_TIN oD <&
g c7AB
TELEPHONY 4 AUD_MONO_OUT_C_HDR L } } 2 AUD_MONO_OUT_C (IR 8
GREEN - Ziégm
ATAPI HEADER = 523
CAD NOTE:

PLACE CAP CLOSE TO CODEC

663573-010
J7B1
1X4HDR RP8B1 cBAZ3
L BUD LAXIN R 1 B Aup tauxin 1 T2 AUD_LAUXIN [mrmy, 6
6. BK S%.25W xsrl 1683
g RP8B1_ sM ic 1P 2o
AUX IN 2 ®aUD_RAUXIN_R 4 5 a -
B. BK 5% . 25W
WHITE S c oo
= AUD_RAUXIN.C 1 P 5 AUD_RAUXIN oy 48
o
”
20
ATAPI HEADER rPeBL B rPBL 7
6. BK 6. BK
S S
25W 25W
IC IC
SMo|3 Sl s}
663573-001 1 1
JBB1L - -
1X4HDR RPBB2
1 AUD_LCD_R 1 8 AUD_LCD C cara1
. 2 AUD_LCD
CD IN 2 5.58; ?é.asw XSR} }52?3 [o0> <8
2 S
BLACK RPBB2
AUD_CDGND._R 3 5 AUDGCOGND C 2 AUD_CDGND 57y 45
6. BK Sy . 25K xsrl_[623 o>
‘sM ic’ Lur 20x
ATAPI HEADER .
RPBB2
2 7
B. BK S/ . 25K
SM Ic
RPBB
AUD_RCD_R 4 %5 AUD_RCD_C - 1 Y o AUD_RCD oo =
6. BK Sy . 25W xsr| _[E03
e o Ror 20,
1| rreBs 2| rreBs reeB3 )3 4| reeB3 6.3V
B.8K . . 6. BK
S S Sv S
. 25W . 25W . 25W . 25W
ic ic Ic Ic
g| sm 7| sm sM g 5| sm
AUD_RLINEIN_C , cBAis
JsAl 1 2 AUD_RLINEIN
3 STACK AUDTOTACK e.2n wep| 83 oot <
35 AUD_RLINEIN.R 1 2 cup_RLINE TN BB e
34 FB
33
52 AUD_LLIQEIN.R 1 "% o . 1 Reps 2 AUD_LLINEIN-C CT”}‘;EE AUD_LLINEIN [rypy «a
L FB 6.8K  Sx X5R
Tor owe
JACK csar Yesas 20 sp3 o 550
220PF
0 L35 s1
e
BD3
AUD_JACK_GND S1s254 AUDIO CONNECTORS
i N%JB DOCUMENT NUMBER| PAGE | REU
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7 | 6

3

AUD_MIC_BIAS
4

2 RrsBAll 1 -

53

[ 1 RBAIG2

54 [T V_5SPe_AUD_ANAL OG

Lok Su ‘ T IR ‘
MIC IN, DISCRETE PINK L ees - oA ees - ©
MONO ™ CONN DESIGN NOTE: . - [
JsaL 8 2 FOR 1ic PREAP ‘ %EUSFFI %ONR NoTE: ’7 1 2 |
FOR MIC PREAMP RBA22
STACK AUDIOJACK BROAD — NO~PRE-AMP ‘ AUD_MIC_BIAS_Rig" . ‘
s wer_pungemes | 1 P04 o AUD_MIC_OUT_PNL 2 Repep 1 | ° i a5 ety
T2 ‘ ) FARE? ‘ 11 CORDNGLE 1] canys
3 €05 PLACE NEAR
£ 2 1 CAD NoTE! cERR AMP T oor
TP csA8 PLACE NEAR RMP‘ 1g% o| 16Y
S 2| ¥&8y ERETY
JACK Sgu 503 203341-098
2| X7 202341 -008 J
B@3 = —
AUD_MIC_BIAS_R L
‘ ‘ UNKN —_—— Y — — — S
500
- g 2 s (I FUD-HIC_IN.FP AUDIO MIC PD[:Q E— F?[\W
CAD NOTE: BROAD ‘ >
CONNECT THICK TRACE L B P 1 }—l" CAD NOTE:
TO GROUND ON AUDIO_NET Lo 24 1. 0UF 10% blacE NEAR
7o RBAZ9 2
1 cepg DESIGN NOTE: i R ReAls T
10 STUFF FOR FP MIXING H )
J 603 N
2| 2% 2 ‘ EMPTY
XTR
BB3 1 BB3
CAD=NOTE i ‘ @ =Pl2U-R
|| PLACE NEAR CONN csas

Y
o| 254 603
ERpTY J

3

® usal
r - - Py I+ UplF353
1 M
° R8914 2 71— U EMPTY
5'/
EMPTY -~
* . DESTIGN NOTE: 2 SRR
STUFF_FOR FP_MIXING = i\
1 BUT WITH NO PRE-AMP rer3o L csnig
s 12 B
2 EMPTY 2 EEST@S
I > BB3
CAD NOTE:
_i'2y PLACE NEAR AMP
- ceAlZ
eun_micin_arp_ninus L 2 pun_mIc_In_aMPoUT_PNZ,
_ @epricniawnnus L | | S enwc.nseorovey
i 47PF 57
‘ DESION NOTE: DESIGN NOTE: egBr
EMPTY DEBUG FEATURE: 505 1 RsA5 2 °
STUFF FOR _NO FP MIXING <
SPECIAL AUDIO JACK SHARE 1ooK S
AND NO PRE—AMP 503 EMBTY
sa AUD_LLINEIN_R_FB 1 RBA3 L 1 RBp23 2 - - 1 RBA4 2
2 1A d 2 ey DESTIGN NOTE® 1K S
603 EMPTY E@3 EMPTY STUFF FOR MIC PRE-AMP OR 1 1 603 EMPTY
NO FP MIXING REA18 \pgnig
L EMDW rpTY
1.eUrie o| 52 5| 523
EEEEY Y5U
AUD_MIC_IN - -
OUTy 48
DRAWING
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crR-52 g - 5

DESIGN NOTE:
USE 75 OHM UALUE
FOR THESE SITES WHEN
SPDIF IS USED

PARTH# 202285-022

AUD_R_FNTOUT prry 59
AUD_L_FNTOUT prry 59

DESIGN NOTE:
STUFF ONLY WHEN
FRONT PANEL HEADER

IS NOT STUFFED

DESIGN NOTE:

e ———

WHEN FRONT PANEL DONGLE IS PLUGGED INTO HEADER AND HEAD—
‘PHONE IS INSERTED, BACK PANEL AUDIO OUTRPUT IS DISABLED.

STEREO
UNKN LINE ouT

| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
I I I I 892,
. aup-rresece [STTTY, 55
c7a7 ! ! ! ! BROAD
1B0UF, ! ! ! | FBSAG
a0 [Ty AUD_CDC_ROUT 17 1°7"2 | 1 RefgB 2 | p L & 2 AUD R RETIN, [y sasass Sss3s2 CPTHAUDRRETIN 1 2gUn-R_LInEOUT Teal
PART# 201307-024 + © | 10 Sv | B in | FB 3 sTACK AUDIOJACK
2@7 250 603  CH 603 EMPTY
ey | | | | 2s
| | | | UNK 24
| | | | 608 23
| | | | 2. 26 22
| | | | BROAD 1
FBSAL
AUD_CDC_LOUT wou | 1 Rreg 2 L L Re2 2 AUD_L_RETIN AUD_L_RETIN L 26l _LInEOLg JACK
48 5253 55 55 53 52
= PART# 201307-204 | 1p 54 | | 2 1A | S < FB
| B@3 CcH | | BB3 EMPTY |
| | | | .t ecsea [STTT, 55
ReAzs L —— - ———— - —— E b= 4 1 cses L csap
47 220PF 220PF
& o] 88 S8 |aun_TACK_GND
cH 2 ;- 5@ 51 54
Eas 863 &85 ‘
‘ AUDIOTACK SUPPORTS SPDIF FEATURE WHEN
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SPDIF CIRCUITRY IS STUFFED
a | E— e —
|
. AUD_SPDIF L2 aocerierr 1 RSAL 2 .
RN |
1 EMPTY !
23 |
conl2 !
A7OPF |
107
500 |
EMPTY
2 IEBE |
= = |
DESTGN. NOTE: - - I
STUFF SITES FOR SPDIF FEATURE |
L EMPTY lex SITE FOR DYNAMIC SPDIF SEnSE I
oaume DOCUMENT NUMBER| PAGE | REV
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DESIGN EUARLUATION USES SUITCASE JUMPERS

DESIGN NOTE: 47

FRONT PANEL DONGLE W/0OUTPUT PLUG MUST HAVE SPRING CLIPS ROUTED BACK TO PINS 6 & 10
TO ALLOW BACK PANEL AUDIO AS ALTERNATIVE WHEN HP—-JACK ISN’ T PLUGGED INTO FRONT PANEL

DESIGN NOTE:

WHEN NO FRONT PANEL DONGLE IS PLUGGED INTO HEADER: SUITCASE JUMPERS
CAN BE PLACED ON PIN 5-6; S—-18 TO ALLOW BACK PANEL AUDIO OUTPUT

DEFAULT CONF IGURATION 1S FOR FP DONGLE

I7B4
2X5HDR_8
o1 AUD_MIC_IN_F i -
= AUD_MIC_BIAS 3 _5P@_AUD_ANAL OG, 54
= AOD_R_FNTOUT B AUD_R_RETIN @52 ss
TP_HP_ON 7
g

s2 [T AUD-L_FNTOUT ° ol e AUD_L_RETIN  prrysass ‘

wlIN[¥)

HDR
109717205

H crBs Yeres  Herss  Hermis
Z7PF (= I 7P Z7PF Z7PF A7PF Z7PF
25y Shy 25y 2y < 25y 2y
2| EMpTY 2| EmpTY 2| EMPTY %ITEMPTY %TTEMPTY %JTEMPTY 2| EMpTY
BB3 BB83 B@3 BB3 BB3 B@3 BB3
PLACE NEAR AUDIO CIRCUIT
DRAWING
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SIGNAL QUALITY SOLUTION
UNSTUFF B OHM RESISTOR

UREG AUDIO OPRPTION SPECIAL OPTION

108506-004

RSB4

201005-018
B
7
G 603 1A
U
3
S

L9B1 ‘
. 2705
EMPTY

cH >
JEDEC TYPE

SML1218

A 4
‘ U_5SPB_AUD_ANAL OG [COT) 54 48 51 5355 J

CAD NOTE: DESTGN. NOTE: ‘
REGULATOR THERMAL TAB SHOULD BE SOLDERED Sl TS SOLUTTON 2 REMOUE OPTIONAL
TO A COPPER PAD THAT 195 LARGE ENOUGH UREG SOURCE BASED ON AUDIO SU SIGNAL NEEDS
TO ALLOW 5 TO 1@ GROUND UIAS AROUND
THE CONMPONENT FOR COOLING
‘ +12U
UsAL
TBMOSC ‘
‘ LN ootz o ° U,SPB,QUD,QNQLOG‘ @ [ s-#ssissss
{ 1 comn GND EI ZI 2p2341-008 +|Legnis
vy 3 EMPTY CPER S 285
259 2% 186 2 BEC
Bos + LB { e
- " " - o "E2@1387-102
CAD NOTE: <L vsu S au e 1
PLACE CLOSE TO REGULATOR L =
CAD NOTE: DESTGN NOTE:
AYOUT SHOULD GO FROM PIN 2 TO ALWAYS STUFF THIS CAP
CAPS AND THEN THROUGH SEVERAL
nggﬁ UIRS TO U_SPB_AUD_ANALOG
25150 SUD_JACK_GND o | (
1
2 RSAL RBAL
C5aL 603 1A 503 1A
202 a
25V EMPTY
1| EFPTY
BB3 2
CAD NOTE: sy L ||caD .
CLOSE TO AUDIO 3-STACK CONNECTOR CLOSE TO CODEC
DESTIGN NOTE:
STUFF _THIS CAP/RESISTOR OPTION
& REMOVE OTHER © OHM BASED ON EMI
DRAWING
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FOR AUDIO MODULE EUALUATION ONLY:

U_5PB_AUD_ANALOG
p— ¢

SPDIF SENSE SUPPORTS

»
s4 @U,BP@,QUD,QNQLOG Py 1 1 1
R7ALL R7AL4 R7TAL2
48 AUD_A_VUREF 1K 1K 1K
S I=v4 S
EMPTY EMPTY EMPTY
23 > 23 3
2
s L RO D 1 QrAL
PETAL AN MMBT3906
10K S EMPTY
6@3  EMPTY 3 sa [T U_SP@_AUD_ANALOG
R7A3
1 2 = SPDIF_L
100K Sy 5 >
P | R7A4 5 603 EMPTY UP 7 SPDIF_SENSE [Ty 48
i 1521; EMSD-/:FY 4 A SPDIF_R 1 L%?BQSB
1 1 L7 EMPTY
R7B4 R7B2 1
47K 47K il Cfﬁﬁ
S I=v4 . 107
EMPTY EMPTY 5 S| 180
BB3 B@3 EMPTY
= 2 2 B3
5352 [IRD AUD L RETIN i 1 = =
5352 [Ty AUD-R_RETIN 3
\-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T-TTTTTTTT-----= il
| |
! 54 @ V_5SPB_AUD_ANALOG :
| I R7BL 2 ag sec amp pa 1 RBALE2 ‘
| 20K S 28K S |
603 EMPTY 603 EMPTY |
! Y &
| |
: 542813-101 > :
usA2
! 6 LM4B7L :
: = UDD lI |
| L |
‘ se (I AUD-_L_fgrSPKR LF92 e L R7AS 2 4 |- > - |
‘ oo oo S, o o s AUD_SPK_AMP_P0S_0UT |
Yo 603 EMPTY + voL |
| 1 EEB;Y ol
| o |
| AL ks g . |
“ 5
: EMPTY CrB2, ..l REB12|d @ 1X2HDR :
3 — EMPTY
, Eo -
: L i;ééf‘ 885 Erpry il > :
| 603 g |
| q 8 AUD_SPK_AMP_NEG_OUT |
| 48 2 |BYPASS o P uo2 |
| |
| - THIS FEATURE |
BIAS
| |
| SUPPORTS 8 OHM |
| |
7 T SPEAKERS ONLY
| |
| CUSTOM INTERNAL 1 | SR DIF 2 CUSTOM FEATURE
| |
P AUDIO AMPLIF IER BOM=OPT_CLUST_T aaume DOCUMENT NUMBER| PAGE | REV
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SECURITY: TFM

C(TRUSTED PLATEORM MODULE D

BT
TePA_XTALL 1 } } 2
YB5J1 10RF 5%
32. TEBRHZ 519601-001 dy
; [ CERNv—
99 95 66 61 27 (BT L_ADCS. . @> arsvelszoy 4 3 Py
3 =L PPN xrar |9 SM cer2
2 23 |iancas xtaz B EMPTY TePaxTAL2 L | | 2
L o Lo 5
o 25 | oo 1oa | 3 _TE_1OR I
EMPTY
14 CKR_P_33M_TPM 28 |iax izi 22 TP_10C BO3  .\por
32 P_PCIRST* L reseTe
27 L_FRAMEX 2 4 Lrrares srenper |21 TCPA_XTAMPER 1 RET2 2
95 61 27 SER_TRQ 27 1RO CLKRUNE 7 __TCPA_JMP V_3P3_STBY @54
3.3K Sz
51 V_3PP_BAT_UREG 14 |oes oo |12 603 EMPTY
EA% U_3P3_STBY Py 13 Joee 1
1 Nes1L12 c20ICs [ SERD
CBH? 3 3K
e NC=4.5. 18, 11,15 16,17, 18, 18, 20 ¢fs50P) Sz
2 éﬁgw Bos
1206
YSUY
i =
DRAWING
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CR7ST g 7 6 s 4 | 3
| RIBL 5
2 1A J1R2 +12v
25 ety 1394-2USB STACK
R1AT RT1D1
L 2 82 WRE@ USB_BP_RIGHT
> Y4 @ 1 2 1394HDR
603 EMPTY 2018 THRMSTR
L1A4 1.5
SBOHM 2p1469-003
IND 4PIN
o TPAD_P 1 4
s8 g%* ot hd AT4325-002
58 — -
= BO_ Py o | e | s L CONN
IND
A 1394,/USB HEADER BACK PANEL
RIF1 JRIF2 ROEE JRIES SBOMM J1A2 . .
S6. 2 S6. 2 S6. 2 S6.2 IND 4PIN 1384-2USB STACK FB» @885, 3BOHM, 3A CR1AL
1% 1v 1% 1% _ FB1A MRA4DD3T3
ch ch n cn 1 4 PAO_ 14 [TPA+ 1394 PWR | O  ioaroe gy ruse muns s A2
o|E83 683 5| B23 | 683 loaaan] ‘ A _L 13 | TPA- BT_GND [ L@ FB N
—_— g, _L ﬁ TPB+ 1334 i B656554-010 S8
prynpnpnyny _N_L TPB- =
TRAP_2 2 || 3 Cifig
L5 JcenND CGND | L9 20%
coFe IND 6 |ceND cenD 28 o| B2
1 2
=8 B ig conp CASE cenp Sé &85
llmiéém %%BEEIF L RIAL o CGND CGND
o0s e o a = CONN=
&3 603 EMPTY AT74325-0082
1 RL1AS >
) 1A
= 603 EMPTY
- TpB1_ 1394 HEADER FRONT PANEL
=58 B1_
s8 g —
58 = Y
JOF 1
2X5HDR_S
1 2
3 4
S =
+12v i ?Z
CROE1 14
RTOF 1 MRA4DB3T3 HDR
P 1 2 1394HDRFP_12U_FUSE 2 [\J1 1394HDR_12V_FUSE_DIO_HDR2 Py
s8 TPBIAS 1 2018  THRMSTR -
1.5 D10 1,
2p1469-209 = ,,AC%EF)BF
1%
RTOE L ol 58y
TR
1 2 1394HDR3_12V_FUSE E03
= 2018 THRMSTR =
1.5
201 469-009
1394 HEADER FRONT PANEL
=5 TPB2_N
BI
s8 TPB2_P
EBI
=5 TPA2_N
{BI
s8 @ TPA2_P Py JoF2
2X5HDR_9
1 1 1 1 1 2
3 4
ROF 12 pROF11 5 £
S6. 2 S6.2
17 17 i 8
e e CROF 1 e
o| 683 | 683 MRA4BD3TS FoR
AHDR_DIUIDER_STRAP_2 1 1394HDR_12V_FUSE_DIO_HOR3 o
SM
TPBIAS_2 DnI1o Al
CoF7 =
220PF
167
SgU
XTR
E03
i DRAWING DOCUMENT NUMBER| PAGE | REV
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! vces
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+lav . P_PCIRST* 1 R7IL 2 e 2 rst pas/REY EMPTY ! °
[ =2 — AN\ g =0
an 2 Dos/RFU |28 TP_FiH-20 MFG MODE PADSJ 1 1
1
CK_P_33M_FWHCLK 3L ok Da7/RFU |21 TP_FWH 21 _ - — - 3 R7H14 R7J2
R7T4 14 @ /1 ElP?T(Jl é*} é?K
é*ﬁ TR L _FRAMEx 23 | FuHa RY/BY/RFU |22 TP_FWH_22 ESSBN o ooty
£8s L Fep14 | 30 PN_FWH _GPI4 Tc >| 683 | 583
2|5 _lcr1a 5| SM
g Il Fep13 |3 PN_FWH_GPI3
uees : Iéé’é [ PN_FWH_GPI2
Fert GPI0_DMAGE_DETECT_SEC
FET N 5 . | !
2 Fh)= ° FUH_uUPP L Juep FePIL T =
Fep1m |6 GPIO_DMAGE_DETECT_PRI I ==
27 | uccAs/NC
1 uces INIT |24 FUH_H_INI T 7] o5
;Fujrg 32 Jucc 1 N
e 25 R7I3
2 vcc
£33 ae%
CH
= 28 | GNDA/NC 5| 583
D3| 9
16 |GND D2 | 1@
D1 | L1 i
26 | GND Do |12 =
= 723644-003 1C
FIRMWARE HUB DECOUPRPL ING UOLTAGE MODIFIER; ICHUCCP> ISOLATE FROM FWHUCC3>
[ +12VU
DESIGN NOTE: |
vees | STUFF FOR PRODUCT 1
WITH VUCCP » 1.5-V RefIL?
| |
CH
! 1 R7HLS 2 | 2| 523
L a 1A
_ 505 EMPTY QBHS
MBT3S@4DUAL
‘ a7 H_INITkg 2 R7HLIE 1, jurn
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PORT_ANGELES 2 OF 2 INPUTS

PIN FUNCTION TYPE
1 TEST_EN 3IPD
2 AUD_LINK_RSTx |S5T
3 CDC_DWN_ENAB/GPTO12H | ST/012
78 |PRIMARY_HDx 3ISPU_408
71 |SECONDARY_HDX | 31SPU_400
72 |SCSIx 3ISPU_428
75 |FPRSTx SISPU_420
88 |PWRGD_PS SISPU_400
81 |CPU_PRESENT* |3ISPU_480
83 |SLP_S3x 31S_400
84 |SLP_S5x% 31S_400
87 |SMB_CLK_M 3I0D6
uces 88 |SMB_CLK_R 3I0D6
54 @ \J_3P3_STBY 89 |SMB_DAT_M 31006
9@ |SMB_DAT_R 3I0D6
> o4 [IN U_3P3_STBY vee 124 |su_DDCSDA/GPIOB | sions/s1om
_— a0 TN U_SP@_STBY 125 |SU_DDCSCL/GPIOS | S51005/3108
VCC3 2 RP1JT2 1l RP1T2 2 a0 U_SP@_STBY | i | A 126 |3v_DDCSDA/GPIO01@ | 31006,3108
2. 2 o 127 |3U_DDCSCL/GPIOLL |3100E/3108
4 Sz R1HE R1H11 R1H7? R1H4
. 63N . BE3W 1K 33p 1K K
éﬁ éﬁ S% 52 54 4
v 8 v cH CH CcH
v 663 503 503 £es
PORT_ANGELES 2 2 2
982217 43 14 (BT SMBJCLK_MAIN Py SMB_cLK_M u_spe_stey | 01
44 4@ 39 38 37 36 27 SMBJCLK_RESUME 88 | sve_axr o  rer_su_stey |72 U_RE| SU_SUSg 28 38
6898 9522 17 43 14 SME@DATA_MAIN 89 | sme_nar_n W rer_sy | (@ U_REFSU 28 30
44 40 39 38 37 36 27 SMB2DATA_RESUME 3@ | cme_oarr 2
68 o purep_3y | B84 PWRGD_3V 11 2734 66 82 83
PA_DDCSDA_SY. 116 Su_I 08 5 PuRGD_Ps |82 PWRGD_PS )
; PA_DDCSCL_SU 114 7 o
| PA_DDCSDA_3V 115 ::fDCSCUGHZiE PeIRST_oUTx [\ 73 P_RST_SLOTS_Rx 1 RIHFB 2 RRST,SLOTS*@ 15 36 37 38 39 40
| PA_DD L_3U 113 | 2 nocscLsaprong pCIRsT_ouTaw [P 4 TP_PCIRST_oUT2_RN 33 =% 42 58 60
. | > 10e_rsToRvx (484 IDE_RSTk 32 803 o 1 ciqig
DESIGN NOTE: 95 7470 (T} CPIO-GEN BLNKHDE 94 [ oo romemrn 992 RemAs T = o
_ 95 75 74 7B GPIO_YLW_BLNK_HDR YLW_LED 7
BIOS MUST PROGRAM GPIO [8-111 AS oz [ arcrern_cors (Y27 BACKFEED_CUT ST 5t 2| RBY
OUTPUTS/PUSH-PULL. 22 TS erinemy o 1o | arcen_ar_cur [/ 79 LATCHED BACKFEED_CUT s 6L 503
75 67 sestu 4 paom (HBL PS_ONx SUT) 80
FRRSTH F cpu_presents (B3 sLoTOCCK 67 97
27 [TRH-SLP=S3% 85 SLP_S3x AUD_LINK_RST* 120 AUD_L INK_RST* 29
27 IS SLP-S4x 86 { sLp_sax/SSx  CDC_DHN_ENAB/GRIOLZK thé CDC_DUN_ENABx 30 4327
e CDC_DWN_RST* a8 _— e — —
98 | resrent ~\V_3P3_STBY
PA_F_CAP [=ird
— e 2 OF 2

Nes117.. 129 ic

97 67

U_5PB_STBY

CAD NOTE: = SPARE L)
BIED 1
PLACE AS CLOSE TO 4 pp172 2| RP172  AlRPIHZ 3| RPIH3 cipe 1
PIN AS POSSIBLE 27K 27K 5. 2K 5. 2K i

SCSI ACTIVITY LED

J2J3
IX2HDR

5% s% 5% s% O 1 SCSI_ACTX rseTy 75 57
. BE3W . DE3W . DE3W . DE3W o/ EEE=Ne
ic ic ic ic

5| sM S| sm 5| sm sl sm = =

HDR
197555-192

PORT ANGELES (PART 2> ~, GLUE4 ~— — — — — = 7 = DOCITENT MR ] PAce | ey
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’7 [CAD NOTE: S ‘
| 1@MIL TRACE ON SE_ZONE_TDN AND _TDP J
‘ . [CQD NOTE: :
CAD NOTE: : D
| Ucc  +12u
SOUTHEAST THERMAL ZONE SENSOR DO NOT PLACE HECETA-6 UNDER CPU HEATSINK J A
PLACE BELOW DIMMS - - — - — - — - - - — = - - — - — =
CPU_FAN_PUM gy o 7o 1
R1DL6
PREL IMINARY B
ULE2 Ha
HECETAB 2
> 128955-001 24 [PWML/NTESTOUT  UCCP_IN gg vccP @as o8 ||
V_2P5_SM
57 44 42 39 38 37 36 39 SMB_DATA_RESUME L |soa 2. gt 55 -8 98
1| gemEre-ize v a4 40 39 20 37 28 27 % SMB_CLK_RESUME 2 |scL 3.35BY [ 4 Y-3P3_STBY {IN] 84
—lowPr 928 120 [ 21
S 5 GUT}—H-TEMP_RET 18 |reMOTEL+
2| RE3 5 E H_TEMP_SRC 17 |REMOTEL-/NTESTIN  PuM2 | 1D TP_HECE_PWIM2
5035 SE_ZONE_TDP 16 | remoTE2s PuMs |13 FNT_REAR_F AN_PWM3 B 5 72
Py SE_ZONE_TDN 15 |reMoTEZ-
11 CPU_FAN_TACH
96 | TN > A VIDc4. . @) 4 19 |urpa 128:; 12 HECE_TACH2_PD <m72
; 3B lurp3 TacH3 [ 3 FRONT_FAN_TACH -2 c
‘ DESIGN NOTE: S Tocs i o
1 5 jurpt
ALL STUFFED IF HECETAB a S |uroe GND |3 1 lQZlKEl
ALL EMPTY IF HECETA4 57150001 C Ned
B@3
V_3P3 STBY q
B84 IN -
a D 1|R1E3 q
DESTIGN NOTE: 10K k= 1
S
STUFF WITH HECETABE FOR FAN_CNTL FET (P-UP> 2 EE;TY
STUFF WITH HECETA4 FOR ADDRESS SELECT ;
3
— e I ———— e O I
VCC3
‘ ULE1L N ainia B
R1DLS HECETA4 2
100 FP_RST_ITPx 2 1 16 [eomresr_oor  svccr_in LS n
‘ @oT A 2 o |14 B
603 EMPTY L |spa +sVIN |12 2
CPLU_FAN_PHM FROM PORT ANGELES PIN-183 THROLGH @ OHM S 7
NEEDS DESIGN MODIFICATION FOR HECETA4 SUPPORT se- Rt
TO ALLOW PWM CONTROL THROLGH FET ON HEC4 PIN-LE WHILE NOT PULSING 10 +av
The RSt STONAL THROUGH THE @ Or AESTSTOR (RLSO G HECH FIN-I6) g | mrmnzone.
4 1l |ii20u104 ‘
3 g urna 5
DESTIGN NOTE: & & ome GNDD | —=—@
ALL STUFFED IF HECETA4 2 S o 1L ‘
L ALL EMPTY IF HECETAB EMPTY
I R R R  ————— - - e e —
llciEL
2| ¥5v
563
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27 [IN> SPKR

1 RBHS 2

CORE_SPKR.R 1

o

1K 5%
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3

MMBT3904
2
1P89659-001
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v 6 5 4 3 2 1
a0 V_SP@_STB 1 ReJ7 2
, ReJs 189717-726
VCCt— VN, J8J2 338 5%
E 2XBHDR_10_14 &5 &
1 2 GPIO_GRN_BLNK_HDOR 67
57 [T _HD_LEDx E 4 GPID,YLN,BLNK,HDR%57
s 5
27 188 96 EGOUT FP_RSTH = B m
4 =]
TP_SIO_IRRXZ2 vce 11 O 12 “‘
13
TP_SIO_IRTX2 ! 15 O 16 ~ UCcC
HDR
vcc
TP_SID_IRTX2_CAP2 —‘
CPB8J1 CP8J1 CP8J2 CP8J2
cPBI2 cpPsI2 cPBI1 cPBI1 4 3 4 3
2| a7ePF 1| 47ePF 1| averr 2| a70pF G Loz areer _Lareer
205 e - 205 SBU 58U 58U 58U
5l euery 5| Edpry ‘ -] Bty {gmpw 5| EMPTY s| EMPTY 5| EVPTY
SM SM SM SM
= L 1 TP_SIO_IRTX2_CAPT = 1 1 1
‘ SPARE J ‘
B e R R ————————— L —
SW_ONx% @74759527
&P I0_GRN_BLNK_HDOR @I 67
JB8J1 lICBJB DECOUPL ING
lXEHD?E égpF Ucec3
2| empry
102276-304 1 603 ‘
&P 10_YLW_BLNK_HDR am] e ‘ 2 cele
T
YsuU
lcei3 603
47QPF
i
2 B N
= - - _ FRONT PANEL HDR
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MHEA L
MTG_HOLE
EMPTY
GND=1,2, 3, 4,5, 6, 7, B
EMPTY EMPTY
GND=1,2;3, 4,5 6, 7» B GND=1,2,3, 4,56, 75 B
MHSAL MHST1
MTG_HOLE MTG_HOLE
NC9 |8 NCg |8
EMPTY EMPTY
GND=1,2,3, 4,5, 6, 7, B GND=1,2,3, 4, 5,6, 7, B
MH1B1 HOGL
MTG_HOLE MTG_HOLE
NCS ]2 NCS |2
EMPTY EMPTY
GND=1,2,3, 4,5, 6, 7, B GND=1,2,3, 4, 5,6, 7, B
MHSG1
nes MTG_HOLE
B} NCS LS
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EMPTY -
GND=1,2, 3, 4, 5,6, 7> B GND=1,2,3, 4, 5,6, 7 B
DRAKING
NGRUP SCT. 1. 71 DOCUMENT NUMBER| PAGE | REU
Wed OCT 23 10:39: 04 2002 A95397 1 hs
3 | 2 | 1




w72 g 7 5 | s | 4 | 3 | 2 1
CPU ALWAYS—O0ON F AN 2
CAD NOTE: *ﬁv D
(PLACE BELOW/RIGHT CPU SOCKET» 1
- 1><—T31H%1R ?@%(BS
] cru_ortue 1 Sy
{ Jaici ! 5 &b
EMPTY R1B7
se 61 [Ty CPL_F AN PhM A o &
ASPPoS-B01 |2 cH CRUTRCH-ouT &0
DESTIGN NOTE: L 2|52,
uces STUFF PULL-UP <(LOCATED ON HECETA PAGE> L
WHEN FET IS STUFFED <@ OHM MUST BE UN-STUFFED) .
1 e
s
K uces
cH L
€03
El E
C

ss51 [IN » FNT_REAR_FAN_PWM3

R1G2
E 2 orsres raveun ey 1 QiGL
7 220 XSTR EF 1 C F%SSIES FZN

& 503
1P8965-001
CAD NOTE: +12u
(PLACE ABOVE/RIGHT CPU SOCKET> A
reer_oR1ver
RSB4 3
FNT_REAR_FAN_PWM3_XSTR 1 REAR_FAN_PWM_R Q5B1
MMBT 2222
5% 10 XSTR 61 68
cH 603 =

+12V

- RONT CHARSS IS F AN

+12V

CAD NOTE: i
(PLACE LOWER LEFT CORNER OF PLATFORM>
3
2 POP 1 cmcwe Y\OOHL
1@ 5% 1/16W XSTR
683 CcH

2
1P1416-601
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CNR PCI SLOTS

sPD AmD: AC =PD ADD: MR

)
h SMB_CLK/DATA_RESUME

SPO AODE AR AZ. A4 AB

PORT_ANGELES 4‘:

|

|

|
LAN HECETA
sPn ADDi N | | SPD ADDi NA

|

|

|

CLOCK ‘

sPD ADD: D2 |

SMB_CLK/DATA_MAIN

SMBUS IS0OLATION MAP
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27 [TRS.CPIO_LAN DISABLES 2 RZT2 1 EMATL _LEDETTS 74

2] 1
B3 EMPTY

753287001

custToM P HEADER ORTION

189717-725

UBH1 UBH1
74ACTO4 74ACTR4
RBT1 2X18HDR_10
4 [T Erari-ten S {>06 enrL_surz 3 {>O4 errL_sur.pe L 2 PN2_HD_INUERT 2 1
S, GPIO_YLW_BLNK_HOR 4 3
EMPTY EMPTY 222y oD e 5 s
Uucc=14 ucc=14 B 7
GND=7 GND=7 El

. U_SP@_STBY

REHB
18K
5%
EMPTY UBH1
583 o 74ACTO4

2

, RE8HS
67 @ HO_LEDx PN 1 {>OE Ho_Len.pz — X
Y4

EMPTY 23 EMPTY

UCC=14
GND=7

UCC=V_5SPB_STBY ("EMAIL INURT)>

)
S
‘C
Ul
sl
‘[S]
)
s
[ss]
<
O
{81]
L
(8]

CAD NOTE:
PLACE NEAR INVERTER

UCC=VU_5SPB_STBY (“EMAILINURT >

usHL UsHL
7AACTR4

SPARES

2796 75 70 @ SW_ONx

&7 GPIO_GRN_BLNK_HDR 12 11 o z0TiE P12
B ] 15
16 15
TP_PN_2_10 PINI7| 1B 17
TP_PN_2_ 19 PINIG| 28 19
EMPTY

1@8717-010

34 [T USB-FNT_PLR

CUSTOM USB HEADER OFRTION ‘

USB_FRONT2_Rx
USB_FRONTZ_R

35 ‘
35

CAD NOTE:

PLACE HEADER AS CLOSE AS POSSIBLE ‘
TO STANDARD USB FP HEADER

]
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sa V_5SPB_STBY

CAD NOTE:

PLACE AT SOUTH END OF

THE BOARD

DUAL FOOT PRINTED WITH THE STANDARD INTRUDER HEADER
JOH3
1Xx2HDR 685256-001

E %DERHM-ET
R1HS
12K EMF’TYT
5%
EMPTY J2H1
6e3 1X4HDR
1
2
57 T} SCSI_ACTx Py '; 3
EMPTY
102276-004 vce
1
R6J8
331
S%
EMPTY
583 JEJ1
1XBHDR2NC
HD_LE Dk 7
= HEER UCC_FOLED-_PRR
eni_ro_mwerr 3
&7 [Ny GPLO- YL BLNK HDR é
2798 74 70 QUT} SW_ONx - — %
Heegr Hegrs Hesrs Heosra Pl e, 10
aPF ToorF FooPF TOPF
S0 SoU ) 7p2688-002
2 Jad EMPTY
&0 503
b
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‘ JaJ2 ‘
1X6PWR
o UCC3 ucc
| [Sﬁ N |
‘ CONN
NC=7
455072-060 ‘
‘ CAD NOTE:
KEEP CLOSE TO 2X18 PWR—-CONN ‘
DESIGN NOTE: ‘
‘ OPTIONAL FOR EXTRA VUOLTAGE LOAD (AGPPROs ETC. J
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E7205 MCH F IWH HECDE

X. X (UCCP> 3.3 (UCC3> 3.3 STBY (UCC3 STBY)
1.3 5.0 (UCCH
= L AN 12
3.3 U-AUX (UCC3 OR 3.3 STBY> =% (MVCCPS
1 CH 3. 3 (UCC3y 2.5 (CORD)
X. X (UCCP>
R GLUECHIP HeC4
: 3.3 STBY (UCC3 STBY)
3.3 STBY (UCC3 STBY) 3.3 STBY (UCC3 STBY>
3.3 (VCC3H 5.0 STBY <(UCC STBY) o- g Ve
" 3.3 (UCC3>
SIO (PORT ANGELES) CK—A408 X. X (UCCP)
3.3 (UCC3> 2.5 (CORE>
3.3 STBY (UCC3 STBY) S. 3 Uee3
5.0 STBY (UCC STBY)
SATA CPU
g X. X (UCCP>

3.3 (UCC3>

HSCOM 13945

3.3 (UCC3>

+120U (PLUS 12U FROM POWER—-SUPPLY S

—12U (MINUS 12U FROM POWER—-SUPPLY)>

VCC3 (3. 3U FROM POWER—-SUPPLY> °

UCC 5.8V FROM POWER—-SUPPLY ) &WQE:C;D k)(>L;TFQC%Z IjIEBT?PQI}BtJT?I(}P%
VUCCP ¢1. 18 — 1.85U

U_IPS5_CORE (¢1.50U DERIVED FROM UCC3)

U_1P3_CORE 1.3V DERIUVED FROM UCC3)>

U_IP25_MEMUTT «1.250U DERIVED FROM U_2. 5>

U_2P5_5SM 2. 50U DERIVED FROM UCC)

V_3P3_PCI_UAUX 3.3V OR 3. 3—STANDBY SOURCEDS

U_1PS5_STBY «¢1.50U DERIVED FROM 5. U0-STANDBY)

U_SP3_STBY (3. 30U DERIVED FROM 5. U0-STANDBY)

U_SPB_STBY (5. 80U FROM POWER-SUPPLY)

U_3PY_BAT_UREG (Y3.08VU FROM THE BATTERY OR FROM 3. 35TBY THROUGH A DIODE)S
U_BAT_UREG_R_CR (3. 00U FROM THE BATTERY)

UREG_12VU_F ILTERED «+120 FILTERED FROM 2X2 12U POWER-SUPPLY)
UREG_USB_BP_LEF T (5.8 FROM UCCC OR 5.80-STANDBY)

UREG_USB_BP_RIGHT <5.@ FROM UCCC OR S.B@-STANDBY) UREGC MAP
UREG_PS2 (5.8 FROM UCCC OR 5.B@-STANDBY >

USB_FNT_PWR (5.8 FROM UCC OR 5.B8-STANDBY) DoekING DOCORENT NOWEER| FAGE | REV
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a1 UREG_USB_NCH
1
vce 5
L3J2
1. 7uH
2 " Py
TND I | AB5854-00 1 1
oSG L+ §312 R3H11
20 Loy 2.2
A8l B
PDLQI 1286 Shs
" 2p2PP8-223" L L P A TBO98 1@ 11 13 17 2268 79 34
) ) 1
C3H34
2
o[ 888 AB5852100 1
- — - — - - - ] — X7R
{ E03
+12yV
U3H1 D =
ﬁ ! TPPMB11S
, 1 [uce DRUH |5 2Ps_nRUH |
1 ‘ TP_PWRGD 2 | PWRGD PHASE 2P5_PHASE L3T1
capss weszrsresr 3 |vest  pruL |6 zspmu | LA
107 ! 7| sEN GND |8 r 2PS_PHASE_IND
2| ¥89 ‘ IND
&as | Ic | D031 7-102
= A46595-001 = ‘ L opan6-120 |
! AB5854-801 C3H39
Q2H2 18,04 R3H7
! DN\FET 6.3v
2 1A
‘ - IT%BB cr
| ‘ = 805
T .
S
3 -
|
|
- L
IE i UMARG_2PS_SENSE ;

CAD NOTE:

|_KEEP_SENSE LINE AS SHORT

0 [T V_5P@_STBY

57 @LQTCHED,ERCKFEED,CUF

ann ann
aND N

c
ASBEB2-281 2

e
rrchz iSermn
2 I out
L len any
S
F

AS POSSIBLE.

7898 10 11 13 17 22 68 79 94

- OmyT= O
PRETN

, CAD NOTE: :
\jLRCE CLOSE TO CONTQOLLER‘

2. oV UREG

| STANDBY POWER FOR SLEEP STATES TO MEMORY COMPONENTS | DReuIG T —
— e s s s s s s s s s Wed Oct 23 18:39:86 2082 Ag95397 76 l.s
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| : | E

+12V

3504

=8 78 TRy Y—2P5-5M
1

| D UMARG_ 1P25_MEMUTT .l
L

 DESIGN NOTE:
THIS MAY BE REPLACED WITH
‘ FERRITE BEAD OR INDUCTOR

2
Lo - -

1P2S_MEMUT T_FILTER

12V_SWITCHED_PNL

L
g8 78
CoH4
P
207

1. 25U DR

S A71095-001

2 REG231

2
603

—-12V

1 RBHS 2
*— "N—0

1K S%
683 CH L

V_1P25_MEM

n

CBG 14 CSH1
T52ur e
i 20y
1| L8y £ 5u
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[SEE] 2| RDL

5 UBH1
S~ Lmzss
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3
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V_5P@_STBY

50

1
Wed Oct 23

4 3 2 1
Ucc  +12v
A A
L
2 PWRGD_PS_prry 57
2
=)
)
7
8
9 U 5PA TRBY
= I DD 55555y 7 r=esee
-Le2ie Hearin
4 1UF
Sau 207
2 355 2[ &y
BB3 583
+12V
A
L €374 ‘
Ib—{ }7
1L 2os UREG_L2U_POWER o5 8 a5
Y5y
603
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i 22UF B
e
e 1
= A27641-081
Ro- JSE2
~201307-pa3" SXSHDR
]
q
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C4B6 C4B8
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CRBHL

e4 [ Y=3P3_STBY 2

V_3PB_BAT_UREG
27 30 56

vmec_upar.n 1 R8H4 2 e

1K s%
03 ch 50T23C .
DIo 185
5| 180
38
XBT7J1
1 2

= CAD NOTE:
"HORIZONTAL THMNT"
2PCOIN L PLACE CAP NEAR ICH

ABSB35-001 -

CAD NOTE: YU_BAT_UREG_R_CRET 50

DO NOT PLACE BATTERY NEAR

MOUNTING HOLES; GROUND OR VIAS

50 U_SP@_STBY

- — — *‘ +12V
RPSD1
o_uREc_Lineanmp.a 2

|
|
|
|
|
|
‘ l
|
| W RPSD1 4 1| RPODL !
| . B63W 5% 2, 7K 2.7K 2. 7K e — !
| ic SM £ 5% CAD NOTE: !
. BBE3W . BBE3W
| RPSD1 ic Ic 12 MIL TRACE WIDTH !
‘ s snms B A NN S s snls gl sm ‘
2. 7K S/ 063K |
| L SM ic J ‘ VREG_USB_NCH @EA 78 79 82 !
| 83
‘ SPARE SECTIONS oo p UREG_USB_PCH a4 82 83 J :
| MBT3904DUAL |3 6 - _ |
! RPSD2 RPSD2 RPSD2
| &7 [T LATCHED_BACKFEED_CUT 2 7 e B 1 m5/ \ 2 e srecona 4 S UREG_BFEED_RL ‘
| 1K 52 B3N 1K Sy PE3W Q\A A/y 1K Sv. BE3W :
| SM Ic SM ic 3 T XSTR SM ic 5 RP9D2 |
| 1K
| 710127001 s% |
. BE3W |
| 1c |
| = 3| sM |
|
|
|
|
|
|
|

| |
| === |
| - — — “ +12vV |
|
! RP9AL |
| T inenma 2 AN AT s s RPaAL 4 1| RPoAt
| . DE3W 5% 2, 7K 2. 7K 2. 7K - ‘
ic SM 534 S% : !
: . BE3W . BE3W CAD NOTE: UCC3 Q7ct |
ic ic
| R L ENERRLrPa BRADQA QA l3 e _LonRR_et SM |5 gl SM 12 MIL TRACE WIDTH % SI4501DY |
| 2. 7K 5% BE3W 1 |s1  DrRN| 8 !
| L SM ic | UREG_UAUX_NCH O — 2 |gi DN |7 |
84 M S2 DRN [ B
I SPARE SECTIONS on1 UREG_UAUX_PCH ‘ 4 G2 Dben S :
| -
MBT3904DUAL |3 S} - |
| IcC —| 15 36 37 38 39 40 43 44
| RPSB1 RPOB1 / \ RPSBL _ 45 46 47 BS 55 |
o7 [T BACKFEED CUT o 2 7 arsrena 8 1 vnucsreenmn D 2 e rernns 4 S UAUX_BFEED_RL AB3126-pa1 |
| vOIK 52 063W 1K S DB3W Q\A A/y 1K Sv. DB3W L|1C7BLSI 1 |
| SM ic SM ic SM ic 5 10U U =0 T yder] 7CL crc3
| Z 1 XSTR RPSB1 227 207 597 597 10F 10F ~10F |
i b B i |
| 710127-001 5% DL EDS 39
| . B63W 503 503 05 95 ERETY I
ic |
| =
| = 3| sm |
|
|
|
|

BQD NOTE: T J
UREG GATE CONTROL FOR PCI—UAUX PLACE AT PCl SOT8

BATTERY & PCIUAUX NGRUP. SGH_1. 81 DOCUMENT NUMBER| PAGE | REV
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cR-e2 g 7 & s 4 3 2 1
a1 [ U_3P3_STBY EBKRSGQ 2 - USB,OC,BQCK,RIGHT*@EQ
7
603 CH

o R2A1 g

{ CAD NOTE: *‘

UREG_USB MUST BE SPLIT
AMONGST ALL USB CHANNELS.
DO NOT DAISY CHAIN

PWRGD_3V PWRGD_3V_R 1 Q2A1
67 N
vee  _azeR LD
505 oA PLACE AS CLOSE AS POSSIBLE
L B
. P st oenle TO USB CONNECTOR
so U_SPP_STBY 3 |s» R B RT2A1
51 UREG_USB_PCH 4 1c2 DR[| 5 @ mecusea 1 2 e PAPY Py UREG_USB RD,RIGHT@ 3557
- THRMSTR 1C2A1 1
IC B57448—004 +
AD31D6-BB1 1.59 sg7 " 97659
CAD NOTE: e o[ e
-1 INCH COPPER ON oot 265
DRATN AND SOURCE B apLAL = =
° L
s
Fo8a23. O
656554-010
FBiAL UREG_PS2
UREG_P52_FB 1 2 63
FB oD
Hciae
A7BPF
80
2IX7R
BBO3
UREG BACKPANELRIGHT USB ~ PS2
DRAWING
NGRUP. SCH_ 1. B2 DOCUMENT NUMBER| PAGE | REU
Wed OCt 23 1@:39: 087 2002 Ag5397 52 h.s
8 7 5 s 4 3 2 1




R-83 g 7 & s 4 3 2 1

REG3
54 \_3P3_STBY 2 L o SB_OC _BACK LEFTx 25
om AL S
B@3 CH
- - I
CAD NOTE:
VREG_USB MUST BE SPLIT
R4AL E AMONSGT _ALL USB CHANNELS.
uee Q4n2 57 [IR>PURGD 3V 2 L mugepsvrierr 1 Qanl DO NOT DAISY CHAIN
SI4501DY e 24 SR PLACE AS CLOSE AS POSSIBLE
% I [T oils TO USB CONNECTOR
81 VREG_USB_NCH 2 G1 DRN i RT401
U_SPD_STBY 3 5
:T % VREG_USB_PCH 4 ég E:z S UREG_USB_Q_LEFT L 2 a | a VREG_USB_BP_LEFT @53 a7
® ®
IC s57445-opa | RIOTR +|1G404 ‘ 1
AD3106-001 1.50 vl Gt
i
2Rt 2 &
CAD NOTE:
.1 INCH COPPER ON
DRAIN AND SOURCE
DRAWING
NGRUP. SCH._ 1. 83 DOCUMENT NUMBER[ PAGE | REV
Wed Oct 237 18:39: 88 2002 Ag95397 83 L.s

8 7 S 5 4 3 | 2 | 1




CR-84 g 5 S 4 3 2
usrF2
EZ1086
2 U_3P3_STBY
50 [Ty -SPB_STEY . w7 * DD 22 82 3522 235 =" =0 =
anT OuT] 4
Ic
| 1
CBFL
1.0UF
1@
lav
2| YsU
IEZE =
UBGL
LM317L
Utle o U_1P5_STBY o0
84 [TN U_3P3_STBY - IN ouT[ 3 £ >
ouT g
* RDJOUTwm*B 8
CcBF1S 4| IC -
1. @auUF
1@
2| Y& R8G1L
o3 ROJ_1PS_STBY |
= 180 1z
603 CH
1
RBG3
20
1z
&3
2
DRAWING
NGRUP. SCH_1. 84 DOCUMENT NUMBER][ PAGE | REU
Wed Oct 237 18:39: 08 2002 A95397 a4 h.s
8 s

4 3

| 2




° | E |

2 1

“pc1

SLoT 2 0R 3"

“PCI sLoT 2°

“pCI sLoT 4t

"PCI SLOT 1*

o

R/PCI SLOT 5*

Ucc3
L C7DS
Pc1 sioT 3
- 1UE 22
25V
Y5U
623

P

"ICH; LOWER LEFT ouen'(@

2o PuR'

"UREG FOR SU STBY,UCC3 STBY" (@

LOWER LEFT: BULK

]
%
e
IE RDL
“THMNT_lALUM ELEC"

4|lceris
22UF
“UREG FOR SU STBY/UCCS STEY ;

250
o ELEC
ROC
»THMNT_LBLUM ELECT

]

U_1P8_sATA uce

EE]

lCERll

“LAN EEPROM" "PS/2 & USB SWITCH"

663

—

2
. 1UE 20
250
EMPTY

84 U_3P3_STBY

BULK DECOUPLING CAPS

201507004
"UREG FOR SU STBY/UCC3 STBY"

‘ VUCC3

1 canza

1~ Tonr
[
250

ELEC
2 RoC

LXG AUX PUR CONNi LU ONLT®

“ICH: TOP HALF. MIODLE®

VUCC3

“PCI-VAUX SWITCH

“PCI SLOT 1*

UCC3

1 csco
* 1~ Teetr
"PCI SLOT 1 & 2¢ 7

BTy
2 R0l

[FEE

UREG DECOURPL ING

DRAWING
NGRUP. SCH_1. 8BS DOCUMENT NUMBER| PAGE | REV
Wed Oct 23 18:39: 88 2002 A95397 a5 h.s

E |




CR-85 g 5 | 4 | 3 2 1
1. 3V CORL
+12V
uces A
q
1 L (EBBEU?F UCC3
RED3 109 ﬁ
150 2 1oV
1z Y5y
cH = 3 QsD1
o| 593 ON\FET
= 1| =2e2i7e-oEa
g USE1 CSDS
317 LM358 kT ézlur
v 1 1P3_CORE_358_0@T_1 1 H 16U
2
21— &7 1c S A71095-081 1505
191299-002 =
= >
1pa.cone_358_rrruss 2
1| =2e2i7e-gRa
CSES
E
- o e 2] &
oNFET 136
B USE1 ‘}47 —
LM358 -
+ U = 1P3,CORE,BSB,OUT,7- 1 H
-5, 1c AT71095-00 1
101299-002
VU_1P3_CORE 98 11 13 94

DESIGN NOTE: =

MAY BE MA
IN BOM TO
CORE SIGN

ADJUST 1.3V

NUALLY MODIFIED
AL DECOUPLING.

DRAWING
NGRUP. SCH_1. 86
Wed Oct 23 1©:39: 09 2002

2p2170-004

o BEOM 4. 7UF
ROL 207
| 220pE-n2E" 16U
YsU
120

1.3V UREG

DOCUMENT NUMBER
ASS3397

PAGE
86

REV
L. s

3




CR-87 g - 6 | 5 | 4 3 2 1

1. 50U CORE

CAD NOTE:
CONNECT USENSE <¢IRU115@8: PINL> TO U_1PS_CORE SIGNAL
CLOSE TO LOAD <ICH OR MCH)> FOR REMOTE SENSING.

UBF L
IRULLSD

vour |3 Py @ —1PS_CORE 57y 98 11 131528 30 94
uIn . oo
usense
4 | vern 1| 2e2170-084 Lcera
G vee ens |2 1 CEF 1 + |- YoulF
bt REF 1 4 eUF 207
201307-004° |, ECEC 1 ceFs  nes o 758 725 S Eoec
2 RpLC T oUF A73965-001 o 2| ysu E5E
%%\/) 603 "201307-BB4"
2| ysu
603

Uicl
MIC5258
N

EN

e
'
N jw |-

ouTt
cic
b0 - ' CAD NOTE:
2| g2y Ic eica
] AT8712-001 _pUF ‘MQKE TRACE FAT, THICK &

1. o
197" |SHORT (LESS THAN 3")

- 2| 48 IKEEP CLOSE TO CPU PIN-AF4
885 12 MICS248 PIN-S

1. 950U UREG

DRAWING
NGRUP. SCH_1. B7 DOCUMENT NUMBER| PAGE | REV
Wed Oct 23 18:39: 839 2002 A95397 g7 h.s
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CrR-88 g

7 6 5} 4 3 2 1
. @UREG,lEU,FILTERED 1 R4Bl22 UREG_12V_FILTERED_R a a
0.084 1%
2512 CH
CR2B1 4 “23E P! 4 giEaoToe
CAD NOTE: [ SAtoac DN\FET D\EMPTY
PHYSICALLY CONNECT THE AGND (TRACEs NOT A PLANE> 507230
TO ONE OF THE OUTPUT CAPS. DISREGARD WARNINGS. DIO oy ke ke
1 1
. sc128s N &5 N
Us  BST 3 3 1
B |poND TG | 2ueearpurest R2BL 2 ° LlLlBSlNH
=4 |co DrRN| 1 ébg 2t " al 2 AloSEB-2BL
S len  me |7 AB5852-001 * A
UREG_12U_POWER P C D\Q1B3 2 Q28B4 2.2
80 m Y @ 5 54
. = cH
1 Gizg N\ b 2l
1 R3B3 ET R ——
C4B3 22 1 T80 G S 1
1847 7 Y 2| Y89 FET B % i
o| $8Y cH 185 SFET C1B3
X7R 603 2| 28Ty L UREG_iPUM1_Rg GATE 1 82U°
603 2 EDS C b SpU
t L
RABE s -e0L p
E4 g80
\DP3 163_CS» CcH ggg
= U4B1 2|5 _ X
GND FOR 2-PHASE 15 ADP3163 on Alasee-oay
= REF FOR 3-PHASE 558 vee “RCC-AoEee i ® 8 |poND TG |2 umeem ME,TG,RJA; 7R3E;B e 1 A oL
UREG.ADP3LER_CT 19 cT PWML 18 UREG_ADP3163_PWML 4 1 JLrae 24 T A5@ONH
PWM2 17 UREG_AOP3163_PWM2 = “Co DRN SENSE. 1 2
15 |pc PWM3 |_LE UREG_ADP3163_PWM3 S - L 2 REETES L L 2
PN o |11 EN BG - ! L=
SHARE | B rr_eorsica sreme Ic D\ Q3B4 R2B3
S_|uinae L ) B
ENN VT comp |7 ! Q385 .
3 |urn= 5 [ 9 UREG_cPU_SENSE_TN coms 1\/— D %Sa
2 |uIp3 PGND |14 4 7UF G [
1 lurpa onD | 8 285
2
¢4p 1% 5 H cop3
[ SFET 3 QT
QlC3 Vcc3_a_p; = = 2| %84
MBT38@4DUAL T3 S) BD3
5/ j - s
87 [T YCC-YIDGD -l 1 =
> O ) CaRAs p
=) 24, UREG_PUM3_RCx a
4 1 2| jPd
XSTR 683 o ABS854-BB81 A42454-001
BATS4C 4 4 Q3B2
B CALUES MAY C v S?gaac ggz%z,r FET EMPTY
%
v 1 U3B2 2| %8y
R4B7T -1 — SC12m5 603
2.7
5% lpzplz £ Jus  BsT — ALBSEE-BOL
H 5 R 2 ureo_runs_ore _orv_ri_s
BOHM PGND TG L3B1
oes SMEMPTY — T 4.7 450NH
=4 |lco DrRN|[L 805 al 2 >
FSTGN _NOTE | 5 leN BGL T 1 IND
GND_ISOLATION R3B2
BACKSIDE PADS £ Ic g/g
Eds
2 ]
C3B2
giUF
107
2| ¢
- — 503
1 RaBl@2 ‘{ vccp_150 1F5 - -
1K sz |DESIGN NOTE: ®&omm _DRAWING
C D U Q E G ees e UCCP ISOLATION SMEMPTY NGRUP. SCH_1. 88 DOCUMENT NUMBER| PAGE | REV
BACKSIDE PADS Wed Oct 23 10:39: 10 2802 Ag9s5397 B8 .5
8 | 7 6 B | 4 | 3 1




(NORTH> OF CPU SOCKET

CAD NOTE:
PLACE ABOUE

8

CR-B83

REV
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ASS5397

DRAWING
NGRUP. SCH_1. 89

—
R : O
I3 |
38 N Ll
I G i [
” ,;\” U
| WW,
, Chy B
”EBA [ LD”
|ohsEE | e (o
al, )
[ - — 1
*——
©
P 8
\\\\\\\\ B
|
| '
e =
*— L) i
w o
NO, _
52 I
: | |
mEN_ad e -
AOED>Ta |
¢ SIS IE MAH, Q,
O “
o i
>
—
-0
|
el
— L
*—— 0 o
Y FO!
" o 8L,
|
g o) a0y
O Sa
9] ! 2T
0 ¢ g C”
2 X
O o
L ~
O T ousae [ | e - — — — _
= il
v g ] 5
L Q parsd
5 0 30
oo bl <0
Lo M S
= L oo
OF ¢ - LIt
z crt=f=¢ T o
: 2, | of
|
%Q < ool NNQ
oz 5 L Ol
a w1 ge
. v ey OaX
SN” T |-~
2o - onf
ST MAH, %L
| 05
[ e e I S (S —— R
[
J
& -
0 0 MS JU
~ e & g - 0
3| ~ O =] ~
) 5] A~ al
L] D () @ 0 DR
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0
0
— o oy —
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CR-91

8

PAGE INTENTIONALLY

BLANK

DRAWING
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crR-g2 g

PARGE INTENTIONALLY BLANK

DRAWING
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crR-33 g

PAGE INTENTIONALLY

BL ANK

DRAWING
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cR-34 g

MCH BACK DECOUPL ING

—

n
LT
=
k|
3
2

MCH_GTLREF
58 13 [T

U_1P3_CORE

U_1P5_CORE
98 87 [TN

402 l

-

ICSRE

MCH DECOUPL ING

U_2P5_5SM

98 78 [T
Py Py Py

402

SM DECOUPRPL ING

DRAWING
NGRUP. SCH_1. 94
Wed Oct 23 1@: 38

111 2002
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R-ss g | 7 5 s 4 3 2 1
- — —_ -
DEBUG/EU FEATURE: KEY SIGNAL STATUS LED’ S PRODUCT FEATURE: STATUS LED'S ‘
UBJ1 _
74AS1034A STEADY YELLOW: SLEEPING 5%22?35 o1
‘ 57 [TIY_DES_IERR 1 . 2 DBEG_IERR_LED BLINK YELLOW: SLEEPING W/MESSAGE DAL LED ‘
iC
&7 GPTO_YLW_BLNK_HDR | N 2
UBT1 o L
74AS1034A 5 ~ P
P10_GRN_BLNK DR
97 IR DBG-sMI 3 [™~_ 4 DBG_SMI_LED uce 57 D> %% ‘
%C LED =
UBT1 STEADY GREEN: RUNNING CREEN/VELLOW
‘ 74AS1034A el Rele 2|88 BLINK GREEN: RUNNING W/MESSAGE uce
g7 m DBG_STPCLK 9 8 DBG_STPCLK_LED Sv 5% A
1c cH licH
EB3 603
uBsJ1 1/18M
‘ 74AsSl@340 | ey ey ‘
g7 DBG_CPURST 11 10 DBG_CPURST_LED CRBJ1 CR5T1
m Ic RED ORANGE
UsT1 LED /% LED ‘
TAA51034A 1 7093978-001 716805-002
so [Ty _P-PCIRSTx S 5 P_PCIRST_LEDx -
‘ 202262-171 ¢
ycc=14
GND=7

EEBUG/EU FEATURE: POWER RAIL STATUS LED’S

Ucc

UCC3

DEBUG/EU FEATURE: RED WARNING LED ON CRPU 12U CONNEC

TOR

+12v

U_3P3_PCIVAUX U_3P3_STBY +lav
8L [IND 4 [IND
[ - 20z265-242
1| RBH12 1|REH14 1|RroC1 1| R7H13 1| REH13 ‘
330 220 220 228 TR
57 57 57 57 57
‘ 2| cH 2| cH 2| cH 2| cH cH ‘ ‘
603 603 603 503 603 ‘
1 R4B112 umesseurouenr
‘ CREH2 CRBH4 Z crom1 CRTHL ° crera 5o [T ) REG=12V_POUER > S350
GREEN GREEN \/ GREEN GREEN GREEN Lo 2 EXSTR
‘ A7 [, LED A7, Lep A [, LED A7 (; LED vam=:  oE-DD1
L ‘ CAD NOTE: PLACE @ 2X2 CONNECTOR ‘
- - - —
usJ1
T74A51034A
e I P_PCIRSTx 13 ™~ 12 P_PCIRST_DEBUGK [OOT> e s
IC
VUCC=14
GND="7
e - - J
oaume. DOCUMENT NUMBER| PAGE | REV
Wed Ottt 237187 39: 12 2082 A95397 a5 s
8 v 6

E |




CR-56 g

e 6

4

3

(DEBUG/EU FEATURE: FRONT PANEL SWITCHES

L
-

VID4 VID3 VID2 VID1 VIDB VOLTAGE

‘ 1

(SIS SE RS SRS ISR S RS L R TSRS S IR VIR VS

FP_Rg

1

0

|

T _DEBUGH

Jajz2

=

672681-002

1

SO Frrrrr e 0000000 F¢k¢k*F#rP~ -

SRS

(S

1

SIS TSR ERE IR [ I R  J T S  P < I E R SRER

1

SIS S S - T = B B SR SR SR

F R, 0+ F OO0 -+

SIS

1

O~ 88 -0+ 8~ 0+~ 08 ~8+~8+~0F~0+0 008

DEBUG/EVU FEATURE:

DEFARULT o

CPU DEFINED

OFF
1.1
125
15

I T S N
Ul

|
]

FP_RSTx 102 27 ‘

5 B

PblONk SINED
H[(g:

JaJ1
[ul |

B72681-002

UID JUMPERS

Ha/ID_TISOLATE<®>
RIFT

1A

< ®

HOR
102276-003

1-2

am
S
wT
3
ad
U
<
S
=]
S
J
l
>
1S
]
a
3
a
8

&

40 65 68

1-2 §

HDR
192276-003

5
TH ‘
31F3
1X3rioR
=2 40 68 88
HDR ‘
182276-083 5

40 65 68

HDR
192276-003

TH
JLFS
1X3HDR
1

4p 68 88 ‘

S
14 @UC(‘? CLK
‘ 75 [Ty H-PSBSEL®
JUMPER FUNCTION
1-2 CPU SELECTED
2-3 102 MHZ
-1 133 MHZ
DEFAULT 1-2

TH

1X3HDR
1
2
E]

HDOR =
192276-083

DESIGN NOTE:
CAN_STUFF RESISTOR INSTEAD
OF 3 PIN HEADER

1 RsBE 2

[} 1A
603 EMPTY
DESIGN NOTE:

ALLOWS "FORCE 133" WHEN
SUITCASE JMPR IS EMPTY

1 RSB1@ 2

JS5B1
2. 2K
603 CH
H_SEL133_108_TMPR 14
‘ 27

DRAWING
NGRUP. SCH_

1
Wed Oct 23

]

‘ ‘ IcH | {7 L |crPu
" DEBUG/EV FEATURE: SMI LED INPUTS
683 CcH
|5} 1A
1 RSHL 2

ICH_H_SMIx

PWR BUTTON » UID STRAPS

H_SMIx

H_SMI_DEBUGHK

. 96
18:39: 12 2082

DOCUMENT NUMBER
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PAGE
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cR-57 g

7 6 s | 4 3 | 2 | 1
e T T s T e —_— —
‘ DEBUG/EVU FEATURE: TDR COUPONS
TDR_TOP_680HM
TDR_TOP_S@OHM
1 1
: TDR PIN TDR PIN
TDR PIN DB9TL DBSHL
TDR PIN
‘ RN DBLB2 ‘
‘ TDR_INT2_6@0HM
TDR_INT2_SPOHM s
= 1 1 1 =
TDR PIN
‘ TDR PIN TDR PIN TOR FIN DB1B1
DBA4C2 DBLCL
‘ TDR_BOT_680HM i
X .
TDR_BOT TOM_5@0HM SRS
< 1 i DR PIN DBSI3
DBSH2
TDR PIN TDR PIN
‘ DBS9I2 DB4CL
—_—— _— —_—
H_UCCSENSE CAD NOTE:

DEBUG/EV FEATURE

NEVER STUFF
THIS JUMPER

PLACE JUMPER AS CLOSE TO ‘

L
JIFE  CPU PINS AS POSSIBLE

1X2HDR
E:] EMPTY
2
H_USSSENSE

DESIGN NOTE:

NO HEADER SHOULD BE STUFFED <ALWAYS EMPTY>

NO SUITCASE JUMPER SHOULD BE ATTACHED

THE STAKE PINS WILL BE USED AS TEST/PROBE POINTS

POWER-ON FORCING HEADER

5 [T t-sxroccyy
R2J1
TH o
J271 1A
IX3HDR jp—
03
LOTOCCK &7

DEBUG/EV FEATURE

|

VUCC3

57 [Ty H-CPURSTx

INVERTING LEVEL SHIFTERS ON PSB SIGNALS

FOR DIAG

LED® S

|
]

c L DBG_SMI

603 s ‘

DBG_STPCLK as

a5 @—LSMI,DEBUG* 2 REIAL a1

4. 7K 5%

603

CcH

a6 J2
XSTR
2

1p8965-001

(B1D H_STPCLK_DEBUGk 2 RBH1E Limmcmes 1 et REJS |L
EM;TY ‘ 4. 7K =74 XSTR
603 CH 2
1P8969-001
H_DP_PU<3. .B>x% s =
oD 75 [Ty H-IERRX 2 REILL
4. TK 5%
B6B3 CH
CAD NOTE:
PLACE ON BACKSIDE, KEEP DP TRACE SHORT - - e
NGRUP. SCH._1. 97 DOCUMENT NUMBER]| PAGE | REU
TDR COUPONS Wed oct 23712:39: 13 2002 Ag5397 9 ks
8 ke & | | 4 3 2 1




in  SMB ADDRESS

R85 7 6 5] 4 3 2 L
TES FEQTUQE LPC BUS DEBUG MODULE HEADER
CF% 189717-120
PLACE @ MID POINT OF TRACE BETWEEN DEVICES J9H4 CAD NOTE:
2X10HDR_4 SIDE KEEP-OUT: ©@.@80"
e 1 2 END KEEP-OUT: @. 160"
L_FRAMEX 3 o 1
P_PCIRST_DEBUGK S &
66561 56 27 @ L_AD<3> i 8 = YCC | meay TN ] 27 56 61 66
uces < =] a L_ADC1> %27 S661 66
o e 27% EQQDEE; RESUME é S fr
67 {44 4@ 39 38 37 36 27 = =l SMB_DATA_RESLIME 27 36 37 38 39 48 44 67 68
oty [l E e oo, =R
E — 2756 61
‘ 2751 (QUT}KERSTx g 20 LPCPD < ‘
ROME T T
14 CK_P_33M_FiHcLK 1 R7TI62 HDR ‘ 1 A 2 AZPGATE

‘ TEST FEATURE:

MEASUREMENT /CALIBRATION

EMPTY 19101000

2
603
(SPDA2 PULLED-UP ON

DESIGN NOTE:

STUFF @ OHM MANUALLY

CAD NOTE:
PLACE @ OHM ON CLOCK SIGNAL BETWEEN FWH & LPC HDR &
CLOSE TO FWH FOR STUB REDUCTION

(DEBUG EXPERIMENTS)>

—

DEBUG FEATURE: SMBUS LAI HEADER

J5C2

1X3HDR
1 SMB_CLK_MAIN

HEADERS FOR MARGINED UOLTAGES

**T

JLF7
1X2HDR 1X2HDR . lXEHDR
PGTLREF 1 El HYSWING 947968221713 11 1878
OUT. 5 8 OUT 2 '.
LEMPTY LempTy EMPTY
JsC1 J4ct
‘ 1X2HDR 1X2HDR iszDR
949 13 (OUT}MCH=CTLRER 1 O 5 13 (OUTTISHING 1 9 2524232019 18 79 U_1P25_MEMUTT .
2 Ea ‘.lIFAAAAAAAE:ZZiH
‘ LemMpTY LempTY LEMPTY ‘
) i JSD1
JSE4 J1FS
EXEHDR EXEHDR ‘ 94 3@ 28 15 13 11 87 V_1P5_CORE iszDR ‘
1113 H1_puRer - D11_UREFA_tP2S i
oUT g @mn4444441:24§ QQHAAAAAAI:ZjS
=EMPTY LEMPTY LeMPTY
) i JSEL
JS5EZ2 I6G2
1X2ADR 1X2HDR ‘ iXEHDR
159 13 (OUJT]PeRREE LS 29 30 (OJT]HL-VREF-ICH 1L 9413 11 85 (GUT]=LPa-CoRE 15
o) IS O
—EMPTY LEMPTY ‘ LEMPTY
J3EL

1X2HDR

- orrm_uRerE_tpes 1
8
LEMPTY

‘ JL1G3

‘ DESIGN NOTE:

HEADER SITES ONLY: NEUER STUFF SUITCASE JUMPERS
CAD NOTE:
PLACE TOPSIDE SILK LABELS FOR EACH HEADER

1613 vipes ren_umer_a |
8
LEMPTY

1X2HDR
13 12 8 5

7 28
57 83 B8 3@ 28

JSF3 ‘
1X2HDR
14 ‘

weer 1
<1@i!!iI44444———————————————:i:::::;z::EEE
EMPTY

CAD NOTE: - ‘
‘ ADD NOTE IN SILK: ‘

"NEVER SHORT HDR"
CAD NOTE:

PLACE TOPSIDE SILK LABELS FOR EACH HEADER

DESIGN NOTE:

HEADER SITES ONLY:

DRAWING
NGRUP. SCH_

NEVER STUFF JUMPERS J oV oet 23118 29 13 op@2
- — — e c

MODULE >

2 1A
603 CH

RIHZ
1 2 ICH_SUS_STAT, 27 ‘

%] 1A
B@3 EMPTY
DESTIGN NOTE: ‘
STUFF @ OHM MANUALLY FOR DEBUG
EXPERIMENTS. ONLY ONE SITE SHOULD
BE STUFFED AT A TIME

DEBUG HEADERS

DOCUMENT NUMBER
AS53397

PAGE
=1s)

REV
.5

8 7

S | 5 | 3




cR-83 g 7 6 | s | 4 3 2 1

CK_P_33M_PORTEB_FFk

b UBJ1
74LUCT4
PRx*
e |p QLS CK_P_33M_PORTE® oD ==
1o UBJ1L vees
uce3 ahB 74LUCT4
PR g
Ic Q- 1| 2g2285-043
RBJIS
1K
1K lok =
“ ycc=14 s
GND=7 G | 2
POWER_GROUP=UCC=VCC3
CLEAR_FLIPFLOP_PORTED 13 SparE_POgTBE_FF
SPARE
EPM7U32AETC44-10
44 PIN TGFP
CAD NOTE: ORIENT TO LEFT
DegJ1
usJi LED_DISPLAY_10P
EPM7p3e A38794-001 SRP9I3, =PSI3
1032 44 L _FRAMEx EE] L FD HT OUTA LEFN HT 0lTA R L A
R EeEa R ERIeon o0 [0 Phmmmames = EAa Y R mpaTr——easame 1 .
as P_PCIRS EBUGx 33 ~ GCLR 9 . TFO T OLT F=ERE T B TED_HI_OUTS R s o H—DQCCE
OF1 - og L FO HT QllT4 5] ARDBJ - 5575 LED_HI_OUT4_R 4| g
I FD HT OUTS LED_HI_OUTS_R 2 3
FoRTe-oc Ok2 o™ [ F0 HT olTh 4 CED_HI_OUT6_R 516 @—svees
240 Sy BE3W ThporteB I 7 7 | pp
1| 2e2285-025 s
Rers A3B432-002 1C
¥4
; .
603 1013
2 1018 oUTE ss
I017 [ 2t _HI_OUTE a9
= 1016 [20 _HI_0oUT4 a8
1015 [1s _HT_OUTS B ALL RPACKS 2400 OHMS
I014 | 18 _HI_OUT3 ag
1013 [1s E —OUTE aa
1012 [ 14 LE 8,8_ % oa
ST AmE CEDCO-SUTS s CAD NOTE: ORIENT TO RIGHT
IO9 [ 11 LE O_oUT4 = EE]
108 |_1@ tr_rortep_unuseo_1o DsgJ2
107 [[8__teroarssomseo s LED_DISPLAY_10P
TO6 [ 7__trrorten_trs_7 RPGTD
1932 23530 I]27sesLes e LFn 1o ouTtn 1 8 _RP9I3 Lfn 0 outa B L g
163 = AD< 1> 27 SEELEE 29 FN 1 Q QT 5] RPSJ1 L FD 10 OUT1 R 12 |p
105 [ 2 AD<O> Srooeree ) E o_o0 5 RPSH1L Fn 10 ouTe R 8 |c L6 —uccs
10T [ reromrontors 2756 6L 66 og E o_oJT3 RPSH1L 5 7z LED_LO_OUT3 R s |p u
- - o9 E o_ouT4 5] 3 RPSJT1 LED_LO_OUT4_R a_|e 3
a9 E 8,85 g I =) Rpgjl? LED_L OUTS_R 2 F g S ~ucc3
UCC(PQFP)=9, 17, 29, 41 %9 = LED-LO-OUTE-R 26
GND(PQFP)=4, 16, 24, 36 228 5 osaw T pomtes o7 7| pp
NC (PGQFP)> =45
UCC=UCC3 (“PORTS@DEC) A3B432-002 1C

TEST FEATURE: PORT 80 DECODER & DISPLAY

CAD NOTE: PLACE 1 EACH ON PINS 6 & 9 OF EACH DISPLAY
UCC3 UCC3

LPC DEBUG ~» PORT 80

DRAWING
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CRoipB g 7 & s 4 3

- ITP CONNECTOR

‘ a8 B8 YCCP >—I—Ii
s cice R1D17

‘ J1D1
MINI-ITP—-28FP

RLDE
S

cH
603

UCcCc3 ‘

ce H_BPMS_PREQx 3 ~ BeMs 603
k- H_BPM4_PROY 5~ BPMa Too |7 H_TDO
76 3_ 7 BPM3 Tek [ S H_TCK =
76 2_ 9 < BPM2 Tor | L H_TDI

I 21 < BPM1 ™S |2 H_TMS

[ 23 < BPMB TRST V32 H_TRSTx

L8 JIscrke utAP |26

R1CS
1

“NCY 4 | Ne DBR (H25 FP_RST_ITPx > N2 FP-RST¥ BTy 6 7095 27
"NC" B _|Nc DBA <24 "NC* 2 ‘1A

14 [TRS_CK_H_10@_133M_ITP_DWNx 603 CH

14 B CK_H_LP@_133M_ITP_OWN 8 | BCLKN 8

108 H_TCK
o L reo o g; uccp
uTT 88 9B
F—m——mmmm mmm m m m m — m mm — —— — ——— = — = — | wcomstaremen 1 RADS 2 wewerims 12 ~ RST LN
| 150 1z
R1D2 | 523 CH AS2489-001 CONN
av GND=1@; 14, 16, 18, 20, 22

0 OHM SERIES IS STUFFED WHEN ITP HEADER IS INSTALLED

o8 88 UCccP

|

|

1

|

| DESIGN NOTE:
|

|

| CAD NOTE:
|

49.9 OHM PLLL-LP RESISTOR FOR H_CPLRSTx IS ALWAYS EMPTY
MANLALLY EMPTY THE @ OHM RES AND STUFF 4Q.9 OHM FOR ITP WITHOUT MB RESET

ROUTE H_TCK FROM THE TCK PIN OF THE CONNECTOR TO THE PROCESSOR PIN ‘
FBO TAPS INTO THE H_TCK SIGNAL <(CLOSE TO THE TCK PIN OF THE CONNECTOR> WITH LENGTH REQUIREMENTS.
SEE ROUTING GUIDELINES FOR LENGTH MATCHING REQUIREMENTS

I TP

DRAWING
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¥k Signal Cross—Reference sokk AUD_LAUXIN_C 58 AUD_SPK_AMP_P3 55 CK_M_133M_P_DDR7_A 1@ 17
--- for the entire design —- AUD_LAUXIN_R 50 AUD_SPK_AMP_P4 55 CK_M_133M_P_DDR7_B 1@ 22
AUD_LCD 50 48 AUD_SPK_AMP_POS_OUT 55 CK_P_33M_1394 14 58
LP3_CORE_358_MINUS_2 B6 AUD_LCD_C 50 AUD_STRAP_45 a8 CK_P_33M_1394_SATA_R 14
1P3_CORE_358_0UT_1 86 AUD_LCD_R 58 AUD_STRAP_46 48 CK_P_33M_ARB 14 42
1P3_CORE_358_0UT_7 86 AUD_LINK_BCLK 43 48 29 AUD_UREF_FDBK 55 CK_P_33M_FWHCLK 14 66 98
1P3_CORE_358_PLUS_3 86 AUD_LINK_BCLK_CNR 43 AUD_UREF _IN s5 CK_P_33M_ICH 14 28
1P25_MEMUTT_FILTER 79 AUD_LINK_BCLK_R 48 AUD_UREF _OUT 55 CK_P_33M_ICH_R 14
2P5_DRUH 78 AUD_LINK_RSTx 23 43 48 67 AUDD3_ANALOG_R 48 CK_P_33M_LAN 14 44
2P5_DRUL 78 AUD_LINK_SDI® 29 43 AUSS2_DCPL a8 CK_P_33M_LAN_R 14
2PS_PHASE 78 AUD_LINK_SDIB_CNR 43 AUSS3_GNDSTRAP 48 CK_P_33M_PORTE® 99
2P5_PHASE_IND 78 AUD_LINK_SDIL 29 43 BACKFEED_CUT 67 81 CK_P_33M_PORTEA_FF* 99
2P5_PHASE_R 75 AUD_LINK_SDI2 29 43 48 BOARDID<4..@> 38 29 CK_P_33M_S1 14 4@
2P5_PHASE_R_PNL 78 AUD_LINK_SDI2_R 48 CDC_DUN_ENABx 3B 43 67 27 CK_P_33M_S1_R 14
2PS_REF_BYPASS 78 AUD_LINK_SDO 3@ 43 48 CDC_DUN_RSTx 57 48 CK_P_33M_S2 14 39
2P5_SM_PHASE_GATE 78 AUD_LINK_SDO_CNR 43 CDC_RESETx* a8 CK_P_33M_S2_R 14
2P5_SM_SENSE 78 AUD_LINK_SDO_R 29 3@ 56 CK_14M_AUD 14 48 CK_P_33M_S3 14 38
12U_SWITCHED_PNL 79 AUD_LINK_SYNC 3@ 43 48 CK_14M_ICH 14 27 CK_P_33M_S3_R 14
12U_SWITCHED_RES_XSTR_PNL 79 AUD_LINK_SYNC_CNR 43 CK_14M_SIO 14 61 CK_P_33M_S4 14 37
1394HDR3_12U_FUSE 57 AUD_LINK_SYNC_R 29 3@ CK_14M_SIO_ICH_R 14 CK_P_33M_S4_R 14
1394HDRFP_12U_FUSE 57 AUD_LLINEIN 50 48 CK_4BM_ICH_USB 14 29 CK_P_33M_S5 14 36

1394HDR_12V_FUSE 57 S8
1394HDR_12V_FUSE_DIO_HDR2 57
1394HDR_12V_FUSE_DIO_HDR3 57
1394HDR_12V_FUSE_DIO_PWR_9 57
1394HDR_12V_FUSE_PWR_3 57
1394HDR_DIVIDER_STRAP_@ 57
1394HDR_DIVIDER_STRAP_L 57
1394HDR_DIVIDER_STRAP_2 57

1394_CLKRUNxX s8
1394_CPS_PWR 58
1394_CYCLE_STRAP 58
1394_DUDD_FB s8
1394_FILTERD s8
1394_FILTERL s8

1394_GPIO_STRAP 58
1394_PHY_TEST_NA 58
1394_PLL_UDD_FB 58
1394_R@_STRAP 58
1394_RL_STRAP 58

1394_REG18A s8
1394_REG18B 58
1394_sCL s8
1394_5SDA s8
1394_XTAL_XT s8
1394_XTAL_XO s8
AZBGATE 27 61 98
ADJ_1PS_STBY 84

AGPREF 13 98 9 15

AGP_PRO_PRSNT1 15 29
AGP_PRO_PRSNT2 15 29

AGP_PSWING 13 9
APICDB_L 32 27
AUD_3D_C 48
AUD_3D_R 48
AUD_AFLTL 48 43
AUD_AFLT2 48 43
AUD_AFLTS 48
AUD_AFLT4 48 43
AUD_A_REFFLT 48 49
AUD_A_UREF 48 S5
AUD_CDC_LOUT 48 52
AUD_CDC_ROUT 48 s2
AUD_CDGND sp 48
AUD_CDGND_C 58
AUD_CDGND_R 50

AUD_CK_24M_XTL_I 48
AUD_CK_24M_XTL_O 48
AUD_JACK_GND 58 51 52 54
AUD_LAUXIN sp 48

AUD_LLINEIN_C 5@
AUD_LLINEIN_.R 5@
AUD_LLINEIN_R_FB 5@ 51
AUD_L_FNTOUT 52 53
AUD_L_LINEOUT 52
AUD_L_LINEOUT_FB_PN1 52
AUD_L_PCSPKR 52 55
AUD_L_RETIN 52 53 55
AUD_MICIN_AMP_MINUS S1
AUD_MICIN_AMP_PLUS St
AUD_MICIN_AMP_PLUS_PN 51
AUD_MICIN_AMP_PLUS_R S1
AUD_MIC_BIAS 51 53
AUD_MIC_BIAS_R 51
AUD_MIC_BIAS_REF Sl
AUD_MIC_IN 51 48
AUD_MIC_IN_AMPOUT_PNL 51
AUD_MIC_IN_AMPOUT_PN2 51
AUD_MIC_IN_FP 53 Sl
AUD_MIC_IN_FP_PNL 51
AUD_MIC_OUT_PN1 51
AUD_MONO_IN 50 48
AUD_MONO_IN_PN1 48
AUD_MONO_IN_R 48
AUD_MONO_OUT_C 48 5@
AUD_MONO_OUT_C_HDR 5@
AUD_PCBEEP_IN_CODEC 48

AUD_RAUXIN 50 48
AUD_RAUXIN_C 50
AUD_RAUXIN_R 58
AUD_RCD 50 48
AUD_RCD_C 58
AUD_RCD_R 50
AUD_RLINEIN 52 48

AUD_RLINEIN_C 5@
AUD_RLINEIN_R 5@
AUD_RLINEIN_R_FB 5@
AUD_R_FNTOUT 52 53
AUD_R_LINEOUT 52
AUD_R_LINEOUT_FB_PN1 52

AUD_R_PCSPKR 52 55
AUD_R_RETIN 52 53 55
AUD_SPDIF 48 s2

AUD_SPDIF_LEFT 52
AUD_SPDIF_XSTR 55

AUD_SPDIF_XSTR1_UCC 55
AUD_SPDIF_XSTR2_UCC 55
AUD_SPDIF_XSTR3_UCC 55
AUD_SPK_AMP_NEG_OUT 55

CK_48M_ICH_USB_R 14
CK_4BM_SIO_USB 14
CK_48M_SIO_USB_R 14

CK_6BM_MCH 14 9
CK_BEM_MCH_R 14
CK_CPU_PCI_STOP 14
CK_G_BEM_AGP 14 15

CK_G_BBM_AGP_R 14
CK_HBL_EBM_ICH 14 29
CK_HBL_6BM_ICH_R 14
CK_H_1P@_133M_CPU 14 &
CK_H_1P@_133M_CPUx% 14 &
CK_H_1P@_133M_CPU_R 14
CK_H_1P@_133M_CPU_Rx 14
CK_H_1P@_133M_ITP_CPU 14 &
CK_H_1P@_133M_ITP_CPU% 14 &
CK_H_1P@_133M_ITP_DWN 14 198
CK_H_1P@_133M_ITP_DWNx 14 108
CK_H_1P@_133M_ITP_PNl 14
CK_H_1P@_133M_ITP_PNL1x 14
CK_H_1P@_133M_ITP_R 14
CK_H_1P@_133M_ITP_Rx 14
CK_H_1P@_133M_MCH 14 9
CK_H_1P@_133M_MCH* 14 9
CK_H_1P@_133M_MCH_R 14
CK_H_1P@_133M_MCH_Rk 14
CK_MULT® 14
CK_M_133M_N_DDR@_A 10 17
CK_M_133M_N_DDRB_B 10 22
CK_M_133M_N_DDRL_A 10 17
CK_M_133M_N_DDR1_B 10 22
CK_M_133M_N_DDR4_A 10 17
CK_M_133M_N_DDR4_B 10 22
CK_M_133M_N_DDRS_A 10 17
CK_M_133M_N_DDRS_B 10 22
CK_M_133M_N_DDRE_A 10 17
CK_M_133M_N_DDR6_B 10 22
CK_M_133M_N_DDR7_A 10 17
CK_M_133M_N_DDR7_B 10 22
CK_M_133M_P_DDRB_A 10 17
CK_M_133M_P_DDR@_B 10 22
CK_M_133M_P_DDRL_A 10 17
CK_M_133M_P_DDRL_B 10 22
CK_M_133M_P_DDR4_A 10 17
CK_M_133M_P_DDR4_B 10 22
CK_M_133M_P_DDRS_A 10 17
CK_M_133M_P_DDRS_B 10 22
CK_M_133M_P_DDRE_A 10 17
CK_M_133M_P_DDR6_B 10 22

CK_P_33M_SS_R 14
CK_P_33M_SATA 14 6@

CK_P_33M_SIO 14 61
CK_P_33M_SIO_R 14
CK_P_33M_TPM 14 56

CK_P_33M_TPM_FWH_R 14
CK_P_66M_PORTEB_CLK_R 14
CK_P_BB6M_PORTEB_R 14 99
CLEAR_FLIPFLOP_PORTE® 99

CLK_IREF 14
CNR_SMB_AB 43
CNR_SMB_AL a3
CNR_SMB_AZ 43
CORE_SPKR_R E)
CPU_DRIVER 72
CPU_FAN_PWM 61 68 72
CPU_FAN_TACH 72 68
CPU_TACH_OUT 72
DBG_CPURST 97 95
DBG_CPURST_LED 95
DBG_IERR 97 95
DBG_IERR_LED ES
DBG_SMI 97 95
DBG_SMI_LED ES
DBG_STPCLK 97 95

DBG_STPCLK_LED 95
DIMM_UREFA_1P25 17 98 17
DIMM_UREFB_1P25 22 98 22
DIMM_UREF_1P25_R 79
DRCOMPUREF_H_U 13 1@
DRCOMP_H 13 1@
DRCOMP_U 13 1@
EEPROM_ORG_ICH 46
EEPROM_ORG_LAN 46

EMAIL_BUF2 74
EMAIL_BUF_P4 74
EMAIL_LED 74
FAN1_TACH =
FAN2_TACH 61

FET_TO_FET_DECOUP 78
FLIPFLOP_PORTE@_PRE 99
FNT_REAR_FAN_PWM3 51 68 72
FNT_REAR_FAN_PWM3_PNL 72
FNT_REAR_FAN_PWM3_XSTR 72

FP_RSTx 6 70 95 10D 27
FP_RST_DEBUGK 96
FP_RST_ITPx 68 100
FRONT_DRIVER 72

FRONT_FAN_PWM_R 72

DRAWING
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FRONT_FAN_TACH 72 Bl 68 H_BPM3_ITPx 5 7 100 H_UID_ISOLATE<4..B> 6 986 I_PA_FANL =
FRONT_TACH_OUT 72 H_BPM4_PRDY* 6 7 100 H_UssA 86 I_PA_FAN2 61
FWH_H_INITx* 56 H_BPMS_PREQ* 65 7 100 H_USSSENSE 65 97 KBRS T 61 98 27
FWH_RST* 56 H_BPRIx a6 ICHA_IDE_IRQ14 32 26 LAN_ACTLEDx a4 47
FWH_UPP 56 H_BR*<D. . @> 573 ICH4_IDE_IRQ1S 32 26 LAN_AUXPWR_FLAL_NC 44
GC_DET* 15 H_coMPa 76 ICHA_IDE_PDA<2..@> 26 32 LAN_CTRL_1PS a6
GC_DET_REF 15 13 H_COMPL ] ICH4_IDE_PDCS1k 26 32 LAN_CTRL_2PS a8
GLOBAL_RESET* 58 H_CPURST* 7 9 6 97 100 ICH4_IDE_PDCS3% 26 32 LAN_EE1 46
GLUE_FP_RST_RX 67 H_CPURST_DBG_R 97 ICH4_IDE_PDD<15..@> 26 32 LAN_EE2 a5
GP28_STRAP 51 H_CPURST_ITP_HDR¥ 10@ ICHA_IDE_PDDACK* 26 32 LAN_EE3 a6
GP21_STRAP 51 H_CPURST_ITP_R% 108 ICH4_IDE_PDDREQ 26 32 LAN_EE4 a8

GPIO_DMABE_DETECT_PRI 32 66

H_CPURST_LED_R 95

ICHA_IDE_PDIORK 26 32

LAN_JRST_ITXDL 46 44

GPIO_DMAGE_DETECT_SEC 32 66 H_D*%<63..@> 6 38 ICH4_IDE_PDIOWX 26 32 LAN_JTCK_JTXD2 46 44
GPIO_GRN_BLNK_HDR &7 7@ 74 95 H_DBI*x<3..@> [==] ICH4_IDE_PIORDY 26 32 LAN_JTDI_JTRST/SYNC 46 44
GPIO_LAN_DISABLEX 27 44 74 H_DBSY% [==] ICH4_IDE_SDAK2..@> 26 32 LAN_JTDO_JTXD@ 46 44
GPIO_SEL_2 14 H_DEFER 96 ICH4_IDE_SDCS1% 26 32 LAN_KER_TEST_EN 44
GPIO_YLW_BLNK_HDR 67 7@ 74 75 95 H_DP_PU%<3..8> B 37 ICH4_IDE_SDCS3% 26 32 LAN_KE_EECS 44 46
G_AD<¢31..8> 8 15 H_DRDY % [==] ICH4_IDE_SDD<15..8> 26 32 LAN_KE_EEDT 44 46
G_ADSTBA@ 9 15 H_FERR* B 7 27 ICH4_IDE_SDDACK* 26 32 LAN_KE_EEDO 46 44
G_ADSTB@* 8 15 H_FLUSH_FEEDBACK_Rx*x 66 ICH4_IDE_SDDREQ 26 32 LAN_KE_EESK 44 46
G_ADSTBL 9 15 H_GTLREF 7 86 6 ICH4_IDE_SDIORX 26 32 LAN_KX1 46 44
G_ADSTBL* 8 15 H_HIT* [==] ICH4_IDE_SDIOWk 26 32 LAN_KX2 44 46
G_C_BE%<3..0@> S 15 H_HITMx 69 ICH4_IDE_SIORDY 26 32 LAN_K_PHY_REF 44
G_DBI_LO 8 15 H_IERR* B 7 97 ICH_BATLOW_PU 38 27 LAN_L INK 47
G_DEVSEL % 9 15 H_IERR_DBG_R 97 ICH_EE_CLK_CNR 31 43 LAN_LINK1@@% 44 47
G_FRAME* 15 39 H_IERR_LED_R 895 ICH_EE_CLK_R 23 31 46 LAN_L INK1@a@x% 44 47
G_GNT* 9 15 H_IGNNE* 27 6 ICH_EE_CS_CNR 31 43 LAN_L INK_UP 44 47
G_IRDYX 9 15 H_INIT 27 6 66 ICH_EE_CS_R 238 31 46 LAN_LX1 46 44
G_PAR 9 15 H_INIT_Rx 66 ICH_EE_DIN_CNR 43 31 LAN_LX2_1PS 44 46
G_PERR_DET_XSTR 15 H_INTR 27 6 ICH_EE_DIN_R 31 46 29 LAN_MEBEN_PRST_NC 44
G_PERR_DET_XSTR_GND 15 H_LOCK 6 9 ICH_EE_DOUT_CNR 31 43 LAN_MDI_@ 44 47
G_PERR_PUx* 15 H_NMI 27 6 ICH_EE_DOUT_R 238 3@ 31 46 LAN_MDI_@% 44 47
G_PIPEx 9 15 H_PSBSEL® 6 7 96 ICH_GPIE_GPIO7_PU 3@ 27 LAN_MDI_1 44 47
G_RBF % 15 39 H_PWRGD 727 6 ICH_GP0O22_PU 27 38 LAN_MDI_ 1% 44 47
G_REQx 15 9 H_REQx<4. .@> [==] ICH_H_SMIx 27 96 LAN_MDI_2 44 47
G_SBAKT..B> 15 39 H_RS%<2..@> 96 ICH_H_STPCLKx 27 6 LAN_MDI_2% 44 47
G_SBSTB 15 9 H_SEL@_CK403 14 ICH_INTRUDER_HDR 3@ 27 7S5 LAN_MDI_3 44 47
G_SBSTBx 15 39 H_SEL133_1@@_JMPR 96 14 ICH_LAN_CLK_CNR 43 31 LAN_MDI_3x% 44 47
G_SERRx 15 g9 H_SKTOCCx 6 97 ICH_LAN_CLK_R 31 29 46 LAN_NC_CLKRUN_NC 44
G_S5T<2..8> 9 15 H_SLPx* 27 6 ICH_LAN_RST_CNR 31 43 LAN_PCIZN 44
G_STOPx* 8 15 H_SMIx 896 6 ICH_LAN_RST_R 29 46 31 LAN_PCIZP 44
G_TRDY* 9 15 H_SMI_DBG_R 97 ICH_LAN_RXD@_CNR 43 31 LAN_PWRGD/ALTRST* 44
G_WBF* 15 9 H_SMI_DEBUGx* 896 97 ICH_LAN_RXD@_R 31 29 46 LAN_RBIAS1@@_2P5 44 46
H4_VUCC3_HBE_12V B8 H_SMI_LED_R 895 ICH_LAN_RXDL_CNR 43 31 LAN_SDPB_FLAB_JCLK 44 46
HD_LEDx% B7 7@ 74 75 95 H_STBN*<3..0> [==] ICH_LAN_RXDL_R 31 29 46 LAN_SDP1_FLAS_JRXDB 44 46
HD_LED_2BY1@ T4 H_STBP*<3..0> [==] ICH_LAN_RXD2_CNR 43 31 LAN_SDPE_FLAL@_JRXD1 44 46
HD_LED_P2 T4 H_STPCLHK* B ICH_LAN_RXD2_R 31 29 46 LAN_SDP7_FLAL1_JRXDZ2 44 46
HECE_TACH2_PD 68 H_STPCLK_DBG_R 97 ICH_LAN_TXD@_CNR 31 43 LAN_SMB_ALRT* 44
HI<1l..@> 11 29 H_STPCLK_DEBUG* 97 ICH_LAN_TXD@_R 29 46 31 LAN_VIO 45
HI_ARCOMP 13 11 H_STPCLK_LED_R 95 ICH_LAN_TXDL1_CNR 31 43 LAN_V_1PS 46 4S5
HI_AVREF 13 98 11 H_TCK 19@ 6 1980 ICH_LAN_TXDL_R 29 46 31 LAN_VU_2PS 46 45 47
HI_AUSWING 13 11 H_TDI 7 100 6 ICH_LAN_TXD2_CNR 31 43 LAN_XTALL 46
HI_RCOMP_ICH 32 29 H_TDO 6 1P@ ICH_LAN_TXD2_R 29 46 31 LAN_XTALZ2 46
HI_STBF 11 29 H_TEMP_RET B8 6 ICH_RI_PU 27 30 LATCHED_BACKFEED_CUT 67 78 BL
HI_STBS 11 29 H_TEMP_SRC B B8 ICH_RTCRST_PULLUP 3@ 27 LED_HI_ouT@® EE]
HI_SWING_ICH 30 29 H_TESTHI®B_PU 76 ICH_RTCX1 3. 27 LED_HI_OUT@_R 99
HI_VREF_ICH 3@ 98 28 H_TESTHI1_PU 76 ICH_RTCX2 3. 27 LED_HI_OUTL EE]
HXRCOMP 13 9 H_TESTHI2TOS_PU<3..8> 7 6 ICH_SUS_STAT 27 61 98 LED_HI_OUTL_R 99
HXSWING 13 88 9 H_TESTHIBTOlB_PU<3..1> 7 6 ICH_THRM_PUx 3. 27 LED_HI_ouT2 EE]
HYRCOMP 13 g9 H_TESTHI11_PU 76 ICH_USB_RBIAS 29 LED_HI_OUT2_R ag
HYSWING 13 38 9 H_TESTHI12_PU 76 ICH_URMPWRGD 38 27 LED_HI_OUT3 EE]
H_Ax<35..3> 6 9 H_TESTHIB7_PU<1..8> 7 6 IDE_PRI_ACTx 32 67 LED_HI_OUT3_R Qg
H_A2@Mx* 27 6 H_THERMTRIPx* B 7 27 IDE_PRI_RST_R 32 LED_HI_OUT4 EE]
H_ADSx* [=3=] H_TMS 188 6 IDE_RSTx* 67 32 LED_HI_OUT4_R EE]
H_ADSTB@* [=3=] H_TRDY% 96 IDE_SEC_ACTx 32 67 LED_HI_OUTS EE]
H_ADSTBLx 6 9 H_TRST* 7 100 6 IDE_SEC_RST_R 32 LED_HI_OUTS_R 99
H_BNR* [=3=] H_VCCA B B INVU_A_OUT 79 LED_HI_OUTE EE]
H_BPM@_ITPx 6 7 1e@ H_UCCIOPLL B B INU_A_PIN4 79 LED_HI_OUTE_R ag
H_BPM1_ITP 6 7 l1e@ H_UCCSENSE B 37 IO_PME* B1 27 LED_LO_ouT®@ 99
H_BPM2_ITPx 6 7 1p@ H_UID<4..@> 96 4@ 6B 88 I0O_SMIx 61 27 LED_LO_OUT@A_R EE]
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LED_LO_OUT1 99 PWRGD_3V B7 11 27 34 66 82 B3 SE_ZONE_TDN [=1=] SME_DATA_MAIN 14 43 67 17 22 398
LED_LO_OUT1_R [=I=} PWRGD_3V_R 82 SE_ZONE_TDP 68 SMB_DATA_RESUME 27 36 37 38 39 4@ 44 67 68 938
LED_LO_0OUT2 EE] PWRGD_3V_R_LEFT B3 SIO_COM_CTS L% B5 B1 SPARE_PORT8B_FF 3939
LED_LO_OUT2_R [=I} PWRGD_PS B@ 67 SI0O_COM_CTS1_232 65 SPDIF_L 55
LED_LO_OUT3 EE] P_33M_LPC 98 SIO_COM_DCD 1% B5 B1 SPDIF_R 55
LED_LO_OUT3_R EE] P_ACKB4x% 36 37 38 39 40 SI0O_COM_DCD1_232 65 SPDIF_SENSE 48 55
LED_LO_OUT4 99 P_AD<31..@> 26 36 37 38 339 4@ 44 58 60 SIO_COM_DSR 1% B5 61 SPKR 27 3@ 48 BS
LED_LO_OUT4_R 99 P_C/BE%<3..0> 26 36 37 38 39 4@ 44 58 60 SI0O_COM_DSR1_232 65 SPKR_HDR_STRAP 3@
LED_LO_OUTS 99 P_DEUSEL 26 36 37 38 338 4@ 41 44 SB 6@ SIO_COM_DTRLx B1 65 SPKR_OUT 69
LED_LO_OUTS_R [=I=} P_FRAME 26 36 37 38 39 4@ 41 44 S8 6@ 42 SIO_COM_DTR1_232 65 SPK_AMP_CR 55
LED_LO_OUTE 99 P_GNT*< 4. .0> 26 39 4@ 42 58 6@ SIO_COM_RILx B5 61 SPK_AMP_CRx* 55
LED_LO_OUTE_R EE] P_GNTSx* 26 44 SIO_COM_RI1_232 65 SUSCLK 27 61
LPCPD 98 P_GNTRA* 26 41 SIO_COM_RIL_ADDINX 65 SW_ONx 7@ 74 7S 896 27
L_AD<3..0@> 27 56 61 66 98 399 P_GNT_ARB*x<4..2> 42 36 37 38 SIO_COM_RTS1x 61 65 TCPA_JIMP 56
L_DRGx 27 B1 P_INTAX 15 36 38 41 26 SIO_COM_RTS1_232 65 TCPA_XTAL L 56
L _FRAME* 27 56 61 66 98 99 P_INTB* 15 36 38 41 58 26 SIO_COM_RXDL B5 B1 TCPA_XTALZ2 56
MCH_AGP_RCOMP2 13 9 P_INTCx 37 38 41 44 26 SIO_COM_RXD1_232% 65 TCPA_XTAMPER 56
MCH_AGP_RCOMP1 13 9 P_INTDx* 37 38 41 26 SIO_COM_TXDL B1 65 TDR_BOTTOM_S5@0HM 37
MCH_GTLREF 13 98 9 94 P_INTE 36 39 48 41 26 SIO_COM_TXD1_232% 65 TDR_BOT_E@0OHM a7
MCH_JT2@_PU 13 11 P_INTF* 37 39 48 41 6@ 26 SIO_FDD_DIRx 61 62 TDR_INT2_5@0HM 97
MCH_J21_PU 13 11 P_INTG* 37 39 4@ 41 26 SIO_FDD_DRVDEN® 61 62 TDR_INT2_6@0HM 97
MCH_TEST* 13 9 P_INTH* 36 33 48 41 26 SIO_FDD_DRVIDENL B1 62 TDR_TOP_S@0HM 97
MDI_DIV_@_8% 47 P_IRDY 26 36 37 38 39 40 41 44 S8 60 SIO_FDD_DS@% 61 62 TDR_TOP_B@0HM =ird
MDI_DIV_1_1s% 47 P_PAR 26 36 37 38 39 4@ 44 58 60 SIO_FDD_DSKCHGx B2 61 TESTSIG3 13 11
MDI_DIV_2_2% 47 P_PCIRST* 30 9 44 56 6L 66 385 SIO_FDD_HDSEL* 61 62 TESTSIG4 13 11
MDI_DIV_3_3% 47 P_PCIRST_DEBUG* 95 398 939 SIO_FDD_INDEXk 62 61 TPAB_N 57 58
M_BS_A<Ll..0> 1@ 17 19 P_PCIRST_ICHx 26 3@ SIO_FDO_MTR@% B1 62 TPAB_N_L 57
M_BS_B<Ll..B@> 1B 22 24 P_PCIRST_LEDx 895 SIO_FDD_RDATAX B2 61 TPAB_P 57 58
M_CRS_Ax 1@ 17 19 P_PCIRST_LED_R 95 SIO_FDD_STEP* 61 62 TPAB_P_L 57
M_CAS_Bx 1B 22 24 P_PERRX 26 36 37 38 338 4@ 41 44 SB 6@ SIO_FDO_TRK@x% B2 61 TPA1_N 57 58
M_DATA_A<BE3..@> 1@ 17 18 P_PLOCK 26 36 37 38 39 4@ 41 SIO_FDD_WDATAx 6B1 62 TPAL1_P 57 58
M_DATA_B<E3..@> 1@ 22 23 P_PME* 15 26 36 37 38 39 4@ 44 58 SIO_FDO_WGATE*x B1 62 TPA2_N 57 58
M_DATA_CB_A<7..@> 1@ 17 18 P_PME_1394x% 58 SIO_FDD_WRTPRTx 62 61 TPA2_P 57 58
M_DATA_CB_B<7..@> 1@ 22 23 P_REQk< 4. .@> 26 39 4@ 41 42 S8 6@ SIO_KBCLOCK B1 63 TPBB_N 57 58
M_DOS_A<8..a> 1B 17 19 P_REQS* 41 44 26 SIO_KBCLOCK_FB 63 TPBB_N_L 57
M_DQS_B<B..a> 1B 22 24 P_REQE4D% 37 SIO_KBDATA B1 63 TPEB_P 57 58
M_MAA_A<L2. . B> 1@ 17 18 P_REQG4E* 36 SIO_KBDATA_FB 63 TPBB_P_L 57
M_MAA_B<12..08> 1B 22 23 P_REQAX 41 26 SIO_LPT_ACKX B4 61 TPB1_N 57 58
M_RAS_Ax 1@ 17 19 P_REQ_ARBx<4..@> 36 37 38 42 SIO_LPT_ALFx 61 64 TPB1_P 57 58
M_RAS_Bx 1B 22 24 P_RST_SLOTS* 15 B7 36 37 38 39 4@ 42 58 6@ SIO_LPT_ALF_R*x B4 TPB2_N 57 58
M_SCKE_A<3. .8> 1B 17 19 P_RST_SLOTS_Rx 67 SIO_LPT_BUSY B4 61 TPB2_P 57 58
M_SCKE_B<3..0> 1B 22 24 P_SERR* 26 36 37 38 33 4@ 41 44 S8 6@ SIO_LPT_ERRX B4 61 TPBIAS_@ 58 57
M_SCS_A%<3..8> 1B 17 19 P_STOPx* 26 36 37 38 39 4@ 41 44 S8 60 SIO_LPT_INITx* 61 64 TPBIAS_1 58 57
M_SCS_B%<3..8> 1B 22 24 P_TRDY% 26 36 37 38 338 4@ 41 44 SB 6@ SIO_LPT_INIT_Rx B4 TPBIAS_2 58 57
M_WE _FAxk 1B 17 19 RCUENOUT _Ax* 13 1@ SIO_LPT_PDB_R B4 TP_27_RP2_4 18
M_WE_Bx 1B 22 24 RCUENOUT_Bx 13 1@ SIO_LPT_PDL_R 54 TP_381S 62
NET_AUD_MICIN_P2 SL REAR_DRIVER 72 SIO_LPT_PD2_R B4 TP_3825 62
NET_AUD_MICIN_PS SL REAR_FAN_PWM_R 72 SIO_LPT_PD3_R 54 TP_383S 62
NET_CLR_CMOS_JUMPER 38 REAR_FAN_TACH 72 61 68 SIO_LPT_PD4_R 64 TP_3845 62
NET_USB_FNT_P1@ 35 REAR_TACH_OUT 72 SIO_LPT_PDS_R 54 TP_385S5 62
ODTCOMP 13 1@ RECOVERY_CONF IGURE_PULLUP BB SIO_LPT_PDE_R B4 TP_481S 63
OSC_CK14M_XTALIN 14 REQB4Ax 40 SIO_LPT_PD7_R 64 TP_4825 63
OSC_CKL14M_XTALOUT 14 REQB4B* 39 SIO_LPT_PD<7..B> Bl B4 TP_4835 63
P12V_LED_R 95 REQB4C* 38 SIO_LPT_PE B4 61 TP_484S 63
PA_DDCSCL_3V B7 RSMRST* B7 27 SIO_LPT_SLCT B4 B1 TP_1394_RP1_3 58
PA_DDCSCL_5V B7 SATAHDR_RXN1 6@ SIO_LPT_SLCTINk B1 64 TP_1334_RP1_4 58
PA_DDCSDA_3V B7 SATAHDR_RXN2 =14 SIO_LPT_SLCTIN_Rx 64 TP_1384_RP1_5 58
PA_DDCSDA_SV 67 SATAHDR_RXP1 6@ SIO_LPT_STROBEX* 61 64 TP_1334_RP1_6 58
PA_F_CAP B7 SATAHDR_RXP2 =14 SIO_LPT_STROBE_RX 64 TP_2780_RP3 36
PA_GRIOS B1 SATAHDR_TXN1 6@ SI0_MSCLOCK B1 63 TP_27@@_RP4 36
PC_BEEP_AMP 48 55 SATAHDR_TXN2 =14 SIO_MSCLOCK_FB B3 TP_2780_RPS 36
PC_BEEP_AMP_R 55 SATAHDR_TXP1 60 SI0O_MSDATA B1 63 TP_27@80_RP6& 36
PNL_HD_INVERT 7S5 SATAHDR_TXP2 =14 SIO_MSDATA_FB 63 TP_ADP3163_SHARE 88
PN2_HD_INVERT T4 SATA_FL_ADDRA 60 SIO_PCIRSTx* 61 TP_AGPPRO_CS 15
PN28 1 W B6 SATA_PCI_MBBEN =14 SLOTOCCx 67 97 67 TP_AGPPRO_C1@ 15
PN_FWH_GPI2 66 SATA_REXT_PULLDWN 68 SLP_S3x% 27 67 TP_AGPPRO_E1 15
PN_FWH_GPI3 B6 SATA_XTAL® =14 SLP_S4x% 27 67 TP_AGPPRO_E2 15
PN_FWH_GPI4 B6 SATA_XTALL_CLK1 6@ SMB_ALERT_PU 3B 27 TP_AGPPRO_F 1 15
PORTE@_OE1_OE2_PD 3938 SCSI_ACT* B7 7S B7 SMB_CLK_MAIN 14 43 67 17 22 8B TP_AGPPRO_F2 15
PS_0Nx B7 88 SER_IRQ 27 56 61 98 SMB_CLK_RESUME 27 36 37 38 39 4B 44 67 9B 68 TP_AP@ E
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TP_AP1 El TP_FL_ADDRI1S 50 TP_MCH_AES 11 TP_PCI3_AZ 38
TP_AUD_LINE_LOUT_R 48 TP_FL_ADDRIE 50 TP_MCH_AE7 11 TP_PCI3_ALL 38
TP_AUD_LINE_ROUT_R 48 TP_FL_ADDR1T 50 TP_MCH_AES 11 TP_PCI3_B4 38
TP_AUD_MIC2_IN 48 TP_FL_ADDR1B 50 TP_MCH_AE1Q 10 TP_PCI3_B9 38
TP_BA2_113_DIMMB_A 17 TP_FL_DATAB 50 TP_MCH_AF1 11 TP_PCI3_Bl@ 38
TP_BA2_113_DIMM@_B 22 TP_FL_DATAL 50 TP_MCH_AF3 11 TP_PCI3_BLL 38
TP_BA2_L13_DIMML_A 17 TP_FL_DATAZ 50 TP_MCH_AF4 11 TP_PCI3_B14 38
TP_BA2_113_DIMML_B 22 TP_FL_DATA3 50 TP_MCH_AFG6 11 TP_PCI4_A9 37
TP_BINIT% El TP_FL_DATA4 50 TP_MCH_AF7 11 TP_PCI4_ALl 37
TP_CK_3UB6_@ 14 TP_FL_DATAS 50 TP_MCH_AF19 10 TP_PCI4_B4 37
TP_CK_66M_PLD_R 14 TP_FL_DATAB 50 TP_MCH_AF38 19 TP_PCI4_B9 a7
TP_CLKBYP_MDMCS_ADU1A 44 TP_FL_DATA7 50 TP_MCH_AF31 10 TP_PCI4_B1@ 37
TP_CLKUIEW_FLSHOE_NC 44 TP_FL_RD¥ 50 TP_MCH_AG2 11 TP_PCI4_Bll 37
TP_CLRCMOS 30 TP_FL_WRx 50 TP_MCH_AG3 11 TP_PCI4_B14 37
TP_CNR_AL 43 TP_FWH_9 56 TP_MCH_AGS 11 TP_PCIS_AS 36
TP_CNR_AZ 43 TP_FWH_18 56 TP_MCH_AG23 18 TP_PCIS_ALL 36
TP_CNR_A4 43 TP_FWH_11 56 TP_MCH_AH1 11 TP_PCIS_B4 36
TP_CNR_AS 43 TP_FWH_12 56 TP_MCH_AH2 11 TP_PCIS_BS 36
TP_CNR_AL2 43 TP_FWH_13 66 TP_MCH_AH4 11 TP_PCIS_B1@ 36
TP_CNR_BL 43 TP_FWH_19 56 TP_MCH_AHS 11 TP_PCIS_BLL 36
TP_CNR_B2 43 TP_FWH_28 66 TP_MCH_AH14 19 TP_PCIS_B14 36
TP_CNR_B3 43 TP_FWH_21 56 TP_MCH_AH19 18 TP_PCIRST_OUT2_Rk 67
TP_CNR_BS 43 TP_FWH_22 66 TP_MCH_AH29 10 TP_PHYTST_FLAB_NC 44
TP_CNR_BE 43 TP_FWH_29 56 TP_MCH_AT1 11 TP_PHYTST_FLD2_NC 44
TP_CNR_BL14 43 TP_GP@28 27 TP_MCH_AJ3 11 TP_PHYTST_FLDE_NC 44
TP_CPU_AA3 5 TP_GPIO24 27 TP_MCH_ATS 18 TP_PN_2BY1@_P8 74
TP_CPU_AR21 5 TP_GPIO25 27 TP_MCH_AJ21 19 TP_PN_2BY1@_P18 74
TP_CPU_AB2 5 TP_GPIO27 27 TP_MCH_AK2 11 TP_PN_2BY1@_P12 74
TP_CPU_AC1 5 TP_GPO1B 27 TP_MCH_AK3 11 TP_PN_2BY10_P14 74
TP_CPU_FE 5 TP_GPO19 27 TP_MCH_AK12 18 TP_PN_2_10_PINL7 74
TP_CPU_F20 5 TP_GPO21 27 TP_MCH_AK21 10 TP_PN_2_10_PINiQ 74
TP_CPU_PROCHOT* & TP_GPO23 27 TP_MCH_AL1 11 TP_PORTBA_HI_7 99
TP_CPU_US 5 TP_HECE_PWM2 58 TP_MCH_AL2 11 TP_PORTBA_LED_RESET_35 99
TP_CPU_UB 5 TP_HP_ON 53 TP_MCH_AL19 18 TP_PORTBA_LO_7 99
TP_DIMM@_SCS2x 17 TP_H_NC_B 6 TP_MCH_AL25 10 TP_PORTBA_TCK_26 93
TP_DIMMB_SCS3% 17 TP_H_NC_1 5 TP_MCH_AMI 18 TP_PORTBA_TDI_1 99
TP_DIMMO_SCS_B2x 22 TP_H_NC_3 5 TP_MCH_ANS 10 TP_PORTBO_TDO_32 99
TP_DIMMB_SCS_B3x 22 TP_H_RSUD 5 TP_MCH_ANS 18 TP_PORTBA_TMS_7 99
TP_DIMML_SCS2% 17 TP_H_RSUD_PID & TP_MCH_AN29 10 TP_PORTBA_UNUSED_8 99
TP_DIMML_SCS3% 17 TP_H_RSUD_SMI2 & TP_MCH_F33 19 TP_PORTBO_UNUSED_1® 99
TP_DIMML_SCS_B2x 22 TP_H_SELB_CK4@8 & TP_MCH_H28 10 TP_PORTBA_UNUSED_27 99
TP_DIMML_SCS_B3% 22 TP_ICH_18K_1 30 TP_MCH_M32 19 TP_PORTBO_UNUSED_25 99
TP_DPB 9 TP_ICH_1BK_8 30 TP_MCH_N28 10 TP_PORTBA_UNUSED_3p 99
TP_DP1 El TP_ICH_GPIO32 29 TP_MCH_U27 18 TP_PORTBA_UNUSED_31 99
TP_DP2 9 TP_ICH_GPIO33 29 TP_MCH_U33 18 TP_PORTBA_UNUSED_42 99
TP_DP3 El TP_ICH_GPIO34 29 TP_MCH_W11 11 TP_PORTBA_UNUSED_43 99
TP_EEPROM_SCLK 68 TP_ICH_GPIO35 29 TP_MCH_Y11 11 TP_PWRGD 78
TP_EEPROM_SDAT 68 TP_ICH_GPIO36 29 TP_MINUSSY 80 TP_RESET_1@_DIMMO_A 17

TP_FETEN_1A_DIMMB_A L7
TP_FETEN_1P_DIMM®_B 22
TP_FETEN_1P_DIMM1_A 17

TP_ICH_LDRQ1_GPIBX
TP_IDE_PRI_32 32
TP_IDE_SEC_32 32

TP_M_MAA_AL3_B® 17
TP_M_MAA_AL3_2 17
TP_M_MAA_B13_1 22

TP_RESET_1@_DIMMO_B 22
TP_RESET_1@_DIMML_A 17
TP_RESET_1@_DIMML_B 22

TP_FETEN_18_DIMM1_B 22 TP_INVUC_P8 74 TP_M_MAA_B13_3 22 TP_RPB1_27_3 14

TP_FLSHCE_FLSHWE_NC 44 TP_INVUC_PL1® 74 TP_NC_NC_ISOLEXEC 44 TP_RPB1_27_4 14

TP_FLSHSCK_FLSHCS_NC 44 TP_INVC_PLl2 74 TP_NC_TCK 44 TP_RPB1_27_5 14

TP_FLSHSI_FLAL2_NC 44 TP_IOA 56 TP_NC_TI 44 TP_RPB1_27_6 14

TP_FLSHSO_FLALE_NC 44 TP_IOB 56 TP_OURCNT* 15 TP_RP@1_33_4 14

TP_FL_ADDR1 =14} TP_IOC 56 TP_PA_TESTEN_1 67 TP_RPB1_33_5 14

TP_FL_ADDR2 60 TP_JTMS_FLAS_NC 44 TP_PCI1_B2 40 TP_RPL_24@_1 99

TP_FL_ADDR3 =14} TP_LPC_MODULELS 98 TP_PCI1_B4 48 TP_RP1_248_8 EE]

TP_FL_ADDR4 B@ TP_LPC_MODULELE 98 TP_PCI1_B9 48 TP_RP2_24@_1 ag

TP_FL_ADDRS =14} TP_MCERR_XERR* 9 TP_PCI1_B1@ 48 TP_RP2_248_8 EE]

TP_FL_ADDRE B0 TP_MCH_AB26 1@ TP_PCI1_Bil 48 TP_RP2BD2_1 18

TP_FL_ADDR7 =14} TP_MCH_ACS 11 TP_PCI1_Bl14 48 TP_RP2@D28_1 18

TP_FL_ADDRB =12} TP_MCH_AC25 1@ TP_PCI2_A3 39 TP_RPACK_AGP_8_2K_4 15

TP_FL_ADDRS =14} TP_MCH_ADE 11 TP_PCIZ2_All 39 TP_RPACK_AGP_B_2K_5 15

TP_FL_ADDR1@ =14} TP_MCH_ADS 11 TP_PCI2_B4 39 TP_RPAK_1BK_PU_2 30

TP_FL_ADDR1L =14} TP_MCH_ADS 11 TP_PCIZ2_B39 39 TP_RPAK_1BK_PU_7 38

TP_FL_ADDR12 B0 TP_MCH_AD25 1@ TP_PCI2_B1@ 39 TP_RPB_MEMTERM1_27_1 23

TP_FL_ADDR13 =12} TP_MCH_AD33 1@ TP_PCI2_Bll 39 TP_RPCLK33B_4 14

TP_FL_ADDR14 =12} TP_MCH_RE4 11 TP_PCI2_B14 39 TP_RPCLK33B_S 14
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TP_RP_MEM33_1 23 USB_BPR4xX 35 57 UREG_PWM1_BST 88
TP_RP_MEM39_8 23 USB_CNR 35 43 UREG_PWM1_GATE_DRU_H_A 88
TP_RP_MEMSE_1 18 USB_CNRx 35 43 UREG_PWM1_RCk 88
TP_RP_MEMSE_8 18 USB_CNR_PWR 34 43 UREG_PWM1_SENSE 88
TP_RP_MEMTERM1_27_1 18 USB_FNT_PWR 34 35 74 UREG_PWM1_SENSE_GND 88
TP_RP_MEMTERM3_27_1 18 USB_FRONTL 29 35 74 UREG_PWMI_TG_R 88
TP_RSP El USB_FRONT L 29 35 74 UREG_PWM2_BG_GATE 88
TP_RSU_MCH_AL1@ 9 USB_FRONT2_CNR 29 35 UREG_PWM2_BST BB
TP_RSU_MCH_LS 9 USB_FRONT2_CNRx 29 35 UREG_PWM2_GATE_DRU_H_A 88
TP_RSU_MCH_Y7 9 USB_FRONT2_R 35 74 UREG_PWM2_RCx B8
TP_SATA_MEM_CS 6B USB_FRONT2_R¥ 35 74 UREG_PWM2_SENSE 88
TP_SATA_SCAN_CLK 68 USB_OC_BACK_LEFTx 83 29 UREG_PWM2_SENSE_GND 88
TP_SATA_SCAN_EN 68 USB_OC_BACK_RIGHT* 52 29 UREG_PWM2_TG_R BB
TP_SBO_RP_4 41 USB_OC_CNR* 43 34 UREG_PWM3_BG_GATE 88
TP_SBO_RP_S 41 USB_OC_FRONTk 34 29 UREG_PWM3_BST 88
TP_SCK_BIT_GATE 67 USB_OC_FRONT_R* 35 34 UREG_PWM3_GATE_DRU_H_A 88
TP_SCSI_ACT_PINZ 57 VLP25_MCH_UREF_A 13 98 18 UREG_PWM3_RCk BB
TP_SDONE_RP_3 41 VLP25_MCH_UREF_B 13 1@ UREG_PWM3_SENSE 88
TP_SDONE_RP_6 41 VAUX_BFEED_R 81 UREG_PWM3_SENSE_GND 886
TP_SIO_IRRX2 ) VAUX_BFEED_RL  B1 UREG_PWM3_TG_R 88
TP_SIO_IRTX2 70 VAUX_BFEED_R2  B1 UREG_SATA_ADJ 59
TP_SIO_IRTX2_CAP2 78 VAUX_BFEED_RR  B1 UREG_USB_BP_LEFT B3 33 47
TP_SIO_IRTX2_CAP7 70 UBIAS 30 27 UREG_USB_BP_RIGHT 82 35 57
TP_SLP_S5% 27 VCC3_CLK 14 7 14 96 UREG_USB_NCH 81 34 78 79 82 83
TP_SPARE_CPU_51_3 7 VCC3_CLKA 14 UREG_USB_PCH 81 34 82 83
TP_SPARE_CPU_S1_4 7 VCC3_LED_R ES UREG_USB_Q 82
TP_SPARE_CPU_51_5 7 vcca_a_Pz 88 UREG_USB_Q_LEFT 83
TP_SPARE_CPU_S1_6 7 VCCAFSB 11 UREG_UAUX_NCH  B1
TP_TESTSIGIL 11 VCCAHT 11 UREG_UAUX_PCH 81
TP_TESTSIG2 11 vcep 88 98 6 7 8 12 13 14 28 3B 68 B9 97 UREG_UBAT_R 81
TP_TEST_MODEX 6@ 100 UTT_PWRGD* 14
TP_TYPEDETx* 15 VCCPUID 87 & UTT_PWRGD_FET_CTRL 14
TP_USB_MINUS 15 UCCP_IS0 88 U_1P3_CORE 86 98 11 13 94
TP_USB_PLUS 15 VUCC_HDLED_PWR 7@ 75 U_1P5_CORE 87 98 11 13 15 28 318 94
TP_VAUX_LINEAR_RP_L 81 VUCC_LED_R as U_1P5_STBY 84 28 30
TP_VAUX_LINEAR_RP_2 81 VCC_VUIDGD 87 5 88 U_1PB_SATA 59 60 85
TP_VAUX_LINEAR_RP_7 &1 VUCC_VUIDGD_CPU 6 U_1PB_SATA_FB 6O
TP_VAUX_LINEAR_RP_8 81 VCT_CONN 47 U_1P25_MEMUTT 79 95 18 13 20 23 24 25
TP_UDDID_82_DIMMB_A L7 UMARG_1P3_CORE BE U_2P5_SM 78 98 1@ L1 13 17 22 68 79 94
TP_VDDID_B2_DIMMB_B 22 UMARG_1PS_CORE 87 U_3PB_BAT_UREG B1 27 3@ 56
TP_UDDID_82_DIMMi_A L7 UMARG_LP25_MEMUTT 79 U_3P3_PCIVAUX B1 15 36 37 38 39 4@ 43 44 45 46 47
TP_VDDID_B2_DIMM1_B 22 UMARG_2PS_SENSE 78 85 95
TP_VID_L 48 VUREG_2PS_TEST 78 U_3P3_PCIVAUX_LED_R 95
TP_VID_R 48 VREG_12V_FILTERED 89 88 U_3P3_STBY 84 27 28 3 34 46 56 61 67 68 BL 82
TP_UREF_AGP_MCH 15 VUREG_12VU_FILTERED_R 88 83 84 85 88 95
TP_VUREG_ADP3168_PWRGN 88 VREG_12VU_POWER 6@ B8 89 95 U_3P3_STBY_LED_R 95
TP_VREG_LINEAR_RP_L 81 VREG_12V_POWER_LED 95 U_SPB_AUD_ANALOG 54 48 51 53 55
TP_VREG_LINEAR_RP_2 81 VREG_12VU_POWER_R 95 U_SPB_STBY 80 34 54 65 67 7@ 74 7S 78 BB BL 82
TP_UREG_LINEAR_RP_? 81 UREG_ADP316B_COMP 86 83 84 85
TP_VREG_LINEAR_RP_B &1 VREG_ADP3L6D_CT B8 U_BAT_UREG_R_CR 81 30
TP_WOL. 44 VUREG_ADP316B_P16 88 U_N12U_R s1
TP_WP_S@_DIMMB_A 17 VREG_ADP3163_CS 88 U_P12V_R 51
TP_WP_S@_DIMMB_B 22 UREG_ADP3L63_PWML 88 U_REFSU 657 28 3@
TP_WP_S@_DIMMI_A 17 VREG_ADP3L63_PWM2 86 U_REFSU_SUS 67 28 30
TP_WP_S@_DIMMI_B 22 VREG_ADP3L63_PWM3 88 XORMODE* 13 11
USB_BACK L 29 33 VREG_BFEED_R 81
USB_BACK Lx 29 33 VREG_BFEED_RL  B1
USB_BACK1_R 33 47 VREG_BFEED_R2  B1
USB_BACK 1 _Rx 33 47 VREG_BFEED_RR  B1
USB_BACK2 20 33 UREG_CPU_DRUR_PWR 886
USB_BACK2x% 29 33 VREG_CPU_PWR_BIT_B 88
USB_BACK2_R 33 47 UREG_CPU_SENSE_IN 88
USB_BACK2_Rk 33 47 VREG_FNT_PWRGD_3UR 34
USB_BACK3 29 35 VUREG_FNT_PWRGD_3VU_R 34
USB_BACK 3% 29 35 VREG_HD_ACT_LED_R 95
USB_BACK4 29 35 VREG_MAIN_STBY_LED_R 80
USB_BACK 4% 29 35 VREG_PC_REF 88
USB_BPR3 35 57 UREG_PS2 82 63
USB_BPR3% 35 57 VREG_PS2_FB 82
USB_BPR4 35 57 UREG_PWM1_BG_GATE 88
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dokk Unit Cross—Reference ok cz2AB capn BS Ca2Hg CAPN 25 C3H12 CAPN 20
—--= for the entire design —-— C2A7 capn 65 C2H1@ CAPN 25 C3H13 CAPN 20
C2AB capn BS C2Hl1 CAPN 25 C3H14 CAPN 20
C1AL capn B3 C2A9 capn 65 C2H12 CAPN 25 C3H15 CAPN 20
c1A2 capn 82 C2A1B capn BS C2H13 CAPN 25 C3H16 CAPN 20
C1A3 capn B3 C2A11 CAPN B85 C2H14 CAPN 25 C3H17 CAPN 28
ClR4 CAPN 57 C2B1 CAPN BS C2HL15 CAPN 25 C3H1B8 CAPN 20
C1AS capn 63 caB2 CAPN B8 C2H16 CAPN 25 C3H19 CAPN as
C1RAB capn 82 C2B3 CAPN B8 C2HL17 CAPN 25 C3H28 CAPN 25
C1A7 capn B3 C2B4 CAPN 88 C2H18 CAPN 25 C3H21 CAPN as
Cc1lRAB capn 63 C2BS CAP-P B89 C2H13 CAPN 25 C3H22 CAPN a5
C1A9 capn B3 C2B6 CAP-P B89 Cc2H2@ CAPN 25 C3H23 CAPN 25
C1BL CAPN 88 Ca2B7 CAP—-P B89 ca2H21 CAPN a5 C3H24 CAPN as
Cc1B2 CAPN 88 C2B8 CAP-P 89 Cca2H22 CAPN 25 C3H25 CAPN 25
C1B3 CAPN 88 C2B3S CAP-P B9 C2H23 CAPN 25 C3H26 CAPN 25
C1B4 CAP-P 89 C2B1B CAP-P B89 Ca2Hz24 CAPN 25 C3H27 CAPN 25
C1BS CAP-P 89 C2B11 CAP-P B9 C2H25 CAPN 25 C3H28 CAPN 25
C1B6 CAP-P 89 cac1 CAPN B89 C2H26 CAPN 25 C3H23 CAPN 25
ciclL CAPN 87 cacz2 CAPN B9 CcaH27 CAPN 25 C3H38 capn 78
ci1c3 CAPN B Cc2C3 CAPN 89 Cc2H28 CAPN 25 C3H31 CAP-P 78
cic4 CAPN 87 cac4 CAPN B89 Cca2H239 CAP-P 85 C3H32 capn 738
ci1cs CAPN B C2Cs  CAPN B89 C2H38 CAPN 68 C3H34 capn 78
C1C6 CAPN 100 Ccace CAPN =] c2J1 CAP-P 80 C3H36 CAPN 78
C1DL CAPN 7 ca2Cc7  CAPN B89 cajtz2 CAP-P 88 C371 CAP-P 78
c1p2 CAPN 7 cacs CAPN B89 caJr3 capn I=1%) c3Jsa capn 78
C1D3 CAPN pYla) c2Ccg  CAPN B89 caJ4 capn 88 C373 CAP-P 8@
Cl1EL capn 68 cac1le CAPN B9 cals capn I=14) C3J74 capn 8@
C1FL CAP-P 89 C2C11 CAPN B9 caJte capn I=14] c4A1 capn 83
CiF2 CAPN 17 caclz2 CAPN B89 caJrr CAPN 85 c4R2 capn 64
C1F3 CAPN 17 C2C13 CAPN B cajs capn 88 C4A3 capn 64
C1F4 CAPN 22 C2Cc14 CAPN B caJ19 capn 80 c4A4 CAP-P 83
C1GL CAPN 22 C2C15 CAPN B89 C271@ capn 88 C4B1 CAPN 47
c1G62 CAPN 17 C2Cc16 CAPN B89 C2T11 capn 88 c4B2 CAPN 47
C1G3 CAPN 17 €C2C17 CAPN B89 C3AL capn B4 C4B3 CAPN 47
C1G4 CAPN 22 c2Cc18 CAPN 89 C3A2 capn 64 Cc4B4 CAPN 88
C1GS5 CAPN 22 cz2D1 CAPN B9 C3A3 capn B4 C4BS5 CAPN 88
C1G6 capn 65 caDn2 CAPN B89 C3R4 capn 54 C4B6 CAPN 80
C1G7 capn B5 C2D3 CAPN B9 C3AS capn 54 C4B7 CAPN 88
C1HL CAPN 25 C2D4 CAPN B89 C3R6 capn B4 C4B8B CAPN 8@
C1lH2 CAPN 25 Ca2Ds CAPN B89 C3A7 capn 54 C4B39 CAPN 88
C1H3 CAPN 25 Cc2D6 CAPN 89 C3A8 capn 64 C4B1@ CAPN 89
C1H4 CAPN 25 ca2D7 CAPN B89 C3R9 capn 54 C4B11 CAPN 89
C1HS CAP-P 20 c2D8 CAPN 89 C3A1@ capn 64 C4B12 CAPN 89
C1HB CAPN 25 C2D3 CAPN B9 C3All capn 54 C4B13 CAPN 88
C1H?7 CAPN 25 Cc2D18 CAPN B89 C3Al2 capn B4 C4B14 CAPN 88
C1HB CAPN 25 C2D011 CAPN B9 C3ALl3 capn 54 C4B15 CAPN 88
C1HS CAPN 25 cz2D12 CAPN B89 C3Al4 capn B4 C4B16 CAPN 89
C1H1@ capn B5 C2E1 CAPN B9 C3BLl CAPN 88 C4B17 CAPN 89
C1HL1 CAPN 25 C2E2 CAPN B89 C3B2 CAPN 88 C4B18 CAP-P 89
C1Hl2 CAPN 25 C2E3 CAPN B89 C3B3 CAPN 86 C4B139 CAP-P 89
C1HL3 CAPN 25 C2E4 CAPN B89 C3B4 CAPN 88 C4B28 CAP-P 89
C1H14 CAP-P B1 C2ES CAPN =] C3BS CAPN 86 C4B21 CAPN 47
C1HLS CAPN B7 C2E6B  CAPN B89 C3B6 CAPN 88 caci1 CAPN 13
C1HLE CAPN 61 C2E7 CAPN B89 C3B7 CAPN 88 c4cz2 CAPN 13
C1HL7 capn B1 C2E8 CAPN B89 C3B8 CAP-P 83 c4cC3 CAPN 13
C1HL8 CAPN 61 C2E9 CAPN B9 C3ClL CAPN 88 c4Cc4 CAPN 13
C1HL3S CAPN B7 C2E1B CAPN B9 C3EL CAPN 13 c4cCs CAPN 13
C1lH2@ CAPN 67 C2E11 CAPN B89 C3E2 CAPN 13 C4C6 CAPN 13
C1H21 CAPN B1 C2E12 CAPN B9 C3F1L CAP-P 13 c4c? CAPN 13
C1H22 CAPN B1 CaF1 CAP-P B89 C3HL CAPN 28 c4acs CAPN 13
C17J1 CAPN B1 C2F2 CAP-P B89 C3H2 CAPN 28 c4acs CAPN 13
c13J2 CAPN B1 C2F3 CAP-P B89 C3H3 CAPN 28 c4c1@ CAPN 13
C1313 CAPN B7 C2H1 CAPN 25 C3H4 CAPN 28 C4C11 CAPN 13
C13J4 CAPN B7 ca2H2 CAPN 25 C3HS CAPN 28 c4D1 CAPN 13
C13J6 CAPN B1 C2H3 CAPN 25 C3HB CAPN 28 c4D2 CAPN 13
C2AL CAP-P 82 Cca2H4 CAPN 25 C3H7 CAPN 20 C4D3 CAPN 13
ca2A2 capn B5 C2HsS CAPN 25 C3H8 CAPN 28 C4D4 CAPN 13
C2A3 capn BS C2HB CAPN a5 C3H9 CAPN 25 Cc4D5 CAPN 13
C2RA4 capn B5 CaH7 CAPN 25 C3H1@ CAPN 25 C4D6 CAPN 13
C2AS5 capn B4 C2HB CAPN 25 C3H11 CAPN 28 C4E1 CAPN 13
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C4E2 CAPN 13 C5B11 CAPN 14 CBAL4 NCAP 47 CBH3 CAPN 30
C4E3 CAPN 13 C5B12 CAPN 14 CBALS CAPN 46 CeH4 CAPN 79
C4E4 CAPN 13 C5C1 CAPN 14 CBBL CAPN 46 CBHS CAPN 30
C4E7 CAPN 13 Cs5C2 CAPN 14 CBB2 CAPN 55 CEHE CAPN 79
C4EB CAPN 13 C5C3  CAPN 14 CBB3 CAPN 46 CBH7 CAPN 56
C4ES CAPN 13 C5C4 CAP-P 14 CEB4 CAPN 46 ceT1 CAPN 56
C4EL1@ CAPN 13 C5C5  CAPN 14 CBBS CAPN 46 ceJ2 CAPN 56
C4Ell CAPN 13 CS5CB CAPN 14 CBB6 CAPN 46 C6J3 CAPN 7S
C4EL12 CAPN 13 C5C7 CAPN 14 CBB7 CAPN 46 CceJT4 CAPN 7S
C4EL13 CAPN 13 C5CB CAP-P 11 CBB8 CAPN 46 CBeJS5 CAPN 75
C4El4 CAPN 13 C5C39  NCARP 94 CBBI9 CAPN 46 CeJ6 CAPN 7S
C4F1L CAP-P 13 C5C1B CAP-P 11 CBEBL@ CAPN 14 ceJ7 CAPN 7S
c4F2 CAP-P 13 C5C11 CAPN 13 CBBL1 CAPN 14 c7Al CAP-P 52
C4HL CAPN 20 Cs5C12 CAPN 13 CBBL12 CAPN 14 c7A2 CAPN 55
C4H2 CAPN 20 C5C13 CAPN 13 CBBL3 CAPN 46 C7A3 CAPN 55
C4H3 CAPN 20 C5C14 CAPN 11 CBBLl4 CAPN 46 C7A4 CAPN 55
C4H4 CAPN 20 C5C15 CAPN 11 CBBLS CAPN 14 C7AS CAPN 55
C4HS CAPN 20 Cs5D1 CAPN 13 CBBLE CAPN 85 C7AB CAPN 50
C4HB CAPN 20 CcsD2 CAP-P 13 CBBL7 CAPN 14 C7A7 CAP-P 52
C4H?7 CAPN 20 C5D3 CAPN 13 CBEBL18 CAPN 14 C7AB CAPN 55
C4HB CAPN 20 C5D4 CAPN 13 CBCL CAPN 14 C7A9 CAP-P 55
C4H3S CAPN 20 C5D5  CAPN BB cBc2 CAPN 14 C7A18 CAPN 55
C4H1® CAPN 20 CSD6  CAPN 13 CBC3 CAP-P 85 C7A11 CAPN S5
C4HL1 CAPN 20 CsD7 CAPN 13 CBC4 CAPN 14 C7B1 CAPN 55
C4Hl2 CAPN 20 CsDB CAPN 13 CBCS CAPN 14 c7B2 CAPN 55
C4HL3 CAPN 20 €509 CAPN 13 CBCB CAPN 85 C7B3 capn 53
C4HLl4 CAPN 20 Cs5D1B CAPN 13 CBC? CAPN 14 C7B4 CAPN 85
C4HLS CAPN 20 CSE1 CAPN 13 CcBC8 CAPN 14 C7BS capn 53
C4HLB6 CAPN 20 CSE2 CAPN 13 CcBC9 CAP—P 85 C7B6 CAPN 85
C4HL7 CAPN 20 CSE3 CAP-P BE CBCLl@ CAPN 14 C7B7 CAPN 85
C4H18 CAPN 20 CSE4  CAPN 13 CBC12 CAPN 15 C7BB capn 53
C4H13S CAPN 20 CSES  CAPN BB CBCLl3 CAP-P 41 C7B3S capn 53
C4H2@ CAPN 28 CSEB  CAPN 13 CBC14 CAPN 15 C7B1@8 CAP-P a1
C4H21 CAPN 20 CSET CAPN BB CBCLS CAP-P 15 C7B11 CAPN 15
C4H22 CAPN 20 CS5E8 CAPN 86 CBDL CAP-P 15 C7B12 capn 53
C4H23 CAPN 20 CS5ES  CAPN 13 CcBD2 CAPN 15 C7B13 capn 53
C4H24 CAPN 20 CSE1® CAPN 13 CBEL CAPN 86 C7B14 capn 53
C4H25 CAPN 20 CS5E11 CAPN 13 CBE2 CAP-P 41 C7B15 CAP-P 81
C4H26 CAPN 25 CS5E12 CAPN 13 CBE3 CAPN 15 c7C1 capn 81
C4H27 CAPN 25 CSE13 CAPN 13 CBE4 CAPN 15 crca capn 81
C4H28 CAPN 25 CSE14 CAP-P 13 CBES CAPN 87 Cc7C3 capn 81
C4H239 capn 78 CSE1S CAPN 13 CBE6 CAPN 15 Cc7C4 capn a1
C4H38 CAP-P 78 C5F1 CAP—-P 13 CBE? CAP-P 87 C7C5 capn 81
C4H31 capn 78 C5H1 CAPN 25 CBE8 CAPN 15 [eirdel=} CAPN 85
C4H32 CAPN 32 CsH2 CAPN 20 CBES CAPN 86 Cc7C7 CAP-P 41
C4H33 CAPN 32 C5H3 CAPN 20 CBEL@ CAPN 15 crcB CAPN 41
C4RL NCAP 9S4 C5H4  CAPN 20 CBELLl CAPN 15 [erdel=] CAP-P 41
C4R2 NCAP 94 C5HS  CAPN 79 CBELl2 CAPN 13 C7D1 CAPN 41
C4R3 NCAP 94 C5HE  CAPN 79 CBF L CAPN 87 c?D2 CAPN a1
C4R4 NCAP 94 CSH7 CAPN 25 CBF2 CAP—-P 87 C7D3 CAPN 41
C5AL capn 54 C5HB CAPN 20 CBF3 CAPN 13 C7D4 CAP-P 41
C5A2 capn S2 CSHS CAPN 20 CBF4 CAPN 13 C7DS CAPN 85
C5A3 CAPN 46 C5H1B CAP-P 79 CBFS CAP-P 15 C7E1 CAP-P 41
C5RA4 CAPN 46 CSR1 NCAP 94 CBFE CAP-P 35 C7E2 CAP-P 41
C5AS5 CAPN 50 CS5R2 NCAP 94 CBGL CAPN 38 C7E3 CAPN 42
C5A6 capn 52 CSR3 NCARP 94 CcBG2 CAPN 85 C7F1 CAPN 42
C5A7 CAPN 50 CS5R4 NCARP 94 CBG3 CAPN 38 C7F2 CAPN 42
CSAB capn 51 CBA1 CAPN 46 CBG4 CAPN 30 C7F3 capn 35
C5A3 capn 51 CeBA2 CAPN 46 CBGS CAP-P 28 C7F4 CAPN 42
C5A1@ CAPN 47 CBA3  CAPN 55 CBGEB CAPN 38 C7FS capn 35
CS5BL CAPN 14 CBA4  CAPN 46 CBG? CAPN 38 C7FB CAPN 30
C5B2 CAPN 14 CBAS  CAPN 46 CBG8 CAPN 28 C7G1 CAPN 30
C5B3 CAPN 14 CeAB  CAPN 46 CBGY CAPN 32 crG2 CAPN 32
C5B4 CAPN 14 CBAT CAPN 46 CBG1@ CAPN 28 C7G3 CAPN 30
C5BS CAPN 14 CeBAB  CAPN 46 CBGLl1l CAPN 38 C7G4 CAPN 30
CSB6 CAPN 14 CBAY  NCAP 47 CBGl2 CAPN 30 C7GS CAPN 85
C5B7 CAPN 14 CBA1B CAPN 45 CBGL3 CAPN 38 C7GB CAPN 30
C5BB CAPN 14 CBA11 NCAP 47 CBG14 CAPN 79 C7G7 CAPN 30
C5B9 CAPN 14 CBAl2 NCAP 47 CBHL CAPN 38 c7GB CAPN 30
C5B1@ CAPN 14 CBA13 CAPN 46 CBH2 CAPN e [eydel=} CAPN 30
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C7Gl@ capn 30 CBF12 CAPN B4 CSFl4 CAP-P 85 FB1A3 FERR_BD 63

C7GL1 capn 30 CBF 13 CAP-P B85 COF 15 CAPN 58 FB1A4 FERR_BD 63

C7Gl2 CAPN 30 CBF 14 CAPN 58 CSG1L CAPN 85 FB1AS FERR_BD 63

C7GLl3 capn 30 CBF 15 capn B84 coG2 cApP-P 59 FB1AE FERR_BD 63

CT7HL CAPN B85 CBG1 CAPN =14 C8G3 CAPN [=1%] FBSA1 FERR_BD 52

CT7H2 CAPN 30 €B8G2 CAPN 60 CoG4 CAPN [=]4] FBSA2 FERR_BD 50

CT7H3 CAPN 30 CBG3 CAPN =14 C8GS CAPN 59 FBSA3 FERR_BD 50

C7H4 CAPN 30 CBG4 CAPN 6@ CSG6 CAPN 59 FBSA4 FERR_BD S1

CT7HS CAPN 30 CBGS CAPN =14 C8G7 CAPN [=1%] FBSAS FERR_BD 51

CT7HE CAPN 30 CBGE CAPN 6@ CcoG8 CAPN [=14] FBSAE6 FERR_BD 52

CT7H? CAPN 30 CBH1 CAPN 6@ €8G9 CAPN [=1%) FBSC1 FERRITE 14

CT7HB CAPN 30 cBH2 CAPN 60 CSG1@ CAPN [=]4] FBSC2 FERRITE 14

C7HI CAPN 30 CBH3 CAPN 6@ CSGl1l CAPN [=]%) FBYE1 FERR_BD 58

CTHL@ capn 66 CB8H4 CAPN 60 COHL CAPN [=]4] FBSF1 FERR_BD 58

C7HL1 capn B6 CBHS CAPN =14 C8H2 CAPN [=1%] FB3G1 FERR_BD =14}

C7IL capn B6 CBHBE CAPN Bl CSH3 CAPN [=]%] J1Al PS2STACK B3

c7I2 capn B6 CBHT7 CAPN 30 CSH4 CAPN EE] J1RA2 1394_2USB_STACK 57

C7I3 CAPN 72 CBHB CAPN 69 CBHS CAPN 58 J1A3 CON2XUSB 35

C7J4 CAPN 66 CBHS capn 74 [ei=hp} CAPN EE] J1B1 1X3HDR 72

CBAL capn 49 cB8J1 CAPN 99 caJ2 CAPN EE] J1D1 MINI_ITP_28FP 10@

CBRA2 CAPN 49 cB8J2 capn 7a CPBJ1 CPAK4C4C 7@ JL1E1 NWD478_GB 6

CBA3 capn 49 €BJI3 CAPN 7a CPBJ2 CPAK4C4C 78 J1F1 1X3HDR 96

CBAS capn S1 C9A1  CAPN 52 CR1A1 DIODE ST J1F2 1X3HDR 96

CBAB CAPN 51 C8A3 capn 49 CR1A2 DIODE_DUAL 35 JLF3 1X3HDR 96

CBAB capn 49 C9As capn 49 CR1A3 DIODE_DUAL 35S JLF4 1X3HDR 96

CBAZ CAPN 48 C8A7T capn 48 CR1A4 DIODE_DUAL 35 JLFS 1X3HDR 96

CBALl@ capn 48 C9A11 CAPN 48 CR1AS DIODE_DUAL 35S JLF6 1X2HDR a7

CBALl capn 51 CgAl2 CAPN 52 CR2B1 DIOSOT23C 88 JLF7 1X2HDR 98

CBALl2 capn 51 C9A13 CAP—-P 54 CR2J1 LED 80 JLFB DIMM2P_184_1GB 17

CBAL3 CAPN 51 CSAl4 capn 54 CR3B1 DIOSOT23C 88 JLFS 1X2HDR 98

CBAL4 capn 50 CaB1 capn 54 CR3B2 DIOS0T23C 88 J1F1@ DIMM2P_184_1GB 22

CBALS capn 50 C8B2 capn 54 CR4B1 DIODE_DUAL 33 J1G1 DIMM2P_184_1GB 17

CBALE capn 51 C9B3 CAPN 48 CR4B2 DIODE_DUAL 33 J1G2 DIMM2P_184_1GB 22

CBALT capn 50 C39B4 CAPN 54 CR4B3 DIODE_DUAL 33 J1G3 1X2HDR a8

CBALB CAPN 51 C39BS CAPN 54 CR4B4 DIODE_DUAL 33 J1iH1 1X2HDR a8

CBAL3 capn 51 C8BE capn 48 CR4B5S ZENER 88 J2A1 DSUBS 65

CBA2@ capn 50 C9B7 CAPN BS CRS5B1 LED 95 J2H1 1X4HDR 7S

CBA21 capn 50 C39BB CAP-P 48 CRSH1 LED a5 J271 1X3HDR a7

C8A22 capn 50 C9B9 capn 43 CR5J1 LED as Jar2 1XBPWR 76

CBA23 capn 50 C39B1® CAP-P 41 CRBH1 DIOSOT23C 79 J273 1X2HDR 67

CBB1L CAPN 48 C8B11 CAPN 41 CRBH2 LED a5 J274 2X10PWR 8a

CcBB2 capn 48 cgc1 capn B1 CRBH3 LED ) J3A1 DSUB2STALL 64

CBB3 capn 48 cacz2 CAP-P 41 CRBH4 LED a5 J3E1 1X2HDR a8

CBB4 capn 48 C39C3  CAPN 41 CRBHS LED a5 J4A1 CON2XUSB 33

CBB7 CAPN B85 €8sD1 CAP—-P 34 CRBJ1 LED 95 J4ac1 1X2HDR a8

CBBB CAPN 41 cgp2  CAPN 41 CRBJ2 LED a5 J4c2 1X2HDR 98

CBBL@ CAPN 41 €803 CAP-P 41 CRBJ3 DUAL_LED 95 J4C3 ANCHOR_CLP_GHST 13

CBBL1l CAP-P 41 C9D4 capn 43 CRTH1 LED 95 J4E1 ANCHOR_CLP_GHST 13

CBB12 CAPN 41 CSE1 CAP—-P 41 CRBH1 DIOS0T23C 81 J4aH1 1X2HDR a8

CBCL CAP-P 41 C9E2 capn 43 CRBJ1 LED ) JSAl1 AUDIO3STACK 58 S1 52

csca CAPN 41 C9E3 CAPN 58 CRSBLl LED 95 JSB1 1X3HDR 96

Cc8D1 CAP-P 41 C9E4 CAPN 58 CRSEL1 DIODE ST JSB2 2X2HDR 80

c8D2 CAP-P 41 C9ES CAPN 58 CRSF1 DIODE 57 Js5C1 1X2HDR a8

CBD3 CAPN 15 C9E6B CAPN 58 CRPLAl1 TUSE_2V 63 Jsca2 1X3HDR 98

CBEL CAP-P 41 C9ET CAPN 58 DB1Bl1 TDR_PIN a7 J5C3 ANCHOR_CLP_GHST 13

CcBE2 CAPN 58 C9EB CAPN 57 DB1B2 TDR_PIN a7 JSD1 1X2HDR 98

CBE3 CAPN 58 C9ES CAPN 58 DB1Cl1 TDR_PIN a7 JSE1 1X2HDR 98

CBE4 CAPN 58 C9F1 CAPN 57 DB1C2 TDR_PIN a7 JSE2 1X2HDR 93

CBES CAPN 58 CgF2 CAPN 57 DB4Cl1 TDR_PIN a7 JSE3 ANCHOR_CLP_GHST 13

CBF1L CAPN 58 CAF3 CAPN 57 DB4C2 TDR_PIN a7 JSE4 1X2HDR as

cBF2 CAPN B85 C9F4 CAPN 58 DBBH1 TDR_PIN a7 JSF3 1X2HDR a8

CBF3 CAPN 58 CAFs CAPN 57 DBBH2 TDR_PIN a7 JSH1 2X2@HDR2@a 32

CBF 4 CAPN BS C9FB  CAPN 58 DB3J1 TDR_PIN a7 JsJ2 2X28HDR2a 32

CBFS CAPN 58 C9F7 CAPN 57 DBSJ2 TDR_PIN a7 J5T3 2X17HDR3_5 62

CBFEB CAPN 58 C9FB CAPN 57 DB3J3 TDR_PIN a7 JEB1 1X3HDR 72

CBF7 CAPN 58 C9F9  CAPN 58 DB9J4 TDR_PIN a7 J6B2 CONPCIZ2_2 40

CBFB CAPN 58 C9F 1B CAPN 58 DS39J1 LED_DISPLAY_1@P 399 JEB3 AGPPRO_4X_8X 15

cBF9 CAPN 58 CA9F11 CAPN 58 DS9J2 LED_DISPLAY_t1@P 99 J6G1 1X2HDR 65

CBF 1@ CAPN 58 C9F12 CAPN 57 FB1Al FERRITE 82 J6G2 1X2HDR 98

CBFL11 CAPN B85 C89F13 CAPN 58 FB1A2 FERRITE 57 J6T1 1XBHDR2NC 75
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J7BL  1X4HDR_COLOR 5@ Q2B4 FET_UREG B8 R1D? RESN 190 R3IEE RESN 13
J7B2  1X4HDR_COLOR 5@ Q2BS FET_UREG B8 R1D8 RESN 100 R3E7 RESN 13
J7B3 CONPCI2_2 39 Q2H1  NPN 58 R1DI RESN 7 R3G1 RESN 23
I7B4 2XSHDRB 53 Q2H2 STD4BNF3LL 78 R1D1® RESN 7 R3G2 RESN 23
JI7CL 1X2HDR 55 Q3B1 PzT2222A B8 R1D11 RESN 190 R3G3 RESN 23
J7EL  2XSHDRS 35 Q3B2 SUB7END3_DI 88 R1D12 RESN 7 R3G4 RESN 23
J7FL  2XSHDRID 74 Q3B3 STD4BNF3LL 88 R1D13 RESN 7 R3G5 RESN 24
JTHL  1X3HDR 56 Q3B4 FET_UREG B8 R1D14 resn 66 R3H1 RESN 19
J7J1  2X1PHDR1D 74 Q3BS FET_UREG B8 R1DLS resn 56 R3H2  RESN 18
IBBL  1X4HDR 50 Q3Cc1 FET_UREG B8 RIDLE resn 66 R3H3 RESN 18
J8B2 CONPCI2_2 37 Q3C2 FET_UREG B8 R1D17 RESN 100 R3HS RESN 78
I8B3 CONPCI2_2 38 Q3C3 FET_UREG 88 RIEL resn 66 R3H7 RESN 78
JBHL  1X2HDR 38 Q3H1 FET_UREG 78 R1E2 RESN 7 R3HB resn 78
IBH2  1X2HDR 30 Q3H2 STD4BNF3LL 78 RI1E3 resn 68 R3HI raesn 78
JBH3  1X3HDR 38 Q4A1  NPN 83 R1E4 RESN 7 R3H1B resn 78
I8J1 1X3HDR2 7B Q4A2  SI4521DY 83 RIES RESN & R3H11 resn 78
I8J2 2XBHDR1D_14 70 Q5B1  NPN 72 RIFL RESN R R3R1 RESN a7
1873 MFG_MODE_IMPR 66 QsB2  NPN ES R1F2 RESN 95 R3R2 RESN a7
J9BL CNREP_ICH4 43 Q5C1  NPN 14 R1F3 RESN ER R3R3 RESN 97
J9B2 CONPCI2_2 36 QSD1  MTDL312 86 R1F4 RESN ES R4A1 rasn a3
J9FL 2XSHDRS 57 Qsp2  MTDL312 86 RIFS RESN 96 R4AZ  RESN a8
J9F2  2XSHDRS 57 QSH1 PMOSFET 79 RIF? RESN 17 R4B2 RESN 33
J9GL  IXTHDR 60 QsH2 MTD1312 79 R1F8 RESN 17 R4B3 RESN 33
1962 1XTHDR =) QBA1  BCPESTL 46 R1G2 resn 72 R4B4  RESN 33
JOHL  1X3HDR 72 QBA2 BCPE9TL 46 R1G3 RESN 22 R4BS RESN 33
JOH2  1X2HDR 32 Q601 MBT39B4DUAL 15 R1GS RESN 22 R4BE  RESN 88
JOH3  1X2HDR 75 Q6F1  NPN 15 R1GE resn 72 R4B7 RESN 88
J9H4 2X1PHDR4 98 QBH1  NPN 79 RIHL RESN 51 R4B8  RESN 88
J9J1  SWSPSTPB_SM 96 QBH3  NPN 97 R1H2 RESN 61 R4BI  RESN a8
1972  SWSPSTPB_SM 95 QBH4  NPN a7 R1H4 RESN 57 R4B1B RESN 88
JA4AL GBE_MAGIACK3_1@ 47 QEHS MBT39B4DUAL 66 R1HS RESN 61 R4B11 RESN as
L1AL IND_4PIN 57 Q6T1  NPN a7 R1HE RESN 57 R4B12 RESN 88
L1A2 IND_4PIN 35 Q672  NPN a7 R1H? RESN &7 R4B13 RESN as
L1A3 IND_4PIN 35 Q7Al  PNP 55 R1H8 RESN 57 R4C2  RESN 13
L1A4 IND_4PIN 57 Q7B1  PNP 55 R1HS resn 75 RAC4 RESN 13
L1BL INDUCTOR 8B Q7B2  PNP 55 R1HL1B RESN 57 R4CS  RESN 13
L2Bl INDUCTOR 8B Q7C1  SI4501DY Bl RIHL1 RESN 67 RACE  RESN 13
L2Cl  INDUCTOR B8 Q7E1l  MBT39B4DUAL 34 R1J1 RESN 52 R4C? RESN 13
L3BL INDUCTOR 88 Q7T1 FET 66 R1J2 RESN 61 R4ACQ  RESN 13
L3Cl INDUCTOR B8 QBH1  NPN 59 R1J4 RESN 61 R4C11 RESN 13
L3714 INDUCTOR 78 Q9B1 MBT39B4DUAL 81 R1JS RESN 61 RAE2  RESN 13
L3J2 INDUCTOR 78 Q9C2 MBT39P4DUAL B1 R1J1® RESN 61 R4E3  RESN 13
L4BL IND_4PIN 33 Q901 SI45@1DY 34 R1T11 RESN 61 RAE4  RESN 13
L4B2 IND_4PIN 33 QIH1  NPN 72 R1J12 RESN 51 R4ES RESN 13
L4B3 INDUCTOR 839 RLA1l RESN 57 R2AL  resn 82 RAEE  RESN 13
LSCL  INDUCTOR 11 RLA2 RESN 35 R2BL  RESN 86 R4E? RESN 13
LSC2  INDUCTOR 11 RLA3 RESN 35 R2B2 RESN 88 R4ES  RESN 13
L9BL INDUCTOR 54 RLA4 RESN 35 R2B3  RESN 86 R4H1 RESN 32
LSBHL SPKR 59 RLAS RESN 57 R2C1 RESN 8 R4AH2  RESN 32
MHLBL STD_MTG_HOLE 71 RLAB RESN 35 R2GL RESN 23 RSA1  RESN 54
MHLGL STD_MTG_HOLE 71 RLA7 RESN 57 R2HL RESN 18 RSAZ  RESN 45
MH1J1 STD_MTG_HOLE 71 RLB1 RESN 57 R2J1 RESN a7 RSA3  RESN 46
MHSAL STO_MTG_HOLE 71 RLB2 RESN 88 R2J2 resn 80 RSA4  RESN 48
MHSGL STD_MTG_HOLE 71 RLB3 resn 72 R2J3 resn 80 RSAS NRES a7
MHSJ1 STO_MTG_HOLE 71 RLB4 RESN 88 R2R1 GND_ISOLATION 88 RSAB NRES a7
MH?AL STD_MTG_HOLE 71 RLBS resn 72 R2R2 GND_ISOLATION 88 RSA7 resn 72
MHIAL STO_MTG_HOLE 71 RLBS resn 72 R3AL resn 54 RSAB resn 72
MH9GL STD_MTG_HOLE 71 RLB7 resn 72 R3BL RESN 86 RSB1 RESN a7
MH9JL STOD_MTG_HOLE 71 RLC1 RESN 5 R3B2 RESN 86 RSB2 RESN i
Q1BL STD4BNF3LL 88 RLCS RESN 88 R3B3 RESN 88 RSB3 rasn 72
Q1B2 SUB7BND3_@9 88 RLC7 RESN 87 R3B4 RESN 88 RSB4 rasn 72
Q1B3 FET_UREG 88 RLCB RESN 100 R3BS RESN 88 RSB6 RESN a6
QicL  FET 72 RLCI RESN 102 R3CL RESN 7 RSB7 RESN 14
Q1C3  MBT3904DUAL 88 RLC1P RESN 4 R3C2 RESN 7 RSB8 RESN 14
Q1GL NPN 72 RLC11 RESN a7 R3DL RESN a7 RSBI  RESN 14
Q2AL  NPN B2 RLD1 RESN 5 R3D2 RESN 7 RSB1D RESN 96
Q2A2  SI4SPLDY 82 RLD2 RESN 102 R3EL  RESN 13 RSB11 RESN 14
Q2B1  SUB7@ND3_09 88 RLD3 RESN 7 R3E2  RESN 13 RSB12 RESN 14
Q2B2  STD4BNF3LL 88 RLDS RESN 7 R3E4  RESN 13 RSB13 RESN 14
Q2B3 FET_UREG 88 RLD6 RESN 100 R3ES RESN 13 RSB15 RESN 14
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RS5BLE RESN 14 REB2 RESN 46 RBEI7? RESN a5 R8AB RESN 50
RSBL17 RESN 14 REB3 NRES 46 RBJT8 rasn 75 R8AG resn 51
RS5BL18 RESN 14 REB4 NRES 46 R7AL rasn 52 R8A1B resn 51
RS5B19 RESN 14 REBS NRES 46 R7A2 rasn 52 R8A11 resn 51
R5B2@ RESN 14 REBE RESN 44 R7A3 RESN 55 R8A12 RESN 50
R5B21 RESN 14 REB7 NRES 46 R7A4 RESN 55 R8A13 RESN 50
R5B22 RESN 14 REBB RESN 46 R7AS RESN 55 RBA14 resn 51
RS5B23 RESN 14 REBS RESN 14 R7AG resn 48 RBA1S5 resn S1
R5B24 RESN 14 REB1B® RESN 14 R7A7 RESN 55 RBA16 resn 51
R5B25 RESN 14 REB12 RESN 14 R7A8 RESN 55 R8A17 RESN 51
R5B26 RESN 14 REC1 RESN 14 R7A9 RESN 55 R8BA18 resn 51
R5B27 RESN 14 REC2 RESN 14 R7AL® RESN 55 R8A19 resn 51
RS5B28 RESN 14 RBC3 RESN 14 R7ALL RESN 55 R8A28 resn S1
R5B29 RESN 14 RBEC4 RESN 14 R7AL2 RESN 55 R8A21 resn 52
R5B3@ RESN 14 RED1 RESN 41 R7AL3 resn 48 RBA22 resn 51
RS5CL RESN 14 RED2 RESN 15 R7AL4 RESN 55 R8A23 resn 51
R5C3 RESN 14 RED3 RESN BE R7BL RESN 55 R8A24 RESN 51
R5C4 RESN 14 RBE1 RESN BB R7B2 RESN 55 R8BA25 resn 52
R5CS RESN 13 RBE2 RESN B6 R7B3 RESN 55 R8BA2B resn 52
R5CE RESN 13 REE4 RESN 13 R7B4 RESN 55 R8A23 RESN 51
RSC?7 RESN 13 RBEG RESN 13 RTE? RESN 42 RBA38 resn S1
RSDL RESN 13 RBE7 RESN 13 R7E8 RESN 42 R8B1 resn 48
RSD2 RESN 13 RBF1 RESN 87 RTES RESN 42 R8B2 resn 48
R5D3 RESN 13 REF2 RESN B7 RT7EL® RESN 42 R8B3 resn 48
R5D4 RESN 13 REF3 resn 30 R7ELL resn 34 R8EB4 resn 48
R5DS5 RESN 86 REF4 resn 30 RT7EL2 RESN 34 R8EB resn 48
R5D6 RESN 86 REG1 resn B2 RT7EL3 RESN 42 R8EB3 resn 48
RSEL RESN 13 REG2 RESN 30 R7EL4 resn 34 RBE18 resn 48
RSE3 RESN 13 REG3 resn B3 R7FL RESN 42 R8B12 resn 438
RSE4 RESN 13 REG4 RESN 30 R7F2 RESN 46 R8BE13 resn 48
RSES RESN 13 RBEGS RESN 30 R7F3 rasn 35 R8C1 RESN 42
RSEB RESN 13 RBEGE RESN 29 R7F4 rasn 35 R8c2 RESN 42
RSE7 RESN 13 RBEG7 RESN 30 R7FS rasn 35 R8F 1 RESN 58
RSFL RESN 13 RBEGB RESN 30 R7GL RESN 35 R8F2 RESN 58
R5F2 RESN 13 REGS RESN 30 R7G2 RESN 35 R8G1 RESN 84
R5GL RESN 7 REG1B RESN 30 R7G3 RESN 35 R8G2 RESN =14}
RSG2 RESN 7 REG11 RESN 30 R7G4 RESN 35 R8G3 RESN 84
RSHL RESN 96 REG12 RESN 30 R7GS RESN 41 R8H1 RESN 30
R5SH2 RESN o7 REG13 RESN 30 R7GE RESN 38 R8H2 RESN 30
RSH3 RESN 95 REG14 RESN 30 R7G7? RESN 38 R8H3 RESN 30
R5JL RESN 95 REG15 RESN 30 R7G8 RESN 38 R8H4 resn 81
RSJ2 RESN 32 REG16 RESN 65 R7GS resn 38 R8HS RESN 69
R5J4 RESN 32 REG17 RESN 30 R7HL RESN 38 R8HE RESN 30
RBAL RESN 55 REG13 RESN 30 R7H2 RESN 38 R8H7 RESN 69
RBAZ2 RESN 44 REG2B RESN 79 R7H3 RESN 27 R8HB resn 74
RBA3 RESN 46 RBEG22 RESN 30 R7H4 RESN 38 R8H3 resn 74
RBEA4 RESN 44 RBEG23 RESN 79 R7HS RESN 27 R8H18 RESN 58
RBAS RESN 46 REH1 RESN 79 R7HE RESN 38 R8J1 resn 74
RBAB RESN 44 REH2 RESN 30 R7H? RESN 27 rRaJ2 resn 74
RBA7 RESN 44 REH4 RESN 79 R7H3 RESN 38 R8J3 RESN 99
RBAB RESN 44 REHS RESN 79 R7HI RESN 32 R8JT4 RESN EE]
RBA9  RESN 44 RBHT7 RESN 32 RTHL® RESN 32 R8BJS5 RESN =i=]
RBALB RESN 46 REHB RESN 32 R7HL1 RESN 66 R8J6 RESN EE]
RBALL RESN 44 REHS RESN 79 R7HL2 RESN 38 R8J7 RESN 7a
RBALZ2 RESN 44 REH11 RESN B R7HL3 RESN 95 R8J8 RESN 7a
RBAL3 RESN 46 REH12 RESN 95 R7HL4 RESN 66 R8J39 RESN 95
RBAL4 RESN 44 REH13 RESN 895 R7HLS RESN 66 R9A1 resn 52
RBALS NRES 47 REH14 RESN 95 R7HLE RESN 66 R9A4 resn 438
RBALE RESN 55 REH15 RESN 95 R7IL RESN 66 RIA3 resn 52
RBAL7 NRES 47 REH16 RESN a7 R7I2 RESN 66 R9B2 RESN 48
RBALB RESN 44 REH17 RESN 66 R7I3 RESN 66 R9B4 RESN 54
RBALS NRES 47 REH18 RESN a7 R7T4 RESN 66 RAC1 RESN as
RBEAZ2@ NRES 47 REH2B RESN 56 R7JIS RESN 7a Rac2 RESN 42
RBA21 RESN 45 REH21 RESN 96 R7JI6 RESN a8 RaC3 resn 43
RBA22 NRES 47 RET1 RESN 97 RBAL RESN 54 R9C4 resn 43
RBA23 RESN 44 REJ2 RESN 56 RBA3 RESN 51 R9CS resn 43
RBA24 NRES 47 REJ3 RESN 97 RBR4 resn 51 RICB resn 43
RBA25 NRES 47 REJ4 RESN a7 RBAS rasn 51 Rac7? resn 43
RBA26 NRES 47 REJS RESN 97 RBARG resn 52 R9CB resn 43
REBL RESN 55 REJE RESN 95 RBA7 RESN 58 RaCs resn 43
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R3C1@ resn 43 RP2H7 RPAK4C-4R 18 19 RP3SG1 RPAK4C-4R 5B
RGCL11 resn 43 RP2HB RPAKA4C-4R 18 RPGH1 RPAK4C—-4R 99
R3C1l2 resn 43 RP3A1 RPAKA4C-4R B4 RP3SJ1 RPAK4C-4R 99
RODL rasn 34 RP3A2 RPAKA4C-4R B4 RPQJ2 RPAK4C—-4R 99
R3D2 resn 34 RP3A3 RPAK4C-4R B4 RP3SJ3 RPAK4C-4R 99
RSEL RESN 58 RP3C1 RPAKA4C-4R 7 RT1D1 THERMISTOR 57
RSE2 RESN 58 RP3D1 RPAK4C-4R 7 RT2A1 THERMISTOR B2
RSE4 RESN 58 RP3G1 RPAK4C-4R 23 24 RT4A1 THERMISTOR B3
RSES RESN 58 RP3G2 RPAK4C-4R 13 24 RT9D1 THERMISTOR 34
RSEB RESN 57 RP3G3 RPAKA4C-4R 18 23 RTOEL1 THERMISTOR 57
RSE? RESN 57 RP3G4 RPAK4C-4R 23 24 RT9F1 THERMISTOR 57
RSEB RESN 57 RP3G5 RPAKA4C-4R 23 uictL MIC5258 87
RSFL RESN 57 RP3GE RPAK4C-4R 23 U1EL HECETA4 66
RSF2 RESN 57 RP3H1 RPAK4C-4R 18 19 U1E2 HECETAB 68
RSF3 RESN 57 RP3H2 RPAK4C-4R 18 U1GL GD752325 65
RSF4 RESN 57 RP3H3 RPAK4C-4R 18 19 UlHL PORT_ANGELES 61 B7
RSFS RESN 57 RP3H4 RPAK4C-4R 18 uz2BL 5C1285 88
RSFEB RESN 57 RP3HS RPAK4C-4R 18 U3BL 5C1285 88
RSF7 RESN 57 RP3HE RPAK4C-4R 18 23 u3e2 5C1285 88
RSFB RESN 57 RP3H7 RPAKA4C-4R 18 23 U3HL TPPMBL1S 7B
RSF9 RESN 57 RP4A1 RPAK4C-4R 64 u4B1L ADP3163 86
RSF1@ RESN 57 RP4A2 RPAKA4C-4R B4 U4aHL MICS219BMM 78
ROF11 RESN S7 RP4G1 RPAK4C-4R 23 24 USBL CK_488 14
RSF12 RESN 57 RPA4G2 RPAKA4C-4R 23 24 usclL GRANITEBAY 9 1@ 11 12
RSF13 RESN 58 RPA4G3 RPAK4C-4R 23 USEL LM358 86
RSFl4 RESN 58 RP4G4 RPAK4C-4R 23 uBAL KENAI32 44 45
RSF15 RESN 58 RP4G5 RPAK4C-4R 23 usR2 LMaB87 L 55
RSGL RESN 59 RP4GE RPAK4C-4R 23 UBBL AT93CE6 46
RSG2 RESN 59 RP4G7 RPAK4C-4R 23 24 UBF L IRUL1LS® 87
RSHL RESN =14} RP4GB RPAK4C-4R 13 24 UBHL LM358 79
RSH2 rasn 72 RP4H1 RPAKA4C-4R 18 usIL 74AS1@34A 95
RSH3 rasn 72 RP4H2 RPAKA4C-4R 18 19 usJ2 AT97SC3201 56
RSH4 RESN B0 RP4H3 RPAKA4C-4R 18 u7AL LF353 55
RSHS resn 72 RP4H4 RPAK4C-4R 18 19 U7FL EPM7B32_3P3 42
RSHE rasn 72 RP4HS RPAKA4C-4R 13 24 urF2 AT93C4BA_B6 46
RSH7 RESN =14} RP4HE RPAK4C-4R 13 24 u7GL ICH4 26 27 28 29
RSHB RESN 98 RP4H7 RPAK4C-4R 18 u7IL FWH_4M 66
RSH3 RESN 98 RP4HB RPAK4C-4R 18 uBAL LF353 51
ROJL RESN =15 RPSB1 RPAKA4C-4R 14 usA2 STACA766 48
RMBEC1 AGP_RM 15 RPSB2 RPAK4C-4R 14 uBfF L TESTTSB43AB23 58
RP1AL RPAK4C-4R B2 RPSC1 RPAKA4C-4R 14 usFz2 VUREGEZ1BBE B4
RPLA2 RPAK4C—4R 63 RPSG1 RPAK4C-4R 23 UBGL LM317L 54
RPLC1 RPAK4C—-4R 7 RPSH1 RPAKA4C-4R 18 usG2 CMD_SATA 68
RPLD1l RPAK4C—-4R 7 RPSH2 RPAK4C-4R 18 19 uBHL T4ACTB4 T4
RPLD2 RPAK4C—-4R 7 RPEB1 RPAKA4C-4R 14 usIL 74LUCT4 EE]
RPLEL RPAK4C-4R B RPEC1 RPAK4C-4R 14 usAL 78MB5C 54
RPLGl RPAK4C—-4R 23 24 RPED1 RPAK4C-4R 41 usGlL MC33269 58
RPLG2 RPAK4C-4R 23 RPED2 RPAK4C-4R 41 USHL AT24C32_64 58
RPL1G3 RPAK4C—-4R 23 RPED3 RPAKA4C-4R 15 usItL EPMTB32 EE]
RPLH1 RPAK4C—4R 18 19 RP7E1 RPAK4C-4R 38 39 4@ XBT?J1 BATT_HLDR_2PIN 81
RPLH2 RPAK4C-4R 18 RP7F1 RPAKA4C-4R 31 XYTHL XTAL_HLDR 3@
RP1H3 RPAK4C—-4R 67 RP7F2 RPAK4C-4R 31 YSBL CRYSTAL 14
RPLJ1 RPAK4C-4R B2 RP7F3 RPAKA4C-4R 46 YBEBL CRYSTAL 46
RPLJ2 RPAK4C-4R B7 RP7F4 RPAK4C-4R 46 YBJIL XTAL4P 56
RPLJI3 RPAK4C-4R 61 RP7H1 RPAK4C-4R 3@ YTH2 XTAL4P 38
RPLJ4 RPAK4C—-4R B7 RP7J1 RPAK4C-4R BB YBHL CRYSTAL [=1%)
RP2G1 RPAK4C-4R 23 24 RPBB1 RPAK4C-4R 5@ YSBL CRYSTAL 48
RP2G2 RPAK4C—4R 23 RPBB2 RPAK4C-4R 5@ YOF L CRYSTAL 56
RP2G3 RPAK4C-4R 23 24 RPBB3 RPAK4C-4R 5@
RP2G4 RPAK4C—-4R 23 RPBC1 RPAKA4C-4R 41
RP2G5 RPAK4C-4R 18 23 RPBC2 RPAKA4C-4R 41
RP2GE RPAK4C—-4R 23 24 RPBE1 RPAKA4C-4R 36 37
RP2G7 RPAK4C—-4R 18 13 23 24 RPBF1 RPAKA4C-4R 46
RP2G8 RPAK4C-4R 18 19 RPBF2 RPAKA4C-4R 31
RP2H1 RPAK4C-4R 18 139 RPBG1 RPAK4C-4R 41
RP2H2 RPAK4C—4R 18 RPBG2 RPAK4C-4R 41
RP2H3 RPAK4C-4R 18 23 RPSA1 RPAK4C-4R B1
RP2H4 RPAK4C-4R 18 19 RPSB1 RPAK4C-4R B1
RP2HS RPAK4C-4R 18 RPSD1 RPAK4C-4R B1
RP2HE RPAK4C-4R 19 24 RPSD2 RPAKA4C-4R B1
_DRAWING DOCUMENT NUMBER][ PAGE | REU
NGRUP. SCH_1. 111
Wed Oct 23 18:39:17 2082 111
8 & 4 3 1




	Introduction 1
	1.1 Reference Documentation
	1.2 Terminology
	1.3 System Overview
	1.3.1 Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13 Micron Process
	1.3.2 Intel® E7205 Chipset
	1.3.2.1 Intel® I/O Controller Hub 4 (ICH4)

	1.3.3 Processor Support
	1.3.4 DIMM Support
	1.3.5 Bandwidth Summary


	Component Quadrant Layout 2
	2.1 Intel® Pentium® 4 Processor Quadrant Layout
	Figure 2�1. Intel® Pentium® 4 Processor Quadrant Layout (Top View)

	2.2 MCH Quadrant Layout
	Figure 2�2. MCH Quadrant Layout (Top View)

	2.3 Intel® ICH4 Quadrant Layout
	Figure 2�3. Intel® ICH4 Quadrant Layout (Top View)


	Platform Stack-Up and Component Placement Overview 3
	3.1 Platform Component Placement
	Table 3�1. Assumptions for System Placement Example
	Figure 3�1. Intel® Pentium® 4 Processor / Intel® E7205 Chipset-Based System Placement Example

	3.2 Platform Stack-Up
	Figure 3�2. Board Stack-Up


	Platform Clock Routing Guidelines 4
	Table 4�1. Intel® E7205 Chipset Clock Group
	Table 4�2. Platform System Clock Cross-Reference
	Figure 4�1. Intel® E7205 Chipset-Based System Clocking Diagram
	4.1 Clock Groups
	4.1.1 HOST_CLK Clock Group
	4.1.1.1 HOST_CLK Clock Topology
	Figure 4�2. Source Shunt Termination
	Table 4�3. HOST_CLK Routing Guidelines
	Figure 4�3. Length Matching of Host Clocks (with Package Compensation)
	Figure 4�4. Clock Skew As Measured from Agent to Agent
	Figure 4�5. Trace Spacing
	4.1.1.2 HOST_CLK General Routing Guidelines

	4.1.2 CLK66 Group
	Figure 4�6. Topology for CLK66
	Table 4�4. CLK66 Routing Guidelines
	4.1.2.1 CLK66 Group to AGP Connector
	Figure 4�7. Topology for CLK66 to AGP Connector
	Table 4�5. CLK66 Routing Guidelines�(for AGP Connector)
	4.1.2.2 CLK66 Skew Requirements
	Figure 4�8. Clock Skew and Tracing Requirements (Without Package Compensation)
	Figure 4�9. Clock Skew and Trace Requirements (With Package Compensation)

	4.1.3 CLK33 Clock Group
	Figure 4�10. Topology for CLK33 to PCI Device Down
	Table 4�6. CLK33 Routing Guidelines (PCI Device Down)
	Figure 4�11. Topology for CLK33 to PCI Connector
	Table 4�7. CLK33 Routing Guidelines (for PCI Connector)
	4.1.3.1 CLK33 Skew Requirements
	Figure 4�12. Clock Skew and Tracing Requirements (Without Package Compensation)
	Figure 4�13. Clock Skew and Trace Requirements (With Package Compensation)

	4.1.4 CLK14 Clock Group
	Figure 4�14. Topology for CLK14
	Table 4�8. CLK14 Routing Guidelines

	4.1.5 USBCLK Clock Group
	Figure 4�15. Topology for USB_CLK
	Table 4�9. USBCLK Routing Guidelines


	4.2 Clock Driver Decoupling
	Figure 4�16. Decoupling Capacitors Placement and Connectivity

	4.3 Clock Driver Power Delivery
	4.4 EMI Constraints

	System Bus Routing Guidelines 5
	5.1 Processor System Bus Guidelines
	Table 5�1. System Bus Routing Summary for the Processor1
	Figure 5�1. Cross-Sectional View of 3:1 Ratio

	5.2 GTLREF Layout and Routing Recommendations
	Figure 5�2. GTLREF Routing
	5.2.1 HVREF, HSWNG, HRCOMP Layout and Routing Recommendations at the MCH

	5.3 Processor Configuration
	5.3.1 Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13 Micron Process Configuration
	5.3.2 Topology and Routing
	Table 5�2. Source Synchronous Signal Groups and the Associated Strobes
	5.3.2.1 Design Recommendations
	Figure 5�3. Processor Topology


	5.4 Routing Guidelines for Asynchronous GTL+ and Other Signals
	Table 5�3. Miscellaneous Signals (Signals That Are Not Data, Address, or Strobe)�
	5.4.1 Topologies
	5.4.1.1 Topology 1: Asynchronous GTL+ Signals Driven by the Processor— FERR#, PROCHOT# and THERMT...
	Table 5�4. Layout Recommendations for FERR# and THERMTRIP# Signals—Topology 1
	Figure 5�4. Routing Illustration for FERR# and THERMTRIP#
	Table 5�5. Layout Recommendations for PROCHOT# Signal—Topology 1
	Figure 5�5. Routing Illustration for PROCHOT#
	5.4.1.2 Topology 2: Asynchronous GTL+ Signals Driven by the Intel® ICH4— A20M#, IGNNE#, LINT[1:0]...
	Table 5�6. Layout Recommendations for Miscellaneous Signals—Topology 2
	Figure 5�6. Routing Illustration for A20M#, IGNNE#, LINT[1:0], SLP#, SMI#, and STPCLK#
	5.4.1.3 Topology 2-A: INIT#
	Table 5�7. Layout Recommendations for INIT#—Topology 2A
	Figure 5�7. Routing Illustration for INIT#
	5.4.1.4 Topology 2-B: Miscellaneous Signals Driven by the Intel® ICH4 Open Drain; PWRGOOD
	Table 5�8. Layout Recommendations for Miscellaneous Signals—Topology 2B
	Figure 5�8. Routing Illustration for PWRGOOD
	5.4.1.5 Topology 3: VCCIOPLL, VCCA and VSSA
	Figure 5�9. Routing Illustration for VCCIOPLL, VCCA and VSSA
	5.4.1.6 Topology 4: BR0# and RESET#
	Figure 5�10. Routing Illustration for BR0# and RESET#
	Table 5�9. BR0# and RESET# Lengths
	5.4.1.7 Topology 5: XCOMP/YCOMP Signals
	5.4.1.8 Topology 6: THERMDA/THERMDC Routing Guidelines
	5.4.1.9 Topology 7: TESTHI and RESERVED Pins
	5.4.1.10 Topology 8: VCCVID Regulator Recommendations
	5.4.1.11 Topology 9: Processor Voltage Regulator Sequencing Requirements
	Figure 5�11. Power Sequencing Block Diagram
	Figure 5�12. Power-on Sequence Timing Diagram
	Figure 5�13. Power-off Sequence Timing Diagram



	DDR System Memory Design Guidelines 6
	Table 6�1. Intel® E7205 Chipset DDR Signal Groups�
	6.1 DDR-SDRAM Stack-Up and Referencing Guidelines
	Figure 6�1. Board Stack-Up

	6.2 Unbuffered DDR System Memory Topology and Layout Design Guidelines
	Figure 6�2. DDR Routing Strategy
	Figure 6�3. DDR DIMM and Termination Strategy
	6.2.1 Control Signals — CKE_x[3:0], CS_x[3:0]#
	Table 6�2. Control Signal DIMM Pin Mapping
	Figure 6�4. DIMM-0 Control Signal Routing Topology (CS_x[1:0]#, CKE_x[1:0])
	Figure 6�5. DIMM-1 Control Signal Routing Topology (CS_x[3:2]#, CKE_x[3:2])
	Table 6�3. Control Signal Group Routing Guidelines
	Figure 6�6. Control Signal Trace Width/Spacing Routing on Lead-in Length
	6.2.1.1 Control Group Signal Length Matching Requirements

	6.2.2 Clock Signals — CMDCLK_x[7:0], CMDCLK_x[7:0]#
	Table 6�4. Clock Signal Mapping
	Table 6�5. Clock Signal DIMM Pin Mapping
	Figure 6�7. DDR Clock Routing Topology (CMDCLK_x[0,4,6]/CMDCLK_x[0,4,6]#)
	Figure 6�8. DDR Clock Routing Topology (CMDCLK_x[1,5,7]/CMDCLK_x[1,5,7]#)
	Table 6�6. Clock Signal Group Routing Guidelines
	Figure 6�9. Clock Signal Trace Width/Spacing Routing Cross Section
	6.2.2.1 Clock Group Signal Length Matching Requirements
	Figure 6�10. Control Signal to CMDCLK Trace Length Matching Requirements
	Figure 6�11. CMDCLK to CMDCLK# Trace Length Matching Requirements

	6.2.3 Data Signals — DQ_x[63:0], DQS_x[17:0], CB_x[7:0]
	Table 6�7. Signals and Associated Strobe
	Figure 6�12. Data Signal Routing Topology
	Table 6�8. Data Signal Group Routing Guidelines (Channel A and B)
	6.2.3.1 Data Group Signal Length Matching Requirements
	Figure 6�13. Channel B DQS to CMDCLK Trace Length Matching Requirements
	Table 6�9. DQ/CB to DQS Length Matching Mapping
	Figure 6�14. DQ/CB to DQS Length Matching

	6.2.4 Address/Command Signals — MA_x[12:0], BA_x[1:0], RAS_x#, CAS_x#, WE_x#
	Figure 6�15. Address/Command Signal Routing Topology
	Table 6�10. Address/Command Signal Group Routing Guidelines
	Figure 6�16. Address/Command Signal Width/Spacing Routing on Lead-in Length
	6.2.4.1 Address/Command Group Signal Length Matching Requirements
	Figure 6�17. Address/Command Signal to Command Clock Length Matching Requirements

	6.2.5 DC Biasing
	6.2.5.1 RCVENOUT_A#, RCVENOUT_B#
	Figure 6�18. DDR Feedback RCVENOUT_A#, RCVENOUT_B# Routing Topology
	Table 6�11. RCVEN_OUT_A#, RCVENOUT_B# Routing Requirements
	6.2.5.2 DRCOMPVREF_H, DRCOMPVREF_V
	Figure 6�19. DRCOMPVREF_H and DRCOMPVREF_V Routing Topology
	Table 6�12. DRCOMPVREF_H and DRCOMPVREF_V Routing Requirements
	6.2.5.3 VREF_A and VREF_B
	6.2.5.4 DRCOMP_H and DRCOMP_V
	Figure 6�20. DRCOMP_H and DRCOMP_V Routing Topology
	Table 6�13. DRCOMP_H and DRCOMP_V Routing Guidelines
	6.2.5.5 DDR_STRAP
	Figure 6�21. DDR_STRAP Routing Topology
	Table 6�14. DDR_STRAP Routing Guidelines
	6.2.5.6 ODTCOMP
	Figure 6�22. ODTCOMP Routing Topology
	Table 6�15. ODTCOMP Routing Requirements


	6.3 System Memory Bypass Capacitor Guidelines
	6.3.1 MCH System Memory Interface Decoupling Requirements
	6.3.1.1 MCH System Memory High-Frequency Decoupling
	Figure 6�23. MCH DDR 2.5�V Decoupling
	Table 6�16. MCH System Memory Decoupling Capacitor Requirements
	6.3.1.2 MCH System Memory Low-Frequency Bulk Decoupling
	Figure 6�24. Shared MCH/DIMM 2.5�V Bulk Decoupling Example
	Table 6�17. MCH System Memory Bulk Capacitor Requirements

	6.3.2 DDR-DIMM Decoupling Requirements
	Figure 6�25. DIMM Bulk Capacitor Requirements
	Table 6�18. DIMM Bulk Capacitor Requirements


	6.4 Power Delivery
	6.4.1 DDR Voltage Regulator Guidelines
	6.4.2 Power Delivery Guidelines for 2.5�V
	6.4.3 Power Delivery Guidelines for 1.25�V
	6.4.4 DDR Reference Voltage
	Figure 6�26. DDR VREF Generation Example Circuit
	Table 6�19. DDR VREF Generation Requirements

	6.4.5 DDR VTT Termination
	Figure 6�27. DDR VTT Termination Island Example
	Table 6�20. DDR VTT Termination Island Requirements
	6.4.5.1 VTT Termination Island High-Frequency Decoupling Requirements
	Figure 6�28. DDR VTT Termination 0.1�mF High-Frequency Capacitor Example 1
	Figure 6�29. DDR VTT Termination and High-Frequency Capacitor Example 2
	Figure 6�30. DDR VTT Termination 4.7�µF High-Frequency Capacitor Example
	Table 6�21. DDR VTT Termination Island High-Frequency Decoupling Requirements
	6.4.5.2 VTT Termination Island Low-Frequency Bulk Decoupling Requirements

	6.4.6 Power Sequencing Requirements
	6.4.6.1 MCH Power Sequencing Requirements
	6.4.6.2 DDR-SDRAM Power Sequencing Requirements



	Hub Interface 1.5 7
	Figure 7�1. 8-Bit Hub Interface1.5 Routing
	7.1 Hub Interface 1.5 High-Speed Routing Guidelines
	Table 7�1. HI 1.5 Signal Groups
	Table 7�2. HI 1.5 Routing Parameters

	7.2 Hub Interface 1.5 Generation/Distribution of Reference Voltages
	Table 7�3. HI 1.5 Reference Circuit Specifications
	Figure 7�2. HI 1.5 Locally Generated Reference Divider Circuits

	7.3 Hub Interface 1.5 Resistive Compensation
	Table 7�4. Hub Interface 1.5 RCOMP Resistor Values
	Figure 7�3. Hub Interface 1.5 RCOMP Circuits

	7.4 8-Bit Hub Interface Decoupling Guidelines

	Serial ATA 8
	Table 8�1. Serial ATA vs. Parallel ATA
	Figure 8�1. Uni-Processor System Block Diagram (Intel® ICH4) with Serial ATA
	8.1 Host Controller Details
	8.1.1 Functional Description
	8.1.2 Mechanical Specifications
	Figure 8�2. Host Controller Mechanical Specifications (144-pin TQFP Package Type)

	8.1.3 Quadrant Layout
	Figure 8�3. Quadrant Layout of the Host Controller


	8.2 Layout/Routing Guidelines
	8.2.1 General Recommendations
	8.2.1.1 Ground Planes
	8.2.1.2 Clock Topology
	Figure 8�4. Example of Clock Implementation

	8.2.2 Routing Constraints
	8.2.2.1 6-Layer Stack-Up PCB
	Figure 8�5. Microstrip PCB Stack-Up
	Table 8�2. Microstrip PCB Stack-Up
	8.2.2.2 Differential Lines Discussion
	Figure 8�6. Grounded Shield Guard

	8.2.3 Layout Routing Strategy
	8.2.3.1 Routing of Differential Lines
	Figure 8�7. Serial ATA Connectors (Vertical Orientation Example 1)
	Figure 8�8. Serial ATA Connectors (Vertical Orientation Example 2)
	Figure 8�9. Serial ATA Connectors (Horizontal Orientation Example 1)
	Figure 8�10. Serial ATA Connectors (Horizontal Orientation Example 2)


	8.3 Platform Integration Considerations
	8.3.1 Power Supply Considerations
	8.3.1.1 Voltages
	8.3.1.2 Power Consumption
	Table 8�3. Typical Power Consumption
	8.3.1.3 Decoupling
	8.3.1.4 Power Supply Isolation for Analog Blocks
	Table 8�4. Differential Pin Description
	Figure 8�11. Example Circuitry for Analog Blocks
	Table 8�5. Ferrite Bead Specifications (L1, L2, L3, L4, L5, L6)
	8.3.1.5 VREG Implementation
	Figure 8�12. VREG Implementation

	8.3.2 SMBus Considerations


	AGP 8X 9
	Table 9�1. Signal Groups
	Table 9�2. Associated First and Second Strobes
	9.1 Recommended AGP 8X Routing Parameters
	Table 9�3. AGP 8X Routing Parameters

	9.2 Length Matching
	9.3 Miscellaneous Signal Requirements
	9.3.1 SERR/PERR
	Figure 9�1. PERR Reference Circuit

	9.3.2 TYPEDET
	9.3.3 PRCOMP_AGP[1:0]
	9.3.4 PREF_AGP[1:0]
	9.3.5 PSWNG_AGP[1:0]


	Intel® I/O Controller Hub 4 (ICH4) 10
	10.1 System Overview
	10.1.1 System Features
	10.1.2 Bandwidth Summary
	Table 10�1. Intel® ICH4 System Bandwidth Summary

	10.1.3 System Configurations
	Figure 10�1. Intel® ICH4 System Block Diagram

	10.1.4 Intel® ICH4 Conventions and Terminology
	Table 10�2. Intel® ICH4 Conventions and Terminology �


	10.2 Platform Initiatives
	10.2.1 Integrated LAN Controller
	Table 10�3. LAN Component Overview

	10.2.2 Ultra ATA/100 Support
	10.2.3 Expanded USB Support
	10.2.4 Manageability and Other Enhancements
	10.2.4.1 SMBus 2.0
	10.2.4.2 Interrupt Controller
	10.2.4.3 Intel® Compatible Firmware Hub (FWH)

	10.2.5 AC ’97 6-Channel Support
	Figure 10�2. AC ’97 with Audio/Modem Codec
	Figure 10�3. AC ’97 with Audio Codecs (4 Channel Secondary)
	Figure 10�4. AC ’97 with Audio and Modem Codec
	Figure 10�5. AC ’97 with 2 Audio and a Modem Codec (4 Channel Secondary)


	10.3 Layout/Routing Guidelines
	10.3.1 General Recommendations
	10.3.2 Component Quadrant Layout
	Figure 10�6. Intel® ICH4 Component Quadrant Layout (Top View)

	10.3.3 IDE Interface
	Table 10�4. IDE Routing Summary
	10.3.3.1 Cabling

	10.3.4 Cable Detection for Ultra ATA/66 and Ultra ATA/100
	10.3.4.1 Combination Host-Side/Device-Side Cable Detection
	Figure 10�7. Combination Host-Side/Device-Side IDE Cable Detection
	10.3.4.2 Device-Side Cable Detection
	Figure 10�8. Device Side IDE Cable Detection
	10.3.4.3 Primary IDE Connector Requirements
	Figure 10�9. Connection Requirements for Primary IDE Connector
	10.3.4.4 Secondary IDE Connector Requirements
	Figure 10�10. Connection Requirements for Secondary IDE Connector

	10.3.5 AC ’97
	Figure 10�11. Intel® ICH4 AC ’97 – Codec Connection
	Figure 10�12. Intel® ICH4 AC ’97 – AC_BIT_CLK Topology
	Table 10�5. AC ’97 AC_BIT_CLK Routing Summary
	Figure 10�13. Intel® ICH4 AC ’97 – AC_SDOUT/AC_SYNC Topology
	Table 10�6. AC ’97 AC_SDOUT/AC_SYNC Routing Summary
	Figure 10�14. Intel® ICH4 AC ’97 – AC_SDIN Topology
	Table 10�7. AC ’97 AC_SDIN Routing Summary
	10.3.5.1 AC ’97 Routing
	10.3.5.2 Motherboard Implementation
	Table 10�8. Valid Codec Configurations
	10.3.5.3 SPKR Pin Consideration
	Figure 10�15. Example Speaker Circuit

	10.3.6 CNR
	Figure 10�16. CNR Interface
	10.3.6.1 AC ’97 Audio Codec Detect Circuit and Configuration Options
	Table 10�9. Signal Descriptions
	Figure 10�17. Motherboard AC ’97 CNR Implementation with a Single Codec Down on Board
	Figure 10�18. Motherboard AC ’97 CNR Implementation with no Codec Down on Board
	10.3.6.2 CNR Routing Summary
	Table 10�10. CNR Routing Summary

	10.3.7 USB 2.0
	10.3.7.1 Layout Guidelines
	Figure 10�19. Recommended USB Trace Spacing
	Figure 10�20. USBRBIAS/USBRBIAS# Connection
	Table 10�11. USBRBIAS/USBRBIAS# Routing Summary
	Table 10�12. USB 2.0 Trace Length Guidelines
	10.3.7.2 Plane Splits, Voids and Cut-Outs (Anti-Etch)
	10.3.7.3 GND Plane Splits, Voids, and Cut-Outs (Anti-Etch)
	10.3.7.4 USB Power Line Layout Topology
	Figure 10�21. Good Downstream Power Connection
	10.3.7.5 EMI Considerations
	Figure 10�22. A Common-Mode Choke
	10.3.7.6 ESD
	10.3.7.7 Front Panel Solutions
	Table 10�13. Conductor Resistance (Table 6-6 from USB 2.0 Specification)
	Table 10�14. Front Panel Header Pinout
	Figure 10�23. Front Panel Header Schematic
	Figure 10�24. Motherboard Front Panel USB Support

	10.3.8 I/O APIC Design Recommendation
	10.3.9 SMBus 2.0/SMLink Interface
	Figure 10�25. SMBUS 2.0/SMLink Interface
	10.3.9.1 SMBus Architecture and Design Considerations
	Figure 10�26. High Power/Low Power Mixed VCC_suspend/VCC Architecture
	10.3.9.2 Calculating The Physical Segment Pull-Up Resistor
	Table 10�15. Bus Capacitance Reference Chart�
	Table 10�16. Bus Capacitance/Pull-Up Resistor Relationship

	10.3.10 PCI
	10.3.10.1 PCI Routing Summary
	Figure 10�27. PCI Bus Layout Example
	Figure 10�28. PCI Bus Layout Example with IDSEL
	Table 10�17. PCI Data Signals Routing Summary
	Figure 10�29. PCI Clock Layout Example
	Table 10�18. PCI Clock Signals Routing Summary

	10.3.11 RTC
	Figure 10�30. RTCX1 and SUSCLK Relationship in Intel® ICH4
	Figure 10�31. External Circuitry for the Intel® ICH4 (Internal RTC Is Not Used)
	10.3.11.1 RTC Crystal
	Figure 10�32. External Circuitry for the Intel® ICH4 RTC
	Table 10�19. RTC Routing Summary
	10.3.11.2 External Capacitors
	10.3.11.3 RTC Layout Considerations
	10.3.11.4 RTC External Battery Connection
	Figure 10�33. A Diode Circuit to Connect RTC External Battery
	10.3.11.5 RTC External RTCRST# Circuit
	Figure 10�34. RTCRST# External Circuit for the Intel® ICH4 RTC
	10.3.11.6 VBIAS DC Voltage and Noise Measurements
	10.3.11.7 SUSCLK
	10.3.11.8 RTC-Well Input Strap Requirements

	10.3.12 Internal LAN Layout Guidelines
	Table 10�20. LAN Component Connections/Features
	10.3.12.1 Footprint Compatibility
	Figure 10�35. Intel® ICH4/Platform LAN Connect Sections
	Table 10�21. LAN Design Guide Section Reference
	10.3.12.2 Intel® ICH4 – LAN Connect Interface Guidelines
	Figure 10�36. Single Solution Interconnect
	Table 10�22. LAN LOM or CNR Routing Summary
	Figure 10�37. LOM/CNR Interconnect
	Table 10�23. LAN LOM/CNR ‘Dual Routing Summary
	Figure 10�38. LAN_CLK Routing Example

	10.3.13 Design and Layout Considerations for Intel“�82562EZ/ET/EX/EM
	10.3.13.1 Guidelines for Intel“ 82562EZ/ET/EX/EM Component Placement
	Figure 10�39. Intel® 82562EZ/ET/EX/EM Termination
	Figure 10�40. Critical Dimensions for Component Placement
	Table 10�24. Dimensions for Figure�10�40
	Figure 10�41. Termination Plane
	10.3.13.2 Intel® 82562EZ/ET/EX/EM Disable Guidelines
	Figure 10�42. Intel® 82562EZ/ET/EX/EM Disable Circuitry
	Table 10�25. Intel® 82562EZ/ET/EX/EM Control Signals
	10.3.13.3 General LAN Differential Pair Trace Routing Considerations
	Figure 10�43. Trace Routing
	Figure 10�44. Ground Plane Separation


	10.4 FWH Guidelines
	10.4.1 FWH Vendors
	10.4.2 FWH Decoupling
	10.4.3 In Circuit FWH Programming
	10.4.4 FWH INIT# Voltage Compatibility
	Figure 10�45. FWH Level Translation Circuit

	10.4.5 FWH Vpp Design Guidelines
	Figure 10�46. FWH Vpp Isolation Circuitry


	10.5 Power Management Interface
	10.5.1 SYS_RESET# Usage Model
	10.5.2 PWRBTN# Usage Model
	Figure 10�47. SYS_RESET# and PWRBTN# Connection


	10.6 Power-Well Isolation Control Requirements
	Figure 10�48. RTC Power Well Isolation Control

	10.7 General Purpose I/O
	10.7.1 GPIO Summary
	Table 10�26. GPIO Summary (Sheet 1 of 2)


	10.8 System Design Considerations
	10.8.1 Power Delivery
	Table 10�27. Power Delivery Terminology
	10.8.1.1 Intel® ICH4 Reference Board Power Delivery
	Figure 10�49. Intel® ICH4 Platform Power Delivery Example
	10.8.1.2 Power Supply PS_ON Consideration
	10.8.1.3 Intel® ICH4 Analog Power Delivery
	10.8.1.4 Intel® ICH4 Power Delivery
	Figure 10�50. Intel® ICH4 Layer 1 Power Delivery
	Figure 10�51. Intel® ICH4 Layer 3 Power Delivery
	Figure 10�52. Intel® ICH4 Layer 4 Power Delivery
	Figure 10�53. Intel® ICH4 Layer 6 Power Delivery
	10.8.1.5 Intel® ICH4 Decoupling Recommendations
	Table 10�28. Decoupling Requirements for Intel® ICH4�
	Figure 10�54. Intel® ICH4 Decoupling Capacitor Placement
	10.8.1.6 3.3�V/1.5�V and 3.3�V/1.8�V Power Sequencing
	10.8.1.7 V5REF/ 3.3 V Sequencing
	Figure 10�55. Example V5REF / 3.3 V Sequencing Circuitry
	10.8.1.8 Intel® ICH4 Power Consumption Numbers
	Table 10�29. Intel® ICH4 Power Consumption Measurements

	10.8.2 Thermal Design Power
	10.8.3 Glue Chip 4 (Intel® ICH4 Glue Chip)


	Debug Port 11
	Power Distribution Guidelines 12
	Table 12�1. Power Delivery Terminology
	12.1 Customer Reference Board Power Delivery
	Figure 12�1. Intel® E7205 Chipset Power Delivery Example
	12.1.1 Voltage Rail and Max Current Specifications
	12.1.1.1 Processor VID
	12.1.1.2 2.5 V
	12.1.1.3 1.5 V
	12.1.1.4 1.25 V
	12.1.1.5 1.8 V
	12.1.1.6 1.3 V
	12.1.1.7 5 VSB
	12.1.1.8 3.3 VSB
	12.1.1.9 1.8 VSB
	Table 12�2. Platform Component Max Current Specifications


	12.2 Power Requirements
	Figure 12�2. VR Component Placement

	12.3 Decoupling Requirements
	Table 12�3. Decoupling Requirements
	Table 12�4. Decoupling Locations
	Figure 12�3. Processor Decoupling Placement

	12.4 Layout
	Figure 12�4. Top Layer Plane
	Figure 12�5. Layer 3 Plane
	Figure 12�6. Bottom Layer Plane
	Figure 12�7. Alternating VCC_CPU/VSS Capacitor Placement
	Figure 12�8. Shared Power and Ground Vias
	Figure 12�9. Routing of VR Feedback Signal

	12.5 Thermal Considerations
	12.5.1 Simulation
	Figure 12�10. Detailed Power Distribution Model for Processor with Voltage Regulator on System Board
	Table 12�5. Intel® Pentium® 4 Processor Power Delivery Model Parameters


	12.6 Filter Specifications for VCCA, VCCIOPLL, and VSSA
	Figure 12�11. Typical VCCIOPLL, VCCA, and VSSA Power Distribution
	Figure 12�12. Filter Recommendation
	Figure 12�13. Example Component Placement for PLL Filter

	12.7 MCH Power Delivery Requirements
	Figure 12�14. MCH Decoupling Placement (Backside View)
	12.7.1 2.5 V Power Plane (DDR)
	12.7.2 1.25 V Power Plane (DDR_VTT)
	12.7.3 VCC_CPU
	12.7.4 1.5 V Power Plane (AGP)
	12.7.5 1.3 V Power Plane (VCC_CORE)
	12.7.6 Filter Specifications
	Figure 12�15. MCH Filter Topology for VCCAHI (HUB Interface)
	Figure 12�16. MCH Filter Topology for VCCAFSB (System Bus)



	Mechanical Design Considerations 13
	13.1 Retention Mechanism Placement and Keep-Outs
	Figure 13�1. Retention Mechanism Keep-Out
	Figure 13�2. Retention Mechanism Keep-Out


	Schematic Checklist 14
	14.1 Processor Checklist
	Table 14�1. Intel® Pentium® 4 Processor Schematic Checklist (Sheet 1 of 3)

	14.2 Intel® E7205 Chipset MCH Checklist
	Table 14�2. MCH Schematic Checklist (Sheet 2 of 2)

	14.3 Intel® ICH4 Checklist
	Table 14�3. Intel® ICH4 Schematic Checklist (Sheet 1 of 8)

	14.4 Hub Interface Checklist
	Table 14�4. Hub Interface Checklist

	14.5 DDR SDRAM Checklist
	Table 14�5. DDR SDRAM Checklist (Sheet 1 of 2)

	14.6 AGP Interface Checklist
	Table 14�6. AGP Interface Checklist (Sheet 1 of 2)

	14.7 CK�408 Clock Interface Checklist
	Table 14�7. CK�408 Clock Interface Checklist (Sheet 1 of 2)


	Layout Checklist 15
	15.1 System Bus Layout Checklist
	Table 15�1. System Bus Layout Checklist (Sheet 1 of 2)

	15.2 Intel® ICH4 Layout Checklist
	Table 15�2. Intel® ICH4 Layout Checklist (Sheet 1 of 5)
	15.2.1 Intel® ICH4 Decoupling
	Table 15�3. Intel® Decoupling Checklist�


	15.3 Hub Interface Layout Checklist
	Table 15�4. Hub Interface Layout Checklist�
	15.3.1 Hub Interface Decoupling, Compensation, and VREF
	Table 15�5. Hub Interface Decoupling, Compensation, and VREF Checklist�


	15.4 System Memory Layout Checklist
	15.4.1 Unbuffered DDR (2 DIMM) Checklist
	Table 15�6. Unbuffered DDR (2 DIMM) Checklist�


	15.5 AGP 8X Layout Checklist
	Table 15�7. AGP 8X Layout Checklist (Sheet 1 of 3)

	15.6 CK 408 Layout Checklist
	Table 15�8. CK 408 Layout Checklist (Sheet 1 of 3)
	15.6.1 CK�408 Decoupling Checklist
	Table 15�9. CK�408 Decoupling Checklist
	1 Introduction 17
	2 Component Quadrant Layout 27
	3 Platform Stack-Up and Component Placement Overview 31
	4 Platform Clock Routing Guidelines 35
	5 System Bus Routing Guidelines 55
	6 DDR System Memory Design Guidelines 69
	7 Hub Interface 1.5 103
	8 Serial ATA 107
	9 AGP 8X 121
	10 Intel® I/O Controller Hub 4 (ICH4) 125
	11 Debug Port 201
	12 Power Distribution Guidelines 203
	13 Mechanical Design Considerations 221
	14 Schematic Checklist 223
	15 Layout Checklist 243
	A Schematics 261





	Schematics

