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Introduction

1. Introduction

This design guide provides Intel’s design recommendations for the Intel 855GM/855GME chipset based
systems. The guidelines have been developed to ensure maximum flexibility for board designers while
reducing the risk of board related issues.

Table 1. Conventions and Terminology

Convention/Terminology 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

ASF Alert Standards Format

BER Bit Error Rate

FSB Intel Pentium M/ Pentium M on 90 nm Process with 2 MB L2 Cache/Celeron M Front
Side Bus —Processor to GMCH interface.

CMC Common Mode Choke

EMI Electro Magnetic Interference

ESD Electrostatic Discharge

FS Full Speed — Refers to USB 1.1 Full Speed

FWH Firmware Hub — A non-volatile memory device used to store the system BIOS.

HS High Speed — Refers to USB 2.0 High Speed

ICH4-M 1/0O Controller Hub Fourth Generation — Mobile (82801DBM)

Intel Pentium M

Refers to the Intel Pentium M Processor and Intel Pentium M Processor on 90 nm
Process with 2 MB L2 Cache. This document refers to both processors as the Intel
Pentium M Processor unless explicitly specified

LCI LAN Connect Interface

LOM LAN on Motherboard

LPC Low Pin Count

LS Low Speed — Refers to USB 1.0 Low Speed
MC Modem Codec

Montara-GM Intel 852GM Chipset GMCH

Montara-GM+

Intel 852GME Chipset GMCH

GMCH Graphics Memory Controller Hub — Applies to both Intel855GM / Intel 855GME
PCM Pulse Code Modulation

PLC Platform LAN Connect

RTC Real Time Clock

PWM Pulse Width Modulation

SMBus System Management Bus — A two-wire interface through which various system
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Convention/Terminology Definition
components can communicate
SPD Serial Presence Detect
STD Suspend-To-Disk
STR Suspend-To-Ram
TCO Total Cost of Ownership
TDM Time Division Multiplexed
UBGA Micro Ball Grid Array
usSB Universal Serial Bus
VRM Voltage Regulator Module
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1.1.

Referenced Documents

Introduction

Document

Location

Inte/*Pentium® M Processor Datasheet (252612)

http://developer.intel.com/design/mobile/datashts

Intel°Pentium® M Processor on 90 nm Process with
2-MB L2 Cache Datasheet

http://developer.intel.com

Intel® Celeron® M Processor Datasheet (300302)

http://developer.intel.com/design/mobile/datashts

Intel® 855GM/855GME Chipset (GMCH) Datasheet

http://developer.intel.com

Intel° 82801DBM 1/O Controller Hub 4-Mobile (ICH4-M)
Datasheet and Spec Update

http://developer.intel.com
http://developer.intel.com/design/chipsets/specupdt/

Application Note AP-728: ICH Family Real Time Clock
(RTC) Accuracy and Considerations Under Test
Conditions (Application Note AP-728)

http://developer.intel.com/design/chipsets/applnots/

ITP700 Debug Port Design Guide

Contact your Intel Field Representative

JEDEC Standard, JESD79, Double Data Rate (DDR)
SDRAM Specification

Contact your Intel Field Representative

Intel® DDR 200/266/333 JEDEC Spec Addendum

http://developer.intel.com

PC2100 DDR SDRAM Unbuffered SO-DIMM Reference
Design Specification

http://developer.intel.com
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System Overview

System Overview

2.1.

Platform Component Features

The technologies represented by the Intel Centrino brand will include the Intel Pentium M processor,
related chipsets, and 802.11 (Wi-Fi) wireless networking capability. The Intel Pentium M processor is a
higher performance, lower power mobile processor with several micro-architectural enhancements over
existing Intel mobile processors. Key features include: Dynamic Execution; data pre-fetch logic; 400-
MHz, source-synchronous PSB; on-die, 1-MB second level cache with Advanced Transfer Cache
Architecture; Streaming SIMD Extensions 2 (SSE2); and Enhanced Intel® SpeedStep® technology.

Intel Centrino mobile technology also incudes the 855GM chipset components: the GMCH and the
ICH4-M. The accelerated hub architecture interface (the chipset component interconnect) is designed
into the chipset to provide an efficient, high bandwidth, communication channel between the GMCH
and the ICH4-M.

The GMCH component contains a PSB controller, a graphics controller, and a memory controller, while
providing an LVDS interface and two Digital Video Out ports. The ICH4-M component integrates USB
host controllers (supporting the USB 1.1 and USB 2.0 specification), an Ultra ATA 100/66/33
controller, a LAN controller, and an AC’97 digital controller, while providing interfaces for PCI and
LPC devices, as well as FWH Flash BIOS.

The integrated Wi-Fi Certified Intel PRO/Wireless 2100 Network Connection has been designed and
validated to work with all of the Intel Centrino™ mobile technology components and is able to connect
to 802.11b Wi-Fi certified access points. It also supports advanced wireless LAN security including
Cisco* LEAP, 802.1X, and WEP in addition to providing software-upgradeable support for future
security protocols, like WPA and full Cisco compatible features. Finally, for comprehensive security
support, the Intel PRO/Wireless 2100 Network Connection has been verified with leading VPN
suppliers like Cisco, CheckPoint*, Microsoft* and Intel NetStructure™.

An ACPI-compliant Intel 855GM / Intel 855GME chipset based system can support the Ful/l-On (S0),
Power On Suspend (S1-M), Suspend to RAM (S3), Suspend to Disk (S4), and Sofi-Off (S5) power
management states. Through the use of an appropriate LAN device, the chipset also supports wake-on
LAN* for remote administration and troubleshooting. The chipset architecture removes the requirement
for the ISA expansion bus that was traditionally integrated into the I/O subsystem of PClIsets/AGPsets.
This removes many of the conflicts experienced when installing hardware and drivers into legacy ISA
systems. The elimination of ISA provides true plug-and-play for the platform. Traditionally, the ISA
interface was used for audio and modem devices. The addition of AC’97 allows the OEM to use
software configurable AC’97 audio and modem coder/decoders (codecs) instead of the traditional ISA
devices.
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2.2.

Intel 855GM Platform Component Features

Figure 1. Intel Pentium M Processor and Intel 855GM Chipset Block Diagram

2.21.
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Intel® Pentium® M

+ Moon 2

PCI Docking

Processor or Intel
cl-408 Celeron® M Processor IM\\IIRP'N
400 MHz BPSB
Dgl\ilcl:e DVOB & DVOC
15V Intel® 855GM I
CRT GMQH 200/266 MHz
LVDS 732 Micro-
— DDR
FCBGA
m_G) Hub Interface 1.5
[~ Mini-PCl
ATA100 IDE 2) [ |ntel® Intel® PRO/
Q@ Wireless
82801DBM Network
USB2.0/1.1 (6) 421 BGA Connection PCI Bu
— (ICH4-M) |
I Cardbus
LAN
AC'97 2.2/2.3
FWH
Modem Codect—| Audio Codec KBC

Intel® Pentium® M Processor and Intel Celeron M Processor

e On-die primary 32-kbyte, instruction cache and 32-kbyte, write-back data cache

On-die 1-MB second level cache; On-die 512-kB second level cache (Intel Celeron M Processor)

Supports Streaming SIMD Extensions 2 (SSE2)

Advanced Gunning Transceiver Logic (AGTL+) bus driver technology

Enhanced Intel SpeedStep technology to enable real-time dynamic switching between multiple
voltage and frequency points (not supported by Intel Celeron M processor)

Supports host bus dynamic bus inversion (DINV)

Dynamic power down of Data Bus buffers

BPRI# control to Disable Address/Control buffers

Package/Power
478-pin, Micro-FCPGA and 479-ball Micro-FCBGA packages

VCC-CORE:

Intel Pentium M processor: 1.484 V (highest frequency mode) to 0.844 V (lowest
frequency mode); 0.748 V (Deeper Sleep) core voltage
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— Intel Celeron M processor: 1.356 V (Standard Voltage core version), 1.004 V (Ultra-
— Low Voltage core version)

— VCCA (1.8 V):

— VCCP (1.05 V)

2.2.2. Intel® 855GM Chipset Graphics Memory Controller Hub (GMCH)

2221. Intel Pentium M Processor and Intel Celeron M Processor FSB Support

Optimized for Intel Pentium M/Intel Celeron M processor in 478-pin Micro-FCPGA package

e AGTL+ bus driver technology with integrated GTL termination resistors (gated AGTL+ receivers
for reduced power)

o Supports 32-bit AGTL+ bus addressing (no support for 36-bit address extension)
o Supports Uni-processor (UP) systems

e 400-MHz, source-synchronous PSB

e 2X Address, 4X data

e 12 deep In-Order queue

222.2. Integrated System Memory DRAM Controller

e Supports up to two double-sided SO-DIMMs (four rows populated) with unbuffered
PC1600/PC2100 DDR-SDRAM (with or without ECC)

e Supports 64-Mb, 128-Mb, 256-Mb, and 512-Mb technologies for x8 and x16 width devices

e Maximum of 1 GB of system memory with 512-Mb technology devices; maximum of 2 GB of
system memory with high-density 512Mb technology devices

e Supports 200-MHz and 266-MHz DDR devices

e 64-bit data interface (72-bit with ECC)

e Supports up to 16 simultaneous open pages

o Support for SO-DIMM serial presence detect (SPD) scheme via SMBus interface

e S3 power management support via self refresh mode using CKE

2.2.2.3. Internal Graphics Controller

o Graphics Core Frequency
— Display / Render frequency up to 200 MHz

e 3D Graphics Engine
— 3D Setup and Render Engine
— Zone Rendering
— High quality performance Texture Engine

¢ Analog Display Support
— 350-MHz integrated 24-bit RAMDAC
— Hardware color cursor support
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2224,

2.2.3.
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— Accompanying 12C and DDC channels provided through multiplexed interface

intal
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— Dual independent pipe for dual independent display

— Simultaneous display: same images and native display timings on each display device

Digital Video Out Port (DVOB and DVOC) support
— DVOB & DVOC with 165-MHz dot clock support for each 12-bit interface
— Compliant with DVI Specification 1.5

Dedicated LFP (local flat panel) support

— Single or dual channel LVDS panel support up to UXGA panel resolution with frequency range
from 25 MHz to 112 MHz per channel

— SSC support of 0.5%, 1.0%, and 2.5% center and down spread with external SSC clock

— Supports data format of 18 bpp

— LCD panel power sequencing compliant with SPWG timing specification

— Compliant with ANSI/TIA/EIA —644-1995 spec

— Integrated PWM interface for LCD backlight inverter control

— Bi-linear Panel fitting

Package/Power

732-pin Micro-FCBGA (37.5 mm x 37.5 mm)

VTTLF, VTTHF (1.05 V)

VCC, VCCASM, VCCHL, VCCAHPLL, VCCAGPLL, VCCADPLLA, VCCADPLLB (1.2 V)
VCCADAC, VCCDVO, VCCDLVDS, VCCALVDS, (I.57)

VCCSM, VCCQSM, VCCTXLVDS (2.5 V)

VCCGPIO (3.3 V)

Intel® 82801DBM 1/0O Controller Hub 4-Mobile (ICH4-M)

Upstream Accelerated Hub Architecture interface for access to the GMCH
PCI 2.2 interface (6 PCI Request/Grant Pairs)

Bus Master IDE controller (supports Ultra ATA 100/66/33)
USB 1.1 and USB 2.0 Host Controllers

I/0 APIC

SMBus 2.0 Controller

FWH Interface

LPC Interface

AC’97 2.2 /2.3 Interface

Alert-On-LAN*

IRQ Controller

Package/Power
— 421-pin, BGA package (31 mm x 31 mm)
— VCCI1_5 (1.5 V main logic voltage), VCC3_3 (3.3 V main I/O voltage)
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— VCCSUSI _5 (1.5 V resume logic voltage), VCCSUS3 3 (3.3 V resume /O voltage)
— VCCLANI1 _5 (1.5 V LAN logic voltage), VCCLAN3 3 (3.3 V LAN I/O voltage)
— VS5REF (5 V), VS5REF SUS (5V)

— VCCRTC (2.0V -3.3V)

— VCCHI(1.5V)

— VCCP (1.05V)

2.2.4. Intel® Pro/Wireless Network Connection

o Ability to connect to 802.11 Wi-Fi Certified networks
o Industry standard and extended wireless security support (WEP, 802.1X and Cisco* LEAP)

o Intel PROSet software with advanced profile management support, allows multiple setup profiles to
connect to different WLAN networks

o Intel PROSet software with automatic WLAN switching support enables automatic switching
between wired and wireless LAN connections

o Intel PROSet software supports Cisco, Check Point*, Microsoft* and Intel VPN connections}

o Intel PROSet software with ad hoc connection wizard support provides a simple interface for
setting up ad hoc networks

o Intel Wireless Coexistence System support enables reduced interference between Intel
PRO/Wireless and certain Bluetooth* devices

e Per-packet antenna selection enables optimized WLAN performance

o Intel Intelligent Scanning technology, reduces power by controlling the frequency of scanning for
access points

e Power saving capability with five different power settings allows users to trade off performance
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2.3. Intel 855GME Platform Component Features

The Intel 855GME chipset based system supports the Intel® Pentium® M processor in the 90 nm
process.. This section lists only additional features supported on the Intel 855GME chipset based
system. All features in Intel 855GM chipset based system are supported in the Intel 855GME chipset

based system as well.

Figure 2. Intel Pentium M, Intel Pentium M Processor on 90 nm Process with 2 MB L2 Cache, Intel
Celeron M Processor and 855GME Chipset System Block Diagram

Intel® Pentium® M
Processor OR
Intel® Celeron® M IMVP-IV
CK-408 Processor VR
400 MHz BPSB
pvo Intel® 855GME ]
Device/ GMCH
AGP ’ 200/266/333 MHz
Controller DVO/AGP 732 Micro-
FCBGA DDR
CC._G) Hub Interface 1.5
—‘ Mini-PClI
ATA100 IDE (2) Intel® Intel® PRO/
m_ @ ) Wireless
82801DBM Network
USB2.0/1.1 (6) Connection
421 BGA PCIl Bu Voon 2
(ICH4-M) |
l Cardbus | PCI Docking
LAN
AC'97 2.2/2.3
FWH
Modem Codect—| Audio Codec KBC

2.3.1. Intel Pentium® M Processor on 90 nm Process with 2 MB L2
Cache
All features of the Intel Pentium M processor are supported by the Intel Pentium M Processor on 90 nm
Process with 2 MB L2 Cache. This section only lists the additional enhancements.
e On-die 2-MB second level cache

e Package/Power
- VCC-CORE: 1.308 V (highest frequency mode) to 0.844 V (lowest frequency mode); 0.748 V

(Deeper Sleep) core voltage
- VCCA (1.8 V) or (1.5V)
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2.3.2. Intel 855GME Chipset Graphics Memory Controller Hub
(GMCH)

All chipset and graphics features of Intel 855GM chipset GMCH is supported in Intel 855GME chipset
GMCH. This section lists the additional enhancements.

Integrated System Memory DRAM controller

— Supports up to two double-sided SO-DIMM s (four rows populated) with unbuffered
PC1600/PC2100/PC2700 DDR-SDRAM (ECC is not supported)

— Support for memory self refresh in C3

Integrated graphics core frequency
— Display / Render Core frequency up to 250 MHz

Integrated graphics engine

— Frame Buffer Compression

— Bi-Cubic Filtering supported

— Video Mixer Rendering support
— Linear Gamma Blending for VMR

Backlight Image Adaptation Technology
— Allows image enhancement by direct control of the backlight inverter through the PWM signal

Package/Power
— VCC, VCCASM, VCCHL, VCCAHPLL, VCCAGPLL, VCCADPLLA, VCCADPLLB (1.35V)

2.3.21. Accelerated Graphics Port (AGP) Interface

The 855GME platform is configurable to support either the AGP interface for external graphics or the
DVO interface when using internal graphics.

Supports AGP 2.0 data transfers

Supports a single AGP (1X/2X/4X) device (either via a connector or on the motherboard)
Only supports 1.5-V VDDQ for AGP electricals

PCI semantic (FRAME# initiated) accesses to DRAM are snooped

AGP semantic (PIPE# and SBA) traffic to DRAM is not snooped on the PSB and is therefore not
coherent with the CPU caches

High priority access support

Delayed transaction support for AGP reads that cannot be serviced immediately
AGP Busy/Stop Protocol support

Support for D3 Hot and Cold Device states

AGP Clamping and Sense Amp control
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General Design Considerations

General Design Considerations

3.1.

This section documents motherboard layout and routing guidelines for the Intel 855GM/GME chipset
based systems. It 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 important that thorough signal integrity
and timing simulations are completed for each design. Even when the guidelines are followed, Intel
recommends that critical signals be simulated to ensure proper signal integrity and flight time. Any
deviation from the guidelines should be simulated.

The trace impedance typically noted (i.e. 55 Q + 15%) is the “nominal” trace impedance for a 5-mil
wide external trace and a 4-mil wide internal trace. However, some stack-ups may lead to narrower or
wider traces on internal or external layers in order to meet the 55-Q impedance target, that is, the
impedance of the trace when not subjected to the fields created by changing current in neighboring
traces. Note the trace impedance target assumes that the trace is not subjected to the EM fields created
by changing current in neighboring traces. It is important to consider the minimum and maximum
impedance of a trace based on the switching of neighboring traces when calculating flight times. Using
wider spaces between the traces can minimize this trace-to-trace coupling. In addition, these wider
spaces reduce 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. In order to minimize the effects
of trace-to-trace coupling, the routing guidelines documented in this Section should be followed. Also,
all high speed, impedance controlled signals should have continuous GND referenced planes and cannot
be routed over or under power/GND plane splits.

Nominal Board Stack-Up

The Intel 855GM/GME chipset based platforms require a board stack-up yielding a target impedance of
55 Q2+ 15%. An example of an 8-layer board stack-up is shown in Figure 3. The left side of the figure
illustrates the starting dimensions of the metal and dielectric material thickness as well as drawn trace
width dimensions prior to lamination, conductor plating, and etching. After the motherboard materials
are laminated, conductors plated, and etched, somewhat different dimensions will result. Dielectric
materials become thinner, under/over etching of conductors alters their trace width, and conductor
plating makes them thicker. It is important to note that for the purpose of extracting electrical models
from transmission line properties, the final dimensions of signals after lamination, plating, and etching
should be used.

The stack-up uses 1.2-mil (1 oz) copper on power planes to reduce [*R drops and 0.6-mil copper
thickness on the signal layers: primary side layer (L1), Layer 3 (L3), Layer 6 (L6), and secondary side
layer (L8). After plating, the external layers become 1.2 to 2 mils thick.

To ensure impedance control of 55 Q, the primary and secondary side layer micro-strip lines should
reference solid ground planes on Layer 2 and Layer 7, respectively.
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Figure 3. Recommended Board Stack-Up Dimensions

3.2.

34

Dielectric Layer Layer Copper Trace Trace
Stackup Thickness | No. Type Weight | Width | Impedance
S (mils) (02) (mils) (ohms)
1 SIGNAL | 1/2+plating 5.0 55
PREPREG =>) 5.0
P 2 PLANE 1
CORE =>) 50
S 3 SIGNAL 1 4.0 55
PREPREG = 12.0
P 4 PLANE 1
CORE => 10.0
P 5 PLANE 1
PREPREG => 12.0
S 6 SIGNAL 1 40 55
CORE =>| 50
P 7 PLANE 1
PREPREG =>) 5.0
| 8 SIGNAL | 1/2+plating 5.0 55
S

Internal signal traces on Layer 3 and Layer 6 are unbalanced strip-lines. To meet the nominal 55-Q
characteristic impedance for these traces, they reference a solid ground plane on Layer 2 and Layer 7.
Since the coupling to Layer 4 and Layer 5 is still significant, (especially true when thinner stack-ups use
balanced strip-lines on internal layers) these layers are converted to ground floods in the areas of the
motherboard where the speed critical interfaces like the PSB or DDR system memory are routed. In the
remaining Sections of the motherboard layout the Layer 4 and Layer 5 layers are used for power
delivery.

The secondary side layer (L8) is also used for power delivery in many cases, since it benefits from the
thick copper plating of the external layer plating as well as referencing the close Layer 7 ground plane.
The benefit of such a stack-up is low inductance power delivery.

Alternate Stack Ups

OEMs may choose to use different stack-ups (number of layers, thickness, trace width, etc.) from the
one example outlined in Figure 3. However, the following key elements should be observed:

1. Final post lamination, post etching, and post plating dimensions should be used for electrical
model extractions.

2. Power plane layers should be 1 oz thick and signal layers should be %2 oz thick. External layers
become 1 — 1.5 0z (1.2 — 2 mils) thick after plating.

3. All high-speed signals should reference solid ground planes through the length of their routing
and should not cross plane splits. To guarantee this, both planes surrounding strip-lines should be
GND.

Intel recommends that high-speed signal routing be done on internal, strip-line layers.

5. For high-speed signals transitioning between layers next to the component, the signal pins should
be accounted for by the GND stitching vias that would stitch all the GND plane layers in that area
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of the motherboard. Due to the arrangement of the processor and the GMCH pin-maps, GND vias
placed near all GND land pads will also be very close to high-speed signals that may be
transitioning to an internal layer. Thus, no additional ground stitching vias (besides the GND pin
vias) are required in the immediate vicinity of the processor and the GMCH packages to
accompany the signal transitions from the component side into an internal layer.

6. High-speed routing on external layers should be minimized in order to avoid EMI. Routing on
external layers also introduces different delays compared to internal layers. This makes it
extremely difficult to do length matching if routing is done on both internal and external layers.

7. If Intel’s recommended stackup guidelines are not used, then the OEM is liable for all aspects of
their board design (i.e. understanding impacts of SI and power distribution).
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Intel Pentium M/Celeron M Front
Side Bus Design Guidelines

41.

411.

41.141.

The following layout guidelines support designs using the Intel Pentium M processor or Intel Celeron
processor and the Intel 855GM/GME GMCH chipset. Due to on-die Rtt resistors on both the processor
and the chipset, additional resistors do not need to be placed on the motherboard for most PSB signals.
A simple point-to-point interconnect topology is used in these cases.

Intel Pentium M Processor / Intel Celeron M FSB
Design Recommendations

For proper operation of the Intel Pentium M / Intel Celeron M processor and the GMCH PSB interface,
it is necessary that the system designer meet the timing and voltage specification of each component.
The following recommendations are Intel’s best guidelines based on extensive simulation and
experimentation that make assumptions, which may be different than an OEM’s system design. The
most accurate way to understand the signal integrity and timing of the FSB in your platform is by
performing a comprehensive simulation analysis. It is possible 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 latest Intel™ Pentium™ M Processor Datasheet or Intel Celeron M Datasheet for a FSB
signal list, signal types, and definitions. Below are the design recommendations for the data, address,
and strobes. For the following discussion, the pad is defined as the attach point of the silicon die to the
package substrate. The following topology and layout guidelines are preliminary and subject to change.
The guidelines are derived from empirical testing with GMCH package models.

Recommended Stack-up Routing and Spacing Assumptions

The following section describes in more detail, the terminology and definitions used for different routing
and stack-up assumptions that apply to the recommended motherboard stack-up show in Section 3.1.

Trace Space to Trace — Reference Plane Separation Ratio

Figure 4 illustrates the recommended relationship between the edge-to-edge trace spacing (2X) versus
the trace to reference plane separation (X). An edge-to-edge trace spacing (2X) to trace — reference
plane separation (X) ratio of 2 to 1 ensures a low crosstalk coefficient. All the effects of crosstalk are
difficult to simulate. The timing and layout guidelines for the processor have been created with the
assumption of a 2:1 trace spacing to reference plane ratio. A smaller ratio would have an unpredictable
impact due to crosstalk.
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Figure 4. Trace Spacing vs. Trace to Reference Plane Example
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4.1.1.2. Trace Space to Trace Width Ratio

Figure 5 illustrates the recommended relationship between the edge-to-edge trace spacing versus trace
width ratio for the best signal quality results. In general, a 3:1 trace space to trace width ratio is preferred
and highly recommended. In case of routing difficulties on the motherboard, using a 2:1 ratio would be
acceptable only if additional simulations conclude that it is possible, which may include some changes
to the stack-up or routing assumptions.

Figure 5. Three to One Trace Spacing to Trace Width Example

3
T race —— X = T race

4.1.2. Common Clock Signals

All common clock signals use an AGTL+ bus driver technology with on die integrated GTL termination
resistors connected in a point-to-point, Zo = 55 Q, controlled impedance topology between the processor
and the GMCH. No external termination is needed on these signals. These signals operate at the PSB
frequency of 100 MHz.

Common clock signals should be routed on an internal layer while referencing solid ground planes.
Based on current simulation results, routing on internal layers allows for a minimum pin-to-pin
motherboard length of approximately 1.0 inch and a maximum of 6.5 inches. Trace length matching for
the common clock signals is not required. For details on minimum motherboard trace length
requirements, please refer to Section 4.1.2.1 and Table 2 for more details. Intel recommends routing
these signals on the same internal layer for the entire length of the bus. If routing constraints require
routing of these signals with a transition to a different layer, a minimum of one ground stitching via for
every two signals should be placed within 100 mils of the signal transition vias.

Routing of the common clock signals should use 2:1 trace spacing to trace width. This implies a
minimum of 8 mils spacing (i.e. 12-mil minimum pitch) for a 4-mil trace width for routing on internal
layers. Practical cases of escape routing under the GMCH or processor package outline and vicinity may
not allow the implementation of 2:1 trace spacing requirements. Although every attempt should be made
to maximize the signal spacing in these areas, it is allowable to have 1:1 trace spacing underneath the
GMCH and the processor package outlines and up to 200 — 300 mils outside the package outline.
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Table 2 summarizes the list of common clock and key routing. RESET# (CPURST# of GMCH) is also a
common clock signal but requires a special treatment for the case where an ITP700FLEX debug port is
used. See Section 4.1.5 for further details.

Table 2. Processor System Bus Common Clock Signal Internal Layer Routing Guidelines

4.1.21.

Signal Names Transmission Line Total Trace Length | Nominal Spacing &
CcPU GMCH Type Min _ Max mp((ag?nce Width
(mils) (inches)

ADS# ADS# Strip-line 997 6.5 55+ 15% 2:1
BNR# BNR# Strip-line 1298 6.5 55+ 15% 2:1
BPRI# BPRI# Strip-line 1215 6.5 55+ 15% 2:1
BRO# BRO# Strip-line 1411 6.5 55+ 15% 2:1
DBSY# DBSY# Strip-line 1159 6.5 55+ 15% 2:1
DEFER# DEFER# Strip-line 1291 6.5 55+ 15% 2:1
DPWR# DPWR# Strip-line 1188 6.5 55+ 15% 2:1
DRDY# DRDY# Strip-line 1336 6.5 55+ 15% 2:1
HIT# HIT# Strip-line 1303 6.5 55+ 15% 2:1
HITM# HITM# Strip-line 1203 6.5 55+ 15% 2:1
LOCK# HLOCK# Strip-line 1198 6.5 55+ 15% 2:1
RSO# RSO# Strip-line 1315 6.5 55+ 15% 2:1
RS1# RS1# Strip-line 1193 6.5 55+ 15% 2:1
RS2# RS2# Strip-line 1247 6.5 55+ 15% 2:1
TRDY# HTRDY# Strip-line 1312 6.5 55+ 15% 2:1
RESET#' CPURST# Strip-line 1101 6.5 55+ 15% 2:1

NOTE: For topologies where an ITP700FLEX debug port is implemented, see Section 4.1.5 for RESET#
(CPURST#) implementation details.

Processor Common Clock Signal Package Length Compensation

Trace length matching for the common clock signals is not required. However, package compensation
for the common clock signals is required for the minimum board trace. Please refer to Table 3 and the
example below for more details. Package length compensation should not be confused with length
matching. Length matching refers to constraints on the min and max length bounds of a signal group
based on clock length, whereas package length compensation refers to the process of compensating for
package length variance across a signal group.

All common clock signals are required to meet the minimum pad-to-pad requirement of 2.212 inches,
based on ADS# (as this signal has the longest package lengths). This implies a minimum pin-to-pin
motherboard trace length of 997 mils. Additional motherboard trace will be added to some of the shorter
common clock nets on the system board in order to meet the same minimum requirement for trace
lengths from the die-pad of the processor to the associated die-pad of the chipset.

For example:

ADS# =997 mils board trace + 454 CPU PKG + 761 GMCH PKG = 2212 pad-to-pad length
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BRO# = X mils board trace + 336 CPU PKG + 465 GMCH PKG = 2212 pad-to-pad length
Therefore: X = BRO# board trace = 2212 - 336 - 465 = 1411 pin to pin length.

Figure 6. Common Clock Topology

Processor Length L1 GMCH
/v — V\
Pad Pad

mmm Pgckage trace
— Motherboard PCB trace

Table 3. Processor and GMCH PSB Common Clock Signal Package Lengths and Minimum Board
Trace Lengths

Signal Names Package Length Total Pad-to-Pad Min. Min. Boar?m'E{sa)ce Length
Intel Pentium Length Requirements
CPU GMCH M/Celeron GMCH L1 (mils)
Processor

ADSH# ADS# 454 761 2212 997

BNR# BNR# 506 408 2212 1298
BPRI# BPRI# 424 573 2212 1215

BRO# BRO# 336 465 2212 1411
DBSY# DBSY# 445 608 2212 1159
DEFER# DEFER# 349 572 2212 1291
DPWR# DPWR# 506 518 2212 1188
DRDY# DRDY# 529 347 2212 1336

HIT# HIT# 420 489 2212 1303
HITM# HITM# 368 641 2212 1203
LOCK# HLOCK# 499 515 2212 1198

RSO# RSO# 576 321 2212 1315

RS1# RS1# 524 495 2212 1193

RS2# RS2# 451 514 2212 1247
TRDY# HTRDY# 389 511 2212 1312
RESET# | CPURST# 455 656 2212 1101

4.1.3. Source Synchronous Signals General Routing Guidelines

40

All source synchronous signals use an AGTL+ bus driver technology with on-die GTL termination
resistors connected in a point-to-point, Zo = 55 Q controlled impedance topology between the processor
and the GMCH. No external termination is needed on these signals. Source synchronous PSB address
signals operate at a double pumped rate of 200 MHz while the source synchronous PSB data signals
operate at a quad pumped rate of 400 MHz. High-speed operation of the source synchronous signals
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requires careful attention to their routing considerations. The following guidelines should be strictly
adhered to, to guarantee robust high frequency operation of these signals.

Source synchronous data and address signals and their associated strobes are partitioned into groups of
signals. Flight time skew minimization within the same group of source synchronous signals is a key
parameter that allows their high frequency (400 MHz) operation. All the source synchronous signals that
belong to the same group should be routed on the same internal layer for the entire length of the bus.
It is OK to split different groups of source synchronous signals between different motherboard layers as
long as all the signals that belong to that group are kept on the same layer. Grouping of PSB source
synchronous signals is summarized in Table 4 and Table 6. This practice results in a significant
reduction of the flight time skew since the dielectric thickness, line width, and velocity of the signals
will be uniform across a single layer of the stack-up.

The source synchronous signals should be routed as a strip-line on an internal layer with complete
reference to ground planes both above and below the signal layer. Routing with references to split
planes or power planes other than ground is not recommended. For the recommended stack-up example
as shown in Figure 3, source synchronous PSB signals are routed on Layer 3 and Layer 6. Layer 2 and
Layer 7 are solid grounds across the entire motherboard. However, this is not sufficient since significant
coupling exists between signal layer, Layer 3 and power plane Layer 2 as well as signal layer, Layer 6
and power plane Layer 5. To guarantee complete ground referencing, Layer 4 and Layer 5 are converted
to ground plane floods in the areas where the source synchronous PSB signals are routed. In addition all
the ground plane areas are stitched with ground vias in the vicinity of the processor and the GMCH
package outlines with the vias of the ground pins of the processor and the GMCH pin-map.

Figure 7 illustrates a motherboard layout of the recommended stack-up of the PSB source synchronous
DATA and ADDRESS signals referencing ground planes on both Layer 7 and Layer 5. Note that in the
socket cavity of the processor, Layer 5 and Layer 6 is used for VCC core power delivery. However,
outside the socket cavity Layer 6 signals are routed on top of a solid Layer 7 ground plane and also
Layer 5 is converted to a ground flood under the shadow of the PSB signals routing between the
processor and the GMCH. Stitching of all the GND planes is provided by the ground vias in the pin-map
of the processor and the GMCH.
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Figure 7. Layer 6 PSB Source Synchronous Signals GND Referencing to Layer 5
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In a similar way, Figure 8 illustrates a recommended layout and stack-up example of how another group
of PSB source synchronous DATA and ADDRESS signals can reference ground planes on both Layer 2
and Layer 4. Note that in the socket cavity of the processor, Layer 3 is used for VCC core power
delivery to reduce the I*R drop. However, outside of the socket cavity Layer 3 signals are routed below
a solid Layer 2 ground plane and also Layer 4 is converted to a ground flood under the shadow of the
PSB signals routing between the processor and the GMCH.
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Figure 8. Layer 3 PSB Source Synchronous Signals
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Source Synchronous Signal Length Matching Constraints

The routing guidelines presented in the following subsections define the recommended routing
topologies, trace width and spacing geometries, and absolute minimum and maximum routed lengths for
each signal group, which are recommended to achieve optimal SI and timing. In addition to the absolute
length limits provided in the individual guideline tables, more restrictive length matching requirements
called length-matching constraints. These additional requirements further restrict the minimum to
maximum length range of each signal group with respect to strobe, within the overall boundaries defined
in the guideline tables, as required to guarantee adequate timing margins. The amount of minimum to
maximum length variance allowed for each group around the strobe reference length varies from signal
group to signal group depending on the amount of timing variation, which can be tolerated.

Package Length Compensation

The Intel Pentium M / Intel Celeron M processor package length does not need to be accounted for in
the motherboard routing since the processor has the source synchronous signals and the strobes length
matched within the group inside the package routing. However trace length matching of the GMCH
package length does need to be accounted for in the motherboard routing since the package does not
have the source synchronous signals and the strobes length matched within the group inside the package
routing. See Table 8 for the processor and the GMCH package lengths. Skew minimization requires
GMCH die-pad to processor pin (pad-to-pin) trace length matching of the PSB source synchronous
signals that belong to the same group including the strobe signals of that group.

Package length compensation should not be confused with length matching. Length matching refers to
constraints on the min and max length bounds of a signal group based on clock length, whereas package
length compensation refers to the process of compensating for package length variance across a signal
group. There is some overlap in that both affect the target length of an individual signal. Intel
recommends that the initial route be completed based on the length matching formulas in conjunction
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with nominal package lengths and that package length compensation be performed as secondary
operation.

4.1.3.3. Source Synchronous — Data Group

Robust operation of the 400-MHz, source synchronous data signals require tight skew control. For this
reason, these signals are split into matched groups as outlined in Table 4. All the signals within the same
group should be kept on the same layer of motherboard routing and should be routed to the same pad-to-
pin length within £100 mils of the associated strobes. Only the Intel Pentium M / Intel Celeron M
processor has the package trace equalization for signals within each data and address group. The GMCH
does not have the package trace equalization for signals within each data and address group. See Table 8
for the package lengths. Please refer to Section 4.1.2.1 for trace length and package compensation
requirements. The two complementary strobe signals associated with each group should be length
matched (pad-to-pin) to each other within + 25 mils and tuned to the average length of the data signals
(pad-to-pin) of their associated group. This will optimize setup/hold time margin.

Current simulation results provide routing guidelines using 3:1 spacing for the PSB source synchronous
data and strobe signals. This implies a minimum of 12-mil spacing (i.e. 16-mil minimum pitch) for a 4-
mil trace width. Practical cases of escape routing under the GMCH or the processor package outline and
vicinity may not even allow the implementation of 2:1 trace spacing requirements. Although every
attempt should be made to maximize the signal spacing in these areas, it is allowable to have 1:1 trace
spacing underneath the GMCH and the processor package outlines and up to 200 — 300 mils outside the
package outline. The benefits of additional spacing include increased signal quality and voltage
margining. The trace routing and length matching requirements are as follows in Section 4.1.3.1 to
Section 4.1.3.5. Note that if trace impedance can be controlled to within + 10%, the PSB data signals
can then be routed using 2:1 spacing guidelines. The strobes, however, must still be routed with 3:1
spacing.

Table 4. Processor PSB Data Source Synchronous Signal Trace Length Mismatch Mapping

DINV signal for . .

Data Group | gssociated " | Signal | Data Strobes associated | Strohe | Notes
D[15:01# DINVO# + 100 mils DSTBPO#, DSTBNO# * 25 mils 12
D[31:16]# DINV1# + 100 mils DSTBP1#, DSTBN1# + 25 mils 12
D[47:32]# DINV2# + 100 mils DSTBP2#, DSTBN2# £ 25 mils 12
D[63:48]# DINV3# + 100 mils DSTBP3#, DSTBN3# + 25 mils 1,2

NOTES:

1. Strobes of the same group should be trace length matched to each other within £25 mil and to the average
length of their associated Data signal group.

2. Note that all length matching formulas are based on GMCH die-pad to processor pin total length per byte lane.
Package length table are provided for all signals in order to facilitate this pad to pin matching.

Table 5 lists the source synchronous data signal general routing requirements. Due to the 400-MHz,
high frequency operation of the data signals should be limited to a pin-to-pin trace length minimum of
0.50 inches and maximum of 5.5 inches.
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Table 5. Processor System Bus Source Synchronous Data Signal Routing Guidelines

4.1.3.4.

Signal Names Total Trace

L Length Nominal | Spacing

Trf?nsemTlss:)n Impedance | & Width

Data Data Data Data yp Min Max (Q) (mils)

Group #1 | Group #2 | Group #3 | Group #4 (inches) | (inches)

D[15:0l# | D[31:16]# | D[47:32]# | D[63:48]# Strip-line 0.5 55 55+ 15% 3:1
DINVO# DINV1# DINV2# DINV3# Strip-line 0.5 55 55 £15% 3:1
DSTBNIOJ# | DSTBN[1]# | DSTBN[2]# | DSTBN[3}# Strip-line 0.5 55 55+ 15% 3:1
DSTBP[0J# | DSTBP[1]# | DSTBP[2]# | DSTBP[3]# Strip-line 0.5 5.5 55 +15% 3:1

NOTES:
1. These data signals can be routed with 2:1 spacing if using 55 + 10% nominal impedance. However, spacing to

associated strobes must still be kept at 3:1.

Source Synchronous — Address Group

Source synchronous address signals operate at 200 MHz. Thus, their routing requirements are very
similar to the data signals. Refer to Sections 4.1.3 and 4.1.3.1 for further details. Table 6 details the
partition of the address signals into matched length groups. Due to the lower operating frequency of the
address signals, pad-to-pin length matching is relaxed to £+ 200 mils. Each group is associated with only
one strobe signal. To maximize setup/hold time margin, the address strobes should be trace length
matched to the average trace length of the address signals of their associated group. In addition, each
address signal should be trace length matched within + 200 mils of its associated strobe signal.

Table 6. Processor PSB Address Source Synchronous Signal Trace Length Mismatch Mapping

. . - Strobe to Assoc.
CPU Signal Name Mglt?:ﬂ?rll Strobe Assgf(;ited With the Address Signal Notes
9 P Matching
REQ[4:01#, A[16:3]# + 200 mils ADSTBO# + 200 mils 1,2,3
A[31:17)# + 200 mils ADSTB1# + 200 mils 1,2,3

NOTES:
1. ADSTBJ[1:0]# should be should be trace length matched to the average length of their associated Address

signals group
2. Each Address signal should be trace length matched to its associated Address Strobe within + 200 mils.
3. Note that all length matching formulas are based on GMCH die-pad to processor pin total length per signal
group. Package length table are provided for all signals in order to facilitate this pad to pin matching.

Table 7 lists the source synchronous address signals general routing requirements. They should be
routed to a pin-to-pin length minimum of 0.50 inches and maximum of 6.5 inches. Due to the 200-MHz,
high frequency operation of the address signals, the routing guidelines listed in Table 7 allows for 2:1
spacing for the address signals given a 55 Q + 15% characteristic trace impedance except for address
strobe signals. But if space permits, 3:1 spacing is strongly advised for these signals.
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Table 7. Processor PSB Source Synchronous Address Signal Routing Guidelines

Signal Names Transmission Line Type | Total Trace Length Impr:%?ri"gael(g) Spavc\:liig;h(rsrl\ils)
Address Address Min Max
Group #1 Group #2 (inches) | (inches)
A[16:3]# A[31:17]# Strip-line 0.50 6.5 55+ 15% 4&8
REQ[4:0]# Strip-line 0.50 6.5 55+ 15% 48&8
ADSTB#[0] ADSTB#[1] Strip-line 0.50 6.5 55+ 15% 4&12

4.1.3.5. Intel Pentium M / Intel Celeron M Processor and Intel 855GM/GME
Chipset GMCH PSB Signal Package Lengths

Table 8 lists the preliminary package trace lengths of the Intel Pentium M / Intel Celeron M processor
and the Intel 855GM/GME chipset GMCH for the source synchronous data and address signals. The
processor PSB package signals within the same group are routed to the same package trace length, but
the GMCH package signals within the same group are not routed to the same package trace length. As
a result of this package length compensation is required for GMCH. Refer to Section 4.1.3.1 for length
matching constrains and to Section 4.1.3.2 package length compensation for further details. The
processor package traces are routed as micro-strip lines with a nominal characteristic impedance of 55

Q=+ 15%.
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Table 8. Intel Pentium M/ Intel Celeron M Processor and GMCH Source Synchronous FSB Signal
Package Lengths

_ CPU CPU GMCH | CPU CPU GMCH
goral| signa | Fackage | | oMo | package | signal| gigry | Package | aMon | package
Name | “hils) (mils) Name | “iis) (mils)
D15# 721 HD15# 554 D31# 564 HD31# 914
D14# 721 HD14# 393 D30# 564 HD30# 464
D13# 721 HD13# 494 D29# 564 HD29# 691
D12# 721 HD12# 620 D28# 564 HD28# 768
D11# 721 HD11# 319 D27# 564 HD27# 453
D10# 721 HD10# 504 D26# 564 HD26# 815
DO# 721 HD9# 438 D25# 564 HD25# 837
D8# 721 HD8# 458 D24# 564 HD24# 493
Data | D7# 721 HD7# 329 | pata | D23# 564 HD23# 766
Group| Dé# 721 HD6# 518 | Group| D22# 564 HD22# 731
1 D5# 721 HD5# 693 2 D21# 564 HD21# 522
Da# 721 HD4# 600 D20# 564 HD20# 714
D3# 721 HD3# 387 D19# 564 HD19# 412
D2# 721 HD2# 438 D18# 564 HD18# 834
D1# 721 HD1# 620 DAT# 564 HD17# 634
DO# 721 HDO# 329 D16# 564 HD16# 593
DINV[OJ# | 721 DINV[OJ# 514 DINV[1# | 564 DINV[1]# 628
DSTBP[O}#| 721 | HDSTBP[OM| 662 DSTBP[1#| 564 | HDSTBP[1j#| 736
DSTBN[O]#| 721 | HDSTBN[O}#| 763 DSTBN[1]#| 564 | HDSTBN[1}#| 787
Data | Da7# 661 HDA47# 654 | Data | De3# 758 HD63# 579
G";”p D46# 661 HD46# 647 G'Z”” D624 758 HD62# 509
D45# 661 HD45¢# 460 D61# 758 HD61# 431
Da4# 661 HDA44# 563 D60# 758 HD6O# 522
D43# 661 HD43# 726 D59# 758 HD59# 490
D42# 661 HD42# 828 D58# 758 HD58# 347
D41# 661 HD41# 608 D57# 758 HD57# 649
D40# 661 HD40# 358 D56# 758 HD56# 372
D39# 661 HD39# 655 D55# 758 HD55# 541
D38# 661 HD38# 619 D54# 758 HD54# 598
D37# 661 HD37# 747 D53# 758 HD53# 469
D36# 661 HD36# 633 D52# 758 HD52# 575
D35# 661 HD35# 675 D51# 758 HD51# 326
D34# 661 HD34# 683 D50# 758 HD50# 549
D33# 661 HD33# 501 DAg# 758 HD49# 511
D32# 661 HD32# 664 D4s# 758 HD48# 372
DINV[2]# | 661 DINV[2J# 784 DINV[3# | 758 DINV[3]# 431
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_ CPU CPU GMCH | CPU CPU GMCH
| Signal | R | ol Kiame | Longth: | Graup | Signal | Famede | o o ame | Length
Name | “hils) (mils) Name | “is) (mils)
DSTBP[2}#| 661 | HDSTBP[2#| 502 DSTBP[3}#| 758 | HDSTBP[3#| 463
DSTBN[2}#| 661 |HDSTBN[2/#| 538 DSTBN[3}#| 758 |HDSTBN[3#| 505

REQ4# 616 HREQ4# 276 A31# 773 HA31# 617

REQ3# 616 HREQ3# 383 A30# 773 HA30# 484

REQ2# 616 HREQ2# 247 A20# 773 HA29# 558

REQ1# 616 HREQ1# 378 A28# 773 HA28# 579

REQO# 616 HREQO# 569 A27# 773 HA27# 631

A16# 616 HA16# 491 A26# 773 HA26# 556

A15# 616 HA15# 375 A25# 773 HA25# 535

A14# 616 HA14# 562 (;iﬂ’p A24# 773 HA24# 353

A13# 616 HA13# 501 2 A23# 773 HA23# 382

éi?;; A124 616 HA12# 522 A224 773 HA22# 545
1 A1 616 HA11# 566 A21# 773 HA21# 429
A10# 616 HA10# 560 A20# 773 HA20# 414

Ag# 616 HAQ# 327 A19# 773 HA19# 284

A8# 616 HAS# 333 A18# 773 HA18# 389

AT# 616 HAT# 274 A17# 773 HA17# 457

A# 616 HAG# 523 ADSTB[1#| 773 | HADSTB[1}#| 504

AS# 616 HAS# 551 Host | BCLKO 447 BCLK 1138

Ad# 616 HA4# 352 | Clocks| pcoLk1 447 BCLK# 1145

A3# 616 HA3# 468
ADSTB[O}#| 616 | HADSTB[OJ#| 419
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41.4. Asynchronous Signals

The following sections describe the topologies and layout recommendations for the Asynchronous Open
Drain and CMOS signals found on the platform. All Open Drain signals listed in the following sections
must be pulled-up to VCCP (1.05 V). If any of these Open Drain signals are pulled-up to a voltage
higher than VCCP, the reliability and power consumption of the processor may be affected. Therefore, it
is very important to follow the recommended pull-up voltage for these signals. All signals must meet the
AC and DC specifications as documented in the Mobile Intel® Pentium® M Processor Datasheet.

Table 9. Asynchronous AGTL+ Nets

Signal Description Topology CPUIO Output Output Input Input Power
Names # Type Buffer Well
Type
IERR# Internal error 1A (0] CPU AGTL+ System Vcc_Receiver
Receiver
FERR# Floating point 1B 0} CPU AGTL+ ICH4-M Main 1/0 (3.3
error V)
THRMTRIP# Thermal 1B (0] CPU AGTL+ System Vcc_Receiver
sensor Receiver
PROCHOT# Thermal 1C (0] CPU AGTL+ System Vcc_Receiver
sensor Receiver
PWRGOOD System power 2A ICH4-M oD CPU N/A
good CMOS
DPSLP# Deep sleep 2B | ICH4-M CMOS CPU N/A
LINTO/INTR Local 2C | ICH4-M CMOS CPU N/A
interrupts
LINT1/NMI Local 2C ICH4-M CMOS CPU N/A
interrupts
SLP# Sleep 2C | ICH4-M CMOS CPU N/A
STPCLK# Processor stop 2C | ICH4-M CMOSs CPU N/A
clock
IGNNE# Ignore next 2C ICH4-M CMOS CPU N/A
numeric error
SMI# System 2C ICH4-M CMOS CPU N/A
management
interrupt
A20M# Address 20 2C ICH4-M CMOS CPU N/A
mask
INIT# Processor 3 ICH4-M CMOS CPU, N/A, 3.3V
initialize FWH
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Topology 1A: Open Drain (OD) Signals Driven by the Processor — IERR#

The Topology 1A OD signal IERR# should adhere to the following routing and layout
recommendations. Table 10 lists the recommended routing requirements for the IERR# signal of the
processor. The routing guidelines allow the signal to be routed as either micro-strip or strip-lines using
55 Q £ 15% characteristic trace impedance. Series resistor R1 is a dampening resistor for reducing
overshoot/ undershoot reflections on the transmission line. The pull-up voltage for termination resistor
Rtt is VCCP (1.05 V). Due to the dependencies on system design implementation, [ERR# can be
implemented in a number of ways to meet design goals. IERR# can be routed as a test point or to any
optional system receiver.

Figure 9. Routing lllustration for Topology 1A

VCCP
CPU System
Receiver

Rit

L2

R1
L1 § L3

Table 10. Layout Recommendations for Topology 1A

41.4.2.

50

L1 12 L3 R1 Rtt Transmission Line Type
0.5"-12.0" 0" -3.0" 0"-3.0" 56 Q + 5% 56 Q + 5% Micro-strip
0.5"-12.0" 0"-3.0" 0”-3.0" 56 Q + 5% 56 Q + 5% Strip-line

Topology 1B: Open Drain (OD) Signals Driven by the Processor — FERR#
and THERMTRIP#

The Topology 1B OD signals FERR# and THERMTRIP# should adhere to the following routing and
layout recommendations. Table 11 lists the recommended routing requirements for the FERR# and
THERMTRIP# signals of the processor. The routing guidelines allow the signals to be routed as either
micro-strips or strip-lines using 55 Q + 15% characteristic trace impedance. Series resistor R1 is a
dampening resistor for reducing overshoot/undershoot reflections on the transmission line. The pull-up
voltage for termination resistor Rtt is VCCP (1.05 V).

Intel recommends that the FERR# signal of the processor be routed to the FERR# signal of the ICH4-M.
THERMTRIP# can be implemented in a number of ways to meet design goals. It can be routed to the
ICH4-M or any optional system receiver. It is recommended that the THERMTRIP# signal of the
processor be routed to the THRMTRIP# signal of the [ICH4-M. The ICH4-M’s THRMTRIP# signal is a
new signal to the I/O controller hub architecture that allows the ICH4-M to quickly put the whole
system into a S5 state whenever the catastrophic thermal trip point has been reached.

If either FERR# or THERMTRIP# is routed to an optional system receiver rather than the ICH4-M and
the interface voltage of the optional system receiver does not support a 1.05-V voltage swing, then a
voltage translation circuit must be used. If the recommended voltage translation circuit described in
Section 4.1.4.8 is used, the driver isolation resistor shown in Figure 16, Rs, should replace the series
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dampening resistor R1 in Topology 1B. Thus, it is important to note that R1 will no longer be required
in such a topology.

Figure 10. Routing lllustration for Topology 1B

cPU ICH4-M VCCP
(or sys. receiver)
Rit
L2
R1
L1 L3
Table 11. Layout Recommendations for Topology 1B
L1 L2 L3 R1 Rtt Transmission Line
0.5"-12.0" 0"-3.0" 0" -3.0" 56 Q + 5% 56 Q + 5% Micro-strip
0.5"-12.0" 0"-3.0" 0" -3.0" 56 Q5% 56 Q5% Strip-line

41.43.

Topology 1C: Open Drain (OD) Signals Driven by the Processor —
PROCHOT#

The Topology 1C OD signal PROCHOT# should adhere to the following routing and layout
recommendations. Table 12 lists the recommended routing requirements for the PROCHOT# signal of
the processor. The routing guidelines allow the signal to be routed as either a micro-strip or strip-line
using 55 Q + 15% characteristic trace impedance. Figure 11 shows the recommended implementation
for providing voltage translation between the processor’s PROCHOT# signal and a system receiver that
utilizes a 3.3-V interface voltage (shown as V_1I0 RCVR). The receiver at the output of the voltage
translation circuit can be any system receiver that can function properly with the PROCHOT# signal
given the nature and usage model of this pin. PROCHOT# is capable of toggling hundreds of times per
second to signal a hot temperature condition.

Series resistor Rs is a component of the voltage translation logic and serves as a driver isolation resistor.
Rs is shown separated by distance L3 from the first bipolar junction transistor (BJT), Q1, to emphasize
the placement of Rs with respect to Q1. The placement of Rs a distance L3 before the Q1 BJT is a
specific implementation of the generalized voltage translator circuit shown in Figure 16. Rs should be
placed at the beginning of the T-split from the PROCHOT# signal. The pull-up voltage for termination
resistor Rtt is VCCP (1.05 V).
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Figure 11. Routing lllustration for Topology 1C

(System receiver)

3.3
V_IO_RCVR
CPU
VCCP
Rtt
L2
L1
Rs

Table 12. Layout Recommendations for Topology 1C

L1 L2 L3 L4 Rs R1 R2- Rtt Transmission
0.5"-12.0"10"-3.0"|0"-3.0"1 0.5"-12.0"|330 Q2+ 5%|1.3kQ £ 5%| 330 Q£+ 5% |56 Q + 5% Micro-strip

0.5"-12.0"|0"=3.0"[ 0"~ 3.0"[ 0.5" = 12.0"[330 Q 5% | 1.3 kQ + 5% [ 330 Q £ 5% |56 @ £ 5%|  Strip-line

41.4.4. Topology 2A: Open Drain (OD) Signals Driven by ICH4-M — PWRGOOD

The Topology 2A OD signal PWRGOOD, which is driven by the ICH4-M (CMOS signal input to
processor) should adhere to the following routing and layout recommendations. Table 13 lists the
recommended routing requirements for the PWRGOOD signal of the processor. The routing guidelines
allow the signal to be routed as either micro-strip or strip-lines using 55 Q + 15% characteristic trace
impedance. The pull-up voltage for termination resistor Rtt is VCCP (1.05 V).

Note: The ICH4-M’s CPUPWRGD signal should be routed point-to-point to the processor’s PWRGOOD
signal. The routing from the processor’s PWRGOOD pin should fork out to both to the termination
resistor, Rtt, and the ICH4-M. Segments L1 and L2 from Table 13 should not T-split from a trace from
the pin.

Figure 12. Routing lllustration for Topology 2A

VCCP

R
tt CPU ICH4-M

L2 L1 )
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Table 13. Layout Recommendations for Topology 2A

4.1.4.5.

Note:

L1 L2 Rtt Transmission Line Type
0.5"-12.0" 0"-3.0" 330 Q£ 5% Micro-strip
0.5"-12.0" 0"-3.0" 330 Q 5% Strip-line

Topology 2B: CMOS Signals Driven by ICH4-M — DPSLP#

The Topology 2B CMOS DPSLP# signal, which is driven by the ICH4-M (CMOS signal input to the
processor), should adhere to the routing and layout recommendations illustrated in Figure 13. As listed
in Figure 13, the L1 and L2 segments of the DPSLP# signal topology can be routed as either micro-strip
or strip-lines using 55 Q) + 15% characteristic trace impedance.

The ICH4-M’s DPSLP# signal should be routed point-to-point with the daisy chain topology shown.
The routing of DPSLP# at the CPU should fork out to both the ICH4-M and the GMCH. Segments L1
and L2 from Figure 13 should not T-split from a trace from the pin.

Figure 13. Routing lllustration for Topology 2B

Table 14.

4.1.4.6.

GMCH

CPU

L2

ICH4-M

L1

Layout Recommendations for Topology 2B

L1 L2 Transmission Line Type
0.5"-12.0" 0.5"-6.5" Micro-strip
0.5"-12.0" 0.5"-6.5" Strip-line

Topology 2C: CMOS Signals Driven by ICH4-M — LINTO/INTR, LINT1/NMI,
A20M#, IGNNE#, SLP#, SMI#, and STPCLK#

The Topology 2C CMOS LINTO/INTR, LINT1/NMI, A20M#, IGNNE#, SLP#, SMI#, and STPCLK#

signals should implement a point-to-point connection between the ICH4-M and the processor. The

routing guidelines allow both signals to be routed as either micro-strip or strip-lines using 55 Q + 15%
characteristic trace impedance. No additional motherboard components are necessary for this topology.
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Figure 14. Routing lllustration for Topology 2C

CPU ICH4-M

L1

Table 15. Layout Recommendations for Topology 2C

L1 Transmission Line Type
0.5"-12.0" Micro-strip
0.5"-12.0" Strip-line

41.4.7. Topology 3: CMOS Signals Driven by ICH4-M to CPU and FWH - INIT#

The signal INIT# should adhere to the following routing and layout recommendations. Table 16 lists the
recommended routing requirements for the INIT# signal of the ICH4-M. The routing guidelines allow
both signals to be routed as either micro-strip or strip-lines using 55 Q + 15% characteristic trace
impedance. Figure 15 shows the recommended implementation for providing voltage translation
between the ICH4-M’s INIT# voltage signaling level and any firmware hub (FWH) that utilizes a 3.3-V
interface voltage (shown as a supply V_10 _FWH). See Section 4.1.4.8 for more details on the voltage
translator circuit.

Series resistor Rs is a component of the voltage translator logic circuit and serves as a driver isolation
resistor. Rs is shown separated by distance L3 from the first bipolar junction transistor (BJT), Q1, to
emphasize the placement of Rs with respect to Q1. The placement of Rs a distance of L3 before the Q1
BIJT is a specific implementation of the generalized voltage translator circuit shown in Figure 16. The
routing recommendations of transmission line L3 in Figure 15 is listed in Table 16 and Rs should be
placed at the beginning of the T-split of the trace from the ICH4-M’s INIT# pin.

Figure 15. Routing lllustration for Topology 3

FWH

V_I0_FWH

3.3V

CPU ICH4-M

L1
L2 L3

Rs
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Table 16. Layout Recommendations for Topology 3

41.4.8.

L1+L2 L3 L4 Rs R1 R2 Transmission Line
0.5"-12.0" 0"-3.0" 0.5"-6.0" 330Q+5% 1.3kQ + 5% 330Q+5% Micro-strip
0.5"-12.0" 0"-3.0" 0.5"-6.0" 330Q+5% 1.3kQ + 5% 330Q+£5% Strip-line

Voltage Translation Logic

A voltage translation circuit or component is required on any signals where the voltage signaling level
between two components connected by a transmission line may cause unpredictable signal quality. The
recommended voltage translation circuit for the platform is shown in Figure 16. The driver isolation
resistor, Rs, is place at the beginning of a transmission line that connects to the first bipolar junction
transistor, Q1. Though the circuit shown in Figure 16 was developed to work with signals that require
translation from a 1.05-V to a 3.3-V voltage level, the same topology and component values, in general,
can be adapted for use with other signals as well, provided the interface voltage of the receiver is also
3.3 V. Any component value changes or component placement requirements for other signals must be
simulated in order to guarantee good signal quality and acceptable performance from the circuit.

In addition to providing voltage translation between driver and receiver devices, the recommended
circuit also provides filtering for noise and electrical glitches. A larger first-stage collector resistor, R1,
can be used on the collector of Q1, however, it will result in a slower response time to the output falling
edge. In the case of the INIT# signal, resistors with value*s as close as possible to those listed in Figure
16 should be used without exception.

With the low 1.05-V signaling level of the Intel Pentium M / Intel Celeron M Front Side Bus, the
voltage translation circuit provides ample isolation of any transients or signal reflections at the input of
transistor Q1 from reaching the output of transistor Q2. Based on simulation results, the voltage
translation circuit can effectively isolate transients as large as 200 mV and that last as long as 60 ns.

Figure 16. Voltage Translation Circuit

4.1.5.

3.3V
3.3V
330 ohm
1.3K ohm +-5% & N2

+.59% = R To Receiver

Q2

+/- 5%

3904
From Driver

Rs

Processor RESET# Signal

The RESET# signal is a common clock signal driven by the GMCH CPURST# pin. In a production
system where no ITP700FLEX debug port is implemented, a simple point-to-point connection between
the CPURST# pin of the GMCH and processor RESET# pin is recommended (see Figure 17). On-die
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termination of the AGTL+ buffers on both the processor and the GMCH provide proper signal quality
for this connection. This is the same case as for the other common clock signals listed Section 4.1.2.
Length L1 of this interconnect should be limited to minimum of 1 inch and maximum of 6.5 inches.

Figure 17. Processor RESET# Signal Routing Topology with NO ITP700FLEX Connector

CPU GMCH

L1

For a system that implements an ITP700FLEX debug port a more elaborate topology is required in order
to guarantee proper signal quality at both the processor signal pad and the ITP700FLEX input receiver.
In this case the topology illustrated in Figure 18 should be implemented. The CPURST# signal from the
GMCH should fork out (do not route one trace from GMCH pin and then T-split) towards the
processor’s RESET# pin as well as towards the Rtt and Rs resistive termination network placed next to
the ITP700FLEX debug port connector. Rtt (54.9 Q2 + 1%) pulls-up to the VCCP voltage and is placed
at the end of the L2 line that is limited to a 12-inch maximum length. Rs (22.6 Q +/- 1%) should be
placed right next to Rtt to minimize the routing between them in the vicinity of the ITP700FLEX
connector to limit the L3 length to less than 0.5 inches. ITP700FLEX operation requires the matching of
L2 + L3 - L1 length to the length of the BPM[4:0]# signals length within + 250 mils. Refer to Section 0
for more details on ITP700FLEX signal routing. See Table 17 for routing length summary and
termination resistor values.

Currently 1% tolerance resistors are recommended for Rs and Rtt. The use of 5% tolerant resistors for
these resistors and whether it could provide adequate signal quality performance is under investigation.

Figure 18. Processor RESET# Signal Routing Topology with ITP700FLEX Connector
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Table 17. Processor RESET# Signal Routing Guidelines with ITP700FLEX Connector

4.1.51.

Note:

L1 L2 +L3 L3 Rs Rtt

1.0"-6.0" 6.0” max 0.5” max Rs =226 Q1% Rtt =220 Q + 5%

Processor RESET# Routing Example

Figure 19 illustrates a board routing example for the RESET# signal with an ITP700FLEX debug port
implemented. It illustrates how the CPURST# pin of GMCH forks out into two branches on Layer 6 of
the motherboard. One branch is routed directly to the processor RESET# pin amongst the rest of the
common clock signals. Another branch routes below the address signals and vias down to the secondary
side that route to the Rs and Rtt resistors. These resistors are placed in the vicinity of the ITP700FLEX
debug port.

The placement of Rs and Rtt next to each other is to minimize the routing between Rs and Rtt as well as
the minimal routing between Rs and the ITP700FLEX connector. Also, since a transition between Layer
6 and the secondary side occurs, a GND stitching via is added to guarantee continuous ground reference
of the secondary side routing of the RESET# signal to ITP700FLEX connector.

Figure 19. Processor RESET# Signal Routing Example with ITP700FLEX Debug Port

4.1.6.
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Processor and GMCH Host Clock Signals

Figure 20 illustrates processor and GMCH host clock signal routing. Both the processor and the
GMCH’s BCLK]1:0] signals are initially routed from the CK-408 clock generator on Layer 3.In the
recommended routing example (Figure 20) secondary side layer routing of BCLK[1:0] is 507 mils long.
To meet length-matching requirements between the processor and GMCH’s BCLK[1:0] signals, a
similar transition from Layer 3 to the secondary side layer is done next to the GMCH package outline.
Routing of the GMCH’s BCLK[1:0] signals on the secondary side is also trace tuned to 507 mils.
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4.1.7.

58

intal

BCLK]1:0] layer transition vias are accompanied by GND stitching vias. For similar reasons, routing for
the ITP interposer’s BCLK][1:0] signals also transition from Layer 3 to the secondary side layer and have
507-mil long traces on this layer. Throughout the routing length on Layer 3, BCLK[1:0] signals should

reference a solid GND plane on Layer 2 and Layer 4 as shown in Figure 8.

If a system supports either the on-board ITP700FLEX connector or ITP Interposer only, then differential
host clock routing to either the ITP700FLEX connector or CPU socket (but not both) is required.

Figure 20. Processor and GMCH Host Clock Layout Routing Example
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Processor GTLREF Layout and Routing Recommendations

There is one AGTL+ reference voltage pin on the Intel Pentium M / Intel Celeron M processor,
GTLREF, which is used to set the reference voltage level for the AGTL+ signals (GTLREF). The
reference voltage must be supplied to the GTLREF pin. The voltage level that needs to be supplied to
GTLREF must be equal to 2/3 * VCCP + 2%. The GMCH also requires a reference voltage

Intel® 855GM/855GME Chipset Platform Design Guide




Intel Pentium M/Celeron M Front Side Bus Design Guidelines

(MCH_GTLREF) to be supplied to its HVREF[4:0] pins. The GTLREF voltage divider for both the
processor and GMCH cannot be shared. Thus, both the processor and GMCH must have their own
locally generated GTLREF networks. Figure 21 shows the recommended topology for generating
GTLREF for the processor using a R1 =1 kQ + 1% and R2 = 2 kQ + 1% resistive divider.

Since the input buffer trip point is set by the 2/3*VCCP on GTLREF and to allow tracking of VCCP
voltage fluctuations, no decoupling should be placed on the GTLREF pin. The node between R1 and R2
(GTLREF) should be connected to the GTLREF pin of the processor with Zo = 55 Q trace shorter than
0.5 inches. Space any other switching signals away from GTLREF with a minimum separation of 25
mils. 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 Processor System
Bus signals).

RSVD signal pins E26, G1, and AC1 are to be left unconnected on Intel® Pentium® M and Intel
Celeron M processor-based systems.

Figure 21. Processor GTLREF Voltage Divider Network
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A recommended layout of GTLREF for the processor is shown in Figure 22. To avoid interaction with
PSB routing and power delivery, GTLREF’s R1 and R2 components are placed next to each other on the
primary side of the motherboard and connected with a Zo = 55 Q to the GTLREEF pin on the processor.
The BGA ball lands on the primary side for the RSVD signal pins E26, G1, and AC1 are shown for
illustrative purposes and are not routed.
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Figure 22. Processor GTLREF Motherboard Layout

4.1.8. AGTL+ I/O Buffer Compensation

The Intel Pentium M / Intel Celeron M processor has 4 pins, COMP[3:0], and the GMCH has 2 pins,
HRCOMPJ[1:0], that require compensation resistors to adjust the AGTL+ I/O buffer characteristics to
specific board and operating environment characteristics. Also, the GMCH requires two special
reference voltage generation circuits to pins HSWNG[ 1:0] for the same purpose described above. Refer
to the Intel® Pentium®™ M Processor Electrical, Mechanical, and Thermal Specification, Intel® Pentium®
M (90nm process) Processor Electrical, Mechanical, and Thermal Specification, and RS — Intel”
855GM/GME (Montara-GM/GM+) Chipset GMCH External Design Specification for details on
resistive compensation.

4.1.8.1. Processor AGTL+ I/O Buffer Compensation

For the Intel Pentium M / Intel Celeron M processor, the COMP[2] and COMP[0] pins (see Figure 23)
must each be pulled-down to ground with 27.4 Q + 1% resistors and should be connected to the
processor with a Zo = 27.4 Q trace that is less than 0.5 inches from the processor pins. The COMP[3]
and COMP[1] pins (see Figure 24) must each be pulled-down to ground with 54.9 Q + 1% resistors and
should be connected to the processor with a Zo = 55 Q trace that is less than 0.5 inches from the
processor pins. COMP[3:0] traces should be at least 25 mils (> 50 mils preferred) away from any other
toggling signal.
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Figure 23

Figure 24

Intel Pentium M/Celeron M Front Side Bus Design Guidelines

. Processor COMP[2] & COMP[0] Resistive Compensation

COMP]0] COMP[2]

27.4Q +/- 1% 27.4Q +/-1%

. Processor COMP[3] & COMP[1] Resistive Compensation
COMP|3] COMP|[1]
54.9Q +/- 1% 54.9Q +/- 1%

The recommended layout of the processor COMP[3:0] resistors is illustrated in Figure 25. To avoid
interaction with PSB routing on internal layers and VCCA power delivery on the primary side, Layer 1,
COMP[1:0] resistors are placed on the secondary side. Ground connections to the COMP[1:0] resistors
use a small ground flood on the secondary side layer and connect only with a single GND via to stitch
the GND planes. The compact layout as shown in Figure 25 should be used to avoid excessive
“perforation” of the Vccp plane power delivery. Figure 25 illustrates how a 27.4 Q resistor connects with
an ~18-mil wide (Zo = 27.4 Q) trace to COMPO. Necking down to 14 mils is allowed for a short length
to pass in between the dog bones. The 54.9-Q resistor connects with a regular 5-mil wide (Zo = 55 Q)
trace to COMP1. Placement of COMP[1:0] on the primary side is possible as well. An alternative
placement implementation is shown in Figure 26.

To minimize motherboard space usage and produce a robust connection, the COMP[3:2] resistors are
also placed on the secondary side (Figure 25, right side). A 27.4-Q resistor connects with an 18-mil
wide (Zo =27.4 Q) and 260-mil long trace to COMP2. Necking down to 14 mils is allowed for a short
length to pass in between the dog bones. Notice that the COMP2 (Figure 25, left side) dog bone trace
connection on the primary side is also widened to 14 mils to meet the Zo = 27.4-Q characteristic
impedance target. The right side of Figure 25 also illustrates how the 54.9 Q) & 1% resistor connects with
a regular 5-mil wide (Zo = 55Q) and 100-mil long trace to COMP3. The ground connection of
COMP[3:2] is done with a small flood plane on the secondary side that connects to the GND vias of
pins AA1 and Y2 of the processor pin-map. This is done to avoid via interaction with the PSB routing
on Layer 3 and Layer 6.

For COMP2 and COMPO, it is extremely important that 18-mil wide dog bone connections on the
primary side and 18-mil wide traces on the secondary sides be used to connect the signals to
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compensation resistors on the secondary side. The use of 18-mil wide dog bones and traces is used to
achieve the Zo = 27.4-Q) target to ensure proper operation of the PSB. See Figure 27 for more details.

Figure 25. Processor COMP[3:0] Resistor Layout
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Figure 27. COMP2 & COMPO 27.4-Q Traces

4.1.9.

PRIMARY SIDE SECONDARY SIDE

Intel Pentium M/ Intel Celeron M Front Side Bus Strapping and
Debug Port

The Intel Pentium M / Intel Celeron M processor and GMCH both have pins that require termination for
proper component operation.

1.

For the processor, a stuffing option should be provided for the TEST[3:1] pin to allow a 1 kQ +
5% pull-down to ground for testing purposes. For proper processor operation, the resistor should
not be stuffed. Resistors for the stuffing option on these pins should be placed within 2.0 inches of
the processor. For normal operation, these resistors should not be stuffed.

The processor’s ITP signals, TDI, TMS, TRST and TCK should assume default logic values even
if the ITP debug port is not used. The TDO signal may be left open or no connect in this case. The
table below summarizes the default strapping resistors for these signals. These resistors should be
connected to the processor within 2.0 inches from their respective pins. It is important to note that
Table 18 is applicable only when neither the onboard ITP nor ITP interposer are planned to be
used. See Section 4.3 on cautions against designs with lack of debug tools support. Intel does not
recommend use of the ITP interposer debug port if there is a dependence only on the motherboard
termination resistors. The signals below should be isolated from the motherboard via specific
termination resistors on the ITP interposer itself per interposer debug port recommendations. For
the case where the onboard ITP700FLEX debug port is used refer to Section 4.3 for default
termination recommendations
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Table 18. ITP Signal Default Strapping When ITP Debug Port Not Used

4.1.10.

Signal Resistor Value Connect To Resistor Placement
TDI 150 Q + 5% VCCP Within 2.0” of the CPU
T™MS 390Q+5% VCCP Within 2.0” of the CPU

TRST# 680 Q + 5% GND Within 2.0” of the CPU
TCK 27 Q5% GND Within 2.0” of the CPU
TDO Open NC N/A

Processor Vccsense/Vsssense Desigh Recommendations

The VCCSENSE and VSSSENSE signals of the Intel Pentium M processor and Intel Celeron M
provide isolated, low impedance connections to the processor’s core power (VCC) and ground (VSS).
These pins can be used to sense or measure power (VCC) or ground (VSS) near the silicon with little
noise. To make them available for measurement purposes, it is recommended that VCCSENSE and
VSSSENSE both be routed with a Zo = 55 Q + 15% trace of equal length. Use 3:1 spacing between the
routing for the two signals and all other signals should be a minimum of 25 mils (preferably 50 mils)
from VCCSENSE and VSSSENSE routing. Terminate each line with an optional (default is No Stuff)
54.9 Q £ 1% resistor. Also, a ground via spaced 100 mils away from each of the test point vias for
VCCSENSE and VSSSENSE should be added. A third ground via should also be placed in between
them to allow for a differential probe ground. See Figure 28 for the recommended layout example.

Figure 28. Vccsense/Vsssense Routing Example
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Intel System Validation Debug Support

In any PC design, it is critical to enable industry-standard tools to allow for debug of a wide range of
issues that come up in the normal design cycle. In a mobile design, electrical/logic visibility is very
limited, often making progress on debugging such issues very time consuming. In some cases progress it
not possible without board re-design or extensive rework. The following sections describe the three
debug capabilities: ITP, LAI, and ODLAT.
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4.21. ITP Support

4211. Background/Justification

One key tool that is needed to debug BIOS, logic, signal integrity, general software, and general
hardware issues involving CPUs, chipsets, SIOs, PCI devices, and other hardware in a platform design
is the In Target Probe (ITP). The ITP is widely used by various validation, test, and debug groups within
Intel (as well as by third party BIOS vendors, OEMs, and other developers).

It is extremely important to note that any Intel Pentium M Processor / Intel Celeron M Processor /
Intel 855GM/GME chipset based systems designed without ITP support may prevent assistance
from various Intel validation, test, and debug groups in debugging various issues. For this reason, it
is a critical piece of insurance that ITP support is provided. This can be done with zero additional BOM
cost and very minimal layout/footprint costs.

The cost for not providing this support vary, from no cost (if there are no blocking issues found in the
system design) to schedule slips of a month or more. The latter scenario represents the time needed to
spin a board design and required assembly time to add an ITP port when it is absolutely required and

other mechanical and routing issues prevent the use of an ITP interposer, if one exists.

4.2.1.2. Implementation

To minimize the ITP connector footprint, the ITP700FLEX alternative is a better option for mobile
designs. However, standard signal connection guidelines for the CPU’s TAP logic signals for the non-
ITP case still need to be followed. In other words, only the traces and component footprints need to be
added to the design, with all previous “non-ITP” guidelines followed otherwise. This way, when ITP
support is needed, the termination values and connector can be populated as needed for debug support.
Note that if the ITP700FLEX footprint cannot be followed due to mechanical, routing, or footprint
reasons, it is may be adequate to have a simple via grouping in lieu of the connector to allow for “blue-
wiring” of the ITP, provided that footprints for the resistors are available on board and that the “blue-
wiring” from the signal vias to the ITP700FLEX connector is as short as possible.

4.2.2. Intel Pentium M/ Intel Celeron M Processor Logic Analyzer
Support (FSB LAI)

42.21. Background/Justification

The Intel Pentium M / Intel Celeron M FSB Logic Analyzer probe (LAI) is the second key tool. It is
widely used by various validation, test, and debug groups within Intel (as well as by third party BIOS
vendors, OEMs, and other developers) and is needed to debug BIOS, logic, signal integrity, general
software, and general hardware issues involving CPUs, chipsets, SIOs, PCI devices, and other hardware.
For the processor, Agilent* Corporation will develop this tool and will likely be the only visibility to
this critical system bus.

Note: Any Intel Pentium M processor / Intel Celeron M processor / Intel 855GM/GME chipset based systems
designed without FSB LAI support may severely limit the ability of various Intel validation, test, and

debug groups from debugging various issues in a reasonable amount of time.

Because support may be limited, it is critical that the following FSB LAI support is provided:
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1. Provide a motherboard with a CPU socket. The FSB LA is an interposer that plugs into the CPU
socket, and the CPU then plugs into the LAI. The use of non-standard sockets may also prohibit
the LAI from working as the locking mechanism may become inaccessible. It is important to
check the LAI design guidelines to ensure a particular socket will work. Note that the LAI was
designed to accommodate the most common (and at the time the only known) processor sockets
on the market.

2. Observe FSB LAI keepout requirements. There are several options to achieving this. For example
removing the motherboard from the case (typically the first step to meeting keepout requirements)
or relocating any components that would otherwise be in the keepout area for debug purposes (i.e.
axial lead devices that can be de-soldered and re-soldered to the other side of the board, parts that
can be removed and blue-wired further away, etc.). If keepouts still cannot be met, Intel strongly
recommends that a separate debug motherboard be built which has the same bill of material
(BOM) and Netlist, but with FSB LAI keepout requirements met (this also gives the opportunity
to add other test-points).

4.2.2.2. Implementation

Details from Agilent Corporation on the FSB LAI mechanicals (i.e. design guide with keepout volume
info) are available for ordering. Please contact your local Intel field representative on how to obtain the
latest design info. See Section 4.3.3 for more details.

4.2.3. Intel Pentium M / Intel Celeron M Processor On-Die Logic
Analyzer Trigger (ODLAT) Support

The Intel Pentium M / Intel Celeron M processor provides support for 3 address/data recognizers on-die
for setting on-die logic analyzer triggers (ODLAT) or breakpoints. Details from American Arium* on
the ODLAT are currently available for ordering.

4.3. Onboard Debug Port Routing Guidelines

For systems incorporating the Intel Pentium M / Intel Celeron M processor, the debug port should be
implemented as either an onboard debug port or via an interposer. Please reference the document
ITP700 Debug Port Design Guide, which can be found on
http://www.intel.com/design/Xeon/guides/24967912.pdf, for the most up to date information

4.3.1. ITP Signal Routing Guidelines

Figure 29 illustrates recommended connections between the onboard ITP700FLEX debug port,
processor, GMCH, and CK-408 clock chip in the cases where the debug port is used.
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Figure 29. ITP700FLEX Debug Port Signals
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To connect to the debug port, follow the steps below:

1. Route the TDI signal between the ITP700FLEX connector and the processor. A 150-Q + 5% pull-
up to VCCP (1.05 V) should be placed within = 1.5” of the TDI pin.

2. Route the TMS signal between ITP700FLEX connector and the processor. A 39.2-[1+ 1% pull-up
to VCCP should be placed within + 17 of the ITP700FLEX connector pin.

3. Route the TRST# signal between ITP700FLEX connector and the processor. A 510-Q2 to 680-Q +
5% pull-down to ground should be placed on TRST#. Placement of the pull down resistor is not
critical. Avoid having any trace stub from the TRST# signal line to the termination resistor.

4. Route the TCK signal from the ITP700FLEX connector’s TCK pin to the processor’s TCK pin and
then fork back from the TCK pin and route back to ITP700FLEX connector’s FBO pin. A 27.4-Q +
1% pull-down to ground should be placed within + 1” of the ITP700FLEX connector pin.

5. Route the TDO signal from the processor to a 54.9-Q + 1% pull-up resistor to VCCP that should be
placed close to ITP700FLEX connector’s TDO pin. Then insert a 22.6-Q + 1% series resistor to
connect the 54.9-Q pull-up and the ITP connector (see Figure 29). Limit the L1 segment length of
the TDOITP net to be less than 1.0 inch.

The processor drives the BPM[4:0]# signals to the ITP700FLEX at a 100-MHz clock rate. Route the
BPM[4:0]# as a Zo=55 Q point-to-point transmission line connection between the processor and the
ITP700FLEX connector. Connect the ITP700FLEX connector’s BPM[3:0]# pins to processor’s
BPM]3:0]# pins. Connect the ITP700FLEX’s BPM[4]# signal to processor’s PRDY# pin. The
ITP700FLEX’s integrated far-end terminations as well as the processor’s AGTL+ integrated on-die
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termination guarantee proper signal quality for the BPM[4:0]# signals. Due to the length of the
ITP700FLEX cable, the length L2 of the BPM[4:0]# signals on the motherboard should be limited to be
shorter than 6.0 inches. The BPM[4:0]# signals’ length L2 should be length matched to each other
within = 250 mils. The BPM[4:0]# signal trace lengths are matched inside the processor package, thus
motherboard routing does not need to compensate for any processor package trace length mismatch.

Due to the processor’s AGTL+ on-die termination for BPM[3:0]# and PRDY#, there is no issue or
concern if the BPM[4:0]# pins of the ITP700FLEX connector are left floating when the ITP is not being
used and the ITP700FLEX cable is unplugged.

Route the ITP700FLEX connector’s BPM[5]# signal as a Zo = 55 Q point-to-point connection to the
processor’s PREQ# pin. Integrated on the ITP700FLEX BPM[5]# driver signal is a resistive pull-up that
guarantees proper signal quality at the processor’s PREQ# input pin. The processor has an integrated,
weak, on-die pull-up to VCCP for the PREQ# signal to guarantee a proper logic level when the
ITP700FLEX port connector is not plugged in. There is no need for any external termination on the
motherboard for the BPM[5]# = PREQ# signal. The maximum length of BPM[S]#/PREQ# should not
exceed 6.0 inches.

As explained in Sections 4.1.5, the RESET# signal forks (see Figure 17) out from the GMCH’s
CPURST# pin and is routed to the processor and ITP700FLEX debug port. One branch from the fork
connects to the processor’s RESET# pin and the second branch connects to a 220 W £ 5% termination
pull-up resistor to VCCP placed close to the ITP700FLEX debug port. A series 22.6 W + 1% resistor is
used to continue the path to the ITP700FLEX RESET# pin with the RESETITP# net in Figure 28. The
length of the RESETITP# net (labeled as net L4) should be limited to be less than 0.5 inches.

There is no need for pull-up termination on the processor side of the RESET# net due to presence of
AGTL+ on-die termination on the processor and the GMCH.

The ITP700FLEX debug port’s BCLK/BCLK# inputs are driven with a 100-MHz differential clock
from the CK-408 clock chip. The CK-408 also feeds another two pairs of 100-MHz differential clocks
to the processor BCLK[1:0] and the GMCH BCLK]1:0] input pins. Common clock signal timing
requirements of the GMCH and the processor requires matching of processor and GMCH BCLK]1:0]
nets L6 and L7, respectively. To guarantee correct operation of ITP700FLEX, the BCLK/BCLK# net L8
should be tuned to be within £+ 250mils to the sum of length L6 of the BCLK][1:0] lines and the
additional length L2 of the BPM#[4:0] signals.

i.e. L6 + L2 = L8 (within + 250mils).

The timing requirements for the BPM[5:0]#, RESET#, and BCLK/BCLK# signals of the ITP700FLEX
debug port requires careful attention to their routing. Standard high frequency bus routing practices
should be observed.

1. Keep a minimum of 2:1 spacing in between these signals and to other signals.

2. Reference these signals to ground planes and avoid routing across power plane splits.

3. The number of routing layer transitions should be minimized. If layout constraints require a
routing layer transition, any such transition should be accompanied with ground stitching vias
placed within 100 mils of the signal via with at least one ground via for every two signals making
a layer transition.

DBR# should be routed to the system reset logic (e.g. the SYSRST# signal of the ICH4-M) and initiate
the equivalent of a front panel reset commonly found in desktop systems. The 150 Q to 240 Q pull-up
resistor should be placed within 5.5” of the ITP700FLEX connector. Note that the CPU should not be
power cycled when DBR# is asserted.
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DBA# is an optional system signal that can be used to indicate to the system that the ITP/TAP port is
being used. If not implemented, this signal can be left as no connect. If implemented, it should be
routed with a 150 Q to 240 Q pull-up resistor placed within 5.5” of the ITP700FLEX connector. See
the ITP700 Debug Port Design Guide for more details on DBA# usage.

The ITP700FLEX VTT and VTAP pins should be shorted together and connected to the VCCP (1.05 V)
plane with a 0.1-uF decoupling capacitor placed within 0.1 inch of the VTT pins.

Table 19 summarizes termination resistors values, placement, and voltages the ITP signals need to
connect to for proper operation for onboard ITP700FLEX debug port.

4.3.11.

Recommended ITP700FLEX Signal Terminations
Signal Termination Value Termination Voltage Termination/Decap Location Notes
TDI 150 Q£+ 5% VCCP (1.05 V) Within £ 1.5” of the CPU TDI pin 3
T™MS 3920+ 1% VCCP (1.05 V) Within £ 1” of thel ITP700FLEX 3
connector TMS pin
Anywhere between CPU and
TRST# 510-680 Q.+ 5% GND ITP700FLEX connector 3
TCK 2740+ 1% GND Within £ 1" of the_ ITP700 FLEX 3
connector TCK pin
54.9 Q + 1% pull-up and 22.6 Within 1” of the ITP700FLEX
PO Q + 1% series resistor VECP (1.05V) connector TDO pin 3
BCLK(p/n)
FBO Connect to TCK pin of CPU N/A N/A
220 Q + 5% pull-up and 22.6 Within 0.5” of the ITP700FLEX
RESET# Q + 1% series resistor VCCP (1.05V) connector RESET# pin 3
BPM[5:0# | Not Required 1
VCC of target system Within 5.5” of the ITP700FLEX
0,
DBA# 150-240 Q.+ 5% recovery circuit. connector DBA# pin 2
VCC of target system Within 5.5” of the ITP700FLEX
_ 0,
DBR# 150-240 Q = 5% recovery circuit connector DBR# pin
VTAP Short to VCCP plane VCCP (1.05 V)
Add 0.1-yF decap within 0.1 inch of
viT Short to VCCP plane VCCP (1.05V) VTT pins of ITP700FLEX connector
NOTES:

1. All the needed terminations to guarantee proper signal quality are integrated inside the processor AGTL+
buffers or inside the ITP700FLEX debug port. No need for any external components for the BPM[5:0]# signals.

2. Only required if DBA# is used with any target system circuitry. This signal may be left unconnected if unused.

3. In cases where a system is designed to utilize the ITP700FLEX debug port for debug purposes but the
ITP700FLEX connector may or may not be populated at all times although the signal routing and termination or
decoupling components are implemented, the component placement guidelines should adhere to the ones
listed in.

ITP Signal Routing Example

Figure 30 illustrates a recommended layout example for the ITP700FLEX signals. The ITP700FLEX
connector is placed on the primary side of the motherboard and results in a smooth, straight-forward
routing solution.
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Note that the Vccp (1.05 V) power delivery continues from the processor socket cavity on the secondary
side of the motherboard through the pin field as shown on the right side of Figure 30. Three V¢cp vias in
conjunction with three ground stitching vias allow a transition to the primary side to connect to the VIT
and VTAP pins of the ITP700FLEX connector and also a transition back to the secondary side of the
motherboard. A small V¢cp flood is created on the secondary side under the body of the ITP700FLEX
connector with a 0.1-uF decoupling capacitor. This also provides a convenient connection for the 220-C
pull-up for RESET#, the 54.9-Q pull-ups for TDO, as well as the 39.2-Q pull-up for the TMS signal.

Notice the very short trace from the 22.6-Q series resistors for the RESET# and TDO signals to the
ITP700FLEX pins. See also Section 4.1.5 for more details on RESET# signal routing.

The 150-Q TDI pull-up is connected to the Vcp (1.05 V) flood on the secondary side close to processor
pin.

The ITP700FLEX TCK pin has a 27.4-Q pull-down to ground very close to the ITP700FLEX connector
and also routes to the processor’s TCK pin and loops back with no stub to the FBO pin of the
ITP700FLEX connector.

BCLK/BCLK# are routed in this example on Layer 3. For more BCLK/BCLK# routing details, refer to
Figure 20 in Section 4.1.6.

4.3.1.2. ITP_CLK Routing to ITP700FLEX Connector

A layout example for ITP_ CLK/ITP CLK# routing to an ITP700FLEX connector is shown in Figure
30. The CK-408 clock chip is mounted on the primary side of the motherboard and the differential clock
pair also breaks out on the same side. The differential ITP clock pair routing requires the use of a pair of
33-Q) + 5% series resistors placed within 0.5 inches of the clock chip output pins followed by a pair of
49.9-Q + 1% termination resistors to ground. The ITP_ CLK/ITP_CLK# signals are routed as a
differential pair from the junction of the 33-Q and 49.9-Q) + 5% resistors across the internal Layer 6
through an open channel to the ITP700FLEX connector. Serpentining of the ITP_CLK traces is also
performed in order to meet the £+ 250 mils length matching requirement between ITP_CLK and the sum
of length L6 of the BCLK[1:0] lines and the additional length L2 of the BPM#[5:0] signals in Figure 29.
The ITP_CLK pair routing then switches back to the primary side layer through a via near the
ITP700FLEX connector.
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Figure 30. ITP700FLEX Signals Layout Example
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Figure 31. ITP_CLK to ITP700FLEX Connector Layout Example
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For production systems that do not populate the onboard ITP700FLEX debug port connector, the
following guidelines should be followed to ensure that all necessary signals are terminated properly.

4.3.1.3. ITP700FLEX Design Guidelines for Production Systems

Table 18 summarizes all the signals that require termination when a system does not populate the
ITP700FLEX connector but still implements the routing for all the signals. This includes TDI, TMS,
TRST#, and TCK. Based on the recommended values in this table, the resistor tolerances for TMS and
TCK can be relaxed from £1% to £5% to reduce cost. Also, TDO can be left as a no connect, thus the
54.9 Q2 1% pull-up and 22.6 Q2 £1% series resistors can be removed.

For the ITP700FLEX connector’s RESET# input signal, the 220 Q +5% resistor should be removed as
well as the 22.6 Q £1% series resistor.

The series 33 Q2 and 49.5 Q £1% parallel termination resistors on the ITP_ CLK/ITP_CLK# differential
host clock inputs to the ITP700FLEX connector can also be depopulated for production systems. The
only requirement is that the BIOS should disable the third differential host clock pair routed from the
CK-408 clock chip to the ITP700FLEX connector.

Finally, the 150 Q to 240 Q pull-up resistor for the DBR# output signal from the ITP700FLEX
connector may or may not be depopulated depending on how it affects the system reset logic that it is
connected to. Thus, it is the responsibility of the system designer to determine whether termination for
DBR# is required or not for a given system implementation. The same is also true for DBA#, if
implemented. This signal is not required and can be left as no connect. However, it is the responsibility
of the system designer to determine whether termination for DBA# is required or not.

4.3.2. Recommended ITP Interposer Debug Port Implementation

Intel is working with American Arium* to provide ITP interposer cards for use in debugging processor
based systems as an alternative to the onboard ITP700FLEX in cases where the onboard connector
cannot be supported. The ITP interposer card is an additional component that integrates the processor
socket along with ITP700 connector on a single interposer card that is compatible with the 478-pin Intel
Pentium M / Intel Celeron M processor socket.

Table 18 summarizes all the signals that require termination for a system designed for use with the ITP
interposer. This includes TDI, TMS, TRST#, and TCK. TDO can be left as a no connect.

DBR# should be routed to the system reset logic (e.g. the SYSRST# signal of the ICH4-M) and initiate
the equivalent of a front panel reset commonly found in desktop systems. The 150 Q to 240 Q pull-up
resistor should be placed within 5.5 of the ITP connector. Note that the processor should not be power
cycled when DBR# is asserted.

DBA# is an optional system signal that can be used to indicate to the system that the ITP/TAP port is
being used. If not implemented, this signal can be left as no connect. If implemented, it should be routed
with a 150 Q to 240 Q pull-up resistor placed within 1ns of the ITP connector., it should be routed with
a 150 Q to 240 Q pull-up resistor placed within 1ns of the ITP connector.

4.3.21. ITP_CLK Routing to ITP Interposer

A layout example for ITP_CLK/ITP_CLK# routing to the CPU socket for supporting an ITP interposer
is shown in Figure 32. The CK-408 clock chip is mounted on the primary side layer of the motherboard
and the differential clock pair also breaks out on the same side. The differential ITP clock pair routing
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also requires the use of a pair of 33-Q + 5% series resistors placed within 0.5 inches of the clock chip
output pins and followed by a pair of 49.9-Q + 1% termination resistors to ground. The majority of the
ITP_CLK differential serpentine routing takes place on internal Layer 6 below the PSB address signal
routing.

Completion of ITP+CLK routing on Layer 6 is not possible due to PSB routing on Layer 6. Therefore
the ITP_CLK differential pair then is routed to the secondary side layer to complete routing to the
ITP_CLK (pin A16) and ITP_CLK# (pin A15) pins of the processor while matching the BCLK[1:0]
routing on the secondary side for a 507-mil length (see Figure 20 and description in Section 4.1.6).
Routing to the CPU socket on the primary side layer is not possible because of the presence of the
VCCA 1.8V plane flood along the A-signal side row of the pin-map. ITP_CLK routing to the ITP
interposer should achieve the + 250 mil length matching requirement of the BCLK[1:0] lines.

Figure 32. ITP_CLK to CPU ITP Interposer Layout Example
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ITP Interposer Design Guidelines for Production Systems

For production systems that do not use the ITP interposer, the following guidelines should be followed
to ensure that all necessary signals are terminated properly.

Table 18 summarizes all the signals that require termination when a system does not utilize the ITP
interposer. This includes TDI, TMS, TRST#, and TCK. TDO can be left as a no connect.

The series 33 Q and 49.9 Q) +£1% parallel termination resistors on the ITP_ CLK/ITP_CLK# differential
host clock inputs to the processor socket can also be depopulated for production systems. The only
requirement is that the BIOS should disable the third differential host clock pair routed from the CK-408
clock chip to the processor socket.

Finally, the 150 Q to 240 Q pull-up resistor for the DBR# output signal from processor socket may or
may not be depopulated depending on how it affects the system reset logic that it is connected to. Thus,
it is the responsibility of the system designer to determine whether termination for DBR# is required or
not for a given system implementation. The same is also true for DBA#, if implemented. This signal is
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not required and can be left as no connect. However, it is the responsibility of the system designer to
determine whether termination for DBA# is required or not.

4.3.3. Logic Analyzer Interface (LAI)

Intel is working with Agilent Corporation to provide logic analyzer interfaces (LAls) for use in
debugging Intel Pentium M processor / Intel Celeron M processor based systems. LA vendors should be
contacted to get specific information about their logic analyzer interfaces. The following information is
general and specific information must be obtained from the logic analyzer vendor.

Due to the complexity of a processor based system, the LAI is critical in providing the ability to probe
and capture the Processor System Bus signals. There are two sets of considerations to keep in mind
when designing a processor based system that can make use of an LAI: mechanical and electrical.

4.3.3.1. Mechanical Considerations

The LAl is installed between the processor socket and the processor. The LAI pins plug into the socket,
while the Intel Pentium M processor / Intel Celeron M processor in the 478-pin package plugs into a
socket on the LAI. Cabling this part of the LAI egresses the system to allow an electrical connection
between the processor and a logic analyzer. The maximum volume occupied by the LAI, known as the
keep-out volume, as well as the cable egress restrictions, should be obtained from the logic analyzer
vendor. System designers must make sure that the keepout volume remains unobstructed inside the
system. Note that it is possible that the keepout volume reserved for the LAI may include space
normally occupied by the processor heat sink. If this is the case, the logic analyzer vendor will provide a
cooling solution as part of the LAI.

4.3.3.2. Electrical Considerations

The LAI will also affect the electrical performance of the Intel Pentium M Processor / Intel Celeron M
processor FSB. Therefore, it is critical to obtain electrical load models from each of the logic analyzers
to be able to run system level simulations to prove that their tool will work in the system. Contact the
logic analyzer vendor for electrical specifications as load models for the LAI solution they provide.
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5.  Intel® Mobile Voltage Positioning IV
General Description

Please contact your Intel Field Representative for more information on the electrical requirements for
the DC-to-DC Voltage Regulator for the Intel Pentium M processor / Intel Celeron M processor.
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6. System Memory Design Guidelines
(DDR-SDRAM) for SO-DIMM

configuration

The Intel 855GM/GME chipset GMCH Double Data Rate (DDR) SDRAM system memory interface
consists of SSTL-2 compatible signals. These SSTL-2 compatible signals have been divided into several
signal groups: Data, Control, Command, CPC, Clock, and Feedback signals. Table 20 summarizes the
different signal grouping. Refer to the Intel® 855GM/GME (Montara-GM/GM+) Chipset GMCH
External Design Specification for details on the signals listed.

Table 20. GMCH Chipset Memory Signal Groups

Group Signal Name Description
SCK[5:0] DDR-SDRAM Differential Clocks - (3 per SO-DIMM)
Clocks SCK#[5:0] DDR-SDRAM Inverted Differential Clocks - (3 per SO-DIMM)
SDQ[63:0] Data Bus
SDQ[71:64] Check Bits for ECC Function
pata SDQS[8:0] Data Strobes
SDM[8:0] Data Mask
SCKEJ[3:0] Clock Enable - (One per Device Row)
Control
SCS#[3:0] Chip Select - (One per Device Row)
SMA[12:6,3,0] Memory Address Bus
SBA[1:0] Bank Select
Command SRAS# Row Address Select
SCASH# Column Address Select
SWE# Write Enable
SMA[5,4,2,1] Command per Clock (SO-DIMMO)
cre SMABI5,4,2,1] Command per Clock (SO-DIMM1)
RCVENOUT# Receive Enable Output (no external connection)
Feedback
RCVENIN# Receive Enable Input (no external connection)
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6.1. Length Matching and Length Formulas

The routing guidelines presented in the following subsections define the recommended routing
topologies, trace width and spacing geometries, and absolute minimum and maximum routed lengths for
each signal group, which are recommended to achieve optimal SI and timing. In addition to the absolute
length limits provided in the individual guideline tables, more restrictive length matching formulas are
also provided which further restrict the minimum to maximum length range of each signal group with
respect to clock, within the overall boundaries defined in the guideline tables, as required to guarantee
adequate timing margins. These secondary constraints are referred to as length matching constraints and
the formulas used are referred to as length matching formulas.

All signal groups except the clocks and feedback signals are length matched per slot to the DDR clocks,
with the clocks themselves being length tuned to a fixed length across each SO-DIMM slot. The
amount of minimum to maximum length variance allowed for each group around the clock reference
length varies from signal group to signal group depending on the amount of timing variance which can
be tolerated. A simple summary of the length matching formulas for each signal group is provided in
the tables below.

Table 21. Intel 855GM Chipset GMCH DDR 200/266 Length Matching Formulas

Signal Group Minimum Length Maximum Length
Control to Clock Clock —1.0” Clock + 0.5”
Command to Clock Clock —1.0” Clock + 2.0”
CPC to Clock Clock — 1.0” Clock + 0.5”
Strobe to Clock Clock — 1.0” Clock + 0.5”

Data to Strobe Strobe — 25 mils Strobe + 25 mils

NOTE: All length matching formulas are based on GMCH die-pad to SO-DIMM connector pin total length.

Table 22. Intel 855GME Chipset GMCH DDR 200/266/333 Length Matching Formulas

Signal Group Minimum Length Maximum Length
Control to Clock Clock —2.0” Clock - 0.5”
Command to Clock Clock —2.0” Clock +2.0”
CPC to Clock Clock —2.0” Clock - 1.0”
Strobe to Clock Clock — 2.0” Clock + 0.5”

Data to Strobe Strobe — 25 mils Strobe + 25 mils

NOTE: All length matching formulas are based on GMCH die-pad to SO-DIMM connector pin total length.

Package length tables are provided for all signals in order to facilitate this pad to pin matching. Note
that the clock length used for length matching may vary by SO-DIMM slot, based on SO-DIMM
spacing. Length formulas should be applied to each SO-DIMM slot independently. An offset of up to
1.0” between clock groups is allowed under the guidelines. The full geometry and routing guidelines
along with the exact length matching formulas and associated diagrams are provided in the individual
signal group guidelines sections to follow.
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6.2. Package Length Compensation

As mentioned in Section 6.1, all length matching is done GMCH die-pad to memory device pin. The
reason for this is to compensate for the package length variation across each signal group. The GMCH
does not equalize package lengths internally as some previous GMCH components have, and therefore,
the GMCH requires length matching.

Package length compensation should not be confused with length matching as discussed in the previous
section. Length matching refers to constraints on the min and max length bounds of a signal group
based on clock length, whereas package length compensation refers to the process of adjusting out
package length variance across a signal group. There is of course some overlap in that both affect the
target length of an individual signal. Intel recommends that the initial route be completed based on the
length matching formulas in conjunction with nominal package lengths and that package length
compensation be performed as secondary operation.

6.3. Topologies and Routing Guidelines

The GMCH Double Data Rate (DDR) SDRAM system memory interface implements the low swing,
high-speed, terminated SSTL_2 topology. This section contains information related to the
recommended interconnect topologies and routing guidelines for each of the signal groups which
comprise the DDR interface. When implemented as defined, these guidelines will provide for a robust
DDR solution on a GMCH chipset based design.

6.3.1. Clock Signals — SCK[5:0], SCK#[5:0]

The clock signal group includes the differential clock pairs SCK/SCK#[5:0]. The GMCH generates and
drives these differential clock signals required by the DDR interface; therefore, no external clock driver
is required for the DDR interface. The GMCH only supports unbuffered DDR SO-DIMMs; three
differential clock pairs are routed to each SO-DIMM connector. Table 23 summarizes the clock signal

mapping.
Table 23. Clock Signal Mapping
Signal Relative To
SCK/SCK#[2:0] SO-DIMMO
SCK/SCK#[5:3] SO-DIMM1

6.3.2. Clock Topology Diagram

The GMCH provides 6 differential clock output pairs, or 3 clock pairs per SO-DIMM socket. The
motherboard clock routing topology is shown below for reference. Refer to the routing guidelines in
table 3 on the follow page for detailed length and spacing rules for each segment. The clock signals
should be routed as closely coupled differential pairs over the entire length. Spacing to other DDR
signals should not be less than 20 mils. Isolation spacing to non-DDR signals should be 25 mils.
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Figure 33. Memory Clock Routing Topology SCK/SCK#[5:0]
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6.3.3. Memory Clock Routing Guidelines
Table 24. Clock Signal Group Routing Guidelines
Parameter Definition
Signal Group SCK][5:0] and SCK#[5:0]
Topology Differential Pair Point to Point
Reference Plane Ground Referenced
Single Ended Trace Impedance ( Zo ) D
(see note on trace width below) 42 Q +/-15% (for reference only)
Differential Mode Impedance (Zdiff) e
(see note on trace width below) 70 +/- 15% (for reference only)
Nominal Trace Width . .
. . Inner Layers: 7 mils
(see note on trace width and exceptions for Outer Layers: 8 mils (pin escapes only)
breakout region below) yers: P P y
Nominal Pair Spacing (edge to edge) Inner Layers: 4 mils
(see exceptions for breakout region below) Outer Layers: 5 mils (pin escapes only)
Minimum Pair to Pair Spacing (see .
. . 20 mils
exceptions for breakout region below)
Minimum Serpentine Spacing 20 mils
Minimum Spacing to Other DDR Signals .
. . 20 mils
(see exceptions for breakout region below)
Minimum Isolation Spacing to non-DDR Signals 25 mils
Maximum Via Count 2 (per side)
Package Length Range — P1 1000 mils +/- 350mils (Refer to Table 25 for exact lengths.)
Trace Length Limits — L1 Max = 300 mils (breakout segment)
Min = 0.5”
Total MB Length Limits — L1 + L2
Max = 5.0”
Total length target is determined by placement (see Figure 33)
Total Length — P1 + L1 + L2 Total length for SO-DIMMO group = X0 (see Figure 34)
Total length for SO-DIMM1 group = X1 (see Figure 34)
SCK to SCK# Length Matching Match total length to +/- 10 mils (see Section 6.3.3.1)
. Match all SO-DIMMO clocks to X0 +/- 25 mils (see Figure 34)
Clock to Clock Length Matching (Total Length) Match all SO-DIMM1 clocks to X1 +/- 25 mils (see Figure 34)
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6.3.3.1.
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Parameter Definition

Inner Layers: 4 mil trace, 4 mil pair space allowed

Breakout Exceptions Outer Layers: 5 mil trace, 5 mil pair space allowed
) ) Pair to pair spacing of 5 mils allowed
(Reduced geometries for GMCH breakout region) Spacing to other DDR signals of 5 mils allowed

Maximum breakout length is 0.3”

NOTES:

1. Pad to Pin length tuning is utilized on clocks in order to achieve minimal variance. Package lengths range
between approximately 600 mils and 1400 mils. Exact package lengths for each clock signal are provided at
the end of this Section. Overall target length should be established based on placement and routing flow. The
resulting motherboard segment lengths must fall within the ranges specified.

2. The DDR clocks should be routed on internal layers, except for pin escapes. It is recommended that pin escape
vias be located directly adjacent to the ball pads on all clocks. Surface layer routing should be minimized.

3. Clock differential impedance is controlled indirectly through the single ended impedance specification for the
board. Clock signal integrity and edge rates are improved when clock trace widths are widened from the
standard 55 Q single ended trace width. As the table indicates, a trace width of approximately 3 mils wider than
standard width was found to be optimal (i.e. inner layers: 4mils std + 3mils = 7mils). The nominal single ended
impedance of the widened clock traces is in the range of 42 Q, and the nominal differential impedance is in the
range of 70 Q. However, impedance control is implemented through geometry control; these values are for
reference only.

4. Exceptions to the trace width and spacing geometries are allowed in the breakout region in order to fan-out the
interconnect pattern. Reduced spacing should be avoided as much as possible.

Clock Length Matching Requirements

The GMCH chipset provides three differential clock pair for each SO-DIMM. A differential clock pair
is made up of a SCK signal and its complement signal SCK#. Refer to Section 6.1 for more details on
length matching requirements.

The differential pairs for one SO-DIMM are:

SCK[0] / SCK#[0]
SCK[1]/SCK#[1]
SCK[2]/ SCK#[2]

The differential pairs for the second SO-DIMM are:

SCK[3]/ SCK#[3]
SCK[4] / SCK#[4]
SCK[5]/ SCK#[5]

The two sets of differential clocks must be length tuned on the motherboard such that any pair to pair
package length variation is tuned out. The three pairs associated with SO-DIMMO are tuned to a fixed
overall length, including package, and the three pairs associated with SO-DIMMI1 are tuned to a fixed
overall length.

The two traces associated with each clock pair are length matched within the package; however some
additional compensation may be required on the motherboard in order to achieve the + 10 mil length
tolerance within the pair.

Between clock pairs the package length varies substantially. Therefore, the motherboard length of each
clock pair must be length adjusted to tune out package variance. The total length including package
should be matched to within + 25 mils of each other, as shown in Figure 34. This may result in a clock
length variance of as much as 700 mils on the motherboard.

The first step in determining the routing lengths for clocks and all other clock relative signal groups is to
establish the target length for each SO-DIMM clock group. These target lengths are shown as X0 and
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X1, in Figure 34. These are the lengths to which all clocks within the corresponding group will be
matched and the reference length values used to calculate the length ranges for the other signal groups.

6.3.3.2. Clock Reference Lengths

The clock reference length for each SO-DIMM clock group is determined by first determining the
longest total clock length required to complete the clock routing. A table of clock package lengths is
provided in Table 25 to assist in this calculation. Once the longest total length is determined for each
clock group, this becomes a lower bound for the associated clock reference length. At this point it is
helpful to have completed a test route of the SDQ/SDQS bus such that final clock reference lengths can
be defined with consideration of the impact on SDQ/SDQS bus routability. Some iteration may be
required.

Once the reference lengths X0 & X1 are defined then the next step is to tune each clock pairs’
motherboard trace segment lengths as required such that the overall length of each clock equals the
associated clock reference length plus or minus the 25 mil tolerance. Again, the reference length for the
two sets of clocks should be offset by the nominal routing length between SO-DIMM connectors.

Figure 34. Memory Clock Trace Length Matching Diagram

SO-DIMMO
Clock Reference Length X0
SCKO
GMCH Package ®
/ SCK#0 ® SCKO Length = X0
ength =
/;‘ SCK1 ° SCK#0 Length = X0
GMCH SCK#1 SCK1 Length = X0
Die — SCK2 ® SCK#1 Length = X0
L ® SCK2 Length = X0
N~ SCK#2 ° SCK#2 Length = X0
Length = X0 +/-25mils
Note: All lengths are measured from GMCH die-pad to
SO-DIMMO connector pads.

SO-DIMMO SO-DIMM1
Clock Reference Length X1
GMCH Package . SCK3 ®
- SCK3# Py SCK3 Length = X1
- SCK4 PY SCK#3 Length_= X1
GMCH SCKa# SCK4 Length = X1
Die PY ) SCK#4 Length = X1
a SCK5 PY SCKS5 Length = X1
SCK#5 L th = X1
SCKi#5 PY eng
Length = X1 +/-25mils
Note: All lengths are measured from GMCH die-pad to
SO-DIMM1 connector pads.
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6.3.3.3.

Clock Package Length Table
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The package length data in the table below should be used to tune the motherboard length of each
SCK/SCK# clock pair between the GMCH and the associated SO-DIMM socket. It is recommended
that die-pad to SO-DIMM pin length be tuned to within + 25 mils in order to optimize timing margins

on the interface.

Table 25. Memory Clock Package Lengths

6.3.3.4.

82

Signal Pin Number Pack?g:?lls.;ength
SCK_0 AB2 1177
SCK#_0 AA2 1169
SCK_1 AC26 840
SCK#_1 AB25 838
SCK_2 AC3 1129
SCK# 2 AD4 1107
SCK_3 AC2 1299
SCK#_3 AD2 1305
SCK_4 AB23 643
SCK#_4 AB24 656
SCK_5 AA3 1128
SCK# 5 AB4 1146

Package length compensation can be performed on each individual clock output thereby matching total
length on SCK/SCK# exactly, or alternatively the average package length can be used for both outputs
of a pair and length tuning done with respect to the motherboard portion only.

Clock Routing Example

Figure 35 is an example of a board routing for the clock signal group.
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Figure 35. Clock Signal Routing Example

6.3.4. Data Signals — SDQ[71:0], SDM[8:0], SDQS[8:0]

The GMCH data signals are source synchronous signals that include a 72-bit wide data bus, which
includes 8 check bits for Error Checking and Correction (ECC), a set of 9 Data Mask bits, and a set of 9
data strobe signals. There is an associated data strobe and data mask bit for each of the 8-bit data byte
groups, making for a total of nine — 10-bit byte lanes. This section summarizes the SDQ/SDM to SDQS
routing guidelines and length matching recommendations.

The data signals include SDQ[71:0], SDM[8:0], and SDQS[8:0]. The data signals should transition from
an external layer to an internal signal layer under the GMCH. The data signals should keep to the same
internal layer until transitioning back to an external layer at the series resistor. After the series resistor,
the signal should transition from the external layer to the same internal layer and route to SO-DIMMO.
At SO-DIMMO, the signal should transition to an external layer and connect to the appropriate pad of
the connector. After the SO-DIMMO transition, continue to route the signal on the same internal layer to
SO-DIMMI, then transition the signal back out to an external layer and connect to the appropriate pad
of SO-DIMMI1. Connection to the termination resistor should be via the same internal layer with a
transition back to the external layer near the resistor. External trace lengths should be minimized.

Intel® 855GM/855GME Chipset Platform Design Guide 83



System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration i

To facilitate routing, swapping of the byte lanes is allowed for SDQ[63:0] only. Bit swapping within the
byte lane is also allowed for SDQ[63:0] only. The check bits, SDQ[71:64], cannot be byte lane swapped
with another SDQ byte lane. Also, bit swapping within the SDQ[71:64] byte lane is not allowed. It is
suggested that the parallel termination be placed on both sides of SO-DIMMI to simplify routing and
minimize trace lengths. All internal and external signals should be ground referenced to keep the path of
the return current continuous.

Resistor packs are acceptable for the series (Rs) and parallel (Rt) data and strobe termination resistors,
but data and strobe signals can’t be placed within the same R pack as the command or control signals.
The table and diagrams below depict the recommended topology and layout routing guidelines for the
DDR-SDRAM data signals.

Intel recommends that the full data bus SDQ[71:0], mask bus SDM[8:0], and strobe signals SDQS[8:0]
be routed on the same internal signal layer. It is required that the SDQ byte group and the associated
SDM and SDQS signals within a byte lane be routed on the same internal layer.

The total length of SDQ, SDM, and SDQS traces between the GMCH and the SO-DIMMSs must be
within the range defined in the overall guidelines, and is also constrained by a length range boundary
based on SCK/SCK# clock length, and a SDQ/SDM to SDQS length matching requirement within each
byte lane. Note also that all length matching must be done inclusive of package length. A table of SDQ,
SDM, and SDQS package lengths is provided at the end of this Section to facilitate this process.

There are two levels of matching implemented on the data bus signals.
o The first is the length range constraint on the SDQS signals based on clock reference length.
e The second is SDQ/SDM to SDQS length matching within a byte lane.

The length of the SDQS signal for each byte lane must fall within a range determined by the clock
reference length, as defined in the SDQS to SCK/SCK length matching Section. The actual length of
SDQS for each byte lane may fall anywhere within this range based on placement and routing flow.

Once the SDQS length for a byte lane is established, the SDQ and SDM signals within the byte lane
must be length matched to each other, inclusive of package length, as described in the SDQ to SDQS
length matching Section 6.3.4.3.

6.3.4.1. Data Bus Topology

Figure 36. Data Signal Routing Topology
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o] Ao AT ) HIED)—WA
50
SO-DIMMO0 PAD . SO-DIMM1 PAD

The data signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within the
DDR group, except clocks and strobes. There should be a minimum of 20 mils of spacing to non-DDR
related signals. Data signals should be routed on inner layers with minimized external trace lengths.
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Table 26. Memory Data Signal Group Routing Guidelines

6.3.4.2.

Parameter

Definition

Signal Group

SDQ[71:0], SDQS[8:0], SDM[8:0]

Motherboard Topology

Daisy Chain with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55 Q +/- 15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

SDQ/SDM: 2to 1 (e.g. 8 mil space to 4 mil trace)
SDQS: 3to 1 (e.g. 12 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

700 mils +/- 300 mils (See Table 28 for details)

Trace Length L1 — GMCH Signal Ball to Series Min =0.5”
Termination Resistor Pad Max = 3.75”
Trace Length L2 — Series Termination Resistor Pad to Max = 0.75"
First SO-DIMM Via e
Stub Length S0, S1 — Stub from Via to SO-DIMM Pad Max = 0.25”
Total Length L1 + L2 + SO — Total Length from GMCH Min = 0.5
to First SO-DIMM Pad Max = 4.0”
Total Length L1 + L2 + L3 + S1 — Total Length from Min = 0.75"
GMCH to Second SO-DIMM Pad Max = 4.5”
Total Length SO + L3 + S1— Total SO-DIMM pad to SO- | Min=0.25"
DIMM pad spacing Max = 1.0”
Trace Length L4 — Last SO-DIMM Via to Parallel .
L . Max = 1.0
Termination Resistor Pad
Series Termination Resistor (Rs) 10Q+5%
Parallel Termination Resistor (Rt) 56 Q + 5%

Length Matching Requirements

SDQS to SCK/SCK# See length matching Section 6.3.4.2
SDQ/SDM to SDQS, to +/- 25mils, within each byte lane

NOTES:
. Power distribution vias from Rt to Vtt are not included in this count.

1

2. The overall minimum and maximum length to the SO-DIMM must comply with clock length matching

requirements.

3. ltis possible to route using 4 vias if trace segments L2 and L4 are routed on the same external layer as the
associated SO-DIMM, for example if L2 is on the same layer as SO-DIMMO.
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SDQS to Clock Length Matching Requirements

The first step in length matching is to determine the SDQS length range based on the SCK/SCK#
reference length defined previously. The total length of the SDQS strobe signals, including package
length, between the GMCH die-pad and the SO-DIMMs must fall within the range defined in the
formulas below. See the clock Section for the definition of the clock reference length. Refer to Figure
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36 for the definition of the various trace segments. The length tuning requirements are also depicted in
Figure 37. Refer to Section 6.1 for more details on length matching and length formula requirements.

Length range formula for SO-DIMMO:
Xo= SCK/SCK#[2:0] total reference length, including package length
Yo=SDQS[8:0] total length = GMCH package + L1 + L2 + S0, as shown in Figure 37,
where: (Xo—1.0")<Y,<(Xo+0.5”) for DDR 200/266
(Xp—2.0")<Yo<(Xp+0.5”) for DDR 200/266/333
Length range formula for SO-DIMM1,
X, = SCK/SCK#[5:3] total reference length, including package length
Y, =SDQSJ[8:0] total length = GMCH package + L1 + L2 + L3 + S1, as shown Figure 37,
where: (X;-1.0")<Y; <(X;+0.5”) for DDR 200/266
(X0—2.0")<Yy<(Xop+0.5”) for DDR 200/266/333
Length matching is only performed from the GMCH to the SO-DIMMs, and does not involve the length
of L4, which can vary over its entire range. Intel recommends that routing segment length L3 between
SO-DIMMO to SO-DIMM1 be held fairly constant and equal to the offset between clock reference
lengths X0 and X1. This will produce the most straightforward length-matching scenario. Note that a

nominal SDQS package length of 750 mils can be used to estimate MB lengths prior to performing
package length compensation. Refer to Section 6.2 for more details on package length compensation.
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Figure 37. SDQS to Clock Trace Length Matching Diagram

SO-DIMMO
GMCH Package SDQS[8:0]
A e ] } SDQS Length = YO , where
GMCH
Die SCK][2:0]
SCK#[2:0] D» Clock Reference Length = X0

Note: All lengths are measured from GMCH die-

pad to SO-DIMM connector pad.

SO-DIMMO  SO-DIMM1

GMCH Package
SDQS[8:0]
/v——’\/VVi F SDQS Length = Y1
GMCH
Die SCKI[5:3]
SCK#[5:3] D> Clock Ref. Length = X1

Note: All lengths are measured from GMCH die-
pad to SO-DIMM connector pad.

6.3.4.3. Data to Strobe Length Matching Requirements

The data bit signals, SDQ[71:0] are grouped by byte lanes and associated with a data mask signal
SDM][8:0], and a data strobe, SDQS[8:0].

o The data and mask signals must be length matched to their associated strobe within + 25 mils,
including package.

e For SO-DIMMO this length matching includes the motherboard trace length to the pads of the SO-
DIMMO connector (L1 + L2 + S0) plus package length.

¢ For SO-DIMM 1, the motherboard trace length to the pads of the SO-DIMMI1 connector (L1 + L2 + L3
+ S1) plus package length.

Refer to Section 6.2 for more details on package length compensation.
Length range formula for SDQ and SDM,
X = SDQS total length, including package length, as defined previously
Y = SDQ, SDM total length, including package length, within same byte lane as show in Figure 38,

where: (X —25mils ) <Y < (X +25 mils)
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6.3.4.4.
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Length matching is not required from the SO-DIMMI to the parallel termination resistors. Figure 38 on
the following page depicts the length matching requirements between the SDQ, SDM, and SDQS
signals within a byte lane. Byte lane mapping is defined in Table 27 below.

SDQ to SDQS Mapping

Table 27 below defines the mapping between the nine byte lanes, nine mask bits, and the nine SDQS
signals, as required to do the required length matching.

Table 27. SDQ/SDM to SDQS Mapping

Signal Mask Relative To

SDQ[7:0] SDM[0] SDQS[0]
SDQ[15:8] SDM[1] SDQS[1]
SDQ[23:16] SDM[2] SDQS|2]
SDQ[31:24] SDM[3] SDQS[3]
SDQ[39:32] SDM[4] SDQS[4]
SDQ[56:40] SDM[5] SDQS[5]
SDQ[55:48] SDM[6] SDQS[6]
SDQ[63:56] SDM[7] SDQS[7]
SDQ[71:64] SDM8] SDQSI[8]
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Figure 38. SDQ/SDM to SDQS Trace Length Matching Diagram
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Siole |/ BV o
SDM[0] _
® — @ | SDM Length (Y) = (X £25 mils)
Note: All lengths are measured from GMCH die
pad to SO-DIMM connector pad.
Note: Only one byte lane is shown for SO-DIMMO SO-DIMM1
reference. Each byte lane is matched
independently.
GMCH Package | SDQIO] | —
sDQ[1]
% sDQ2] — SDQ Length (Y) =
/'_ SDQE3] || (X +/-25 mils)
GMCH —° | spasp] -
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SDM[0]
I — SDM Length (Y) =
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Note: All lengths are measured from GMCH die-
pad to SO-DIMM connector pads.

6.3.4.5. SDQ/SDQS Signal Package Lengths

The package length data in Table 28 below should be used to tune the length of each SDQ, SDM, and

SDQS motherboard trace as required to achieve the overall length matching requirements defined in the
prior Sections.

Table 28. Memory SDQ/SDM/SDQS Package Lengths

. Pin Pkg . Pin Pkg . Pin Pkg
Signal Number L(ﬁ:'l?;)h Signal Number I‘(m?st)h Signal Number I‘(m?st)h
SDQ_00 AF2 785 SDQ_24 AH10 648 SDQ_48 AE23 592
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signal | i Lgrln(ggth Signal Pin Lgfé’th Signal Pin Lgfé’th
umber (mils) Number (mils) Number (mils)

sDQ_01 AE3 751 SDQ 25 |  AH11 622 SDQ 49 | AH23 752
SDQ_02 AF4 690 SDQ 26 | AG13 572 SDQ 50 | AE24 666
sDQ_03 AH2 903 SDQ 27 | AF14 655 sbQ_51 AH25 817
SDQ_04 AD3 682 sSDQ 28 | AG11 599 sDQ 52 | AG23 639
sDQ_05 AE2 739 SDQ 29 | AD12 460 sSbQ 53 | AF23 667
SDQ_06 AG4 741 SDQ 30 | AF13 536 SDQ 54 | AF25 707
sbQ_07 AH3 845 spQ_31 AH13 642 SDQ 55 | AG25 783
sDbQ_08 AD6 607 SDQ 32 | AH16 766 SDQ 56 | AH26 834
SDQ_09 AG5 756 SDQ 33 | AG17 558 sDQ 57 | AE26 701
SDQ_10 AG7 685 SDQ 34 | AF19 510 SDQ 58 | AG28 808
spQ_11 AES 558 SDQ 35 | AE20 579 SDQ 59 | AF28 756
sbQ_12 AF5 734 SDQ 36 | AD18 408 SDQ 60 | AG26 782
sDQ_13 AH4 825 sSDQ 37 | AE18 458 SDQ_61 AF26 748
sDQ_14 AF7 644 SDQ 38 | AH18 658 SbQ 62 | AE27 673
sbQ_15 AH6 912 SDQ 39 | AG19 596 SDQ 63 | AD27 608
sbQ_16 AF8 622 SDQ 40 |  AH20 677 SDQ 64 | AG14 566
sDQ_17 AGS 624 sSDQ 41 | AG20 730 SDQ 65 | AE14 477
SDQ_18 AH9 676 sbQ 42 | AF22 562 SDQ 66 | AE17 571
sbQ 19 |  AG10 634 SDQ 43 | AH22 702 SDQ 67 | AG16 530
sDbQ_20 AHT 710 SDQ 44 | AF20 563 SDQ 68 | AH14 701
sDQ_21 AD9 508 SDQ 45 | AH19 644 SDQ 69 | AE15 421
sbQ 22 | AF10 569 SDQ 46 |  AH21 716 SDQ_ 70 | AF16 491
sbQ 23 | AE11 469 SDQ 47 | AG22 783 spbQ_71 AF17 530
SDM_0 AE5 838 | SDQS_0 AG2 925

SDM_1 AE6 693 | SDQS 1 AH5 838

SDM_2 AE9 538 | SDQS 2 AH8 756

SDM_3 AH12 606 | SDQS 3 | AE12 466

SDM_4 AD19 492 | SDQS 4 | AH17 678

SDM_5 AD21 470 | SDQS 5 | AE21 487

SDM_6 AD24 557 | SDQS 6 | AH24 770

SDM_7 AH28 917 | sDQS_7 | AH27 858

SDM_8 AH15 685 | SDQS 8 | AD15 418
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6.3.4.6. Memory Data Routing Example

Figure 39 is an example of a board routing for the Data signal group. The majority of the Data signal
route is on an internal layer, both external layers can be used for parallel termination R-pack placement.

Figure 39. Data Signals Group Routing Example
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6.3.5. Control Signals — SCKE[3:0], SCS#[3:0]

The GMCH control signals, SCKE[3:0] and SCS#[3:0], are clocked into the DDR SDRAM devices
using clock signals SCK/SCK#[5:0]. The GMCH drives the control and clock signals together, with the
clocks crossing in the valid control window. The GMCH provides one chip select (CS) and one clock
enable (CKE) signal per SO-DIMM physical device row. Two chip select and two clock enable signals
will be routed to each SO-DIMM. Refer to Table 29 for the CKE and CS# signal to SO-DIMM

mapping.
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Table 29. Control Signal to SO-DIMM Mapping

6.3.5.1.

Signal Relative To SO-DIMM Pin
SCS#[0] SO-DIMMO AD23
SCS#[1] SO-DIMMO AD26
SCSH#[2] SO-DIMM1 AC22
SCSH#[3] SO-DIMM1 AC25
SCKE[0] SO-DIMMO AC7
SCKE[1] SO-DIMMO AB7
SCKE[2] SO-DIMM1 AC9
SCKEJ[3] SO-DIMM1 AC10

The control signal routing should transition from an external layer to an internal signal layer under the
GMCH, keep to the same internal layer until transitioning back out to an external layer to connect to the
appropriate pad of the SO-DIMM connector and the parallel termination resistor. If the layout requires
additional routing before the termination resistor, return to the same internal layer and transition back
out to an external layer immediately prior to parallel termination resistor.

External trace lengths should be minimized. Intel suggests that the parallel termination be placed on both
sides of the board to simplify routing and minimize trace lengths. All internal and external signals
should be ground reference to keep the path of return current continuous. Intel suggests that all control
signals be routed on the same internal layer.

Resistor packs are acceptable for the parallel (Rt) control termination resistors, but control signals can’t
be placed within the same R pack as the data or command signals. Figure 40 and Table 30 below depicts
the recommended topology and layout routing guidelines for the DDR-SDRAM control signals.

Control Signal Topology

Figure 40. Control Signal Routing Topology
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The control signals should be routed using 2 to 1 trace spacing to trace width ratio for signals within the
DDR group, except clocks and strobes. There should be a minimum of 20-mils of spacing to non-DDR
related signals. Control signals should be routed on inner layers with minimized external trace lengths.
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6.3.5.2. Control Signal Routing Guidelines

Table 30. Control Signal Routing Guidelines

Parameter Routing Guidelines
Signal Group SCKE[3:0], SCS#[3:0]
Motherboard Topology Point-to-Point with Parallel Termination
Reference Plane Ground Referenced
Characteristic Trace Impedance (Zo) 55 Q +15%

Inner layers: 4 mils
Nominal Trace Width
Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio 2to1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals 20 mils

Package Length P1 500 mils +/- 250 mils (Refer to Table 31 for details)
Stub Length S1 — Stub from Via to SO-DIMM Pad Max = 0.25”

Min = 0.5 inches
Trace Length L1+S1 — Total length from GMCH Signal Ball to _ .
SO-DIMM Pad Max = 5.5 inches for DDR 266

Max = 4.5 inches for DDR 333

Trace Length L2 — SO-DIMM via to Parallel Termination

Resistor Pad Max = 2.0 inches

Parallel Termination Resistor (Rt) 56 Q +5%

Maximum Recommended Motherboard Via Count Per Signal 3

CTRL to SCK/SCK# [5:0] See length matching

Length Matching Requirements Section 6.3.5.3 and Figure 41.

NOTES:
1. Recommended resistor values and trace lengths may change in a later revision of the design guide.
2. Power distribution vias from Rt to Vtt are not included in this count.
3. ltis possible to route using 2 vias if one via is shared that connects to the SO-DIMM pad and parallel
termination resistor.
4. The overall maximum and minimum length to the SO-DIMM must comply with clock length matching
requirements.

Intel® 855GM/855GME Chipset Platform Design Guide 93



System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration

intal

6.3.5.3. Control to Clock Length Matching Requirements

The length of the control signals, between the GMCH die pad and the SO-DIMM must fall within the
range defined below, with respect to the associated clock reference length. Refer to Figure 40 for a
definition of the various trace segments that make up this path. The length of trace from the SO-DIMM
to the termination resistor need not be length matched. The length matching requirements are also
depicted in Figure 41. Refer to Section 6.1 for more details on length matching requirements.

Length range formula for SO-DIMMO:
Xo= SCK/SCK#[2:0] total reference length, including package length.

Yo=SCS#[1:0] & SCKE[1:0] total length = GMCH package length + L1 + S1, as shown in Figure
41

where: (Xo—1.0")<Yy<(Xp+0.5”) for DDR 200/266
(Xo—2.0")<Yo<(Xo-0.5") for DDR 200/266/333
Length range formula for SO-DIMM1:
X ;= SCK/SCK#[5:3] total reference length, including package length.

Y, = SCS#[3:2] & SCKE[3:2] total length = GMCH package length + L1 + S1, as shown in Figure
41,

where: (X;—1.07)<Y,<(X;+0.5”) for DDR 200/266
(X;-2.0")<Y;<(X;-0.5") for DDR 200/266/333
No length matching is required from the SO-DIMM to the termination resistor. Figure 41 on the
following page depicts the length matching requirements between the control signals and clock. A

nominal CS/CKE package length of 500 mils can be used to estimate baseline MB lengths. Refer to
Section 6.2 for more details on package length compensation.
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Figure 41. Control Signal to Clock Trace Length Matching Diagram
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Figure 42 is an example of a board routing for the Control signal group.

Memory Control Routing Example

@ R
o
b e g
1 o
Hao
=
@ @
] o
c B =
)
2 Bo Oaoe_o
w P .B28.8
= EE=i=E=
o < o He=
=] @ O.838 B3
S B =1=N=
O
© = = & . ==
= = =]
== B Be =°, =, =7, =,HHeS55
o1 5o e P} R —— N T
== py=p=| = =, i - ===
& P =i ® L — =3 )
= 2 ) N e e, =" — OO oo*o
2 = — o= 355°8
- o S = - I =
o
|_|OM|MO = O = oo Cee e
E
e

From GMCHIJ H
[T
W ;

s}
I
o
|t
.

Intel® 855GM/855GME Chipset Platform Design Guide

System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration
Figure 42. Control Signals Group Routing Example

6.3.5.4.
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6.3.5.5.

Table 31.

6.3.6.

6.3.6.1.
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Control Group Package Length Table

The package length data in Table 31 below should be used to match the overall length of each command
signal to it’s associated clock reference length. Note that due to the relatively small variance in package
length and adequate timing margins it is acceptable to use a fixed 500-mil nominal package length for
all control signals, thereby reducing the complexity of the motherboard length calculations.

Control Group Package Lengths

Signal Pin Number Le:gatchka(ﬂ'leils) Signal NuFr,rilrl‘)er Le:gatchka(ﬂ'leils)
SCS#[0] AD23 502 SCKEJ0] AC7 443
SCS#[1] AD26 659 SCKE[1] AB7 389
SCS#[2] AC22 544 SCKE[2] AC9 386
SCSH#[3] AC25 612 SCKE[3] AC10 376

Command Signals — SMA[12:6,3,0], SBA[1:0], SRAS#, SCAS#,
SWE#

The GMCH chipset command signals, SMA[12:0], SBA[1:0], SRAS#, SCAS#, and SWE# clocked into
the DDR SDRAMSs using the clock signals SCK/SCK#[5:0]. The GMCH drives the command and clock
signals together, with the clocks crossing in the valid command window. There are three supported
topologies for the command signal group. Topology 1 is a daisy chain topology. Topology 2 implements
a T routing topology. Both topologies allow series resistors to be placed between the two SO-DIMMs to
dampen the SO-DIMM to SO-DIMM resonance. Topology 2 is the topology that best allows for
placement of the SO-DIMM s back to back in the butterfly configuration, thus minimizing the SO-
DIMM footprint area. Topology 3 allows the series resistors to be physically placed after the farthest
SO-DIMM, when there is no room between the two connectors. Note that series resistors are essential in
all of the three topologies.

Command Topology 1

The command signal routing should transition from an external layer to an internal signal layer under
the GMCH. Keep to the same internal layer until transitioning back to an external layer immediately
prior to connecting the SO-DIMMO connector pad. At the via transition for SO-DIMMO, continue the
signal route on the same internal layer to the series termination resistor (Rs), collocated to SO-DIMMI1.
At this resistor the signal should transition to an external layer immediately prior to the pad of Rs. After
the series resistor, Rs, continue the signal route on the external layer landing on the appropriate
connector pad of SO-DIMM1. After SO-DIMMI, transition to the same internal layer or stay on the
external layer and route the signal to Rt.

Intel suggests that the parallel termination (Rt) be placed on both sides of the board to simplify routing
and minimize trace lengths. All internal and external signals should be ground referenced to keep the
path of the return current continuous.

Resistor packs are acceptable for the series and parallel command termination resistors but command
signals can’t be placed within the same R-packs as data, strobe, or control signals. Figure 43 and Table
32 below depict the recommended topology and layout routing guidelines for the DDR-SDRAM
command signals routing to SO-DIMMO and SO-DIMMI.
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Figure 43. Command Routing for Topology 1
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The command signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within
the DDR group, except clocks and strobes. There should be a minimum of 20 mils spacing to non-DDR
related signals. Command signals should be routed on inner layers with minimized external traces.

6.3.6.2. Command Topology 1 Routing Guidelines

Table 32. Command Topology 1 Routing Guidelines

Parameter Routing Guidelines
Signal Group SMA[12:6,3,0], SBA[1:0], SRAS#, SCAS#, SWE#
Motherboard Topology Daisy Chain with Parallel Termination
Reference Plane Ground Referenced
Characteristic Trace Impedance (Zo) 55Q+15%

Inner layers: 4 mils
Nominal Trace Width
Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio 2to 1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals 20 mils

500 mils +/- 250 mils
Package Length P1
(See Table 35 for exact package lengths.)

Stub Lengths SO0, S1 Max = 0.25”

Trace Length L1 + SO — GMCH Command Signal Ballto | Min =0.5inch

First SO-DIMM Pad Max = 4.0 inches

Total Length L1 + L2 + L3 + S1 — Total Length from Min = 1.0"
GMCH Ball to Second SO-DIMM Pad Max = 7.0

Total Length SO + L2 + L3 + S1- Total SO-DIMM pad to

SO-DIMM pad spacing Max = 3.0

Trace Length L4 — Second SO-DIMM Via to Parallel

Resistor Pad Max = 1.5 inches

Series Termination Resistor (Rs) 10 Q£ 5%

Parallel Termination Resistor (Rt) 56 Q + 5%

98 Intel® 855GM/855GME Chipset Platform Design Guide



6.3.6.3.

System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration

Maximum Recommended Motherboard Via Count Per 6

Signal
CMD to SCK/SCK# [5:0]

Length Matching Requirements See length matching Section 6.3.6.3 and Figure 44 for
details.

NOTES:
1. Recommended resistor values and trace lengths may change in a later revision of the design guide.

2. Power distribution vias from Rt to Vit are not included in this count.

3. The overall maximum and minimum length to the SO-DIMM must comply with clock length matching
requirements.

4. ltis possible to route using 4 vias if one via is shared that connects to the SO-DIMM1 pad and parallel

termination resistor.

Command Topology 1 Length Matching Requirements

The routing length of the command signals, between the GMCH die pad and the SO-DIMM must be
within the range defined below, with respect to the associated clock reference length. Refer to Figure 43
for a definition of the various motherboard trace segments. The length of trace from the SO-DIMM to
the termination resistor need not be length matched. The length matching requirements are also depicted
in Figure 44. Refer to Section 6.1 for more details on length matching requirements.

Length range formula for SO-DIMMO:
X0 = SCK/SCK#[2:0] total reference length, including package length.
Y0 = CMD signal total length = GMCH package + L1 + S0, as shown in Figure 44,
where:  (Xo—1.0")< Y, <(Xo+2.0”) for DDR 200/266
(X0—2.0")<Yo<(Xp+2.0”) for DDR 200/266/333
Length range formula for SO-DIMM1:
X1 = SCK/SCK#[5:3] total reference length, including package length.
Y1 = CMD signal total length = GMCH package + L1 + L2 + L3 + S1, as shown in Figure 44,
where: (X;—1.0")<Y,;<(X;+2.0”) for DDR 200/266
(X1-2.0")<Y,;£(X;+2.0”) for DDR 200/266/333

No length matching is required from SO-DIMMI1 to the termination resistor. Figure 44 on the
following page depicts the length matching requirements between the command signals and clock. A
nominal CMD package length of 500 mils can be used to estimate baseline MB lengths. Refer to Section
6.2 for more details on package length compensation.
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Figure 44. Topology 1 Command Signal to Clock Trace Length Matching Diagram
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Command Topology 2

The command signal routing should transition from an external layer to an internal signal layer under
the GMCH. Keep to the same internal layer until transitioning back to an external layer at the series
resistor Rs. At this point there is a T in the topology. One leg of the T will route through Rs and either
transition back to the same internal layer or stay external and landing on the appropriate connector pad
of SO-DIMMO. If it was necessary to return to the internal layer the signal should return to the external
layer immediately prior to landing on the appropriate connector pad of SO-DIMMO. The other leg of the
T will continue on the same internal layer and return to the external layer immediately prior to landing
on the appropriate connector pad of SO-DIMMI. If possible stay on the external layer and connect to
the parallel termination resistor or if the parallel termination resistor is on the opposite side of the board
from the SO-DIMMI1 connector then share the via and route to the parallel termination resistor. If
sharing the via or using the opposite side of the board is not possible, continue on the same internal layer
and route to the external layer immediately prior to the termination resistor.

External trace lengths should be minimized. It is suggested that the parallel termination be placed on
both sides of the board to simplify routing and minimize trace lengths. All internal and external signals
should be ground referenced to keep the path of the return current continuous. It is recommended that
command signal group be routed on same internal layer.

It is suggested that the parallel termination (Rt) be placed on both sides of the board to simplify routing
and minimize trace lengths. All internal and external signals should be ground referenced to keep the
path of the return current continuous.

Resistor packs are acceptable for the series and parallel command termination resistors but command
signals can’t be placed within the same R-packs as data, strobe or control signals. Figure 45 and Table
33 below depict the recommended topology and layout routing guidelines for the DDR-SDRAM
command signals routing to SO-DIMMO and SO-DIMMI.

Figure 45. Command Routing Topology 2

GMCH Vit

GM
Pin P1

SO-DIMMO PAD -

The command signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within
the DDR group, except clocks and strobes. There should be a minimum of 20 mils of spacing to non-
DDR related signals. Command signals should be routed on inner layers with minimized external trace
lengths.
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6.3.6.5. Command Topology 2 Routing Guidelines
Table 33. Command Topology 2 Routing Guidelines

Parameter Routing Guidelines
Signal Group SMA[12:6,3,0], SBA[1:0], SRAS#, SCAS#, SWE#
Motherboard Topology Branched T with Parallel Termination
Reference Plane Ground Referenced
Characteristic Trace Impedance (Zo) 55Q+15%

Inner layers: 4 mils
Nominal Trace Width
Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio 2to 1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals 20 mils

500 mils +/- 250 mils
Package Length P1
(See Table 35 for exact package length.)

Stub Length S0, S1 Max = 0.25”

Trace Length L2 — Series Resistor Pad to First SO-DIMM

Pad Max = 1.0 inches

Total Length L1+ SO + L2 — Total length from GMCH ball | Min=0.5"
to First SO-DIMM pad Max = 5.0"

Total Length L1+ L3 + S1 — Total length from GMCH ball | Min=1.0"
to Second SO-DIMM pad Max = 7.0”

Total Length SO + L2 + L3 + S1— Total SO-DIMM pad to

SO-DIMM pad spacing Max = 3.0
Trace Length L4 — Second SO-DIMM Via to Parallel -

. Max =1.5
Resistor Pad
Series Termination Resistor (Rs) 10 Q£ 5%
Parallel Termination Resistor (Rt) 56 Q +5%
Maximum Recommended Motherboard Via Count Per 6
Signal

CMD to SCK/SCK# [5:0]

Length Matching Requirements See length matching Section 6.3.6.6 and Figure 46 for

details.

NOTES:

1. Recommended resistor values and trace lengths may change in a later revision of the design guide.

2. Power distribution vias from Rt to Vit are not included in this count.

3. The overall maximum and minimum length to the SO-DIMM must comply with clock length matching
requirements.

4. ltis possible to route using 3 vias if one via is shared that connects to the SO-DIMMO pad and series
termination resistor, if a via is shared that connects L1 to series termination and if one via is shared that
connects to the SO-DIMM1 pad and parallel termination resistor.
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6.3.6.6. Command Topology 2 Length Matching Requirements

The routed length of the command signals, between the GMCH package ball and the SO-DIMM must be
within the range defined below, with respect to the associated clock reference length. Refer to Figure 45
for a definition of the various motherboard trace segments. The length of trace from the SO-DIMM to
the termination resistor need not be length matched. The length matching requirements are also depicted
in Figure 46. Refer to Section 6.1 for more details on length matching requirements.

Length range formula for SO-DIMM0
Xp= SCK/SCK#[2:0] total reference length, including package length.
Y, = CMD signal total length = GMCH package + L1 + L2 + S0, as shown in Figure 46,
where:  (Xp—1.0")<Y,<(Xo+2.0”) for DDR 200/266
(Xo—2.0")<Yo<(Xp+2.0”) for DDR 200/266/333
Length range formula for SO-DIMM1
X, = SCK/SCK#[5:3] total reference length, including package length.
Y, = CMD signal total length = GMCH package length + L1 + L3 + S1, as shown in Figure 46,
where:  (X;—1.0")<Y,;<(X;+2.0”) for DDR 200/266
(X1-2.0")<Y;£(X;+2.0”) for DDR 200/266/333
No length matching is required from SO-DIMMI to the termination resistor. Figure 46 on the following
page depicts the length matching requirements between the command signals and clock. A nominal

CMD package length of 500 mils can be used to estimate baseline MB lengths. Refer to Section 6.2 for
more details on package length compensation.
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Figure 46. Topology 2 Command Signal to Clock Trace Length Matching Diagram
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Command Topology 2 Routing Example

6.3.6.7.

Figure 47 is an example of a board routing for the Command signal group.

Figure 47. Example of Command Signal Group
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6.3.6.8. Command Topology 3

This topology is recommended when the SO-DIMMS are too close together for the series resistor to be
placed between connectors. In this topology the series resistors are placed behind the second SO-
DIMM.

External trace lengths should be minimized. It is suggested that the parallel termination be placed on
both sides of the board to simplify routing and minimize trace lengths. All internal and external signals
should be ground referenced to keep the path of the return current continuous. It is recommended that
command signal group be routed on same internal layer.

It is suggested that the parallel termination (Rt) be placed on both sides of the board to simplify routing
and minimize trace lengths. All internal and external signals should be ground referenced to keep the
path of the return current continuous.

Resistor packs are acceptable for the series and parallel command termination resistors but command
signals can’t be placed within the same R-packs as data, strobe or control signals. The diagrams and
tables below depict the recommended topology and layout routing guidelines for the DDR-SDRAM
command signals routing to SO-DIMMO and SO-DIMMI.

Figure 48. Command Routing Topology 3
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The command signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within
the DDR group, except clocks and strobes. There should be a minimum of 20 mils of spacing to non-
DDR related signals. Command signals should be routed on inner layers with minimized external trace
lengths.

106 Intel® 855GM/855GME Chipset Platform Design Guide



In

6.3.6.9.

System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration

Command Topology 3 Routing Guidelines

Table 34. Command Topology 3 Routing Guidelines

Parameter

Routing Guidelines

Signal Group

SMA[12:6,3,0], SBA[1:0], SRAS#, SCAS#, SWE#

Motherboard Topology

Branched T with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55Q+15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

2to1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

500 mils +/- 250 mils
(See Table 35 for exact package lengths.)

Stub Length SO0, S1 Max = 0.25”
Total Length L1+ SO — Total length from GMCH ball to [ Min=0.5"
First SO-DIMM pad Max = 4.0”
Trace Length L3 — Series Resistor Pad to Second SO- Max = 1.0"
DIMM Pad '
Total Length L1+L2 + L3 + S1 — Total length from Min = 1.0
GMCH ball to Second SO-DIMM pad Max = 7.0”
Total Length SO + L2 + L3 + S1— Total SO-DIMM pad Max = 3.0"
to SO-DIMM pad spacing '
Trace Length L4 — Second SO-DIMM Via to Parallel -

: Max = 1.5
Resistor Pad
Series Termination Resistor (Rs) 10Q + 5%
Parallel Termination Resistor (Rt) 56Q + 5%
Maximum Recommended Motherboard Via Count Per 6
Signal

CMD to SCK/SCK# [5:0]

Length Matching Requirements

See length matching Section 6.3.6.10 and Figure 49 for details.

NOTES:

1. Recommended resistor values and trace lengths may change in a later revision of the design guide.
2. Power distribution vias from Rt to Vit are not included in this count.
3. The overall maximum and minimum length to the SO-DIMM must comply with clock length matching

requirements.

4. ltis possible to route using three vias if one via is shared that connects to the SO-DIMMO pad and series
termination resistor, if a via is shared that connects L1 to series termination and if one via is shared that
connects to the SO-DIMM1 pad and parallel termination resistor.

Intel® 855GM/855GME Chipset Platform Design Guide

107




System Memory Design Guidelines (DDR-SDRAM) for SO-DIMM configuration

intal

6.3.6.10. Command Topology 3 Length Matching Requirements

The routed length of the command signals, between the GMCH package ball and the SO-DIMM must be
within the range defined below, with respect to the associated clock reference length. Refer to Figure 45
for a definition of the various motherboard trace segments. The length of trace from the SO-DIMM to
the termination resistor need not be length matched. The length matching requirements are also depicted
in Figure 46. Refer to Section 6.1 for more details on length matching requirements.

Length range formula for SO-DIMMO:
Xy = SCK/SCK#[2:0] total reference length, including package length.
Yy = CMD signal total length = GMCH package + L1 + S0, as shown in Figure 49,
where:  (Xp—1.0")<Yo< (X +2.0”) for DDR 200/266
(X0—2.0")<Yy<(Xp+2.0”) for DDR 200/266/333
Length range formula for SO-DIMM1:
X, = SCK/SCK#[5:3] total reference length, including package length.
Y, = CMD signal total length = GMCH package length + L1 + L2 +L.3 + S1, as shown in Figure 49,
where:  (X;—1.0")<Y;<(X;+2.0”) for DDR 200/266
(X1-2.0")<Y,2(X;+2.0”) for DDR 200/266/333
No length matching is required from SO-DIMMI1 to the termination resistor. Figure 46 on the
following page depicts the length matching requirements between the command signals and clock. A

nominal CMD package length of 500 mils can be used to estimate baseline MB lengths. Refer to Section
6.2 for more details on package length compensation.
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Figure 49. Topology 3 Command Signal to Clock Trace Length Matching Diagram
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Command Group Package Length Table

The package length data in Table 35 below should be used to match the overall length of each command

signal to its associated clock reference length.

Table 35. Command Group Package Lengths

Signal Pin Number Pkg(’nll'ﬁ:)gth
SMA[0] AC18 420
SMA[3] AD17 472
SMA[6] AD8 591
SMA[7] AD7 596
SMA[8] AC6 630
SMA[9] AC5 681
SMA[10] AC19 377
SMA[11] AD5 683
SMA[12] AB5 609
SBA[0] AD22 592
SBA[1] AD20 435
SCAS# AC24 562
SRAS# AC21 499
SWE# AD25 751
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6.3.7. CPC Signals — SMA[5,4,2,1], SMAB[5,4,2,1]

The GMCH chipset CPC (clock-per-command) signals, SMA[5,4,2,1] and SMAB[5,4,2,1]are “clocked”
into the DDR SDRAM devices using clock signals SCK/SCK#[5:0]. The GMCH drives the CPC and
clock signals together, with the clocks crossing in the valid command window. The GMCH provides
one set of CPC signals per SO-DIMM slot.

Refer to Table 29 for the CKE and CS# signal to SO-DIMM mapping.

Table 36. CPC Signal to SO-DIMM Mapping

Signal Relative To SO-DIMM Pin
SMA[1] SO-DIMMO AD14
SMA[2] SO-DIMMO AD13
SMA[4] SO-DIMMO AD11
SMA[5] SO-DIMMO AC13
SMABJ1] SO-DIMM1 AD16
SMABJ2] SO-DIMM1 AC12
SMABI[4] SO-DIMM1 AF11
SMABI[5] SO-DIMM1 AD10

The guidelines below should be followed:

The CPC signal routing should transition from an external layer to an internal signal layer under the
GMCH.

Keep to the same internal layer until transitioning back out to an external layer to connect to the
appropriate pad of the SO-DIMM connector and the parallel termination resistor.

If the layout requires additional routing before the termination resistor, return to the same internal
layer and transition back out to an external layer immediately prior to parallel termination resistor.

External trace lengths should be minimized. Intel suggests that the parallel termination be placed on
both sides of the board to simplify routing and minimize trace lengths.

All internal and external signals should be ground reference to keep the path of return current
continuous. Intel suggests that all CPC signals be routed on the same internal layer.

Resistor packs are acceptable for the parallel (Rt) CPC termination resistors. Figure 50 and Table
37 below depict the recommended topology and layout routing guidelines for the DDR-SDRAM
CPC signals.
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6.3.7.1.

CPC Signal Topology

Figure 50. Command per Clock Signal Routing Topology

6.3.7.2.
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The CPC signals should be routed using 2 to 1 trace space to width ratio for signals within the DDR

group, except clocks and strobes. There should be a minimum of 20-mils of spacing to non-DDR related

signals. CPC signals should be routed on inner layers with minimized external trace lengths.

CPC Signal Routing Guidelines

Table 37. CPC Signal Routing Guidelines

112

Parameter

Routing Guidelines

Signal Group

SMA[5,4,2,1], SMABI[5,4,2,1]

Motherboard Topology

Point-to-Point with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55 Q +15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

2to 1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

500 mils +/- 250 mils

(See Table 38 for exact package lengths.)

Stub Length S1

Max = 0.25”

Trace Length L1 — GMCH Control Signal Ball to SO-DIMM Pad

Min = 0.5 inches
Max = 5.5 inches for DDR266
Max = 4.5 inches for DDR333

Trace Length L2 — SO-DIMM Via to Parallel Termination Resistor
Pad

Max = 2.0 inches

Parallel Termination Resistor (Rt)

56 Q + 5%

Maximum Recommended Motherboard Via Count Per Signal

3
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CPC to SCK/SCK# [5:0]
Length Matching Requirements See length matching Section 6.3.7.3 and

Figure 51 for details.

NOTES:
1. Recommended resistor values and trace lengths may change in a later revision of the design guide.
2. Power distribution vias from Rt to Vit are not included in this count.
3. ltis possible to route using 2 vias if one via is shared that connects to the SO-DIMM pad and parallel
termination resistor.
4. The overall maximum and minimum length to the SO-DIMM must comply with clock length matching
requirements.

CPC to Clock Length Matching Requirements

The total length of the CPC signals, between the GMCH die pad and the SO-DIMM must fall within the
range defined below, with respect to the associated clock reference length. Refer to Figure 50 for a
definition of the various trace segments. The length the trace from the SO-DIMM to the termination
resistor need not be length matched. The length matching requirements are also depicted in

Figure 51. Refer to Section 6.1 for more details on length matching requirements. A table of CPC
signal package length is provided in Section 6.3.7.4.

Length range formula for SO-DIMMO:
Xy = SCK/SCK#[2:0] total reference length, including package length.
Y= SMA[5,4,2,1] total length = GMCH package + L1 + S1, as shown in
Figure 51,
where: (Xo—1.0”)<Y,<(Xo+0.5”) for DDR 200/266
(X0—2.0")<Y,<(Xp-1.0”) for DDR 200/266/333
Length range formula for SO-DIMM1:
X, = SCK/SCK#[5:3] total reference length, including package length.
Y, = SMABJ5,4,2,1] total length = GMCH package + L1 + S1, as shown in
Figure 51,
where: (X;—1.0")<Y,<(X;+0.5) for DDR 200/266
(X;-2.0")<Y,=(X;-1.0”) for DDR 200/266/333
No length matching is required from SO-DIMMI to the termination resistor.
Figure 51 on the following page depicts the length matching requirements between the CPC signals and

clock. A nominal CPC package length of 500 mils can be used to estimate baseline MB lengths. Refer
to Section 6.2 for more details on package length compensation.
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Figure 51. CPC Signals to Clock Length Matching Diagram
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6.3.7.4. CPC Group Package Length Table

The package length data in the table below should be used to match the overall length of each CPC
signal to it’s associated clock reference length.

Table 38. CPC Group Package Lengths

Signal NuFr"rilTaer Pkg(’rrll_ﬁg)gth Signal NuFr"rilTaer Pkg(’rrll_ﬁg)gth
SMA[1] AD14 398 SMABI[1] AD16 427
SMA[2] AD13 443 SMAB[2] AC12 395
SMA[4] AD11 430 SMABI[4] AF11 716
SMA[5] AC13 346 SMABI5] AD10 631
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Feedback — RCVENOUT#, RCVENIN#

The Intel 855GM/GME chipset GMCH provides a feedback signal called “receive enable” (RCVEN#),
which is used to measure timing for the read data.

The RCVENOUTH# signal is shunted directly to RCVENIN# inside the package in order to reduce
timing variance. With this change it is no longer necessary to provide an external connection.
However, it is recommended that both signals be transitioned to the bottom side with vias located
adjacent to the package ball in order to facilitate probing.

Routing Updates for “High-Density” Memory Device
Support

The 855GM/GME chipset architecture supports 2GB memory. This memory capacity can be achieved
using “high-density” memory devices of various package types. Intel has done only limited simulation
and bench testing on these high-density SO-DIMM memory modules and has not seen any functional or
analog inspection failures using existing layout guidelines. However, Intel has not done complete
simulation nor validation with all the available package configurations. Customers are strongly
encouraged to perform complete validation on their platforms based on the particular high-density
memory package of their choice.

ECC Disable Guidelines

The GMCH can be configured to operate in an ECC data integrity mode that allows multiple bit error
detection and single bit error correction. This option to support ECC DDR memory modules is
dependent on design objectives. By default, ECC functionality is disabled on the platform.

GMCH ECC Functionality Disable

If non-ECC memory modules are to be the only supported memory type on the platform, then the 8
DDR check bits signals, associated strobe, data mask bit, and differential clock pairs associated with the
ECC device for each SO-DIMM can be left as no connects on the GMCH. For the GMCH, this includes
SDQ[71:64], SDQSS8, SDMS and the two differential clock pairs that are not routed to the SO-DIMMs.

The 855GM/GME chipset GMCH provides the capability to enable and disable the CS/CKE control and
SCK signals to unpopulated SO-DIMMs to save power. Although DDR SO-DIMM connectors may
provide motherboard lands for three clock pairs, non-ECC SO-DIMMs only require two pairs.

The GMCH provides some flexibility on how the SCK clock pairs, control signals and CPC signals are
assigned to the SO-DIMMs, provided that BIOS initialization of memory matches the hardware
configuration. Two examples are listed below. Refer to the Intel(R) 855GM/GME Memory Reference
Code for more details.
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Example 1 Example 2

SO-DIMMO SO-DIMM1 SO-DIMMO SO-DIMM1
SCKo0,1,2 SCK3,4,5 SCKO0,1,2 SCK3,4,5
SMAA[1,2,4,5] SMAB[1,2,4,5] SMAB[1,2,4,5] SMAA[1,2,4,5]
SCKEO,1; SCS#0,1 [SCKE2,3; SCS#2,3 SCKEOQ,1; SCS#0,1 |SCKE2,3; SCS#2,3

intal

On platforms where ECC memory is supported, it is important that all relevant SDQ, SDQS, and SCK
signals to the SO-DIMMSs be disabled when the system is populated with only non-ECC or a
combination of ECC and non-ECC memory.

Please see the RS — Intel 855GM/GME (Montara-GM/GM+) Chipset GMCH BIOS Specification for
information on memory initialization and register programming.

DDR Memory ECC Functionality Disable

It is imperative that systems that do not support ECC memory ensure the SCK clock pairs that are
normally sent to ECC SO-DIMMs be disabled. If the SCK clock pairs associated with the check bit
signals were left floating in a non-ECC memory only system and ECC memory was used in one or more
of the SO-DIMM slots, this could cause the ECC device on the SO-DIMM to be enabled. If SDQ[71:64]
is disabled/tri-stated or not routed, then these floating inputs can cause the ECC device to draw current
and potentially compromise the ECC device.

In JEDEC PC2100 DDR SDRAM Unbuffered SO-DIMM Reference Design Specification, Rev 1.0, it is
noted that pin 89 and pin 91 (CK2 and CK2#) of the SO-DIMM connector are reserved for x72 modules
or registered modules. By default, 855GM/GME does not drive SCK2, SCK2#, SCK5, SCK5#.
Therefore, it is important to make sure that the memory modules are not expected to use all clock pairs

System Memory Compensation

See Section 13.5.2.3 for details.

SMVREF Generation

See Section 13.5.2.2 for details.

DDR Power Delivery

See Section 13.5 for details.

External Thermal Sensor Based Throttling (ETS#)

The GMCH’s ETS# input pin is an active low input that can be used with an external thermal sensor to
monitor the temperature of the DDR SO-DIMMs for a possible thermal condition. Assertion of ETS#
will result in the limiting of DRAM bandwidth on the DDR memory interface to reduce the temperature
in the vicinity of the system memory.
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By default, the functionality and input buffer associated with ETS# are disabled. Also, the GMCH can
be programmed to send an SERR, SCI, or SMI message to the ICH4-M upon the assertion of this signal.
External thermal sensors that are suitable for the purpose described above would need to have a small
form factor and be able to accurately monitor the ambient temperature in the vicinity of the DDR system
memory.

Intel is currently in the process of enabling this feature on the Intel 855GM/GME chipset GMCH and is
actively engaging with thermal sensor vendors to ensure compatibility and suitability of vendors’
products with the ETS# pin. This includes electrical design guidelines for the ETS# pin and
usage/placement guidelines of the thermal sensors for maximum effectiveness. Current third party
vendor product offerings that may be suitable for the ETS# pin application include ambient temperature
thermal sensors and remote diode thermal sensors. Also, thermal sensors that implement an open-drain
output for signaling a thermal event would provide the most flexibility from an electrical and for layout
design perspective.

6.9.1. ETS# Usage Model

The thermal sensors targeted for this application with the GMCH’s ETS# are planned to be capable of
measuring the ambient temperature only and should be able to assert ETS# if the preprogrammed
thermal limits/conditions are met or exceeded. Because many variables within a mobile system can
affect the temperature measured at any given point in a system, the expected usage and effectiveness of
ETSH# is also very focused. Because of factors such as thermal sensor placement, airflow within a mobile
chassis, adjacent components, thermal sensor sensitivity, and thermal sensor response time, ETS# can
effectively be used for controlling skin temperatures. However, due to the location of the thermal sensor,
ETS# should not be used for measuring or controlling the Tj or Tcase parameters of DDR-SDRAM
devices since it cannot respond quickly enough to dynamic changes in DRAM power.

6.9.2. ETS# Design Guidelines

ETS#, as implemented in the GMCH, is an active low signal and does not have an integrated pull-up to
maintain a logic 1. As a result of this, an external 8.2 kQ to 10 kQ pull-up resistor should be provided
near the ETS# pin, connected to 3.3V. Ideally, the thermal sensor should implement an open drain type
output buffer to drive ETS#. A system is expected to have one thermal sensor per SO-DIMM connector
on the motherboard.

6.9.3. Thermal Sensor Routing and Placement Guidelines

Routing guidelines and other special, motherboard design considerations will vary with the vendor and
type of thermal sensor chosen for this ETS# application. As a result, vendor specific design guidelines
should also be followed closely to ensure proper operation of this feature. As a general rule, system
designers should follow good design practices in ensuring good signal integrity on this signal as well as
achieving adequate isolation from adjacent signals. Also, any thermal design considerations (e.g. proper
ground flood placement underneath the external thermal sensor; proper isolation of the differential
signal routing for thermal diode applications, etc.) for the external thermal sensor itself should also be
met.

The many factors that can affect the accuracy of ambient temperature measurements by thermal sensors
make the placement of them a very critical and especially challenging task. Ideally, one thermal sensor
should be placed near each SO-DIMM in a system. The thermal sensor should be located in an area
where the effects of airflow and effects of conduction from adjacent components are minimized. This
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allows for the best correlation of thermal sensor temperature to chassis or notebook surface temperature.
See Figure 52 for details.

Assuming airflow is negligible within a system, the optimal placement of the thermal sensor is on the
surface of the motherboard directly beneath the shadow of an SO-DIMM module centered longitudinally
and laterally in relation to the outline of the SO-DIMM. The thermal sensor should have a form factor
small enough to allow it to fit beneath double-sided memory modules (i.e. modules with memory
devices on both sides of a module). If placement within the outline of an SO-DIMM is not possible, then
the next best option is to locate it within approximately 15 mm (0.6 inches) of the outline/SO-DIMM
shadow. Again, this assumes negligible effects from airflow.

Please refer to the Intel (R) 855GM (Montara-MG) Chipset Mobile Thermal Design Guide for more
details.

Figure 52. DDR Memory Thermal Sensor Placement
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and motherboard.

Sensor location within approx 15mm of
SO-DIMM outline will not be as effective
at controlling fast transient temperature
changes.
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7. System Memory Design Guidelines
(DDR-SDRAM) for Memory Down
Configuration

This section contains routing guidelines for a Micro-DIMM and memory soldered onto the motherboard
(Memory Down) configuration. The order of routing for this configuration is specific. It is
recommended the designer route to the Micro-DIMM first and the Memory Down devices second (See
Figure 53.)

Figure 53. Recommended Device Order for Micro-DIMM/Memory Down Combination

Micro-DINMM

SDRAM
85503
Die

Trace length parameters for the memory down configuration are based on trace length recommendations
given in the PC2700 Unbuffered DDR Micro-DIMM Reference Design Specification, PC2700/PC2100
DDR SDRAM Unbuffered SO-DIMM Reference Design Specification rev 1.1, simulation and routing
studies. The parameters were simulated at various trace lengths to provide designers with greater
flexibility in placing and routing SDRAM devices.

These guidelines support PC2100 (266MHz) and PC2700 (333MHz) SDRAM devices. Table 1 shows
the supported memory configurations for the Micro-DIMM per the PC2700 Unbuffered DDR Micro-
DIMM Reference Design Specification and Table 39 shows the supported memory configurations for
Memory Down.

Table 39. Supported Memory Configurations - Micro-DIMM

120

Device Type Module Bus Device Width #Devices Physical Capacity
Width Banks
TSOP x64 x16 4 1 32-256 MB
BGA x64 x16 4 1 32-512 MB
BGA x64 x16 8 2 64 MB -1 GB

Intel® 855GM/855GME Chipset Platform Design Guide




System Memory Design Guidelines (DDR-SDRAM) for Memory Down Configuration

intal.

Table 40. Supported Memory Configurations - Memory Down

Device Type Bus Width Device Width #Devices Physical Max Capacity
Banks
TSOP x64 x16 4 1 256 MB
BGA x64 x16 4 1 256 MB
BGA x64 x16 8 2 512 MB
BGA x64 x8 8 1 512 MB

These guidelines support standard TSOP and BGA packages in 64Mb, 128Mb, 256Mb, and 512Mb
memory densities. Stacked memory technologies are not supported (i.e. Stacked TSOP, DDP). The
following SDRAM device placement strategies are recommended for the different device types and
configurations. For a 4-TSOP device configuration, two on the top and two on the bottom is
recommended. For a 4-BGA device configuration, all devices are on the same side of the motherboard.
For an 8-BGA device configuration, four devices are placed on one side of the motherboard and four on
the opposite side.

The 855GM/GME chipset Double Data Rate (DDR) SDRAM system memory interface consists of
SSTL-2 compatible signals. These SSTL-2 compatible signals have been divided into several signal
groups: Data, Control, Command, CPC, Clock, and Feedback signals. Table 41 summarizes the

different signal grouping. Refer to the Intel® 855GM/GME Chipset External Design Specification for
details on the signals listed. ECC is not supported by these routing guidelines. Data bits SDQ[71:64],

SDQS[8], and SDM]8] are no connects.

Table 41. Montara-GM GMCH Chipset DDR Signal Groups

Group Signal Name Description
SCK[4,3,1,0] DDR-SDRAM Differential Clocks
Clocks
SCK#[4,3,1,0] DDR-SDRAM Inverted Differential Clocks
SDQ[63:0] Data Bus
Data SDQSI8:0] Data Strobes
SDM[8:0] Data Mask
SCKE[3:0] Clock Enable - (One per Device Row)
Control
SCS#[3:0] Chip Select - (One per Device Row)
SMA[12:6,3,0] Memory Address Bus
SBA[1:0] Bank Select
Command SRAS# Row Address Select
SCAS# Column Address Select
SWE# Write Enable
SMA[5,4,2,1] Command per Clock (Micro-DIMM)
CPC
SMABI5,4,2,1] Command per Clock (Memory Down)
RCVENOUT# Receive Enable Output (no external connection)
Feedback
RCVENIN# Receive Enable Input (no external connection)
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71. Length Matching and Length Formulas

The routing guidelines presented in the following subsections define the recommended routing
topologies, trace width, spacing geometries, and absolute minimum and maximum routed lengths for
each signal group. These parameters are recommended to achieve optimal SI and timing. In addition to
the absolute length limits provided in the individual guideline tables, more restrictive length matching
formulas are also provided. These formulas further restrict the minimum to maximum length range of
each signal group with respect to clock, within the overall boundaries defined in the guideline tables, as
required to guarantee adequate timing margins. These secondary constraints are referred to as length
matching constraints and the formulas used are referred to as length matching formulas.

All signal groups, except feedback signals, are length matched to the DDR clocks. The clocks on a given
Micro-DIMM or memory down configuration are length matched to within + 25 mils of the target
length. A different clock target length may be used for each Micro-DIMM. The difference in clock
target lengths between Micro-DIMM and Memory Down should not exceed 2 inches. A simple
summary of the length matching formulas for each signal group is provided in Table 42

Table 42. Length Matching Formulas

Signal Group Minimum Length Maximum Length
Control to Clock Clock —1.0” Clock + 0.5”
Command to Clock Clock —2.0” Clock +2.0”

CPC to Clock Clock - 1.0” Clock + 0.5”
Strobe to Clock Clock —2.0” Clock + 0.5”

Data to Strobe

Strobe — 25 mils

Strobe + 25 mils

Note: All length matching formulas are based on GMCH die-pad to Micro-DIMM connector pad or Memory
Down device pin total length.

Package length tables are provided for all signals in order to facilitate this pad-to-pin matching. The
clock lengths to Memory Down may be up to 2 inches longer than the clock lengths to the Micro-
DIMM. Length formulas should be applied to Micro-DIMM and Memory Down separately. The full
geometry and routing guidelines along with the exact length matching formulas and associated diagrams
are provided in the individual signal group guidelines sections.

7.2. Package Length Compensation

As mentioned in Section 7.1, all length matching is done from the GMCH die-pad to Micro-DIMM
connector pad or memory device pin. The reason for this is to compensate for the package length
variation across each signal group. The GMCH does not equalize package lengths internally as some
previous GMCH components have, and therefore, the 855GM/GME GMCH requires length matching.

Package length compensation should not be confused with length matching as discussed in the previous
section. Length matching refers to constraints on the min and max length bounds of a signal group
based on clock length, whereas package length compensation refers to the process of adjusting out
package length variance across a signal group. There is of course some overlap in that both affect the
target length of an individual signal. Intel recommends that the initial route be completed based on the
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length matching formulas in conjunction with nominal package lengths and that package length
compensation be performed as a secondary operation.

Topologies and Routing Guidelines

The 855GM/GME GMCH chipset’s Double Data Rate (DDR) SDRAM system memory interface
implements the low swing, high-speed, terminated SSTL_2 topology. This section contains information
related to the recommended interconnect topologies and routing guidelines for each of the signal groups
which comprise the DDR interface. When implemented as defined, these guidelines will provide for a
robust DDR solution on a 855GM/GME GMCH chipset based design..

Clock Signals — SCK][4,3,1,0], SCK#[4,3,1,0]

The clock signal group includes the differential clock pairs SCK/SCK#[4,3,1,0]. SCK/SCK#[5,2] are
not used for this configuration and are not connected on the motherboard. The GMCH generates and
drives these differential clock signals required by the DDR interface; therefore, no external clock driver
is required for the DDR interface. The GMCH supports unbuffered DDR Micro-DIMM; two differential
clock pairs are routed to the Micro-DIMM connector and two to the Memory Down configuration.
Table 43 summarizes the clock signal mapping.

Clock Signal Mapping
Signal Relative To
SCK/SCK#[1:0] Micro-DIMM
SCK/SCK#[4:3] Memory Down

Clock Topology Diagram

The 855GM/GME GMCH provides 6 differential clock output pairs. The motherboard clock routing
topology is shown below for reference. Refer to the routing guidelines in Table 44 on the follow page
for detailed length and spacing rules for each segment.

Figure 54. DDR Clock Routing to Micro-DIMM
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Figure 55. DDR Clock Routing to Memory Down Two Load BGA
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Figure 56. DDR Clock Routing to Memory Down Two Load TSOP
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Figure 57. DDR Clock Routing to Memory Down 4 Load BGA
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The clock signals should be routed as closely coupled differential pairs over the entire length. Spacing
to other DDR signals should not be less than 20 mils. Isolation spacing to non-DDR signals should be
25 mils.
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7.3.3.

DDR Clock Routing Guidelines
Table 44. Clock Signal Group Routing Guidelines
Parameter Definition
Signal Group SCK[5:0] and SCK#[5:0]
Topology Differential Pair Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

42 ohms +/-15%

Differential Mode Impedance (Zdiff)

70 ohms +/- 15%

Nominal Trace Width
(see exceptions for breakout region below)

Inner Layers: 7 mils
Outer Layers: 8 mils (pin escapes only)

Nominal Pair Spacing (edge to edge)
(see exceptions for breakout region below)

Inner Layers: 4 mils
Outer Layers: 5 mils (pin escapes only)

Minimum Pair to Pair Spacing

(see exceptions for breakout region below) 20 mils
Minimum Serpentine Spacing 20 mils
Minimum Spacing to Other DDR Signals .

. . 20 mils
(see exceptions for breakout region below)
Minimum Isolation Spacing to non-DDR Signals 25 mils

Maximum Via Count

2 (per side Micro-Dimm) 5 (per side Memory Down)

Package Length Range — P1

1000 mils +/- 350mils
(See clock package length Table 45 for exact lengths.)

L1 Max = 300 mils (breakout segment)
Min = 0.25 inches
L2
Max = 4.5 inches
Max = .5” inches (see Figure 54)
L3 Min = 0.25 in. Max = 1.0 in. (See Figure 55, Figure 56 and Figure
57)
Max = 0.5 inches (see Figure 55 and Figure 57)
L4
Max = 0.25 inches (see Figure 56)
L5 Max = 0.25 inches

Total Length

Total length target is determined by placement (see Figure 54,
Figure 55, Figure 56 and Figure 57)

Total length for Micro-DIMM group = X0 (see Figure 58)
Total length for Memory Down group = X1 (see Figure 58)

SCK to SCK# Length Matching

Match total length to +/- 10 mils (see Section 7.3.3.1)

Clock to Clock Length Matching (Total Length)

Match all Micro-DIMM clocks to X0 +/- 25 mils (see section
7.3.3.2)

Match all Memory Down clocks to X1 +/- 25 mils (see section
7.3.3.2)
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Inner Layers: 4 mil trace, 4 mil pair space allowed

Parameter Definition

Outer Layers: 5 mil trace, 5 mil pair space allowed
Breakout Exceptions
Pair to pair spacing of 5 mils allowed
(Reduced geometries for GMCH breakout region)
Spacing to other DDR signals of 5 mils allowed

Maximum breakout length is 0.3”

NOTES:

1. Pad to Pin length tuning is utilized on clocks in order to achieve minimal variance. Package lengths range
between approximately 600 mils and 1400 mils. Exact package lengths for each clock signal are provided at
the end of this Section. Overall target length should be established based on placement and routing flow. The
resulting motherboard segment lengths must fall within the ranges specified.

2. The DDR clocks should be routed on internal layers, except for pin escapes. It is recommended that pin escape
vias be located directly adjacent to the ball pads on all clocks. Surface layer routing should be minimized.

3. Exceptions to the trace width and spacing geometries are allowed in the breakout region in order to fanout the
interconnect pattern. Reduced spacing should be avoided as much as possible.

7.3.3.1. Clock Length Matching Requirements

The GMCH chipset provides two differential clock pairs for the Micro-DIMM and two pairs for
Memory Down. A differential clock pair is made up of a SCK signal and its complement signal SCK#.
Refer to Section 2.2 for more details on length matching requirements.

The differential pairs for the Micro-DIMM are:

SCK[0] / SCK#[0]
SCK[1]/SCK#[1]

The differential pairs for Memory Down are:

SCK[3]/ SCK#[3]
SCK[4] / SCK#[4]

The SCK[2]/SCK#[2] and SCK[5]/SCK#[5] differential clock signals are not routed for this
configuration and should be left as no connects on the motherboard. These clocks are associated with
ECC. ECC is not supported by these routing guidelines.

The two sets of differential clocks must be length tuned on the motherboard such that any pair to pair
package length variation is tuned out. The three pairs associated with Micro-DIMM are tuned to a fixed
overall length, including package, and the two pairs associated with Memory Down are tuned to a fixed
overall length.

The two traces associated with each clock pair are length matched within the package, however some
additional compensation may be required on the motherboard in order to achieve the + 10 mil length
tolerance within the pair.

Between clock pairs the package length varies substantially. Therefore, the motherboard length of each
clock pair must be length adjusted to tune out package variance. The total length including package
should be matched to within &+ 25 mils of each other, as shown in the

Length Range Formula for Micro-DIMM:
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X0 = SCK/SCK#[1:0] P1+L1 +L2 + L3 (see Figure 54)

Length Range Formulas for Memory Down:

X1 =SCK/SCK#[4:3] P1 + L1+ L2+ L3 + L4 (see Figure 55)

= SCK/SCK#[4:3] P1 + L1 + L2 + L3 + L4 + L5 (see Figure 56 and Figure 57)

This may result in a clock length variance of as much as 700 mils on the motherboard.

The first step in determining the routing lengths for clocks and all other clock relative signal groups is to
establish the target length for each clock group. These target lengths are shown as X0 and X1, in

Length Range Formula for Micro-DIMM:

X0 =SCK/SCK#[1:0] P1+L1+L2+ L3 (see Figure 54)

Length Range Formulas for Memory Down:

X1 =SCK/SCK#[4:3] P1 + L1+ L2+ L3 + L4 (see Figure 55)

= SCK/SCK#[4:3] P1 + L1 + L2+ L3 + L4 + L5 (see Figure 56 and Figure 57)

These are the lengths to which all clocks within the corresponding group will be matched, and the
reference length values used to calculate the length ranges for the other signal groups.

Clock Reference Lengths

The clock reference length for each Micro-DIMM and Memory Down clock group is determined by first
determining the longest total clock length required to complete the clock routing. A table of clock
package lengths is provided in Table 45 to assist in this calculation. Once the longest total length is
determined for each clock group, this becomes a lower bound for the associated clock reference length.
At this point it is helpful to have completed a test route of the SDQ/SDQS bus such that final clock
reference lengths can be defined with consideration of the impact on SDQ/SDQS bus routability. Some
iteration may be required.

Once the reference lengths X0 and X1 are defined then the next step is to tune each clock pair's
motherboard trace segment lengths as required such that the overall length of each clock equals the
associated clock reference length plus or minus the 25 mil tolerance. Again, the reference length for the
two sets of clocks should be offset by the nominal routing length between the Micro-DIMM connector
pad and Memory Down Device Pin.

Length Range Formula for Micro-DIMM:

X0 =SCK/SCK#[1:0] P1 +L1+L2+ L3 (see Figure 54)

Length Range Formulas for Memory Down:

X1 = SCK/SCK#[4:3] P1 + L1 +L2 + L3 + L4 (see Figure 55)

= SCK/SCK#[4:3] P1 + L1 + L2 + L3 + L4 + L5 (see Figure 56 and Figure 57)
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Figure 58. DDR Clock Trace Length Matching Diagram
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7.3.3.3. Clock Package Length Table
The package length data in the table below should be used to tune the motherboard length of each
SCK/SCK# clock pair between the GMCH and the Micro-DIMM connector or memory down
component. It is recommended that die-pad to Micro-DIMM or memory down component pad length be
tuned to within + 25 mils in order to optimize timing margins on the interface.
Table 45. DDR Clock Package Lengths
Signal Pin Number Packagg Length
(mils)

SCLK_0 AB2 1177

SCLK#_0 AA2 1169

SCLK_1 AC26 840

SCLK#_1 AB25 838

SCLK_2 AC3 1129

SCLK#_2 AD4 1107

SCLK_3 AC2 1299

SCLK#_3 AD2 1305

SCLK_4 AB23 643

SCLK#_4 AB24 656

SCLK_5 AA3 1128

SCLK#_5 AB4 1146
Package length compensation can be performed on each individual clock output thereby matching total
length on SCK/SCK# exactly, or alternatively the average package length can be used for both outputs
of a pair and length tuning done with respect to the motherboard portion only.

7.3.4.  Data Signals — SDQ[63:0], SDM[7:0], SDQS[7:0]

The GMCH data signals are source synchronous signals that include a 72-bit wide data bus, 8 check bits
for Error Checking and Correction (ECC), a set of 9 Data Mask bits, and a set of 9 data strobe signals.
There is an associated data strobe and data mask bit for each of the 8-bit data byte groups, making for a
total of nine — 10-bit byte lanes. ECC is a feature not supported by Micro-DIMMSs and will therefore not
be supported by the memory down topology. It is recommended that these signals be left as no
connects. Further reference to data signals reserved for ECC will not be made in this RDDP addendum.
This section summarizes the SDQ/SDM to SDQS routing guidelines and length matching
recommendations.

The data signals include SDQ [63:0], SDM][7:0], and SDQS[7:0].
o The data signals should transition from an external layer to an internal signal layer under the GMCH.

o At the Micro-DIMM connector, the signal should transition to an external layer and connect to the
appropriate pad on the connector.

o After the Micro-DIMM transition, continue to route the signal on the same internal layer until
transitioning back to an external layer at the series resistor.
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o After the series resistor, the signal should transition from the external layer to the same internal layer
and route to the SDRAM device.

¢ Transition back out to an external layer and connect to the appropriate SDRAM pad.

o Connection to the termination resistor should be via the same internal layer with a transition back to
the external layer near the resistor. External trace lengths should be minimized.

To facilitate routing, swapping of the byte lanes is allowed for SDQ[63:0] only. Bit swapping within the
byte lane is also allowed for SDQ[63:0] only. All internal and external signals should be ground
sandwiched to keep the path of the return current continuous.

Resistor packs are acceptable for the series (Rs) and parallel (Rt) data and strobe termination resistors,
but data and strobe signals cannot be placed within the same R pack as the command or control signals.
The table and diagrams below depict the recommended topology and layout routing guidelines for the
DDR-SDRAM data signals.

Intel recommends that the full data bus SDQ[63:0], mask bus SDM[7:0], and strobe signals SDQS[7:0]
be routed on the same internal signal layer. It is required that the SDQ byte group and the associated
SDM and SDQS signals within a byte lane be routed on the same internal layer.

The total length of SDQ, SDM, and SDQS traces between the GMCH and the Micro-DIMM/Memory
Down devices must be within the range defined in the overall guidelines, and is also constrained by a
length range boundary based on SCK/SCK# clock length, and a SDQ/SDM to SDQS length matching
requirement within each byte lane. Note also that all length matching must be done inclusive of package
length. A table of SDQ, SDM, and SDQS package lengths is provided at the end of this Section to
facilitate this process.

There are two levels of matching implemented on the data bus signals.
o The first is the length range constraint on the SDQS signals based on clock reference length.
e The second is SDQ/SDM to SDQS length matching within a byte lane.

The length of the SDQS signal for each byte lane must fall within a range determined by the clock
reference length, as defined in the SDQS to SCK/SCK# length matching section. The actual length of
SDQS for each byte lane may fall anywhere within this range based on placement and routing flow.

Once the SDQS length for a byte lane is established, the SDQ, SDM, and SDQS signals within the byte
lane must be length matched to each other, inclusive of package length, as described in the SDQ to
SDQS length matching section.
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7.3.4.1. Data Bus Topology
Figure 59. Data Signal Routing GMCH to 1x16 TSOP/BGA & /1x8 BGA Configuration

Figure 60. Data Signal Routing GMCH to 2x16 BGA Configuration

P1) L1

TIHD

The data signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within the
DDR group, except clocks and strobes. There should be a minimum of 20 mils of spacing to non-DDR
related signals. Data signals should be routed on inner layers with minimized external trace lengths.
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Table 46. Data Signal Group Routing Guidelines

Parameter

Definition

Signal Group

SDQ[63:0], SDQS[7:0], SDM[7:0]

Motherboard Topology

Daisy Chain with Parallel Termination

Reference Plane

Ground sandwiching required

Characteristic Trace Impedance (Zo)

55 Q +/- 15%

Parallel Termination Resistor (Rt)

56 Q +/- 5%

Series Resistor (Rs)

33Q+/-5%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

SDQ/SDM: 2to 1 (e.g. 8 mil space to 4 mil trace)

SDQS: 3to 1 (e.g. 12 mil space to 4 mil space)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

700 mils +/- 300 mils
(see package length Table 48 for exact lengths.)

Stub Length S1

Max = 0.10 inches

Min = 0.25 inches (See Figure 59 and Figure 60)

L1

Max = 2.5 inches
L2 Max = 0.75 inches (See Figure 59 and Figure 60)
L3 Max = 1.25 inches (See Figure 59 and Figure 60)
L4 Max = 0.25 inches(See Figure 59 and Figure 60)
L5 Max = 1.25 inches (See Figure 59 and Figure 60)
L6 Max = 0.05 inches (See Figure 60)
Max Length:

L1+L2+L3+L4+L5 (see Figure 59)
L1+L2+L3+L4+L5+L6 (see Figure 60)

Max = 4.25 inches

NOTES:

1. Power distribution vias from Rt to Vit are not included in this count.

2. The overall minimum and maximum length to the Micro-DIMM and Memory Down must comply with clock length

matching requirements.
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SDQS to Clock Length Matching Requirements

The first step in length matching is to determine the SDQS length range based on the SCK/SCK#
reference length defined previously. The total length of the SDQS strobe signals, including package
length, between the GMCH die-pad and the Micro-DIMM/Memory Down device must fall within the
range defined in the formulas below. See the clock Section for the definition of the clock reference
length. Refer to Figure 59 and Figure 60 for the definition of the various trace segments. The length
tuning requirements are also depicted in Figure 62. Refer to Section 7.1 for more details on length
matching and length formula requirements.

Length range formula for Micro-DIMM:
Xo= SCK/SCK#[1:0] total reference length, including package length
Yo=SDQS[7:0] total length = GMCH package(P1) + L1 + S1, see Figure 59 and Figure 60,
where: (Xy—2.0")<Y,<(Xo+0.5)
Length range formulas for Memory Down,
X, = SCK/SCK#[4:3] total reference length, including package length
Y,=SDQS[7:0] total length = GMCH package(P1) + L1 + L2 + L4 + L5, see Figure 59,
= SDQSJ7:0] total length = GMCH package(P1) + L1 + L2 + L4 + L5 + L6, see Figure 60,
where: (X;-2.07)<Y,;<(X;+0.5”)

Length matching is only performed from the GMCH to the Micro-DIMM or memory down devices, and
does not involve the length of L3, which can vary over its entire range. Note that a nominal SDQS
package length of 750 mils can be used to estimate motherboard lengths prior to performing package
length compensation. Refer to Section 7.2 for more details on package length compensation.
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Figure 61. SDQS to Clock Trace Length Matching Diagram

7.3.4.3.
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Data to Strobe Length Matching Requirements
The data bit signals, SDQ[63:0] are grouped by byte lanes and associated with a data mask signal
SDM[8:0], and a data strobe, SDQS[8:0].

e The data and mask signals must be length matched to their associated strobe within & 25 mils,
including package.

e For the Micro-DIMM this length matching includes the motherboard trace length to the pads of the
Micro-DIMM connector (L1+S1) plus package length.

e For Memory Down, the motherboard trace length to the pads of the SDRAM device (L1 + L2 + L4 +
L5 + L6 for the 2x16 BGA case) plus package length.

Refer to Section 0 for more details on package length compensation.

Length range formula for SDQ and SDM,
X = SDQS total length, including package length, as defined previously

Y = SDQ, SDM total length, including package length, within same byte lane as shown in Figure
62,
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Length matching is not required for length L3 to the parallel termination resistors. Figure 62 on the
following page depicts the length matching requirements between the SDQ, SDM, and SDQS signals
within a byte lane. Byte lane mapping is defined in Table 47 below.

where: (X —25mils ) <Y <( X+ 25 mils )

7.3.4.4. SDQ to SDQS Mapping

Table 47 below defines the mapping between the eight byte lanes, 8mask bits, and the 8 SDQS signals,
as required to do the required length matching.

Table 47. SDQ/SDM to SDQS Mapping

Signal Mask Relative To

SDQJ[7:0] SDM[0] SDQS[0]
SDQ[15:8] SDM[1] SDQS[1]
SDQ[23:16] SDM[2] SDQS[2]
SDQ[31:24] SDM[3] SDQS[3]
SDQ[39:32] SDM[4] SDQS[4]
SDQ[56:40] SDM[5] SDQS[5]
SDQ[55:48] SDMI6] SDQSI6]
SDQ[63:56] SDM[7] SDQS[7]
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Figure 62. SDQ/SDM to SDQS Trace Length Matching Diagram
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7.3.4.5. SDQ/SDQS Signal Package Lengths
The package length data in Table 48 below should be used to tune the length of each SDQ, SDM, and

SDQS motherboard trace as required to achieve the overall length matching requirements defined in the
prior Sections.

Table 48. DDR SDQ/SDM/SDQS Package Lengths

Signal Pin Number Pkg Length (mils) Signal Pin Number Pkg Length (mils)
SDQ_00 AF2 785 SDQ_32 AH16 766
SDQ_01 AE3 751 SDQ_33 AG17 558
SDQ_02 AF4 690 SDQ_34 AF19 510
SDQ_03 AH2 903 SDQ_35 AE20 579
SDQ_04 AD3 682 SDQ_36 AD18 408
SDQ_05 AE2 739 SDQ_37 AE18 458
SDQ_06 AG4 741 SDQ_38 AH18 658
SDQ_07 AH3 845 SDQ_39 AG19 596
SDQ_08 AD6 607 SDQ_40 AH20 677
SDQ_09 AG5 756 SDQ_41 AG20 730
SDQ_10 AG7 685 SDQ_42 AF22 562
SDQ_11 AE8 558 SDQ_43 AH22 702
SDQ_12 AF5 734 SDQ_44 AF20 563
SDQ_13 AH4 825 SDQ_45 AH19 644
SDQ_14 AF7 644 SDQ_46 AH21 716
SDQ_15 AH6 912 SDQ_47 AG22 783
SDQ_16 AF8 622 SDQ_48 AE23 592
SDQ_17 AG8 624 SDQ_49 AH23 752
SDQ_18 AH9 676 SDQ_50 AE24 666
SDQ_19 AG10 634 SDQ_51 AH25 817
SDQ_20 AH7 710 SDQ_52 AG23 639
SDQ_21 AD9 508 SDQ_53 AF23 667
SDQ_22 AF10 569 SDQ_54 AF25 707
SDQ_23 AE11 469 SDQ_55 AG25 783
SDQ_24 AH10 648 SDQ_56 AH26 834
SDQ_25 AH11 622 SDQ_57 AE26 701
SDQ_26 AG13 572 SDQ_58 AG28 808
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Signal Pin Number Pkg Length (mils) Signal Pin Number Pkg Length (mils)
SDQ_27 AF14 655 SDQ_59 AF28 756
SDQ_28 AG11 599 SDQ_60 AG26 782
SDQ_29 AD12 460 SDQ_61 AF26 748
SDQ_30 AF13 536 SDQ_62 AE27 673
SDQ_31 AH13 642 SDQ_63 AD27 608
SDQ_64 AG14 566 SDQS_0 AG2 925
SDQ_65 AE14 477 SDQS_1 AH5 838
SDQ_66 AE17 571 SDQS_2 AH8 756
SDQ_67 AG16 530 SDQS_3 AE12 466
SDQ_68 AH14 701 SDQS_4 AH17 678
SDQ_69 AE15 421 SDQS_5 AE21 487
SDQ_70 AF16 491 SDQS_6 AH24 770
SDQ_71 AF17 530 SDQS_7 AH27 858

SDQS_8 AD15 418

SDM_0 AE5 838
SDM_1 AE6 693
SDM_2 AE9 538
SDM_3 AH12 606
SDM_4 AD19 492
SDM_5 AD21 470
SDM_6 AD24 557
SDM_7 AH28 917
SDM_8 AH15 685

7.3.5. Control Signals — SCKE[3:0], SCS#[3:0]

The Montara-GM GMCH chipset control signals, SCKE[3:0] and SCS#[3:0], are clocked into the DDR
SDRAM devices using clock signals SCK/SCK#[4,3,1,0]. The GMCH drives the control and clock
signals together, with the clocks crossing in the valid control window. The GMCH provides one chip
select (CS) and one clock enable (CKE) signal per Micro-DIMM physical device row. Two chip select
and two clock enable signals will be routed to the Miro-DIMM. The remaining SCKE and CS# signals
can be routed to the memory down device configuration that the developer has chosen. Should the
memory down configuration contain one bank of memory SCKE[3] and SCS#[3] should be left as no
connects. Refer to Table 49 for the CKE and CS# signal to Micro-DIMM or Memory Down mapping.
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Table 49. Control Signal to Micro-DIMM/Memory Down Mapping

Signal Relative To SOPin
SCSH#[0] Micro-DIMM Micro-DIMM Pin 95
SCS#[1] Micro-DIMM Micro-DIMM Pin 96
SCS#[2] Mem Down — Bank 1 Mem Device CS#
SCS#[3] Mem Down — Bank 2 Mem Device CS#
SCKE[0] Micro-DIMM Micro-DIMM Pin 72
SCKE[1] Micro-DIMM Micro-DIMM Pin 71
SCKE[2] Mem Down — Bank 1 Mem Device CKE#
SCKEJ3] Mem Down — Bank 2 Mem Device CKE#

System Memory Design Guidelines (DDR-SDRAM) for Memory Down Configuration

The following is an example layout description based on layout studies on an 8-layer board. The
Control signals should transition from an external layer to an internal signal layer (L1) under the
GMCH. If the signal is going to the Micro-DIMM connector, route the signal on the internal layer and
via to the external layer and connect to the appropriate pad on the connector (S1). If the signal is going
to the SDRAMSs, route the signal on the internal layer until transitioning back to an external layer at the
parallel termination (L2). When it is close to the SDRAMs, the signal should via to another internal
layer and split into two traces (TLO). Each trace routes to the middle region of the SDRAM (TL1) and
via to the external layer. Depending on the number of devices for memory down, the Control signal can
be routed on the surface (TL2) to the ball or pad of one SDRAM or two SDRAMs. If 8 BGAs, the
signal will continue on from the via on an internal layer (TL2 on 8 BGA devices topology) and go to the
center region of the outer-most SDRAM then via to the external layer. Depending on the number of
devices for memory down, the Control signal can be routed on the surface (TL3 on 8 BGA devices
topology) to the ball or pad of one SDRAM device (4 TSOP SDRAMs) or two SDRAMs (8 BGAS).

External trace lengths should be minimized. All internal and external signals should be ground reference
to keep the path of return current continuous. Intel suggests that all control signals be routed on the same
internal layer.

Resistor packs are acceptable for the parallel (Rt) control termination resistors, but control signals can’t
be placed within the same R pack as the data or command signals. Figure 62, Figure 63, Figure 64, &
Figure 65 and Table 50 below depicts the recommended topology and layout routing guidelines for the
DDR-SDRAM control signals.
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7.3.51. Control Signal Topology
Figure 63. Control Signal Routing GMCH to Micro-DIMM Pad
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o vt
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Figure 64. Control Signal Routing GMCH to Memory Down 1x16 4 Load TSOP
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Figure 65. Control Signal Routing GMCH to Memory Down 1x16/2x16 4 Load BGA
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Figure 66. Control Signal Routing GMCH to Memory Down 1x8 8 Loads BGA
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The control signals should be routed using 2 to 1 trace spacing to trace width ratio for signals within the
DDR group, except clocks and strobes. There should be a minimum of 20-mils of spacing to non-DDR
related signals. Control signals should be routed on inner layers with minimized external trace lengths.
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7.3.5.2. Control Signal Routing Guidelines
Table 50. Control Signal Routing Guidelines
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Parameter

Routing Guidelines

Signal Group

SCKE[3:0], SCS#{3:0]

Motherboard Topology

Point-to-Point with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55 Q +15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

2to1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

500 mils +/- 250 mils

(see Table 51 for exact package lengths.)

Stub Length S1

Max = 250 mils

Trace Length L1 — GMCH Control Signal Ball to Micro-DIMM
pad

Min = 0.25 inches

Max = 4 inches

Trace Length L2 — Micro-DIMM Pad to Parallel Termination
Resistor Pad

Max = 2 inches

Min = 0.5 inches

TLO
Max = 1.5 inches
Min = 0.3 inches
TLA1
Max = 0.7 inches
Min = 100 mils Max = 500 mils (see Figure 64)
TL2 Min = 0.3 in Max = 0.7 in (see Figure 65)
Min = 0.3 in Max = 0.7 in (see Figure 66)
Min = 100 mils Max = 500 mils (see Figure 65)
s Min = 0.3 in Max = 0.7 in (see Figure 66)
TL4 Min = 100 mils Max = 500 mils
Parallel Termination Resistor (Rt) 56 Q + 5%
Maximum Recommended Motherboard Via Count Per Signal 7

Length Matching Requirements

CTRL to SCK/SCK# [4,3,1,0]
See length matching Section 7.3.5.3 and Figure 67.

NOTE:

requirements.

The overall maximum and minimum length to the Micro-DIMM must comply with clock length matching
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Control to Clock Length Matching Requirements

The length of the control signals, between the GMCH die pad and the Micro-DIMM/Memory Down
device must fall within the range defined below, with respect to the associated clock reference length. .
Refer to Figure 63, Figure 64, Figure 65, and Figure 66 for a definition of the various trace segments
that make up this path. The length of trace from the Micro-DIMM to the termination resistor need not
be length matched. The length matching requirements are also depicted in Figure 67. Refer to Section
Note: for more details on length matching requirements.

Length range formula for Micro-DIMM:
Xo= SCK/SCLK#[1:0] total reference length, including package length. See clock Section 7.3.1.
Yo=SCS#[1:0] & SCKE[1:0] total length = P1 + L1+ S1, as shown in Figure 63.
where: (Xo—2.0")<Yo<(Xp-0.5")
Length range formula for Memory-Down:
X, = SCK/SCLK#[4:3] total reference length, including package length. See clock Section 7.3.1.
Y= SCS#[3:2] & SCKE[3:2] total length = P1+L1+TLO+TL1+TL2 , as shown in Figure 64
= SCS#[3:2] & SCKEJ3:2] total length = P1+L1+TLO+TL1+TL2+TL3, as shown in Figure 65
= SCS#[3:2] & SCKEJ3:2] total length = P1+L1+TLO+TL1+ TL3, as shown in Figure 65

= SCS#[3:2] & SCKEJ3:2] total length = P1+L1+TLO+TL1+TL2+TL3+TL4, as shown in
Figure 66

= SCS#[3:2] & SCKEJ3:2] total length = P1+L1+TLO+TL1+TL3+TL4, as shown in Figure 66,
where: (X;-1.07)<Y;<(X;+0.57)

No length matching is required to the termination resistor. Figure 67 on the following page depicts the
length matching requirements between the control signals and clock. A nominal CS/CKE package
length of 500 mils can be used to estimate baseline MB lengths. Refer to Section Note: for more details

on package length compensation.
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Figure 67. Control Signal to Clock Trace Length Matching Diagram
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Control Group Package Length Table

The package length data in Table 51 should be used to match the overall length of each command
control signal to its associated clock reference length. Note that due to the relatively small variance in
package length and adequate timing margins it is acceptable to use a fixed 500-mil nominal package
length for all control signals, thereby reducing the complexity of the motherboard length calculations.

Table 51. Control Group Package Lengths

Signal Pin Number Packag(? Length
(mils)
SCS#[0] AD23 502
SCSH#[1] AD26 659
SCS#[2] AC22 544
SCS#[3] AC25 612
SCKEJ0] AC7 443
SCKE[1] AB7 389
SCKE[2] AC9 386
SCKE[3] AC10 376
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7.3.6.1.
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Command Signals — SMAA[12:6,3,0], SBA[1:0], SRAS#, SCAS#,
SWE#

The Intel 855GM GMCH chipset command signals, SMA[12:0], SBA[1:0], SRAS#, SCAS#, and SWE#
clocked into the DDR SDRAMs using the clock signals SCK/SCK#[5:0]. The GMCH drives the
command and clock signals together, with the clocks crossing in the valid command window. A series
resistor is placed between the Micro-DIMM and Memory Down configuration to dampen the Micro-
DIMM to Memory Down resonance.

Command Topology

The following is an example layout description based on layout studies on an 8 layer board. The
command signal routing should transition from an external layer to an internal signal layer (L1) under
the GMCH. At the via transition for the Micro-DIMM connector, the signal should transition to an
external layer (S1) and connect to the appropriate pad on the connector. After the Micro-DIMM
transition, continue to route the signal on the same internal layer (L2) until transitioning back to an
external layer at the series resistor Rs. At the via transition to the Rs resistor, parallel termination
resistor may be placed on the other side through the same via (L3). After the series resistor, the signal
should transition from the external layer to the same internal layer (TLO) and route until it is near the
SDRAMs. Via to another internal layer and split into two traces (TL1). Each trace routes to the middle
region of the SDRAM and then via to the external layer. Depending on the number of devices for
memory down, the command signal can route on the surface to the ball or pad (TL2) of one SDRAM (4
TSOP SDRAMs memory down) or two SDRAMSs (8§ BGA SDRAMs, TL4). If 8 BGAs, the signal will
continue on from the via on an internal layer (TL3) and go to the outer-most SDRAM. Via to the
external layer. Depending on the number of devices for memory down, the command signal can route
on the surface (TL4) to the ball or pad of one SDRAM (4 TSOP SDRAMs) or two SDRAM (8 BGAs).

All internal and external signals should be ground referenced to keep the path of the return current
continuous.

Resistor packs are acceptable for the series and parallel command termination resistors but command
signals cannot be placed within the same R-packs as data, strobe, or control signals. Figure 68, Figure
69 and Table 52 below depict the recommended topology and layout routing guidelines for the DDR-
SDRAM command signals routing to the Micro-DIMM and Memory Down.
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Figure 68. CMD Signal Routing GMCH to Micro-DIMM and Mem Down TSOP 4 Load
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Figure 70. CMD Signal Routing GMCH to Micro-DIMM and Memory Down BGA 8-Load
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The command signals should be routed using a 2 to 1 trace spacing to trace width ratio for signals within
the DDR group, except clocks and strobes. There should be a minimum of 20 mils spacing to non-DDR
related signals. Command signals should be routed on inner layers with minimized external traces.
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Table 52. Command Topology 1 Routing Guidelines

Command Topology Routing Guidelines

Parameter

Routing Guidelines

Signal Group

SMA[12:6,3,0], SBA[1:0], SRAS#, SCAS#, SWE#

Motherboard Topology

Daisy Chain with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55Q+15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

2to1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

500 mils +/- 250 mils

(see Table 53 for exact package lengths.)

Stub Length S1

Max = 0.25 inches

Stub Length S2

Max = 0.25 inches

Trace Length L1

Min = 0.5 inch

Max = 4.0 inches

Trace Length L2

Max = 1.0 inches

Trace Length L3

Max = 1.0 inches

Trace Length TLO

Min = 0.5 inches

Max = 1.5 inches

Trace Length TL1

Max = 0.5 inches

Trace Length TL2

Max = 0.5 inches

Trace Length TL3

Min = 0.4 inches

Max = 0.8 inches

Trace Length TL4

Max = 0.5 inches

Length Matching Requirements

Series Termination Resistor (Rs) 10Q+5%
Parallel Termination Resistor (Rt) 56 Q +5%
Maximum Recommended Motherboard Via Count Per 18
Signal
CMD to SCK/SCK# [5:0]

See length matching Section 7.3.6.3 and Figure 71 for details.

NOTES:

1. Recommended resistor values and trace lengths may change in a later revision of the design guide.
2. Power distribution vias from Rt to Vit are not included in this count.
3. The overall maximum and minimum length to the Micro-DIMM and Memory Down must comply with clock length

matching requirements.
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7.3.6.3. Command Topology Length Matching Requirements

The routing length of the command signals between the GMCH die pad and Micro-DIMM/Memory
Down must be within the range defined below. This is with respect to the associated clock reference
length. Refer to Figure 43 for a definition of the various motherboard trace segments. The length of
trace from the Micro-DIMM to the termination resistor need not be length matched. The length
matching requirements are also depicted in Figure 71 Refer to Section 7.1 for more details on length
matching requirements.

Length range formula for Micro-DIMM:

X0 = SCK/SCLK#[1:0] total reference length, including package length (P1). See clock Section
7.3.1.

Y0 = CMD signal total length = P1 + L1+ S1, as shown in Figure 68, Figure 69, and Figure 70
where: ( Xg—2.0") <Y < (Xp+2.07)
Length range formula for Memory-Down:

X1 = SCK/SCLK#[4:3] total reference length, including package length (P1). See clock section
7.3.1.

Y1 = CMD signal total length =P1 + L1 + L2 + TLO + TL1 + TL2, as shown in Figure 68

= CMD signal total length =P1 + L1 + L2 + TLO + TL1 + TL3 +TL4, as shown in Figure 69 &
Figure 70

= CMD signal total length =P1 + L1+ L2 + TLO + TL1 + TL4, as shown in Figure 69 & Figure
70

= CMD signal total length = P1 + L1 + L2 + TLO + TL2 + TL4, as shown in Figure 69 & Figure
70

= CMD signal total length =P1 + L1 + L2 + TLO + TL2 + TL3 + TL4, as shown in Figure 69 &
Figure 70 where: ( X; —2.0” )<Y, <(X; +2.0”)

No length matching is required from Rs to the termination resistor. Figure 71 on the following page
depicts the length matching requirements between the command signals and clock. A nominal CMD
package length of 500 mils can be used to estimate baseline MB lengths. Refer to Note: for more details
on package length compensation.
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Figure 71. Topology 1 Command Signal to Clock Trace Length Matching Diagram
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7.3.6.4. Command Group Package Length Table

The package length data in Table 53 below should be used to match the overall length of each command
signal to its associated clock reference length.

Table 53. Command Group Package Lengths

Signal Pin Number Pkg(]nl1_ieI:)gth
SMAA_00 AC18 420
SMAA_03 AD17 472
SMAA_06 AD8 591
SMAA_07 AD7 596
SMAA_08 AC6 630
SMAA_09 AC5 681
SMAA_10 AC19 377
SMAA_11 AD5 683
SMAA_12 AB5 609

SBA[0] AD22 592

SBA[1] AD20 435

SCAS# AC24 562

SRAS# AC21 499

SWE# AD25 751
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7.3.7.  CPC Signals — SMA[5,4,2,1], SMAB[5,4,2,1]

The GMCH drives the CPC and clock signals together, with the clocks crossing in the valid control
window. The GMCH provides one set of CPC signals for the Micro-DIMM slot and one set for the
Memory Down configuration.

Refer to Table 49 for the CKE and CS# signal to Micro-DIMM mapping.

Table 54. CPC Signal to SO-DIMM Micro-Dimm and/or Memory Down Mapping

Signal Relative To Pin

SMA[1] Micro-DIMM Micro-DIMM pad #85
SMA[2] Micro-DIMM Micro-DIMM pad #84
SMA[4] Micro-DIMM Micro-DIMM pad #82
SMA[5] Micro-DIMM Micro-DIMM pad #81
SMABJ[1] Mem Down Mem Device Pin
SMABI2] Mem Down Mem Device Pin
SMABI[4] Mem Down Mem Device Pin
SMABJ5] Mem Down Mem Device Pin

The following is an example layout description based on layout studies on an 8-layer board. The CPC
signals should transition from an external layer to an internal signal layer (L1) under the GMCH. If the
signal is going to the Micro-DIMM connector, route the signal on the internal layer and via to the
external layer and connect to the appropriate pad on the connector (S1). If the signal is going to the
SDRAMs, route the signal on the internal layer until transitioning back to an external layer at the parallel
termination (L2). When it is close to the SDRAMSs, the signal should via to another internal layer and
split into two traces (TL0). Each trace routes to the middle region of the SDRAM (TL1) and via to the
external layer. Depending on the number of devices for memory down, the CPC signal can be routed on
the surface (TL2) to the ball or pad of one SDRAM or two SDRAMs. If 8 BGAs, the signal will
continue on from the via on an internal layer (TL2 on 8 BGA devices topology) and go to the center
region of the outer-most SDRAM then via to the external layer. Depending on the number of devices for
memory down, the CPC signal can be routed on the surface (TL3 on 8 BGA devices topology) to the ball
or pad of one SDRAM device (4 TSOP SDRAMs) or two SDRAMs (8 BGAsS).

External trace lengths should be minimized. All internal and external signals should be ground reference
to keep the path of return current continuous. Intel suggests that all control signals be routed on the same
internal layer.

Resistor packs are acceptable for the parallel (Rt) control termination resistors, but control signals
cannot be placed within the same R pack as the data or command signals. Figure 74, Figure 75, Figure

76, and Table 55 below depict the recommended topology and layout routing guidelines for the DDR-
SDRAM control signals.
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7.3.71. CPC Signal Topology
Figure 72. Command Per Clock Signal Routing Topology 4 Load BGA
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Figure 74. CPC Signal Routing 8 Load BGA Topology
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The CPC signals should be routed using 2 to 1 trace space to width ratio for signals within the DDR
group, except clocks and strobes. There should be a minimum of 20-mils of spacing to non-DDR related
signals. CPC signals should be routed on inner layers with minimized external trace lengths.
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7.3.7.2. CPC Signal Routing Guidelines

Table 55. CPC Signal Routing Guidelines

Parameter

Routing Guidelines

Signal Group

SMA[5,4,2,1], SMAB[5,4,2,1]

Motherboard Topology

Point-to-Point with Parallel Termination

Reference Plane

Ground Referenced

Characteristic Trace Impedance (Zo)

55 Q +15%

Nominal Trace Width

Inner layers: 4 mils

Outer layers: 5 mils

Minimum Spacing to Trace Width Ratio

2to1 (e.g. 8 mil space to 4 mil trace)

Minimum Isolation Spacing to non-DDR Signals

20 mils

Package Length P1

500 mils +/- 250 mils

(see Table 56 for exact package lengths.)

Trace Length S1 — Stub Length to Micro-DIMM
Connector

Max = 0.25”

Trace Length L1 — GMCH Control Signal Ball to
Micro-DIMM Pad

Min = 0.25 inches

Max = 4.0 inches

Trace Length L2 — Micro-DIMM Pad to Parallel
Termination Resistor Pad

Max = 2.0 inches

Trace Length TLO

Min = 0.25 inches

Max = 1.5 inches

Trace Length TL1

Min = 0.3 inches

Max = 0.7 inches

Trace Length TL2

Min = 0.3 in Max = 0.7 in (see Figure 74 and Figure 75)
Min = 0.1 in Max = 0.5 in (see Figure 73)

Trace Length TL3

Min = 0.1 inches

Max = 0.5 inches

Parallel Termination Resistor (Rt)

56 Q 5%

Maximum Recommended Motherboard Via
Count Per Signal

14

Length Matching Requirements

CPC to SCK/SCK# [5:0]
See length matching Section 7.3.7.3 and Figure 76 for details.

NOTES:

1. Variance per topology for TL1, TL2, and TL3 + 10 mils.
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7.3.7.3. CPC to Clock Length Matching Requirements

The total length of the CPC signals, between the GMCH die pad and the Micro-DIMM/Memory Down
device must fall within the range defined below, with respect to the associated clock reference length.
Refer to Figure 72, Figure 73, Figure 74, and Figure 75 for a definition of the various trace segments.
The trace length from the Micro-DIMM to the termination resistor does not need to be length matched.
The length matching requirements are also depicted in Figure 76. Refer to Section 7.1 for more details
on length matching requirements. A table of CPC signal package length is provided in Section 7.3.7.4.

Length range formula for Micro-DIMM:
Xy = SCK/SCK#[1:0] total reference length, including package length. See Section 7.3.3.1
Y= SMAJ5,4,2,1] total length = P1 + L1+ S1, see Figure 72
where: (Xo—1.0") <Y <(Xp+0.57)
Length range formula for Memory Down:
X, = SCK/SCK#[4:3] total reference length, including package length. See Section 7.3.3.1.
Y, = SMAB[5,4,2,1] total length =P1 + L1 + TLO + TL1 + TL2, see Figure 73

= SMABJ5,4,2,1] total length =P1 + L1 + TLO + TL1 + TL2 + TL3, see Figure 74, and Figure 75
= SMAB]J5,4,2,1] total length =P1 + L1 + TLO + TL1 + TL3, see Figure 74, and Figure 75

where: (X;—1.07)<Y, <(X;+0.57)
No length matching is required to the termination resistor. Figure 76on the following page depicts the
length matching requirements between the CPC signals and clock. A nominal CPC package length of

500 mils can be used to estimate baseline MB lengths. Refer to Section 7.2 for more details on package
length compensation.
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Figure 76.
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CPC Signals to Clock Length Matching Diagram
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7.3.7.4.

CPC Group Package Length Table

The package length data in the table below should be used to match the overall length of each CPC
signal to its associated clock reference length.

Table 56. CPC Group Package Lengths

Signal Pin Number Pkg Length (mils)
SMAA_01 AD14 398
SMAA_02 AD13 443
SMAA_04 AD11 430
SMAA_05 AC13 346
SMAB_01 AD16 427
SMAB_02 AC12 395
SMAB_04 AF11 716
SMAB_05 AD10 631
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Integrated Graphics Display Port

8.1.

8.1.1.

8.1.2.

The GMCH contains four display ports: an analog CRT port, a dedicated LVDS port, and two 12-bit
Digital Video Out (DVO) ports. Section 8.1 will discuss the CRT and RAMDAC routing requirements.
Section 8.2 will discuss the dedicated LVDS port. Section 0 will discuss the DVOB and DVOC design
guideline. Section 8.3.4 provides recommendations for a flexible modular design guideline for DVOB
and DVOC muxed interfaces. Section 8.5 provides recommendations for the GPIO signal group.

Analog RGB/CRT Guidelines

RAMDAC/Display Interface

The GMCH integrated graphics/chipset design interfaces to an analog display via a RAMDAC. The
RAMDALC is a subsection of the graphics controller display engine and consists of three identical 8-bit
digital-to-analog converter (DAC) channels, one for the display’s red, green, and blue electron guns.

Each RGB output is doubly terminated with a 75-Q resistance: One 75-Q resistance is connected from
the DAC output to the board ground, and the other termination resistance exists within the display. The
equivalent DC resistance at the output of each DAC is 37.5 Q. The current output from each DAC flows
into this equivalent resistive load to produce a video voltage, without the need for external buffering.
There is also a pi-filter on each channel that is used to reduce high-frequency noise and to reduce EMI.
In order to maximize the performance, the filter impedance, cable impedance, and load impedance
should be matched.

Since the DAC operates at pixel frequencies up to 350 MHz, special attention should be paid to signal
integrity and EMI. RGB routing, component placement, component selection, cable and load impedance
(monitor) all play a large role in the analog display’s quality and robustness. This holds true for all
resolutions, but especially for those at 1600x1200 resolutions or higher.

Reference Resistor (REFSET)

A reference resistor, Rset, is used to set the reference current for the DAC. This resistor is an external
resistor with a 1% tolerance that is placed on the circuit board. A reference resistor can be selected from
a range between 124 Q to 137 Q (1%). Based on board design, DAC RGB outputs may be measured
when the display is completely white. If the RGB voltage value is between 665 mV to 770 mV, then the
video level is within VESA specification and the resistor value that was chosen will be optimal for board
design.

A reference voltage is generated on the GMCH from a bandgap voltage reference circuit. The bandgap
reference voltage level is approximately 1.2 V and this voltage is divided by four to generate the
reference voltage. The VESA video standard defines the LSB current for each DAC channel. The
RAMDAC reference current is designed on-die to be equal to 32LSB. Therefore, the external reference
resistor value is defined as:
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Equation 1.

Vreference  (Vbg/4)
Ireference  32*(73.2uA)

REFSET =

A 127 Q 1% precision resistor value is the recommend value to use. See Figure 77 for the
recommended Rset placement.

Note: When using 855GME platform with external graphics only, Rset resistor is not needed.

Figure 77. Refset Placement
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8.1.3. RAMDAC Board Design Guidelines

Care should be taken when routing the analog RAMDAC signals. This is especially true to successfully
support high display resolution where pixel frequency can be as high as 350 MHz. Intel recommends
that each analog R, G, B signal be routed single-endedly. The analog RGB signals should be routed with
an impedance of 37.5 Q. Intel recommends that these routes be routed on an inner routing layer and that
it be shielded with VSS planes, if possible. Spacing between DAC channels and to other signals should
be maximized; 20-mil spacing is recommended. The RGB signals require pi filters that should be placed
near the VGA connector. It consists of two 3.3-pF caps with a 75 Q ferrite bead at 100-MHz between
them. The RGB signals should have a 75-Q, 1% terminating pull-down resistor. The complement signals
(R#, G#, and B#) should be grounded to the ground plane.

Note: 'When using 855GME platform with external graphics only, the RGB 75-Q termination resistors are not
needed.

Intel recommends that the pi filter and terminating resistors be placed as close as possible to the VGA
connector. After the 75-Q termination resistor, the RGB signals routing to the pi-filters and the VGA
connector should ideally be routed with 75-Q impedance (~ 5 mil traces), or as close to 75-C)
impedance as possible.
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The RGB signals also require protection diodes between 1.5 V and ground. These diodes should have
low C ratings (~5 pF max) and small leakage current (~ 10 pA at 120°C) and should be properly
decoupled with a 0.1-uF cap. These diodes and decoupling should be placed to minimize power rail
inductance. The choice between diodes (or diode packs) should comprehend the recommended electrical
characteristics in addition to cost.

The RGB signals should be length matched as closely as possible (from the GMCH to the VGA
connector) and should not exceed 200 mils of mismatch.

8.1.4. RAMDAC Routing Guidelines

Figure 78. GMCH DAC Routing Guidelines with Docking Connector
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The DAC channel (red, green, blue) outputs should be routed as single-ended shielded routes to an
analog switch to support a docking station. An analog switch should be used in order to provide the
proper termination that is required for high-performance video signal integrity. See Figure 79.
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The analog switch should exhibit a low “on” resistance (< 8 Q) and low parasitic capacitance (<10 pF).
The output routing from the analog switch should be routed as single-ended, 37.5-Q impedance to the
75-Q termination resistors that are located near the VGA connector on the motherboard and the VGA
connector on the docking station. The single-ended routing after these 75-Q termination resistors to the

pi-filter and then to the VGA connector should be ideally 75-Q. The recommended routing of the
termination resistors is shown in Figure 79.

Table 57. Recommended GMCH DAC Components

Recommended DAC Board Components
Component Value Tolerance Power Type
R1 75.0Q 1% 116 W SMT, Metal Film
Refset' 127.0Q 1% 1716 W SMT, Metal Film
C1 0.1 uF 20% | 0 - SMT, Ceramic
C2 0.01 uF 20% | 0 - SMT, Ceramic
C 3.3 pF 10% | - SMT, Ceramic
California Micro Devices —
D PAC DNOO6 | - 350 mW ESD diodes for VGA, SOIC package
Or equivalent diode array
FB 75Q0@ 100 MHz | - - MuRata* BLM11B750S
Analog | @ - | e Rated for a continuous Ron <8 Q, Con <10 pF
Switch channel current of
100mA (min) Texas Instruments SN74CB3Q3306

NOTE: Not needed when using 855GME platform with external graphics only.
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Figure 79. DAC R, G, B Routing and Resistor Layout example
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NOTE: The routing to the docking connector is not shown in this figure; however, this routing scheme applies to the
docking connector as well.

8.1.5. DAC Power Requirements

The DAC requires a 1.5-V supply through its two VCCADAC balls. The two may share a set of

capacitors, 0.1 pF and 0.01 pF, but this connection should have low inductance. Separate analog power
or ground planes are not required for the DAC.

However, since the DAC is an analog circuit, it is particularly sensitive to AC noise seen on its power
rail. Designs should provide as clean and quiet a supply as possible to the VCCA DAC. Additional
filtering and/or separate voltage rail may be needed to do so. On the Intel CRB, there is a placeholder
for a LC filter in case there is noise present in the VCCA power rail.

Video DAC Power Supply DC Specification: 1.50 V + 5%
Video DAC Power Supply AC Specification:

+/- 0.3% from 0.10 Hz to 10 MHz

+/-0.95% from 10 MHz to max pixel clock frequency
Absolute minimum voltage at the VCCA package ball = 1.40 V

Please refer to the latest Intel 855GM/GME (Montara-GM/GM+) Chipset GMCH EDS Addendum for
AC/CD specification.
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8.1.6. HSYNC and VSYNC Design Considerations

HSYNC and VSYNC signals are connected to the analog display attached to the VGA connector. These
are 3.3-V outputs from the GMCH. Some monitors have been found to drive HSYNC and VSYNC
signals during reset. Because these signals are used as straps on the 852GM/GME and 855GM/GME
chipsets, the GMCH can enter an illegal state under these conditions. In order to prevent these signals
from being driven to the GMCH during reset, system designers must ensure the GMCH is isolated from
any monitor driving HSYNC or VSYNC while PCI_RST# is active. Appropriate logic is required
between the GMCH and the VGA connector (both the on-board VGA connector and the VGA connector
at the docking station) to accomplish this.

Intel’s recommended option is to use an analog switch (i.e. discrete FET, Q-buffer) to switch these
signals between the on-board VGA connector and the docking connector. In this case, footprints for a
series resistor and an optional capacitor are needed on each of these signals to meet the VESA electrical
specifications for video signals. Resistor and capacitor values of 390hm and 33pF respectively are used
on the CRB. These values were calculated based on the GMCH buffer strength and board routing.
Customers are recommended to perform a signal integrity check specific to their board topology to
determine the appropriate resistor and capacitor values for their platforms.

An alternative option is to use a unidirectional buffer on each of these signals. For each of the HSYNC
and VSYNC signals, a footprint for a series resistor must be placed between the GMCH and the
unidirectional buffer to prevent excessive overshoot and undershoot at the input of the buffer.
Consideration should also be taken in designing the filter circuit on the output of these buffers to ensure
that the VESA electrical specifications for video signals are met at both the on-board VGA connector as
well as on the docking station. Customers are strongly encouraged to perform complete signal integrity
validation at the input of the buffer and at the VGA connectors.

8.1.7. DDC and I12C Design Considerations

DDCADATA and DDCACLK are 3.3-V 10 buffers connecting the GMCH to the monitor. If higher
signaling voltage (5V) is required by the monitor, level shifting devices may be used. Pull-up resistors
of 2.2-kQ) (or of the appropriate value derived from simulation) are required on each of these signals.

8.2. LVDS Transmitter Interface

The Intel LVDS (Low Voltage Differential Signaling) transmitter serializer converts up to 24 bits of
parallel digital RGB data, (8 bits per RGB), along with up to 4 bits for control (SHFCLK, HSYNC,
VSYNC, DE) into 2, 4 channel serial bit streams, for output by the LVDS transmitter.

The transmitter is fully differential and utilizes a current mode drive with a high impedance output. The
drive current develops a differential swing in the range of 250 mV to 450 mV across a 100-Q
termination load.

The parallel digital data is serially converted to a 7-bit serial bit stream that is transmitted over the 8
channel LVDS interface at 7x the input clock. The differential output clock channel transmits the output
clock at the input clock frequency. While the differential output channels transmit the data at the 7x
clock rate (1 bit time is 7x the input clock). The 7x serializer will synchronize and regenerate and input
clock from 35 MHz to 112 MHz. Typical operation is at 65 MHz (15.4 ns), therefore, at a 7x clock rate,
1bit time would be 2.2 ns. With data cycle times as small as 2.2 ns, propagation delay mismatch is
critical, such that intra-channel skew (skew between the inverting and non-inverting output) must be
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kept minimal. LIBG pin is a current reference on the LVDS interface. A 1.5-kQ pulldown is required
unless 855GME platform is being used with external graphics only option.

The following differential signal groups comprise the LVDS Interface. The topology rules for each
group are defined in subsequent sections.

Table 58. Signal Group and Signal Pair Names

Channel Signal Group Signal Pair Names

Channel A Clocks ICLKAM, ICLKAP
Data Bus IYAM[3:0], IYAP[3:0]

Channel B Clocks ICLKBM, ICLKBP
Data Bus IYBM[3:0], IYBP[3:0]

8.2.1. LVDS Length Matching Constraints

The routing guidelines presented in the following subsections define the recommended routing
topologies, trace width and spacing geometries, and absolute minimum and maximum routed lengths for
each signal group. These recommendations are provided to achieve optimal SI and timing. In addition
to the absolute length limits provided, more restrictive length matching requirements are also provided.
The additional requirements further restrict the minimum to maximum length range of each signal group
with respect to clock strobe, as required to guarantee adequate timing margins.

8.2.2. LVDS Package Length Compensation

As mentioned in Section 8.2.1, all length matching is done from GMCH die-pad to LVDS connector
pin. The reason for this is to compensate for the package length variation across each signal group in
order to minimize timing variance. The 855GM chipset GMCH does not equalize package lengths
internally as some previous GMCH components have, and therefore, the 855GM chipset GMCH
requires a length matching process. See Table 60 for the GMCH LVDS package lengths information.

Package length compensation should not be confused with length matching as discussed in the previous
section. Length matching refers to constraints on the minimum and maximum length bounds of a signal
group based on clock length, whereas package length compensation refers to the process of
compensating for package length variance across a signal group. There is of course some overlap in that
both affect the target length of an individual signal. Intel recommends that the initial route be completed
based on the length matching formulas in conjunction with nominal package lengths and that package
length compensation be performed as secondary operation.

8.2.3. LVDS Routing Guidelines

Each LVDS channel is required to be length matched to within + 20 mils of the LVDS clock strobe
signals. The two complementary signals in each clock strobe pair, as well as in each data pair, are also
required to be length matched to within = 20 mils of each other. See Table 59 for summary of LVDS
signal group routing guidelines.
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Table 59. LVDS Signal Group Routing Guidelines
Parameter Definition
Signal Group LVDS
Topology Differential Pair Point to Point

Reference Plane

Ground Referenced

Differential Mode Impedance (Zdiff)

100 Q + 15%

Nominal Trace Width 4 mils
Nominal Pair Spacing (edge to edge) 7 mils
Minimum Pair to Pair Spacing .

. . 20 mils
(see exceptions for breakout region below)
Minimum Serpentine Spacing 20 mils
Minimum Spacing to Other LVDS Signals .

. - 20 mils
(see exceptions for breakout region below)
Minimum Isolation Spacing to non-LVDS Signals 20 mils
Maximum Via Count 2 (per line)

Package Length Range

550 mils £ 150mils
(See LVDS package length Table 60 for exact lengths)

Total Length

Max 10”

Data to Clock Length Matching

Match all segments to within +/- 20 mils of associated clock pair

Clock to Clock# Length Matching (Total Length)

Match clocks to +/- 20 mils

Data to Data# Length Matching (Total Length)

Match data to +/- 20 mils

Breakout Exceptions

(Reduced geometries for GMCH breakout region)

Breakout section should be as shorter as possible. Try to
maintain trace width as 4 mils, spacing 7 mils, while the spacing
between pairs can be 10-20 mils.

The traces associated with the LVDS Transmitter timing domain signals are differential traces
terminated across 100 Q = 15 % and should be routed as:

o Strip-line only.

o [solate all other signals from the LVDS signals to prevent coupling from other sources onto the

LVDS lines.

e Use controlled impedance traces that match the differential impedance of your transmission

medium (i.e. cable) and termination resistor

¢ Run the differential pair trace lines as close together as possible as soon as they leave the IC, not
greater than 10 mils. This will help eliminate reflections and ensure noise is coupled as common
mode. Plus, noise induced on the differential lines is much more likely to appear as common mode,
which is rejected by the receiver.

e The LVDS Transmitter timing domain signals have a maximum trace length of 10.0 inches. This
maximum applies to all of the LVDS Transmitter signals.

e Traces must be ground referenced and must not switch layers between the GMCH and connector.

When choosing cables, it is important to remember:
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e Use controlled impedance media. The differential impedance of cable LVDS uses should be 100 Q2
+ 15%. Cables should not introduce major impedance discontinuities that cause signal reflection.

e Balanced cables (twisted pair) are usually better than unbalanced cables (ribbon cable, multi-
conductor) for noise reduction and signal quality.

o (Cable length must be less than 16 inches.

Table 60. LVDS Package Lengths

signal Group | S Cnel | e mitey | Sianal Group | N el (i)
ICLKAP 503.7 ICLKAP 502.0
ICLKAM 498.8 ICLKAM 499.1
IYAPO 399.6 IYBPO 359.8
IYAMO 385.4 1'YBMO 353.7
CHANNEL IYAP1 487.5 CHANNEL IYBP1 524.7
A IYAM1 466.2 B IYBM1 516.6
IYAP2 572.6 IYBP2 623.3
IYAM2 566.2 IYBM2 604.2
IYAP3 643.2 IYBP3 441.8
IYAM3 637.8 IYBM3 441.7
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Digital Video Out Port

The GMCH DVO port interface supports a wide variety of third party DVO compliant devices (e.g. TV
encoder, TMDS transmitter or integrated TV encoder and TMDS transmitter). The GMCH has two
dedicated Digital Video Out Ports, DVOB and DVOC. Intel’s DVO port is a 1.5-V only interface that
can support transactions up to 165 MHz. Some of the DVO port command signals may require voltage
translation circuit depending on the third party device. The table below lists the DVO interface signals.

Table 61. DVO Interface Signal Groups

8.3.1.

168

. MCH Signal . . MCH Signal .
Signal Group G CNag:;gna Signal Type Signal Group G CNa:;gna Signal Type
DVOBFLDSTL Input DVOCFLDSTL Input
DVOBHSYNC Output DVOCHSYNC Output
DVOBVSYNC Output DVOCVSYNC Output
DVOBBLANK# Output DVOCBLANK# Output
DvOB DvoC
DVOBD[11:0] Output DVOCD[11:0] Output
DVOBCLK DVOCCLK
(DVOBCLKI0)) Output Strobe (DVOCCLKIO]) Output Strobe
DVOBCLK# DVOCCLK#
(DVOBCLK[1)) Output Strobe (DVOCCLK[1]) Output Strobe
DVOBCCLKINT Input Voltage DVORCOMP
Common Reference,
Signals for DVOBCINTR# Input RCOMP GVREF
Both DVO
Ports ADDID[7:0] Input
DVODETECT Input

Length Matching Requirements

The routing guidelines presented in the following subsections define the recommended routing
topologies, trace width and spacing geometries, and absolute minimum and maximum routed lengths for
each signal group, which are recommended to achieve optimal SI and timing. In addition to the absolute
length limits provided in the individual guideline tables, more restrictive length matching requirements
are also provided which further restrict the minimum to maximum length range of each signal group
with respect to clock strobe, as required to guarantee adequate timing margins. Refer to Table 62 for
DVO length matching requirements.

Intel® 855GM/855GME Chipset Platform Design Guide



intal.

Integrated Graphics Display Port

Table 62. DVO Interface Trace Length Mismatch Requirements

8.3.2.

8.3.3.

Data Group S'ggf:: c“ln(ast;:r':;lr)‘g to As sgngéﬁlﬁfiﬂoebg oup Clock Strobe Matching Notes
DVOBD [11:0] + 100 mils DVOBCLK[1:0] + 10 mils 1,2
DVOCD [11:0] + 100 mils DVOCCLK]1:0] + 10 mils 1,2

NOTES:

1. Data signals of the same group should be trace length matched to the clock within £100 mil including package

lengths.

2. All length matching formulas are based on GMCH die-pad to DVO device pin total length. Package length
table are provided for all signals in order to facilitate this pad to pin matching.

Package Length Compensation

As mentioned in Section 8.3.1, all length matching is done from GMCH die-pad to DVO connector pin.
The reason for this is to compensate for the package length variation across each signal group in order to
minimize timing variance. The 855GM chipset GMCH does not equalize package lengths internally as
some previous GMCH components have, and therefore, the 855GM chipset GMCH requires a length
matching process. See Table 64 for the DVO interface package lengths information.

Package length compensation should not be confused with length matching as discussed in the previous
section. Length matching refers to constraints on the minimum and maximum length bounds of a signal
group based on clock length, whereas package length compensation refers to the process of
compensating for package length variance across a signal group. There is of course some overlap in that
both affect the target length of an individual signal. Intel recommends that the initial route be completed
based on the length matching formulas in conjunction with nominal package lengths and that package
length compensation be performed as secondary operation.

DVOB and DVOC Routing Guidelines

Table 63 provides the DVOB and DVOC routing guideline summary.
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Table 63. DVOB and DVOC Routing Guideline Summary

Parameter Definition
Signal Group DVOBD [11:0], DVCBD [11:0]
Motherboard Topology Point to point
Reference Plane Ground Referenced
Characteristic Trace Impedance (Zo) 55 Q +15%
Nominal Trace Width Inner layers: 4 mils
Minimum Spacing to Trace Width Ratio 2to1 (e.g. 8 mil space to 4 mil trace)
Minimum Isolation Spacing to non-DVO Signals 20 mils
Minimum Spacing to Other DVO Signals 12 mils (see exceptions for breakout region below)

Minimum Spacing of DVOBCLK [1:0] or DVOCCLK [1:0]

to any other signals 12 mils

See Table 64. DVO Interface Package Lengths for package

Package Length Range lengths.

Min 1.5”
Total Length
Max 6”

Data to Clock Strobe Length Matching Requirements + 100 mils

CLKO to CLK1 Length Matching Requirements + 10 mils

The DVO interface does not require external termination. They are routed point to point as follows:
o All signals should be routed as striplines (inner layers).

o All signals in a signal group should be routed on the same layer. Routing studies have shown that
these guidelines can be met. The trace length and trace spacing requirements must not be violated
by any signal.

e Route the DVOBCLK]1:0] or DVOCCLK]1:0] signal pairs 4 mils wide and 8 mils apart with a
max trace length of 6in. This signal pair should be a minimum of 12 mils from any adjacent
signals.

o In order to break out of the GMCH, the DVOB and/or DVOC data signals can be routed with a
trace width of 4 mils and a trace spacing of 7 mils. The signals should be separated to a trace width
of 4 mils and a trace spacing of 8 mils within 0.3 inches of the GMCH component.
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Table 64. DVO Interface Package Lengths

Signal NuFr,'rilT)er Packe(lgﬁlls_)ength Signal NuFr‘ri:lI)er Leﬁgaﬁg’ﬁls)
DVOBCLK P3 475 DVOCCLK J3 601
DVOBCLK# P4 439 DVOCCLK# J2 675
DVOBD[0] R3 489 DVOCDI0] K5 489
DVOBD[1] R5 439 DVOCD[1] K1 692
DVOBDI[2] R6 343 DVOCDI2] K3 622
DVOBD[3] R4 415 DVOCDI3] K2 685
DVOBD[4] P6 409 DVOCD[4] J6 536
DVOBD[5] P5 387 DVOCD[5] J5 518
DVOBDI[6] N5 466 DVOCDI6] H2 720
DVOBD[7] P2 553 DVOCD[7] H1 771
DVOBD[8] N2 568 DVOCDI8] H3 649
DVOBD[9] N3 504 DVOCDI9] H4 625
DVOBDI[10] M1 611 DVOCDI[10] H6 521
DVOBD[11] M5 510 DVOCDI[11] G3 762
DVOBFLDSTL M2 566 DVOCFLDSTL H5 566
DVOBHSYNC T6 339 DVOCHSYNC K6 491
DVOBVSYNC T5 362 DVOCVSYNC LS 440
DVOBBLANK# L2 583 DVOCBLANK# L3 541
DVOBCCLKINT M3 520
DVOBCINTR# G2 712

8.3.4. DVOB and DVOC Assumptions, Definitions, and Specifications

The source synchronous solution space consists of all designs in which the flight time mismatch
between a strobe and its associated data is less than the total allowable skew:

Tskew = Tﬂightdata - Tflightstrobe

Where Thigntdata a0d Tgightsirobe are the driver-pad-to-receiver-pin flight times of the data and the strobe
respectively.

The DVO physical interface is a point-to-point topology using 1.5-V signaling. The DVO uses a 165-
MHz clock.

The flight time skew simulations simulate all parameters that could cause a skew between two signals,

including motherboard and add-in card line lengths, effective capacitance in the buffer models, crosstalk
on each of the different interconnect combinations, data pattern dependencies, and ISI induced skews.
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8.3.5. DVOB and DVOC Simulation Method

Figure 80.

A model for simulation purposes is shown in Figure 80. The DVO component is a third party-chip.

DVOB and DVOC Simulations Model
tDVb, tDVa tDSu, tDh
DVO I/F DVO
GMCH (Device)
DVOB/DVOC

Control, Data

Figure 81.

Driver-Receiver Waveforms Relationship Specification

Driver
Strobe

Receiver
Strobe

Receiver
Data

X Datal XXDataZ ><:>< Data3 XX Data4 ><

tDSu tDh

The setup margin and the hold margin for a particular design depends on the values of the data valid
times and the data setup and hold times on both the driver and the receiver sides. However, note that
available margins are not absolute values. Any skew due to routing and loading differences, any
coupling differences in the parallel traces, and any effects of SSO (ISI, ground bounce, etc.) should be
accounted for in the timing budget as they will reduce the total available margin for the design.

Table 65. Allowable Interconnect Skew Calculation

Component Skew Element Symbol Setup Hold Units
Driver Data Valid before Strobe tDVb 570 ps
Data Valid after Strobe tDVa 770 ps
Interconnect Allowable Skew Vendor specific Vendor specific ps
Receiver Data Setup to Strobe tDSu Vendor specific ps
Data Hold from Strobe tDh Vendor specific ps
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All numbers in this table are from the GMCH specification for DVO interface at 165MHz. For third
party receiver devices, please refer to appropriate third party vendor specifications.

DVOB and DVOC port Flexible (Modular) Design

The GMCH supports flexible design interfaces described in this section.

DVOB and DVOC Module Design

The GMCH supports a DVO module design connected to the GMCH through a generic connector.
Simulation method is the same as in previous section. Lengths L1 and L2 are determined by simulation
as L1=4 inches and L2= 2 inches. Refer to Figure 83 for the generic connector parasitic model.

Figure 82. DVO Enabled Simulation Model

L1 ] L2
gxgg (IS;F 1 > Conn_ector

with

tDVb, tDVa tDSu, tbh bvo
module
GMCH
Generic
Connector

All signals should be routed as striplines (inner layers).All signals in a signal group should be routed on
the same layer. Routing studies have shown that these guidelines can be met. The trace length and trace
spacing requirements must not be violated by any signal. Trace length mismatch for all signals within a
signal group should be as close to = 100 mils with respect to the strobe clocks as possible to provide
optimal timing margin. Each strobe pair must be separated from other signals by at least 12 mils

Table 66 shows DVO enabled routing guideline summary.

Table 66. DVO Enabled Routing Guideline Summary

. Maximum . . Length
Signal Length Trace Width Trace Spacing Mismatch Notes
DVO Timing L1=4in 4 mils 8 mils + 100 mils
Domain .
L2=2in

8.4.11.
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Generic Connector Model
Figure 83 shows the generic connector model used in simulation for flexible DVO implementation. This

is only for reference. Actual connector may have different parasitic values. Designs using this approach
need to be simulated first.
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Figure 83. Generic Module Connector Parasitic Model

Motherboard R L Module
(Y YY)
@ @
20mQ 2.5nH
C, 1~ 2.21pF C, 1~ 2.21pF

DVO GMBUS and DDC Interface Considerations

The GMCH DVOB and/or DVOC port controls the video front-end devices via the GMBUS (12C)
interface. DDCADATA and DDCACLK should be connected to the CRT connector. The GMBUS
should be connected to the DVO device, as required by the specifications for those devices. The
protocol and bus may be used to configure registers in the TV encoder, TMDS transmitter, or any other
external DVI device. The GMCH also has an option to utilize the DDCPCLK and DDCPDATA to
collect EDID (Extended Display Identification) from a digital display panel.

Pull-ups (or pull-ups with the appropriate value derived from simulating the signal) typically ranging
from 2.2 kQ to 10 kQ are required on each of these signals.

The following GMCH signal groups list the six possible GMBUS pairs.

Table 67. GMBUS Pair Mapping and Options

Pair Signal Name Buffer Description Notes
# Type
0 DDCADATA 33V DDC for Analog monitor (CRT) This cannot be shared with other
connection. DDC or 12C pairs due to legacy
DDCACLK monitor issues.
LCLKCTRLA 3.3V For control of SSC clock generator If SSC is not supported then can
1 devices down on motherboard. be used for DVOB or DVOC
LCLKCTRLB GMBUS.
DDCPDATA 33V DDC for Digital Display connection via If EDID panels are not
2 the integrated LVDS display port for supported. Can optionally use as
DDCPCLK support for EDID panel. GMBUS for DVOB or DVOC.
MDVIDATA 1.5V GMBUS control of DVI devices (TMDS Can optionally use as GMBUS
3 or TV encoder) for DVOB or DVOC.
MDVICLK
MI2CDATA 1.5V GMBUS control of DVI devices (TMDS Can optionally use as GMBUS
4 or TV encoder) for DVOB or DVOC.
MI2CCLK
MDDCDATA 1.5V DDC for Digital Display connection via Can optionally use as GMBUS
5 TMDS device for DVOB or DVOC.
MDDCCLK
NOTE: All GMBUS pairs can be optionally programmed to support any interface and is programmed through the

BMP utility.

If any of GMBUS pairs are not used, 2.2 k — 100 kQ pull-up (or pull-ups with the appropriate value
derived from simulating the signal) resistors are required, except for CRT DDCADATA/DDCCLK and
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LCLKCTRLA/LCLKCTRLB GMBUS pair. LCLKCTRLA/LCLKCTRLB are used as bootup straps.
Please refer to the Intel 855GM/GME (Montara-GM/GM+) Chipset GMCH External Design
Specification for details on strapping option. This will prevent the GMCH from confusing noise on
these lines for false cycles.

Leaving the GMCH DVOB or DVOC Port Unconnected

If the motherboard does not implement any of the possible video devices with the DVO port, DVO Data
output signals may be left unconnected. However pull-up or pull-down resistors are required for the
following:

Pull-down resistors are required:
e DVOBFLDSTL
e DVOCFLDSTL
e DVOBCCLKINT

Pull-up resistors are required:
e DVOBCINTR#

Miscellaneous Input Signals and Voltage Reference

e ADDIDJ[7]: Pulldown to ground with a 1-kQ resistor when using the DVOB or DVOC port. This
is a strapping option for video BIOS to load the TPV AIM module for DVOB and DVOC port.
Pulldown not required if DVOB or DVOC is not enabled.

o ADDIDJ[6:0]: Leave unconnected (NC).
e DVODETECT: Leave unconnected (NC) when using the DVOB or DOVC port.

o AGPBUSY#: Connects directly to ICH4-M. A 10-k pullup resistor is required. If using 855GME
platform with external AGP graphics this signal may be left no connect.

e DVORCOMP is used to calibrate the DVOB and DVOC buffers. It should be connected to ground
via a 40.2 Q 1% resistor using a routing guideline of 10mil trace and 20mil spacing.

e DPMS: connects to 1.5V version of the ICH4-M’s SUSCLK or a clock that runs during S1.

e GVREF: Reference voltage for the DVOB and DVOC input buffers. Refer to the figure below for
proper signal conditioning.

PM_SUS_CLK/AGP_PIPE# Design Consideration

The following design consideration provides the option to support both AGP and DVO devices with one
AGP/ADD Connector. Refer to Figure 86 for more detail.

The GMCH expects PM_SUS CLK when there is no AGP device. However, when there is an AGP
device this pin functions as AGP_PIPE#. The AGP_TYPEDET# signal is driven high when no AGP
card is detected, allowing DPMS CLK to be driven by PM_SUS CLK. In the case where an AGP card
is detected, AGP_TYPE# signal goes high which disconnects PM_SUS CLK and allows direct connect
of AGP_PIPE# between GMCH and AGP connector.
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Figure 84. GVREF Reference Voltage

+V1.5S
1KQ 1%
GVREF (to DVO device) ’ GVREF(to GMCH)
0.1 uF I 1 KQ 1% 0.1},1F—|—
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AGP Port Design Guidelines

9.1.

9.1.1.

For detailed AGP interface functionality (e.g., protocols, rules, signaling mechanisms), refer to the latest
AGP Interface Specification, Revision 2.0, which can be obtained from http://www.agpforum.org. This
section focuses only on specific Intel 8S5GME chipset platform recommendations.

AGP Interface

The AGP Interface Specification Revision 2.0 enhances the functionality of the original AGP Interface
Specification (revision 1.0) by allowing 4X data transfers (4 data samples per clock) and 1.5-volt
operation. In addition to these major enhancements, additional performance enhancement and
clarifications, such as fast write capability, are included in Revision 2.0 of the AGP Interface
Specification.

The 4X operation of the AGP interface provides for “quad-sampling” of the AGP AD (Address/Data)
and SBA (Side-band Addressing) buses. That is, the data is sampled four times during each 66-MHz
AGP clock. This means that each data cycle is % of a 15 ns period (66-MHz clock) or 3.75 ns. It is
important to realize that 3.75 ns is the data cycle time, not the clock cycle time. During 2X operation,
the data is sampled twice during a 66-MHz clock cycle. Therefore, the data cycle time is 7.5 ns.

In order to allow for these high-speed data transfers, the AGP interface uses source synchronous data
strobing in 2X mode and differential source synchronous data strobing in 4X mode.

With data cycle times as small as 3.75 ns and setup/hold times of 1 ns, propagation delay mismatch is
critical. In addition to reducing propagation delay mismatch, it is important to minimize noise. Noise on
the data lines will cause the settling time to be large. If the mismatch between a data line and the
associated strobe is too great, or there is noise on the interface, incorrect data will be sampled.

The low-voltage operation on AGP (1.5 V) requires even more noise immunity. For example, during
1.5-V operation, V;_is 570 mV. Without proper isolation, crosstalk could create signal integrity
issues.

ilmax

The Intel 855GME GMCH AGP interface supports a single AGP controller. LOCK# and
SERR#/PERR# are not supported. AGP 4X, 2X, and 1X operate at 1.5 V only.
AGP semantic cycles to DRAM are not snooped on the host bus.

The Intel 855GME GMCH supports PIPE# or SBA[7:0] AGP address mechanisms, but not both
simultaneously. Either the PIPE# or the SBA[7:0] mechanism must be selected during system
initialization.

The AGP interface is clocked from the 66-MHz clock input to the GCLKIN pin on the GMCH.

AGP Interface Signal Groups

The signals on the AGP interface are broken into three groups: 1X timing domain signals, 2X timing,
and 4X timing domain signals. Each group has different routing requirements.
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All signals in the 2X/4X timing domain must meet minimum and maximum trace length requirements as
well as trace width and spacing requirements. Because of the multiplexed AGP/DVO interface, there
are trace length matching requirements within each set of 2X/4X signals, as well as between sets of
2X/4X signals.

The signal groups are documented in Table 68.

Table 68. AGP 2.0 Signal Groups
1X Signals 2X Signals 4X Signals

CLK (3.3V) 2X signals include all 1X signals and 4X signals include all 1X signals and
RBF# AD_STB[1:0] AD_STB[1:0]
WBF# SB_STB AD_STB[1:01#

GSTI[2:0] ADI[31:0] signals and associated SB_STB
C/BE[3:0]# signals are running at 2X
PIPE# mode[ W sig 9 SB_STB#

REQ# AD[31:0] signals and associated C/BE[3:0]#
GNT# signals are running at 4X mode.

PAR
FRAME#
IRDY#
TRDY#
STOP#
DEVSEL#
AD[31:0]
C/BE[3:0]#
SBA[7:0]

Table 69. AGP 2.0 Data/Strobe Associations

Address/Data Associated Strobe in 1X Associated Associated Strobes in
Strobe in 2X

ADI[15:0] and Strobes are not used in 1X mode. All AD_STBO AD_STBO, AD_STBO#

C/BE[1:0]# data is sampled on rising clock edges.

ADI[31:16] and Strobes are not used in 1X mode. All AD_STB1 AD_STB1, AD_STB1#

C/BE[3:2]# data is sampled on rising clock edges.

SBA[7:0] Strobes are not used in 1X mode. All SB_STB SB_STB, SB_STB#
data is sampled on rising clock edges.

The routing guidelines for each group of signals (1X timing domain signals, 2X/4X timing domain
signals, and miscellaneous signals) will be addressed separately.
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9.2. AGP Routing Guidelines

9.2.1. 1x Timing Domain Routing Guidelines

9.21.1. Trace Length Requirements for AGP 1X

This section contains information on the 1X timing domain routing guidelines. The AGP 1X timing
domain signals have a maximum trace length of 10 inches (pin to pin). The target impedance is 55-Q +
15%. This maximum applies to ALL of the signals listed as 1X timing domain signals in Table 68. In
addition to this maximum trace length requirement (refer to Table 70 and Table 71) these signals must
meet the trace spacing and trace length mismatch requirements in Sections 9.2.1.2 and 9.2.1.3.

Table 70. Layout Routing Guidelines for AGP 1X Signals

1X signals Max. Length (inches) Width (mils) Space (mils)
CLK_AGP 10 4 4
AGP_PIPE# 10 4 4
AGP_RBF# 10 4 4
AGP_WBF# 10 4 4
AGP_ST[2:0] 10 4 4
AGP_FRAME# 10 4 4
AGP_IRDY# 10 4 4
AGP_TRDY# 10 4 4
AGP_STOP# 10 4 4
AGP_DEVSEL# 10 4 4
AGP_REQ# 10 4 4
AGP_GNT# 10 4 4
AGP_PAR 10 4 4
9.2.1.2. Trace Spacing Requirements

AGP 1X timing domain signals (refer to Table 68) can be routed with 4-mil minimum trace separation.

9.21.3. Trace Length Mismatch

There are no trace length mismatch requirements for 1X timing domain signals. These signals must meet
minimum and maximum trace length requirements.
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9.2.2. 2x/4x Timing Domain Routing Guidelines

9.2.21. Trace Length Requirements for AGP 2X/4X

These trace length guidelines apply to ALL of the signals listed as 2X/4X timing domain signals in
Table 68. In addition to these maximum trace length requirements, these signals must meet the trace
spacing and trace length mismatch requirements in Sections 9.2.2.2 and 9.2.2.3.

The maximum line length and mismatch requirements are dependent on the routing rules used on the
motherboard. These routing rules were created to give design freedom by making tradeoffs between
signal coupling (trace spacing) and line lengths. These routing rules are divided by trace spacing. In 1:2
spacing, the distance between the traces is two times the width of traces.

Figure 85. AGP Layout Guidelines

(Width:Space)

1:2 Strobe to Strobe# Routing
1:3 Strobe to Data Routing

< > acp

1:2 routing Controller
6.0” max length
+/- 0.1” mismatch to
associated strobe

GMCH

For 2X/4X lines in AGP interface, the max length is 6.0 inches (pin to pin) and 1:2 trace spacing is
required. 2X signals must be matched to their associated strobe within 0.1 inch. 4X signals must be
matched to both of their associated strobes within 0.1 inch. Reduce line length mismatch to ensure

added margin.

9.2.2.2. Trace Spacing Requirements

AGP 2X/4X timing domain signals must be routed as documented in Table 71. They should be routed
using 4-mil traces. Additionally, the signals can be routed with 5-mil spacing when breaking out of the
GMCH. The routing must widen to the requirement in Table 72 within 0.3 inches of the GMCH
package.

Since the strobe signals (AD_STBO0, AD STBO0#, AD_STBI1, AD_STBI1#, SB_STB, and SB_STB#) act
as clocks on the source synchronous AGP interface, special care should be taken when routing these
signals. Because each strobe pair is truly a differential pair, the pair should be routed together (e.g. for
4x timing, AD_STBO0 and AD_STBO0# should be routed next to each other). The two strobes in a strobe
pair should be routed on 4-mil traces with 8 mils of space (1:2) between them. This pair should be
separated from the rest of the AGP signals (and all other signals) by at least 15 mils (1:3).
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Table 71. Layout Routing Guidelines for AGP 2X/4X Signals

AGP Port Design Guidelines

. Trace Space Length
Signal Maximum (mils) Mismatch Relative To Notes
Length (inch) X
(4 mil traces) (inch)
2X/4X Timing 6 8 +0.1 AGP_ADSTBO and | AGP_ADSTBO,
Domain Set#1 AGP_ADSTBO# AGP_ADSTBO#
must be the same
length (10 mils)
2X/4X Timing 6 8 +0.1 AGP_ADSTB1 and | AGP_ADSTB1,
Domain Set#2 AGP_ADSTB1# AGP_ADSTB1#
must be the same
length (10 mils)
2X/4X Timing 6 8 +0.1 AGP_SBSTB and AGP_SBSTB,
Domain Set#3 AGP_SBSTB # AGP_SBSTB# must
be the same length
(10 mils)

9.2.2.3.

Trace Length Mismatch Requirements

Table 72. AGP 2.0 Data Lengths Relative to Strobe Length

Max Trace Length Trace Spacing Strobe Length Min Trace Length Max Trace Length

<6in 1:2 X X-=0.1in X+0.1in

Intel® 855GM/855GME Chipset Platform Design Guide

The trace length minimum and maximum (relative to strobe length) should be applied to each set of
2X/4X timing domain signals independently. That is, if AD_STBO is 5 inches and ADSTBO# is 5.01
inches, then AD[15:0] and C/BE[1:0] must be between 4.91 inches and 5.1 inches. However AD_STB1
and ADSTBI1# can be 3.5 inches and 3.51 inches (and therefore AD[31:16] and C/BE#[3:2] must be
between 3.41 inches and 3.6 inches). In addition, all 2X/4X timing domain signals must meet the
maximum trace length requirements.

o All signals should be routed as strip lines (inner layers).

o All signals in a signal group should be routed on the same layer. Routing studies have shown that
these guidelines can be met. The trace length and trace spacing requirements must not be violated
by any signal. Trace length mismatch for all signals within a signal group should be as close to 0
inches as possible to provide optimal timing margin.

The strobe pair must be length matched to less than = 0.01 inches (that is, a strobe and its compliment
must be the same length within + 0.01 inches).

Table 73 shows the AGP 2.0 routing summary.
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Table 73. AGP 2.0 Routing Guideline Summary

intal

Trace
i Spacin
Signal le:rl:gtuhm (F; milg Length Mismatch Relative To Notes
traces)
1X Timing Domain 10in 4 mils No Requirement N/A None
2X/4X Timing 6in 8 mils +0.1in AD_STBO and | AD_STBO0, AD_STBO#
Domain Set#1 AD_STBO# must be the same
length
2X/4X Timing 6in 8 mils +0.1in AD_STB1and | AD_STB1, AD_STB1#
Domain Set#2 AD_STB1# must be the same
length
2X/4X Timing 6in 8 mils +0.1in SB_STB and SB_STB, SB_STB#
Domain Set#3 SB_STB# must be the same

length

9.2.3.

AGP Clock Skew

The maximum total AGP clock skew, between the MCH-M and the graphics component, is 1 ns for all
data transfer modes. This 1 ns includes skew and jitter, which originates on the motherboard, add-in
module (if used), and clock synthesizer. Clock skew must be evaluated not only at a single threshold
voltage, but also at all points on the clock edge that falls in the switching range. The 1 ns skew budget is
divided such that the motherboard is allotted 0.9 ns of clock skew (the motherboard designer shall
determine how the 0.9 ns is allocated between the board and the synthesizer).

9.2.4.

AGP Signal Noise Decoupling Guidelines

The main focus of these guidelines is to minimize signal integrity problems on the AGP interface of the
Intel 855GME chipset GMCH. The following guidelines are not intended to replace thorough system
validation on Intel 855GME chipset-based products.

e A minimum of six 0.01-uF capacitors are required and must be as close as possible to the GMCH.
These should be placed within 70 mils of the outer row of balls on GMCH for VDDQ decoupling.
Ideally, this should be as close as possible.

o Intel recommends that the designer use a low-ESL ceramic capacitor, such as with a 0603 body-
type X7R dielectric.

o In order to add the decoupling capacitors within 70 mils of the GMCH and/or close to the vias, the
trace spacing may be reduced as the traces go around each capacitor. The narrowing of space
between traces should be minimal and for as short a distance as possible (1.0 inch max.).

In addition to the minimum decoupling capacitors, the designer should place bypass capacitors at vias
that transition the AGP signal from one reference signal plane to another. One extra 0.01-pF capacitor
per 10 vias is required. The capacitor should be placed as close as possible to the center of the via field.
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9.2.5. AGP Interface Package Lengths

Table 74. AGP Interface Package Length

GADO T6 339 GADSTB_0 P3 475
GAD1 T5 362 GADSTBB_0 P4 439
GAD2 R5 440 GADSTB_1 J3 601
GAD3 R3 489 GADSTBB_1 J2 675
GAD4 R4 415 GSBA_0O ES 686
GAD5 R6 343 GSBA_1 F5 617
GAD6 P5 387 GSBA_2 E3 738
GAD7 P6 409 GSBA_3 E2 865
GAD8 N5 466 GSBA_4 G5 668
GAD9 N3 504 GSBA_5 F4 688
GAD10 N2 568 GSBA_6 G6 518
GAD11 M5 510 GSBA 7 F6 613
GAD12 M1 611 GSBSTB F2 799
GAD13 M3 520 GSBSTBB F3 761
GAD14 M2 566 GPIPEB D5 644
GAD15 T7 296 GCBEB_O P2 553
GAD16 L5 440 GCBEB_1 L2 583
GAD17 K6 491 GCBEB_2 L4 515
GAD18 L3 541 GCBEB_3 J5 518
GAD19 K5 489 GST_O C4 750
GAD20 K1 692 GST_1 C3 797
GAD21 K3 622 GST_2 C2 856
GAD22 K2 685 GRBFB D3 962
GAD23 J6 536 GWBFB D2 947
GAD24 H1 772 GFRAMEB M6 486
GAD25 H2 720 GIRDYB K7 751
GAD26 H4 625 GTRDYB N7 350
GAD27 H3 649 GSTOPB P7 423
GAD28 G3 762 GDEVSELB N6 399
GAD29 H6 521 GREQB B3 762
GAD30 G2 712 GGNTB B2 849
GAD31 H5 566 GPAR L7 623
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9.2.6.

9.2.7.
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AGP Routing Ground Reference

Intel strongly recommends that at least the following critical signals be referenced to ground from the
GMCH to an AGP controller connector using a minimum number of vias on each net: AD_STBO,
AD_STBO#, AD STBI1, AD STBI1#, SB_STB, SB STB#, G TRDY#, G_IRDY#, G_GNT#, and
ST[2:0].

Pull-ups

The AGP 2.0 Specification requires AGP control signals to have pull-up resistors to VDDQ to ensure
they contain stable values when no agent is actively driving the bus. Also, the AD STB[1:0]# and
ST_STB# strobes require pull-down resistors to GND. The GMCH has integrated many of these pull-
up/pull-down resistors on the AGP interface and a few other signals not required by the AGP 2.0
Specification. Pull-ups are allowed on any signal except AD_STB[1:0]# and SB_STB#.

The GMCH has no support for the PERR# and SERR# pins for AGP graphics controller with PERR#
and SERR# support. Pull-ups to a 1.5-V source are required down on the motherboard in such cases.
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Table 75. AGP Pull-Up/Pull-Down Requirements and Straps

Signal AGP 2.0 Signal GMCH Integrated Notes
Pull-Up/Pull-Down Pull-Up/Pull-Down
Requirements
DEVSEL# Pull-Up
FRAME# Pull-Up
GNT# Pull-Up
INTA# Pull-Up 3,5
INTB# Pull-Up 3,5
IRDY# Pull-Up
PERR# Pull-Up 2
PIPE# Pull-Up
RBF# Pull-Up
REQ# Pull-Up 1
SERR# Pull-Up 2
ST[2:0] Pull-Up 4
STOP# Pull-Up
TRDY# Pull-Up
WBF# Pull-Up
AD_STB[1:0] Pull-Up
AD_STB[1:0J# Pull-Down
SB_STB Pull-Up
SB_STB# Pull-Down
SBA[7:0] Pull-Up 1
NOTES:

1. The Intel 855GME chipset GMCH has integrated pull-ups to ensure that these signals do not float when there is
no add-in card in the connector.

2. The Intel 855GME chipset GMCH does not implement the PERR# and SERR# signals. Pull-ups on the
motherboard are required for AGP graphics controllers that implement these signals.

3. The AGP graphics controller's INTA# and INTB# signals must but routed to the system PCI interrupt request
handler where the pull-up requirement should be met. For Intel 855GME chipset-based systems, they can be
routed to the ICH4-M’s PIRQ signals that are open drain and require pull-ups on the motherboard.

4. ST[1:0] provide the strapping options for 100-MHz PSB operation and DDR memory, respectively.

5. INTA# and INTB# should be pulled to 3.3 V, not VDDQ.

The pull-up/pull-down resistor value requirements are shown in Table 76.

Table 76. AGP 2.0 Pull-up Resistor Values

Rmin Rmax

4 kQ 16 kQ

The recommended AGP pull-up/pull-down resistor value is 8.2 kQ.

Intel® 855GM/855GME Chipset Platform Design Guide 185



AGP Port Design Guidelines i

9.2.8. AGP vDDQ and VCC

AGP specifies two separate power planes: VCC and VDDQ. VCC is the core power for the graphics
controller. VDDQ is the interface voltage.

9.2.9. VREF Generation for AGP 2.0 (2X and 4X)

9.2.9.1. 1.5-V AGP Interface (2X/4X)

The voltage divider networks consist of AC and DC elements. The reference voltage that should be
supplied to the Vref pins of the graphics controller is 2 * VDDQ. Two 1-kQ + 1% resistors can be used
to divide VDDQ down to the necessary voltage level.

The Vref divider network should be placed as close to the AGP interface as is practical to get the benefit
of the common mode power supply effects. However, the trace spacing around the Vref signals must be
a minimum of 25 mils to reduce crosstalk and maintain signal integrity.

9.210. AGP Compensation

The Intel 855GME chipset GMCH AGP interface supports resistive buffer compensation. For Printed
Circuit Boards with characteristics impedance of 55 €, connect the GRCOMP pin to a 40.2 Q + 1%
pull-down resistor (to ground) via a 10-mil wide, very short (= 0.5 inches) trace.

9.2.11. PM_SUS_CLK/AGP_PIPE# Design Consideration

The following design consideration provides the option to support both AGP and DVO devices with one
AGP/ADD Connector. Refer to Figure 86 for more detail.

The GMCH expects PM_SUS CLK when there is no AGP device. However, when there is an AGP
device this pin functions as AGP_PIPE#. The AGP_TYPEDET# signal is driven high when no AGP
card is detected, allowing DPMS_CLK to be driven by PM_SUS CLK. In the case where an AGP card
is detected, AGP_TYPE# signal goes high which disconnects PM_SUS CLK and allows direct connect
of AGP_PIPE# between GMCH and AGP connector.

Figure 86. DPMS Circuit

Q6D2 Q6D1
BSs138 BSS138
PM_SUS_CL 3 2 AGP PIPE# FET 2 3« > >DPMS_CLK 7
79,37 -l JEs
— — DPMS_CLK
AV12S 17,2327,37,45  « -
REQ7\ 100K
8 AGP_TYPEDET# [ > >—
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10. Hub Interface

The GMCH and ICH4-M pin-map assignments have been optimized to simplify the hub interface
routing between these devices. It is recommended that the hub interface signals be routed directly from
the GMCH to the ICH4-M with all signals referenced to VSS. Layer transitions should be kept 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 hub interface signals are broken into two groups: data signals (HL) and strobe signals (HLSTB).
For the 11-bit hub interface, HL[10:0] are associated with the data signals while HLSTB and HLSTB#
are associated with the strobe signals.

Figure 87. Hub Interface Routing Example

HLSTB#HLSTBF
HLSTB/HLSTBS
HL[10:0]

ICH4-M GMCH

CLK66

-
-
-

AAAA

CLK66

CLK408

10.1. Hub Interface Compensation

This section documents the routing guidelines for the 11-bit hub interface using enhanced (parallel)
termination. This hub interface connects the ICH4-M to the GMCH. The ICH4-M should strap its
HLRCOMP pin to Vcc=1.5 V, as summarized in Table 77. The 855GM chipset GMCH should strap its
HLRCOMP pin to Vcc=1.2 V, the 855GME chipset GMCH should strap its HLRCOMP pin to
Vce=1.35 V as summarized in Table 77.

The trace impedance must equal 55 Q + 15%.

Table 77. Hub Interface RCOMP Resistor Values

Component Trace Impedance HLCOMP Resistor Value HLCOMP Resistor Tied to
ICH4-M 550+ 15% 4870+ 1% Veel 5
855GM 55Q +15% 2740+ 1% Veel 2
GMCH
855GME 55 Q% 15% 374 Q0+ 1% Veel1_35
GMCH

Intel® 855GM/855GME Chipset Platform Design Guide
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10.2. Hub Interface Data HL[10:0] and Strobe Signals

The hub interface HL[10:0] data signals should be routed on the same layer as hub interface Strobe
signals.

10.2.1. HL[10:0] and Strobe Signals Internal Layer Routing

Traces should be routed 4 mils wide with 8 mils trace spacing (4 on 8) and 20 mils spacing from other
signals. In order to break out of the GMCH and ICH4-M packages, the HL[10:0] signals can be routed 4
on 7. The signal must be separated to 4 on 8 within 300 mils from the package.

The minimum HL[10:0] on board signal trace length is 1.5 inches, while the maximum is 6 inches. The
HL[10:0] signals must be matched within + 100 mils of the HLSTB differential pair. There is no explicit
matching requirement between the individual HL[10:0] signals.

The hub interface strobe signals HLSTB and HLSTB# should be routed as a differential pair, 4 mils
wide with 8 mils trace spacing (4 on 8). The maximum length for strobe signals is 6 inches. Each strobe
signal must be the same length and each HL[10:0] signal must be matched to within + 100 mils of the
strobe signals. All length matching should be done from GMCH die to the ICH4-M die. Refer to the
package length Table 79 and Table 80.

Table 78. Hub Interface Signals Internal Layer Routing Summary

Signal Min Max Width Space Misma Relative Space Notes
length length (mils) (mils) tch To with other
(inch) (inch) length signals
(mils) (mils)
HL[10:0] 1.5 6” 4 8 +100 Differential 20
HLSTB
pair
HLSTB 1.5 6” 4 8 +100 Data lines 20 HLSTB and
HLSTB# must
HLSTB# be * 10 mils of
each other
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Table 79. Hub Interface Package Lengths for ICH4-M

Signal Pin Number Package Length (mils)
HUB_PDO L19 551
HUB_PD1 L20 562
HUB_PD2 M19 552
HUB_PD3 M21 567
HUB_PD4 P19 599
HUB_PD5 R19 627
HUB_PD6 T20 623
HUB_PD7 R20 593
HUB_PD8 P23 668
HUB_PD9 L22 559
HUB_PD10 N22 682
HUB_PD11 K21 560
HUB_CLK T21 605

HUB_PSTRB P21 541
HUB_PSTRB# N20 565

Table 80. Hub Interface Package Lengths for GMCH

Signal Pin Number Package Length (mils)
HLI[O] u7 281
HL[1] U4 408
HL[2] u3 476
HL[3] V3 484
HL[4] W2 551
HL[5] W6 355
HLI[6] V6 328
HL[7] W7 343
HLI[8] T3 499
HL[9] V5 399
HL[10] V4 457
GCLKIN Y3 539
HLSTB W3 504
HLSTB# V2 548
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10.2.2. Terminating HL[11]

The HL[11] signal exists on the ICH4-M but not the GMCH and is not used on the platform. HL[11]
must be pulled down to ground via a 56-Q resistor.

10.3. Hub VREF/VSWING Generation/Distribution

The hub interface reference voltage (VREF) is used on both the GMCH (HLVREF) and the ICH4-M
(HIREF). The hub interface also has a reference voltage (VSWING) for the GMCH (PSWING) and the
ICH4-M (HI_VSWING), to control voltage swing and impedance strength of the hub interface buffers.
The VREF voltage requirements must be set appropriately for proper operation. See Table 81 for the
VREF and VSWING voltage specifications. Sections 10.3.1 to 10.3.4 provide details on the different
options for VREF and VSWING voltage divider circuitry requirements.

Table 81. Hub Interface VREF/VSWING Reference Voltage Specifications

VREF VSWING NOTES
HIREF (ICH4-M) HI_VSWING (ICH4-M)
HLVREF (GMCH) PSWING (GMCH)

350 mV +/- 8% 800 mV +/- 8% See Sections 10.3.1, 10.3.2, 10.3.3, and 10.3.4 for
recommendations for the VREF/VSWING voltage generation
circuitry.

See Table 82, Table 83, and Table 84 for recommended
resistor values.

10.3.1. Single Generation Voltage Reference Divider Circuit

The GMCH and ICH4-M may share the same single voltage divider circuit. This option provides one
voltage divider circuit to generate both VREF and VSWING reference voltage. The reference voltage
for both VREF and VSWING must meet the voltage specification in Table 81. If the voltage
specifications are not met then individual locally generated voltage divider circuit is required. The
maximum trace length from the GMCH to ICH4-M is 4 inches or less. The voltage divider circuit should
be place midway between the GMCH and ICH4-M. Normal care needs to be taken to minimize
crosstalk to other signals (< 10-15 mV). If the trace length exceeds 4 inches then the locally generated
voltage reference divider should be used. See section 10.3.2 for the more details.
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Figure 88. Single VREF/VSWING Voltage Generation Circuit for Hub Interface

VCCHI
R1
PSWING J_CE —|_ 02—|_ HI_VSWING
GMCH T CI%R2 1|icHa-m
HLVREF —LCG J:_ C4_|_ HIREF
1 C?I%Re’ 1

The resistor values, R1, R2, and R3 must be rated at 1% tolerance. See Table 82 for recommended
resistor value. The selected resistor values ensure that the reference voltage tolerance is maintained over
the input leakage specification. Two, 0.1-uF capacitors (C1 and C3) should be placed close to the
divider. In addition, the 0.01-puF bypass capacitor (C2, C4, C5, and C6) should be placed within

0.25 inches of HLVREF/VREF pin (for C4 and C6) and HI VSWING pin (for C2 and C5).

Table 82. Recommended Resistor Values for Single VREF/VSWING Divider Circuit

10.3.2.

Intel® 855GM/855GME Chipset Platform Design Guide

Recommended Resistor Values VCCHI
Option 1 R1=806Q+1% R2=511Q+1% R3=402Q+ 1% 1.5V
Option 2 R1=255Q+ 1% R2=162Q+1% R3=127Q+ 1% 15V
Option 3 R1=226 Q+ 1% R2=147Q+1% R3=113Q+ 1% 1.5V
C1and C3 = 0.1 pF (near divider)
C2, C4, C5, C6 = 0.01 yF (near component)

Locally Generated Voltage Reference Divider Circuit

This section describes the option to generate the voltage references separately for GMCH and ICH4-M,
to be used if the routing distance between GMCH and ICH4-M is greater than 4 inches. One voltage
divider circuit is used to generate both HIVREF and HI VSWING voltage references for [CH4-M.
Another voltage divider circuit is used for GMCH. The reference voltage for both HIVREF and

HI VSWING must meet the voltage specification in Table 81. The resistor values R1, R2, and R3 must
be rated at 1% tolerance (see Table 82). Normal care needs to be taken to minimize crosstalk to other
signals (< 10-15 mV). If the voltage specifications are not met then individually generated voltage
divider circuit for HIVREF and HI_ VSWING is required.
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Figure 89. ICH4-M and GMCH Locally Generated Reference Voltage Divider Circuit

VCCHI VCCHI

PSWING HI_VSWING
GMCH ICH4
HLVREF HIREF

10.3.3. Single GMCH and ICH4-M Voltage Generation / Separate
Divider Circuit for VSWING/VREF

This section describes the option to use one voltage divider circuit for VREF, shared by both ICH4-M
and GMCH, while using another voltage divider circuit for VSWING. This allows for tuning the two
reference voltages independently. The reference voltage for both HIVREF and HI VSWING must meet
the voltage specification in Table 81. Normal care needs to be taken to minimize crosstalk to other
signals (< 10-15 mV).

Figure 90. Shared GMCH & ICH4-M Reference Voltage with Separate Voltage Divider Circuit for
VSWING and VREF

VcecHI=1.5V R4 =4320Q+1%,
R5=49.90Q + 1%,

R6 =78.7 Q + 1%,

R4 R6 R7=2420+1%

C1and C3=0.1pF
PVSWING HLVSWING (near divider)

C2,C4,C5,C6 =

HLVREF ¢ WREE Intel® | 0.01uF (near
GMCH . |CH4 component)
lcs Ro c4
C C
T T
=

Q
&)1

Table 83. Recommended Resistor Values for Separate HIVREF and HI_VSWING Divider Circuits

Signal Recommended Resistor Values VCCHI Capacitor value
HIVREF R4=432Q+1% VCCHI=1.5V | C3=0.1 yF (near divider)
350mV
( ) R5=49.9 Q + 1%, C2, C5=0.01 pyF (near component)
HI_VSWING | R6=78.7Q+1% VCCHI=1.5V | C1=0.1yF (near divider)
(800mV)
R7=242Q+ 1%, C4, C6 = 0.01 pyF (near component)
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Separate GMCH and ICH4-M Voltage Generation / Separate
Divider Circuits for VREF and VSWING

This option allows for tuning the voltage references HIVREF and HI_ VSWING individually, for both
ICH4-M and GMCH. The reference voltage for both HIVREF and HI VSWING must meet the voltage
specification in Table 81. Normal care needs to be taken to minimize crosstalk to other signals (< 10-15
mV). Note that resistor values used for 855GM chipset GMCH and 855GME chipset GMCH are
different since Vcc GMCH is different.

Figure 91. Individual HIVREF and HI_VSWING Voltage Reference Divider Circuits for ICH4-M and

Table 84.

10.4.

GMCH
VecGMCH VecHI
R8 R10 R4 R6
PSWING HI_VSWING —Ii K
HLVREF HIVREF
GMCH ICH4-M wr
cs c3| Jc T c4 c3| e
T T 1_ T
Recommended Resistor Values for HIVREF and HI_VSWING Divider Circuits for ICH4-M
Chipset Signal Recommended Resistor VCCHI Capacitor value
Component Values
ICH4-M HIVREF R4 =487 Q+1% VCCHI=1.5V C3 = 0.1 yF (near divider)
(350mV)
R5 =150 Q + 1%, C2 =0.01 yF (near component)
HI_VSWING | R6=130Q+ 1% VCCHI=1.5V C1=0.1 yF (near divider)
(800mV)
R7 =150 Q + 1%, C4 =0.01 pF (near component)
855GM HLVREF R8=243Q+1% VCCGMCH=1.2V C3 =0.1 yF (near divider)
(350mV)
R9=100Q+1% C6 = 0.01 yF (near component)
PSWING R10=49.9Q+ 1% VCCGMCH=1.2V C1 =0.1 yF (near divider)
(800mV)
R11=100Q+ 1% C5 = 0.01 pF (near component)
855GME HLVREF R8=287Q+1% VCCGMCH=1.35V | C3=0.1 yF (near divider)
(350mV)
R9=100Q+1% C6 = 0.01 yF (near component)
PSWING R10=68.1Q+ 1% VCCGMCH=1.35V | C1=0.1 yF (near divider)
(800mV)
R11=100Q+ 1% C5 =0.01 pF (near component)

Hub Interface Decoupling Guidelines

See Section 13.5.5 for more details.
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I/O Subsystem

I/O Subsystem

11.1.

11.1.1.

IDE Interface

This section contains guidelines for connecting and routing the Intel 82801DBM ICH4-M IDE interface.
The ICH4-M 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-M 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 0Q2 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 at a later date.

The IDE interface can be routed with 5-mil traces on 7-mil spaces, and must be less than 8 inches long
(from ICH4-M 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.

Cabling

The cabling guidelines below must be followed:

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

e 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).

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

o [CH4-M Placement: The ICH4-M must be placed equal to or less than 8 inches from the ATA
connector(s).
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11.1.2. Primary IDE Connector Requirements

Figure 92. Connection Requirements for Primary IDE Connector
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Follow these connection requirements for Primary IDE connector:

o 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.

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

o 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.

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

Figure 93. Connection Requirements for Secondary IDE Connector
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Follow these requirements for Secondary IDE Connector:

o 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.

e An 8.2 kQ - 10 kQ pull-up resistor is required on IRQ15 to VCC3_3.
o A 4.7-kQ, pull-up resistor to VCC3_3 is required on PIORDY and SIORDY.

o 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.

e The 10-kQ resistor to ground on the PDIAG#/CBLID# signal is 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.
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Mobile IDE Swap Bay Support

Systems that require the support for an IDE “hot” swap drive bay can be designed to utilize the ICH4-
M’s IDE interface disable feature to achieve this functionality. To support a mobile “hot” swap bay, the
ICH4-M allows the IDE output signals to be tri-stated or driven low and input buffers to be turned off.
This requires certain hardware and software requirements to be met for proper operation.

From a hardware perspective, the equivalent of two spare control signals (e.g. GPIO’s) and a FET are
needed to properly utilize the IDE tri-state feature. An IDE drive must have a reset signal (i.e. first
additional control signal) driving its reset pin and a power supply that is isolated from the rest of the IDE
interface. To isolate the power supplied to the IDE drive bay, a second additional control signal is
needed to control the enabling/disabling of a FET that supplies a separate plane flood powering the IDE
drive and its interface.

Although actual hardware implementations may vary, the isolated reset signal and power plane are strict
requirements. Systems that connect the IDE swap bay drive to the same power plane and reset signals of
the ICH4-M should not use this IDE tri-state feature. Many IDE drives use the control and address lines
as straps that are used to enter test modes. If the IDE drive is powered up along with the ICH4-M while
the IDE interface is tri-stated rather than being driven to the default state, then the IDE drive could
potentially enter a test mode. To avoid such a situation, the aforementioned hardware requirements or
equivalent solution should be implemented.

ICH4-M IDE Interface Tri-State Feature

The new IDE interface tri-state capabilities of the ICH4-M also include a number of configuration bits
that must be programmed accordingly for proper system performance. The names of the critical
registers, their location, and brief description are listed below.

1. BO0:D31:F0 Offset D5h (BACK CNTL — Backed Up Control register) bits [7:6] need to be set to 1
in order to enable the tri-stating of the primary and secondary IDE pins when the interfaces are put
into reset. By default both bits are set to 1.

2. B0:D31:F0 Offset D0-D3h (GEN_CNTL — General Control Register) bit [3] should be set to 1 in
order to lock the state of bits [7:6] at B0:D31:F0 Offset D5h. This prevents any inadvertent
reprogramming of the IDE interface pins to a non-tri-state mode during reset by a rogue software
program. By default this bit is set to 0 and BIOS should set this bit to 1. This is a write once bit only
and requires a PCIRST# to reset to 0. Thus, this bit also needs to be set to 1 after resume from S3-
S5.

3. B0:D31:F1 Offset 54h (IDE_CONFIG — IDE I/O Configuration Register) bits [19:18]
(SEC_SIG_MODE) and bits [17:16] (PRIM_SIG_MODE) control the reset states of the secondary
and primary IDE channels, respectively. The values in SEC_SIG MODE and PRIM_SIG MODE
are tied to the values set by the BACK CNTRL register bits [7:6], respectively. When bits [7:6] are
set to 1, the PRIM_SIG_MODE and SEC_SIG_MODE will be set to ‘01” for tri-state when the
either IDE channel is put in reset.

4. BO0:D31:F1 Offset 40-41h (Primary) and 42-23h (Secondary) bit [5] and bit [1] (IDE_TIM — IDE
Timing Register) are the IORDY Sample Point Enable bits for drive 1 and 0 of the primary and
secondary IDE channels, respectively. By default, these bits are set to 0 and during normal power
up, should be set to 1 by the BIOS to enable IORDY assertion from the IDE device when an access
is requested.
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S5/G3 to S0 Boot Up Procedures for IDE Swap Bay

The procedures listed below summarize the steps that must be followed during power up of an IDE swap

bay drive:
1. ICH4-M powers up, IDE interface is tri-stated, disk drive is not powered up. IDE drive is
recognized as being on a separate power plane and its reset is different from the ICH4-M.
2. BIOS powers on the IDE drive. e.g. GPIO is used to switch on a FET on the board.
3.  Once the IDE drive and interface is powered up, the ICH4-M exits from tri-state mode and begins
to actively drive the interface.
4. Once ready, the BIOS can de-assert the reset signal to the IDE drive. e.g. GPIO routed to the IDE

drive’s reset pin.

Power Down Procedures for Mobile Swap Bay

The procedures listed below summarize the steps that must be followed in order to remove an IDE
device from the mobile swap bay:

1.

User indicates to the system that removal of IDE device from the mobile swap bay should begin.
Once the system recognizes that all outstanding IDE accesses have completed, the reset signal to the
swap device should be asserted.

The IDE channel (primary or secondary) that the device resides on should then be set to drive low
mode rather than the default tri-state mode. This requires setting the IDE_ CONFIG register
(B0:D31:F0 Offset 54h) bits [19:18] or [17:16] to “10” (10b). This will cause all IDE outputs to the
IDE drive to drive low rather than the default tri-state (which is useful during boot up to prevent
any IDE drives from entering a test mode).

The IORDY Sample Point Enable bit of the IDE_TIM register for the appropriate IDE device
should then be set to 0 to disable IORDY sampling by the [CH4-M. This ensures that zeros will
always be returned if the OS attempts to access the IDE device being swapped.

Power to the isolated power plane of the IDE device can then be removed and the system can
indicate to the user that the mobile swap bay can be removed and the IDE device replaced.

Power Up Procedures After Device “Hot” Swap Completed

The procedures listed below summarize the steps that must be followed after a new IDE device has been
added to the mobile swap bay and the swap bay must be powered back up:

1.

Once the IDE swap bay is replaced into the system, the power plane to the device should be enabled
once again.

The IORDY Sample Point Enable bit of the IDE_TIM register for the appropriate IDE device
should then be set to 1 to enable IORDY sampling by the ICH4-M. This allows the OS to access the
IDE device once again and waits for the assertion of IORDY in response to an access request.

Once the system IDE interface is configured for normal operation once again, the reset signal to the
swap device should be de-asserted to allow the drive to initialize.
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11.2. PCI

The Intel 82801DBM ICH4-M 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-M is acting as either the target or the initiator in the PCI bus.

The ICH4-M supports six PCI Bus masters (excluding the ICH4-M), by providing six REQ#/GNT#
pairs. In addition, the ICH4-M supports two PC/PCI REQ#/GNT# pairs, one of which is multiplexed
with a PCI REQ#/GNT# pair.

Figure 94. PCI Bus Layout Example

Intel®
ICH4

11.3. AC’97

The Intel 82801DBM ICH4-M implements an AC’97 2.1, 2.2, and 2.3 compliant digital controller.
Please contact your codec IHV (Independent Hardware Vendor) for information on 2.2 compliant
products. The AC’97 2.2 specification 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-M AC-link allows a maximum of three codecs to be connected. Figure 95 shows a three-codec
topology of the AC-link for the ICH4-M.
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Figure 95. Intel 82801DBM ICH4-M AC’97 — Codec Connection
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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 may be connected to AC_SDINO as documented in the Intel
ICH4-M Datasheet.

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-M) and to any other codec present. That clock is used as the time base for latching and
driving data. Clocking AC_BIT_CLK directly off the CK-408 clock chip’s 14.31818 MHz output is
not supported.

The ICH4-M supports wake-on-ring from S1M-S5 via the AC’97 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-M has weak pull-down/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.

If the Shut-off bit is not set, it implies that there is a codec on the link. Therefore, AC_BIT CLK and
AC_SDOUT will be driven by the codec and the ICH4-M respectively. However, AC_SDINO,
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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 96. Intel 82801DBM ICH4-M AC’97 — AC_BIT_CLK Topology
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Table 85. AC’97 AC_BIT_CLK Routing Summary
AC’97 Routing Requirements | Maximum Trace Length Series Termination AC_BIT_CLK Signal
(inches) Resistance Length Matching
50n5 L1=(1t08)-L3 R1=33Q-47Q N/A
L2=0.1t06 R2 = Option 0 Q resistor
for debugging purposes
L3=0.1t00.4
L4=(1t06)-L3

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 R1 is best for the Sigmatel* 9750 codec.

Figure 97. Intel 82801DBM AC’97 — AC_SDOUT/AC_SYNC Topology

Intel®

ICH4-M L2 L3 ,R2 L1 8
xc_spour — AN N
N

L3

R1
L4 Primary
Codec
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I/O Subsystem

AC’97 Routing Requirements

Maximum Trace Length

Series Termination

AC_SDOUT/AC_SYNC

(inches) Resistance Signal Length
Matching
50n5 L1=(1t06)-L3 R1=33Q-47Q N/A
L2=1t08 R2 = R1 if the connector
card that will be used
L3=0.1t00.4 with the platform does
not have a series
L4 =(0.1t06)-L3 termination on the card.
Otherwise R2=0Q
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 R1 is best for the Sigmatel* 9750 codec.

Figure 98. Intel 82801DBM AC’97 — AC_SDIN Topology
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=
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Table 87. AC’97 AC_SDIN Routing Summary
AC’97 Routing Requirements | Maximum Trace Length Series Termination AC_SDIN Signal
(inches) Resistance Length Matching
50on5 Y1=0.1t00.4 R1=33Q-470Q N/A
Y2=(1t08) — Y1 R2 = R1 if the connector
card that will be used with
Y3=(1t014)-Y1 the platform does not have
a series termination on the
Y4= (1t06) — Y1 card. Otherwise R2=0Q
Y5= (0.1t0o6) - Y1

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 R1 is best for the Sigmatel 9750 codec.
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11.3.1. 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 plane, 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:
e Special consideration must be given for the ground return paths for the analog signals.

o 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.

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

e 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.

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

e 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.

e 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.

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

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

e 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.

o 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.

e 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.

e Locate the crystal or oscillator close to the codec.
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11.3.2. Motherboard Implementation
The following design considerations are provided for the implementation of an ICH4-M 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-M platform.
e Active components such as FET switches, buffers or 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.
e The ICH4-M supports wake-on-ring from S1M-SS5 states via the AC’97 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. If no codec is attached to the link, internal pull-downs will prevent
the inputs from floating, so external resistors are not required.
e 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.
11.3.2.1. Valid Codec Configurations
Table 88. Supported Codec Configurations
Option Primary Codec Secondary Codec Tertiary Codec Notes
1 Audio Audio Audio 1
2 Audio Audio Modem 1
3 Audio Audio Audio/Modem 1
4 Audio Modem Audio 1
5 Audio Audio/Modem Audio 1
6 Audio/Modem Audio Audio 1
NOTES:

1. For power management reasons, codec power management registers are in audio space. As a result, if there is
an audio codec in the system it must be Primary.

2. There cannot be two modems in a system since there is only one set of modem DMA channels.

3. The ICH4-M supports a codec on any of the AC_SDIN lines, however the modem codec ID must be either 00 or
01.

11.3.3. SPKR Pin Configuration

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-M 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 99). The value of the pull-up must be such that
the voltage divider output caused by the pull-up, the effective pull-down (R.¢), and the ICH4-M’s
integrated pull-down resistor will be read as logic high (0.5 * VCC3 3 to VCC3 3+ 0.5 V).
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Figure 99. Example Speaker Circuit
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USB 2.0 Guidelines and Recommendations

Layout Guidelines

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. The USB 2.0 validation efforts
focused on a four-layer motherboard where the first layer is a signal layer, the second plane is power,
the third plane is ground and the fourth is a signal layer. This results in the placement of most of the
routing on the fourth plane (closest to the ground plane), allowing a higher component density on the
first plane.

1. Place the ICH4-M 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. I/O connectors, control and signal headers, or power
connectors).

2. USB 2.0 signals should be ground referenced (on recommended stack-up this would be the
bottom signal layer).

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

4.  When it becomes necessary to turn 90°, use two 45° turns or an arc instead of making a single 90°
turn. This reduces reflections on the signal by minimizing impedance discontinuities. (As shown
in Figure 119.)

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

6. Stubs on high speed USB signals should be avoided, as stubs will cause signal reflections and
affect signal quality. If a stub is unavoidable in the design, the sum of all stubs for a particular
signal line should not exceed 200 mils.

7. 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. Likewise, avoid changing layers with USB 2.0
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traces as much as practical. It is preferable to change layers to avoid crossing a plane split. Refer
to Section 11.4.2.

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

9. 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.

10. Follow the 20*h thumb 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.

USB 2.0 Trace Separation

Use the following separation guidelines.

1. Maintain parallelism between USB differential signals with the trace spacing needed to achieve
90-Q2 differential impedance. Deviations will normally occur due to package breakout and routing
to connector pins. Just ensure the amount and length of the deviations is kept to the minimum
possible.

2. Use an impedance calculator to determine the trace width and spacing required for the specific
board stack-up being used. 4-mil traces with 4.5-mil spacing results in approximately 90-Q
differential trace impedance.

3. 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.

4. 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 100. Recommended USB Trace Spacing

11.4.1.3.

Low-speed Clock/High-
non periodic speed
signal DP1 DM1 DP2 DM2 periodic signal

20 4 45 4 20 4 "45° 4 50

Distance in mils

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-M and avoid routing next to
clock pins.
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Figure 101. USBRBIAS Connection

Intel®
ICH4-M

USBRBIAS 22.6Q+/- 1%

5

USBRBIAS#

Table 89. USBRBIAS/USBRBIAS# Routing Summary

USBRBIAS/ USBRBIAS# Maximum Trace Length Signal Length Matching Signal Referencing

Routing Requirements

N/A N/A

50n5 500 mils

11.4.1.4. 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 11.4.4 for details.

11.4.1.5. 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.

11.4.1.6. USB 2.0 Trace Length Guidelines
Table 90. USB 2.0 Trace Length Guidelines (With Common-mode Choke)

Configuration Signal Signal Matching Motherboard Card Trace Maximum Total
Referencing Trace Length Length Length
Back Panel Ground The max mismatch 17 inches N/A 17 inches
between data pairs
should not be
greater than 150
mils
NOTES:

1. These lengths are based upon simulation results and may be updated in the future.
2. All lengths are based upon using a common-mode choke (see Section 11.4.4.1 for details on common-mode

choke).

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

The following guidelines apply to the use of plane splits voids and cutouts.
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VCC Plane Splits, Voids, and Cut-Outs (Anti-Etch)

Use the following guidelines for the V¢ plane.

1. Traces should not cross anti-etch, for 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 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 caps 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 V¢c5 and
Vce3 3 planes should have a stitching cap placed near any high-speed signal crossing. One side of the
cap should tie to V5 and the other side should tie to V3 _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.

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 fly-back protection. These two different situations require both
bulk capacitance (droop) and filtering capacitance (for dynamic detach fly-back 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. A good “rule-of-thumb” is to make the power carrying traces
wide enough that the system fuse will blow on an over current event. If the system fuse is rated at lamps
then the power carrying traces should be wide enough to carry at least 1.5 amps.
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Figure 102. Good Downstream Power Connection
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4.4. EMI Considerations

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

11.4.4.1. Common Mode Chokes

210

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. Figure 103 shows the schematic of a typical common-mode choke and ESD

suppression components. The choke should be placed as close as possible to the USB connector signal
pins.

Figure 103. Common Mode Choke Schematic

Vcce
L
—i.
Common Mode
D+ Choke -—
° USB A
el Connector
D - ——
ESD Supression
Components —-
\—/

Common mode chokes distort full-speed and high-speed signal quality. As the common mode
impedance increases, the distortion will increase, 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.
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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 the second step is to 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.

11.4.5. 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 due to 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 103. 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.

11.4.6. USB Selective Suspend

The USB Specification states that the maximum current consumption on the "USB bus" is 500 mA for
normal operation, 2.5mA for suspend power when remote wakeup is supported, and 500 uA otherwise.
However, some Bluetooth devices may require more current in suspend state than specified in the USB
specification. Therefore, the system designers should ensure that, on their particular system
implementation, there is enough current supplied to the Bluetooth device during suspend state in order
for selective suspend to function properly.
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11.5. I/0 APIC (I/O Advanced Programmable Interrupt
Controller)

The Intel ICH4-M is designed to be backwards compatible with a number of the legacy interrupt
handling mechanisms as well as to be compliant with the latest I/O (x) APIC architecture. In addition to
implementing two 8259 interrupt controllers (PIC), the ICH4-M also incorporates an Advanced
Programmable Interrupt Controller (APIC) that is implemented via the 3-wire serial APIC bus that
connects all I/O and local APICs. An advancement in the interrupt delivery and control architecture of
the ICH4-M is represented by support for the I/O (x) APIC specification where PCI devices deliver
interrupts as write cycles that are written directly to a register that represents the desired interrupt. These
are ultimately delivered via the serial APIC bus or FSB. Furthermore, on Intel Pentium M processor /
Intel Celeron M based systems, the ICH4-M has the option to let the integrated I/O APIC behave as an
I/0O (x) APIC. This allows the ICH4-M to deliver interrupts in a parallel manner rather than just a serial
one. This is accomplished by I/O APIC writes to a region of memory that is snooped by the processor
and thereby knows what interrupt goes active.

On Intel Pentium M / Intel Celeron M processor-based platforms, the serial /O APIC bus interface of
the ICH4-M should be disabled. I/0O (x) APIC is supported on the platform and the servicing of
interrupts is accomplished via a PSB interrupt delivery mechanism.

The serial I/O APIC bus interface of the ICH4-M should be disabled as follows.
e Tie APICCLK directly to ground.

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

The Intel Pentium M processor and Intel Celeron M processor do not have pins dedicated for a serial I/O
APIC bus interface and thus, no hardware change is necessary. However, it is strongly encouraged to
enable I/0O APIC support in the BIOS and operating system on Intel Pentium M processor / Intel Celeron
M based systems rather than the legacy 8259 interrupt controller due to the performance benefits and
efficiencies that the I/O (x) APIC architecture enjoys over the older PIC architecture.

11.6. SMBus 2.0/SMLink Interface

The SMBus interface on the ICH4-M 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-M.

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

For Alert-on-LAN* functionality, the ICH4-M transmits heartbeat and event messages over the
interface. When using the Intel 82562EM Platform LAN Connect Component, the ICH4-M’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 (i.e. Intel 82562EM 10/100 Mbps
Platform LAN Connect) will connect to the SMLink signals to receive heartbeat and event messages, as
well as access the ICH4-M SMBus Slave Interface. The slave interface function allows an external
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micro-controller 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’ed together to allow an external management ASIC (such as
Intel 82562EM 10/100 Mbps Platform LAN Connect) to access targets on the SMBus as well as the
ICH4-M Slave Interface. Additionally, the ICH4-M supports slave functionality, including the Host
Notify protocol, on the SMLink pins. Therefore, in order 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 SMLink[0] to SMBCLK and SMLink[1] to SMBDATA.

Figure 104. SMBUS 2.0/SMLink Protocol
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Intel does not support external access of the [CH4-M’s Integrated LAN Controller via the SMLink
interface. Also, Intel does not support access of the ICH4-M’s SMBus Slave Interface by the ICH4-M’s
SMBus Host Controller. Refer to the Intel” 82801DBM 1/O Controller Hub 4 Mobile (ICH4-M)
Datasheet for full functionality descriptions of the SMLink and SMBus interface.
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11.6.1. SMBus Architecture and Design Considerations

11.6.1.1.  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:
1. Device class (High/Low power). Most designs use primarily High Power Devices.
2. Are there devices that must run in S3?
3. Amount of Ve suspenp current available, i.e. minimizing load of Ve suspenp.

11.6.1.2. General Design Issues/Notes

Regardless of the architecture used, there are some general considerations.

1. 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 fall time specification.

2. The maximum bus capacitance that a physical segment can reach is 400 pF.

3. The Intel ICH4-M does not run SMBus cycles while in S3.

4. SMBus devices that can operate in S3 must be powered by the Ve suspenp sSupply.

11.6.1.3. High Power/Low Power Mixed Architecture

This design allows for current isolation of high and low current devices while also allowing SMBus
devices to communicate during the S3 state. Vcc_suspenp leakage is minimized by keeping non-essential
devices on the core supply. This is accomplished by the use of a “FET” to isolate the devices powered
by the core and suspend supplies. See Figure 105.

Figure 105. High Power/Low Power Mixed Vcc_suspenn/Vcc_core Architecture
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Added Considerations for Mixed Architecture
1. The bus switch must be powered by Ve suspenp.

2. Devices that are powered by the Ve suspenp Well must not drive into other devices that are
powered off. This is accomplished with the “bus switch”.

3. The bus bridge can be a device like the Phillips PCA9515.

11.6.1.4. 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, then a bus bridge
device like 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 91. Bus Capacitance Reference Chart

Device # of Devices/ Capacitance Includes Cap (pF)
Trace Length

ICH4-M 1 Pin Capacitance 12
CK408 1 Pin Capacitance 10
SO- 2 Pin Capacitance (10 pF) + 1 inch worth of trace 28
DIMMS capacitance (2 pF/inch) per SO-DIMM and 2 pF
connector capacitance per SO-DIMM 42
PCI 2 Each PCI add-in card is allowed up to 40 pF + 3 pF per 86
Slots each connector
3 129
4 172
5 215
6 258
Bus 224 2 pF per inch of trace length 48
Trace -
Length =236 2
ininches | >48 96
Table 92. Bus Capacitance/Pull-Up Resistor Relationship
Physical Bus Segment Capacitance Pull-Up Range (For Vcc =3.3V
0 to 100 pF 8.2kQ to 1.2 kQ
100 to 200 pF 4.7kQto 1.2 kQ
200 to 300 pF 3.3kQto 1.2 kQ
300 to 400 pF 2.2kQto 1.2 kQ
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11.7. FWH

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.

11.7.1. FWH Decoupling

Refer to section 13.5.6 for more details.

11.7.2. In Circuit FWH Programming

All cycles destined for the FWH will appear on PCI. The ICH4-M hub interface to PCI Bridge will put
all CPU boot cycles out on PCI (before sending them out on the FWH interface). If the ICH4-M 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. In order to
boot from a PCI card, it is necessary to keep the ICH4-M in subtractive decode mode. If a PCI boot card
is inserted and the ICH4-M is programmed for positive decode, there will be two devices positively
decoding the same cycle.

11.7.3. FWH INIT# Voltage Compatibility

The FWH INIT# signal trip points need to be considered because they are NOT consistent among
different FWH manufacturers. The INIT# signal is active low. Therefore, the inactive state of the ICH4-
M INIT# signal needs to be at a value slightly higher than the Viy min FWH INIT# pin specification.
The inactive state of this signal is typically governed by the formula V_CPU_IO(min) — noise margin.
Therefore if the V_CPU_IO(min) of the processor is 1.60 V, the noise margin is 200 mV and the Vg
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 V| min of the FWH was
1.45 V, then there would be an incompatibility and logic translation would need to be used. The
examples above do not take into account any noise that may be encountered on the INIT# signal. Care
must be taken to ensure that the Vi min specification is met with ample noise margin. In applications
where it is necessary to use translation logic, refer to Section 4.1.4.7.

The solution assumes that level translation is necessary. The figure in Section 4.1.4.7 implements a
solution for the ICH4-M FWH signal INIT#. Trace lengths and resistor values can be found in Table 16.
The Voltage Translator circuitry is shown in Figure 16. It is strongly recommended that any system that
implements a FWH should have its INIT# input connected to the ICH4-M.
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11.7.4. FWH Vpp Design Guidelines

The Vpp pin on the FWH is used for programming the flash cells. The FWH supports Vpp 0f 3.3 V or 12
V. If Vpp is 12 V, the flash cells will program about 50% faster than at 3.3 V. However, the FWH only
supports 12-V Vpp for 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. In order to decrease programming time it becomes necessary to apply 12 V to the Vpp pin.
The following circuit will allow 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 106. FWH VPP Isolation Circuitry

3.3V 12V (From Motherboard)

FET

BL S VPP

11.7.5. FWH INIT# Assertion/Deassertion Timings

Due to the large routing solution space and necessity of a voltage translator in the design of a FWH on
Intel Pentium M processor / Intel Celeron M processor and ICH4-M based platforms, the following
timing requirements must be met to ensure proper system operation.

For INIT# assertion timings, a conservative analysis of the worst case signal propagation times shows
that no timing concerns exist because the ICH4-M asserts INIT# for 16 PCI clocks (485 ns) before
deasserting. This provides adequate time for INIT# to propagate to both the processor and FWH.

For the INIT# deassertion event, the critical timing is the minimum period of time before the processor
is ready to begin fetching code from the FWH after the INIT# based reset begins. This minimum period
is conservatively set at 1 CPU clock (10 ns). This also represents the maximum allowed propagation
time for the INIT# signal from the ICH4-M to the FWH.

Systems that use alternative devices (i.e. not a FWH) to store the firmware may or may not require the

use of INIT#. If INIT# is not used, an analysis should be done to ensure there is no negative impact to

system operation. If INIT# is implemented on such a device, voltage translation may be necessary, and
the assertion/deassertion timings noted above still apply.
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11.8. RTC

The Intel 82801DBM ICH4-M 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-M 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-M, the
RTCX1 signal is amplified to drive internal logic as well as generate a free running full swing clock
output for system use. This output ball of the ICH4-M is called SUSCLK. This is illustrated in Figure
107.

Figure 107. RTCX1 and SUSCLK Relationship in ICH4-M

Low-Swing 32.768 kHz i
Sine Wave Source S Zl Rrexd

i Internal
i Oscillator ICH4-M

Full-Swing 32.768 kHz i
Output Signal m - Xl SUSCLK

For further information on the RTC, please consult Application Note AP-728 ICH Family Real Time
Clock (RTC) Accuracy and Considerations Under Test Conditions. This application note is valid for the
ICH4-M.

Even if the ICH4-M internal RTC is not used, it is still necessary to supply a clock input to RTCX1 of
the ICH4-M because other signals are gated off 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 RTCX1with RTCX2 left as no connect; Figure 108 illustrates the
connection. This is not a validated feature on the ICH4-M. Please note that the peak-to-peak swing
on RTCX1 cannot exceed 1.0 V.

Figure 108. External Circuitry for the ICH4-M Where the Internal RTC is Not Used

External
( > No Connection
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11.8.1. RTC Crystal

The Intel 82801DBM ICH4-M RTC module requires an external oscillating source of 32.768 kHz
connected on the RTCX1 and RTCX2 balls. Figure 109 documents the external circuitry that comprises
the oscillator of the ICH4-M RTC.

Figure 109. External Circuitry for the ICH4-M RTC

N
3.3V Sus > l X] vecrte
1uF
> |
i ’ . RTCX2
wa X
R1
32768 kHz——— 10MQ
Vbatt Xtal —I—
3 X Rrexi
C3 I l R2
0.047uF— 18pF 18pF 10MQ
- - * X veias
VBIAS, VCCRTC, RTCX1, and RTCX2 are ICH4 pins
Notes , . _ VBIAS is used to bias the ICH4 Internal Oscillator
Reference Designators Arbitrarily Assigned VCCRTC powers the RTC well of the ICH4
3.3V S_us is Active Whenever System Plugged In RTCX1 is the Input to the Internal Oscillator
Vbatt is Voltage Provided By Battery RTCX2 is the feedback for the external crystal

NOTES:
1. The exact capacitor value needs to be based on what the crystal maker recommends.
(Typical values for C1 and C2 are 18 pF, based on crystal load of 12.5 pF)
Vcerre: Power for RTC Well
RTCX2: Crystal Input 2 — Connected to the 32.7 68 kHz crystal.
RTCX1: Crystal Input 1 — Connected to the 32.7 68 kHz crystal.
Veias: RTC BIAS Voltage — This ball is used to provide a reference voltage, and this DC voltage sets a current,
which is mirrored throughout the oscillator and buffer circuitry.
6. Vss: Ground

aoRroD

Table 93. RTC Routing Summary

RTC Routing Maximum Trace Signal R1,R2, C1, and C2 Signal

Requirements Length To Crystal Length tolerances Referencing
Matching

5 mil trace width 1inch NA R1=R2=10 MQ + 5% Ground

(results in ~2 pF per

inch) C1=C2= (NPO class)

See Section 11.8.2 for
calculating a specific
capacitance value for C1
and C2
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11.8.2. External Capacitors

To maintain the RTC accuracy, the external capacitor C; needs to be 0.047 pF and capacitor values C;
and C, should be chosen to provide the manufacturer’s specified load capacitance (C,o,q) 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 + Cinl + Ctracel)*(CZ + Cin2 + Ctrace2)]/[(cl + Cinl + Ctracel + CZ + Cin2 + CtraceZ)] + Cparasitic
Where:
o Cyoaq = Crystal’s load capacitance. This value can be obtained from Crystal’s specification.

e Ciu, Cipp = input capacitances at RTCX1, RTCX2 balls of the ICH4-M. These values can be
obtained in the ICH4-M’s data sheet.

®  Ciacel, Cuacez = Trace length capacitances measured from Crystal terminals to RTCX1, RTCX2
balls. These values depend on the characteristics of board material, the width of signal traces and
the length of the traces. A typical value, based on a 5 mil wide trace and a 2 ounce copper pour, is
approximately equal to :
Cirace = trace length * 2 pF/inch

¢ Cpamsitic = Crystal’s parasitic capacitance. This capacitance is created by the existence 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, C;, C, can be chosen such that C; = C,. Using the equation of C,y,q above, the value of C;, C,
can be calculated to give the best accuracy (closest to 32.768 kHz) of the RTC circuit at room
temperature. However, C, can be chosen such that C, > C;. Then C; can be trimmed to obtain the
32.768 kHz.

In certain conditions, both C;, C, 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 C,, C,
values are smaller then the theoretical values, the RTC oscillation frequency will be higher.

The following example will illustrates the use of the practical values C,, C, in the case that theoretical
values cannot guarantee the accuracy of the RTC in low temperature condition:

Example 1:

According to a required 12 pF load capacitance of a typical crystal that is used with the ICH4-M, the
calculated values of C; = C, is 10 pF at room temperature (25 C) to yield a 32.768 kHz oscillation.

At 0°C the frequency stability of crystal gives — 23 ppm (assumed 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 C,, C, are chosen to be 6.8 pF instead of 10pF, the RTC will oscillate at a higher

frequency at room temperature (+23 ppm) but this configuration of C,/ C, 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.
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Note that the temperature dependency of crystal frequency is a parabolic relationship (ppm / degree
square). The effect of changing the 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).

RTC Layout Considerations

Since the RTC circuit is very sensitive and requires high accuracy oscillation, reasonable care must be
taken during layout and routing of the RTC circuit. Some recommendations are:

1. Reduce trace capacitance by minimizing the RTC trace length. The ICH4-M requires a trace
length less than 1 inch on each branch (from crystal’s terminal to RTCXn ball). Routing the RTC
circuit should be kept simple to simplify the trace length measurement and increase accuracy on
calculating trace capacitances. Trace capacitance depends on the trace width and dielectric
constant of the board’s material. On FR-4, a 5-mil trace has approximately 2 pF per inch.

2. Trace signal coupling must be limited as much as possible by avoiding the routing of adjacent PCI
signals close to RTCX1 & RTCX2, and VBIAS.

3.  Ground guard plane is highly recommended.

4. The oscillator V¢ should be clean; use a filter, such as an RC low-pass, or a ferrite inductor.

RTC External Battery Connections

The RTC requires an external battery connection to maintain its functionality and its RAM while the
ICH4-M is not powered by the system.

Example batteries are: Duracell* 2032, 2025, or 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 mAh
(assumed usable) and the average current required is 5 pA, the battery life will be at least:

170,000 uAh /5 uA = 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
30Vto33V.

The battery must be connected to the ICH4-M via a Schottky diode circuit for isolation. The Schottky
diode circuit allows the ICH4-M RTC-well to be powered by the battery when the system power is not
available, but 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 110 is an example of a diode circuit that is used.

Intel® 855GM/855GME Chipset Platform Design Guide 221



I/O Subsystem

Figure 110. Diode Circuit to Connect RTC External Battery
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A standby power supply should be used in a mobile system to provide continuous power to the RTC
when available, which will significantly increase the RTC battery life and thereby the RTC accuracy.

11.8.5. RTC External RTCRST# Circuit

Figure 111. RTCRST# External Circuit for the ICH4-M RTC
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The ICH4-M 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. Any resistor and
capacitor combination that yields the proper time constant is acceptable. When RTCRST# is asserted, bit
2 (RTC_PWR_STS) in the GEN_PMCON 3 (General PM Configuration 3) register is set to 1, and

222 Intel® 855GM/855GME Chipset Platform Design Guide



intal.

11.8.6.

11.8.7.

11.8.8.

11.9.

I/O Subsystem

remains set until software clears it. As a result, 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 Figure 110) whose purpose is to
allow the RTC well to be powered by the battery when the system power is not available. Figure 111 is
an example of this circuitry that is used in conjunction with the external diode circuit.

Veias 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 out from the RTC oscillation signal by the RC network of R2 and C3 (see Figure 109).
Therefore, it is a self-adjusting 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 will filter out most of AC signal
noise that exists on this ball. However, the noise on this ball should be kept minimal in order to
guarantee the stability of the RTC oscillation.

Probing VBIAS requires the same technique as probing the RTCX1, RTCX2 signals (using Op-Amp).
See Application Note AP-728 for further details on measuring techniques.

Note that VBIAS is also very sensitive to environmental conditions.

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), SUSCLK duty cycle can be between
30-70%. If the SUSCLK duty cycle is beyond 30-70% range, it indicates a poor oscillation signal on
RTCX1 and RTCX2.

SUSCLK can be probed directly using normal probe (50-Q input impedance probe) and it is an
appropriated signal to check the RTC frequency to determine the accuracy of the ICH4-M’s RTC Clock
(see Application Note AP-728 for further details at http://developer.intel.com/design/chipsets/applnots/).

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 the G3 state. RTCRST# when configured as shown in Figure 111 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 [c(cRTC 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 Intel 82801DBM ICH4-M provides several options for LAN capability. The platform supports
several components depending upon the target market. Available LAN components include the Intel
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82540EP Gigabit Ethernet Controller, Intel® 82551QM Fast Ethernet Controller, Intel® 82562ET, and
Intel® 82562EM Platform LAN Connect components.

Table 94. LAN Component Connections/Features

LAN Component Interface to Connection Features
ICH4-M

Intel™ 82540EP (196 BGA) PCI Gigabit Ethernet Gigabit Ethernet, ASF 1.0
(1000BASE-T) with alerting, PCI 2.2 compatible
Alert Standard Format
(ASF) alerting

Intel™ 82551QM (196 BGA) PCI Performance 10/100 Ethernet 10/100 connection,
Ethernet with ASF ASF 1.0 alerting, PCI 2.2
alerting compatible

Intel® 82562EM (48 Pin SSOP) LCI Advanced 10/100 Ethernet 10/100 connection,
Ethernet Alert on LAN* (AoL)

Intel® 82562ET (48 Pin SSOP) LCI Basic 10/100 Ethernet Ethernet 10/100 connection

Design guidelines are provided for each required interface and connection.

11.9.1. Footprint Compatibility

224

The Intel 82540EP Gigabit Ethernet Controller and the Intel 82551QM Fast Ethernet Controller 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 and the 82551QM are identical, allowing
designers to create a single design that accommodates any one of these parts. Because the usage of some
pins on the 82540EM differ from the usage on the 82551QM, 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 the subsequent table for the corresponding section of this design guide.

Figure 112. Intel 82801DBM ICH4-M/Platform LAN Connect Section

A
® <} B
Intel 82562EM/
ICH4 82562ET
Magnetic : Connector
Module [+
PCI
Refer to the selected Intel
{"Refer to the BCT LAN component
H cification
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Table 95. LAN Design Guide Section Reference

11.9.2.

Layout Section Figure 112 Reference Design Guide Section
Intel ICH4-M — LAN Connect Interface (LCI) A Reference Section 11.9.2
Intel 82562ET / Intel 82562EM B Reference Section 11.9.3
Intel 82551QM / Intel 82540EP C Reference Section 11.9.5

Intel® 82801DBM ICH4-M — LAN Connect Interface Guidelines

This section contains guidelines on how to implement a Platform LAN Connect device on a system
motherboard. 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-M to LAN Connect Interface. The following signal lines are used on this
interface:

e LAN CLK
e LAN RSTSYNC
o LAN_RXDI[2:0]
e LAN_TXD[2:0]

This interface supports Intel 82562ET and Intel 82562EM components. Signal lines LAN CLK,
LAN_RSTSYNC, LAN_RXDI0], and LAN_TXDIO0] are shared by all components. The AC
characteristics for this interface are found in the Intel® 82801DBM 1/O Controller Hub 4 Mobile (ICH4-
M) Specification Update.
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11.9.2.1.

11.9.2.1.1.

Bus Topologies

The Platform LAN Connect Interface can be configured in several topologies:
e Direct point-to-point connection between the ICH4-M and the LAN component
e LOM Implementation

LAN On Motherboard Point-To-Point Interconnect

The following are guidelines for a single solution motherboard. Either Intel 82562EM or Intel 82562ET
is uniquely installed.

Figure 113. Single Solution Interconnect

[« L >
LAN_CLK
<
Intel® LAN_RSTSYNC » Plit:l)\?m
ICH4-M LAN_RXD]|2:0] Connect
« (PLO)
LAN_TXD|[2:0]
>
Table 96. LAN LOM Routing Summary
Trace Impedance LAN Routing Maximum Trace Signal LAN Signal Length Matching
Requirements Length Referencing
550 + 15% 50n10 4.5t0 12 inches Ground Data signals must be equal to
or no more than 0.5 inches
(500 mils) shorter than the
LAN clock trace.

11.9.2.2.

226

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. Intel recommends 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.)
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Figure 114. LAN_CLK Routing Example

11.9.2.3.

11.9.2.4.

11.9.2.5.

11.9.2.6.

11.9.3.

T
Apiyiinily! g

LAN_CLK

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 tgyarcy skew parameter. tryarcy i 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. An impedance of 55 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-Q) 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.

Terminating Unused LAN Connect Interface Signals

The LAN Connect Interface on the ICH4-M can be left as a no-connect if it is not used.

Intel 82562ET / Intel 82562 EM Guidelines

For correct LAN performance, designers must follow the general guidelines outlined in Section 11.9.6.
Additional guidelines for implementing an Intel 82562ET or Intel 82562EM Platform LAN Connect
component are provided below.
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11.9.3.1. Guidelines for Intel 82562ET / Intel 82562EM Component Placement

Component placement can affect signal quality, emissions, and temperature of a board design. This
section will provide guidelines for component placement.

Careful component placement can:

e Decrease potential problems directly related to electromagnetic interference (EMI), which could
cause failure to meet FCC and IEEE test specifications.

o 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 need to be as close as possible to the connector. Thus, it is
imperative that all designs be optimized to fit in a very small space.

11.9.3.2. 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 the 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 discrete components as close as
possible to the Intel 82562ET/EM, keeping the trace length as short as possible and do not route any
noisy signals in this area.

11.9.3.3. Intel 82562ET / Intel 82562EM Termination Resistors

The 100 Q2 + 1% resistor 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 (Intel 82562ET or Intel 82562EM) as possible. This is due to the fact these resistors are
terminating the entire impedance that is seen at the termination source (i.e. Intel 82562ET), including the
wire impedance reflected through the transformer.

Figure 115. Intel 82562ET / Intel 82562EM Termination

Intel LAN Connect Interface Intel Magnetics |
-

ICH4-M - 82562ET
Place termination resistors as close to the Intel®
82562ET/EM as possible

—>
P RJ45
Module @——
—————
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Critical Dimensions

There are two dimensions to consider during layout. Distance ‘A’ from the line RJ-45 connector to the
magnetics module and distance ‘B’ from the Intel 82562ET or Intel 82562EM to the magnetics module.
The combined total distances A and B must not exceed 4 inches (preferably, less than 2 inches). (See
Figure 116.)

Figure 116. Critical Dimensions for Component Placement

11.9.3.4.1.

Caution:
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Intel® Intel® ‘ > Magnetics ™ Line
- | RJ45
ICH4-M 82562ET/EM [  Module
EEPROM
Distance Priority Guideline
A 1 <1inch
B 2 <1inch

Distance from Magnetics Module to RJ-45 (Distance A)

The distance A in Figure 116 above should be given the highest priority in board layout. The distance
between the magnetics module and the RJ-45 connector should be kept to less than one inch of
separation. The following trace characteristics are important and should be observed:

o Differential Impedance: The differential impedance should be 100 Q. The single ended trace
impedance will be approximately 50 Q2; however, the differential impedance can also be affected by
the spacing between the traces.

e 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 Intel 82562ET must be placed further than a couple of inches from the RJ-45 connector,
distance B can be sacrificed. Keeping the total distance between the Intel 82562ET and RJ-45 will as
short as possible should be a priority.
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Note: 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 to 110 Q should compensate for second order effects.

11.9.3.4.2. Distance from Intel 82562ET / 82562ET 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-Q differential value. These traces should also be symmetric and equal
length within each differential pair.

11.9.3.5. 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; and similarly, every power via, 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 reduce the likelihood of crosstalk. The effect of
different configurations on the amount of crosstalk can be studied using electronics modeling software.

11.9.3.5.1. Terminating Unused Connections

In Ethernet designs, it is common practice to terminate unused connections on the RJ-45 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-Q2 resistors to the plane. Stray energy on unused pins is then
carried to the plane.

11.9.3.5.2. Termination Plane Capacitance

Intel recommends 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 RJ-45. Pads may be placed for an additional capacitance to chassis ground, which may be
required if the termination plane capacitance is not large enough to pass EFT (Electrical Fast Transient)
testing. If a discrete capacitor is used, to meet the EFT requirements it should be rated for at least 1000
Vac.
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Figure 117. Termination Plane
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Intel 82562ET/EM Disable Guidelines

To disable the Intel 82562ET/EM, the device must be isolated (disabled) prior to reset (RSM_PWROK)
asserting. 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 below will allow this
behavior. The BIOS controlling the GPIO can disable the LAN micro-controller.

LAN RST# needs to be held low for 10ms after power is stable. It is assumed that RSMRST# logic will
provide this delay. Because GPIO28 will default to high during power up, an AND gate has been
implemented to ensure the required delay for LAN RST# is met.

Figure 118. Intel 82562ET/EM Disable and Power Down Circuitry

LAN_RST# <———

§1OK 5%

GPIO_LAN_ENABLE »

MMBT3906

10K 5%

Intel® 82562EM/ET Disable

There are four pins which are used to put the Intel 82562ET/EM controller in different operating states:

Test En, Isol_Tck, Isol Ti, and Isol Tex. The table below describes the operational/disable features for
this design.
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The four control signals shown in the below table should be configured as follows: Test En should be
pulled-down thru a 100-Q resistor. The remaining 3 control signals should each be connected thru 100-
Q) series resistors to the common node “Intel 82562ET/EM _Disable” of the disable circuit.

Table 97. Intel 82562ET/EM Control Signals

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)

In addition, if the LAN Connect Interface of the ICH4-M is not used, the VccLAN1_5 and the
VccLAN3 3 are still required to be powered during normal operating states. It is acceptable to power
the VccLAN1 5 and VecLAN3 3 power pins by the same voltage source that supplies power to the
Veel 5 and Vee3 3 power pins. Also, the LAN RST# pin of the ICH4-M should be pulled-down to
GND with a 10-kQ resistor to keep the interface disabled.

11.9.5. Design and Layout Consideration for Intel 82540EP / 82551QM

For specific design and layout considerations for the Intel 82540EP Gigabit Ethernet Controller and the
Intel 82551QM Faster Ethernet Controller, please refer to the following documents:

o 825510M / 82540EM Interchangeable LOM Design Application Note (AP 432) (Reference
#10565)

o 82540EP Gigabit Ethernet Controller Networking Silicon Product Preview Datasheet
o 82540EP Gigabit Ethernet Controller Specification Update

o 82540EP/82541E1 & 82562FEZ(EX) Dual Footprint Design Guide Application Note (AP-444)
(Referencett 12504)

11.9.6. General Intel 82562ET / 82562EM / 82551QM / 82540EP
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.
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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° bend
is required, it is recommended to use two 45° bends instead. Refer to Figure 119.

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 119. Trace Routing

Trace Routing
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11.9.6.1.1. 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 Q. 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. Also 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.

11.9.6.1.2. Signal Isolation

Some rules to follow for signal isolation:

e 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.

e Physically group together all components associated with one clock trace to reduce trace length and
radiation.

o 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, CPU, or other similar devices.

11.9.6.1.3. 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
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Figure 120. Ground Plane Separation
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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.

Some rules to follow that will help reduce circuit inductance in both back planes and motherboards.

Route traces over a continuous plane with no interruptions (don’t 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, which can radiate EMI.

The ground plane beneath the filter/transformer module should be split. The RJ-45 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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Here is a list of common physical layer design and layout mistakes in LAN On Motherboard Designs.

11.9.6.2. Common Physical Layout Issues

1. Unequal length of the two traces within a differential pair. Inequalities create common-mode noise
and will distort the transmit or receive waveforms.

2. Lack of symmetry between the two traces within a differential pair. (Each component and/or via
that one trace encounters, the other trace must encounter the same component or a via at the same
distance from the PLC.) Asymmetry can create common-mode noise and distort the waveforms.

3. Excessive distance between the PLC and the magnetics or between the magnetics and the RJ-45
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).

4. 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.

5. 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 RJ-45, and the
PLC.

6. 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.)

7. 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. Please follow the
appropriate reference schematic or App.-Note.

8. Not using (or incorrectly using) the termination circuits for the unused pins at the RJ-45 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 App.-Notes have schematics that
illustrate the proper termination for these unused RJ pins and the magnetics center-taps.

9. Incorrect differential trace impedances. It is important to have ~100-Q2 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 (), 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 Q2. A 10-Q - 15-Q drop in impedance is
common.) Short traces will have fewer problems if the differential impedance is a little off.

10. Use of capacitor that is too large between the transmit traces and/or too much capacitance from
the magnetics' 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
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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.

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.

" 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.

Power Management Interface

11.10.1. SYS_RESET# Usage Model

The System Reset signal (SYS_ RESET#) of the ICH4-M can be connected directly to a reset button or
any other equivalent driver in the system where the desired effect is to immediately put the system into
reset. If an Intel Pentium M / Intel Celeron M processor ITP700FLEX debug port is implemented on the
system, it is recommended that the DBR# signal of the ITP interface be connected to SYS RESET# as
well. If SYS_RESET# is implemented, a weak pull-up resistor pulled-up to the 3.3-V standby rail
(VeeSUS3_3) should also be implemented to ensure that no potential floating inputs to SYS RESET#
cause a system reset. The ICH4-M will debounce signals on this pin (16 ms) and allow the SMBus to go
idle before resetting the system. This delay to allow all outstanding SMBus cycles to complete first and
to prevent a slave device on the SMBus from “hanging” by resetting in the middle of an SMBus cycle.

11.10.2. PWRBTN# Usage Model

The Power Button signal (PWRBTN#) of the ICH4-M can be connected directly to a power button or
any other equivalent driver (e.g. power management controller) where the desired effect is to indicate a
system request to go to a sleep state (if in a normal operating mode) or to cause a wake event (if in a
sleep state already). This signal is internally pulled-up in the ICH4-M to the 3.3-V standby rail
(VceSUS3_3) through a weak pull-up resistor (20 kQ nominal). The ICH4-M has 16ms of internal
debounce logic on this pin.

11.10.3. Power Well Isolation Control Strap Requirements

The RSMRST# signal of the ICH4 must transition from 20% signal level to 80% signal level and vice-
versa in 50us. 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 the intruder bit might
assert erroneously.
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11.11. CPU I/O Signal Considerations

The Intel 82801DBM ICH4-Mhas been designed to be voltage compatible with the CMOS signals of the
Intel Pentium M / Intel Celeron M processor. For Intel Pentium M / Intel Celeron M processor -based
systems, the [CH4-M’s V_CPU_IO rail uses the same 1.05-V voltage as the V¢cp rails for the processor
the GMCH. It is important to verify that the voltage requirements of all CPU and ICH4-M signals are
compatible with the FWH as well. See Section 11.7 for FWH details. Figure 121 shows a typical
interface between the ICH4-M, CPU, and FWH. See Section 4.1.3.5 for recommended topologies and
routing guidelines.

Figure 121. ICH4-M CPU 1/O Signals with Processor and FWH
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Platform Clock Routing Guidelines

Platform Clock Routing Guidelines

12.1.

Note:

Table 98. Individual Clock Breakdown

System Clock Groups

The system clocks are considered as a subsystem in themselves. At the center of this subsystem is the
Clock Synthesizer/Driver component. Several vendors offer suitable products, as defined in the Intel
CK-408 Synthesizer/Driver Specification. This device provides the set of clocks required to implement
a platform level motherboard solution. Table 98 below provides a breakdown of the various individual

clocks.

When used in an Intel 855GM/GME chipset based system, the CK408 is configured in the unbuffered

mode and has a host clock swing of 710 mV.

Clock Group Frequency Driver/Pin Receiver/s Comments
HOST_CLK 100 MHz CK408 CPU Length matched
CPUI[2:0] GMCH Differential signaling
Debug Port (See 4.3 more details on Debug Port
Clock routing)
CLK66 66 MHz CK408 GMCH Length matched
3V66[5:0] ICH4-M
CLK33 33MHz CK408 ICH4-M Length matched to CLK66
PCIF[2:0] Synchronous but not edge aligned with
MHz CK408 SIO CLK6S
PCI[6:0] FWH Phase delay of 1.5ns to 3.5ns
PCICLK 33 MHz CK408 PCI Conn #1 Length matched to CLK33 *
(Expansion) PCI[6:0] PCI Conn #2 * CLK33 length minus 2.5”
PCI Conn #3
CLK14 14 MHz CK408 ICH4-M Independent clock
REFO SIO
DOTCLK 48 MHz CK408 GMCH Independent clock
48 MHz
SSCCLK 48/66 MHz CK408 GMCH Independent clock
VCH
USBCLK 48 MHz CK408 ICH4-M Independent clock
48 MHz
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Figure 122 below depicts the system clock subsystem including the clock generator, major platform
components, and all the related clock interconnects.

Figure 122. Clock Distribution Diagram
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Clock Group Topologies and Routing Constraints

The topology diagrams and routing constraint tables provided on the following pages define the
recommended topology and routing rules for each of the platform level clocks. These topologies and
rules have been simulated and verified to produce the required waveform integrity and timing
characteristics for reliable platform operation.
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12.2.1. Host Clock Group

The clock synthesizer provides three pairs of 100-MHz differential clock outputs utilizing a 0.7-V
voltage swing. The 100-MHz differential clocks are driven to the processor, the GMCH, and the
processor debug port with the topology shown in the figure below. The host clocks are routed point to
point as closely coupled differential pairs on the motherboard, with dedicated buffers for each of the
three loads. These clocks utilize a Source Shunt Termination scheme as shown below.

Figure 123. Source Shunt Termination Topology
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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 Rt. The resulting amplitude is determined by multiplying IOUT by the value of Rt.
The current IOUT is programmable by a resistor and an internal multiplication factor so the amplitude of
the clock signal can be adjusted for different values of Rt to match impedances or to accommodate

future load requirements.

The recommended termination for the differential bus clock is a “Source Shunt termination.” Parallel Rt
resistors perform a dual function, converting the current output of the clock driver to a voltage and
matching the driver output impedance to the transmission line. The series resistors Rs provide isolation
from the clock driver’s output parasitics, which would otherwise appear in parallel with the termination
resistor Rt.

The recommended value for Rt is a 49.9-Q +1% resistor. The tight tolerance is required to minimize
crossing voltage variance. The recommended value for Rs is 33 QQ + 5%. Simulations have shown that
Rs values above 33 Q provide no benefit to signal integrity but only degrade the edge rate.

The MULTO pin (CK408 pin #43) should be pulled-up through a 10 kQ to VCC — setting the
multiplication factor to 6.

The IREF pin (CK408 pin #42) should be tied to ground through a 475 Q £ 1 % resistor — making the
IREF 2.32 mA.
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Table 99.

Host Clock Group Routing Constraints
Parameter Definition
Class Name HOST_CLK
Class Type Individual Differential Pairs
Topology Differential Source Shunt Terminated

Reference Plane

Ground Referenced (contiguous over length)

Single Ended Trace Impedance ( Zo )

55 Q +/-15%

Differential Mode Impedance (Zdiff)

100 Q +/- 15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Inner Layer Pair Spacing (edge to edge)

(except as allowed below)

7.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Nominal Outer Layer Pair Spacing (edge to edge) 5.0 mils
(except as allowed below)

Minimum Spacing to Other Signals 25 mils
Serpentine Spacing 25 mils
Maximum Via Count 5 (per side)
Series Termination Resistor Value 33 Q +/-5%

Shunt Termination Resistor Value

49.9 O+/- 1%

Trace Length Limits — L1 & L1’ Up to 500mils
Trace Length Limits — L2 & L2’ Up to 200 mils
Trace Length Limits — L3 & L3’ Up to 500 mils
Trace Length Limits — L4 & L4’ 2.0"t0 8.0”
Total Length Range— L1 + L2 + L4 2.0"to 8.5”

Length Matching Required

Yes (Pin to Pad)

HCLK to HCLK# Length Matching

+/- 10 mils (per segment)

+/- 10 mils (overall)

CPU Clock to GMCH Clock Length Matching

Match HCLKSs (pin to pad) +/- 20 mils
Match L1 segment to +/- 10 mils across all pairs.

(See Section 12.2.1.2.)

CPU Clock to ITP Clock Length Matching

Match CPU HCLKs + CPU BPM[3:0]# to ITP HCLKs
+/- 250 mils

(See Section 0)

Breakout Region Exceptions

No breakout exceptions allowed.

NOTES:

1. Differential pairs should be routed as a closely coupled side-by-side pair on a single layer over their entire

length.

2. To minimize skew it is recommended that all clocks be routed on a single layer. If clock pairs are to be routed
on multiple layers, the routed length on each layer should be equalized across all clock pairs.
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3. To minimize skew it is recommended that all clock pairs be length matched from CK408 pin to CPU and GMCH
die-pad, and length compensated on the motherboard for differences in package length and for
socket/interposer effective length. A table of package lengths and equivalent socket lengths are provided.

4. The motherboard length of the ITP connector clock pair should be matched to the sum of the motherboard
length of the CPU clock pair and the BPM[3:0]# signals.

5. A trace length offset (depends on CK408 vendor clock skew) between CLK66 going to the GMCH (GCLKIN)
and HCLK going to the GMCH (BCLK) is recommended in order to prevent the CLK66 rising edge from
occurring within the +/- 350ps keepout area on either side of the HCLK edge. See Section 12.2.1.3 for details.

Host Clock Group General Routing Guidelines

When routing the 100-MHz 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.

If a layer 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. 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 Rs, if needed to shorten length L1.

Clock to Clock Length Matching and Compensation

The HCLK pairs to the CPU and GMCH should be matched as close as possible in total length from
CK408 pin to the die-pad of the receiving device. In addition, the L1/L1’ segments of all three clock
pairs should be length matched to within + 10 mils. Pair to pair overall length matching requires
knowledge of the package lengths of various CPUs, and the GMCH, as well as the effective length of
the CPU socket/interposer if used. This information is provided in Table 100.

Once routing lengths are defined for the CPU and GMCH, match the motherboard length of the ITP
clock pair to the motherboard length of the CPU clock pair.

Table 100. Clock Package Length

12.2.1.3.

Parameter Length
Intel Pentium M Processor / Intel Celeron M Processor 485 mils
Package Length
Intel 855GM/GME Chipset GMCH Package Length 1142 mils
CPU Socket Equivalent Length 157 mils

Host Clock to CLK66 Routing Recommendations

The rising edge of the HCLK (BCLK) input must either lead or lag the rising edge of CLK66
(GCLKIN) by more than 350 ps at the input balls of the GMCH as measured at the 50% point of each
rising edge. Refer to Figure 124 for details.
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Figure 124. BCLK to GCLKIN Timing Requirement

HCLK 100 MHz
v/ /72777777 7777777
GBCLK 66 MHz

When assessing whether a system design meets the required BCLK/GCLKIN phase relationship, the
following factors should be taken into account:

e Selected clock synthesizer chip’s worst case (minimum) phase relationship between CLK66
(GCLKIN) and HCLKx (BCLK) rising edges. This includes the following clock timing
parameters:

— Min phase offset. Since the CK408 spec does not specify the phase offset between
CLK66 and CPUZX, the actual worst case (min) offset must be determined by consulting with
the selected clock synthesizer chip's vendor.

— Cycle-to-cycle jitter on each clock output. Max jitter is specified by the CK408 clock
spec, but may be less than the max specified for any particular CK408 compatible clock
synthesizer chip.

o Trace length difference between BCLK and GCLKIN routing.
¢ Board manufacturing variations affecting signal delay across clock traces.

o All relevant variables should be evaluated over the system’s full specified operating temperature
range.

12.2.1.4. EMI Constraints

Clocks are a significant contributor to EMI and should be treated with care. The following
recommendations can aid in EMI reduction:

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

e Route clocks on physical layer adjacent to the VSS reference plane only.
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12.2.2. CLK66 Clock Group

The 66-MHz clocks are series terminated and are routed point to point on the motherboard, with
dedicated buffers for each of the loads. These clocks are all length tuned to match each other and as
well as to the CLK33 clocks.

Figure 125. CLK66 Clock Group Topology
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Table 101. CLK66 Clock Group Routing Constraints

Parameter Definition
Class Name CLK66
Class Type Individual Nets
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below) 20 mils
Serpentine Spacing 20 mils
Maximum Via Count 4

Series Termination Resistor Value 33Q+-5%

Trace Length Limits — L1

Up to 500mils (breakout segment)

Trace Length Limits — L2

4.0"t0 8.5”

Total Length Range — L1 + L2

4.0"t0 9.0

Minimum Length Requirements

CLK66 < HCLK + X.X"

Length Matching Required

Yes (Pin to Pin)

Clock to Clock Length Matching

+/- 100 mils
CLK66 to CLK66

Breakout Region Exceptions

(Reduced spacing for GMCH & ICH breakout region)

5 mil trace with 5 mil space on outers
4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”

NOTES:

1. The overall length of CLK66 is considered the reference length for CLK33 and PCICLK. The length of this clock
should be set within the range and then used as the basis for defining the length of all other length matched

clocks

2. Atrace length offset (depends on CK408 vendor clock skew) between CLK66 going to the GMCH (GCLKIN)
and HCLK going to the GMCH (BCLK) is recommended in order to prevent the CLK66 rising edge from
occurring within the +/- 350ps keepout area on either side of the HCLK edge. See Section 12.2.1.3 for details.
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The 33-MHz clocks are series terminated and routed point to point on the motherboard with dedicated
buffers for each of the loads. These clocks are length tuned to match the CLK66 clocks, however, they
are out of phase due to an internal phase delay in the CK408.

Figure 126. CLK33 Group Topology
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Table 102. CLK33 Clock Group Routing Constraints
Parameter Definition
Class Name CLK33
Class Type Individual Nets
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below) 20 mils
Serpentine Spacing 20 mils
Maximum Via Count 4

Series Termination Resistor Value 33Q+-5%
Trace Length Limits — L1 Up to 500mils
Trace Length Limits — L2 4.0"to0 8.5”

Total Length Range — L1 + L2

CLK66 Length

Length Matching Required

Yes (Pin to Pin)

Clock to Clock Matching

+/- 100 mils
CLK33 to CLK66

Breakout Region Exceptions

5 mil trace with 5 mil space on outers
4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”
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12.2.4. PCI Clock Group

In

The PCI clocks are series terminated and routed point to point as on the Inter reference motherboard
between the CK408 and the PCI connectors, with a dedicated buffer for each slot. These clocks are
synchronous to the CLK33 clocks and are length tuned to compensate for the segment on the PCI

daughter card.

Figure 127. PCI Clock Group Topology
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Table 103. PCICLK Clock Group Routing Constraints
Parameter Definition
Class Name PCICLK
Class Type Individual Nets
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below) 20 mils
Serpentine Spacing 20 mils
Maximum Via Count 4

Series Termination Resistor Value 33Q+-5%

Trace Length Limits — L1

Up to 500 mils (breakout segment)

Trace Length Limits — L2

1.5"t0 8.0”

Trace Length Limits — L3

2.5” (as per PCI specification)

Total Length Range — L1 + L2 + L3

CLK33 - 2.5" (for nominal matching)

Length Matching Required

Yes (Pin to Pin)

Clock to Clock Length Matching

+/-2.0”
PCICLK to (CLK33 - 2.5)

Breakout Region Exceptions

5 mil trace with 5 mil space on outers

4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”
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The 14-MHz clocks are series terminated and routed point to point on the motherboard. A single clock
output is shared between the two loads. These clocks are length tuned to each other but are not

synchronous with any other clocks.

Figure 128. CLK14 Clock Group Topology

Table 104. CLK14 Clock Group Routing Constraints

Parameter Definition
Class Name CLK14
Class Type Individual Nets
Topology Dual Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below)

20 mils

Serpentine Spacing

20 mils

Maximum Via Count

4 (per driver/receiver path)

Series Termination Resistor Value 33Q+-5%

Trace Length Limits — L1 Up to 500 mils

Trace Length Limits — L2A, L2B 2.0"t0 8.5”

Total Length Range — L1 + L2A & L1 + L2B 2.0"t09.0”

Length Matching Required Yes (Pin to Pin)

Clock to Clock Length Matching +/- 500 mils
CLK14A to CLK14B

Breakout Region Exceptions

5 mil trace with 5 mil space on outers
4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”
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The 48-MHz DOTCLK is series terminated and routed point to point on the motherboard. This clock
operates independently and is not length tuned to any other clock.

Figure 129. DOTCLK Clock Topology
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Table 105. DOTCLK Clock Routing Constraints
Parameter Definition
Class Name DOTCLK
Class Type Individual Net
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below) 25 mils
Maximum Via Count 4

Series Termination Resistor Value 33Q+-5%
Trace Length Limits — L1 Up to 500 mils
Trace Length Limits — L2 2.0" to 8.0”
Total Length Range — L1 + L2 2.0"to0 8.5”
Length Matching Required No

Breakout Exceptions

5 mil trace with 5 mil space on outers
4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”

NOTE: The DOTCLK is used internally by the GMCH to generate the pixel clock and must exhibit very low jitter.
Care should be taken to avoid routing through noisy areas and spacing rules should be observed. Guard
traces may be employed if necessary with ground stake vias on no less than 0.5- inch intervals.
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The 48/66-MHz SSCCLK operates independently and is not length tuned to any other clock. This clock
employs a spread-spectrum device in its path to reduce EMI. The overall clock path is divided into two
segments as shown in Figure 130, with each segment series terminated and routed point to point.

Figure 130. SSCCLK Clock Topology
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Table 106. SSCCLK Clock Routing Constraints
Parameter Definition
Class Name SSCCLK
Class Type Individual Net
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below)

20 mils

Maximum Via Count

4 (per driver/receiver path)

Series Termination Resistor Value 33Q+-5%
Trace Length Limits — L1 Up to 500 mils
Trace Length Limits — L2 1.0” to 4.0”
Trace Length Limits — L3 Up to 500 mils
Trace Length Limits — L4 1.0"t0 7.0”
Total Length Range — L1 + L2 + L3 + L4 3.0"t0 8.5”
Length Matching Required No

Breakout Exceptions

5 mil trace with 5 mil space on outers
4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”
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12.2.8. USBCLK Clock Group

The 48-MHz USBCLK is series terminated and routed point to point on the motherboard. This clock

In

operates independently and is not length tuned to any other clock.

Figure 131. USBCLK Clock Topology
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Table 107. USBCLK Clock Routing Constraints
Parameter Definition
Class Name USBCLK
Class Type Individual Net
Topology Series Terminated Point to Point

Reference Plane

Ground Referenced

Single Ended Trace Impedance ( Zo )

55 Q+/-15%

Nominal Inner Layer Trace Width

4.0 mils

Nominal Outer Layer Trace Width

5.0 mils (pin escapes only)

Minimum Spacing (see exceptions below) 20 mils
Maximum Via Count 4

Series Termination Resistor Value 33Q+-5%
Trace Length Limits — L1 Up to 500 mils
Trace Length Limits — L2 3.0"to 12.0”
Total Length Range — L1 + L2 3.0"to 12.5”
Length Matching Required No

Breakout Exceptions

5 mil trace with 5 mil space on outers

4 mil trace with 4 mil space in inners

Maximum breakout length is 0.3”
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CK-408 Clock Updates for Intel Pentium M Processor
and Intel Celeron M Processor Platforms

To maximize the power savings on 855GM chipset based systems, additional control registers have been
added to the CK-408clock generator to allow option to tri-state the CPU[2:0] host clocks during
CPU_STOP# or PWRDWN assertion. The option to have CPU[2:0] driven (default) or tri-stated can be
programmed via the serial I°C bus interface to the CK-408 clock driver. If the tri-state feature on the
CPUJ2:0] signals is chosen, it is recommended that the STP_CPU# signal from the Intel ICH4-M drive
the CK-408’s CPU_STOP# signal. Also, it is recommended that the ICH4-M’s DPSLP# signal be
connected to the DPSLP# pin of the processor and GMCH. Functionally, the ICH4-M’s STP_CPU# and
DPSLP# signals are equivalent. However, STP_CPU# is powered by the main I/O well (3.3 V) and is
sent to the CK-408 whereas DPSLP# is driven to the processor interface voltage (1.05 V).

CK-408 PWRDWN# Signal Connections

For systems that support the S1M state, the PWRDWN# input of the CK-408 clock chip is required to
be driven by both the SLP_S1# and SLP_S3# signals from the ICH4-M, i.e. the PWRDWN# pin of the
CK-408 should be driven by the output of the logical AND of the SLP_S1# and SLP_S3# signals. This
configuration best allows CPU[2:0] to be tri-stated during S1-M or lower (numerically higher) states.

For systems that do not support SIM but do support the S3 state, the PWRDWN# input of the CK-408
clock chip should be connected to the SLP_S3# output of the ICH4-M. It is not recommended that
PWRDWN# be pulled-up to the CK-408’s 3.3-V power supply if the S3 state is the second highest,
power consuming state supported by the platform (i.e. SIM and S2 not supported). The advantage of
using SLP_S3# rather than the 3.3-V supply to qualify PWRDWN# is that it reduces the likelihood of
the CK-408 clocks driving into unpowered components and potentially damaging the clock input
buffers. Also SLP_S3# can help reduce power consumption because it will be asserted before the 3.3-V
supply will be shut off, thus minimizing the amount of time that the clocks will be left toggling.
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13. Intel 855GM/GME Chipset Based
System Power Delivery Guidelines

13.1. Definitions

Table 108. Power Delivery Definitions

Term Definition

SO0/Full-On operation: During SO operation, all components on the motherboard are powered and the system is
fully functional.

S1-M/Power-On- In the mobile implementation of the Power-On-Suspend state, the outputs of the clock
Suspend (POS, Mobile): chip are stopped in order to save power. All components remain powered but may or may
not be in a low power state.

S3/Suspend-To-RAM In the S3 state, the system state is stored in main memory and all unnecessary system
STR)- logic is turned off. Only main memory and logic required to wake the system remain
( ) powered.

S4/Suspend-To-Disk In the S4 state, the system state is stored in non-volatile secondary storage (e.g. a hard

disk) and all unnecessary system logic is turned off. Only logic required to wake the

(STDY: system remain powered. Standby power rails may or may not be powered depending on
system design and the presence of AC or battery power.
S5/Soft-Off: The S5 state corresponds to the G2 state. Restart is only possible with the power button.
Full-Power operation: During Full-Power operation, all components remain powered. Full-power operation
includes both SO and the S1M (CPU Stop-Grant state).

Suspend operation: 855GM/GME chipset-based systems can be designed to support a number of suspend
states such as Power-On-Suspend (S1M), Suspend-to-RAM (S3), Suspend-to-Disk (S4),
and Soft-Off (S5). During suspend operation, with exception of S1M, power is removed
from some components on the motherboard.

Core power rail: A power rail that is only on during full-power operation.

Standby power rail: A power rail that is on during a suspend operation (S3, S4 or S5). The rail is also on
during full-power operation.

Derived power rail: A derived power rail is any power rail that is generated from another power rail using an

on-board voltage regulator. For example, 3.3 Vsg is usually derived (on the motherboard)
from 5 Vgg using a voltage regulator.

13.2. Platform Power Requirements

The following figure shows the power delivery architecture for an example of the Intel 855GM/GME
chipset based system. To ensure that enough power is available during S3, a thorough power budget
should be completed. The power requirements should include each device’s power requirements, both in
suspend and in Full-On. The power requirements should be compared against the power budget supplied
by the power supply.
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The solutions given in this document are only examples. There are many power distribution methods
that achieve similar results. It is critical, when deviating from these examples, to consider the effect of
the change.

13.2.1. Platform Power Delivery Architectural Block Diagram

Figure 132. Platform Power Delivery Map

Intel® Pentium® M Processor
Dothan Processor
VCC_CORE = IMVP-IV
VCCP = IMVP-IV
VCCA =+V1.8S (Intel® Pentium®
M Processor)
VCCA =+V1.5S (Dothan Processor)
400MHz BPSB
DVO
VCC-GMCH = 1.35V / 1.2V MHz DDR
VCCP = IMVP-IV
LVDS H
+x12-5: +V1.255
+ .
bl +V2.5
CRT Hub Interfac
Nas | | iIcHam |_  pciBus ‘I I
+V5Always | T ® VCCP = IMVP-V | A ~Docking
+V1.58
+V1.5Always \
ATA 66/100 +V1.5LAN
IDE . o +V3.3Always CardBus| | LAN
Vvas - L~ +V3.3S
+V3. > +V3.3LAN +V3.3 +V3.3
+V6S +V5Always
+VCC_RTC Mini PCI
A\Zgz L Intel® PRO/ Wireless
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13.3.  Voltage Supply
13.3.1. Power Management States
Table 109. Power Management States on Intel Reference Board
Signal SLP_S | SLP_S3# | SLP_S4# | SLP_S5# | +V*ALW +V* +V*S | Clocks
1#
SO0 (FULL ON) HIGH HIGH HIGH HIGH ON ON ON ON
S1M (POS) LOW HIGH HIGH HIGH ON ON ON LOW
S3 (STR) LOW LOW HIGH HIGH ON ON OFF OFF
S4 (STD) LOW LOW LOW HIGH ON OFF OFF OFF
S5 (Soft Off) LOwW LOW LOW LOW ON OFF OFF OFF
13.3.2. Power Supply Rail Descriptions
Table 110. Power Supply Rail Descriptions on Intel Reference Board
Signal Names Voltage Current Tolerance Enable Description
(V) (A)
+V1_25 1.25 0.01 +-3.2% SLP_S3# - HIGH GMCH, DDR
Termination
SLP_S4# - HIGH DDR Reference (VREF)
+V1_5 15 0.03 +/- 5% SLP_S4# - HIGH LAN logic
CPU VCCA (Intel
Pentium M Processor
on 90 nm Process with
2 MB L2 Cache only)
+V1_58 15 1.35 +- 5% SLP_S3# - HIGH GMCHDVO-Core,
GMCH DLVDS, GMCH
DAC, GMCH ALVDS,
ICH4-M core, ICH4-M
VCCHL
+V1_5ALWAYS 1.5 0.1 +/- 5% +V3ALWAYS ICH4-M Resume
+V1_8S 1.8 0.6 +/- 5% SLP_S3# - HIGH CPU VCCA (Intel
Pentium M Processor
only)
+V1_2S for 1.2 1.8 +- 5% SLP_S3# - HIGH GMCH Core, GMCH
855GM HL, GMCH DPLL,
A1 35S GMCH HPLL, GMCH
=99 for 135 GPLL, GMCH VCCASM
855GME :
+V2_5 2.5 8.12 +- 5% SLP_S4# - HIGH GMCH DDR /0, DDR
SO-DIMM, GMCH
TXLVDS'
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Signal Names Voltage Current Tolerance Enable Description
V) (A)
+V3ALWAYS 3.3 0.4 +/- 5% +VDC_ON ICH4-M Resume,
SMC/KBC, AC'97
+V3 3.3 0.9 +/- 5% SLP_S5# - HIGH ICH4-M LAN /O,
AC’97, RS232
+V3S 3.3 7.0 +/- 5% SLP_S3# - HIGH GMCH GPIO, ICH4-M
I/0, CK-408, FWH,
SIO,PCI
+V5 5 9.0 +/- 5% SLP_S5# - HIGH AC97,
+V58 5 1.0 +/- 5% SLP_S3# - HIGH ICH4-M VREF,
MSE/KBD, FDD, IDE,
PCI
+V5ALWAYS 5 3.0 +/- 5% +VDC ICH4-M VREFSUS,
USB Supply
+V12S 12 0.2 +/- 5% SLP_S3# - HIGH PCI, IDE
+VCC_CORE 0.844 - 32 +1.5% VID Intel Pentium M/ Intel
1.356 (static) Celeron M processor
core voltage by IMVP-
IV VR
+ 10 mV (ripple &
transient)
+VCCP 1.05 24 +/- 5% VR_ON Intel Pentium M/ Intel

Celeron M processor
I/0 voltage by IMVP-IV
VR

NOTE: GMCH VREF, DDR memory VREF, DDR termination, and GMCH TXLVDS can be turned off during S3.
However, for some DDR memory devices may require a valid reference voltage during S3.

855GM/GME Chipset Based System Power-Up
Sequence

The following sections describe the power-up timing sequence for Intel 855GM/GME chipset GMCH
based platforms.

Processor Power Sequence Requirement

Contact your Intel Field Representative for details on the Intel Pentium M processor or Intel Celeron M
processor with IMVP-1V voltage regulator..

GMCH Power Sequencing Requirements

All GMCH power rails should be stable before PWROK is asserted. The power rails can be brought up
in any order desired. However, good design practice would have all GMCH power rails come up as
close in time as practical, with the core voltage (1.2 V for 855GM / 1.35 V for 855GME) coming up
first. RSTIN#, which brings GMCH out of reset, should be deasserted only after PWROK has been
active for 1 ms. Once GMCH is out of reset, it will deassert CPURST# within 1 ms.
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Figure 133. GMCH Power-Up Sequence

CPURST#
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RSTIN#
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GMCH PWR
Rails

13.4.3. ICH4-M Power Sequencing Requirements

The following figure describes the power-on timing sequence for ICH4-M. The VGATE input should be
connected to the processor voltage regulator PWRGD output. When both PWROK and VGATE are
asserted, it indicates that core power and system power are stable and PCIRST# will be de-asserted a
minimum of 1 ms later. It is the responsibility of the system designer to ensure that the power and timing
requirements for the processor and GMCH are met.

Please refer to Intel® 82801DBM 1/O Controller Hub 4-Mobile (ICH4-M) Datasheet for more details.
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Figure 134. ICH4-M Power-Up Sequence

Systen

Stat S3 —» SO SO state

G3 G3—» S5

(2)

Hub interface "CPU
Reset Complete”

Messaae
STPCLK#, STP_CPU#, STP_PCI#
SLP_S1#, C3_STAT# [ ‘T186‘

l€»{T184

Frequency \
Straps

PCIRST# 0

> T181 178

SUS_STAT# \

PWROK, VGATE,

LAN_PWROK < >,
- T176

oh

Strap Value Normal Operatiorl

(72

T185

Ny

—| A
-
Iy

Vcc*, VecLAN, ¥
(V_CPU_IO) "

SLP_S3

1

T181 €

T183a

A

SLP_s4

][

SLP_S5 T18

SUSCLK: Running
<> 1182

RSMRST#

73

VccSus (V*Always)

260 Intel® 855GM/855GME Chipset Platform Design Guide



Intel 865GM/GME Chipset Based System Power Delivery Guidelines

Table 111. Timing Sequence Parameters ICH4-M

Sym Description Min Max Units Notes
T173 VcceSus supplies active to RSMRST# inactive 10 - ms
T176 Vce1.5, Vee3.3, VecHI, V_CPU_IO supplies active to 10 - ms
PWROK, VGATE active
T177 PWROK and VGATE active and SYS_RESET# inactive 32 38 RTCCLK 2
to SUS_STAT# inactive
T178 SUS_STAT# inactive to PCIRST# inactive 1 3 RTCCLK 2
T181 VccSus active to SLP_S5#, SUS_STAT# and PCIRST# 50 ns
active
T182/T183 | RSMRST# inactive to SUSCLK running, SLP_S5# 110 ms 1
inactive
T183a SLP_S5# inactive to SLP_S4# inactive 1 2 RTCCLK 2
T183b SLP_S4# inactive to SLP_S3# inactive 1 2 RTCCLK 2
T184 V_CPU_IO active to STPCLK#, CPUSLP#, STP_CPU#, 50 ns
STP_PCI#, SLP_S1#, C3_STAT# inactive, and CPU
Frequency Strap signals high
T185 PWROK and VGATE active and SYS_RESET# inactive 32 38 RTCCLK 2
to SUS_STAT# inactive and CPU Frequency Straps
latched to strap values
T186 CPU Reset Complete to Frequency Straps signals 7 9 CLK66 3
unlatched from strap values
NOTES:

1. If there is no RTC battery in the system, so VccRTC and the VccSus supplies come up together, the delay from

RTCRST# and the RSMRST# inactive to SUSCLK toggling may be as much as 1000 ms.
2. These transitions are clocked off the internal RTC. 1 RTC clock is approximately 32 ps.

3. This transition is clocked off the 66-MHz CLK66. 1CLK66 is approximately 15 ns.

13.4.3.1. 3.3/1.5V Power Sequencing

No power sequencing requirements exist for the associated 3.3 V/1.5 V rail of the ICH4-M chip. It is

generally good design practice to power up the core before or at the same time as the other rails.

13.4.3.2. Vsrer Sequencing

Vsrer 18 the reference voltage for 5-V tolerance on inputs to the Intel [CH4-M. Vsper must be powered
up before Vcc;_;, or after Ve 3 within 0.7 V. Also, Vsggr must power down after Vcs_s, or before
Vees_3 within 0.7 V. These rules must be followed in order to ensure proper functionality of the Intel
ICH4-M. Figure 135 shows a sample implementation of how to satisfy the Vsggr/ 3.3 V sequencing rule.
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Figure 135. Example Vsger/ Vsrersus Sequencing Circuitry

3.3V Supply BY Supply

L J L J

To System VREF To Eyatem

13.4.3.3.  Vsrersus Design Guidelines

The aforementioned rule for Vsggr also applies to the Vsger sus input pin. However, in some platforms,
the Vesuss_srail is derived from the Vcsuss and therefore, the Veguss_ 3 rail will always come up after
the Vesuss rail. As a result, Vsggr_sus Will always be powered up before Vecesys;_3- In platforms where
the Vecsuss_s rail is not derived from the Vcsyss rail, the Vsger sequencing rule must be comprehended
in the platform design.

In order to meet reliability and testing requirements for the USB interface, the following design
recommendations for the Vsggr sus pins of the ICH4-M should be followed. There are changes to the
USB specification regarding continuous short conditions must be addressed. The USB 1.1 specification
requires host controllers to withstand a continuous short between the USB 5-V connector supply and a
USB signal at the connector. However, the duration is unspecified. The USB 2.0 specification requires
this duration to be at least 24 hours. This in turn requires that the Vsggrsys pin be at 5 V as long as the
attached USB devices are powered. The recommendation is to provide a +VSALWAYS (active S0-S5)
supply to the Vsrersus pin if available as shown in Figure 136. However, if support for wake on USB
from S3 and support for self-powered USB devices are not required, then option shown in Figure 137
can be used. Vsggrsus can be supplied by combination of +V5S (active in SO only) and +V3ALWAYS
(active SO-S5).

Figure 136. VSREFSUS With +V5ALWAYS Connection Option

+VSALWAYS

Customer specific or]
Intel recommended
USB power circuit

V5REF_SUS1I—J>——|_

USB Power (5V)

0.1uF
ICH4-M —Vr Customer specific of
USB D+ Intel recommended
USB D USB. intgrface
circuits

GND
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Figure 137. VSREFSUS With +V3ALWAYS and +V5S or +V5 Connection Option

+V5S or +V5
Customer specific or
+V3ALWAYS Intel recommended
USB power circuit
D1 '-!__I D2
V5REF_SUS1 * 3
USB Power (5V)
0.1uF
ICH4-M —Vr Customer specific or USB D
USB D+ Intel recommended *
USB D- USB_inte_rface USB D-
circuits

47 GND

Note: D1 and D2 are BAT54 or Equivalent Schottky Diodes

13.4.4. DDR Memory Power Sequencing Requirements

No DDR-SDRAM power sequencing requirements are specified during power up or power down if the
following criteria are met:
e VDD and VDDQ to memory devices are driven from a single power converter output.

e VTT is limited to 1.44 V (reflecting VDDQ(max)/2 + 50 mV VREF variation + 40 mV VTT
variation)

e VREF tracks VDDQ/2

e A minimum resistance of 42 Q (22 Q series resistor + 22 Q parallel resistor = 5% tolerance) limits
the input current from the VTT supply into any pin.

If the above criteria cannot be met by the system design, then the following Table 112 must be adhered
to during power up. Refer to Intel® DDR 200 JEDEC Spec Addendum for more details.

Table 112. DDR Power-Up Initialization Sequence

Voltage Description Sequencing Voltage Relationship to Avoid Latch-up
vDDQ After or with VDD <VDD +0.3V
VTT After or with VDDQ <VDDQ +0.3V
VREF After or with VDDQ <VDQ+0.3V
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13.5. Intel 855GM/GME Chipset Based System Power
Delivery Guidelines

Each component is capable of generating large current swings when switching between logic high and
logic low. This condition could cause the component voltage rails to drop below specified limits. To
avoid this type of situation, ensure that the appropriate amount of bulk capacitance is added in parallel to
the voltage input pins. Intel recommends that the developer use the amount of decoupling capacitors
specified in this document to ensure the component maintains stable supply voltages. The capacitors
should be placed as close to the package as possible. Rotate caps that set over power planes so that the
loop inductance is minimized (see Figure 138). The basic theory for minimizing loop inductance is to
consider which voltage is on Layer 2 (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. Intel
recommends that for prototype board designs, the designer should include pads for extra power plane
decoupling caps.

Figure 138. Example for Minimizing Loop Inductance
Copper Trace
Plane connecting
Under\'BGA Pad to Via ‘ BGA
Al

4.5 mils nominal

PR f
PAD
48 mils nominal

<& - -- Current Flow to Decoupling Cap
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13.5.1. 855GM/GME Chipset GMCH Decoupling Guidelines

Decoupling in Table 15 is based on voltage regulator solution used on the customer reference board

design.

Table 113. GMCH Decoupling Recommendations

Pin Name Configuration F Qty TYPE Notes
VCC Connect to 0.1 yF 4 XR7, 0603, 16 V, 10% 1 X 0.1 pF within 200 mils
VCC1_2S for o .
855GM 10 pF 1 XR5, 1206, 6.3 V, 20% 3 X 0.1 pF on bottom side
Connect to 150 yF 2 SPC, E, 6.3V, 20%
VCC1_35S for
855GME
VTTLF Connect to 0.1 uF 2 XR7, 0603, 16 V, 10% 2 X 0.1 yF on bottom side
VCCP
10 pF 1 XRS5, 1206, 6.3 V, 20%
150 pF 1 SPC, E, 6.3V, 20%
VTTHF Connect to caps 0.1 uF 5 XR7, 0603, 16 V, 10%
directly
VCCHL Connect to 0.1 uF 2 XR7, 0603, 16 V, 10% 1 X 0.1 yF within 200 mils
VCC1_2S for o .
855GM 10 pF 1 XR5, 1206, 6.3 V, 20% 1 X 0.1 yF on bottom side
Connect to
VCC1_35S for
855GME
VCCSM Connect to 0.1 uF 11 XR7, 0603, 16 V, 10% See section 1.5.2.1
VCCSus2_5
150 yF 2 TANT, D, 10 V, 20%
VCCDVO Connect to 0.1 uF 2 XR7, 0603, 16 V, 10% 1 X 0.1 yF within 200 mils
VCC1_5S .
10 pF 1 XR5, 1206, 6.3 V, 20% 1 X 0.1 yF on bottom side
150 yF 1 SPC, E, 6.3V, 20%
VCCDLVDS Connect to 0.1 yF 1 XR7, 0603, 16 V, 10% 1 X 0.1 pF within 200 mils
VCC1_58
22 yF 1 TANT, B, 10 V, 20%
47 uF 1 TANT, D, 10 V, 20%
VCCTXLVDS' Connect to 0.1 yF 3 XR7, 0603, 16 V, 10% 1 X 0.1 yF within 200 mils
VCCSus2_5 .
22 uf 1 TANT, B, 10 V, 20% 2 X 0.1 yF on bottom side
47 uF 1 TANT, D, 10 V, 20%
VCCGPIO Connect to 0.1 yF 1 XR7, 0603, 16 V, 10%
Vce3_3S
- 10 pF 1 XR5, 1206, 6.3 V, 20%
SMVREF 0.1 yF 1 XR7, 0603, 16 V, 10% 1 X 0.1 yF on bottom side
NOTE: Not required when using 855GME platform design with external graphics only.
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For the VCCSM pins of the GMCH, a minimum of eleven, 0603 form factor, 0.1-uF, high frequency
capacitors is required and must be placed within 150 mils of the GMCH package. The capacitors should
be evenly distributed along the GMCH DDR system memory interface and must be placed perpendicular
to the GMCH with the power (2.5 V) side of the capacitors facing the GMCH.

13.5.1.1. GMCH VCCSM Decoupling

e Every GMCH ground and VCCSM power ball in the system memory interface should have its own
via.

e Each capacitor should also have its own 2.5-V via within 25 mils of the capacitor pad for
connecting to a 2.5-V copper flood. The traces from the capacitors should also be wide and connect
to the outer row of balls on the GMCH.

e The ground end of each capacitor must connect to the ground flood and to the ground plane
through a via. Each via should be as close to the associated capacitor pad as possible, within 25
mils and with as thick a trace as possible.

13.5.1.2. DDR Memory Device VDD Decoupling

Discontinuities in the DDR signal return paths will occur when the signals transition between the
motherboard and the SO-DIMMs. To account for this ground to 2.5-V discontinuity, a minimum of nine
0603 form factor 0.1-pF high frequency bypass capacitors is required between the SO-DIMM s to help
minimize any anticipated return path discontinuities that will be created. The capacitors should be
distributed as evenly as possible between the two SO-DIMMs.

e A wide ground trace from each capacitor should be connect to a via that transitions to the ground
plane. Each ground via should be placed as close to the ground pad as possible.

e A wide 2.5-V trace from each capacitor should connect to a via that transitions to the 2.5-V copper
flood. Each via should be placed as close to the capacitor pad as possible. Each capacitor pad
should also connect to the closet 2.5-V SO-DIMM pin on either the first or second SO-DIMM
connector with a wide trace.

13.5.1.3. DDR VTT Decoupling Placement and Layout Guidelines

The VTT termination rail must be decoupled using high-speed bypass capacitors, one 0603 form factor
0.1-pF capacitor and one 0603 form factor 0.01-pF capacitor per four DDR signals.

e A VTT copper flood must be used. The decoupling capacitors must be spread out across the
termination island so that all the parallel termination resistors are near high frequency capacitors.

e Each capacitor ground via should be as close to the capacitor pad as possible, within 25 mils with
as thick a trace as possible.

13.5.2. DDR Memory Power Delivery Design Guidelines

The main focus of these GMCH guidelines is to minimize signal integrity problems and improve the
power delivery to the GMCH system memory interface and the DDR memory SO-DIMMs. This section
discusses the DDR memory system voltage and current requirements as of publishing for this document.
This document is not the original source for these specifications. Figure 139 shows the implementation
2.5V, 1.25 V and SMVREF on the CRB only as an example. It is the responsibility of the system
designer to ensure that the power requirements for the DDR and GMCH are met. Refer to the following
documents for the latest details on voltage and current requirements found in this design guide.
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e JEDEC Standard, JESD79 (release 2), Double Data Rate (DDR) SDRAM Specification
o [ntel DDR 266 JEDEC Spec Addendum Rev 1.0 or later

Figure 139. DDR Power Delivery Block Diagram
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NOTE: +V1.25 used for VTT can optionally be on the switched rail and turned off in S3.

2.5-V Power Delivery Guidelines

The 2.5-V power for the GMCH system memory interface and the DDR SO-DIMMs is delivered around
the DDR command, control, and clock signals. Special attention must be paid to the 2.5-V copper
flooding to ensure proper GMCH and SO-DIMM power delivery. This 2.5-V flood must extend from
the GMCH 2.5-V power vias all the way to the 2.5-V DDR voltage regulator and its bulk capacitors.
The 2.5-V DDR voltage regulator must connect to the 2.5-V flood with a minimum of six vias. The SO-
DIMM connector 2.5-V pins as well as the GMCH 2.5-V power vias must connect to the 2.5-V copper
flood.

In the areas where the copper flooding necks down around the GMCH, make sure to keep these neck
down lengths as short as possible. The 2.5-V copper flooding under the SO-DIMM connectors must
encompass all the SO-DIMM 2.5-V pins and must be solid except for the small areas where the clocks
are routed within the SO-DIMM pin field to their specified SO-DIMM pins.

A minimum of 12-mil isolation spacing should be maintained between the copper flooding and any
signals on the same layer.

GMCH and DDR SMVREF Design Recommendations

There is one SMVREF pin on the GMCH that are used to set the reference voltage level for the DDR
system memory signals (SMVREF). The voltage level that needs to be supplied to these pins must be
equal to VCCSM/2. As shown in Figure 139 an OpAmp buffer is recommended to generate SMVREF
from the 2.5-V supply. This should be used as the “VREF” signals to both the DDR memory devices
and the SMVREF signal to the GMCH. A resistor divider is not a recommended solution since
SMVRETF has a tight tolerance of + 2%.
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The GMCH requires a system memory compensation resistor, SMRCOMP, to adjust buffer
characteristics to specific board and operation environment characteristics. Refer to the RS — Intel®
855GM/GME (Montara-GM/GM+) Chipset GMCH External Design Specification and Figure 140 for
details on resistive compensation. The SMRCOMP signal should be routed with as wide a trace as
possible. It should be a minimum of 12 mils wide and be isolated from other signals with a minimum of
10 mils spacing. A 0.1-uF capacitor should be placed near the 2.5-V supply to the voltage divider, and
not on the SMRCOMP pin.

13.5.2.3. DDR SMRCOMP Resistive Compensation

Figure 140. GMCH SMRCOMP Resistive Compensation

+V2.5

60.4Q +/- 1% 0.1 wF

SMRCOMP /W\/i

60.4Q +/- 1%

The GMCH’s system memory resistive compensation mechanism also requires the generation of
reference voltages to the SMVSWINGL and SMVSWINGH pins. The schematic for SMVSWINGL and
SMVSWINGH voltage generation is illustrated in Figure 141. Two resistive dividers with R1b =R2a =
150 Q + 1% and R1a = R2b = 604 Q + 1% generate the SMVSWINGL and SMVSWINGH voltages.
SMVSWINGL and SMVSWINGH components should be placed within 0.5 inches of their respective
pins and connected with a 15-mil wide trace. To avoid coupling with any other signals, maintain a
minimum of 25 mils of separation to other signals.

Figure 141. GMCH System Memory Reference Voltage Generation Circuit

+VCCSM +VCCSM
R1a R1b
6040 +1% 1500 +1%
SMVSWINGL SMVSWINGH
SMVSWINGL SMVSWINGH
R2a R2b
01 uF == 150Q +1% GMCH 6040 +1% = 01

13.5.2.4. DDR VTT Termination

The recommended topology for DDR-SDRAM Data, Control, and Command signal groups requires that
all these signals to be terminated to a 1.25V source, VTT, at the end of the memory channel opposite the
GMCH. It is recommended that VTT be generated from the same source as that used for VCCSM, and
not be shared with the GMCH and DDR SMVREF. This is because SMVREF has a much tighter
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tolerance and VTT can vary more easily depending on signal states. A solid 1.25V termination island
should be used to for this purpose and be placed on the surface signal layer, just beyond the last SO-
DIMM connector and must be at least 50 mils wide.

The Data and Command signals should be terminated using one resistor per signal. Resistor packs and +
5% tolerant resistors are acceptable for this application. Only signals from the same DDR signal group
can share a resistor pack. See Chapter 6 for system memory guidelines.

DDR SMRCOMP and VTT 1.25-V Supply Disable in S3/Suspend

SMRCOMP and VTT 1.25V supplies can be disabled during the S3 suspend state to further save power
on the platform. This is possible because the GMCH does not require resistive compensation during
suspend. However, the 2.5-V VCCSM power pins of the GMCH, the SMVREEF pin of the GMCH, and
the VDD power pins of the DDR memory devices are required to be on in S3 state. Note that some
DDR memory devices may or may not require a valid reference voltage during suspend. It is the
responsibility of the system designer to ensure that requirements of the DDR memory devices are met.

Other GMCH Reference Voltage and Analog Power Delivery

GMCH GTLVREF

For GMCH, the GTLREF generation circuit has been broken down into three separate voltage
references; host data reference voltage (HDVREF[2:0]), host address reference voltage (HAVREF) and
host common clock reference voltage (HCCVREF). Maximum length from pin to voltage divider for
each reference voltage should be less than 0.5 inches. 10 mil wide traces are recommended. GMCH
VREEF can be maintained as individual voltage dividers as shown in Figure 142, Figure 143, and Figure
144.

Figure 142. GMCH HDVREF[2:0] Reference Voltage Generation Circuit

+VCCP

R1

499 GMCH
GMCH_HDVREF K21 HDVREFO

- 21— LDVREF1

100 Cl— c2—— 117

1% 1uF 7~ T\ 0.1uF | HDVREF2
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Figure 143. GMCH HAVREF Reference Voltage Generation Circuit

+VCCP
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Figure 144. GMCH HCCVREF Reference Voltage Generation Circuit
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13.5.3.2. GMCH AGTL+ I/0O Buffer Compensation

The HXRCOMP and HYRCOMP pins of the GMCH should each be pulled-down to ground with a 27.4
Q =+ 1% resistor. See Figure 145. The maximum trace length from pin to resistor should be less than 0.5
inches and should be 18-mil wide to achieve the Zo =27.4 Q target. Also, the routing for HRCOMP
should be at least 25 mils away from any switching signal.

Figure 145. GMCH HXRCOMP and HYRCOMP Resistive Compensation

HXRCOMP HYRCOMP

27.4Q +/- 1% 27.4Q +/- 1%
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13.5.3.3. GMCH AGTL+ Reference Voltage

The GMCH’s AGTL+ I/O buffer resistive compensation mechanism also requires the generation of
reference voltages to the HXSWING and HYSWING pins with a value of 1/3*VCCP. Implementations
for HXSWING and HYSWING voltage generation are illustrated in Figure 146. Two resistive dividers
with Rla=R1b =301 Q + 1% and R2a = R2b = 150 Q2 + 1% generate the HXSWING and HYSWING
voltages. Cla=Clb = 0.1 uF act as decoupling capacitors and connect HXSWING and HY SWING to
VCC_CORE. HSWING components should be placed within 0.5 inches of their respective pins and
connected with a 15-mil wide trace. To avoid coupling with any other signals, maintain a minimum of
25 mils of separation to other signals.

Figure 146. GMCH HXSWING and HYSWING Reference Voltage Generation Circuit

HVCCP +VCCP
Rfa R1b
301 301

HXSWING HYSWING
Rea Cla Cib Rab
150 GMCH 150

13.5.3.4. GMCH Analog Power

Table 114 summarizes the eight analog circuits that require filtered supplies on the GMCH. They are:
VCCASM, VCCQSM, VCCAHPLL, VCCADPLLA, VCCADPLLB, VCCADAC, VCCAGPLL, and
VCCALVDS. VCCADAC, VCCAGPLL, and VCCALVDS do not require an RLC filter but do require
decoupling capacitors.

Figure 147. Example Analog Supply Filter

Low Pass Filtering
>
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Table 114. Analog Supply Filter Requirements
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Required Config Rdamp Rdamp L Cbulk Chigh
GMCH location
Filters
VCCASM V1.58 None N/A 1210 1.0 yH 100 pF 0603 0.1 uF X5R
DCRmax 0.169 Qs
VCCQSM V2.58 10 In series with 0805 0.68 uH 1206 4.7 uF 0603 0.1 uF X5R
Cbulk DCRmax 0.80 Qs X5R
VCCAHPLL V_1.282 None N/A None 0603 0.1 yF X5R
V_1.358°
VCCADPLLA V_1.28° 10 In series with 0805 0.10 uH 220uF 0603 0.1 uF X5R
! V 1358° inductor
VCCADPLLB V_1.28° 10 In series with 0805 0.10 yH 220 uF 0603 0.1 uyF X5R
! V 1.355° inductor
VCCADAC' V1.58 None N/A None None 0603 0.1 uF X5R
0603 0.01 uF
X5R
VCCAGPLL V_1.28? None N/A None None 0603 0.1 uF X5R
V_1.358°
VCCALVDS' V1.58 None N/A None None 0603 0.1 uF X5R
0603 0.01 yF
X5R
NOTES:

1. Not required when using 855GME platform design with external graphics only.

2. For 855GM platform
3. For 855GME platform

ICH4-M Decoupling / Power Delivery Guidelines

ICH4-M Decoupling

The ICH4-M is capable of generating large current swings when switching between logic high and logic
low. This condition could cause the component voltage rails to drop below specified limits. To avoid
this type of situation, ensure that the appropriate amount of decoupling capacitance is added in parallel
to the voltage input pins. Intel recommends that the developer use the amount of high frequency
decoupling capacitors specified in table below to ensure that component maintains stable supply

voltages. Low frequency decoupling is dependent on layout and system power supply design.
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Table 115. ICH4-M Decoupling Requirements

Pin Name Configuration F Qty
VCC3_3 Connect to Vcc3_3S 0.1 yF 6
VCCSUS3_3 Connect to Vcc3_3A 0.1 uF 2
VCCLAN3_3 Connect to Vcc3_3 0.1 uF 2
V_CPU_IO Connect to Vcep IMVP-IV 1 uF 1
1uF 1
VCC1_5 Connect to Vcc1_5S 0.1 uF 2
VCCSUS1_5 Connect to Vcc1_5A 0.1 uF 2
VCCLAN1_5 Connect to Vcc1_5 0.1 yF 2
V5REF Connect to Vcc5_Ref 0.1 uF 1
V5REF_SUS Connect to Vcc5A 0.1 uF 1
VCCRTC Connect to Vcc_RTC 0.1 uF 1
VCCHI Connect to Vcc1_58 0.1 yF 2
0.1 yF 1

VCCPLL Connect to Vcc1_5S

0.01 yF 1

NOTE: Capacitors should be placed less than 100 mils from the package.

13.5.5. Hub Interface Decoupling

To improve 1/O power delivery, use two 0.1-pF capacitors per each component (i.e. the ICH4-M and
GMCH). These capacitors should be placed within 50 mils from each package, adjacent to the rows that
contain the hub interface. If the layout allows, wide metal fingers running on the Vgg side of the board
should connect the VcHI side of the capacitors to the VccHI power pins. Similarly, if layout allows,
metal fingers running on the VccHI side of the board should connect the groundside of the capacitors to
the Vs power pins.

13.5.6. FWH Decoupling

Place a 0.1-pF capacitor between the V¢ supply pins and the Vgg ground pins to decouple high
frequency noise, which may affect the programmability of the device. Additionally, place a 4.7-uF
capacitor between the V¢ supply pins and the Vg ground pins to decouple low frequency noise. The
capacitors should be placed no further than 390 mils from the V¢ supply pins.

13.5.7. General LAN Decoupling

The following are general LAN decoupling recommendations:
e All VCC pins should be connected to the same power supply.
o All VSS pins should be connected to the same ground plane.
e Four to six decoupling capacitors, including two 4.7-uF capacitors are recommended

e Place decoupling as close as possible to power pins.
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Intel Pro/Wireless 2100/2100A —
Bluetooth Coexistence Interface
Design Requirements

14.1.

This section describes the design requirements needed to support the Intel PRO/Wireless 2100/2100A
wireless component, a critical component of the latest Intel Centrino mobile technology. The following
discussion provides guidelines on the interface design between the Intel PRO/Wireless 2100/2100A
802.11a/b wireless LAN device and the Bluetooth module of choice supporting the coexistence
algorithm. The following areas will be covered:

1. Coexistence interface design requirements
2.  DC power requirements for Bluetooth
3. Start up conditions and logic protection

Detailed information on the coexistence specification is disclosed in the RS - Banias Coexistence System
Specification and Intel Banias Wireless Platform Design Guide.

PCB Interface Requirements

The Intel PRO/Wireless 2100/2100A (2100/2100A) wireless LAN device is a PCI based component that
is designed to fit into the standard mini-PCI connector. No standard connector is specified for use with
the Bluetooth* module and vendor implementations may vary. The coexistence solution that exists
between the Intel PRO/Wireless 2100/2100A and Bluetooth* modules is composed of a two signal
interface. These two signals are used to transmit the channel number and clock signals between the two
devices.

Although these traces do not have any length, width or impedance matching constraints, a typical
routing solution of 5 mils trace width on 5 mils spacing is recommended. The 2100/2100A’s PCI pin
#43 needs to be routed to the Channel Data signal of the Bluetooth module. The 2100/2100A’s PCI pin
#36 needs to be routed to the Channel Clock signal of the Bluetooth module.

In order to protect the Bluetooth module and 2100/2100A modules, CMOS tri-state buffers (e.g.
74AHC1G126 or equivalent) and a 1-k( resistor are recommended as illustrated in Figure 148. A
detailed explanation of this recommendation is described in Section14.3.
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Figure 148. Recommended Topology for Coexistence Traces
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14.2. DC Power Requirements for Bluetooth

The Bluetooth* module requires a 3.3-V power supply that can be regulated within a tolerance of +2%.
This source may be derived from any power rail available on the platform.

14.3. Start Up Conditions and Logic Protection

It is assumed that the power on/off and initialization of the Bluetooth module and Intel PRO/Wireless
2100/2100A are asynchronous and the power delivery to each device is not coupled. As a result,
concerns arise as to the logic state of the coexistence lines when the module intended to receive a signal
is not powered up. This could possibly cause damage to either the Bluetooth* module or Intel
PRO/Wireless 2100/2100A and/or place one of the components into an indeterminate state.

A recommended implementation that will protect both components from potential damage caused by
asynchronous power on/off is depicted in Figure 148. For the Bluetooth module, it is recommended that
a tri-state buffer (powered by the Bluetooth* module supply) and a 1-kQ series resistor be placed near
the Bluetooth module. Likewise, a tri-state buffer (powered by the mini-PCI 3.3V supply) should be
placed near to the Intel PRO/Wireless 2100/2100A module. This low cost solution has been validated
and noted to have a minimal impact on board area if implemented as recommended.

The RS - Banias Coexistence System Specification requires that no logic “high” signals be asserted by
the Bluetooth module on the coexistence signal lines until the Intel PRO/Wireless 2100/2100A has
signaled to the Bluetooth module that it is ready. It is assumed that the Bluetooth module will initialize
upon power up of the platform and that during this period (estimated to be < 15 ms) the Bluetooth
module’s GPIOs will default to either inputs or a high impedance state. Since the logic level of the Intel
PRO/Wireless 2100/2100A coexistence signals is not known during this time, it is important that no
logic “high” signal be asserted by the Bluetooth* module on either of the coexistence signal lines. Such
signals could cause damage or entry into an indeterminate state if the Intel PRO/Wireless 2100/2100A is
not ready to accept them. It is also possible that the Bluetooth module could assert a logic high signal
when the Intel PRO/Wireless 2100/2100A is powered down since the power sources for the modules are
not coupled.
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This concern exists for any condition in which the power provided to either component has been
disabled through any number of means. The solution illustrated in Figure 148 will adequately prevent
any of these possible conditions from affecting system performance or damaging the hardware.

14.4. USB Selective Suspend

See section 11.4.6 for information regarding Bluetooth power requirements during selective suspend.
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Reserved, NC, and Test Signals

15.1.

The Intel Pentium M processor, Intel Pentium M Processor on 90 nm Process with 2 MB L2 Cache,
855GM/GME chipset GMCH may have signals listed as “RSVD”, “NC”, or other name whose
functionality is Intel reserved. The following section contains recommendations on how these Intel
reserved signals on the processor or GMCH should be handled.

Intel Pentium M Processor and Intel Celeron M
Processor RSVD Signals

The Intel Pentium M processor and Intel Celeron M processor each have a total of three TEST, and eight
RSVD signals that are Intel reserved in the pin-map. All other RSVD signals are to be left unconnected
but should have access to open routing channels for possible future use. The location of the Intel
reserved signals in the processor pin-map is listed in Table 116.

Table 116. Processor RSVD and TEST Signal Pin-Map Locations

15.2.

Signal Name Ball Name
RSVD (LAl usage) AF7
RSVD (key) A1
RSVD B2
RSVD C3
RSVD Cc14
RSVD (PSI#) E1
RSVD (former GTLREF1) E26
RSVD (former GTLREF2) G1
RSVD (former GTLREF3) AC1
TEST1 C5
TEST2 F23
TEST3 Cc16

Intel Pentium M Processor on 90 nm Process with 2
MB L2 Cache Processor RSVD Signals

The Intel Pentium M Processor on 90 nm Process with 2 MB L2 Cache Processor is pin compatible
with the Intel Pentium M processor. Pins C14 and C16 are defined as BSEL1 and BSELO respectively
for Intel Pentium M Processor on 90 nm Process with 2 MB L2 Cache processor for future platform
functionality. They should be left as NC on 855GM/GME chipset based systems.
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Intel 855GM/GME Chipset GMCH RSVD Signals

The Intel 855GM/GME chipset GMCH has a total of 13 RSVD and 12 NC signals that are Intel reserved
in the pin-map. The recommendation is to provide test points for all RSVD signals for possible future
use. All NC signals should be left as no connects. The location of the Intel reserved signals in the
GMCH pin-map is listed in Table 117.

Table 117. Intel 855GM/GME Chipset GMCH RSVD and NC Signal Pin-Map Locations

280

Signal Name Ball Name
AJ29 NC
AH29 NC

B29 NC
A29 NC
AJ28 NC
A28 NC
AA9 NC
AJ4 NC
AJ2 NC
A2 NC
AH1 NC
B1 NC
D7 RSVD
F12 RSVD
D12 RSVD
B12 RSVD
AA5 RSVD
L4 RSVD
F3 RSVD
D3 RSVD
B3 RSVD
F2 RSVD
D2 RSVD
c2 RSVD
B2 RSVD
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16. Platform Design Checklist

The following checklist provides design recommendations and guidance for the Intel Pentium M
processor and Intel Celeron M processor systems with the Intel 855GM/855GME chipset. It should be
used to ensure that design recommendations in the design guide have been followed prior to schematic
reviews. However, this is not a complete list and does not contain detailed layout information.

Note: Unless otherwise specified the default tolerance on resistors is = 5%. Also note that the (S) reference
after power rails such as VCC3_3 (S) indicates a switched rail - one that is powered off during S3-S5.

16.1. General Information

The following section should be filled out by the OEM or Intel field representative.

Intel Pentium M Processor / Intel Celeron M
Processor

Processor Min Frequency targeted for this platform

Processor Max Frequency targeted for this platform

Voltage Regulator Solution Part#/\VVendor:
Target ICC(max):

Target Thermal Envelope (Watts)

Battery Life Target:

Form Factor

Panel Vendor and Size Part#/Vendor:
Backlight Inverter Part#/\VVendor:
DVO Device Part#/Vendor:

LOM or mini-PCI LAN?

Wireless Solution?

Target FCS (First Customer Ship) Date

Intel® 855GM/855GME Chipset Platform Design Guide 281



Platform Design Checklist

16.2. Customer Implementation of Voltage Rails

Fill in schematic name of voltage rails and mark boxes of when rails are powered on.

Name of Rail On S0-S1 On S3 On S4 On S5

16.3. Design Checklist Implementation

The voltage rail designations in this Design Checklist are intended to be as general as possible. The
following table describes the equivalent voltage rails in the Intel CRB Schematics.

Checklist Rail | Intel CRB Rail On S0-S1 | OnS3 | OnS4 | On S5 | Notes
Vceel_2 +V1.2S_GMCH_CORE, | X
+V1.2S_GMCH_HUB,
+V1.2S_GMCH_HGPLL,
+V1.2S_GMCH_DPLL,
+V1.2S_GMCH_ASM

Veel 25 +V1.25S [DDR_Vti] X 4
Veel 5 +V1.5S_GMCH_DVO, X
+V1.58_GMCH_ALVDS,
+V1.5S_GMCH_ADAC,

+V1.5S_GMCH_DLVDS,

+V1.5S_ICH,

+V1.5S_ICHHUB
VccSus1_5 +V1.5_ICHLAN X X 1,3
V1_5ALWAYS | +V1.5A_ICH X X X X
VccSus2_5 +V2.5 GMCH_SM, X X

+V2.5_GMCH_QSM,
+V2.5_GMCH_TXLVDS,
+V2.5_DDR
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Checklist Rail | Intel CRB Rail OnS0-S1 | OnS3 | OnS4 | On S5 | Notes
Vee3_3 +V3.3S_ICH, X
+V3.3S_GMCH_GPIO,
+V3.3S_CLKRC,
+V3.3S_SPD,
+V3.3S_LVDS,
+V3.3S_FWH
VccSus3_3 +V3.3_ICHLAN, X 1,2,3
+V3.3_LAN
V3ALWAYS +V3.3ALWAYS_ICH X X X X
Vees +V5S_DAC X
VccSus5 +V5_USB X X 1,3
V5ALWAYS +V5A_ICH X X X X
Vce12 +V128 X
VccRTC +V_RTC X X X X
VCCP +VCC_IMVP X
VCCA +V1.8S_PROC X 5
VccCORE +VCC_CORE X
NOTES:
1. A rail powered in Sx is dependent on implementation.
2. VccLANX rail is powered on in Sx is dependent on implementation.
3. VXALWAYS rail can be the SUS rail depending on implementation.
4, Vcc1_25is the 1.25 V VTT rail for DDR.
5. For Pentium M processor / Celeron M processor, VCCA is 1.8V, used for PLL.
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16.4.

Intel Pentium M Processor / Intel Celeron M Processor

16.4.1. Resistor Recommendations
Pin Name System Series Voltage Notes
Pull-up/Pull-down Termination Translation
A20M# Point-to-point connection to ICH4-M.
BRO# Point-to-point connection to GMCH.
COMPO, 27.4 Q + 1% pull- Resistor placed within 0.5” of processor
COMP2 down to gnd pin. Trace should be 27.4 Q * 15%.
COMP1, 54.9 QO + 1% pull- Resistor placed within 0.5” of processor
COMP3 down to gnd pin. Trace should be 55Q + 15%.
DPSLP# Connect to GMCH and ICH4-M.
FERR# 56 Q pull-up to VCCP | 56 Q from pull- Point-to-point connection to ICH4-M,
up to ICH4-M with pull-up resistor and series resistor
pin. placed by ICH4-M.
GTLREF 1KQ * 1% pull-up to Voltage divider should be placed within
VCCP 0.5” of processor pin.
2 KQ + 1% pull-down
to gnd
IERR# 56 Q pull-up to VCCP IERR# is a 1.05 V signal. Voltage
translation logic and/or series resistor
may be required if used.
INIT# R1=1.3KQ Point-to-point connection to ICH4-M.
_ Voltage transition circuit is required if
R2=3300Q connecting to FWH. Signal is T-split from
Rs =330 Q the ICH4-M to FWH.
See Figure 149.
IGNNE# Point-to-point connection to ICH4-M.
LINTO/INTR Point-to-point connection to ICH4-M.
LINT1/NMI Point-to-point connection to ICH4-M.
PROCHOT# 56 Q pull up to VCCP R1=1.3KQ PROCHOT# is a VCCP signal. This
_ signal is not used on the CRB. So,
R2=3300Q voltage translation logic may be required
Rs =330 Q if used.
If Voltage Translation is Required:
Driver isolation resistor should be placed
at the beginning of the T-split to the
system receiver.
See Figure 150.
PSI# Can be left as NC, if not used for IMVP.
PWRGOOD 330 Q pull-up to Point-to-point connection to ICH4-M, with
VCCP resistor placed by the processor.
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Pin Name System Series Voltage Notes v
Pull-up/Pull-down Termination Translation
RESET# 549 0+1%pull-upto | 22.6 Q+ 1% If ITP700FLEX is Not Used: Point-to-
VCCP from pull-up to point connection to GMCH.
If USING ITP700FLEX If ITP700FLEX is Used: RESET#
ITP700FLEX connects from processor to GMCH and
then forks out to ITP700 FLEX, with pull-
up and series damping resistor placed
next to ITP.
RSVD (pin Route to test points.
AC1, AF7, C3,
C14, E26, G1)
SLP# Point-to-point connection to ICH4-M.
SMI# Point-to-point connection to ICH4-M.
STPCLK# Point-to-point connection to ICH4-M.
TEST[3:1] 1 kQ pull-down to gnd For each signal, stuffing option for pull-
. down should be provided for testing
(default: no stuff) .
purposes. For normal operation, leave
the resistors unpopulated.
THERMTRIP# | 56 Q pull-up to VCCP | 56 Q from pull- Point-to-point connection to ICH4-M, with
up to ICH4-M pin pull-up and series resistors placed by
ICH4-M. THERMTRIP# is a VCCP
signal. If connecting to other device,
voltage translation logic may be required.
VCCJ[71:0] Connect to VccCORE
VCCAJ[3:0] Connect to Vcc1_8 Connect to Vcc1_8 for Intel Pentium M
processor. Connect to either Vcc1_8 or
Vce1_5 for Intel Pentium M Processor on
90 nm Process with 2 MB L2 Cache.
VCCPI[26:0] Connect to VCCP
VCCSENSE, 54.9Q+ 1% pull- For each signal, stuffing option for pull-
VSSSENSE down to gnd down should be provided for testing
. purposes. Also, a test point for
(default: no stuff) differential probe ground should be
placed between the two resistors. For
normal operation, leave the resistors
unpopulated.
VSS[191:0] Connect to gnd
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Figure 149. Routing lllustration for INIT#
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CPU ICH4-M
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Figure 150. Voltage Translation Circuit for PROCHOT#
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16.4.2. In Target Probe (ITP)
Pin Name System Series Notes
Pull-up /Pull-down Termination
Resistor (Q2)
BPMI[5:0# Connect to processor directly.
DBR# 150-240 Q pull-up to If using ITP on interporser card, then DBR# should also be
V3ALWAYS connected to DBRESET pin at the processor. The 150-240
Q pull-up resistor should be placed within 1 ns of the
ITP700FLEX connector. The CPU should not be power
cycled when DBR# is asserted.
RESET# 5490+ 1%pull-upto | 226 Q£ 1% See notes in Section 16.4.1
VCCP from pull-up to
IF USING ITP700FLEX | 'TP700FLEX
FBO Connect to TCK pin of processor.
TCK 27.4 Q + 1% pull-down Connect to processor, with resistor placed by ITP.
to gnd
TDI 150 Q pull-up to VCCP Connect to processor, with resistor placed by the processor.
TDO 54.9 QO + 1% pull-up to 226 Q+1% Connect to processor, with resistors placed by ITP. If ITP
VCCP from pull-up to not used, this signal can be left as NC.
ITP700FLEX
™S 39.2 O+ 1% pull-up to Connect to processor, with resistor placed by ITP.
VCCP
TRST# 680 Q pull-down to gnd Connect to processor.
VTAP, Connect to VCCP One 0.1 pyF decoupling cap is required.
VTT[1:0]
16.4.3. Decoupling Recommendations
16.4.3.1. VCCP (l/O)
Description C, uF ESR, mQ ESL, nH Notes v
Low Frequency Decoupling 1x 150 uF 42 mQ (typ)/ 2 25nH/12
(Polymer Covered Tantalum -
POSCAP, Neocap, KO Cap)
High Frequency Decoupling 10x 0.1 uF 16 mQ (typ)/ 10 0.6nH/10
(0603 MLCC, >= X7R)
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16.4.3.2. VCCA (PLL)

Description C, uF Notes v
Mid Frequency Decoupling (Polymer Covered Tantalum - 4 x10 pF Place one 10 uF and one 0.01 pF
POSCAP, Neocap, KO Cap) for each VCCA pin.
High Frequency Decoupling (0603 MLCC, >= X7R) Place next to 4 x0.01 uF Place one 10 uF and one 0.01 pF
the processor for each VCCA pin.

16.4.3.3. VCC (CORE)

Option Description C, uF ESR, mQ ESL, nH 4

#1 Low-Frequency Decoupling (Polymer Covered 12 x 150 uF 36 mQ (typ) / 12 25nH/12
Tantalum — POSCAP, Neocap, KO Cap)
Mid-Frequency Decoupling (0612 MLCC, X5R 15x2.2 uF 5mQ (typ)/ 15 0.2nH/15
or better)

#2 Low-Frequency Decoupling (1206 MLCC, X5R 40x10 pF 5 mQ (typ) / 40 1.2nH/40
or better)
Mid-Frequency Decoupling (0612 MLCC, X5R 15x2.2 uF 5mQ (typ)/ 15 0.2nH/15
or better)

#3 Low Frequency Decoupling (Polymer Covered
Aluminum — SP Cap, AQ Cap) 5x 330 uF 15 mQ (max) /5 3.5nH/5
I)_(osv%)Frequency Decoupling (1206 MLCC, >= 25 x 10 uF 5mQ (typ) / 25 12nH/25
)'\fé‘:{'):req“ency Decoupling (0612 MLCC, >= 15x22pF | 5mQ (typ)/ 15 02nH/15
Low-Frequency Decoupling (Polymer Covered

#4 Aluminum — SP CAP, AO Cap) 4 x 220 pF 12 mQ (max) / 4 3.5nH/4
)I\élé?_\:;zrequency Decoupling (0805 MLCC>= 35 x 10 uF 5mQ (typ) / 35 06nH/35

NOTES:
1. Decoupling guidelines are recommendations based on our reference board design. The Intel Customer Reference Board uses

option #4. This is the preferable option to use.
2. When deciding on overall decoupling solution, customers will need to take layout & PCB board design into consideration.

3. Options #4 is to be used with small footprint (100 mm? or less) 0.36 pH £ 20% inductors.

288 Intel® 855GM/855GME Chipset Platform Design Guide



Platform Design Checklist

INtal

16.5. CK-408 Clock Checklist

16.5.1. Resistor Recommendations
Pin Name System Series Resistor Notes v
Pull-up/Pull-down

3V66[0] 330 If the signal is used, one 33-ohm series resistor is

3V66[1] required. If the signal is NOT used, it should be left
as NC (Not Connected) or connected to a test point.

66BUF[2:0] 330 Use 66BUF[1] (pin 22) for GMCH. Use one of the
other two signals for ICH4-M.

CPUI0], CPU[OJ# | 49.9 Q % 1% pull- down to 330 Use one pair for the processor and another pair for

CPU[1], CPU[1]# gnd GMCH. If on-board ITP is implemented, the third

CPU[2], CPU[2]# pair of clock signals is used for the ITP connector.
Otherwise, it can be routed to the dedicated ITP
clock pins on the processor socket.

48MDOT 330 Connect to GMCH’s DREFCLK.

3V66/VCH 330 Two possible topologies:

o Use directly for GMCH’'s DREFSSCLK.

e Use as input to an SSC component and use the
SSC component output for GMCH’s
DREFSSCLK.

IREF 475 Q =+ 1% pull-down to gnd

MULTI[O] 10 kQ pull-up to Vcc3_3

PCI[6:0] 33Q Connect to various PCI devices.

PCIF[2], 330 Use one clock for ICH4-M. Unused clock pins should

PCIF[1], be left as NC or connected to a test point.

PCIF[0]

PWRDWN# AND gate This signal is needed for supporting S1M. It needs to
be driven low by both SLP_S1# and SLP_S3#
through an AND gate.

See Figure 151.

REF 330 This is the 14.318MHz clock reference signal for
ICH4-M, SIO and LPC. Each receiver requires one
33-ohm series resistor.

SEL[2:1] 10 k-20 kQ pull-down to gnd

SEL[0] 10 k-20 kQ pull- up to Vee3d_3

48MUSB 330 Connect to ICH4-M’s 48-MHz clock input.

XTAL_IN, Connect to a 14.318 MHz crystal, placed within 500

XTAL_OUT mils of CK-408

VDDI[7:0], VDDA | Connectto Vcc3_3 Refer to clock vendor datasheet for decoupling info.

VSSI[5:0], VSSA Connect to gnd

VSSIREF Connect to gnd
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Figure 151. Clock Power-down Implementation

VceSus3 3

PM_SLP_S1# g
PM_SLP 3% » | CLK_PWRDWN#
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16.6.  Intel 855GM/855GME Checklist

16.6.1. System Memory

16.6.1.1. GMCH System Memory Interface

Pin Name System Series Notes v
Pull-up/Pull-down Resistor

RCVENIN# This signal should be routed to a via next to ball and left
as a NC (No Connect).

RCVENOUT# This signal should be routed to via next to ball and left as
a NC (No Connect).

SBA[1:0], SCAS#, | 56 Q pull-up to Vcc1_25 10Q Three topologies available for routing these signals.

SRAS#, SWE#

SCKE[3:0], 56 Q pull-up to Vec1_25

SCS#[3:0]

SDQ[63:0], 56 Q pull-up to Vec1_25 10Q

SDM[7:0],

SDQSI7:0]

SDQ[71:64], 56 Q pull-up to Vec1_25 10Q If ECC support is not implemented, SDQ[71:64], SDM8,

SDM8, SDQS8 and SDQS8 should be left as NC. For ECC support,
these signals connect to SO-DIMMs.

SMA[12:6,3,0] 56 Q pull-up to Vcc1_25 100 Three topologies available for routing these signals.

SMA[5,4,2,1] 56 Q pull-up to Vcc1_25 Use SMA[5,4,2,1] for one SO-DIMM connector; use

SMAB[5,4,2,1] SMABJ5,4,2,1] for the other SO-DIMM connector.

SCKO0, SCKo# These clock signals connect to SO-DIMM 0.

SCK1, SCK1#

SCK2, SCK2# If ECC supported is not implemented, these clock signals

should be left as NC. For ECC support, these signals
connect to SO-DIMM 0.

SCK3, SCK3# These clock signals connect to SO-DIMM 1.
SCK4, SCK4#
SCKS5, SCK5# If ECC supported is not implemented, these clock signals

should be left as NC. For ECC support, these signals
connect to SO-DIMM 1.

SMVREF 10 kQ 1% pull-up to VccSus2_5 Signal voltage level = VccSus2_5/ 2. Note that a buffer
is used to provide the necessary current and reference
10 k€2 1% pull-down to gnd voltage to SMVREF. Place a 0.1uF cap by GMCH.

See Figure 152.

SMVSWINGL 604 Q 1% pull-up to VccSus2_5 Signal voltage level = 1/5 * VccSus2_5.

150 Q 1% pull-down to gnd Need 0.1 pF cap at pin.

This signal may be optionally connected to Vcc2_5 and
powered off in S3.

SMVSWINGH 150 Q 1% pull-up to VccSus2_5 Signal voltage level = 4/5 * VccSus2_5.

604 Q 1% pull-down to gnd Need 0.1 uF cap at pin.

This signal may be optionally connected to Vcc2_5 and
powered off in S3.
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VccSus2_5
60.4 Q 1% pull-down to gnd

Pin Name System Series Notes v
Pull-up/Pull-down Resistor
SMRCOMP 60.4 Q 1% pull-up to Signal voltage level = 1/2 * VocSus2_5.

Need 0.1 pF cap by the voltage divider.

This signal may be optionally connected to Vcc2_5 and
powered off in S3.
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Figure 152. Reference Voltage Level for SMVREF

VceSus2 5

10k+/- 1%

GMCH

10k+/-1 %

SMVREF .

I_V
0.1 uFi\

SMVREF_0

16.6.1.2. DDR SO-DIMM Interface
Pin Name Configuration Notes v
VREF[2:1] Signal voltage level = VCCSus2_5/ 2.
VDDI[33:1] Connect to VccSus2_5 Power must be provided during S3.
VDDSPD Connect to Vce3_3
SA[2:0] Connect to either VC3_3 or These lines are used for strapping the SPD address for each SO-DIMM.
gnd
VSS[31:1] Connect to gnd
RESET(DU) Signal can be left as NC (“Not Connected)
VDDID Signal can be left as NC (“Not Connected)
DU[4:1] Signal can be left as NC (“Not Connected)
GNDI[1:0] Signal can be left as NC (“Not Connected)
16.6.1.3.  SODIMM Decoupling Recommendation
Pin Name F Qty Notes v
Vcel_25 0.1 uF Place one 0.1 yF cap and one 0.01 pF close to every 4 pull-up resistors
terminated to Vcc1_25 (VTT for DDR signal termination). In S3, Vcc1_25
0.01 pF h
is powered OFF.
Vcc2_5Sus 0.1 yF 9 A minimum of 9 high frequency caps are recommeneded to be placed
100-150 pF bewt_een the SO-DIMMS. A minimum of 4 low frequency caps are
required.
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16.6.2. FSB

Pin Name System Notes v
Pull-up/Pull-down
HXSWING, 301 Q 1% pull-up to VCCP Signal voltage level = 1/3 of VCCP. C1a=0.1 yF. C1b=0.1 yF. Trace

HYSWING 150 © 1% pull-down to gnd should be 10-mil wide with 20-mil spacing.
See Figure 153.

HXRCOMP, 27.4 Q 1% pull down to gnd One pulled-down resistor per pin. Trace should be 10-mil wide with 20-mil

HYRCOMP spacing.

HDVREF[2:0] 49.9 O 1% pull-up to VCCP Signal voltage level = 2/3 of VCCP. Need one 0.1 pyF cap and one 1 pF
100 © 1% pull-down to gnd cap for voltage divider.

HAVREF 49.9 O 1% pull-up to VCCP Signal voltage level = 2/3 of VCCP. Need one 0.1 pyF cap and one 1 pF
100 © 1% pull-down to gnd cap for voltage divider.

HCCVREF 49.9 O 1% pull-up to VCCP Signal voltage level = 2/3 of VCCP. Need one 0.1 pyF cap and one 1 pF
100 Q 1% pull-down to gnd cap for voltage divider.

Figure 153. GMCH HXSWING & HYSWING Reference Voltage Generation Circuit

+VCCP +VCCP
301 301
1% 1%
HXSWING HYSWING
HXSWING HYSWING ]
150 1 GMCH 1 150
1% Cla _.C1b 1%
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16.6.3. Hub Interface

Pin Name System Notes v
Pull-up/Pull-down
HLVREF See Section16.7.9. Signal voltage level = 0.35 V + 8%.
PSWING See Section16.7.9. Signal voltage level = 2/3 of VCC1_2 or 0.8 V + 8%.
HLZCOMP 27.4 Q 1% pull-up to Vcc1_2

16.6.4. Graphics Interfaces

16.6.4.1. LVDS

Pin Name System Notes v
Pull-up/Pull-down
LIBG 1.5 KQ 1% pull-down to gnd
YAP[3:0)//'YAM[3:0] If any of these LVDS data pairs are unused, they can be left
YBP[3:0)/YBM[3:0] as "no connect.”
CLKAP/CLKAM If any of these LVDS clock pairs are not used, they can be left
CLKBP/CLKBM as "no connect.”
LVREFH, LVREFL, These signals should be left as NC.
LVBG
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16.6.4.2. DVO

Pin Name System Notes
Pull-up/Pull-down
DVORCOMP 40.2 Q 1% pull-down to gnd Trace should be 10-mil wide with 20-mil spacing.
GVREF 1 kQ 1% pull-up to Vec1_5 Signal voltage level = 1/2 of Vcc1_5. Need 0.1 uF cap at pin.
1 kQ 1% pull-down to gnd
DVOCD[11:0] If unused, these signals can be left as NC.
DVOCCLK
DVOCCLK#
DVOCHSYNC
DVOCVSYNC
DVOCBLANK#
DVOCFLDSTL 100 kQ pull-down to gnd Pull-down resistor required only if signal is unused (10 k-100
k). It is up to DVO device to drive this signal.
DVOBCINTR# 100 kQ pull-up to Vee1_5 Pull-up resistor required only if signal is unused (10 k-100 k).
It is up to the DVO device to drive this signal.
DVOBCCLKINT 100 kQ pull-down to gnd Pull-down resistor required only if signal is unused (10 k-100
k). It is up to the DVO device to drive this signal.
DVOBD[11:0] If unused, these signals can be left as NC.
DVOBCLK
DVOBCLK#
DVOBHSYNC
DVOBVSYNC
DVOBBLANK#
DVOBFLDSTL 100 kQ pull-down to gnd Pull-down resistor required only if this signal is unused (10 k-
(pin M2) 100 k).
MI2CCLK, 2.2 kQ pull-up to Vec1 5 Pull-up resistor required on each signal even if they are
MI2CDATA unused (2.2 k-100 k). This signal is 1.5-V tolerant. It may
require voltage translation circuit.
MDVICLK, 2.2 kQ pull-up to Vee1 5 Pull-up resistor required on each signal even if they are
MDVIDATA unused (2.2 k-100 k). This signal is 1.5-V tolerant. It may
require voltage translation circuit.
MDDCCLK, 2.2 kQ pull-up to Vec1_5 Pull-up resistor required on each signal even if they are
MDDCDATA unused (2.2 k-100 k). This signal is 1.5V tolerant. It may
require voltage translation circuit.
ADDID[6:0] Leave as NC.
ADDID7 1 kQ pull-down to gnd if DVO If DVO interface is not used, this signal can be left as “no
device is onboard connect”. Otherwise, pull-down is needed.
DVODETECT 1 kQ pull-up to Vec1_5 If DVO interface is used, leave as NC. This signal has
if DVO interface is unused internal pull-down.
DPMS Connect to 1.5-V version of ICH4-M’s SUSCLK or a clock
that runs during S1.
See Figure 154.
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ICH4-M
SUSCLK

Vcel 5

1K To GMCH
| PM_SUS_CLK | ppMS pin

q
™
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SUS CLK 1 \ﬂ_% BSS138
I
A

16.6.4.3. DAC
Pin Name System Pull-up /Pull-down In Series Notes
REFSET 127 © 1% pull-down to gnd
RED # Connect to gnd Need to connect to RED’s return path
BLUE # Connect to gnd Need to connect to BLUE’s return path
GREEN# Connect to gnd Need to connect to GREEN's return path
RED On GMCH side of ferrite bead: Ferrite bead: | Ferrite bead for EMI suppression between GMCH and
750 1% pull-down to gnd, 3.3 | Fo € al VGA connector.
pF cap to gnd, ESD diode
protection for Vcc1_5
On VGA side of ferrite bead:
3.3 pF cap to gnd
BLUE On GMCH side of ferrite bead: Ferrite bead: | Ferrite bead for EMI suppression between GMCH and
75 Q 1% pull-down to_gnd, 3.3 1250%';'(2 VGA connector.
pF cap to gnd, ESD diode
protection for Vcc1_5
On VGA side of ferrite bead:
3.3 pF cap to gnd
GREEN On GMCH side of ferrite bead: Ferrite bead: | Ferrite bead for EMI suppression between GMCH and
75 2 1% pull-down to gnd, 3.3 1250‘,3/@; VGA connecitor.
pF cap to gnd, ESD diode
protection for Vcc1_5
On VGA side of ferrite bead:
3.3 pF cap to gnd
HSYNC On VGA side of seires resistor: 390 Use unidirectional buffer to prevent potential electrical
33 pF cap to gnd overstress and illegal operation of the GMCH.
VSYNC On VGA side of series resistor: 390 Use to unidirectional buffer to prevent potential electrical
33 pF cap to gnd overstress and illegal operation of the GMCH.
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16.6.5. Miscellaneous

Pin Name System Notes v
Pull-up/Pull-down
EXTTS 10 kQ 1% pull-up to Vcc3_3
DPWR# (pin Connect to the processor.
AA22)
LCLKCTLB Leave as NC if not used.
LCLKCTLA Leave as NC if not used.
GST[2:0] Leave as NC or 1 kQ pull-up to Vcc1_5 These pins have internal pull-down.
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16.6.6. GMCH Decoupling Recommendations

Pin Name Configuration F Qty Notes
VCC Connect to Vcc1_2 0.1 uF 4 Bulk decoupling is based on VR solutions used on CRB
design.
150 pF 2
10 pF 1
VTTLF Connect to VCCP 0.1 yF 2 Bulk decoupling is based on VR solutions used on CRB
design.
150 yF 1
10 pF 1
VTTHF 0.1 uF 5 Connect pins directly to caps.
VCCHL Connect to Vcc1_2 0.1 yF 2 Bulk decoupling is based on VR solutions used on CRB
design.
10 pF 1
VCCSM Connect to VccSus2_5 0.1 yF 11 Bulk decoupling is based on VR solutions used on CRB
design.
150 yF 2
VCCQSM Connect to VccSus2_5 with 0.1 uF 1 0.68 uH from power supply to GMCH pins. On GMCH
filter network side of inductor: one 0.1 uF to GND, 4.7 yF + 1 Q to GND
4.7 yF+1Q | 1each
VCCASM Connect to Vcc1_2 with 0.1 yF 1 1uH from power supply to GMCH pins, with caps on
network filter GMCH side of inductor.
100 pF 1
VCCDVO Connect to Vcc1_5 0.1 yF 2 Bulk decoupling is based on VR solutions used on CRB
design.
10 yF 1
150 yF 1
VCCADAC Connect to Vcc1_5 0.01 uF 1 Route VSSADAC to other side of the caps, then to
ground.
0.1 pF 1
A 0-ohm 0805 resisor is recommended between the caps
220 uF 1 and Vcc1_5. This and the 220 pF cap footprints are there
(no stuff) in case there is noise issue with the VGA supply.
VCCALVDS Connect to Vcc1_5 0.1 yF 1 Route VSSALVDS to other side of the caps, then to
ground.
0.01 pF 1
VCCDLVDS Connect to Vcc1_5 0.1 yF 1 Bulk decoupling is based on VR solutions used on CRB
design.
22 yF 1
47 uF 1
VCCTXLVDS Connect to VccSus2_5 0.1 uF 3 Bulk decoupling is based on VR solutions used on CRB
design.
22 uf 1
This power signal may be optionally connected to Vcc2_5
47 uF 1 and powered off in S3.
VCCGPIO Connect to Vcc3_3 0.1 yF 1 Bulk decoupling is based on VR solutions used on CRB
design.
10 pF 1
VCCAHPLL Connect to Vcc1_2 0.1 yF 1
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Pin Name Configuration F Qty Notes v
VCCAGPLL Connect to Vcc1_2 0.1 yF 1
VCCADPLLA Connect to Vcc1_2 with 0.1 uF 1 0.1 uH from power supply to GMCH pins, with caps on
network filter GMCH side of inductor.
220 yF 1
VCCADPLLB Connect to Vcc1_2 with 0.1 uF 1 0.1 uH from power supply to GMCH pins, with caps on
network filter GMCH side of inductor.
220 yF 1

NOTE: Decoupling guidelines are recommendations based on our reference board design. Customers will need to take layout & PCB
board design into consideration when deciding on overall decoupling solution.
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16.7.

Note:
to different sources.

ICH4-M Checklist

Platform Design Checklist

All inputs to the ICH4-M must not be left floating. Many GPIO signals are fixed inputs that must be pulled up

16.7.1. PCl Interface and Interrupts
Pin Name System Pull-up /Pull-down Notes v

PCI_DEVSEL# 8.2 kQ pull-up to Vcc3_3

PCI_FRAME# 8.2 kQ pull-up to Vee3_3

PCI_GPIO0/ REQA# 8.2 kQ pull-up to Vce3_3 Each signal requires a pull-up resistor.

PCI_GPIO1/ REQB_L/REQ5#

PCI_GPIO16 / GNTA# GNTA is also used as a strap for “top block swap”. It
is sampled on the rising edge of PWROK. By
default, this signal is HIGH (strap function
DISABLED). It can be enabled by a pull-down to gnd
through a 1-kQ resistor.

PCI_IRDY# 8.2 kQ pull-up to Vce3_3

PCI_LOCK# 8.2 kQ pull-up to Vee3_3

PCI_PERR# 8.2 kQ pull-up to Vce3_3

PCl_SERR# 8.2 kQ pull-up to Vee3_3

PCI_STOP# 8.2 kQ pull-up to Vec3_3

PCI_TRDY# 8.2 kQ pull-up to Vee3_3

PCI_REQ[4:0}# 8.2 kQ pull-up to Vce3_3 Each signal requires a pull-up resistor.

PCI_PME# ICH4-M has internal pull-up to VccSus3_3.

PCI_RST#, PAR, GNT[4:0]#, None

GNTA#, GNTB#

APICCLK 0Qtognd Can also be connected directly to ground.

APICD[1:0] 10 kQ pull-down to gnd If XOR chain testing is NOT used: Pull down the
signals through a shared 10 kQ resistor. If XOR
chain testing is used: Each signal requires a
separate 10-kQ pull-down resistor.

INT_IRQ[15:14] 8.2 kQ pull-up to Vce3_3 Each signal requires a pull-up resistor.

INT_PIRQ#[A:D] 8.2 kQ pull-up to Vce3_3 External pull up is required for INT_PIRQ#[A:D].

INT_PIRQE#/GPI02 External pull up is required when muxed signal

INT_PIRQF#/GPIO3 (INT_PIRQ[E:HJ#/ GPIO[2:5]) is implemented as

INT_PIRQG#/GPIO4 PIRQ

INT_PIRQH#/GPIO5 '

INT_SERIRQ 8.2 kQ pull-up to Vce3_3
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16.7.2. GPIO

Note: Ensure ALL unconnected signals are OUTPUTS ONLY. Only GPIO[7:0] are 5 V tolerant.

Recommendations v

GPIO[7] & [5:0]:

These pins are in the Main Power Well. Pull-ups must use the V¢c3_3 plane.
Unused core well inputs must be pulled up to V¢c3_3.

GPIO[1:0] can be used as REQ[B:AJ#.

GPIO[1] can be used as PCI REQ[5]#.

GPIOI[5:2] can be used as PIRQ[H:E]#.

These signals are 5 V tolerant.

These pins are inputs.

GPIO[8] & [13:11]:

e These pins are in the Resume Power Well. Pull-ups go to VccSus3_3 plane.
Unused resume well inputs must be pulled up to V¢cSus3_3.

These are the only GPIs that can be used as ACPI compliant wake events.
These signals are not 5V tolerant.

GPIO[8] can be used as SMC_EXTSMI#

GPIO[11] can be used as SMBALERT#.

GPIO[13] can be used as SMC_WAKE_SCI#

o These pins are inputs

GPIO[23:16]:

Fixed as output only. Can be left NC.

In Main Power Well (Vcc3_3).

GPIO[17:16] can be used as GNT[B:AJ#.

GPIO[17] can be used as PCI GNT[5]#.

STP_PCI#/GPIO[18] — used in mobile as STP_PCI# only.

SLP_S1#/GPIO[19] - used in mobile as SLP_S1# only.

STP_CPU#/GPIO[20] - used in mobile as STP_CPU# only.
C3_STAT#/GPIO[21] - used in mobile as C3_STAT# only.
CPUPERF#/GPIO[22] - open drain signal. Used in mobile as CPUPERF# only.
SSMUXSEL/GPIO[23] - used in mobile as SSMUXSEL only.

GPI10[28,27,25,24]:

e |/O pins. Default as outputs. Can be left as NC.

These pins are in the Resume Power Well.

CLKRUN#/GPIO[24] (Note: use Vcc3_3 if signal is required to be pulled-up)
GPIOI[28, 27, 25] from resume power well (VccSus3_3). (Note: use Vc3_3 if this signal is
required to be pulled-up)

e These signals are NOT 5-V tolerant.

o GPIO[25] can be used as AUDIO _PWRDN.

GPIO[43:32]:

I/0 pins. From main power well (Vcc3_3).

Default as outputs when enabled as GPIOs.

These signals are NOT 5-V tolerant.

GPIO[32] can be used as AGP_SUSPEND#.

GPIO[33] can be used as KSC_VPPEN#.

GPIO[34] can be used as SER_EN.

GPIO[35] can be used as FWH_WP#.

GPIO[36] can be used as FWH_TBL#.

GPIO[40] can be used as IDE_PATADET.

GPIO[41] can be used as IDE_SATADET.
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16.7.3. AGP_BUSY# Design Requirement
Signal System Notes
Pull-up/Pull-down
AGPBUSY# 10 KQ pull-up to This ICH4-M signal requires a pull-up to the switched 3.3-V rail

Vce3_ 3

(powered OFF during S3).

This ICH4-M signal must be connected to the AGP_BUSY#
output of GMCH.

NOTE: Please also consult Intel for the latest AGP Busy and Stop signal implementation.

16.7.4.

(SMBus) System Management Interface

Pin Name

System
Pull-up/Pull-down

Notes

SM_INTRUDER#

100 kQ pull-up to
VcecRTC

RTC well input requires pull-up (10 k-100 k) to reduce leakage
from coin cell battery in G3.

SMB_ALERT#/

10 kQ pull-up to

GPIO[11] V3ALWAYS

SMBCLK, Pull-up to V3ALWAYS Require external pull-up resistors. Pull up value is determined by
SMBDATA, bus characteristics. CRB schematics use 10 kQ pull-up resistors.
SMLINK][1:0]

The SMBus and SMLink signals must be connected together
externally in SO for SMBus 2.0 compliance: SMBCLK connected
to SMLink[0] and SMBDATA connected to SMLink[1].

Intel® 855GM/855GME Chipset Platform Design Guide

303



Platform Design Checklist

16.7.5. AC ’97 Interface

Pin Name System Series Notes v
Termination
Pull-up/Puli-d
uli-upfFufl-down Resistor
AC_BIT_CLK None 33-47 Q The internal pull-down resistor is controlled by the AC’97

Global Control Register, ACLINK Shut Off bit:
1 = enabled; 0 = disabled
When no AC'97 devices are connected to the link, BIOS
must set the ACLINK Shut Off bit for the internal keeper
resistors to be ENABLED. At that point, pull-ups/pull-
downs are NOT needed on ANY of the link signals.

AC_SDATAINJ[2:0] None 3347 Q A series termination resistor is required for the

PRIMARY CODEC.

A series termination resistor is required for the
SECONDARY and TERTIARY CODEC if the resistor is
not found on CODEC.

AC_SDATAOUT None 33-47 Q A series termination resistor is required for the
PRIMARY CODEC.

One series termination resistor is required for the
SECONDARY/ TERTIARY CODEC connector card if the
resistor is not found on the connector card.

AC_SYNC None 3347 Q A series termination resistor is required for the
PRIMARY CODEC.

One series termination resistor is required for the
SECONDARY/ TERTIARY CODEC connector card if the
resistor is not found on the connector card.
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16.7.6. ICH4-M Power Management Interface
Pin Name System Notes
Pull-up/Pull-down
PM_DPRSLPVR Signal has integrated pull-down in ICH4-M.
PM_SLP_S1#/GPIO19 Signals driven by ICH4-M.
PM_SLP_S3#,
PM_SLP_S4#,
PM_SLP_S5#
PM_BATLOW# 10 kQ pull-up to VBALWAYS | Pull up is not required if it is used. However, signal must
IF NOT USED not float if it is NOT being used
PM_CLKRUN# 10 kQ pull-up to Vee3_3
PM_PWRBTN# Has integrated pull-up of 18 kQ — 42 kQ.
PM_PWROK Weak pull-down to gnd RTC well input requires pull-down to reduce leakage from
coin cell battery in G3. Input must not float in G3.
This signal should be connected to power monitoring logic
and should go high no sooner than 10 ms after both
Vee3d_3 and Vee1_5 have reached their nominal voltages.
CRB uses 100 KQ pull-down.
PM_RI# 8.2 kQ-10 kQ pull-up to If this signal is enabled as a wake event, it needs to be
V3ALWAYS powered during a power loss event. If this signal goes low
(active), when power returns the RI_STS bit will be set
and the system will interpret that as a wake event.
PM_RSMRST# Weak pull-down to gnd RSMRST# is a RTC well input and requires pull-down to
reduce leakage from coin cell battery in G3. Input must not
float in G3.
This signal should be connected to power monitoring logic
and should go high no sooner than 10 ms after both
Vee3d_3 and Veel1_5 have reached their nominal voltages.
CRB uses 100 KQ pull-down.
Timing Requirement: See LAN_RST#.
PM_THRM# 8.2 kQ Pull-up to Vee3_3 External pull-up not required if connecting to temperature
If TEMP SENSOR not sued | €M™
PM_SYSRST# 10 kQ pull-up to VBALWAYS | This signal to ICH4-M should not float. It needs to be at
if not actively driven. valid level all the time.
16.7.7. FWH/LPC Interface
Pin Name System Notes
Pull-up/Pull-down
LPC_AD[3:0] No extra pull-ups required. Connect straight to FWH/LPC.
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16.7.8. USB Interface

Pin Name System Notes v
Pull-up/Pull-down
USB_OCI5:01# 10 kQ pull-up to V3ALWAYS No pull-up is required if signalsl are driven.. Signals
. . must NOT float if they are not being used.
if not driven
USBRBIAS, 22.6 Q *+ 1% pull-down to gnd Connect signals together and pull down through a
USBRBIAS# common resistor, placed within 500 mils of the ICH4-M.
Avoid routing next to clock pin.
16.7.9. Hub Interface
Pin Name System Notes v
Pull-up/Pull-down
HUB_RCOMP 48.7 Q© 1% pull-up to to Vecc1_5 | Place resistor within 0.5” of ICH4-M pad using a thick
trace.
HUB_VREF, See Figure 155 and Figure HUB_VREF signal voltage level = 0.35 V + 8%.
HUB_VSWING 156. HUB_VSWING signal voltage level = 0.80 V * 8%.
Three options are available for generating these
references.
HUB_PD11 56 Q pull-down to gnd
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Figure 155. Single or Locally Generated GMCH and ICH4-M HIVREF/HI_VSWING Circuit

VCCHI=1.5V

PVSWING HI_VSWING
Jcs l ch_ - ,
Option 1
GMCH I R2 _|: ICH4-M R1 =226 Q+ 1%,

R2 =147 Q + 1%,
R3=113Q+1%

HIREF Option 2

f R1=80.6 Q+ 1%,

R2=51.1Q+ 1%,
R3=402Q+1%
Option 3
R1=255Q+ 1%,
R2 =162 Q£ 1%,
R3=127Q+1%
C1and C3=0.1pF
(near divider)

CI

HLVREF
]
1

VCCHI=1.5V

PVSWING HI_VSWING C2,C4,C5,C6 =
0.01pF (near
Inte® component)

ICH4

HIREF

GMCH

HLVREF

Figure 156. Single Generated GMCH and ICH4-M VSWING/VREF Reference Voltage/ Local Voltage
Divider Circuit for VSWING/VREF

VcecHI=1.5V R4=4320+1%,
R5=49.9 Q + 1%,
R6 = 78.7 Q £ 1%,

R4 R6 R7=242Q0+1%

C1and C3=0.1 yF
PVSWING HI_VSWING (near divider)

HLVREF C2,C4,C5,C6 =
GMCH e
1C6
C5 3 1

HREF  |ntel® 0.01yF (near
ICH4 component)

—”O—'

|
s

IH1S
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16.7.10. RTC Circuitry

Pin Name System In Series Notes v
Pull-up/Pull-down
RTCRST# 180 kQ pull-up to RTCRST# requires 18-25 ms delay. Use a 0.1 pF cap to
VccRTC ground Pull up with 180 kQ resistor. Any resistor or capacitor
combination that yields a time constant is acceptable.
CLK_RTCX1, Connect a 32.768 kHZ crystal oscillator across these pins
CLK_RTCX2 with a 10 MQ resistor and a decoupling cap at each signal.
Values for C1 and C2 are dependent on crystal.
See Figure 157.
CLK_VBIAS 1 KQ Connect to CLK_RTCX1 through a 10 MQ resistor. Connect
0.047 uF to VBATT through a 1 kQ in series with a 0.047 pF capacitor.
Figure 157. External Circuitry for the RTC

3.3V Sus:

X VCCRTC

>t

1kQ §
Vbatt l
.
]

Notes

— 1uF
1

E RTCX2

L

—
32.768 kHz

R1
10MQ

Reference Designators Arbitrarily Assigned

3.3V Sus is Active Whenever System Plugged In

Vbatt is Voltage Provided By Battery

AL A~ _T_ % R2
0. 047uV’\ l % 10MQ

K RTCX1

E VBIAS

VBIAS, VCCRTC, RTCX1, and RTCX2 are ICH4-M pins
VBIAS is used to bias the ICH4 Internal Oscillator
VCCRTC powers the RTC well of the ICH4-M

RTCX1 is the Input to the Internal Oscillator

RTCX2 is the feedback for the external crystal
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16.7.11. LAN Interface
Pin Name System Notes
Pull-up/Pull-down
LAN_JCLK Connect to LAN_CLK on the platform LAN Connect Device. If LAN interface is
not used, leave the signal unconnected (NC).
LAN_RST# 10 kQ pull-down to Timing Requirement: Signal should be connected to power monitoring logic, and
gnd should go high no sooner than 10 ms after both VccSus3_3 and VccSus1_5
If ICH4-M LAN not have reached their nominal voltages.
used NOTE: If ICH4-M LAN controller is NOT used, pull LAN_RST# down through a
10 kQ resistor.
LAN_RXDJ2:0], Connect to LAN_RXD on the platform LAN Connect Device.
LAN_TXD[2:0] If LAN interface is not used, leave the signal unconnected (NC)
LAN_RSTYSNC Connect to LAN_RSTSYNC on Platform LAN Connect Devce.
If LAN interface is not used, leave the signal unconnected (NC).

16.7.12. Primary IDE Interface

Pin Name System Series Notes
Pull-up/Pull- Damping
down
IDE_PDD[15:0] These signals have integrated series resistors.
IDE_PDA[2:0], These signals have integrated series resistors. Pads for series resistors can
IDE_PDCS1#, be implemented should the system designer have signal integrity concerns.
IDE_PDCS3#,
IDE_PDDACK#,
IDE_PDIOWH#,
IDE_PDIOR#
IDE_PDDREQ These signals have integrated series resistors and pull-down resistors in
ICH4-M.

IDE_PIORDY 4.7 kQ pull-up This signal has integrated series resistor in ICH4-M.

to Vee3_3
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16.7.13. Secondary IDE Interface

Pin Name System Series Notes v
Pull-up/Pull- | Damping
down
IDE_SDDI[15:0] These signals have integrated series resistors.
IDE_SDA[2:0], These signals have integrated series resistors. Pads for series resistors can
IDE_SDCS1#, be implemented should the system designer have signal integrity concerns.
IDE_SDCS3#,
IDE_SDDACK#,
IDE_SDIOWH#,
IDE_SDIOR#
IDE_SDDREQ These signals have integrated series resistors and pull-down resistors in
ICH4-M.
IDE_SIORDY 4.7 kQ pull-up This signal has integrated series resistor in ICH4-M.
to Vee3_3
IDE_SRST# 22-47 Q The signal must be buffered to provide IDE_RST# for improved signal
integrity.

16.7.14. Miscellaneous Signals

Pin Name System Notes v
Pull-up/Pull-down

SPKR SPKR is a strapping option for the TCO Timer Reboot function and is sampled
on the rising edge of PWROK. An integrated weak pull-down is enabled only at
boot/reset. Status of strap is readable via the NO_REBOOT bit (D31:F0, Offset
D4h, bit 1)

1 = disabled; 0 = enabled (normal operation)

To disable, a jumper can be populated to pull SPKR high. Value of pull-up must
be such that the voltage divider output caused by the pull-up, effective

impedance of speaker and codec circuit, and internal pull-down will be read as
logic high (0.5 * Vce3_3 to Vee3_3 + 0.5)
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16.7.15. ICH4-M Decoupling Recommendations
Pin Name Configuration Value Q Notes v
VCC1.5 Connect to Vec1_5 0.1 yF 2 Low frequency decoupling is dependent on layout and
power supply design. CRB uses one 22 pF and one 100
uF.
VCC3.3 Connect to Vcc3_3 0.1 yF 6 Low frequency decoupling is dependent on layout and
power supply design. CRB uses two 22 pF.
VCCSUS1.5 Connect to 0.1 uF 2 Low frequency decoupling is dependent on layout and
V1_5ALWAYS power supply design. CRB uses one 10 pF.
VCCSUS3.3 Connect to 0.1 uF 2 Low frequency decoupling is dependent on layout and
V3ALWAYS power supply design. CRB uses one 22 pF.
VCCLAN1.5 Connect to 0.1 uF 2 Low frequency decoupling is dependent on layout and
VccSus1_5 power supply design. CRB uses one 22 pF.
VCCLAN3.3 Connect to 0.1 uF 2 Low frequency decoupling is dependent on layout and
VccSus3_3 power supply design. CRB uses one 22 pF.
4.7 yF 1
VCC5REF Connect to Vcch 0.1 uF 1 Caps from VCC5REF to ground. Also connect diode from
through 1 kQ 1 uF 1 VCC5REF to Vce3_3.
VCC5REFSUS Connect to 0.1 uF 1 Caps from VCC5REFSUS to ground. Also connect diode
V5ALWAYS through 1 uF 1 from VCC5REFSUS to V3ALWAYS.
1kQ
VCC_CPU_IO Connect to VCCP 0.1 uF 1
1uF 1
VCCPLL Connect to Vcc1_5 0.1 uF 1
0.01 pF 1
VCCRTC Connect to VccRTC 0.1 yF 1
VCCHI Connect to Vec1_5 0.1 yF 2 Low frequency decoupling is dependent on layout and
power supply design. CRB uses one 22 uF.
NOTE: All decoupling guidelines are recommendations based on our reference board design. Customers will need to take their

layout, & PCB board design into consideration when deciding on their overall decoupling solution. Capacitors should be
place less than 100 mils from the package

16.8.

USB Power Checklist

16.8.1. Downstream Power Connection
Pin Name Notes v
USB_VCCIE:A] One 220 pF and two 470 pF are recommended for every two power lines. Either a

thermister or a power distribution switch (with short circuit and thermal protection) is
required.

See Figure 158.
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Figure 158. Good Downstream Power Connection

5V T Thermister
] Vcc
5V Sus—| Switch —YM—T——T—= g1 =
470pF o P
— ZZOUFI = ort
%-E 4« =
— Gnd
Vee
1
L 40oF o — Port
=
=
Gnd
Ferrite Bead
PWR =
5V Sus— Distribution 70
=2 = Port
100-150u o
Switch I 4 —
Ferrite Bead
—]1
L L 470pF = = Port
100-150uF| '::
JT— Gnd 4 >
16.9. FWH Checklist
16.9.1. Resistor Recommendations
Pin Name System Series Notes v
Pull-up/Pull-down Damping
FGPI[4:0] 100 Q pull-down to gnd Each signal requires a 100 Q pull-down resistor.
IC 10 kQ pull-down to gnd
RST# 100 Q
ID[3:0] Signals are recommended to be connected to test points.
RSVD[5:1] Signals are recommended to be connected to test points.
NCI[8:1] The signals should be left as NC (“Not Connected”)
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16.10. LAN/HomePNA Checklist

16.10.1. Resistor Recommendations (for 82562ET / 82562EM)

Pin Name System Term Notes v
Pull-up/Pull-down Resistor
ISOL_EX, 10 kQ pull-up to If LAN is enabled, all three signals needs to be pulled
ISOL_TCK, VceSus3_3LAN up to VecSus3_3LAN through a common 10 kQ pull-up
ISOL_TI resistor.
See Figure 159.
RBIAS10 549 Q + 1%pull-down to gnd
RBIAS100 619 Q £ 1%pull-down to gnd
RDP, RDN 121 Q 1% | Connect 121-ohm resistor between RDP and RDN.
TDP, TDN 100 Q + 1% | Connect 100-ohm resistor between TDP and TDN.
TESTEN 100 Q pull-down to gnd
X1, X2 Connect a 25-MHz crystal across these two pins. 22pF
on each pin to ground.
LAN_RST# On CRB, the power monitoring logic waits for

PM_PWROK to go high before deasserting this signal
to enable the LAN device. It also keeps this signal high
during S3.

See Figure 159.

Figure 159. LAN_RST# Design Recommendation

VccSus3_3LAN

10k 82562EM

ISOL_TCK
ISOL_TI

} ISOL_EX

LAN_RST#

AT
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16.10.2. Decoupling Recommendations

Signal Name Configuration F Qty Notes v

VCCI[2:1], Connect to 0.1 uF 4

VCCP[2:1], VceSus3_3LAN 4.7 uF 2

VCCA[2:1],

VCCT[4:1]

VCCR[2:1] Connect to 0.1 yF 1 4.7 uH from power supply to VCCR pins.
VccSus3_3LAN via filter 4.7 uF 1 Caps on VCCR side of the inductor.
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17. Schematics

Refer to the following page for schematics.
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Intel 855GM/GME CUSTOMER REFERENCE PLATFORM

SCHEMATIC ANNOTATIONS AND BOARD INFORMATION

. 2 .
Voltage Rails 1°C / SMB Addresses Default Jumper Settings
HVDC Primary DC system power supply (10 to 21V) Device Address Hex Bus Jumper Default Option Description Page
Clock Generator 1101 001x D2 SMB_ICH_S J7B2 1-X 1-2 GMCH Strap: PSB Voltage 08
+VCC_CORE Core voltage for processor Spread Spectrum Clock 1101 010x D4 SMB_ICH_S J7B3 41X 12 GMCH Strap: DVO Strap 08
+VCCP 1.05V rail for processor PSB, 855GME PSB SO-DIMMO 1010 000x A0 SMB_ICH_S J7B4 1-2 1-X GMCH Strap: Clock Config 08
o SO-DIMM1 1010 001x A2 SMB_ICH_S J7B5 12 1X GMCH Strap: Clock Config 08
+V1.88 1.8V for processor PLL and VID circuitry Thermal Sensor Header 1001 000x 90 SMB_ICH 7ct 12 1X GMCH Strap: Clock Config 08
lV1.25S 1.25V DDR Termination voltage LVDS Backlight Inverter _ SMB_ICH JBE1  2-3 1-2 LVDS EV 08
Dock Connector _ SMB_ICH JeD1 1-X 1-2 No-Shunt Default 09
+V1.358 1.35V for 855GM core Smart Battery 0007 011x 16 SMB_SB JAF1 X 1-2 No-Shunt Default 09
+V1.58 1.5V switched power rail (off in S3-S5) Smart Battery Charger 0001 001x 12 SMB_SB J2J3 1-X 1-2 CMOS Clear 19
15V al i Smart Selector 0001 010x 14 SMB_SB J8J2 23 1-2 CRB/SV Detect 19
+V1.6ALWAYS -5V always on power rai Bluetooth Header _ SMB_SB JOE2 12 2:3 Moon ISA Support 23
V1.5 1.5V power rail (off in S4-S5) LPC Pwr Mngmnt Header ___ _ SMB_SB JOE4 12 23 Moon ISA Support 23
. LPC Pwr Mngmnt Header o SMB_THRM JIES 2-3 1-2 Moon ISA Support 23
+Vv2.5 2.5V power rail for DDR ] Thermal Diode 1001 110x 9C SMB_THRM JOB1 11X 1-2 SMC/KBC Programming 32
H+V3.3ALWAYS 3.3V always on power rail Vs jgg 1)2( fg ﬁnBAch%E;& EIJ)isabIde Dicat gg
. f upport: - - ecode Disable
V3.3 3.3V power rail (off in $4-S5) DV0-DV3 0101 0001 51 SMB_ICH JOA3 11X 12 SMC_LID Disable 32
+V3.3S 3.3V switched power rail (off in S3-S5) V5-V8 01010010 52 SMB_ICH JBA1 12 1X NMI Jumper 33
. PVO-PV3 0101 0011 53 SMB_ICH JOH1 11X 1-2 Port 80-81/82-83 Select 33
+VSALWAYS 5.0V for ICH4M's VCCSREFSUS DV4 01010100 54 SMB_ICH 962 12 23 SIO Disable 34
HV5 5.0V power rail (off in S4-S5) VO-V12 01010101 55 SMB_ICH J3G1 11X 1-2 DDR EV Support 44
; : : 11-14 01010110 56 SMB_ICH JIHA 11X 1-2 A_FAN_P1 46
+V5S 5.0V switched power rail (off in 53-S5) EP1-EP4 01010111 57 SMB_ICH JIHS 11X 1-2 A_FAN_PO 46
H+V12S 12.0V switched power rail (off in S3-S5) PV4 01010100 58 SMB_ICH
lV12S -12.0V switched power rail for PCI (off in Vi-v4 01011001 59 SMB_ICH
S3-S5)
PCI Devices LEDs and Switches Wake Events
Device IDSEL # REQ/GNT # Interrupts PC/PCI LED Page Reference RI# (Ring Indicate) from serial port
Slot 1 AD16 1 1 F,G HE A Primary IDE 27 DS2J2 PME# (Power Management Event) from PCl/mini-PCl slots,
Slot 2 AD17 2 2 G,F,E,H A Secondary IDE 27 DS2J1 ADD slot. LPC slot
Slot 3 AD18 3 3 C,D,B,A A SMC/KBC Num Lock 32 DS8A1 Con race §
(E, F, G, H optional) SMC/KBC Scroll Lock 32 DS8A2 LAN Connect Interface from 82562EM
Docking AD28 4 4 B,C,D,A B SMC/KBC Caps Lock 32 DS8B1 LID switch attached to SMC
LAN (AD24 internal) AB 34 DS1J1 usB
VID1 34 DS1J2 AC97 wake on ring
Vvibz 34 DS1J3 Smink for AOL II
M 34 DS144 Hot Key from the scan matrix keyboard
i i VID4 34 DS2J3
Net Naming Conventions vibe £ oo
S0 State 38 DS1H1
Suffix S1 State 38 DS1H3 i
# = Active Low Signal S3 State 38 DS1H2 PCB Footprlnts
S4 State 38 DS2H2
Prefix S5 State 38 DS2H1
H = Host TP = Test Point (does not SOT-23 SOT23-5
M = DDR Memory connect anywhere else) Switch Page Reference O 1 O 5]
Virtual Battery On/Off 32 SW8A1
Lid 32 SWOA1
Power On/Off 45 SW8J1 30 Asseenfromtop []2
Reset 45 SW7J1
Power States
Oz s 40
SIGNAL
STATE SLP_S1#| SLP_S3#| SLP_S4#| SLP_S5#|+'ALWAYS | +V* +V*S Clocks
Full ON HIGH HIGH HIGH HIGH ON ON ON ON
S1M (Power On Suspend) Low HIGH HIGH HIGH ON ON ON Low
S3 (Suspend to RAM) LOW Low HIGH HIGH ON ON OFF OFF
S4 (Suspend To Disk) LOW Low Low HIGH ON OFF OFF OFF Title -
Notes and Annotations
S5/ Soft OFF Low Low Low Low ON OFF OFF OFF Size | Project: Document Number
Intel 855GM/GME CRB <Doc>
Date: Monday, September 15, 2003 Sheet 2 of
A B C [ D E
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8  H_REQ#4:0] H REQ#0 RESET#
REQF—529 REQO# RSO0# H_RS#0 8
FREGEZ—22q REQ1# RS1# H7R§#1 8
REQH 2] REQ2# RS2# HRS#2 8
FrREGE——o1] REQ3# TRDY# H_TRDY# 8 8 H_D#[63:0] <> U2E1B > H_D#[63:0] 8 |
————T1q rReaa# H_D#0 H_D#32
8 HA¥B13] <= 4 as7 HIT# MH_HW# 8 —oE——129 po# Da2# PY2B e
W AFTE—aGa N HITM# H_HITM# 8 +VCCP 4,5,9,18.20,40,42,46 ¥F|:|:T¢‘Z2—A2509220 b D33 DAALH'U#H_OIK)_
H_A#19 H_TDI 11 R3T3 t 5
T rm—ACLd Aro# BPMHo PCB————— H_BPMO_ITP# 5 DL pullup (R313) mus N\ o B21d 3y D35# PUZ3—
WZ_AQZ’AC A20# BPM# PB8&— H_BPM1_ITP# 5 be placed within 300ps of _H;S#S—AMO Da# D36# :)MB_H;W
rrsr—AD3d a1 2| o BPMA#2 PAS— H_BPM2_ITP# 5 CPU TDI pin (within 2") Wo D5# Da7# PR
ars—AE4g a2t O | 2 BPmi#s PC—— H_BPM3_ITP# 5 R3T3 —or——2219 pe# o D3g# PR = ——
Tamr—a22q A2t @ | £ PROY# PAI— H BPM4_PRDY# 5 < 1o — o220 pr# > o  D3g# PR ——
rams—AB40 A2t @ | B PREQH H_BPM5_PREQ# 5 —F 2209 pe# 5| o Do DAAZS e ——
W Are  ameq a2t B| @ TCK H_TCK 5 N LA Y Da# PHEA—p—Fr——
Warzr—adaq At 2| o ToIFS12 {>>TDI_FLEX 5 N—For—2q oo~ Q| & paze PR —
3 Tams—AE2q po7e §| E - TDO H_TDO 5 o229 D11# o & b4z pLE—ppm—— 3
I AFZDad0q A28H = ™S H_TMS 5 I aqDi2k ™| < Dt P
T r—RE3d A2o TRST# H_TRST# 5 *VCCP 4.5,9,18.20,40,42.46 —rpr——B239 p13# S pasy YR
T ar—AEL] Asor DBR# ITP_DBRESET# 5,45,46 —oEE 2229 D14# Dag# PAAE e
— AEeq A3t 17 _H PROCHOT# R3E1 56 — T —
8  H_ADSTB#1 [> >—AESQ aApSTBH#1 = PROCHOT# 8  H_DSTBN#0 >0 DSTBNO# DSTBN2# Dy = H_DSTBN#2 8
Z THERMDA H_THERMDA 5 8  H_DSTBP#O Q DSTBPO# DSTBP2# H_DSTBP#2 8
18 H_A20M# A20M#  [W THERMDC H_THERMDC 5 8  H_DINV#0 D253 pinvo# DINV2# pT24 H_DINV#2 8
18 H FERR# FERR# |E
18 H_IGNNE# IGNNE# | THERMTRIP# [-C1l—————{ 5> PM_THRMTRIP# 19 H D#16 — — H D48
18,37 H_STPCLK# STPCLK# ITP_CLK1< CLK_ITP_CPU# 6 N\ F-pr—G25q D17 D49# DAQZLTWEQ
18,37 H_INTR LINTO  [¥ ITP_CLKOS CLK_ITP_CPU 6 R e D18# Ds0# PAB24 e 4]
1837 H.NMI UNT1 |3 BCLKic CLK CPU_BCLK# 6 N ——M26d] p1gy D514 PAC s
18,37 H_SMi# SMI# et BCLKOY CLK_CPU_BCLK 6 N—pr—H24d| poos o D52# PAC22 =i
Intel Pentium M Processor Wﬁgﬁ Bg;z E : Bgi§ DADZLFI;U#S’S—DS
oI aeq D | K pss PAEZ—peppm—
N—ors—2q e~ Q| & pser PAER o —
DR aeg b2t B & D7 DA o ——
N—orr—&8d o2se o O S v —
. F_D#28 D274 D50# DAt D0
45,9,18.20,40,42,46 +\/CCP LA 7T et Doy [pAD2L D70
—H D70 haeq) Dask De# DAy
2 N R T D62t DA —— 2
ADRT  kas5d oty Doas DAE26HD#ES
RAD2 8  H_DSTBN# DSTBN1# DSTBN3# H_DSTBN#3 8
1K 1% 8  H_DSTBP#1 DSTBP1# DSTBP3# H_DSTBP#3 8
- 8  H_DINV# DINV1# DINV3# H_DINV#3 8
TP_GILREF3 acq [ compo |LB2s__Compo _ +vcee
[Layout Note: ' P26 omp 4,5,9,18..20,40,42,46
OMP1, COMP3 should be routed as Zo=550hm H_GTLREF [ 5 > 0.5" max length TP_GILREFT ppg | GTLREF2 COmP1 CompZ
46 g AD2G GTLREF1 COMP2 —Aazﬁﬂmp R2T1
. — — [ ag1 Comp3
[craces shorter than 0.5 GTLREFO COMP3 330
R3D1 misc
A1 neo
2K_1% B2 | ¢ ppsLpy PBL— | H_DPSLP# 7,18,37
TP B SEL1 DPWR# PE1d H_DPWR# 7
— P44 RsvD1 PWRGOOD [E4 HPWRGD 18,37
- TP NG5 =3- RSVD2 SLP# H_CPUSLP# 18,37
_NC_ AE7
AET RsvD3
RSVD4 TEST1
Comp0 pM_psit <_F—F1 psi TEST2
Comp1 39 Intel Pentium M Processor T T
Comp2 |
NO_STUFF_1K |
,,,,,,,,,,,,,,,,,, |
1 1
R2R2 R3R2 R3R3
549 1% > 27.4 1% 54.9 1% > 27.4 1%
Title
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U2E1D
A2 vsso Vss97
5 vsst VSS98
A8 vss2 VSS99
vss3 VvSs100
A4 vsss VSS101
I vsss vss102
VSS6 VS$103
3| vss7 vss104
vsss VSs105
AL vssg VSS106
dvssto  vssio7
VvSs11 VSS108
vssi2  VSS109
AMO ] 5513 VSS110
AM2 vssia VSS111
14ivssis  vssii
181 vsste  vssina
AMB vss17  vsSsiia
vssis  VSSii5
AR22- vss19 VSS116
251vss20  vss117
B3 vss21 Vss118
B8 lvssz2  vssiig
VSs23  VSS120
—AB9 | vss24 VSs121
BIl vsszs  vssize
B131vss2s  vssizs
ABIS vssa7  vssize
VSS28  VSS125

AB19 1 5529 VSS126

VSs30  vsst27
B23- vss31 VsS128
20 vss32  vssia9
VSS33  VSS130

ACS | vss3a VSS131
VSS35  VSS132
VSS36  VSS133
VSS37T  VSS13s
VSS38  VSS135
ACIB | y5539 VSS136
VsS40 VSS137
VsS4t VSS138

241 vss42  VSS1a9
VsS4 VSS140

AD4 ] yss4q VSS141
07 vssas  vssiaz
VSS46  VSS143
VSs47 VSS144
VSS48  VSS145
ADIS | y5549 VSS146
VSS50  VSS147
VSS51 VSS148
vssk2  VSS149
VSS53  VSS150

3 vssss VSS151
0l vssss  vssis2
A vsS56  VSS1s3
VSSE7  VSS154
VSSs8  VSS155
AE14 ysss9 VSS156
VSSE0  VSS157
Vvsse1 VSS158
vsse2  VSS159
VSSE3  VSS160
AE20 vssed VSS161
2 vsses  vssie2
S vsses  vssies
VSSe7  VSStes
VSSe8  VSS165

AE13 1 yss69 VSS166
VSS7T0  VSS167

111 vss71 VSS168
VSS72  VSS169
VSS73  VSS170

AE24 1 \5574 VSS171
B3 vss7s VSS172
Bolvss7e  vssiza
vsS7T7  VSSt7a
VSS78  VSS175

B16 1 yss79 VSS176

VSS80 V88177

VSS81 Vss178
vsse2  VsSS179
VSS83  VSS180

Cd vssea VSS181
VSSes  VSS182
vSSg6  VSS183
VSSe7  VsS1es
vSses  VSS185

CI18 1 yssg9 VSS186

VSs90 VSs187

VSS9t VsS188
vsse2  VSS189
D8 Jvsses  vssigo
vsse4  VSS191
VSSgs
D111 vssos

3

Intel Pentium M Processor

9,15,19,20,45,46 +V1.58

OLuF & 10uF cap for each VCCA pin.

Coupon TP
o——Bts TP3F4
(o M——E S TP3F2
ol 1Pt TP2F6
(o L TP2F5
o PLtes TP2F2
o TP2F4
o— -8 TP4F1
o — L8 TP3F6

NO_STUFF_102276-100
NO_STUFF_102276-100
NO_STUFF_102276-100
NO_STUFF_102276-100
NO_STUFF_102276-100
NO_STUFF_102276-100
NO_STUFF_102276-100

NO_STUFF_102276-100

|
+V188 PROC |
|
| NO_STUFF_102276-100
C3E1 C3E2 | TPsF1
NO_STUFF_102276-100
4246 +VCC_CORE_ 10UF | 0.01UF | TPaFs
- = | NO_STUFF_102276-100  pyrg
R2T: | NO_STUFF_102276-100
LoErc | TP2F7
veco vooso |58 C2E1 c2E2 | NOLSTUFF_102276-100  1ppp
veet VCC60
veer vege: 6 T ootur_]_1our | NO_STUFF_102276-100  1pprs
vees veeez2 = | NO_STUFF_102276-100  1pgrs
vcca VCCe3
K R2R! o |
VCCs VCCoa At
Us NO_STUFF_102276-100
N VCCe5 201 202 ! TP3F7
veer voces 2 |
vces VCCe7
vees VESon [z T ootur__1ouF |
VCC10 vece |
vCeit VCe70
VCC12 veert (Y8 RIRR AL
vCcei3
vCCi4 vocao (-£26 o301 c3b2
VCC15 VCCAT
VCCi6 veca Hi Lour Tootr
\\?ggg VCCA3 B B +VCCP 3,5,9,18..20,40,42,46
vCCi9 veceo (-210 T
VCC20 veepd (12
vcezt vecpe (B4
vcc22 vocps (218
vCe23 vecps (£
vCC24 veeps (E13
VCC25 veces (E18
VCC26 vecpr (-£10
veear vocps (-E12
vCC28 vecpg (E1d
VCC29 veepio [
VCC30 veept (K8
VCC3t veepiz 2
vCe32 VeeP1s 48
VCC33 vecpis (M2
VCC34 veepts (e
VCC35 veepie (N2
VCC36 veeri7 (5
veear vecpis B2
VCC38 veepio (B8
VCC39 veepzo (B
VCC40 veee (B
vCCat veep22 (12
veca2 vecpzs B
VCC43 VCCP24
VCCaa o
VCCés veeao (B2
vece vceat LAYOUT NOTE: Provide a test point (with no
VCCas VIDO E: H VIDO 39 stub) to nnect differential probe
VCCAe ViD1 [-E HVID1 39 between VCCSENSE and VSSSENSE at
VCC50 VID2 233 H_VID2 39 location where the two 54.9ohm re
VeCs1 vip3 [-G3 H_VID3 39 terminate the 5Sohm tranmi
VCC52 vips |-G H_VID4 39
VCC53 VID5 HVIDS 39
VCC54
VCCs5 AET TP_VCCSENSE
VCC56  VCCSENSE
vees? -

VCC58

Intel Pentium M Processor

+V1.85_PROC

TP_VSSSENSE [~ — = TP2D2" NO_STUFF_102276-

100

1

TP2D1  NO_STUFF_102276-100
o ) "

Titl
"¢ Processor 2 of 2
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A Intel 855GM/GME CRB <Doc> 4.401
Date: Monday, September 15, 2003 Sheet 4 of 50
c [ D [ E




A B C D E
CPU Thermal Sensor
6,8,9,11,15..18,20,21,23,26,31,33..36,38.40,45  +V/3.3S
'|' 6,8,9,11,15..18,20,21,23,26,31,33..36,38.40,45  +V3.3S
Address Select Straps com2 ne ROBAS RoBS
Current Address: 0.1UF 1K > 1K
RP2B1D RP2B1 RP2B
1001 110x = 10K 10K 10K
U2A1
2 vee STBY# STEY#
3 H_THERMDA [> > 3 pxp ” © <
CoA1 IADDO 15| DXN  SMBDATA [—< % SMB_THRM_DATA 32,37
2200PF ADDT 6] ADD0  SMBCLK T4 THRM_ALERTE SMB_THRM_CLK 32,37
3 H_THERMDC [ > > I
NC1 H—x
NC2 F—x bty
e i NC3 F—x [
! . ; | Eé GND1 NC4 13— : ‘ S>> PM_THRM# 19,21,32,37
| NOisTUFJI-:a\S’rlniReceptlcle ‘ GND2 NG5 16 ‘L \E%TUFF 0 :
| ! = ADMI023Z o
Layout Note: | | Note: No Stuff for
Route H_THERMDA and | | Normal Operation
H_THERMDC on same ! |
layer. : !
10 mil trace on 10 mil | :
spacing. | |
! |
! I
|
Note:
If using Thermal Diode
Conn, NO STUFF C372
and U14.
3,4,9,18.20,40,42,46 +VCCP
_ - 3,4,9,18.20,40,42,46 +VCCP
Layout:
Route H_TCK according
to RDDP guidelines R1F4 R1F2 R1F12
54.9 1% 54.9 1% 39.2_1% +VCCP  3,4,9,18.20,40,42,46
Run separate H_TCK J1F1 V3 3ALWAY 15192327 2032 .
trace to processor for 3 TDI_FLEX ; oI V0 i +V3.3 S 5,19..23,27..29,32,36..39,45
FBO and TCK pins on 8 HTMS 5 | TMS VT
3 HTCK g TDO_FLEX TeK VTAP 0.1UF
ITP. 3 H_TDO R1F3 22.6 1% ! Z; D0 L |1?51§1
3 H_TRST# TRST# =
R1F5 226 1% RESET_FLEX# 1o e
3,8 H_CPURST# ITP_DBRESET# 345,46
The ITP should be at - > RESET# Bgiﬁ {>>1mp.]
the end of the 3 H_TCK > 11 rgo 24—
H_CPURST# 6  CLKITP# 8 bBcLkn  BPMO# PRA——] H_BPMO_ITP# 3
transmission line but 6 CLK_ITP 2 bBCLKp  BPM1# PEAl— H_BPM1_ITP# 3
less than 6.0" from [l nttl ittty ‘ 10 BPM2# P& — :_ggmg_:xz g
the processor. . R1F6 R1F7 | —CiF2 ‘ 14 SNB? ngﬁ e H_BPM4_PRDY# 3
Note: 27.4_1% 680 ! NO_STUFF_100pF | 16| SNDy eyt N oPME PREGE 3
Al traces between ITP Con (N ! 18 | GND3 -
and 0 ohm res must be ;g GND4 NC1 FA—x
GND5 NC2 HB—x

Lshon as possible

—_—

&ote:

ClF2 not needed for
Customer Platforms

Place TCK
pulldown resistor
within 1" of ITP.

ITP700-FLEXCON

Titl
"¢ CPU Thermal Sensor & ITP
Size |[Project: Document Number Rev
A Intel 855GM/GME CRB <Doc> 4.401
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B

o

Layout note:
Place pulldowns near
CK-408

5,8,9,11,15..18,20,21,23,26,31,33..36,38..40,45

+V3.3S_CLKRC

+V3.38

R2F2,R2F1,R3F4,R3F3 F32F1 R2F9
+V3.35 CLKVDD 1
CLK MCH BCLK# 000hm@100 2
CLK_CPU_BCLK# CLK_MCH_BCLK c205 C2u4 Cous| C2F3  C3U)  C3UB  C2uR  C2U3  C3U 0.01_1% [eayout note:
C2F4 place clock terminati
2F1 22UF 1UF| 0.1UF | 0.1UF | 0.UF | 0.4UF | 0.4UF | 0.1UF | 0.UF | 0.1UF car CK-408
77777777 49.9_K6 R3F4 § R3F3
‘ CLK_ITP#
R3F18 9.9_1%29.9_1% = FB2F3
Place crystal within 500 : NO_STUFF_0 +V3S CLKYDDA
i 14.318MHZ Place Ooh
mills of CK_408 31 | p Do tonmnear L L L _L_ core 1261 _IG2F8 400 e t00mHz CLK_ITP_CPU#
I I:I I — 3.3S_CLKRC . > - —FNF —|E1UF 3F1 e
+V LKR
FB2F2 : Nee VDDA |28 9.9 1%%9.9 1% p R3F5 5 R3F6
777777777777777777 3000hm@100MHz 14| VoD) vesa 127 = 499 S499
L | csFa C3F2 1 1 /7 2 19 | yop3 cPU2 RoEs. 33 1% 1%
32 45 = =
| 10} C2UT==C2F Lv3.3s CLKVDD5 37 xggg CPUT2 % {T>>>CLK_CPU_BCLK 3 = =
| 0.1UF 22UF 46 VDD6 cPUC2 44 CPU2# RZQ/\/\33 EDCLKﬁCPUiBCLK# 3
— 501 vpp7 Egcm MCH_BCLK 8
- XTAL_IN 2| L Ut CcPU1 R3E14 .33 CLK_MCH_BCLK# 8
| R3E12_A33
XTAL_OUT 3| yraL our UG+ |48 CPUTH RIKI N33 O e — [>>ckate 5
- L R3F L TS"SCLK_ITP_CPU 3
CK408_SEL2 CPUO ! Rap§O-STUFF_33 | o
R2U2 1K | 40 | og( cpPuTO 52 L —{ > >CLK_ITP_CPU# 3
L . 1 I NO_STUFF_33
= a5 cpuco (-3 RIAASE oo o= > >CLK_ITP# 5
SEL1
66IN/3V66_5 SEOUT ?g U= P—EDCLK DVO_SLOT 15
CK408_SELO 54 | se 0 coB2/ves 4 | 23B9BUF2 5 BP2E3R CLK_HUBLAI v S | . NO STUFF ot |,
- 33 \ \
rF-------- 66BUF1 T >>CLK_MCHg6 7 ‘ |
R3F10 | . ! 19373845 PM_SLP_S1#[ > >———25C| PWRDWN#  66B1/3V66_3 [22 AL o263 NO_STUFF 100F ).
I 66BUFO I—EDCLK_ICHGG 18 | |
1« 1 NOSTUFFO *Y335_CLKRC 19,37 PM_STPPCI# [ > >———34q pci_sToP#  66B0/3ve6_2 21 4 AFER —£268 NO STUFE 100F ),
I l—EDCLKJCHPu 18 | I
v | 194730 PM_STPOPUE [ 53] oy sToPH poiF2 |Z_POIF2 2 ABOSEIR |_cacs NO STUFF 10pF 1,
9 | |
= 39 VR PWRGD_CK408# [ > >——28d vTT_PWRGD# PCIF1 H—x 33 | |
- MULTO PCIFO ‘ ‘
CRauT CYMAK +—43_ MULTO peiFo |8 3 A RP3E1 | C3G2 || NO STUFF 10pF , III-
R3UT , NOSTUFF 10K | 33 CLK PCI PORT80 33 | 11 o
[ 18 PCI6 2028 POl I
- 4 |- ----- SDATA PCI6 3 1 CLK PCI_SLOT3 23 | )5y NO STUFF 10pF |
TeRaFT [ CRaFz ! 8,11,12,16,18 SMB_DATA_S 17 PCI5 . BP ‘ il
- z | 8,11,12,16,18 SMB_CLK_S > SCLOCK PCI5 35 L5 >CLKPCISLOT2 22 1 (549 NO STUFF 10pF 1 ||
! ! (e} '
[ | 16___PCl4 4 P2E2D | | |
‘ % o | 331 3ve6 0 PCl4 33\5\3‘: $—L > >CLK POLSLOTI 22 | 00 NO STUFE 105F | !
| c SSC_CLK_IN CLK_66SSC PCI3 i
B 1 5 : R2G3\ 33 CLK 351 3v66_1/VCH pci3 12 L ASGE $—L > >CLKDOCKPCI 24 | o) NO_STUFF 10pF | ||
| Keep stub short --> '
15 o o 'w | CK_IREF 1 PCI2 > . RP2ETB ] ™
[P ol 3 IREF PCI2 3 KA > >CLK FwHPCl 31 |_c2G5 NO STUFF 10pF | ||
o o o 5 [ S 11__PCi1 3 P2F1 S >CLK_siorcl 34 T —|l"
1z 3 4 | o ! VSSIREF Pen 33 T - | 269 NO_STUFF_10pF ! i
! b 4 P2E1D
: L5 g | ERGES Vsso A t—1L 5> >CLK_smcPel 32 | c3ca NO_STUFF_10pF | i
J3F2 ! ’5 10___PCIo 1 P3F1 ! ’
! : ' ! vest PCIO +—L > >CLK_LPCPCI 37 | cacs NO STUFF 10pF ! "
s 0 ‘ = 1 29 USB R2E5. A33 |
| Measuremenc Point ! S at] vas2 48MUSB o L3 >0k cHes 19 |_CoF1 NO_STUFF_10pF | i
7777777777777 DOT
361 vssa 4sMpDOT |38 R2ZEANAS > >DREFCLK 7 ! !
VSSs CLK_REFQ
L 56 _REFQ_ R3E20 .33 ! !
= REF RN 1 {T>>cLKk LPC14 37 ' cars NO STUFF 10oF | II-
CR-408 R3E1Z_A33 | |
5/8.9,11,15..18,20,21,23,26,31,33.36,38.40,45  +V3.3S CLK_SIO14 34 | GC3F1 NO STUFF 109F |||,
R3E1Q A33 | i
c2617]_ c2613] U262 CLK_ICH14 19 |_C3F3 NO STUFF 10pF 1|,
Keep stub short --> I I [ | 1 |
EL 0uEL SSCCLKIN |11 kn pp# FB——< T |PM_SLP_S1# 19,37,38,45
- - S LK T R2G6 . .NO STUFF (
-2 vbp soLk [S35-5C R2GH A ANO_STUFF 0: ROGE LCLKCTLA 7,16
¢ SCSORTA RIS O STOFF G GRAAR SMB_CLK_S 8,11,12,16,18
l_—3— GND SDATA —R2GH A ~NO_STUFF e LCLKCTLB 7,816
L SR SMB_DATA_S 8,11,12,16,18
7 DREFSSCLK <X} = cLkout  ReF_ouT +V33S 58,9,11,15.18,20,21,23,26,31,33..36,38..40,45
R2GIQ_A33 DREFSSCLK_D
[CS91718 i
R2G12 itle
R2G11 10K CK-408
10K Size | Project: Document Number Rev
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13 M_DATA[63:0] <3>3

13 M_CB[7:0]

<3

44 SM_VREF_MCH

USE1E - USE1B
M DATAQ K32>>M_DQs[8:0] 13 15 DVOBDI[11:0]
— W DATAT——2E2 spao SDQSO DVOBDO BLUE [S2——{ 5 >>DAC BLUE 17
— W DATAT 452 sDa1 SDQs1 DVOBD1 BLUE# P2
— W DATAT 44 sDQ2 SDQS2 DVOBD2 GREEN {>">DAC_GREEN 17
— W DATA 482 spas SDQs3 DVOBD3 GREEN# PRE——9 L
— W DATAE 423 sDa4 SDQS4 DVOBD4 RED {>>DAC_RED 17 -
— W DATRE——2E21 spas SDQS5 DVOBD5 RED# PAB——
— W DATA—4G4 spas SDQs6 DVOBD6 o HSYNC tBDACJ—'SYNC 17 4
Sl Shad s BEolg W S
— W DATATT—4S5 spag M_AAO  12.14 DVOBD9 a REFSET FE8———< < JDAC_REFSET 10
— W BATATT—2E1 spQ1o SMA_AQ M_AARA] 1114 5O *VA5S_GMCH_DVO DVOBD10
— W DATATT—4EE sDQt1 SMA_A1 DVOBD11 DDCACLK mgﬁg_gggﬁg%/\q%“
— W DATATT——2E2 sba12 SMA_A2 DDCADATA | ,
— T oATAT—AH4 spai3 SMA_A3 [FADIL s <B>M_AA3 1214 e 15 DVOBCLK DVOBCLK
- AF7 | apais SMAAq . 15 DVOBCLK# DVOBCLK# c1a
— W DATATE 45 sba1s SMA_A5 [-AG13 T 15 DVOBHSYNC DVOBHSYNC IvAmo |-Gl LVDS_YAMO 16
— W DATAT—LE8 spa16 SMA_A6 FADE ey M_AA[S4] 11,14 15 DVOBVSYNC DVOBVSYNC Ivam1 (E18 LVDS_YAM1 16
W DATATE 48 spait7 SMA_A7 VAT 15 DVOBBLANK# 120/ DVOBBLANK# Ivam2 [-C18 LVDS_YAM2 16
— W DATATT a2 sba1s SMA_A8 [FAC8—prrg—— 15 DVOBFLDSTL <Z> DVOBFLDSTL IYAM3 |-C18 LVDS_YAM3 16 —
— W DATAZ 2810 spQ19 SMA_A9 FAO8 —mas IvAPo [-E14 LVDS_YAPO 16
W DATATT—2HZ $DQ20 SMA_A10 Le 15 DVOBCINTRB <Z> DVOBCINTRB ivap1 [-E14 LVDS_YAP1 16
— W DATA 222 sDQ21 SMA_A11 [FARS o — 15 DVOBCCLKIN DVOBCCLKINT] IvAp2 [-C14 LVDS_YAP2 16
W DATAG—AE10 spQ22 SMA_A12 [FABS ——ms RGES 15 DVOCD[11:0] Ivapg -B13 LVDS_YAP3 16
— W DATAZZ 2Bl spQ23 M AB1 K Z>M_AA12:6] 12.14 100K DVOCDO ivewmo 212 LVDS_YBMO 16
— W DATAE 219 spa24 smA_p1 D18 DVOCD1 ivem1 -£12 LVDS_YBM1 16
—DATAE—4H1 spazs SMA_B2 AGT RGES DVOCD2 IvBm2 -E12 LVDS_YBM2 16
— T oaTA—A8183 spaze > smaBa AEL—- M_AB[2:1] 12,14 oK DVOCD3 Iveum3 -G11 LVDS_YBM3 16
I DATAZE b4+ SDQ27 @Y  SMABS5 DVOCD4 1v8Po [-G12 LVDS_YBPO 16
— W DATAD 421 sbazs M_AB[5:4] 12,14 — DVOCD5 IYBP1 LVDS_YBP1 16
W DATASD —apia| SDQ29 ) SCKEO M_CKEO = 11,12,14 = DVOCDS & ivepz (-G11 LVDS_YBP2 16
M_DATA31 SDQ30 = SCKE1 M_CKE1 11,1214 — DVOCD7 IyBp3 — LVDS_YBP3 16
— W DATA —aH13 spQ3t w SCKE2 M_CKE2 12,14 - DVOCD8 4 IcLKAM D14 LVDS_CLKAM 16 3
W DATATS —aaio| SDQ32 s SCKE3 M_CKE3 12,14 DVOCD9 9 ICLKAP¢E12 LVDS_CLKAP 16
M_DATA34 SDQ33 SCSo# M_CSo# 11,1214 DVOCD10 o ICLKBM{—F 0 LVDS_CLKBM 16
— W DATATE—2E12 sDQ34 s SCs1# M_CST# 11,1214 DVOCD11 ICLKBP LVDS_CLKBP 16
— W DATATE—2E20 sDQ3s o SCs2# M_CS2# 12,14
—DATAT 4218 spass - SCS3# M_CS3# 12,14 15 DVOCCLK DVOCCLK DDCPCLK't%LVDS_DDCPCLK 16
— W DATATE —SE18- spaa7 15 DVOCCLK# DVOCCLK# DDCPDATA LVDS_DDCPDATA 16
—DATATT 4 E18 spass (Y SBAQ [-AD22 M_BSO#  12.14 15 DVOCHSYNC DVOCHSYNC
W DATAT 5812 spQ3g > spA1 [FAD20 M_BSt#  12.14 15 DVOCVSYNC DVOCVSYNC PANELBKLTCTL LVDS_BKLTCTL 16
—DATATT 20 spas0 ) 15 DVOCBLANKi# DVOCBLANK# PANELBKLTEN LVDS BKLTEN 16
— W DATAIT—A820 spqat e SRAS# M_RASH  12.14 15 DVOCFLDSTL<Z>> HS | pvocFLDSTL PANELVDDEN LVDS_VDDEN 16
W DATAI—E22- 5DQ42 SCAS# M_CAS#  12.14
— W DATAIT—2H22+ sDQ43 Q SWE# M_WE#  12.14 'fg(?,f 15 MI2CCLK MI2CCLK LVREFH %@}E&% 4_
— W DATATE—2E20 spQd4 [a] ABo 15 MI2CDATA MI2CDATA LVREFL 12— ———
W DATAIE—2H19 spQ4s SCMDCLKO M_CLK_DDRO 11 15 MDVICLK MDVICLK VDS LVBG Y T
— W DATATT—2H21 spa4s SCMDCLKO#OAR2 — M_CLK_DDRO# 11 15 MDVIDATA MDVIDATA Lve [-B12 = oluscs !
— W DATATE 2822 sDQ47 SCMDCLK14-AC26 M_CLK_DDR1 11 MDDCCLK MDDCCLK LBG FA10 — T IvDS LIBG B~~~ "~
— W DATAIS——E23- sDQ4s SCMDCLK1#AB2 M_CLK_DDR1# 11 ~=15_MDDCDATA MDDCDATA
W DATAS) —anas| SDQ49 SCMDCLK M_CLK_DDR2 11 15 ADDID[7:0] ADDIDO
M_DATA5T SDQSO SCMDCLK2# QADA—AF, M_CLK_DDR2# 11 ADDIDT ADDIDO » DREFCLK DREFCLK 6
—— W DATAS: 4525 sDQs1 SCMDCLK3 M_CLK_DDR3 12 ADDID1 ¥  DREFSSCLK( DREFSSCLK 6
— W DATAS 2822 spQs2 SCMDCLK3#AD2 ——— M_CLK_DDR3# 12 ADDID2 3 LCLKCTLAS LCLKCTLA 6,16
— W DATAS—2E22 sDQ53 SCMDCLK4 M_CLK DDR4 12 ADDID3 O LCLKCTLBS LCLKCTLB 6,8,16
W DATASE—E25- sDQs54 SCMDCLKa#qOAB24 — M_CLK_DDR4# 12 ADDID4
— W DATATE 2825 sDQs5 SCMDCLK5¢-AA3 M_CLK_DDR5 12 ADDIDS5
—DATAR 4526 spase SCMDCLK5#OABE ————— M_CLK_DDR5# 12 ADDIDG DPWR# H_DPWR# 3 2
W DATASE 4528 spas7 M DMo M_DM[8:0] 13 ADDID7 DPSLP# H_DPSLP# 3,18,37
— W DATAR 2828 spass SDM0 [-AES— = 8,15 ADDDETECT %:i— ADDDETECT RSTIN# PCI_RST# 8,10,15,18,33
W DATAG—E28- $DQ59 SDM1 [AE8 e — 15 DPMS_CLK DPMS o
W DATAET—26 sDQ6O SDM2 [FAES_——mmre— 17} PWROK [~1———<TJVR PWRGD 37,39
— W DATAET 4528 sDQs1 Spms [FAH12 ot 15,46 DVO_VREF [ >> E1- GVREF s oH BxXTTS 8
— W DATAG——E2L1 sDQs2 SDM4 [FAR19 _L EXTTSO K
—cE———2221 spae3 SDM5 [-AD2L vz COE1 19 AGP_BUSY# [ > >——FZd acPBUSYH# MCHDETECTVSS :Ei:%MCHJETECT#
— M CB0 AG14 | gpogy SDMg [AD24 M DVE GMCH I
—cgr—2E14 5pQss SDM7 [FAH28_mrre— : _ GRCOMP
VB2 AE17 | Spogs SDMs |AH15 V] Lovout note: Route & L 6 ek mcrHes Egj:-ecmn NCo |-BLTP_MCH NCO
— i Ger———AG16 5pae7 ayout note: Route to = NC1 TP_MCH_NC1
M CB4 vias near ball AA5 | A2 TP _MCH NC2 -
;MTAHJ‘L SDQ6s TP_M_RCVO# RSvDO RVSDO NC2 -
— o ——AEL5 spasy SRCVENOUT# PACIS ——perrrer RSVD1 E2 4 RvsD1 NC3 A2 e <> TP_MCH_NC3
—os—4E16 sparo SRCVENIN# RSVD2 p4——F3d rysp2 o NC4 [ e —
= sbQ71 ABA RSVD3 823 rysps > NC5 [ e —
SMRCOMP <_JMCH_SMRCOMP 10 RSVD4 Bg——B3g Rvspa NC6 (A2 p=prEr—ReT—
AI22 RSvDo C3 | RVSDS NC7 TP_MCH_NC8
SMVREF SMVSWINGL [-A422 MCH_SMVSWINGL 10 RSVD6 €3 Rvspe NC8 (A2 T —
SMVSWINGH MCH_SMVSWINGH 10 RSVD7 RVSD7 NC9 M2 m—rrem—eT0—
C5F13 intel 855GM/GME GMCH __ C5F6 _Lcst eV Q| RvSD8 NC10 17 4 TP_MCH_NCT1
— RSVDY [————rsvpro—22q RVSD9 NC11 —
_TP_RSVDT0_p7 pvepio
0.1UF 0.1UF 0.1UF RSVDIf}—— 149 Rysp11
- - - 1
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A B C D E

3 HD#63:0] < = GMCH Strapping Options

3 H_A#[31 :31@— Function Board Default Optional Override

H_A#3 H_D#0
—FAE——22g) HAH HDO# K22 —p=mrs
External Thermal Sensor Header T:A#s_uﬁc HA4# HD1# DHZ?_H:D#T J7B2 | PSB Voltage Select No JMP for 1.05V | Reserved
AT q Hase Hpa# B H D73 J783 | DVO Strap NoJMPforDVO | Reserved

USE1A

5,6,9,11,15..18,20,21,23,26,31,33..36,38..40,45 +V3.38 _/ R27 HAG# HD3# D 24 |
—H AT aaq| HAT# HD4# 2L —ppr
| - HABH HD5# - J7B4 | GSTO JMP
L T A HD6# L2 —=7-
4 R5P12 | HA10# HD7# _| J7B5 | GST1 JMP 4

AT HATE HD8# PL2A—g-
10K J4c1 _/ HA12# HD9# | J7C1 | GST2 JMP

—! N SRV HA13# HD10# DS — T 78 +V1.5S_GMCH DVO
611121618 SMB_DATA S 2 _mec_ﬁjmﬁ#ﬂc HAtaE Hos m 56,9,11,15.18,20,21,23,26,31,33..36,38.4045  +V3.38
6,11,12,16,18 SMB_CLK_S 4 AT HA16# HD13# o7
7 MCH_EXTTSO 5 — 242G HATT# HD14# P2 =y o
%6 — 25 HA18# HD15# PH2B =2 @
- —ar——23d HA19# HD16# PE22—p=rorr? &
6Pin_HDR A HA20# HD17# o
= —H AT araad HA2TH HD18# PB2E—p=rrd =
= FAZZaagrd] (102 Hotos pH2a P D7TS 15..18,20,23.25,27,33..35,38.40,45,46  +V5S
24 Hazsy HD20# PE2L—p=pt
H AR5 HA24# HD21# A D C6B6
T rr——2Ld HA2s# HD22# a
T 2Ld HA26# HD23# PR2L— =t oo |t
—HATIE aaad HA27T# HD24# P20 —p=rre Urez Jowr & ool
T HA28# HD25# P28 =52 67,16 LCLKCTLB %j: 1A1 vee - oo ]
—FArs—B2LQ HA2o HD26# Dm_Fl;Ua??/ 7,15 ADDDETECT 7] 1A2 STRAP_J_CTLB 4 SIS|<S
X280 HAz0# - HD27# PG22— =t RSVD7 I 1A3 1B1 — | e
LTS AB2RM a3 n HD28# PS8 =y RSvDo B 1ad 1B2 _5_| e 2Plep
3 HREQ#40] <ZD>=N K REQ#) pog N o HD29% BGos  F D70/ 1A5 183 STRAP J PAR 4 55 2
8 —REGET—222q HREQ1# L HD31# o 141 opq 1B5 1784 8
—REQE—R22q) HREQ2# HD32# u *—111 a2
N n CK408_SEL1# 4 2
—FrreaE— 3220 HREQ3# HD33# PO — = <181 on3 2B1 b g
——————123q HreQa# HD34# - <2 ona 282 JM 1785
- 3 H_ADSTB#0 HADSTBO# HD35# PC23—p=ror? *—22- 2p5 283 [H2—
Layout Note: | STRAP_J_ST1 1 2
3 H_ADSTBH#1 HADSTB1# HD36# PR22—p=ror 284 |F20—< oNe,
MCH_HXSWING and MCH_HYSWING should be HD37# D'CZEWT% 285 23—
10mil traces with 20mil spacing 6 CLK_MCH_BCLK# > HCLKN HD38# DE%_FI;W?{ 7,10,15,18,33 PCI_RST#[ > >——1d 10E# STRAP_J ST2 el
6 CLK_MCH_BCLK > HCLKP HD3g# P24 — =g 20E#  GND —11 — 1-p 32
10 MCH_HYRCOMP HYRCOMP HD4o# P20 —r=rrr - SN7ZCETD3380—
1046 MCH_HYSWING [> > K28 HYSWING HD41# ReLizy SN74CBTD3364 =
10 MCH_HXRCOMP [ > > B20 | il = J7B4, J7B5, J7C1 "
_ — B18. HXRCOMP HD42# | R6C7 o o should be shunted
10,46 MCH_HXSWING [ > > HXSWING HD43# PB23 =y 0K Q6C2 Q6B1
. HD44# PE23 — =iy BSS138 BSS138
Caa fosro 3 H-DSTENHO HDSTBNO# HD45# PE2L—p=mor? H|_— —
L 3 H_DSTBN#1 HDSTBN1# HD46# DQZQ—H;W/ — 36 CK408 SEL1 il AGP_TYPEDET# 15
tUF baue 3 H_DSTBN#2 HDSTBN2# HD47# PE2L e - . -
3 H_DSTBN#3 HDSTBN3# HDag# P18 =g
— —L 3 HDSTBPHO HDSTBPO# HDA49# 75 o
= = 3 H_DSTBP# HDSTBP1# HD50# A = =
3 H_DSTBP#2 HDSTBP2# HD51# - -
3 H_DSTBP#3 HDSTBP3# HD52# P20 —
3 H_DINV#0 DINVO# HD53#
2 3 H_DINV#1 DINV1# HD54# 2
3 H_DINV#2 DINV2# HD55#
3 H_DINV#3 DINV3# HD56#
HD57#
3,5 H7CPURST#g:—mC CPURST# HD58#
10,46 MCH_HDVREF [ > > 5 HCPURSTE 1 K21 ipvREFO Egggﬁ ief 1FDe?\l/m: pi:s
¢ 124 | HpVREF1 HDG1# £:3. For =V wor
HDVREF2 HD62# jumper pins 1-2
HCCVREF HD63# J6ET
HAVREF A _
C5T1 572 ADS# <3Z>H ADS# 3 EPOT_VWO i
HI_0 HTRDY# [ > >H_TRDY# 3 LVDS LIBG 7
0AUF 1UF HIZ1 DRDY# < >H DRDY# 3
: HI_2 DEFER¥# , -) H_DEFER# 3
L = HI_3 HITM# 3
= = HI 4 HIT# 3
HS HLOCK# 3
10 MCH_HCCVREF Eg * H6 = BREQO# 3
10 MCH_HAVREF HIZ7 BNR# 3 9
hes 3 BPRI# 3 rern L
10,18 HUB_PD[10:0] H9 T DBSY# 3 -
- A Hi10 RSO# 3
10,18 HUB_PSTRB PSTRBS RS1# 3
1 _ 1
C4BS_|C4E6 cet8 10,18 HUB_PSTRB# PSTRBF RS2# 3
10 HUB_HLZCOMP HLZCOMP
0AUF | 1UF 0-1UF 10 MCH_PSWING U2 | pswinG
o L 10,46 MCH_HLVREF WA HLVREF
. B : ceT1 CoT2 Tntel B55GM/GME GMCH Title
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A B C D E
USE1C 46 +V1.35S_GMCH +V1.355_GMCH_CORE
C1 T16
G1 xgg? xgggg AA1G | 3.5,18.20,40,42,46 +VCCP
11 AE16 574 [C5T12 (0517 [6D3  C5T10 [C6E2 66D 10 +VCCP_VTTLF
U1 x:gg ¥§§g§ A17 USE1D Text Line Represents Short
AA1 D17 [fext Line Represents Short J15 G15 Resistor provided for | — — — _ _ _ _[F_
AE1 | Vaoe Veoes [z o Tour _Toaur _To.ur _four _To.1ur _hisour _hsouF P13 | VoS0 VITLE it power measurement |
22 vsse vssoo [-N1Z , , = = = = = = = T8 veeo vTTLR2 [HHIB (plane underneath | NO_STUFF 001 1%
231 vss7 VSS91 b a vces VTTLF3 resistor willhaveto | 1_ =~
Al 1 ysss vssg2 [FUIZ R14 1 ycoa VTTLF4 (HH20
D4 AB17 +V1.355_GMCH_CORE 10 +V1.355_GMCH_HUB 14 o1 be cut).
4 D4 vsso vssog [-AB1Z U4 vees VTTLFs |21 4
G4 vssio vssg4 -AC] RS T P15+ vecs vTTLFs FR21
Na | VSS1 VSS95 I 1 —No_STOFRG 0T, ‘ ants | Vot v Cut C5T3 _|o8TS Esm +C4D1
VSS12 VSS96 C6E9 C5T9 vCes VTTLF8
14 | yss13 vssg7 [-AA18 ‘ C6E10 N16 1 ycog VTTLFg [FH22
W4 VSS14 VSSQS AG18. Text Line Represents Short 1OUF R16 VCC10 VTTLF10 M22 I/lUFI/lUFEUF IZ7OUF
AAd |55t vssog [FA19 +V1.358_GMCH_CORE INF INF U168 1 \/Ge11 VTTLF11 |FB22 = = = =
AC4 | yssip vss100 (212 = P17 { vcciz VTTLF12 122
AE4 H19 T17Z. /22 Note C4D1 was added
Ed vssi7 vssiot |12 - veets VITLF13 (22
BS vssis vssioz [FAB1S c4p3 AT vecta VITLF14 (22 2
U5 vssi vssios £51 W2 vects VTTLF15 (<22
L5 vss20 vssios [-£20 Toiur 21 vocie viTLF1e HE22 L
VSS21 VSS106 L0 vcet7 VTTLF17
AG6 AA20 = A26
G6 vss22 vss107 [-4AZ0 v VITLF1g (428
C7- vss23 VS$108 A5 Y1 vecHLo VTTLF19 [-420
£7 vss24 vss109 [-A21 CeE11 VCCHL1 VTTLF20
ke At Pl weremvme e e
Mz vSS20 Ve Tzt 0.1UF ) 8| vooHts VITHFO "aps  WMOH PWR VITHET | [ T[csD13__Jo.1uF
Rr Bl +V1.355_GMCH_DPLLA_D = ) MCH_PWR_VTTHF2 [ J[C4ET Jo.1uF
e e menEe el
+V1.355_GMCH_DPLLA
AET- vss30 vssi1s 21 FAAN Y 2 - - V9 VCCHLY VTTHFs (Y29 — I IC4E4 0-1uF
He | Vesd] VeS8 a2t ! 0.10uH CsD6 C5D15 D29 ACt =
3 HB vssa? vssi17 [-4a2l 29| VCCAHPLL vocsmo A4S = 3
KB vssaa vssi1g [-AB2L oouF Toaur VCCAGPLL vocsmi [-AG!] 11244 +v25
VSS34 VSS119 & 0 ¥ VCCsm2
18 B24 +V1.35S_GMCH_DPLLB_D = = A6 AE3
18 vss3s vssi2o (524 VCGADPLLA [J]  VCCSM3 [4E V2.5 GMCH SM RAU1 o1 1%
VB vss3s vssiz1 [£22 R5D1 ; ) +V1.355 GMCH DPLLB —H18 vccaopLLB vocsma |4 | UAAS
B vssa7 vssi22 22 e - - £ < viosms Ll C5F1 |C5T14|C5T13|C5F3 J4F1
) VSS38 VSS123 Noo 1 0.10uH C5D5 C5D20 It VCCDVO_0 o VCCSM6 ARG > 1
VSS39 VSS124 : —L VCCDVO_1 VCCSM7 b d
L9 R22 N1 o AE6 0.1UF|0.1UF] 0.1UF | 0.1UF
VS840 VSS125 I VCCDVO_2 VCCSM8 —LGJUELOAUEIOIUELD
N9 uz22 220uF 0.1UF E4 Y7 = = = = P!
N9 vssat n vss126 |22 415.19.20 4546 +V1.55 —Z -4 veepvo s veesme
RO vssa2 ;) vssiz7 [HA22 19192089, = 78 +v1 55 GHCH DVO 24+ veepvo 4 veesmio 488 C5T11|C5F8 |C5T15
VSS43 VSS128 5 VCCDVO_5 VCCSM11 C5F4 |C5F9 |C5F7 |C5T16
) > A23 R6T3 0.01 1% E6 Yo
VSS44 VSS129 VCCDVO_6 VCCSM12
AB9 D23 H7 AF9 0.1UF[0.1UF [0.1UF
VSS45 VSS130 C5T6 |C6ES VCCDVO_7 VCCSM13 Toruelosueloruels, —L0.1UEL0IURLO
AGY AA23 C6E7 C6E4 18 AJ9 1UFI0.1UF[0.1UF|0.1UF| = = =
AGS | vssag vss131 [-AAZ ook ToOuF 81 veepvo s VCCsMia (-Add 8 TUELGIURI0.UELD
G101 vssa7 Vss132 [-ACZE T IwF 0 1UF 84 veepvo o vocsmis (AR - - - =
A0 vssas V88133 [-Ad2 == = ME veepvo 1o vecsmis (-Aall
AA10 vssa9 vssia |-E24 +v1 55 GMCH ADAC & veepvo 11 vecsmi7 [-AB12 |§5F12 [95F11
E10 vssso vssi3s [-H24 R5R2 01, 1% ADAC D RER7 B8 vcepvo_12 vecsmis (-AE12
VSS51 VSS136 A w VCCDVO_13 VCCSM19
m: Usss2 Vst 'I;AQQ: Layout note: Route - CSD3 C5D9 | c5D16 '\;g yeepvo_14 yeesm2o ﬁJB11?1 o o
VSS53 VSS138 V : \ VCCDVO_15 VCCSM21 L
AB11 T24 VSSADAC trace to cap | AE15 =
ABLL vss5e vss139 124 : NO_STUFF | 220uF | vecsMza (-AE1S
2G1 vssss vssi40 (2% (no via at GMCH). ! VCCADACO VCCsM23 (-AB18
2 VSS56 VSS141 e VCCADAC1 VCCSM24
12 1 5557 vss142 [FAG24 = VSSADAC vCCsM2s [HABI1B 10,44 +V2.5_GMCH_SM
oo Vssss vsst43 423 RSR4 001 1% +V1.58 GMCH_ALVDS Att veesm26 [-4E9
3121 559 VSS144 - — — VCCALVDS VCCSM27 V2.5 GMCH QSM L5F1
A13 AA25 B11 AF21 D -, Y YY)
VSS60 VSS145 - c5D11 csp18 VSSALVDS VCCSM28
D13 AE25 Layout note: Route AJ21 0.68uH
D13 vsse vssi46 [-AE2 a1a VCCSM29 (A2l csro |osr2 O
1| VSse2 VSS147 [ VSSALVDS trace to cap ~To.1UFJ0.01UF By | VCCDLVDSO VCCSM30 [=\22 o
H13 vsses vssi4g 128 (no via at GMCH). 814 veepLvost veesma1 (-aE24 270F  JOAUF
NI3 vsses VSS149 =4 13- veepLvps? vCCsM32 |42 ==
R13 vsses V8s150 [-N26—s R5R3 0.01 1% +V15S GMCH DLVDS VCCDLVDS3 VCeCSMa3 (-AEZL
12 vsseo vssis1 [-B2A o VCCSMaa RG2S QsM R R5F5
£B13 vsser VSS152 cs5p7 | csp1 |cspie =E24 voCTXLVDSO vocsmss [AEZ - MA— H
E13 vsses vss153 (26 g B10 yeerxivost VCCSM36 1 ==
VSS69 vssi54 [-AB26 o T22or o VCCTXLVDS2 =
P14 A27 u .1UF A12 Al6
VSS70 VSS155 L= L 0 VCCTXLVDS3 VCCQSMO
T14 | yaary vasiae |22 = = = vocaawt AT
A4 ACDT 11,1244 +V25 A3 +V1.355_GMCH_CORH
AAL4 vss72 vss1s7 RS2 46 +V25 GMCH TXLVDS A3 veeapio 0
VSS73 VSS158 5 VCCGPIO_1 VCCASMO
D15 AL27 R5R5 001 1%
D18 vss74 VSS159 |2 " Goos VCCASM1 MAGA,
1o ] VssTs VSS160 [ =28 C5D2  |C5R3 |C5D17/C5D10 Intel 855GM/GME GMCH
N8 vss7e vssie1 [FAE2 COE13
fiia ] vesT7 vssiez 5 T IzzUFIwIwIwF TTorve oo
AB15 G29 = = =
1 VSS79 VSS164 1
A VS8 _coororonrog VSS18 52 56,8,11,15..18,20,21,23,26,31,33..36,38.40,45
Fovsset B2BEEEEEEEEES vsstes 20 B R A ss
P16 | VoSB2 BRBRBRBBBBBB VSSIOT M50 +V3.35_GMCH_GPIO
VES83 =>3>>>>>>>>3> VSS168 R5R6 0.01 1% T -
T ' OI I e GMCH (3 of 3)
429U 44<L4LS ntel 8556MIGME GMCH C5D8 |CsD14
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A B C D E
i LAI Hub Interface
GMCH Compensation & Reference Voltages 8,18 HUB_PD[10:0]
T \
| NO STUFF HUBLINK |
Layout Note: | ; |
Route MCH_HXSWING & ; Jou !
o oo VITLE MCH_HYSWING | 2 1 | MCH_HLVREF
¥ 3 . . | 4 3 !
Host w/ 10 mil trace & 20 mil space HUB_PDo R6E8 LAI_HUB_P[NG s = T R6F4  392_1%
i s 7 T LAI_HUB_PIN7 HUB_PD1
4 Hus_PD2 3921% | Al HUB_PINTD 10 g 1 RePY 397 7% 4
9 +VCCP_VTTLF %4 \ T T LAI_HUB_PIN11 HUB_PD3
392_1% : 13 :
16
8,46 MCH_HXSWING HuB_PD4 ROF12 | A Hug PINTE 18 EEE R6F11  392_1%
T :
302 1% 20 19 LALHUB PINI9 s st oLk HuBLAl | 6
| + -
8,46 MCH_HYSWING RE6F10 | Al HUB PINZR 24 23— LALHUB PINZS A A< JHUB_PSTRB | 8,18
9 +VCCP VTTLF 150_1% —=— | 8,18 HUB_PSTRB# [ > > — 26 25—
- = 392 1% ‘ 28 [27
| %30 | 29 R6F17  392_1%
| 0 FY LAI_HUB_PIN31 HUB_PD5 —
R5D2 HUB_PD6 R6F16 | Al HUB_PIN34 " ECR REPEY 392 7%
36277 ‘ 6 FE LALHUB PINSS _ \ \ o 7]
8 MCH_HXRCOM Hus Pp7 2% Al Hus PiNE a8 B PCI_RST#
074 19 == ‘ a8 | 7,8,15,18,33
8,46 MCH_HDVREF - = R6F21 ‘ yemad
392_1% | 42 ‘
[ 46 45 | R6F22  392_1%
R4EA | 48 a7 T LAI_HUB_PIN47 HUB_PD9
T
8 MCH_HYRCOM : >e§g— 49
274 1% — 1 54 s
3 9 +VCCP_VTTLF : 56 | 3
T
58 57 R6F25  392_1%
‘ 50 g LAI_HUB_PIN59 ° HUB_PD10
R4T2 | 62 61 |
|
499 1% 9 +VCCP_VTTLF m 6
RAE4 66 | 65 1
8 MCH_HCCVREF: 68 67 1 R o
A 70 69 | 6G1  392_1%
100_1% — 7 711 LAI_HUB_PIN71 HUB_PD8
>HE— 73 |
8 MCH_HAVREF 76 5 !
w78 | 77 ]
o 80 79 |
Digital Video Port :
R6D6 |
7 MCH_GRCOMP | ==
402_1% o
: DAC RSR8 | ‘
7 DAC_REFSET
127 1% =
) 944  +V2.5_GMCH_SM )
Manufacturing Support
Hub Interface
9 +V1.358_GMCH_HUB 9 +V1.358_GMCH_HUB
RET2 JaD1
8 HUB_HLZCOMP
374N 1% 7 MCH_SMVSWING ANCHOR_CLIP_GHOST
JoD2
8 MCH_PSWING ANCHOR_CLIP_GHOST
944  +V2.5_GMCH_SM JaF2 ]
ANCHOR_CLIP_GHOST
9  +V1.35S_GMCH_HUB R5F4
604 J6F1
1% RsF2
- ‘ 7 MCH_SMVSWINGL ANCHOR_CLIP_GHOST
|
| [NO_STUFF _a70pF | 150_1% —
| IMCH_GTLREF2 | 0 ReT7
| DX 944  +V2.5_GMCH_SM
! |
1 I >NO_STUFF_56.2_1% | 1
! | System Memory
e R © | RreTs
8,46 MCH_HLVREF << }
————————————— 400_1% Title .
[ c6T4 [
| ROTI0 i Grirers || | 7 MCH_SMRCOM . GMCH Circuitry
! = I ‘ 604_1% — Size [Project: Document Number Rev
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5,6,8,9,15..18,20,21,23,26,31,33..36,38..40,45  +V3.3S 12 +V3.3S_SPD

R4W1\/\/‘0'01 1%

Power plane for Serial Presence Detect logic

12.14 M_DATA_R_[63:0] <35> e
<> M_AA FR_0 J6H1A _CON200_DDR-SODIMM
4 13 M_AA_FR_O M AA1 112 M_DATA_R 0 4
M_AAZ AD DQo M_DATA_R_1 12,4446  +V25_DDR  J6H1B CON200 DDR-SODIMM
7,14 M_AA[2:1] A1 DQ1 ™M DATA R 2 T 9 3
M AA F A2 pQ2 F3—rpaTA R VDD1 VSS1
13 M_AA FR 3 <> VAA——109 1 A3 DQ3 - 21 vpp2 vss2 (18
» A4 DQ4 H—FrBATA R 331 vbo3 vss3 2L
74 WG e 002 Ao Slon v
13 M_AA_FR [126] <S>l an FRE oo A7 0Q7 A ATA R 82 voos vsss |52
— T A8 DQ8 AT &1 vpo7 vss7 |2
T AATFRT0 i A9 DQ9 [P BATA R TS 23 voos vsss AL
AR A10/AP DQ10 F—pATA R 131 vopo vssg |-103 |
— AR a0 A1y DQ11 TR 1311 vop1o vssio 123
AR FR_ ) DATA R_
A12 DQ12 1431 vpp11 vssi1 |14
e Dot [a WD IV VS [
13 M_BSO_FR# 171 gao Q15 |92 DA AT 167 vpp14 vssis4 |61
13 M_BS1_FR# 161 gaq Da16 [ PAAR T 179 vpp15 vssis -2
12.14 M_CB_RI[7:0] McB RO < BA2DU) DQ17 M DATA R 21 vbp1s vsste A8
_M_CFR"I_U_ CBO DQ18 5, | VbD17 VSS17 ==
— B RT % cBt DQ19 DATA TR 22 voD18 VSS18
— B R cB2 DQ20 M42—BATA R 34 vop19 vsstg |-2E—
cB3 DQ21 M DATA R 381 vbD20 vss20 38—
s cB4 DQ22 46 vpp21 vss21 |40 s
cB5 DQ23 TR 88 vbp22 vss22 |52
cB6 DQ24 M —=pATARE 20 vbp23 vss2s |84
7 M_CLK_DDRO 8% 88%2 M_DATA_R_75, o xgggg xgggg Caa ]
7 M_CLK_DDRO# CKO# DQ27 - 24| \pp26 vss26 -0
7 M_CLK_DDR1# CK1# DQ28 —e 141 \pp27 vss27 (104
7 M_CLK_DDR1 CK1 DQ29 T 132_{ \pp2sg vss28 (128
7 M_CLK_DDR2 CK2 DQ30 DATA T 144 | ypp2g vsszg 138
7 M_CLK_DDR2# CK2# DQ31 - 12 +v33s sPD 28 vDD30 vss30 2l
712,14 M_CKEO CKEO DQ32 e : 1681 vDD31 VSS31
712,14 M_CKE1 129 e R 180 172
13 M_CAS_FR# 8?5; 3833 135 192 53335 ¥§§§§ 186 3
13 M_RAS_FR# RAS# DQas |13 MDA RS -
13 M_WE_FR# WE# DQ36 HB—=pATA—R %1991 \ppip put FEE—=
7,12,14 M_CSO# S0# DQ37 “CAiTi R VDDSPD pu2 H23—— [JSO-DIMM_RSVD_FR
71214 M_CS1# S1# DQ38 N DATAR 12,44 SM_VREF_DIMM VREF1 DU3 |24
SAQ DQ39 DATA R Cov2 VREF2 DU4 (200
SA1 DQ40 Jﬂ—mjm 0.1UF GNDo (21
SA2 DQ41 M DATA R % — GND1 202
6,8,12,16,18 SMB_CLK S 195 | ¢ DQ42 DATA R -
6,8,12,16,18 SMB_DATA_S 193 | gpa DQ43 = 71
»—B86 RESET(DU) DQ44 [H42 peprrp=r?
12.14 M_DM_R_[8:0] [> ey 11 bM R 0 DQ45 M DATA R 2
2 WDV R T4 DMO pa4s 2 rprrargy 2
M DM R 2 o b 63 TODATATR 78 V25 DDR 124446 91244 +V25
_MDMR3 ¢ | 165 MDA R
M_DVM_R 4 134 gm 88‘5‘8 171_M_DATA R 5 \R/\F)\FT
— OV RT—L48- DM5 DQ51 TR 5
— R DM6 DQ52 AT 0.01.1%
DM_R_ 166 M _DATA R_ c46 c4G CoW: caw caws
ﬁMMfR? 78 gmg gggj 172 M_DATA_R 54 150uF 150uF 0.1UF 0.1UF 0.1UF
) 176 M DATA R 5
12.14 M_DQS_R[8:0] [ e M_DQS_RO baso ngg 18 M—gﬁlﬁ—g—g
WDas Rz 2> Dast DQs7 M _DATA_R_5 -
WDOS R oL DQs2 DQs8 DATA R
W D05 Ri—7os] DOS3 Das9 8 prrreg CHW. C5W. C5W. C5W. C5W6
W D05 K5 1aa-| DOS4 Das0 B —=pATA R 0.1UF 0.1UF 0.1UF 0.1UF 0.1UF
M_DQS_R gggg ggg; M_DATA_R_
M_DQS_R7 190 M _DATA R
m—m@—wﬁ— DQs7 DQ63 —L—
-~ - -
———— 771 pQss
SO-D I M M O Layout note: Place capacitors between and near DDR connector if possible.
1 1

e DDR SO-DIMMs (1 of 2)
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J6H2ACON200_DDR-SODIMM_R

M_AAO
7,13,14 M_AAO <> T ABT
M _ABZ2
7,14 M_AB[2:1]
M_AA3
713,14 M_AA3 <>—qrapr——
7,14 M_AB[5:4] »
_ MARE 106 |
743,14 M_AAI26] < wm _"‘é',%g_mﬁ_
711,14 M_CSO#
7.13.14 M_BSO#
71314 M_BS1#
111314 M_CB_R[7:0]
M_CKEO, M_CKE1, M_CSO0#, M_CS]#
are only for LAl support.
7 M_CLK_DDR3
7 M_CLK_DDR3#
7 M_CLK_DDRé#
7 M_CLK_DDR4
7 M_CLK_DDR5
7 M_CLK_DDR5#
7,14 M_CKE2
7.14 M_CKE3
71314 M_CAS#
7.13.14 M_RASH
7.13.14 M_WE#
11 +V3.3S_SPD 714 Msar
T 7.14 M_CS3#
J_— 6,8,11,16,18 SMB_CLK S
= 6.8,11.16.18 SMB_DATA S
711,14 M_CKEO 86
11,1314 M_DM_R_[8:0] M DM R 0
ﬁ_iLM:DM:R: 26
M DM R4 434
M DM R5 148

11,13,14

M_DQS_R[8:0] [y e

CKO
CKO#
CK1#
CK1
CK2
CK2#
CKEO
CKE1
CAS#
RAS#
WE#
So#
S1#
SA0
SA1
SA2
SCL

SDA
RESET(DU)

DMO
DM1
DM2
DM3
DM4
DM5
DM6
DM7
DM8

DQSo
DQS1
DQS2
DQS3
DQSs4
DQS5
DQS6
DQS7
DQs8

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
DQ16
DQ17
DQ18
DQ19
DQ20
DQ21
DQ22
DQ23
DQ24
DQ25
DQ26
DQ27
DQ28
DQ29
DQ30
DQ31
DQ32
DQ33
DQ34
DQ35
DQ36
DQ37
DQ38
DQ39
DQ40
DQ41
DQ42
DQ43
DQ44
DQ45
DQ46
DQ47
DQ48
DQ49
DQ50
DQ51
DQ52
DQ53
DQ54
DQ55
DQ56
DQ57
DQ58
DQ59
DQ60
DQ61
DQ62
DQ63

11,13,14 M_DATA_R_[63:0] <33 e

EV

5 MDATA RO
17 M DATA R 3,

~M DATA R 11

FA T OATARTS
M _DATA_R_20
54 M:DATA: R:

M _DATA R 27/,

3 N ATAR 3%
N DATA R g

152 V_DATA R 4%
ggg M_DATA R 47,

174 M S
géi M_DATA _R_51

170 M _R_54,
%g M_DATA_R 55
189 M_DATA R 59

190 M_DATA R

SO-DIMM 1

SO-DIMM 1 is placed farther from
the GMCH than SO-DIMM 0

11,44,46 +V2.5_DDR  J6H2B CON200 DDR-SODIMM_REV
-2 Vo1 vsst -3
3] voD2 vss2 =
»="] vDD3 vss3 =24
5| VDD4 vss4 =¥
o5 VDD5 VSS5 2o
1| VD6 VSse o2
93] VDD7 VSS7 [
1.5 /DD8 vsss ==
131 /DD9 VSS9 =2
1a37] VDD10 VSS10 [~ 25
1e2| VDD11 VSS11 =50
125 vDD12 VSS12 [0
17| vDD13 VSs13 [
1757] VDD14 VSs14 =00
191 ] V/DD15 VSS15 [ b2
20| vop1s VSS16 [
5, VDD17 vss17 i
24— vop18 vss18 [—¢
VDD19 vss19 -4
>a] VbD20 VSS20 [0
ca| VDD21 vss21 -7
55| vpD22 VSs22 [
25| /DD23 vss23 [0
05| /DD24 VSS24
22 vbp2s vSs25 |88
24 vbD26 vss26 0
13, ] /DD27 Vss27 =0
145 ] yDD28 VSS28
144 vop29 VSS29 —1*2%—4
VDD30 VSS30
11 +V3.3S_SPD jlgg VDD31 VSS31 :]Igi
19, | V/DD32 VSS32 [0
VDD33 VSS33
x199 f \ppip DUA M_CKE1 7,11,14
VDDSPD DU2 SO-DIMM_RSVD
11,44 SM_VREF_DIMM VREF1 DU3 M_CS1# 7,11,14
CEWS VREF2 pu4 200
0.1UF GNpo |20
— GND1 [F202-x
+V2.5 DDR  11,44,46 911,44 +V25
R4V1 0.01_1%
C6H C6G: CcsV. (:4v1—L C4WI:L_ CeW1
150uF 150uF 0.1UF 0.1UF 0.1UF 0.1UF
—L C5V. csv1—L csv1—L C5W C5W2
—|_ 0.1UF 0.1UF—1_ 0.1UF—1_ 0.1UF 0.1UF
_L_
Layout note: Place capacitors between and near DDR connectors if possible.
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<Z> M_DATA_R_[63:0] 11,12,14
M_DATAO 4 RPAGADs 10 M_DATAR.O M_DATAS2 4 RPRGAIB 10 M_DATA R 32
MDATA1 3 RPAGACG 10 M DATAR 1 M_DATASS 3 RPRGAIG 10 M_DATA R 33
M_DATA2 1 RPAGAAg 10 M DATA R 2 M_DATASS 1 RPRGAIA 10 M_DATA R 34 71214 M_AAI12:6] <Z2> M _AAT2 7 RPRGA4B 10 M AA FR 12 M_AA_FR_[12:6] 11
M_DATA3 4 RPAGADs 10 M DATA R 3 MODATASS 4 RPAGADS 10 M_DATAR 35 M_AAT1 6 RPRGA4G 10 M_AA FR 11
4 M_DATA4 4 RPAGADs 10 M_DATAR 4 M_DATASS g RPRGRA1 10 M_DATA R 36 M_AATO 6 RPRGACZ 10 M AA FR 10 4
M_DATAS 3 RPRGACG 10 M DATAR 5 M DATA37 7 RPRGRB2 10 M DATA R 37 M_AAQ 8 RPAGA4A_10 M AAFR 9
M DATAS 4 RPRGIAs 10 M DATAR 6 M_DATASS 5 RPRGRD4 10 M_DATA R 38 M_AAS 5 RPAGA4R 10 M AAFR 8
M_DATA7 4 RPAGRDs 10 M_DATAR.7 M_DATASS 4 RPAGAD5 10 M_DATA R 30 M_AA7 8 RPAGRA1 10 M AAFR 7
M_DATAS 3 RPRGACG 10 M DATA R 8 M_DATAJ) 3 RPAGACE 10 M DATAR 40 M_AAG 7 RPAGRB2 10 M AA FR 6
M DATA9 _» RPRGAB7 10 M DATA R 9 M_DATA41 5 RPAGRBz 10 M _DATAR 41 20 MM g MRS 5 RERGD4 10 MAFRS oo\ 0 co g
M_DATAT0 g RPAGAZA 10 M _DATA R 10 M_DATA42 4 RPAGRD5 10 M_DATA R 42 71208 MO g MAND 7 RERGB2 10 MM FRO oo\ 0r cr g 1 L
M_DATAT1 7 RPAGAZB 10 M _DATAR 11 M_DATAIS 3 RPAGACE 10 M DATAR 43
M_DATA12 3 RPRGRCG 10 M DATA R 12 MDATA%4 3 RPAGACE 10 M DATAR 44
M_DATATS » RPAGRB7 10 M_DATA R 13 M_DATA45 5 RPAGABz 10 M_DATA R 45
M_DATA14 4 RPAGRD5 10 M _DATAR 14 M_DATA4 4 RPAGAD5 10 M_DATA R 46
M_DATAIS 3 RPAGRCG 10 M DATA R 15 M_DATA4T 3 RPAGACE 10 M DATAR 47
M _DATA16 g RPRGA2@ 10 M _DATA R_16 M DATA48  » RPAGRBZ 10 M DATA R 48 7 M_CB[7:0] <= ™ cB7 RERIn_10 M CB R7
3 M_DATAT7 5 RPAGA?R 10 M _DATA R 17 M_DATA4S 4 RPAGRAg 10 M_DATA R 49 MCBS 5 RPAGRD4 10 M_CB_R6 3
M_DATAIS 3 RPAGCG 10 M DATA R 18 M_DATASO 3 RPAGACE 10 M DATA R 50 MCBS 7 RPAGRB> 10 M_CB RS
M_DATA19 » RPRGSB7 10 M DATA R 19 M_DATAST 5 RPAGIBz 10 M _DATAR 51 MCB4 g RPAGRA1 10 M_CB_R4
M_DATA20 » RPAGRB7 10 M _DATA R 20 M_DATAS2 5 RPAGAB7 10 M_DATA R 52 M_CB3 RER2n_10 M_CB_R3
M DATA21 4 RPEGRAR 10 M DATA R 21 M DATAS3 1 RPAGAAR 10 M DATA R 53 MCB2 5 RPAGAS 10 M_CB_R2
M_DATAZ22 3 RPAGACE 10 M DATAR 22 M_DATASS 3 RPAGACG 10 M_DATA R 54 M_CB1 7_RPAGAB_10 M_CB_R1
M DATA23 , RPRGRB7 10 M DATA R 23 M_DATASS 5 RPAGABz 10 M_DATAR 55 MCBO g RPAGASA 10 M_CB_RO
. «
M_DATA24 1 RPSGRAg 10 M DATAR 24 M_DATAS6 1 RPAGZAg 10 M DATA R 56 —3>M_CB_R[7:0] 11,1214
M _DATAZ5 4 RPAGIOB 10 M DATA R 25 M DATAST 4 RPAGRDS 10 M DATA R 57 7 M_DQS[B0] < T
M_DQs8 6 RPAGA3@ 10 M_DQS_R8
M_DATA26 , RPRGA0B 10 M DATA R 26 M DATASS  » RPAGABZ 10 M DATA R 58 %%
M_DQs7 3 RPAGRCE 10 M_DQS_R7
M_DATA27 4 RPRGAOA 10 M DATA R 27 M DATASY 1 RPAGRAR 10 M DATA R 59
M_DQs6 4 RPAGID5_10 M_DQS_R6
M_DATA28 ; RPAGAAg 10 M_DATA R 28 M_DATASO 4 RPAGAAg 10 M_DATA R 60
M_DQs5 1 RPAGRAB 10 M_DQS_R5
M_DATA28 g RPAGAA1 10 M_DATAR 29 M_DATAS1 4 RPAGRD5 10 M_DATAR 61
M_DQs4 2 RPAGA1E_10 M_DQS_R4
M_DATA30 § RPRGAC3 10 M DATA R 30 M_DATA62 5 RPAGRB7 10 M_DATA R 62
2 M_DQsS3 3 Wo@ 10 M_DQS_R3 2
M_DATAS1 5 RPAGAD4 10 M _DATAR 31 M_DATASS 4 RPAGRAg 10 M_DATA R 63
M_DQs2 4 RPRGRD5 10 M_DQS_R2
M_DQs1 1 RPRGAAS 10 M_DQS_R1
7 M_DATA[63:0] <T  m—— M_DQSO 2 RPRGABI_10 M_DQS_RO
e 2> M_DQS_R[8:0] 11,12,14
7 M_DM[8:0] B
M_DMO 2 RPAGAB7 10 M DM R 0
M _DM1 1 RPAGRAg 10 M_DM_R_1 |
M_DM2 4 RPRGAD5 10 M DM R 2
712,14 M_BSO# PRGAD4_10 M_BSO_FR# 11 M_DM3 7 RPRGAB2 10 M_DM_R3
712,14 M_BS1# PRGA1_10 M_BS1_FR# 11 M_DM4 6 RPRGAC3 10 M DM R 4
M_DM5 1 RPAGRAg 10 M DM R 5
7,12,14 M_CAS# >>—8 R 10 5,y _cas_FRré 11 M_DMG 4 REAGRs 10 MDMRS
712,14 M_RAS# >>—5 RERCAR4 10 5~ ras_FR# 11 M_DM7 3 RPAGRCe 10 M DM R T
1 1
712,14 M_WE# PRCRB2 10 M_WE_FR# 11 M_DM8 6 RPRGRC3 10 M DM RS
b 2> M_DM_R_[8:0] 11,12,14
Title . . .
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+V1.5S_DVO
5,19..23,27..29,32,36..39,45  +V3.3ALWAYS T
R6E4 2.2k
7 DVOBHSYNC J6C1 ADD 124 MDDCDAT
7 DVOBVSYNC AU5S DVO —MDDECDAT A~
ADO 3.3Vaux B2 - R7E1 2.2k
7 DVOBD[11:0] Aga | AD1 5.0v2 +V12S 17,23,27,37,45 MI2CDA QD2 Qsp1
AD2 5.0V1 —MIZCDAI A BSS138
BA3J AD3 12v (A1 BSS138
A021 Ap4 C6C7 R6D4 2.2k
Ao AD5 veeas 1 B2 0AUF — WDVIDAR A~ PM_SUS_CLKEZ>3—‘[~_‘ 2 H—EDDPMS_CLK 7
A2 AD6 VCC3.3_2 ‘ R7D1 2.2k 19,37 *J_ J.&
BEO | Ap7 vCC33 3 [B25 ) —
BS7 | ADg vcea.3 4 828 = —MIZCOLE A~ CPMS o
A el Y]
B ﬁg?o xggg 2*2 A16 R6E2 2.2k +V12S 17,23,27,37,45 .
A 6 "ao5 | +V3.35_DVO 18..20,23,27,30,32,35,37,38,44,45 MDVICL
AS4 | AD11 VCC3.37 [ho T W33
A AD12 VCC3.3.8 T o T R6E1 2.2k REQ7A 100K
7 DVOBCCLKINT <> AS3 1 AD13 AP ‘ )
= 2 852 T ReP | MDDCCLK A
7 DVOBFLDSTL <22 as1 | AD14 VDDQT 7251 +V1.55_DVO  NO_STUFF_01 1%
7 MDDCDATA A5 Ap1s VDDQ2 ' NOSTUFF. P vis 20
7 DVOCVSYNC < 222 AD16 834 | | T
7 DVOCHSYNC <> 8381 AD17 vDDQ1.5 1 o=t —R ‘ 4,9,19,20,45,46 8  AGP_TYPEDET# [ > >—
7 DVOCBLANKAS S A38 | AD18 vbDQ1.5_2 [-B40 NO STUFF 01 1%
B36 1 AD19 vopQ1.53 -B4L e = | +V1.58
A36 1 AD20 VDDQ1.5_4 Ce—— - -
B AD21 VDDQ1 575 222 [ Note: D3 hot support |
A35 1 AD22 vDDQ1.5 6 [-434
B33 | Ap23 vDDQ1.5 7 44l R6D3
A30 1 AD24 vDDQ1.5 8 438 K 1%
B30 D25 VDDQ1.5_9 -
A29 1 AD26 b6
B29 1 AD27 Vrefcg : {>>> DVO_VREF 746
A27 1 Ap2s Vrefge [FAB8x
B AD29 ADDID[7:0] 7
7 pvocopte < A26 | 050 SBAD ADDIDO 7:0] C7T1 [Place C7T1 near $£D15°/
7 DVOBCINTRB <35> B26 | AD31 SBA1 0AUF 0 -7
+V1.5S DVO 7 DVOCFLDSTL <35> ) SBA2 :
7 DVOCCLK# <S> A32d AD_sTB1# SBA3
7 DVOCCLK <> 32+ AD_STB1 SBA4 — —
7  DVOBCLK# <& A590 AD_STBO# SBA5 B -
R7E4 R7E2 7 ADBVSS\?IISKAW A éBD—g:FEg ggﬁs A21 [ ADDIDT7 should be pulled down to GND w/ 1K when using on-board DVO devices |
! ! al R1Q S
ADD_RSVD_B18 [X B18 | sg_sTB
C/BEO# DVOBD7 7
K Bk 6 CLK_DvVO_sLoT [ > >—=Bl{cik CIBE1# DVOBBLANK# 7
. . ADD_PERR pan ] C/BE2# ADD_RSVD_B39
ADD_SERRE B0 ggssz CIBE3# bvocobs 7 +V15S  4,9,19,20,45,46
7 MI2CDATA  <Z>—bB46q pevseLs L +V1.58_DVO ReT!
ADD_RsVD_B8 [X——B8Q rReq#t ! : 1
o Lo L 4 1
CBE3 C7ES | C7E5 | C7E6 | C6E6 | C7D4 | C6D4 | C6E8 | C6E12
|
7 MDVIDATA  <Z2>—A41Q FRAME# | : CeDET~ C7D 0.01_1%
| NO_STUFF_150uF 100uF | 22UF | 04UF | 04UF | 0.UF [ 0.1UF | 04UF | 04UF [ 0.1UF
ADD_RSVD_A8 [X——248d gNT# ‘ NO_STURF_150uF |
7 Micolk <B>—B4ld |rpv# it =
o158 POl RSTH - 8,16..18,20,23..25,27,33..35,36.40,45 46 +V58
8,10,18, | > >——ATq RsT#
7 MDVICLK — <Z>—A46g TRpy# +V5S_DVO
RsvD1 [-Bl4-x T R7C4
ADD_RSVD_B12 m RBF# RsvD2 [-B22-x
ADD_RSVD_A14 WBF# nggz A3 O c7ca 766 crcy 001_1%
»—B29 TYPEDET# RSVD5 [FA22-¢ DUF GAUF OAUF
RSVD6 [-A24- : )
7 MDDCCLK <Z>—A4ld sTop# ono1 L85 +V3.3S  56,8,9,11,16..18,20,21,23,26,31,33..36,38..40,45
18,21,23,24 INT_PIRQB# %jgg INTB# GND2 213 =
18.21.2324 INT_PIRQA# INTA# gmgz o +V3.35_DVO R6P6
»—B1d ovReNT# GNDs [-B31 T
78 ADDDETECT AR gmgg R49 c7D3 C6C10 +C7C8 | C6C9 | C6D2 | C6D1  0.002 1%
; <A N7 Chss 100uF
ADD RSVD B10 B10 | ¢70 GNDo |-B61 22UF 22UF 04UF | 04UF | 0.1UF
ADD_RSVD_A10 A10 ] 571 GND10 [-A5 1
ADD_RSVD_B11 B11 g1 GND11 A]; =
GND12 [ =
7 DPMS_CLK [>>—A12d pipe# GND13 [-423
GND14 A1
18,22,23,37 PCI_PME# <B>—-~48d pyEs GND15 447
GND16 Titl .. .
A55 itle
Al use- onot7 1538 AGP Digital Display (ADD) Connector
S B4 | 3ps
= Size |Project: Document Number Rev
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LVDS Interface

+V3.38

5,6,8,9,11,15,17,18,20,21,23,26,3

1,33..36,38..40,45

+V3.3S_LVDSDDC

R6N5 0.01_1%
+V3.3S  56,8,9,11,15,17,18,20,21,23,26,31,33..36,38..40,45
+V3.3S_LVDS 2 R6N3 R6N4
S 2.2k 22k J6B1
[
0.01 1% Q5B2 & ?2
_ 2 K 3 +V3.3S LVDS PANEL 2 Test points for 24bpp support
L - 3
R5N4 C5N1 = C5B6 c5B7 v ‘5‘ BT
e 1000PF - 0.1UF 22UF 7 LVDS_DDCPCLK 6 7 LVDS yAM3 [ > > ﬁaocstUFF o !
£ : 7 LVDS_DDCPDATA 7 7 LVDS_YAP3 [ > > [
G rens 7 LVDS_YAMO s T T |ty !
a8 VDS_VDDEN_D# 7 LVDS_YARO 9
> = = — —1 10
) = 7 LVDS_YAM1 Eg 11
o) 7 LVDS_YAP1 o
- s R6C1 ‘
« 7 LVDS_YAM2 14 7 LVDS_YBM3 [ > > No STUFF 0 !
7 LVDS_YAP2 15 7 LVDS_YBP3 [ > > |
b % oses e - ‘
n—} BSS138 7 LVDS_CLKAM 17
7 LVDS_VDDEN — 7 LVDS_CLKAP 18
—1 19
7 LVDS_YBMO 20
R5N3 o 7 LVDS_YBPO Eg 21
— 22
100K 7 LVDS_YBM1 23
b 7 LVDS_YBP1 2
= 2
S 7 LVDS_YBM2 26
7 LVDS_YBP2 27
— 28
7 LVDS_CLKBM 29
7 LVDS_CLKBP 30
— 31
| [VDS,CONN30
BIOS Note: Disable both LVDS Panel Backlight
BKLTSEL lines before
enabling one.
5,6,8,9,11,15,17,18,20,21,23,26,31,33..36,38..40 45 +V3.38
8,15,17,18,20,23..25,27,33..35,38.40,45.46  +V5S 21,39,45
+V5S  8,15,17,18,20,23..25,27,33..35,38..40 45,46
8,15,17,18,20,23..25,27,33..35,38.40, 4546 +V5S
S Y (S L oo
C583 R5N12 10 RoNB | R5N7 I RSP3 NO STUFF i gpt:g," :t’ il
01 | NO_STUFF_01 il backlight with |
UsB1 IU 1UF Yo | NO_STUFF_0.01 1%, 0011% 1< 1y, I 0V |
34 LVDS_BKLTSELO 1og veclE— = L Ao e | T Moo
7 LVDS_BKLTCTL Eg 21 1n OE2# —;<§ LVDS_BKLTSEL1 34 +V3'3S—LVDSBTKLT *VCC—¥DSBKLT
318 2B s
GND 2A RSNT 0
R5B1 SMB_DATA D
7ACBT3306 Y T <> SMBDATAS eainizte
100K — ‘ J5B1
R5N2 NO_STUFF 0,
T < JLCLKCTLB 6.8
= L __ NoStuff _ _ _ _ | ! 2|
[ 3]
4
5
LVDS_BRIGHTNESS 5
7 LVDS_BKLTEN S > 7
- 6,811,128 SMB_CLK_S Eg RSN\ A0 _SMB CLR D
R5B2 6.7 LCLKCTLA "RENT0 NG_STUFF_{ i
| No Stuff ‘ = INVERTER CONN
100K L )
\
Title LVDS
Size | Project: Document Number Rev
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9 +V1.5S_GMCH_ADAC 15,23,27,37,45  +V12S
T 8,15,16,18,20,23..25,27,33..35,38.40,45,46  +V5S +V5S_F_DAC
,\I ] CeRz | CRT | C6R3
F3A1
o 01UF ] 01UF] 0.1UF N +
CR6D1 > ESD DIODE ARRAY R4A1
| = CR4B1 1K N 1.1A
ZANIDZAN ZANIDZAN 1N4148 onc ot — Q3B1
__ DACRED 1| ] L
gﬁcc: EEEE)EN 1101 os & ) N—}
2 ,
| R o2 - | 4
C3A9
ANIYZAN ZANIZAN 0.1UF R3A10 o0c see o FB3A7
4.7K = 500HM
I = .
c = 8| R3A7 2 R3A6 R
- U3A1 g 22k > 2.2k
DDC_OE1#
R3A9. 100 X 1 loew  voe e— R3A8 100
== 7,24 DAC_DDCACLK <§>—qL lg 05223 —67—/\/\/;| DAC QA DDCADATA
_l_—“— GND 2A —5—| |
= 724 DAC_DDCADATA <B>—— 74CBT3306 =
DAC_QA_DDCACLK
DAC_Q_VSYNC R3/—}</\/\ 39 DAC L VSYNC
DAC_Q_HSYNC R3A2 39 DAC_L_HSYNC
Layout Note: J -
3 Place 75 ohm resistors near connector. : CaA4 | C4A2 | gé”AS 1 g:?Ap? 3
p p
Use 37§ ohm traces from GMCH to 75 | NO_STUFF_3.3pF : 5% 5%
ohm resistors. ! NO_STUFF_3.3pF | [®)
| ‘ X
| — — o
I = = i
,,,,,,,,,,, |
24,25 DOCK_QPCIEN# @
i - C6B1 ! 8
;D_l | | F| CONN,MISC,49P,D-SUB 3-IN-1
| NO_STUFF_3.3pF | MISC,49P,D-SUB,3-IN-
= I DAC_Q_RED , B, DAC_L_RED J2A1C
24
, U6E2 . DAC Q RED 750hm@100MHz | 40 5 e
58 IN  SOURCE1NO — Fhan 10 o456
o)
+ 2 v+ com [Fi4—<ZJDAC_RED 7 DAC| Q GREEN 172 DAC L GREEN a6 1o "o 4
L CoNt 750hm@100MHz 20 |,
0AUF _[L GND SOURCE2NC [F4—{ > ">DOCK RED 25 FBA3 | 23 1°.©
) o)
L L SPDT DAC| Q_BLUE 172 DAC_L_BJLUE 38 o ol s
- - _L_l‘ = ez 750hm@100MHz 2 | 4
| [ R3A1 C3A2 R3A3  [c3A5 R3A5 C3A8  C3A1 C3A4 C3A7 L o
| NO_STUFF_3.3pF | _-— - _-— _-— - -
e ! 75_1% $ 3.3pF 75_1% [.3pF 75.1% | 3.3pF  3.3pF 3.3pF 3.3pF
2 — 2
UeB4 = =
+V5S 11N SOURCE1 No [6—-PAC G BLUE t
T 2 5 = = = =
t v+ coM <XJDAC_BLUE 7 5,6,8,9,11,15,16,18,20,21,23,26,31,33..36,38.40,45  +V3.3S
Y |f_ > 4
0.1UF GND  SOURCE2NC DOCK_BLUE 25 8,15,16,18,20,23..25,27,33..35,38..40,4546  +V5S CoN4
= SPDT U6B6
= 3 24,25 DOCK_QPCIEN# 1 8 Tovr
,,,,,,,,,,, 7| UsHIF 2 D DAC VSYNG Eg > | OEw%  vCC DAC_QPCIEN = =
| C6B2 I 74HC14 — 3 ;¢ OE12$ —7—mﬁ O
| | S>> 13 DAC_QPCIEN DAC_Q_VSYNC | y e L
! NO_STUFF_3.3pF | 24,25 DOCK_QPCIEN# _U >o12 DAC QPCIEN I —4{on 2] DAC_VSYNG 7
e ! o L1 =  SN74LVC2G125
ueB3 o2
DAC_Q_GREEN .36,38.. 3.
+5S 11N SOURCE1NO |- AR E% ~ 5,6,8,9,11,15,16,18,20,21,23,26,31,33..36,38.40,45  +V3.3S
v+ com -5+ ;\C' Uses CoN5
coN3 L<<X"]JDAC_GREEN 7 N 5 1 8 _Lour
T Gavr GND SOURCE2 NG SlI9 . Remt, s ————L>>f DOCK_HSYNC 25 24,25 DOCK_QPCIEN# Eg 5| OEt#  vce DAC QPCIEN Lo
= SFOT DOCK_GREEN 25 o NG STUFF 3.3pF 1 7 DAC_HSYNC 2 ;¢ 05123 _57—ETGCR:CT_H§VN'C
= C782 \ DAC Q HSYNC
- Fo—— < JIDAC_HSYNC 7
e ey o e B N I ‘ l_—“— GND 2A | ,
= =  SN74LVC2G125
{>">DOCK_VSYNC 25
e ‘ | |[NO_STUFF 3.3pF | Tile
I |[C6N6 [
| NO_STUFF_3.3pF ! L ____ I = i DAC (CRT) Connector
| ‘ Size |Project: Document Number Rev
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A B C D E
3.59,19,20,40,42,46 +VCCP 5,6,8,9,11,15..17,20,21,23,26,31,33..36,38..40,45  +V3.3S
U7G2A
—
22.24 PCIAD[31:0] <E>= ¢ ADo e | § SM_INTRUDER# pWe 71 SM INTRUDER# 21,37
e s o
PCI_ADZ Ha | PoAng b 2w eI SMB_CLK R6W19 1.3K
PCIADS K1 pci"AD3 E A SMB_DATA [AB4 — 5%
PCI_AD4 G5 ¥ | 5F 56 FWH_INIT# 31
ST ADE 55 poi_AD4 SMB_ALERT#/GPIO11 SMB_ALERT# 21,37 _|
PCI_AD6 14 | PCILADS P oo H_A20GATE 36
PCI_AD6 CPU_A20GATE
PCI_ AD7 15 ! | = AR23 CPU_A20M# R6W21 0
PCI ADS o | PCI_AD7 CPU_A20M# CPU DPSLPR REH16 0 i:% H_A20M# 3
5 PCI_AD8 ICH4-M CPU_DPSLP# PY23— omrrery { H_DPSLP# 3,7,37
CLAD9 G2 pcI_ADY ! CPU_FERR# DAAZ1 n RE 56 {1 H_FERR# 3
PCI_AD10 11 — | — W21 CPU_IGNNE# R6W16 0 T HOIGNNE# 3
PCI_AD11 G4_| PCLAD10 PART A! CPU_IGNNE# O\ 77 CPU_INITE L 2> > Hl 611 HINITE D &
PCl AD12 Lo | PCLAD11 | CPU_INIT# 9 2o CPU_INTR R6W17 0 HINTR 337 3
BT ADTS ;| PCI_AD12 . CPU_INTR [-£532 TPU_NMT R6H14 0 HNMI 337
PCLADT4 L3 | PClLAD13 S CPU_NMI 24 CPU_PWRGOOD R6W20 0 _ :
FCTADTE L3 pCIAD14 ‘ CPU_PWRGOOD |23 H_PWRGD 337 | poi 0 —
PCI_AD15 2 CPU_RCIN# <] HRCIN# 3237 ——2AAANA—— > >HINIT# 337 =
FCTADT6 r _ 1 | Lol CPU_SLPH R6W14 0 HOPUSLPE 3137
PCIAD17 N1 | BS-AD1e ! PRy CPU_SMIZ RGH12 0 HoPLSLPR 3 +V155_ICHHUB 20
PCI_AD18 E5 — ! 3 V23 B REWT5 0 H_STPCLK# 3,37
FCTADTO £5 pci_AD18 | CPU_STPCLK# | I~ — K :
PCI_AD20 E3 PCI_AD19 I 119 HUB _PDO HUB_PD[10:0] 8, Layout Note: R6H12 will
PCIAD2T_ Na | PS-AD20 : HUB Po1 [ 120 —FUB PD1 | meris o STUEE,
PCI_AD22 2 _ | M19 __HUB PD2 R6HT3 STUFF,0
PCI_AD23 M5 | PO-ab22 | HUB-PD2 Cypt—HUB PDS T 7\7/}”707 K] Psmie 46 REW10
5 _ | HUB P p
PO AD24 E2 ] pci AD24 [ HUB PD4 [B19HUB FD4 TVASSICHHUB 20 2 LB VREFICH 46 487_1%
CLADZ5 Pl pCi"AD25 ! HUB_PDs [-R18—HUB FDS _—— — o
L E1 pci_AD26 ! HUB_PD6 |—L20—HUB FD6
PCl AD27 P2 PCI AD27 | HUB PD7 R20 HUB PD7 PLACE RCOMP resistor within
38 2353 D3 | pGI AD28 | HUB PDS |-B23 3 zgg 0.5" of ICH pad using a 10 mil R6H3 . REWS
R1 — Q= - 122 AyUb i i
5CTADSD bz | POI-AD29 - ge HUB_PDS [R5 —i8po10 ‘ trace w/ 20 mil spacing 487 1% !lIE cows
PCI_AD31 pa| bSR3 I/F | HuE-Eo19 HUB PDTT__R6K1. A56 RCOMP R should be 2/3 0.01U OAUF
_ : HUB_CLK _-[21_@ CLK_ICHB6 6 —= board impedance — = 050 1%
22.24 PCI_C/BEO# PCI_C/BEO# | \o0 = | = = _f1s0_
22.24 PCI_C/BE1# PCI_C/BE1# | Hus_PsTRB# PH20 % HUB_PSTRB# 8,10 -
22.24 PCI_C/BE2# PCI_C/BE2# | HUB_PSTRE B2l —mm—roompTon HUB_PSTRB 8,10
22.24 PCI_C/BE3# PCI_C/BE3# [ HUB_RCOMP [~ /52—HUB _VREF_ICH TUB_VREF and HUB_VSWING
TP_GNTO# o1 | HUB_VREF Ro» __HUB_VSWING ICH +V1.56S_ICHHUB 20 circuits for internal
PCI_GNTO# | HUB_VSWING : ;
22 PCI_GNT1# —E6d PCI_GNT1# === INT APICCLK testing need 10 mil traces
22 PCI_GNT2# —-ALg PCI_GNT2# [ INT_APICCLK [P e s —— REWA2 w/ 20 mil spacing
23 PCI_GNT3# ———BZd pcI_GNT3# | INT_APICD0 |-H18—rr=rpres—— 1301%
24 PCI_GNT4# ——2D6d pci_GNT4# [ INT_APICD1 (2 = -
8, INT_PIRQA# INT_PIRQA# 1521,23,24
21 PCI_REQO# PCI_REQO# 13 INT_PIRQB# 02 INT_PIRQB# 1521.23,24
2122 PCI_REQ1# PCI_REQ1# g INT_PIRQC# PB4 INT_PIRQC# 21,2324
2122 PCI_REQ2# PCI_REQ2# R INT_PIRQD# PR —rrpreerr 57 5 INT_PIRQD# 21.23,24
21,23 PCI_REQ3# PCI_REQ3# I~ INT_PIRQE#/GPI02 PS8 —r=srarr b—R7rio o INT_PIRQE# 21.23 REW13
21,24 PCI_REQ4# PCI_REQ4# ‘ INT_PIRQF#/GPIO3 02 I —RTPIROGE D R7F3 0 INT_PIRQF# 21..23 -
| INT'PIRQG#/GPIO4 PE—Rr—prorr b—R7es 5 INT_PIRQG# 21.23 OUF 150 1%
6 CLK_ICHPCI PCI_CLK | INT_PIRQH#/GPIO5 INT_PIRQH# 21..23,37 -
21.24 PCI_DEVSEL# PCI_DEVSEL# | INT_IRQ14 INT_IRQ14 21,26,37 V33 ICHLAN 20
21.24 PCI_FRAME# PCI_FRAME# ‘ INT_IRQ15 INT_IRQ15 21.26,37 e — — —
22,23 PCI_REQA# PCI_GPIO0/REQA# | INT_SERIRQ INT_SERIRQ 22..24,32,34.37 704 ) : °
24 PCI_REQB# PCI_GPIO1/REQB_L/REQ5# |~~~ =~~~ -~ — EEP CS
192223 PCLGNTA PCI_GPIO16/GNTA# Iz EEP_Cs 210 e 1 cs vec (-2 _] crer
24 PCI_GNTB; PCI_GPIO17/GNTB_L/GNT5# 1% EEP_DIN — SK  DC
_ | | 0.1UF
21.24 POLIRDY PCLIROYS B eepoour 8 om0 o[-~ L HUB INTERFACE VSWING VOLTAGE
22.24 PCI_PAR PCI_PAR I EEP_SHCLK — DO GND =
21.23 PCI_PERR# [ s gl | 1 HUB INTERFACE LAYOUT:
X PCI_PERR# ATBBSC153  —
21.24 PCI_LOCK# PCI_LOCK# ! LAN_RXDO LAN_RXDO 30 - Route signals with 4/8 trace/space routing. Signals
15,22,23,37 PCI_PME# PCI_PME# ! LAN_RXD1 LAN_RXD1 30 N must match +/- 0.1" of HUB_STB/STB# signals
PCI_RST# [ LAN_RXD2 LAN_RXD2 30 EEPROM for |CHA-M LAN =
21.24 PCI_SERR# PCI_SERR# | LAN_TXDO LAN_TXDO 30 (Amel AT93C66-10PC-2.7) 8,15.17,20,23.25,27,33.35,38.40 45,46 +V5S
21.24 PCI_STOP# PCI_STOP# s LAN_TXD1 LAN_TXD1 30 b———>>> EEP_DOUT 19 219:-17,29,£9..23,21,55.-99,39.-40,49,
21.24 PCI_TRDY# PCI_TRDY# e LAN_TXD2 LAN_TXD2 30 x " :
| LAN_JCLK LN JCLK 30 o lckag ot he St oo
‘ LAN_RSTSYNC LAN_RST 30 o C6F3 29
LAN_RST# PM_LANPWROK 30,32 = devices powered on the
| 3 U6G1 ’ X
ICHAM - 0.1UF switched rail.
P14 op1s  vee
Rov1 21,2446 SMB_CLK : 2 1a - op2# [T
6,8,11,12,16 SMB_CLK_S 1B 28 SMB_DATA_S 6,8,11,12,16
7,8,10,15,33 PCI_RST# [ > > GND 2A (2 : SMB_DATA 21..24,46
V3.3 15,19,20,23,27)30,32,35,37,38,44,45 10K __INT_APICCLK R6G4 74CBT3306 <
TNT_APICDO = R6G2 b
| TNT APICDT 100 o)
! C8G2 = 100 o 1
J usct R6WS5 = 3
T o1ur 0 L
= 1
2p..24,26,31,32,34,37 BUF_PCI_RST# Title
raanC1G0g 2 ICH4-M (1 of 3)
! L Size [Project: Document Number Rev
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V33 15.18,20.23,27.30,32.35,37,38.44 45
U7G2B
| w GPIO7 _ R7J2 0
R3
4; éﬁpgeggg# PM_AGPBUSY#/GPIO6 | GPI0_7 3 —rmr—Renws 0 ICH_GPIO7 37
c2611 1 g 5 PMLSYSRS PM_SYSRST# Zw | GPI0_8 AT 0 SMC_EXTSMI# 32,34,36,37
3637 Pm,gngs.Tﬂi PM_BATLOW# Fe g GPI0_12 -8 —RawT 0 SMC_RUNTIME_SCI# 32,36,37
Tour U261 C3_ PM_C3_STAT#/GPI021 &8 1% orio1s S e —rrys 0 SMC_WAKE_SCi# 32,3637
= 9 21..24,32,3;;3379 EM’SEEEE%R PM_CLKRUN#/GPIO24 & IES  GPIO25 255 Rord 0 AUDIO_PWRDN ~ 27
SLP S1# D : | PM_DPRSLPVR T 158  GPIO_27 ICH_MFG_MODE 37
— 32,37 PM_PWRBTN# PM_PWRBTN# T GPIo_28 (-4 —
6,37,3845 PM_SLP_S1# 7aAHG1GOd PM SLP S3# 21,25,3;21,3375,3;; Em_mROK PM_PWROK Tt Leh 1 CRE_DETE
F—— 35, | PM_RI# IDE_PDCS1# Y —— IDE_PDCS1# 26
4 R6HI1 213237 PM_RSMRST# AR PM_RSMRST# | IDE_PDCs3# pAB14A IDE_PDCS3# 26
7| +v3.3s_IcH pm_stp_st#icriotls  |CH4-=M |  1pE_spcsi pAB2l— IDE_SDCS1# 26
= O 03737384445 P SLPS4# g s s | IDEsposs pASE— E.Sposs =6
mm—— - = 32,37,38,44, R PM_SLP_S4#
| - - !
EG/V\Z,\ NO_STUFF_1K AC_SPKR 37,38 PM_SLP_S5# —AAZ p\"SLP S5# PARTB | IDE_PDAO |-AA13 IDE_PDAO 26
‘ ‘ 6,37,39 PM_STPCPU# W19 py_STPCPU#/GPIO20 | IDE_PDA1 [AB13 IDE_PDA1 26
‘ 6,37 PM_STPPCI# ——X21q PM_STPPCI#/GPIO18 ‘ IDE_PDA2 [H13 IDE_PDA2 26
7V7 NO_STUFF_10K, AC_SDATAOUT 33,37 SUS_CLK PM_SUS_CLK ‘ IDE_SDAQ [-AA20 IDE_SDAO 26
‘ - 32,3437 PM_SUS_STAT# —AB3d p\_SUS_STAT#LPCPD# | IDE_SDA1 [FAG20 IDE_SDA1 26
[R7V8 NO_STUFF_1K | bol aNTAE 182225 5,21,32,37 PM_THRM# PM_THRM# | IDE_SDA2 [-AC21 IDE_SDA2 26
: << I 22, - - — - — - — 5 — 33 >IDE_PDD|15:0] 26
JR7V9 NO_STUFF_1K | 37 PM_GMUXSEL PM_GMUXSEL/GPIO23 oo IDE_PDDo [-AB11 — |
‘ < <] EEP_DOUT 18 37 PM_CPUPERF# PM_CPUPERF#/GPI022 g IDE_pDD1 [FAEH 553
B 37,39 DELAYED_VR_PWRGD |
= - | PM_VGATEVRMPWRGD ‘ IDE_PDD2 7500 DD3 51520.23,27.49,32,36.39,45  +V3.3ALWAYS
5,15,20..23,27..29,32,36..39,45 27 ACBITOLK  [5> B8 | IDE_PDD3 =7 DD4
ICH4M Str. otions +V33ALWAYS 37 ACBITC ! Ciad AS-BITCLK ac'97 | IDEPDD4 I~h DD5 R8J17
Function Board Default | Optional Override 27 AC_SDATAINO d D13 S 1/F | IDE_PDDS Pvg DD6
27 AC_SDATAINO D13 AcTSDATAINO = IDE_PDD6 |—(&- 57
Rov?2 | No Reboot NO STUFF | STUFF for No Reboot 5y ACSPATAIN R13 | AC-SDATAINI ;7 IBE_PDD7 17 5o DD8
BG4 27 AC_SDATAOUT } Da | AC-SDATAN | IDE_PDD8 [Mvg DDY
R7V7 |Safe Mode Boot  |NO STUFF | STUFF for safe mod - ACSYNC D g | AC_SDATAOUT IDE_PDD9 DD10
_ ST rso e !l ERC S S my v onr R b | IDEPoDo (A3 5D
3 R7V A16 swap override |NO STUFF  § or A16 swap override 0.1UF 31.34,37 LPC_ADO LPC_ADO - : |DE PDD12 3152100 gg 2 s
Reserved 31..34,37 LPC_AD1 LPC_AD1 IDE PDD13
R7VS NO STUFF | STUFF = 31,3437 LPC_AD2 LPC AD2 /F " DET W11 DD14
UsG?2 = | DE_PDD14 BT
31.34,37 LPC_AD3 LPC_AD3 | IDE_PDD15 M1 s
37 LPC_DRQHO b 4AAHC1GO8 ICH DRQ#0 U3d | pc DRQO# ‘ - oo A=<E> IDE_SDD[15:0] 26
— 37 LPC_DRQ# %ﬁ LPC_DRQ1# | IDE_SDDO [FAAZ -
5.15,20.23,27.26,32.36..39.45 34 SIO_DRQ#0 [ >—2- 31.34,37 LPC_FRAME# LPC_FRAME# | IDE_SDD1 [-AB1Z SRfB/SIV Detect
waaaays e e e e g [T | IDE_SDD2 [ efault: 2-3 for CRB
%g ng,ssg USB_PPO | IDE_SDD3 [-AC16
. . 2021 +V RTC | USB_PP1 | IDE_SDD4
CR2G RTC Circuitry - = 28 USB_PP2 USB_PP2 ! IDE_SDD5 |-AB1S
4 - gg ng_ggi USB_PP3 [ IDE_SDD6 [—414- "
| USB_PP4 [ IDE_SDD7
BATES c7Y2 1B-USEPRS AT 45" pps ! IDE_SDD8 [—4
28 USB_PNO USB_PNO# ! IDE_SDD9 [FAC1S
1UF 28 Uss PNt USB_PN1# ! IDE_SDD10 [AA18 -
- 2 USB_PN2# IDE_SDD11
ICMOS Settings  J2J3 == 29 USB_PN3 USB_PN3# usa I |DE SDD12 |FAB16 2
Clear CMOS SHUNT| RTC RSTH# 29  USB_PN4 USB_PN4# : IDE_sDD13 [F18 v
Keep CMOS OPEN — Ieuse PNt —— BI7d yse_PNs# E | IDE_SDD14 |FAA1Z =
delay . IDE_sDD15 AL >
CRoF1 18-25ms 28 USB_OCO# USB_OCO# | N
1 3 R2J5, 180 RTC_RST# 28 UsB_OC1# USB_OC1# | IDE_PDDACK# IDE_PDDACK# 26
K I -
2 Layout: Route 28 USB_OC2# USB_OC2# | IDE_SDDACK# IDE_SDDACK# 26
N yout: 29 USB_OC3# USB_OC3# | IDE_PDDREQ IDE_PDDREQ 26 2
V_RTCBATT D USB_RBIAS/RBIAS#29  USB_OC4# USB_OC4# | IDE_SDDREQ IDE_SDDREQ 26
C2J2 Differentially USB_OC5# USB_OC5# | IDE_PDIOR# [PAG12 IDE_PDIOR# 26
J203 USB RBIAS A3 | IDE_SDIOR# PY1&—— IDE_SDIOR# 26
R2F10 0AUF £251 use_ReIAS | IDE_PDIoW# P12 IDE_PDIOW# 26
1K USB_RBIAS# | IDE_spiow# PAALE IDE_SDIOW# 26
REWT QGPIO32 g[S | IDE_PIORDY IDE_PIORDY 26
L orr ReGa 37 AGP_SUSPEND# REVA o CPIO% GPI032 . | IDE_SIORDY IDE_SIORDY 26
= 33 KSC_VPPEN# — G22 -
E 0.047UF 35 SEREN R8W9 0 GPIO34  poq | GPIO33 CT T T o] 3.5,9,18,20,40,42,46 +VCCP
2 = = 31,37 FWH_WPH# RO 0 CFO% G20 | Gpioss ! Crkcas ﬁ:g CLKIGHdB 6
2 ’ - REW3 0 GPIO36  £p1 v CLK 48 CLKIICH48 6  RTC RST#
e 226)1% 3121 ::CVIV-iHI_:ZBBL’; . R7F 0 GRS tan | GPIO36 13 RTCRST# DYWL =TT R6H4 -
_FAB_REVO R6F 5 GPIO33 GPI037 S CLK_RTCX1 =
- 21 ICH_FAB_REV1 6F26 0 E23 Is ACE RTC_X2 56
_FAB_ REF 5 GPIO38 CLK_RTCX2 -
21 ICH_FAB_REV2 R6F27 0 GPIO39  H22 | °p 539 [ Y6 RTC_VBIAS
26,37 IDE_PATADET R6JS 0 GPIO40 _G23 L GKVBIAS
R7v1 —L 26,37 IDE_SATADET REWE (0 CPTOAT 121 ohoa ]
T1H1 10M = s POINOGO R6W. 0 GPIO4Z __poy | GPIO41 19
atiery_Holder N R A AN —CPTOT3 55| GPIO42 5 SPKR [FHZE—{ 5> ACSPKR 27pgc 56 PM_THRMTRIP# 3
TP_GPIO43 D GPIO43 /= THRMTRIP# BN
4915204546 +V158 \CHAM
| RTC_RST#
= [ A
1 C7Y1 10pF RTC_X1 1
RTC X2
Y7o
32.768KHZ [ R7 PM_SUS_CLK 15,37
p— 10M Title
Value for C7Y1, C7J4 depehds on Xtal
D ICH4-M (2 of 3)
I SUS_CLK 1 Size |Project: Document Number Rev
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w

+V1.5ALWAYS
R8J7

+V1.5A_ICH

5,6,8,9,11,15..18,21,23,26,31,33..36,38..40,45

~ — U7G2C 19,21,22,24,37 +V3.35_ICH +V3.38
0.01_1% 6G1 _[cTwe _[CTWAS Wig £12 [\ cosusts o VoCs3 o | 45 -
louF pAuF  pauf | EJa| VeCsust.5 1 VCC3.3 1 & |
No_STUFF 0.1UF E20 veesust s 2 vees.s 2 (e c
15 +V1.5 I _No Stuff! Gig | VGCSUSTS 3 S T [(_:7J3 [(_:7J2 E7W2 E7W5 E7W10 E7W13 E7W17 E7W9 0.01_1%
R7G4 +V1.5_ICHLAN — ! ‘ 18 vocsust5 4 veeas 4 i
s VCCSUS1.5_5 VCC3.3 5 ‘ |; UE F N
T8 | VCCsuST 56 VoGo 376 [ KA 2UF  R2UF F.1UF F.1UF F.1UF F.1UF F.1UF |5.1UF
0.01_1% _{c8G1 E7w7 [97W8 VCCSUst.5 7 Voot Cea
E6 o | P12 =
VCCLAN1.5_0 VCC3.3.9 -
2UF D-1UF 0.1UF B2 | yciant s 1 vees s o UL
VCC3.3_11
V33 151810.23.273032,36.373844.45 T o vas CHLAN E2 | yeoLaNs3 0 veCa 31z N8
R7G5 = = LE9 | yGciaNs 3 1 VCC3.3_13
AC8
VCC3.3_14
AC17]
y VCC5REF £7 VCC3.3_15
0.01 1% 767 lcTwa C7va3 7G6 T vg | VCCSREFT ICH4-M K10 +V1.58 ICH +V158  4,9,15,19,45.46
VCCSREF2 " DowER VEC15.0 M0
2UF  0.1UF pAUF  W7UF VeC15 1 Tk T R7V4
+V5A_ICH 15 veet s 2 (8
VCC5REFSUS1 veet 53 (22 .c705  lo7es W11 W20 0.01_1%
= 4915194546  +V1.58 18 +V1.5S_ICHHUB vCC15 4 mre 100uF
R6G5 L3 veets 5 i 2UF AUF AUF
231 VoCHI 0 Veet 56 (1
‘ VCCHI_1 VCC1.5_7
B8 | yoeHi2 =
0.01_1% 6H1  [cTw14  CTwi2 FoY) - = +V.RTC 1921
VCCHI_3 T
VCCRTC [HABS
2UF  DAUF P.IUF )
3.5,9,18,19,40,42,46 +VCCP T C7J1
0.1UF
4.9,15,194546  +V1.58 L 22 | yeopiL voosus3s o [ELL L 5.15,19.21.23.27.29.32.36.39.45
VOCSUSS.S 1 g +V3.3ALWAYS_ICH 21,37
VCCSUS3.3 2 R7G1
0 R7V5 \VCCPLL P14 E16
VCC_CPU_I0_0 VCCSUS3.3 3
E7V2 E7V1 U18 E18
[fext Line Represents Short For power measurement, cutl AA23 VCC CPU IO 1 VCCSUS3.3 4 K14
F-1UF F-m UF _ Lo _____ VCCP plane & populate R6H VeC_cPU_Io 2 xgggggggfg V7 7G4 7V4 7W21 TW4 0.01_1%
| | [ o V8
! ‘ veesusss 7 g ’l;z —F —FUF —IO_wF
= | R6HS | W16 CTW22 V‘égggggg—g F17
NO_STUFF_0.01_1% 3
ST 1UF AUF [CHA-M = 15 +V15 15 V15
21.23,27,36,37,4445  +V5
1921222437 +V3.3S_ICH
8,15..18,23..25,27,33.35,38.40,45,46  +V55 =
: R8J2 UBH3
5,15,19,21..23,27..29,32,36.39,45  +V3.3ALWAYS +V1.5ALWAYS SI3442DY
R8G5 CR8G1 " 5,15,19,21..23,27..29,32,36..39,45  +V3.3ALWAYS 10K 5
1K ! BAT54 5 ¢ 4
CR7G2 UsH2 > ¥ [
212829 +V5_ALWAYS BAT54 1 T ls I
B VCC5REF. ou °
+V5A_ICH 2| oo R8J9 R8J11 c8J2
W1 7W19 b c8J oK -4 POK 10K 10K 10UF
RTV3 7G2  [C7G3 a| son
1UF AUF 10U SHDN#
JUF 1UF L MAX8888 =
= = = - C8H1 0. 1UF 5 3
R8J4 3| *
5,15,19,21..23,27..29,32,36..39,45  +V3.3ALWAYS 10UF c8J3 P 3
20k_1% N 0
a4 J999g 944NN 9N 979 4999y 97 199 J9ING 4N, 1 @ 7
ISR EEE=TEi= IR 5 b har R = =B B P R pepp= b PR PYRYIN PN FE R b Pl fa S RS pS EE-EE N b = = = = =
ANNFDONDDO=NNITNONDDO-NNTDONODOCNNTNONDDO— NN LTDONDODO = uU7G2D = (,.
LUV OOOOOOWOOOONNNNNNNNNNODOOOMOVVOVODODOIDDODIDDO OO OO
BB BB BB DB BBBDBBBDBBBBDBDBBDDBBDDBBBDDBDBDDBBBDHBBDD ICH4-M
R8J8 R8J10
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(gg> 1K 1K |_ Q8J3
1 "_} BSS138
o —
= POK_DQ Q8J2
: 39 V1.5 PWRGD << } — —
< © b BSS138 o
I > CR8J1
T 3904
— N
Oramtnornoo P RPEEERe Il ERN R BNl RRITIRIRETR2IR, = PM_SLP_S4# 19,32,37,38,44,45
NNNNNNDNNDNNNNDNNNDNNNNDNNDNNNNDNNNNNNDNNVNNDNNNDNVNDNDNNNDNDNNNDNDNDNDNDNDNDNDNDNDNNDNWNN
DDDDNDDDNDDNDDDNDDDNDNDNDDDNDDDNDDNDDDNDDDNDDNDDDNDDDNDDNDDDNDDDNDNDNDNDY
>>>>>>>>>“_>>>r_>>>>v>>«_>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> T|t|e
o g SN N bR 15 N N Qg g uNO ™ NN NI g < N
zgz%w:‘(é:‘(:‘zft33&&2‘;2&%aa%mecaceaaasaaaaaaamWmmw ICH4-M (3 of 3)
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ICH4 Pullups

19,35,37 PM_RI#
18,37 SMB_ALERT#

18,22..24
18,22..24
18,22..24
18,22..24

PCI_FRAME#
PCI_IRDY#
PCI_TRDY#
PCI_STOP#
18,22.24 PCI_SERR#
18,22.24 PCI_DEVSEL#
18,22,23 PCI_PERR#
18,22.24 PCI_LOCK#
18  PCI_REQO#
18,22 PCI_REQ1#
18,22
18,23
18,24

PCI_REQ2#
PCI_REQ3#
PCI_REQ4#
18,26,37 INT_IRQ14
18,26,37 INT_IRQ15
15,18,23,24 INT_PIRQA#
15,18,23,24 INT_PIRQB#
18,23,24 INT_PIRQCH
18,23,24 INT_PIRQD#
18,22,23 INT_PIRQE#
18,22,23 INT_PIRQF#
18,22,23 INT_PIRQG#
18,22,23,37 INT_PIRQH#
2223 PCI _ACK64#
b,22..24,32,34,37" PM_CTKRUN#

18,37 SM_INTRUDER#
5,19,32,37 PM_THRM#

19,25,32,37,39 PM_PWROK
19,32,37 PM_RSMRST#

B

18,22.24,46 SMB_CLK <Z>
18,22.24,46 SMB_DATA <Z>

20,37 +V3.3ALWAYS_ICH

B2

22,23 PCI_REQ64# < <

5>

5>

RP8H6C 3 6 10K
RP8H7B » 7 10K
19,20,22,24,37 +V3.3S_ICH
P8H2D4 A A A 5 82
P8H3C 3 6 8.2
P8H2C 3 6 8.2
P8H2B 2 " ‘A 7 8.2
P8H2A 1 A A8 82
P8H3A 1 g 8.2
P8H3D 4 5 8.2
P8H3B 2 A~ 7 82
P8H1C 3 6 8.2l
P8G3C 3 6 8.2
P8G2A 1 8 8.2
P8HTB 2 A 7 8.2
P8H1D 4 5 8.2
P7J1D 4 5 8.2
P7J1A g 8.2
AL S
7 8.2
5 8.2
A8 8.2
6 8.2K
.2K
2K
[o]
[o]
[o]
19,20 +V_RTC
R2J4 100K
5,6,8,9,11,15..18,20,23,26,31,33..36,38..40,45  +V3.3S
RSHZW 8.2K
R8H 100K
AL S|
1L

20,37 +V3.3ALWAYS_ICH

R8J1 2.2k

R8J3 2.2k

+V5  20,22,23,27,36,37,44,45
+V3.3ALWAYS  5,15,19,20,22,23,27..29,32,36..39,45
R4N1  *VDC 16,3945 +V5_ALWAYS Generation
100K_1%
Vout=0.8(1+Rtop/Rbot)
out=0.8(1+Rtop/Rbo
39 vsa_PwRrGD <1 I Vout=0.8(1+(3.92k/750))= 4.98V
; A IMAX OUT = 50mV / 10mohms = 5A
o 1§ R4P1 I L -
, Place these caps | vact d | < NO_STUFF_680K |
I near U4C1 ! e :
Lo ! &) [a) Q4C1A Layout:
V5A_COSC 1 cosc S 8 TG |8 V5A_TG 2 S14966DY CR4B2 needs to be placed
% g cacs close to U4Cl & Q4C1
RUN_SS V5A_BOOST
= 2| RUN/SS BoosT H18 = |I o :\_/57A2LOV\12,§Y289
c4c10 cac11 0.47uF L4B1 R4C1
47pF 3300pF 3 14 V5A_SW _ L~ 2
ITH sw N 4.7uH 0X1™%
CR4C1
V5A_ITH
. 81 senD VN 12 MBRO520LT1 3 O
R4C6 %7 Q4C1B o
D V5A_INTVCC T
37.4k_1% 7| yosense INTVGG 112 y S14966DY 2‘
C4C12 — i CR4B2  ©
o =/ 5 1 V5A BG 4 B320A
- 47pF SENSE- BG ] —
E| C4P3 c4cs C4P1 o
< o et - - R4C4 R4C5
by SENSE+ PGND :l_ml: T10UF T0.1UF 1 10_1% 10_1%
cact [TC1735-1 °
cac13=—
330pF 47pF
V5A_SENSE+
—LCACQ R4C3
N 1000PF V5A_SENSE- 3.92k_1%
TOP
V5A_VOSENSE
R4C2
750_1%
BOTTOM
FAB REVISION
19,20,22,24,37 +V3.3S ICH +V5  20,22,23,27,36,37,44,45 +VDC  16,39,45 +V5_ALWAYS
20,28,29
oo 7 C4c4 C4P2 C4B8 C4Ce
‘ R6F20 I R6F19 R7F8 100pF c4ac3
| NO_STUFF_10K ! 10K 10K 0.1UF 10% 22UF 150UF 0.1UF
19 ICH_FAB_REVO = = =
19 ICH_FAB_REV1
19 ICH_FAB_REV2 —
rT T T T T T T " | |
R6F24 : R6F23 | : R7F5 | Please place Please place Please place
10K 2 NOSTURF_1OK 2 | { NOSTUFF_TOK c4cd near C4P2 and c4c3 and
s e N U4Cl Pin 9 C4B8 near C4C6 near
Q4C1A. R4C1
R4C7 0
GND_V5A

FAB ID Strapping Table

1

ICH_FAB REV =
2 1 0 |BOARD FAB
0 0 0 1
0 0 1 2
0 1 0 3
0 : : H Title :
! 0 0 2 ICH4-M Pullups and Testpoints
1 1 0 7 Size |Project: Document Number Rev
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23 +V12S_PCl 2345 -V12S
2345 V128 +V12S_PCI 23
+V33ALWAYS  5,15,19.21,23,27..29,32,36..39,45
23 +V5S_PCI 23 +V5_PCI +V33ALWAYS  5,15,19.21,23,27..29,32,36..39,45
+V5S_PCI 23
T - 5
23 +V3.3S_PCl Iy TRSTH# AL 23 +V5S_PCI oy TRST# A1 +V5S_PCI 23
+V5_PCI B2 TCK 12V A2 +V3.3S_PCI 23 B2 TCK 12V A2
B3 GND1 ™S ﬁi 23  +V3.38_PCI B3 GNDA ™S _% +V3.3S_PCI
52 Too DI [-42 o TDO DI 42 4
18,21,23 INT_PIRQG# +5V (1) +5V (7) 18,21,23 INT_PIRQF# +5V (1) +5V (7)
18,21,23 INT_PIRQE# B6 { ,5v (2) INTA# |FAE INT_PIRQF# 18,21,23 18,21,23,37 INT_PIRQH# B6 | 15y (2) INTA# |-A8 INT_PIRQG# 18,21,23
BZ ) \NTB# INTC# [FAL INT_PIRQH# 18,21,23,37 B | \NTB# INTC# [-AL INT_PIRQE# 18,21,23
B8 A8 - B8 A8 -
C7B10 | [0.01UF _SLT1 PRSNTT# Ro | INTD# +5V (8) Mg |CaN1 SLT2 PRSNTIE g | INTD# +5V (8) [Fhs
- = oa PRSNT1# Rsv3 A3 <> PM_CLKRUN# 19,21,23,24,32,34,37 ’—h B2 PRSNT1# RsV3 A% <> PM_CLKRUN# 19,21,23,24,32,34,37
RSV1 +5V (9) L RSV1 +5V (9)
C7C1 | [0.01UF SLT1 PRSNT2# B11 | proNT2# Rsv4 [-ALL <] PCI_GATED_RST# 23,32,37 001UF _ ||CBC1 SLTZ PRENTA# B11 | proNT2# Rsv4 |FALL <] PCI_GATED_RST# 23,32,37
== B12 | GND2 GND14 [FA12 - B12 | GND2 GND14 812
= B13 A13 = 0.01UF B13 A13
5131 enos GND15 [-A13 5131 enos GND15 |13
18,23,24,32,34,37 INT_SERIRQ <Z> e | RSV2 RSV5 (s 18,23,24,32,34,37 INT_SERIRQ <> Bie | RSV2 RSV5 e 18,23,24,26,31,32,34,37
12 GND4 RST# (812 <1 BUF_PCI_RST# 18,23,24,26,31,32,34,37 12 GND4 RST# [0 << ] BUF_PCI_RST# |
6 CLK_PCI_SLOT1 [> > 5 CLK +5V (10) (=72 6 CLK_PCI_SLOT2 [> > B1o| CLK +5V (10) 47>
Bin ] GND5 GNT# [ <] PCIGNT1# 18 Bt GND5 GNT# L <] PCI_GNT2# 18
18,21 PCI_REQ1# <<} REQ# GND16 18,21 PCI_REQ2# <<} REQ# GND16
B19 | 15y (3) PME# [-A12 PCI_PME# 15,18,23,37 B19 | 15y (3) PME# [FA12 PCI_PME# 15,18,23,37
18,2324 PCI_AD31 B20 | Ap31 AD30 [FA20 PCI_AD30 18,23,24 18,2324 PCI_AD31 B20 | Ap31 AD30 FA20 PCI_AD30 18,23,24
18,2324 PCI_AD29 B21 1 Ap2g +3.3V (7) [FA2L 18,2324 PCI_AD29 B21 1 Ap2g +3.3V (7) A2
B22 | GND6 AD28 |-A22 PCI_AD28 18,2324 B22 | GND6 AD28 [-A22 PCI_AD28 18,2324
18,23,24 PCI_AD27 B23 | Ap27 AD26 [FA23 PCI_AD26 18,2324 18,23,24 PCI_AD27 B23 | Ap27 AD26 [-A23 PCI_AD26 18,2324
18,23,24 PCI_AD25 824 AD25 GND17 (A2 18.23.24 PCI_AD25 824 AD25 GND17 |42
251 433v (1) AD24 HAZ e ——<32>  PCLAD24 18,23,24 B251433v (1) AD24 (A28 b <> PCI_AD24 18,2324
18,23,24 PCI_C/BE3# CIBE3# IDSEL = 0 PCI_AD16 1823,24 18,2324 PCl_C/BE3# CIBE3# IDSEL 50 PCI_AD17 18,23,24
18,23,24 PCI_AD23 B27 { ap3 +3.3V (8) [FA2L 7CsH 18,23.24 PCI_AD23 B27 | xpo3 133V (8) A2 8C1 s
B28 | 5Nps AD22 |-A28 PCI_AD22 18,23,24 B28 | 5Nps AD22 |-A28 PCI_AD22 18,23,24
18,23,24 PCI_AD21 B29 | \po1 AD20 [FA22 PCI_AD20 18,23,24 18,23,24 PCI_AD21 B29 | \po1 AD20 [FA22 PCI_AD20 18,23,24
18.23.24 PCI_AD19 B30 | Ap19 GND18 [-A30 18.23.24 PCI_AD19 B30 | Ap19 GND18 [-A30
B3 33V (2) AD18 |-A31 PCI_AD18 18,2324 B3] .33V (2) AD18 |-A31 PCI_AD18 18,2324
18,23,24 PCI_AD17 % g:g AD17 AD16 ﬁzi PCI_AD16 18,23,24 18,23,24 PCI_AD17 % g:i AD17 AD16 :g PCI_AD16 18,23,24
18,23,24 PCI_C/BE2# B33 cEay  +33v(9) A3 18,23,24 PCI_C/BE2# B33 cmE2e  +33v (o) AL
GND9 FRAME# <Z> PCI_FRAME# 18,21,23,24 GND9 FRAME# <Z> PCI_FRAME# 18,21,23,24
18,21,2324 PCIIRDY# <> B35 | |Rrpy# GND19 [-A3S8 18,21,2324 PCIIRDY# <> B35 | |rpy# GND19 [-A35
g:{; +33V (3)  TRDY# 438 <> PCI_TRDY# 18,21,23,24 gzg— +33V (3)  TRDY# 438 <> PCI_TRDY# 18,21,23,24
18,21,23,24 PCI_DEVSEL# <Z> DEVSEL#  GND20 18,21,23,24 PCI_DEVSEL#ZZ> DEVSEL#  GND20
-—*5333— GND10 STOp# |-A38 <> PCI_STOP# 18,21,23,24 ;33— GND10 STOP# —ﬁgg <> PCI_STOP# 18,21,23,24
18,21,23,24 PCI_LOCK# % B39 Locke  +3.3v (10) A3 18,21,23,24 PCI_LOCK# % B39 Locke  +3.3v (10) 432 N
18,21,23 PCI_PERR# 220 PERR# SDONE 448 %’ SMB_CLK 18,21,23,24,46 18,21,23 PCI_PERR# 220 PERR# SDONE -2 %’ SMB_CLK 18,21,23,24,46
S w33V (4) sgo# 441 SMB_DATA 18,21,23,24,46 S +33v (4) so# 44l SMB_DATA 18,21,23,24,46
18,21,23,24 PCI_SERR# <> SERR# GND21 5 18,21,23,24 PCI_SERR# <> <] SERR# GND21 -
Sﬁ +3.3V (5) PAR 234 PCI_PAR 18,23,24 334 +3.3V (5) PAR 214 PCI_PAR 18,23,24
18,23,24 PCI_C/BE1# % B4 ciBET# AD15 [-hdd PCI_AD15 18,2324 18,23,24 PCI_C/BE1# % B4 ciBET# AD15 [-A44 PCI_AD15 18,2324
18,23,24 PCI_AD14 B45 1 AD14 +3.3V (1) |49 18,23,24 PCI_AD14 B45 | aD14 +33V (1) 422
GND11 AD13 PCI_AD13 18,23,24 GND11 AD13 PCI_AD13 18,23,24
18,23,24 PCI_AD12 % B47 | AD12 AD11 |FA4L PCI_AD11 18,2324 18,23,24 PCI_AD12 % B47 | Ap12 AD11 |-A4L PCI_AD11 18,2324
18,2324 PCI_AD10 848 AD10 GND22 (A48 —— 18,2324 PCI_AD10 848 AD10 GND22 [-A48
GND12 ADO9 <> PCIADY 18,2324 GND12 AD09 <> PCIAD9 18,2324
KEY KEY Py
18,23,24 PCI_ADS % gg§ ADO8 CIBEO# ﬁgi <> PCI_CIBEOH# 18,2324 18,23,24 PCI_AD8 % gg§ ADO8 C/BEO# ﬁzi <> PCI_CIBEOH# 18,2324
18,23,24 PCI_AD7 B3 AD07 +3.3V (12) A5 18,2324 PCI_AD7 B3 Apo7 +33v (12) 423
+3.3V (6) AD0G PCI_AD6 18,2324 +3.3V (6) AD06 PCI_AD6 18,2324
18,23,24 PCI_AD5 % B55 | Apos ADO4 |-ASS PCI_AD4 18,2324 18,23,24 PCI_AD5 % B55 | Apos ADO4 |-AS5 PCI_AD4 18,2324
! lase 1
18.23,24 PCI_AD3 856 AD03 GND23 (A58 —— 18.23,24 PCI_AD3 856 AD03 GND23 [FA%
GND13 ADO2 PCI_AD2 18,2324 GND13 ADO2 PCI_AD2 18,2324
18,2324 PCLAD1T <Z> ;% ADO1 ADOO (A28 PCI_ADO 18,23,24 18,23,24 PCI_AD1 <> S% ADO1 ADOO ﬁgg PCI_ADO 18,23,24
+5V (4) 45V (11) [FAB2 +5V (4) 5V (11)
21,23 PCIACK84# [ D > B80 ckea#  REQe4# (A0 <X] PCI_REQB4# 21,23 21,23 PCIACK64# [ > > B80 Acke4#  REQea# (480 <X] PCI_REQB4# 21,23
B84 +5v (5)  +5v (12) |41 S84 +sv 5) 45V (12) 491
+5V (6)  +5V (13) +5V (6)  +5V (13) —
J7BT _ CON120_PCI JBB3  CON120_PCI
SLOT1 SLOT2
19.21,24,37  +V3.3S_ICH
R7V2 20,21,23,27,36,37,4445  +V5_
J7G1 8.2K 23 +V5_PCI
18,19,23 PCI_GNTA# e T G (e
.19, _ 4 | 8N !
PCI_REQA# 18,23 ‘ ’
LEGACY HEADER & %INT_SERIRQ 18,23,24,32,34,37 L@fT}’ﬁF;OJ
FOR ADD-IN o Kored HbR
in_Keyed-HlI
AUSDIO (éARD = RIV1
\T/FA ;I_’\ém ONLY = 82K
Title
+V3.3S_ICH  19..21,24,37 PCI Slot1 & 2
Size | Project: Document Number Rev
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A B C D E
5,15,19..22,27..29.32.36..39.45 _+V3.3ALWAYS
W5 PCl 22 Moon ISA support JOE4
15,17,27,37,45  +V12S - - -
Moon ISA support J9E2 Default 12 L R8s 5 INT PIRQCH 18.21,24
. ) ! A
22 +V12S_PCI Default: 1-2 18,22 PCI_REQA#[ > >—3 ‘Q ,0 ,,,,,,,
22,45 V128 CON3_HDR 2 11 RBTE
RTB2. 001 1% 19 PCI_LNOGO [> >—3 +V3.3PCISLTS g RGO INT_PIRQE# 18,21,22
22 +V3.3S_PCl CON3_HDR .
| 15,18..20,27,30,32,35,37,38,44,45 +V3.3 +V5PCISLT3
AUSPCISLT3 INT_PIRQB# 15,18,21,24
c7B4 e85 PCI_RSV1 22 +V128_PCI
10UF “UF BauF at /3.3PCISLT3 INT_PIRQGH# 18,21,22
12v TRST#
B2 1 oK +12v [-A2
18,21,24 INT_PIRQD# B3 | GND1 T™s A3
- - B4 A4
i3 p F4C 6 I PCI_SLT3INTB# rs | TPO TDI s
18,21,22 INT_PIRQF#  <F>— XTUFF0 T = +5V (1) +5V (7) PCI SLT3INTA# Moon ISA support
! PCI_SLT3INTD# B8 5v (2) INTA# |48 PCI_SLT3INTC# Default: 2-3
15,18,2124 INT_PIRQA# <T>——""" 4 SKV\B)‘DT - g;_ INTB# INTC# (AL E g
INTD# +5V (8)
18212237 INT_PIRQHE <> ‘4 W%FF — 0.01UF| |CcaNz  STTY PRENTI B PRSNTHE RSV A% <> PM_CLKRUN# 19,2122,24,32,34,37
22 #VBS PCI t- - - --- ! 0.01UF||c8c2 ST RRSNTZE g11 | RS\ . "5V [Manq PCI_RSV4 2 PCLGNTA# 181922
11 B12 A12 A
20..22,27,36,37,44,45 +V5 R8B6 0 = R13 gmgg gmg}‘s‘ Az 1| | R&PE L —3——<X7] PCI_GATED_RST# 22,323
*VEPCISLTS  Biace close to siot 3 e §22,24,32,34,37 INT_SERIRQ <Z> B4 Rsv2 RSVs —Ald bCIRST# Tpr 95 CON3HDR
% | GND4 RST# <] BUF_PCI_RST# 18,22,24,26,31,32,34,37
C8C3 | CBE5 CoB4 CBEG C8B5 T NOSTUFF 0| 6 CLK_PCI_SLOT3 [ B16 | oK 45 (10) |-A18 s PO o
I 1UF | 04UF | 0AUF B17 ] GNps GNT# [FALZ _PCL
22UF 4 01UF 0. : : 1821 PCI_REQ3# << } B18 | pEq# GND16 |FAL8
—L_ B19 {5y (3) PME# [-A12 PCI_PME# 15,18,22,37
+V3.3PCISLT3 - 18,22,24 PCI_AD31 % 8201 Ap31 AD30 420 PCI_AD30 18,22,24
- Place close to slot 3 18,22,24 PCI_AD29 oy | AD29 +3.3V(7) [Ta5n
s | GND6 AD28 -2 % PCI_AD28 18,22,24
18,22,24 PCI_AD27 AD27 AD26 PCI_AD26 18.22.24
CBD7_| C8D3 _| C8C6 _| Ceez | Cscs _| C8b9 C8D5 182224 PGI_AD2S % 524 | 05 oND17 A2
+3.3V (1) AD24 <> PCI_AD24_18,22,24
22UF | 22UF 01UF | 01UF | 01UF | 01uF 0.1UF 18:22.24 PGI_CIBES# B26 | o | o2t Caze SLT3 IpsE e <> POLADIS 182224
L 18.22,24 PCI_AD23 B27 | A>3 +33v (8) 2L
= 1 Rog |
3 GND8 AD22 PCI_AD22 18,22,24
+V5S  8,15.18,20,24,25,27,33..35,38..40,45 46 18.22.04 PCIAD21 B29 | o1 ADag |22 % PCITAD20 182224
] 18.22.24 PCI_AD19 B30 1 Ap19 GND1g [-A30
Layout Note: B3| \53v (2) AD1g |-A31 PCI_AD18 18,22,24
R7E3 Place half of these caps by PCl slot 1, the other 18,22,24 PCI_AD17 B32 | Ap17 AD16 |-A32 % PCI_AD16 18?;:24 338 PCI
0.01_1% half by PCI slot2 18,22,24 PCI_C/BE2# B33 cpE2#  +3.3v (o) AR S
B34 | GND9 ERAME# |-A34 <Z> PCI_FRAME# 18,21,22,24 +V3.3PCISLT3
22 +v5S PCI 18,21,22,24 PCIIRDY# <> B35 ) |RDY# GND19 [FA35 :
T B36 | 33y (3)  TRDY# [A38 <> PCITRDY# 18,21,22,24
. 18,21,22,24 PCI_DEVSEL#T> B37 ) pEvseL#  GND20 [FA3Z
c c c c c c c c B38 1 GND10 STOP# [-A38 <Z> PCI_STOP# 18,21,22,24 ReE2
8E3 _[C8B7 _L7B8 _CTE2 786 _IC8E7 _| C8C4 [C7C3 _[C7C2 18,21,22,24 PCI_LOCK# % B39 Locke  +33v (10) A3 - B RBE3
182122 PCI_PERR# PERR# SDONE SMB_CLK 18,21,22,24,46 10K
FZUF FZUF FZUF FZUF ?'mF ?'mF ?'mF ?'mF ?'mF B4l 153v (4) sBO# |41 % SMB_DATA 18,21,22,24,46 -
1821,22,24 PCI_SERR# <Z> B42 | sERRy GND21 A4 &
B3 550 () PAR [-A43 PCI_PAR 18,2224 k2
S S e S S s b s B L R
883 [C7TB7 [CTE4 [C7B11 [C8C5  [C8B6  (C7E3  [CBE4  [CTBY - 846|614 ADT3 A48 % PCIAD13 18.22.24 o A
18,22,24 PCI_AD12 AD12 AD11 PCI_AD11 18.22.24
|51UF F1UF F1UF F UF F1UF F1UF F1UF F1UF FJUF 182224 PGLADI10 % B4 | AD12 ot Cass 2’359104
B49 ] GND12 ADO9 [-A42 <T> PCIADY 18,2224
KEY
18,22,24 PCI_AD8 B52 "Apos C/BEO# [-A52 <> PCI_C/BEO# 18,2224 PCI_GNT3# 18
18,2224 PCI_AD7 BS3 { Apo7 +3.3V (12) [FAS3
B34 {153V (6) ADOG [-A24 PCI_AD6 18,22,24
18,22,24 PCI_AD5 B55 1 AD05 ADO4 |-AS5 PCI_AD4 18,22,24
18.22.24 PCI_AD3 BS6 1 AD03 GND23 [-A58
BS7 | GND13 AD02 [FASL PCI_AD2 18,2224
18,22,24 PCI_AD1 5881 ADO1 ADOO 438 PCI_ADO 18,22,24
BA9 a5y @) sV (11) A2
+V3.3S  5,6,8,9,11,15..18,20,21,26,31,33..36,38..40,45 21,22 PCLACKS4# [5 > B61 Ag\}/((ié#)i RSE\%“Z‘; AG1 <X PoiREQes# 21,22
+ +
BO2 | .5y (6)  +5v (13) [FAG2
RSE1 = J8B2  CONT20_PCI =
9 Note: To Power PCI Slot3 in
0.01_1% 22 +V3.3S_PCI SLOT3
T suspend Stuff R8B5, R7C3, R8P2
and Unstuff R8B6, R7C6, R8P1
8D8 _[C7TD6  [c7D2  [C8D6  [C8C9  [c8D4  (c8D2  [c8D1 [c8C7  [C7C5  [c7D1 [CTE1 (C7D7 E1

/PUF /PUF

AUF

F.1UF F.1UF

—lo_.w

F

—lo_.w

F

e o o e

-ukéih.r

PCI Slot3 is farthes{ [Ti :
from processor e PCl Slot 3/Moon-ISA support & Decoupling
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19,21..23,32,34,37 PM_CLKRUN# <Z>—-81 1a4 1B2
e 11 ]

18 PCI_GNT4#

18,21 PCI_REQ4#
6 CLK_DOCKPCI
32,36,37 DOCK_INTR#

1A5 1B3
1B4
2A1 1B5

w14 |
2A2
2A3 2B1
2A4 2B2
2A5 2B3

2B4
2B5

QUIET DOCK =

OE# 10E#
20E# GND
SN74CBTD3384
QSWITCH

_2ﬁ<

F—{"> >>DOCK_RESET# 25

6 - | oauF
F—<X>DOCK_CLKRUN# 25 =
110

T
DOCK_GNT4# 25
DOCK_REQ4# 25
CLK_DOCKCONNPCI 25
DOCK_DOCKINTR# 25

A B E
Qbuffers used for isolation during suspend 8,15..18,20,23,25,27,33..35,38..40,45,46 S
oR1
UgD2 +V55_QSPWR 1 —<X] DOCK_QDEN# 25
»—11 Ne vee H8 - 2
18,22,23 PCI_AD[31:0] <ZZ>mmmmb 1o\ aD22 4w DOCK AD22
PCI_AD23 3 ]2; ]S; 45 DOCK AD23 coct CoP1 |
AD26 4 44 _DOCK_AD26
AD27 5 123 lgi 23 DOCK_AD27 22UF 0.1UF = QoD1
AD30 6| 1hs 1Ba [[42__DOCK AD30 —| Bss84 | cop1
AD31 i 15s [F40___DOCK AD31 = = -
AD29 g | 1A6 6 a9 DOCK_AD29 0.1UF
AD28 10 122 ]Eg 28 DOCK_AD2
AD25 11 1A9 1B9 37 DOCK _AD2
AD24 12 1A1 1B1 26 DOCK AD24
AD12 13 0 055 DOCK_AD12
AD14 14 gﬁ; %E; 24 DOCK_AD14
AD15 16 | 553 op3 |33 DOCK_AD
AD18 18 | 5h3 oo [at DOCK_AD 19.22,37 +V3.3S_ICH
AD19 19 2A5 285 30 DOCK_AD
AD21 20 206 286 29 DOCK_AD21
AD20 21 5o oo 28 DOCKAD20 R7G2
AD17 22 | ohe 2o |2z DOCK ADT7 8.2K U9E1
AD16 23 26 DOCK_AD16 1 15
AD13 24 gﬁ?o 2;?8 25 DOCK_AD13 NC vee
. 2 1A1 1B1
17,25 DOCK_QPCIEN# @—ﬂ 10E# GND1 18 PCI_GNTB# [> > 1A2 1B2 DOCK_GNTB# 25
20E# GND2 L 18 PCI_REQB# } 41 1A3 1B3 DOCK_REQB# 25
GND3 Zf 18,22,23,32,34,37 INT_SERIRQ <35> 1AL 1B4 25
GND4 15,18,21,23 INT_PIRQA# <35> 1A5 1B5 25
L CETDIE210 p—<3X>> DOCK_AD[31:0] 25 15,18,21,23 INT_PIRQB# <32 > 1A6 1B6 25
= 18,21,23 INT_PIRQCH <3>> 1A7 187 25
= 18,21,23 INT_PIRQD# :g: 1A8 1B8 25
18,2123 PCI_SERR# <3 1A9 1B9 DOCK_SERR# 25
U9D1 *V8S_QSPWR 18,2223 PCIPAR  <T> 1A10 1B10 g
1821.23 PCLIRDY# <o 2A1 281 DOCK_IRDY# 25
»—1{Nne vce H8 18,21.23 PCI_DEVSEL#C 33> 2A2 282 DOCK_DEVSEL# 25
18,21.23 PCI_STOPH# <o 2A3 2B3 DOCK_STOP# 25
AD2 2 1a1 11 |46 DOCK AD2 _LCQF“ 182123 PCITRDY# <5 24 284 DOCK TRDY# 25
AD3 3 45 _DOCK_AD3 =
D6 > 1A2 1B2 44 DOCK ADG 0AUF 18,21.23 PCI_LOCK# <& > 2A5 2B5 DOCK_LOCK# 25
1A3 1B3 - 18,21.23 PCI_FRAME# <35> 2A6 2B6 DOCK_FRAME# 25
AD7 5 43 DOCK AD7 S
ADT0 A 1A4 1B4 e DOCK ADTO — 18,22,23 PCI_C/BE3# <32> 2A7 2B7 25
D11 1A5 1B5 DOCK ADTT B 18,2223 PCI_C/BE2# 2A8 288 25
RO g 1A6 1B6 ;‘g SOCK DS 18,22,23 PCI_C/BE1# 2A9 2B9 25
AD8 10| AT 187 3 DOCK ADS 182223 PCI_C/BEO# A0 2810 %
AD5 11 37 DOCK AD5 8
1A9 1B9 DOCK QPCIEN# Hﬁc 10E# GND1
1521 2945 SMB DATA AD4 12 | 1a10  1B1o |36 DOCK AD4 = 42q 2084 GND2 [-iL
21..23, | ol AT 22; gg; s> | DOCK_SMBDATA 25 gNDa 32
PCI_ADO 16 33 DOCK ADO ND4
2A3 283 74CBTD16210
18,21..23,46 SMB_CLK <Z>—181om 2B4 DOCK_SMBCLK 25
*—191 op5 285 30—
%201 opp 286 23—
=211 op7 287 28—
%221 opg 288 [F2E—<
7,17 DAC_DDCADAT, 2A9 2B9 DOCK_DDCDAT 25
7.17 DAC_DDCACLK 2A10  2B10 DOCK_DDCCLK 25
8
H&C 10E# GND1
DOCK_QPCIEN# 47 20E# GND2 17
GND3 [-32
41
GND4
74CBTD16210 N
+V5S_QSPWR
u9Ct
—3 a1 vee (24
18,22,23,26,31,32,34,37 BUF_PCI_RST# [ > >—41 1a2
»—1 1A3 1B1 CoR2
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— > > DOCK_DOCKINTR# 24

FREREFREERRRRREPRERFAT

199
200

JOE3A JIESC
11 GNDO REQ# D%?—ED DOCK_REQ4# 24 101 5y LPT BUSY [H26-
»%—2- v_DCO GND7 GND30 LPT_D5 2L
H— v DCA PERR# [028—x 1081 N7 LPT D4 —}%g—x
4 eND1 SERR# p22———~1—<T> DOCK_SERR# 24 BOCK ADTT 104 31 ND39
5 GND2 GND8 DOCK ADTS 1051 Ap17 ERROR# 130
6| RED_RTN STOP# 333—:% DOCK_STOP# 24 1081 AD16 LPT_D1 131
17 DOCK_RED 1 RED TRDY# P32— DOCK_TRDY# 24 DOCK AD13 107 GNp32 LPT Do 182
17 DOCK_VSYNC & vsync GND9 SOCKADTS 1081 AD13 GND40
17 DOCK_HSYNG 2| HSYNC LOCK# DSA_% DOCK_LOCK# 24 1091 AD12 SER_OUT |34
GND3 FRAME# 35 DOCK_FRAME# 24 GND33 SER_RTS 135
11 — DOCK_AD9 111 —
GND4 GND10 [6—9p AD9 SER_CTS [136-x
»—12f Nco c/BE# P3L—F DOCK_C/BET# 24 DOCK_ADS8 112 { Apg SER DTR &L
24 DOCK_SMBDATA <> 131 sm_pATA c/BEO# P3B—r DOCK_C/BEO# 24 113 1 GND34 MS_DATA 138
#1449 sYSACT ND11 (32 DOCK ADS 141 Ap MS_CLK 32
40 DOCK_AD29 DOCK_AD4 115 — 140
SYSACT# G 5 S_C
24 DOCK_CLKRUN# %':_150 CLKRUN# AD29 -4 DOCKADS Tie| AD4 GND41
2 PocKCREGE 129 Ohos | oo 42 DOCK_ AD1 117 5py LIN OND 142
18 | cp2 AD25 |43 DOCK AD25 DOCK_ADO 118 1 Apo R LININ |43
191 Nco AD24 |44 DOCK_AD24 19 | GNp3s ~ NCs 144
%201 NC2 GND13 |42 24 CLK_DOCKCONNPCI [> > 120 | pci oLk MIDI_SRX |48
21 46 DOCK_AD21 151 Cap
CD3#/GND AD21 |48 BOCKADS0 GND37 MIDI_STX
24 DOCK_PIRQC# %:—220 INTD# AD20 |42 %1229 5 CTINg USB+ 4L
24 DOCK_PIRQB# —ﬁo INTC# GND14 <1234 p| T AFD# USB- —}ﬁg—x
GND6 V_ACDCO H42— &ﬁ— PLT _PE GND42
24 DOCK_GNT4# [ > >———1—25d GNT# V_ACDC1 Fa0— GND38 DCKINTR# p150——
i 200Pin_Docking-Plug 1 200Pin_Docking-Plug
24 DOCK_AD[31:0] <Z>
JIE3B J9E3D
511y pc2 UNDKGT# pZ8—x »A51 1 5y LPT_ACK#
Fﬁ% v_DC3 GND22 »152 1 5y LPT_D7
2] GND15 PAR DOCK_PAR 24 H—gi_ NC9 LPT D6
GND16 PCI_RST# 319——2 E DOCK_RESET# 24 GND43 GND48
551 GRN_RTN GND23 ngE ﬁg]i 1551 AD15 LPT_INIT#
17 DOCK_GREEN [ > >—————36{ GREEN IRDY# 8L — DOCK_IRDY# 24 156 | AD14 LPT D3
871 BLU_RTN DEVSEL# p82—rH DOCK_DEVSEL# 24 157 | 5NDa4 LPT D2
— DOCK _AD11 158 =
17 DOCK_BLUE —28 BLUE GND24 SOCKADTO 158 AD11 GND49
24 DOCK_DDCDAT DDC_DAT C/BE3# [PBA—— DOCK_C/BE3# 24 AD10 SER_RD
24 DOCK_DDCCLK E0 ppc Lk ciBE2# PE—] DOCK_C/BE2# 24 DOCK AD7 180 GND4s SER_DSR
82 | CNp1s CADs; ' DOCK_ADS1 DOCKADS 162 | \05 SER 00D
24 DOCK_SMBCLK 831 sm_cLk AD30 LUK A2 DOCK AD3 162 GND4s KB_DATA
24 DOCK_SERIRQ SERINT GND26 DOCK AD27 SOCKAD> 1641 AD3 KB_CLK
851 NC3 AD27 BOGKADSS 1651 AD2 NC11
24 DOCK_GNTB# [ >————1—088q pc_oNT# AD26 GND47 L_INOUT
GND19 GND27 <1670 SRETN# L_O_GND
68 { \cg AD23 DOCK ADZ3 24 DOCK_QDEN# < }———1—1689 qpeng R_INOUT
891 NCs AD22 DOCK AD22 1699 QPCIEN# ~ NC12
»—10{ Nce GND28 19,21,32,37,39 PM_PWROK [ > > 170 | NBPWROK MICIN
71 DOCK_AD19
GND20 AD19 DOGKADTS 711 ppWRSW MIC_GND
24 DOCK_PIRQA# K—ZZO INTB# AD18 A2 1 Nc1o 5V_USB
24 DOCK_PIRQD# —5430 INTA# GND29 %131 pT SLCT | GND_USB
GND21 V_ACDC2 F22—< Hﬁ‘-o LPT_STB# SUSTAT#
1509 UNDKRQ# | V_AcDC3 100 CD4#/GND cD1#
1 200Pin_Docking-Plug = 200Pin_Docking-Plug
= CR9CT

19,32,37,38,44,45 PM_SLP_S3#[ > >3 K 1 DOCK_SUSTAT#

8,15..18,20,23,24,27,33..35,38..40,45,46  +V5S There is pull-up on
BAR43 docking station.
2 g3 2
D iy ROE1
10K

o do 5 17,24 DOCK_QPCIEN#
o0 15079
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R4Y2 47

18,22..24,31,32,34,37 BUF_PCI_RST# )
o
g PRIMARY HDD CONN
4]
3 ) 402 , IDE_PDD[15:0] 19
19 IDE_PDD[15:0] IDE_PDD7 R IDE_PDD8 4
Sk 6 TOE_PDDO
. Yy TDE_PDDT0
TDE_PDD4 10 TDE_PDDT1
TDE_PDD3 Sl 12 TDE_PDD712
e En TOE_PDD13
5,6,89,11,15..18,20,21,23,31,33..36,38.40,45  +V3.3S S ER TDE_PDD74
RP2J1C 17 18 DE_PDD75
6 19
21 22
47K 19 IDE_PDDREQ < <} 21 22
9 IDE_PDIOW# R2J2 |
19 IDE_PDIOR# % < 25 26 IDE PD GSEL
19 IDE_PIORDY << } 27 28
19 IDE_PDDACK# [ 29 30 70 =
18,21,37 INT_IRQ14 ] 31 35032 =
19 IDE_PDA1 33 34 > > IDE_PATADET 19,37
19 IDE_PDAO 35 36
19 IDE_PDCS1# 2; 22 RAY1
27,45 IDE_PDACTIVE# < <} 10K
20x2-HDR
19 IDE_PDCS3# = 3
19 IDE_PDA2
27 IDE_D_SRsT# [ > >—————— SECONDARY HDD CONN
19 IDE_SDD[15:0] ) J41 ,
IDE_SDD 7 IDE_SDD8 IDE_SDD[15:0] 19 e
= oloy—+ TDE_SDD9
TDE_SDD5 St s TDE_SDD10
St 10 TDOE_SDDTT
12 TDE_SDDT2
= olo— TDOE_SDD13
56,89,11,15..18,20,21,23,31,33..36,38.40,45  +V3.3S TDE_SDDT S 16 TDE_SDD74
RP2J1D 17 18 TOE_SDD75
5 19
19 IDE_SDDREQ < <} 21 22
47K 49 IDE_SDIOW# g: gg R3U1
19 IDE_SDIOR¥# % S
19 IDE_SIORDY } 27 28 IDE SD CSEL 2
19 IDE_SDDACK# [ > 29 30 470
18,2137 INT_IRQ15 < < } 31 35[op-32— =
19 IDE_SDA1 33 34 > > IDE_SATADET 19,37
19 IDE_SDAO 35 36 R2J1
19 IDE_SDCS1# 37 Io[of-38 oK
27 IDE_SDACTIVE# < < | 39 40
= 20x2-HDR =
19 IDE_SDCS3# -
19 IDE_SDA2
1
Title
IDE 1 of 2
Size |Project: Document Number Rev
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Secondary IDE Power

8,15..18,20,23..25,33..35,38.40,4546  +V5S
8,15..18,20,23..25,33..35,38.40,4546  +V5S
C2H1
U3H1A
0.1UF
= R2H5 C2H2
™ _— N
34,37 IDE_SPWR EN# [> > USH1E 1000PF - ‘
74HC14 R2H6 390K U2H1A U2H1B 2 R2H1 |
74HC14 IDE_SPWR_EN 11 _U 19 IDE_SPWR2 D IDE_SPWR2 S14925DY | ] sHe25DY | > NO_STUFFO |
|
- I
|
. |
= Note: Primary IDE [ !
+V5S_IDE_S = Power on Turner
8,15..18,20,23..25,33..35,38..40,45,46  +V5S DC/DC Module A V5S_IDE_PD +V12S_IDE_S
e
+V5S_IDE_S J2H1
U3H1D U3H1B T
1 )
SHMIDT2 IDE_srsT#  R8H2 R2H7 Ezwa [(_:w Ezwz C2H T
8 3 _U 4 2 IDE_D_SRST# 26 . 3 °
0.01_1% 4 o
74HC14 AUF  2UF [0.1UF [100uF
74HC14
| _ 4Pin_PwrConn
Q3H1 o For
BSS138 8,15.18,20,23..25,33.35,38.40,45,46  +V5S I
IDE_SPWR_EN# 4 15,17,23,3745  +V12S | SPARE GATE ! Seconfjary
+V12S_IDE_S I ! IDE Drive
<NO_STUFF> IDE_SPWR_EN_Q# ‘ K U3H1C ‘
= <NO_ | ! Only
| |
C2G14 ! TP_SHMIDT_C
R2G15 ‘ ﬂ' >Sof =
R2G14 1000PF Q2G4 ‘ |
IDE_SPWR_EN M IDE_SPWR_EN_D# 4 $12307DS ! 74HC14 ‘
Q3G1 | N ‘
2N7002 100K | ‘
= ©® | |
| |
IDE Activity LEDs MDC Interposer Header
5,15,19..23,28,29,32,36..39,45  +V3.3ALWAYS
8,15..18,20,23..25,33..35,38.40,4546  +V5S 15,18..20,23,30,32,35,37,38,44,45  +V3.3
20.23,36,37,44,45 +V5_
JOF4
1 2
R2J6 [l =
470 19 AUDIO_PWRDN 5 6 {> > AC_SPKR 19
19 AC_SYNC g ?n
ROF3 33 SDATANT D 11 IS 1>
19 AC_SDATAIN1 ROF5
DE_PLED 19 ACisDATAINO% R9F7 = SDATANDD 12 joof 14 AC_SDATAOUT.D 33 AC_SDATAOUT 19
R 1 joo8 'SDATAIN2 D RIF6 33
4o AC_SDATAIN2 19
/SZ Sret 19 AC_BITCLK < }-R9G2 33 AC BITCLK D™ 49 §5-A1 20 WE% AC_RST# 19
7 — 2x10-SHD-HDR —
26,45 IDE_PDACTIVE# [ > >— ROF2
10K
+V5S_IDE_S
Layout Note:
Place R9F3, R9F7 and R9G2
R2J3 0.1 to 0.4 inches from MDC
LN 470 L header based on topology J
LN =
26 IDE_SDACTIVE# [ > > 1 ] 2 IDE_SDACTIVE# Q
DS2J1 i
GREEN itle
IDE 2 of 2/ MDC INTERPOSER
Size |Project: Document Number Rev
A Intel 855GM/GME CRB | 2500 201
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+V5_ALWAYS  20,21,29

R4B2
+V5_USB1
0.01_1% k483 5,15,19..23,27,29,32,36..39,45  +V3.3ALWAYS
baur
+V5 ALWAYS — 20121,29 RP4B1B RP4B1A
10K 10K USB_OCO# 19
R4B4 U4B2 FB4B1
1K 1 L8 N 500HM FB4B2
2 %ND OC}’: 7 SEPWR_CONNC 1 7.0 500HM
N N 8HT2 5 USBPWR_CONND 7/ 1 4 9
/ I
[ EN UT6 41 En 0C2# PA———{ > > USB OC1# 19 <A C4A3
TPS2052 C4A5 _|  C4A6 470PF 150UF
—_ 470PF 150UF = =
L4M2
19 USB_PNO <ZB> o+ | 3238_—“‘3
19 USB_PP0 <Z> 21 A~y | 3 "USBC+
90@100MHz CRAM3 CRaM4
Triple
uUsB
= = Connector
Clamping-Diode J4A2
Clamping-Diode 1
fe
3 PO PORT
4
L4M3 GND1
1 4 USBD VcC 5 13
19 UsB PN1 <F> AN | USBD- 6] YC0? woors GND4 I,
19 USB_PP1 <B> 2 LAY 3 OSEDT Iipy  PORT  GNpe [HB
- 8 GND2 GND7 18
90@100MHz CR4MS CR4M6 _ USBE_VCC 9 L
10 \é§203 BOTTOM =
11 p2 PORT
pe— pe— 12 GND3
Clamping-Diode . 3_stack_USB
Clamping-Diode =
Lam1t
19 USB_PN2 <Z> Y = USBE-
19 UsB_PP2 <Z> 2| ~~v | 3 USBE+
90@100MHz CRAM1 CRAM2
Clamping-Diode Clamping-Diode
+V5 USB1
481
5,15,19..23,27,29,32,36..39,45 +V3.3ALWAYS = —
baur
+V5_ALWAYS 20,2129 T
RP4B1C RP4B1D
10K 10K USB_OC2# 19
R4B1 U4B1 FB4B3
1K 1 8 < 500HM
2 | GNP ocC1# P USBPWR _CONNE 1 7 2 USBE VCC
3 :ENN1 882 — “ Title
EN_UT0 oc2#
. - 4 EN2 oca# pi—— Can7 cans USB (1 of 2)
= TPS2052 470PF 150UF Size |[Project: Document Number Rev
. . A Intel 855GM/GME CRB <Doc> 4.401
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5,15,19..23,27,28,32,36..39,45

+V3.3ALWAYS

+V5_ALWAYS 20,2128
R6B2 R6A7
R6N2 10K 10K
0.01_1%
= U6B1 USB_OC3# 19
8 FB5B1 500HM
+V5_USB2 > | GND oc1# P USBPWR CONNA 1~ o
IN ouTt =+ USBPWR_CONNB 7/
NT EN1 ouT2 C5B2 C5B1
= 41 EN2 oc2# p&——{ > >UsB oc4# 19
TPS2052 470PF 150UF
= = J5A1B
L5M2
BA V!
) . LLJJSSBA_ ce 1 veer
19 USB_PN3 <Z> \AANS USBAS < Ego 0P
19 USB_PP3 <ZB> 2 LAY 3 _I_—“— GND10 FORT
FB5B2 500HM =
90@100MHz . A vec? .
CR5M3 CR5M4 £ VCC2porrom
584 C585 79 ¥ porr
470PF 150UF GND11
= = = = —  STACKED_RJ45_USB
CIamp!ng-D!ode
L5MA Clamping-Diode
19 USB_PN4 <> oo ﬂggg;
19 USB_PP4 <> 2+ 3
90@100MHz i
CR5M1 CR5M2
Clamping-Diode 5,15,19..23,27,28,32,36..39,45 +V3.3ALWAYS
Clamping-Diode
R7V10
10K
19 USB_OCS5#
Title
USB Connector (2 of 2)
Size |Project: Document Number Rev
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+V3.3

R6A1

15,18..20,23,27,32,35,37,38,44,45

+V3.3 LAN

Bulk caps should be 4.7uF or higher.

Layout note:

Layout note:

L6A1 )
Place 100 Ohm resistor Transmit/Receive pairs
N +3.3 L LAN
C6A5 CBA7 6A10 C6A11[C6A3 CE6A2 close to 82562EM need to be 50 ohms
4.7UH 6A6 C6A4
4.7UF 47UF  [p.1UF p.1UF 0.1UF D.1UF
1UF 4.7UF Optional cap: C6A1
value 6pF - 12pF if
J__ needed for magnetics +V3.3_LAN
I A A O 1
dag o <N o = | J5A1A
\—erwl\o“—\—\—\—q UBA ‘ No Stuff ! LAN_TDP 9 15
[ TAN_TDN ToP RXC
SOV TR ® ! = 10 pN
ISTEINMI SN 22 R6A5 | | C6AT | GND1 28
18 LAN_JoLk <1 a9t ok >>388S33839S op [Ho 1 ! TS 13} rpey GND2 [2L
0
- 18 LAN_RST JRSTSYNG == ~7 ===~ ToN (L pO0-1% | NOSTUFFIOPE R6A4 L2 mnc GND3 |28
18 LAN_TXD2 JTXD2 o GND4
18 LAN_TXD1 15 LAN RDP 121_1% 1 o
V33 LAN I JTXD1 RDP | ROP GND5 |22
- 18 LAN_TXDO JTXDO RON [H18—y LAN RDN | RDN GND6
37 JRXD2 Platform LAN = GND7 22
18 LAN_RXD2 35 LAN RBT00 6A2 619 1% 17 RN 21
If LAN is enabled R6AG 18 LAN_RXD1 24 | JRXD1 Connect RBIAS100 I~ —FAN"RB10 549 1 15| LED_PWR GND8 =2
- 18 LAN_RXDO JRXDO RBIAS10 RN — SPEED LED ﬁ,Y GND9
PM_LANPWROK waits for 10K “ULAN ADV = 19 | xCT LED Lw .
PM_PWROK to go high and —~ 411 ADv10 ACTLED |82 AN ACTLED# 20| | INK_LED =
VRY LAN_TCK 20 31 AN SPDLED#
stays high in S3. t 8 lSSHFK SPBIEEB 57 LAN LILEDZ STACKED_RJ45_USB
L 29 — . EEERL e _____
LAN_TOUT ISOL_EX 47 LAN_X2 | Magnetics and LED resistors,
asAt gg;rEN INPINEA] ;? 46 TANXI "are integrated into RJ-45 :
18,32 PM_LANPWROK BSS138 AR nBBPD B % ! ) |
- DDDDDDDDDDD | Chassis GND |
>>>>>>>>>>> Y5A1
I (should cover part |
82562EM o dd do | | "of magnetics) !
R RN IR | | oo |
: e e T Bl : Cong 25MHZ c6A8
! o _Lo
| I 2PF 2PF
|
| NO_STUFF [ = =
|
|
. |
' 82562EM Testpoint Header |
Title
LAN Interface (82562EM)
Size |Project: Document Number Rev
Intel 855GM/GME CRB <Doc> 4.401
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56,89,11,15.18,20,21,23,26,33.36,38.40,45  +V3.35 +V3.38 FWH
R8H5
UBH1
9
18 FWH_INIT# 37 INIT# vpp U 0.01 1%
18,22..24,26,32,34,37 BUF_PCI_RST# B; REW2 oo FOLRSTED 129 RsT# vee (10 cawz c8G3 cawi
9 veet Mg 0.1UF 10UF  =—0.1UF
6 CLK_FWHPCI [> > CLK VCCA T T T
Row? % FGPIO3 £ FePi TBL# R8W8 100 =
R 15 =
REW 50 —FGPI02 151 Fepi3 TBL# D%E—WWFWHJBL# 19,37
REWa 00—FGPIOT 18+ Fopi2 WP# FWH_WP# 19,37
R8W5 00 __FGPIO0 1g | FGPI
> FGPIO FWH4 LPC_FRAME# 19,32..34,37
FWH3 LPC_AD3 19,32.34,37
LIS s e 211 b3 FWH FWH2 LPC_AD2 19,32.34,37
—TFWH o241 D2 FWH1 LPC_AD1 19,32.34.37
== — TP W TD———22- ID1 FWHO LPC_ADO 19,32..34,37
= _FWH | 24 | 5o , -
TP_FWH_RSVD2 Ic
—TP FWH RSVDT 2| RSVD2 TP_FWH_NCH
—TP TWH RSVDE—a| RSVD1 NC1 H——TPFwH NGz —
— TP FWH RSVDZ g RSVDS Ne2 [H——tprwrNes—
TP_FWH _RSVD3 ___ag | RSVD4 NC3 J’W D
RSVD3 NC4 2 ——1pFWHNCE— RPOBIE
29 NCs [H——prwrmes— 10K
22 GNDp2 NCs H——prwrReT—
30 GNp1 NC7 F——prwrNes—
GNDA NCg Hd—————— N
FWH sits in the Title FWH
FWH TSOP Socket, = S 5 A =
— = ize |Project: ocument Number ev
Not on the board A Intel 855GM/GME CRB <Doc> 4.401
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A B C D E
5,15,19..23,27..29,36.39,45 _ +V3.3ALWAYS
ROAT 33 +V3.3ALWAYS_KBC KSC J8A2
Enable 1-2 (Default)
Disable 2-3
0.01_1% C9A1 CON1 _[CON2 |CON3 _|com3 33 +V3.3ALWAYS_KBC
o5 22UF GAUF —TO.1UF —TOAUF —TOAUF Decode KBC Addresses JOA1 4
T Enable 60h & 64h No Shunt (Default)
| I:I | T Disable Shunt R8A3
= 240
OMHZ =
= cos’ C9B1 .
18PF 18PF +V3.3ALWAYS_KBC 33 J9B1 Boot Mode Programming Straps 5
16 g2 P90-P92 needs to be at VCC for boot mode programming. They are a
— already pulled up in the design. MDO, MD1 needs to be at Vss. -
= Shunt to program o
+V3.3ALWAYS_KBC 33 = Jumper for J9B1 needs to be populated. System needs to supply Ds8B1
+V3.3ALWAYS_KBC 33 RP9B1Z RP9B1D +V3ALWAYS to flash connector. GREENN, 7
10K N
C8A7 ||0.1UF U9B1 » >
usA2“T I 59 10 2
JBA2 o o vee PAT/CIN15/KIN15#/PS2CD |13 %KBC,GP,DATA 36 & 4 4
33 SMCRST# [>>— RST HDR 2 ver PAG/CIN14/KIN14/PS2CC KBC_GP_CLK 36 ol ~
= VCCB w =
SMC PROG RST# 2 |74AHC1G08 36 AVREF PA3/CIN11/KIN1 1#/PS2AD |20 KBC_MOUSE_DATA 36 = S
37 31
L—L AvCC PA2/CIN10/KIN10#/PS2AC KBC_MOUSE_CLK 36 o 2 =
| =)
TCON‘Q’*HDR SMC_MD 2| MD1 PAS/CIN13/KIN13#/PS2BD |22 KBC_KB_DATA 36 = i zw
— B MDO PA4/CIN12/KIN12#/PS2BC [~ —RBC CAPSLOCK KBC_KB_CLK 36 4 |H—j - a
X SMC XTAL PO5/CS Tt A SCROTIONR Fldosy o
33 S 5,15,19..23,27..29,36..39 SMC 2 xTAL Poaiow# PL—re—romroTR BSS13
+V3.3ALWAYS 5,15,19..23,27..29,36..39,45 _ _ _ _ _ _ _ _ _ MC_EXTAL 3 22 A
| NO_STUFF_10K | SMC_RES# o roson BC_SCANINO i |t
‘ L SvesTEvE . RES# PEO/FTCI/CINO/KINO# 28— B R~ —— g
| 8 27 B O
| _R4BS 1 STBY# P61/FTOA/CINT/KINT# 05— EE"SEANINg ) BSS138
39 VR_SHUT_DOWN# <<} 33 SMC_INITCLK [ > >—T- nmi P62/FTIA/CIN2/KIN2#/TMIY =5 BC SCANING \{ |
VR SHUTDOWN R P63/FTIB/CIN3/KIN3# Tl N\
19,2125,37,39 PM_PWROK ROA o 0 R8T e ——131 P51/RxDO PB4/FTIC/CING/KING# DI2—(BE-SEATTE— ) |
K 14 BC S
T ROAG oy Tor okt P50/TxDO0 PBS/FTID/CINS/KINS# [0 —EE—SEANING —\ 9A1
& 15109327 29,36 3045 36,3745 SMB_SB CLK P52/SCKO/SCLO PB6/FTOB/CING/KING#IRQ6# PH—FEE—SEATe— e
L V3 3ALWAYS programming 36,37,45 SMB_SB_DATA P97/SDAO PB7/CIN7/KINT#/IRQT# —— —
: Vi ‘ 19,25,37,38,44,45 PM_SLP_S3# P9B/0/EXCL BC S 15 =<_C_IKBC_SCANIN[T:0] =36
‘ R4, | 60 KBC SCANOUT15
¢ potirQi 363745 SMB_SB_ALRT# P92/IRQO# P27/PW15 ol ¥ —
24, 61 BC _SCANOUT14 —
| P91/IRQ1# P26/PW14 [~ — 5 S ANOUTTS
37,45 SMC_ONOFF# [>—>—25d Po0/IRQ2#/ADTRGH P25/PW13 [~ 5 EC SCANOUT12 "
P24/PW12 oG P Bluetooth Sideband
SMC_LID 28 64 KBC SCANOUT11
VIRTUAL BATTERY 29 E;‘mm? Eggﬁmg 65__KBC_SCANOUT10 +V3.3ALWAYS
LID —E: SPDT_SLIDE 19|20,37,38,44,45 PM_SLP_S4# P72/AN2 HBS/2149F-Z P21/PW9 23 g igﬁ 88-8 5’15’19"23’27"29'36"39’4%982
= JoA3 37,45 AC_PRESENT# P73/AN3 P20/PW8 = —KBC SCANOUT? BT_WAKE
SWITCH 24,36,37 DOCK_INTR# P74/AN4 P17/PW7 2 BC SCANOUTS BT_ON i)
KSC P76 au| PT5/ANS P16/PWE I E S EARGUTS —BTOETAC 29
E—T 5C S —SWE SE TR
= KBC_DISABLE# 45 | P76/AN6/DAO P15/PW5 = - KBC_SCANOUTA MB_SB_CLK o
= BT ON P77/AN7/DA1 P14/PW4 BC S L —SWE SEDATA - 12
———— 47 pAY/CINI/KINOH p13pw3 [L6—KBC SCANOUTS — 0]
*V3.3ALWAYS - 5,15,19.23,27..29,36..39.45 18,30 PM_LANPWROK 480 PAOICINB/KINS# P12/PW2 -1 — o]
19,37 PM_PWRBTN# o | P40/TMCIO P11/PW1 [— ] BC SCANOUTO 8 o
VBATTON SWaA1 37 VR_ON 25| P41/TMOO0 P10/PWO ——= Ol
AR 37,38 FAN_ON P43/TMCI/HIRQ11 _ KBC_SCANOUT[15:0] 36 com1 | com2 8Pin_HDR
19,21,25,37,39 PM_PWROK P44/TMO1/HIRQ1 P30/HDBO/LADO <E>LPC_ADO 19,31,33,34,37 -
_|__33_PBT SLIDE 19,21,37 PM_RSMRST# P45/TMR11/HIRQ12 P31/HDB1/LAD1 <E >LPC_AD1 19,31,33,34,37 0AUF T10UF =
L = 5,19,21,37 PM_THRM# P46/PWX0 P32/HDB2/LAD2 <Z>LPC_AD2 19,31,33,34,37 : =
= SMC_SHUTDOWN P47/PWXA1 P33/HDB3/LAD3 <> >LPC_AD3 19,31,33,34,37
VIRTUAL 18,37 H_RCIN# PB5/WUES5# P34/HDB4/LFRAME# <Z>LPC_FRAME# 19,31,33,34,37 =
BATTERY] 37 SMC_RSTGATE# PB4/WUE4# P35/HDB5/LRESET# < < |BUF_PCI_RST# 18,22..24,26,31,34,37 -
P36/HDB6/LCLK < <_|CLK SMCPCI 6
5,37 SMB_THRM_CLK PB3/CS4#/WUE3# P37/HDB7/SERIRQ <>INT_SERIRQ  18,22..24,34,37
JOA1 5,37 SMB_THRM_DATA PB2/CS3#/WUE2# P82/CLKRUN# <S> >PM_CLKRUN# 19,21..24,34,37
33 +V3.3ALWAYS KBC 19,36,37 SMC_RUNTIME_SCI 201 pB1/HIRQ4/WUE1#/LSCI P83/LPCPD# <_<_|PM_SUS_STAT# 19,34,37
: — 19,34,36,37 SMC_EXTSMI# —g—}c PBO/HIRQ3/WUEO#/LSMI#
RPYA1D 19,36,37 SMC_WAKE_SCI# ou ] P8O/HAO/PME# P85/IRQ4# O-E-g—S-CD—EDSMB_SC_INT# 37
— 36,37 KBC_A20GATE P81/CS2#/GA20 P86/IRQ5#/SCL1 SOAT
10K : P42/TMRIO/SDA1 21 +V3.3 15,18..20,23,27,30,35,37,38,44,45
37 BAT_SUSPEND gﬂj PB7/WUET# 15 JoAd
19,36,37 PM_BATLOW# PB6/WUE6# vsst —¢ Measurement Point
. BT DETACH vss2 = p BUF_PCI_RST#
Programming +v33ALWAYS  5,15,19..23,27..29,36..39,45 J Pe4/IRQ3# ﬁgz 2
Interface +V3.3ALWAYS_KBC 33 KSC_RESO RESO# AvSs 46 ggg?%
= :I SMC_RSTGATE#
RP8C1A RP8C1B RP8C1C 22,23,37 PCI_GATED_RST#
10K 10K GATE OFF PCIRST# during S3
KSC Testpoint Header Testpoint Header
i
BT _DETACH 3|35 [ SMB_SC_INT# J8B1 JOA2
VR_SHUTDOWN_R KSC RESO
2+ + 2 — —2 5 g1 ;
KSC_P76 Title
SMC_PROG_RST# %_ II _%0 KBC_A20GATE NMI_GATE# g_; System Management and Keyboard Controller
SMC_MD 11 | 42 . = T pTs
++ Note: for flash progamming, must use = CON3 HDR Size |[Project: Document Number Rev
LB+ TX1 and RX1, which are pin97 and — A Intel 855GM/GME CRB <Doc> 4.401
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+V3.3ALWAYS_KBC

+V3.3ALWAYS_SMCRST R7A1

32

+V3.3ALWAYS_KBC

SMC SUSPEND TIMER

32

32

+V3.3ALWAYS_KBC

0 C8A5 R8A4
T AM._ ~_ SMC INIT CLK1 3 SMC INIT_CLK2 SMC_INIT_CLK3 5> SMC_INITCLK 32
0.1UF —
1 ura2 = U7A4B C8B1 U7A4D
- 74HC04 74HC04 74HCO4
o R7A2 Q8B1 4.70F
> 5 SMC _RST# D 1 2 SMC_RST 4 BSS138 = = =
o RST# _ SMC_INIT_CLK4
= 47K UTA4A °
° 74HC04 NMI Jumper R8B2
MAX80 g = Q8A1 JBAT | NOTE: Shunt JBAT for 100k
= SMC_RST# 32 19 KSC_VPPEN# |:Z>1J BSS138 SMC Programming
= L
Circuitry provides an interrupt to the SMC r
every 1s while in suspend (this allows the ‘ 32 +V3'3?;WAVS7KBC 32 +V3'3?;WAYSJBC
SMC to complete housekeeping functions while ‘
suspended) 1Hz Clock JBA1 |
- INVD1 TP_INVD1 INVD2 TP_INVD2
Disable Shunt (Default) | SIEINPNPNU 1 10 TP R7AS AL 13 12 T2
Enable No Shunt | U7A4E U7A4F
= 74HC04 = 74HC04
‘ . Spare gates .
|
PORT 80 83 DISPLAY 8,15..18,20,23..25,27,34,35,38..40,45,46 +V5S
8,15.18,20,23.25,27,34,35,38..40,45,46  +V5S
5,6,8,9,11,15..18,20,21,23,26,31,34..36,38..40,45  +V3.3S
CR9G1 caY1 cow2 C9H1
— CR9G2 b1uF E.1UF 10UF
LED_SEGA g LED SEGDP = PORT 80, 82
_W EGB Q AN_DP LED SEGA A AN Dp |6 LED_SEGDP =
D SEGC o] TEDSECE o] | P
TEDSFe——2 ¢ . b SFec——H B —REer o Hort LPC_FRAME# 19,31,32,34,37
tE1T§EG‘E_5‘: D CT_DP FEWB‘: c 7 7SEG_LED cT2  { RP8H 17 | veet 1032 = PORT82_EN#
TED SEGF 3] E TEDSEGE 4] D CT_DP RPSH 29 VEC2 1031,
JRSBESISCICHNNE _ RP!
G cT_com |2 o srce—2F o —REer 411veca 1029 [F8—x JOHT
EDSEGG 3] RI
® - G CT_COM b—RPaH 1028 (34— bLD PD Row2
E 1027 (33
=}
—— o RPEH TDON026 32— £ MUX Hist 10K
han 1025 | —rp-foxTosT =
High Nibble (Left) = EREE 1024 H0—rrrox AT =
o . . 6 CLK_PCI_PORT80 b GCLK1 1023 FB—TrpmuXTos0
o Low Nibble (Right) 7.8.10,15,18 PCI_RST# § ;jc GOLR# 1022 |22 ED-MUX LOSO
[ PORT 81, 83 TCK/I021 28—
CROH2 CROH1 log0 25 ST
OE#_PORT80 23
LED SEGA g LED SEQDP LED_SEGA g LED _SEGDP 389 okt 1019 82-83 [Shunt
TEDSEGE 1o ] A AN_DP TED-SEGE 15} A AN_DP 5,6,8,9|11,15..18,20,21,23,26,31,34..36,38..40,45 OE2/GCLK21018 2 —{ED_SEGA No Shunt
L[ED_SEGC I . CED SECC g} 2 . ROW1 +V3.38 1016 | -20_LED_SECB 80-81 |(Default)
_rs_LED: EGE D CT_DP _TE_LED: EGE D CT_DP 100 1015 JQ_WLED: EGD
TED_SEGF 2|E EDSEGF L |E R8J13 114 [C15_TEDSEGE
_ 3 9 _ 3 9 1K _
G CT_COM G CT_COM — 1012 H4—r5arco—
o - SUS CLK Q 1011 _lz_rrLED: EGDP
5 1010 —1;1 .
7 SEGLED.DISPLAY al 7 SEGLED.DISPLAY 109
- . 108 [FH0—x
o ] Low Nibble (Right) B e 107 FE—x
High Nibble (Left) o 7SEG LED Cl4 TMS/I06 H—x
o e SUS CLK [> >—1—l 4 105 LPC_AD3 19,31,32,34,37
~ 19,37 <2 oND1 104 LPC_AD2 19,31,32,34,37
— 7o GND2 103 LPC_AD1 19,31,32,34,37
5,6,8,9,11,15.18,20,21,23,26,31,34.]36,38..40,45  +V3.3S ) 36 gmgi TDI/:gf 1 LPC_ADO 19,31,32,34,37
= EPM7064STC
cgw cows
Q8H3 01UF | 0 0.1UF
2N3904 2N3904
LED_MUX_HI81 RPYH1A 1 0. 5 LED MUX_HIg81 D = = = Title .
TED_MUX_HI80 RPOH1B o 7 LED_MUX_HI80_D SMC Suspend Timer and Port 80 LEDs
TED_MUX_LO81 RPOHIC 3 5 LED_MUX LO81D - —
[ED_MUX LO80 RPOHTD = TED_MUX [O80 D Slee |Pf0J90t- Intel 855GM/GME CRB Eggléglem Number 5‘3‘\6 1
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BUF_PCI_RST# 18,22..24,26,31,32,37

= cal L +V5S  8,15..18,20,23..25,27,33,35,38..40,45 46
SIO_RST# SIO J9G2 +V3.35_SIO
Enable 1-2 (Default) 1 3
= CON3_HDR Disable 2-3 +V3.35_SI0 | RP8G1A 4 g 10K CR7G1
BAR43
USF1 +V5S_DIODE
19,31.33,37 LPC_ADO 15 1 | ADo vDD1 [
19.31.33.37 LPC_AD1 16 1 ' AD1 Sw vDD2 |32 SIRIRS B9SS
19.31.33.37 LPC_AD2 171 | AD2 2c vDD3 |82 NISININEESISISIS
19.31..33,37 LPC_AD3 18 { |'AD3 g‘m VDD4 o N q d " d o N Llojon) gjojo
6 CLK_SIOPCI 81 | cLK 3 o3 vsss |12 NS = e e
19 SIO_DRQ#0 —1d Lpra# Q (=) VSS6 XD B R X = x5
19,31.33,37 LPC_FRAME# %:—QC LFRAME# o == vss7 |84 ESCISE IS IS IS G IR IS 1
L—99 LRESET# oo vsSs8 (YT A &Y B &Y ¥ BT &Y
18,22.24,32,37 INT_SERIRQ SERIRQ - 11T 1T 7T 1T T 9 dddod ddd
19.32,36,37 SMC_EXTSMI# SMi# SLIN#/ASTRB# PPT_SLIN#/ASTRB# 35
19,32,37 PM_SUS_STAT} LPCPD# INIT# ﬁ)? ) PPT_INIT# 35
19,21.24,32,37 PM_CLKRUN# CLKRUN# ERR# P51 e R | PPT_ERR# 35
AFD#/DSTRB# P33 STEATWRITER Re - PPT_AFD#/DSTRB# 35 —
6  CLK_slo14[ > >—201 cikiN Clock STBH#WRITE# 1 PPT_STB#/WRITE# 35 —
35 IR_RXD IRRX1 PNF -8 IESFs J@H
35 IR_SEL IRRX2_IRSLO % 3 stct (8 PPT_SLCT 35 S0PF
35 IR_MDO IRSLA = PE PPT_PE 35
35 IR_MD1 IRSL2A/DR1B/XIORDB L < BUSY/WAIT# 040 EgEZ/WA' g;?\/\?g PPT BUSYWAIT# 350000
»—861 |Rsi 3/PWUREQ T o Ack# PA—7 AR PPT_ACK# 35 ==
35 IR_TXD< L F——720 |r7X oo PD7 42555 -
ﬁgg 44 PD5 | | RP7F6C 3 8%; 6 PPT_PD7 35
B B57F |
35 FLP_DSKCHGH# DSKCHG# PD4 |42 334 | SR 2 z PPT_PD6 35
35 FLP_HDSEL# HDSEL# pD3 |48 =3 | Y ::%%; 8 PPT_PD5 35
35 FLP_RDATA# RDATA# PD2 ﬁ)g 557 D4 S PPT_PD4 35
35  FLP_WP# WP# PD1
35 FLP_TRKO# 250 TRKO# - ppo [52—FD0 BEALSC 2 8 PPT_PD3 35
35 FLP WGATE# ——26d WGATE# o RP7F3A 1 :3%: PPT_PD2 35
35 FLP_WDATA# ———27q WDATA# o RE0s & PPT_PD1 35
35 FLP_STEP# ——28d STEP# DCD1# SER_DCDA# 35 2 PPT_PDO 35
35 FLP_DIR# ———299 pre DSR1# SER_DSRA# 35
3 Fip imROM — e RTSI# SR RTSA# 55 _IC7FS_[CTF4_cere_fcaut
- 59 - = = —
N INDEXH = SOUTHXCNFO P SSEERR—SCOT%;@ 3355 FaOPF FBOPF FSOPF B30PF [c8U2 [c8U3 [C7F1 [c7F2 [csu4 [C7F3
35 FLP_DRATEO DRATEO == DTR1# P&L—— SER DTRA# 35
—12d BRA s e Bez_| SENL RIn# 35 F30PF F30PF F3OPF FSOPF FSOPF F30PF
I3 MTR1# S— XCNF1/XWR# _RP8GIC g 3 10K
Straps R8FT 10K
EV_GPIO_0 A P XCNF2 20— = =
EV_GPIO_1 > | GPIo0 95
GPIO1 GPI020 18
»—1 GpI02 GPIO21
5100 | 5pi53 Gpio22 |93 5,6,8,9,11,15..18,20,21,23,26,31,33,35,36,38.40,45  +V3.3S
991 Gpiog GPio23 22
*—B1 Gpios GPIOs GPI024
971 Gpl06 a7
261 Gpio7 gg:ggg 86 DET_1.2VE R2Y3 R2Y1 R2Y2 R1Y3 R1Y2 R1Y1
81| Gpioto 330 330 330 330 330 330
<801 Gpio11 GPI030 85— >>IDE_SPWR_EN# 27,37
X_m_za gg:g}g gg:gg; _Mﬁa ID5_LED D4 _LED ID3_LED ID2_LED ID1_LED IDO_LED
111 GPIO14 GPIO33 t@wos BKLTSELO 16
76 ! S2J3 DS2J4 S2J5 DS1J1 S1J2 DS1J3
75 gg:g]g GPIO34 LVDS_BKLTSEL1 16 REEN REEN REEN REEN REEN REEN
T4 GpI017 NG (85— > R ™~ R ™ R
56,8,9,11,15..18,20,21,23,26,31,33,35,36,38.40,45  PC87393
+3.38
+V3.35_SI0 +V3.35_SI0 +V3.3S_SIO B B B B B
G+V3.38 SIO EV GPIO Strapping options ! SIO_VR_VID4 40
SIO_VR_VID3 40
Fr--------- SIO_VR_VID2 40
0, | — .
0.01_1% 8F2 ‘ 5 ! SIO_VR_VID1 40
'S NO_STUFF_10K SIO_VR_VIDO 40
AUF D.1UF 2UF ‘ 1% - : SIO_VR_VID5 40
! |
= DET_1.2v# D
R8U2
10K_1%
Tile  Super 1/0 Controller
855GME core
i voltage detection Size | Project: Document Number Rev
= Default: Pulled to GND A Intel 855GM/GME CRB <Doc> 4.401
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A B C E
600HM@100MHZ PARALLEL PORT
8,15..18,20,23..25,27,33,34,38.40,4546  +V5S 3 7 @ FB2A2C  PPT L PNF#
/58 34 PPT_PNF#
34 PPTSLOT % 1 %) s FBOAJA PPT L SLCT 1oAIA
3 .
T 600HM@100MHZ o5 _Oo
2 7 7 FB2A2B  PPT L PE 12
FLOPPY CONNECTOR & S i e e M W S 2 4o°
| = BT
LFE oF Le L o 4 PPT_ACK# 1 %7 8 FBOATA T L ACK#E L U lo
4 4 4 4 4 3 ~ 2 L5 7 FB2A1B PP PD7 23
34 PPT_PD7 7/ = | o}
2 o o N o o 10
” <] FLP_DENSEL# 34 2 [°
‘e}
g < >Z> FLP_DRATEO 34 7‘19 7o)
{ FLP_INDEX# 34 o}
_;(g <X FLP_MTRO# 34 PPT L PD6 £
‘e}
14 600HM@100MIHZ PPT L PD5 7
116 <X PP pRoj 34 34 PPT_PD6 3 7 6 FB2AMC 19 c)o
18 - 4 L4 5 FB2AID PPT L _PD4 5
FLP_DIR# 34 34 PPT_PD5 il o)
20 ~ 1 %4 g FB3AGA [ 18
z FLP_STEP# 34 3¢ PPT_PD4 > 147 FooAe PPT L PD3 P
o FLP_WDATA# 34 34 PPT_PD3 7/ 510
FLP_WGATE# 34 o}
26 FLP_TRKO# 34 410
28 FLP_WP# 34 16 o
30 FLP_RDATA# 34 SLIN# e
32 <] FLP_HDSEL# 34 34 PPT_SLIN#/ASTRB# 3 @ 6 5 15 o
34 "> > FLP_DSKCHG# 34 34 PPT_PD2 4 1 210
1 % 38 IT# 14
== 34 PPT_INIT# ’e}
= 17x2_HDR 34 PPT PD1 2 77 1 DT 1 o
CORIN,MISC,49P,D-SUB, 3-IN-1
HZ
34 PPT_ERR# 3 @ 6 L E;g#
34 PPT_PDO e L AFD#DSTRBA
34 PPT_AFD#/DSTRB# /s CSTEARIES ==
34 PPT_STB#/WRITE# 5 71 4 =
5,6,8,9,11,15..18,20,21,23,26,31,33,34,36,38..40,45 +V3.38 INFRARED PORT
o _+33s.R
R7M1 [ \
. NOJSIUFF 2.2 | ! U7A1 ‘
+V3.3  15,18..20,23,27,30,32,37,38,44 45 L 10
s 2 LEDA !
T 34 IRTXD [ > : XD [
34 IR_RXD < <} —&1 RXD !
7 aNp |
C8A1 8M1 6] ne |
34 IR_MD1 —5 { Mop1 !
| _22uF —E'wtmm < 34 IR_MDO 24 MoDo |
= = 34 IR_SEL : g FIR_SEL ‘
SERBUF C1+ 3 SERBUF V+ rCo oo T ! 1| AGND |
19,2137 PM_RI# << }— CoA3 _,_—25— c1+ B4 Vi _27—_|‘33A4 | T ‘ VDD MNT -
“ 0.1UF | c7M1 c7M2 ! | NO_STUFF_HSDL-3600#017 |
— SERBUF_C1- o4 baur ! [ [ I i RNt
= &= Q82 cr = | NO_STURF_0.1UF NO_BTUFF_10UF | =
BSS138 | !
— SERBUF_C2+ con v SERBUF_V- Yo ____ p =
C7A3 - E7A1 Caps must be placed
N 0.1UF = as close as possible to
SERBUF C2 | . _E_mp pins 1.2
ER RIA °
- 20 Ro0UTE SERBUF CTSA SERIAL PORT
34 SER_CTSA# R1OUT RIIN F—2ERE0F RIA 600HM@100MHZ J2A1B
34 SER RIA# 18 RooOUT: R2IN [-2 GOOHM@ R
34 SER SINA 17 6 SERBUF_SINAZ 1_ /7 g FBIAIA SERPRT_DCDA 26 (o~
g R30UT R3IN = e}
34 SER_DSRA# 16 7 SERBUF DSRA 4 7 5 A2D SERPRT DSRA 31
| R4OUT- R4IN NS ’e}
34 SER_DCDA# 15 RSOUT: R5IN [-8—SERBUF_DCDA 3 % & FB1AXC SERPRT SINAZ o7 | o~ | 50
. 4 L4 5 FBIAID SERPRT RTSA 3 |  [51
/
s+ sem oo T o | & SRLECIRL 20 2
34 SER_SOUTA T2IN}—D0—ET20UT {1 SERBUF RTSA 50 [-° 54
34 SER_RTSA# T3IN T30UT ‘o)
600HM@100MHZ 24 o 55
56,89,11,15..18,20,21,23(26,31,33,34,36,38..40,45 6 FB1A1C_SERPRT_SOUTA# 30 o
+V3.3S FORCEON 1 8 ADA SERPRT CTSA -
T R8A1. JK_SER ON 21| FORCECFF# 2 % 7 FBIAIB SERPRT DIRA =
INVALID# GND 2 1 A2B_SERPRT_RIA CONN,MISC,49P,D-SUB,3-IN-1
/
19 SEREN [> > VAXoAS
= R20UTB is enabled even in suspend. -
R8M1 SER_RIA# is routed to allow the system to Title

1K

wake up in Suspend To RAM.

Floppy, Parallel, Serial, and IR Ports

— Size | Project: Document Number Rev
‘Note: FORCEOFF# overrides FORCEON. A Intel 855GM/GME CRB <Doc> 4.401
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+V5_PS2
/ > < <] KBC_SCANOUT[15:0] 32
T T T T | CBTD has integrated ¢
| ! diode for 5V to 3.3V
| JoD1 : voltage translation C8AG
SCANOUTO ! . __KBC_SCANOUT1 0.1UF
SCANOUT2 ! 2 KBC_SCANOUT3
SCANOUT4 g g " KBC _SCANOUT5 U8A3 =
S T B g T
582 83 S i 7 8 : g ggﬁ 88 z 32 KBC_GP_DATA 1A1 vee 24
SCANOUT10 ! 9 10 | KBC SCANOUT1T 32 KBC_GP_CLK 1A2 2 GP_DATA
= 11 12 ol = 32 KBC_MOUSE_DATA 1A3 1B1
SCANOUT12 __KBC _SCANOUT13 5 GP CLK
SCANOUT14 13 14 _KBC_SCANOUT15 32 KBC_MOUSE_CLK 1A4 182 ¢ MOUSE DATA
: 15 16 ‘ 32 KBC_KB_DATA 1A5 ]gi 9 MOUSE_CLK
AN 17 18 | KBC SCANNL 32 KBC_KB_CLK % oAl 184 g RED_DATA
SCANINA | iy 2 I__KBC_SCANINS 18 H_A20GATE 15| 22 Jp1 |15 KBD_CLK
S T BC S
SCANING } 23 24 —KBC SCANIN7 %—211 504 22 (18 <X] KBC_A20GATE 32,37
| NO_STUFF_24Pin_ZIF-HDR s 245 283 <
Lo DT \ 2B4 [F20— +V3.38
. 285 [-23—x ;
Scan Matrix Key Board OE# _PS2 10E# 5,6,8,9,11,15..18,20,21,43,26,31,33..35,38..40, 45
\ \ ) 20E# GND 3 RPRG2CH
£ >>> KBC_SCANIN[T:0] 32 SN74CBTD3384 8K
+V5_PS2 +V5_PS2 °
= 5,15,19..23,27..29,32,37..39,45  +V3.3ALWAYS
RP1B1 F1A1 SEES;E ‘1‘ ; 3 SMC_EXTSMI# 19,32,34,37
4.7K 11A RP8H6B 2 7 10K SMC_RUNTIME_SCI# 19,32,37
) FB1A9 ’ 5 PS2 RP8HED |2 PRI SMC_WAKE_SCI# 19,32,37
600hm@100MHz RPSH7A T3 270 PM_BATLOW# 19,32,37
GP CLK SMB_SB_DATA 32,3745
i w1 7 2 Tl RPOGIBL 2 7 10K SMB_SB_CLK 32,37.45
Z/ RPIGIC] 3 5 10K ot =
- RP1B2A SMB_SB_ALRT# 32,37,45
@
CP1A1B £ e ROA: 10K
o DOCK_INTR# 24,3237
47PF 2h FB1A4
600hm@100MHz
o, FB1A6 L_GPDATA 17 2 ) GP_DATA
N 310hm@100MHz 7/ °
= P
+V5_PS2
+V5_PS2 C1A2
L_PS2_PWR
47pF
RP1B2B
RP1B2D 4.7K +V5_PS2 +V5  20..23,27,37,44,45
4.7K JIA1 =
FB1AS L GPCLK FB1A3 R1B1. 001 1%
600hm@100MHz & 600hm@100MHz AR
KBD_CLK Y L_KBD_CLK ~ L KBD_DATA{ 4 o KBD_DATA
/ / v
CP1AIC 8 3 C1A1
47PF 1518 Her
o i = +V5_PS2
+V5_PS2 C1B1 c1B2
+V5_PS2 « 22UF 0.1UF
3 DUAL_PS2 s
‘ 5
Bl = wl N If a PS/2 "breakout" connector is used,the keyboard PS/2 =
RP1B2C 3 2 RP1B1A connector can be used for both a PS/2 keyboard and a
4.7K 2‘ — o 4.7K second PS/2 mouse. Otherwise, the keyboard PS/2
FB1A7 - - f\ EB1A5 connector will only support a PS/2 keyboard.
600hm@100MHz 600hm@100MHz o
MOUSE_CLK 1 o9 1 7 MOUSE_DATA
v / / f
CP1A1A
CP1A1
47PF 47PF Title
L £ Keyboard and Mouse Connectors
Size |Project: Document Number Rev
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15,17,23,27,45  +V12S | PC POWERED ON SUSPEND RAIL FOR ADD-IN H8 CARD

+V3.3_LPCSLOT
20..23,27,36,44,45
3,18 H_PWRGD HINIT# 3,18 27,3644,
+V3.3_LPCSLOT LPC Debug Slot 18,21 SM_INTRUDER# %HJNTR 318 V5
19,21,35 PM_RI# BUF_PCI_RST# 18,22..24,26,31,32,34
15,17,2327,45  +V12S 3718 H_DPSLP# 1084160 D R3M3 K
J8F1 18,2131138M87A|_If’5’\}'? < JH_STPCLK# 3,18
12V1 12v2 318  H_SMi# <X JH_CPUSLP# 3,18
19,33 SUS_CLK [>_> B2 | suscLk NEG_ 12V [-A2— - —
B3 | GND1 GND2 A3 =  2®HDR=
x—gﬁ— LREQ BP_CLK —%H
VCC3_1 VCC3_2
> g?\"‘gs'-o '-C([:“J'B; a7 2021 +V3.3ALWAYS_ICH
B8 | pc LD6 [A8— 19.22,24  +V3.3S_ICH
»<-B9 1 ps D4 AL
B10 | GND4 GND7 [FA10 R7J3
B11 | " 1o Cats +V5_LPCSLOT R7J4 10K
5,15,19..23,27..29,32,36,38,39,45  +V3.3ALWAYS B12 | 1 o2 [at2 4.7K
B13 | GNpe vces 2 [FA13 i
B4 | 3y sTBY SCLK [FA14 19 ICH_GPIO7 [ > > 1H0] IDE_PATADET 19,26
<B151  pg GND10 [FA12 3 1510} IDE_SATADET 19,26
18,32 H_RCIN# B16 KBRESTE# SERIRQ [-A18 INT_SERIRQ  18,22..24,32,34 18,21.23 INT_PIRQH# [ > > 5 15[oF-8
32,36 KBC_A20GATE g}; A20GATE# CLKRUN# 21; PM_CLKRUN# 19,21..24,32,34 19 ICH_MFG_MODE ] Z, O[O ‘1*“
2121 onps GND12 15,18,22,23 PCI_PME# olo]
19,32,34,36 SMC_EXTSMi#t <<} LSMI# LINK_ON [FA19-¢ =  2X5-Header —
*+V5_LPCSLOT KEY ICH4-M Testpoint Header
B20 A20
VCC5_1 VCC5_3
19 LPC_DRQ#1 B219 | prai# LDRQO# A2 "> >LPC_DRQ#0 19
19,31.34 LPC_FRAME# B229 L FRAME1# GND14 [FA22 6,19,39 PM_STPCPU# PM_STPPCI# 6,19
B23 1 GND9 LAD3 423 LPC_AD3 19,31.34 6,19,38/45 PM_SLP_S1# INT_IRQ14 18,21,26
19,31.34 LPC_AD2 B24 | |'Ap2 LAD1 |-A24 LPC_AD1 19,31..34 19 PM_C3_STAT# INT_IRQ15 18,21,26
19,31.34 LPC_ADO Sgg LADO GND15 gg 19 PM_CPUPERF# AGP_SUSPEND# 19
o> GND11 PCICLK (28 %CLK}PCPCI 6 7,39 VR_PWRGD
2Lq PCIRST# LPCPD# D22 PM_SUS_STAT# 19,32,34
B28 | GND13 GND16 A28 %PMchKRUN# 19,21..24,32,34
6 CLK_LPC14 [ > Sig osc PME# ﬁig <1 PCI_PME# 15,18,22,23 PM_SLP_S4# 19,20,32,38,44,45
VCC3_3 VCC3_4 =
| 60Pin_CardCon N °
- | — -
Fis Layout Note: ] J2J2
@ Line up LPC slot 27,34 IDE_SPWR_EN# <<} ; O[O Z Eg FWH_WP# 19,31
o with PCI Slot 3 5 O FWH_TBL# 19,31
7 7 OOH
| 9G3 | | 9G4 = 8PinHDR =
22,2332 PCI_GATED_RST# NGO 3 BUF_PCI_RST# 18,22..24,26,31,32,34 SIO Sidebands
- _ |
TEST HEADER
J2J1
519,21,32 PM_THRM# 2 SMC_RUNTIME_SCI# 19,32,36 19,32,34,36 SMC_EXTSMI# 1_OToH2 DELAYED_VR_PWRGD 19,39
19,32 PM_PWRBTN# 4 SMC_WAKE_SCH# 19,32,36 19,38 PM_SLP_S5# O[0! PM_SUS_CLK 15,19
32145 SMC_ONOFF# 6 FAN_ON 32,38 19,39 PM_DPRSLPVR 5_I5[o}-6 PM_GMUXSEL 19
32 VR_ON ?o SMB_THRM_CLK 5,32 L {o[o-&
19,21,25,32,39 PM_PWROK 10 SMB_THRM_DATA 5,32 —|—? 8Pin HDR —|—?
19,21,32 PM_RSMRST# 14 SMB_SB_CLK 32,36,45
32,45 AC_PRESENT# 16 SMB_SB_DATA 32,3645
18 SMB_SB_ALRT# 32,3645 e e e e o
19,25,32,38,44,45 PM_SLP_S3# ;g > >PM _BATLOW# 19,32,36 } :
45 GATED_SMC_SHUTDOWN 124 L ‘ NO STUFF !
32 BAT_SUSPEND —%Eﬁ< = | GROUND !
32 SMC_RSTGATE# <Z_|SMB_SC_INT# 32
24,32,36 DOCK_INTR# 1 30 | HEADERS |
| 15x2_HDR ! [
= | JoJ4 J7E1 J7F2 J1H6 J2A2 |
SMC Sidebands for LPC Power Management : @ :
| - - - - - - - - - - |
| J9J3 JTA1 JOE1 JIE2 |
| |
| 1 |
| - - - - - - - -
20..23,27,36,44,45 +V5 +V5_LPCSLOT +V33  1518.20,23,27,30,32,35,38,44,45 +V3.3_LPCSLOT ‘ |
|\ - 1
R9G1 0.01 1% R9G5 0.01 1% T
C9G2 C9G1 C9G4 C8F1 C8F3 | C9G3 Title
LPC Slot & Debug Headers
22UF 0.1UF TZZUF 0.1UF 0.1UF | 0.1UF Size [Project Document Number Rev
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8,15..18,20,23..25,27,33..35,39,40,45,46

Fan Power Control

+33 Test CAPs
8 +V5 FAN .
PR s - gy
J_ él 2 TP_220pf1 11 TP_220pf2
1 C1E3 C1E2 | [c87
R1E1 C1E4 o 220PF
M - U1E1 0.1UF 22UF
1000PF SI3457DV J1ET CR1E1 TP_330pf1 1 TP_330pf2
ol RiE2 q1 E i ||g;39£’:
= —q 2
zl A9 . | FANOND =
O‘ | Test CAPs backside TP_0.1uf1 | TP_0.1uf2
z CONN2_HDR | [C8J6
= 0.1UF
“ TP_BS_100pf1 || TP_BS_100pf2 TP_0.082ufl || TP_0.082uf2
— 1 I | [ceia
Q1E1 = C9Y2 100pF 0.082uF
32,37 FAN_ON |:Z>—1J BSS138
: . TP_BS_0.01uf1 1 TP_BS_0.01uf2 TP_0.47uf1 I TP_0.47uf2
| [CoY4 11
0.01UF C8J5 0.47uF
= TP_BS_0.1uft || TP_BS 0.1uf2 TP_0.01uf1 I TP_0.01uf2
|TCoY5 | [caat
0.1UF 0.01UF
TP_BS_220pf1 1 TP_BS_220pf2
| [Cove
220PF
TP_BS_1000pF1 [ TP_BS_1000pF2 TP_0.1uf1 I TP_0.1uf2
| Tcoy3 I
1000PF caJ2
0.1UF
System State LEDs 56,8,9,11,15..18,20,21,23,26,31,33..36,39,40,45
+V3.38 +V3.3S
5,6,8,9,11,15..18,20,21,23,26,31,33..36,39,40,45 T
5,15,19..23,27..29,32,36,37,39,45 d
R1H1
+V3.3ALWAYS :3— Q1G2 68
& SI2307DS
PM_SLP_S1# [ > >—1—‘
5,15,19..23,27..29,32,36,37,39,45 610,37 45 —
+V3.3ALWAYS N 15,18..20,23,27,30,32,35,37,44,45 o <
D_z Szapros +V3.3 © 8|
o 19,20,32,37,44,45 PM_SLP_S4# - a =
F— N - 3
oot b_x S%ZCS(S‘?DS o« Q2G5 » “
19,37 PM_SLP_S5# «
7 19,25,32,37,44,45 PM_SLP_S3# [Z>—l—“3__x SI2307DS LED for SO SNZ DS1H
O
q a o R1H2 “ | ereen
o - 68 )
@ @ PM_SUSLEDPWR o]
A R2H4 < £
@ 68 g ;‘
R2H3 4 )
68 R2H2 b o
< 68
< @I 9 b~ % atot
a S LED for S1 /SZ DS1H3 PM_SLP_S1# BSS138
2 ° PM_SUSLED 4 GREEN 6,19,37.45
[Te) 3 -
%]
LED for S4 /SZ DS2H2 o N 1
9 v | GREEN LEDforS3 N7 DStH2 = '
LED for 85 N7 DS2H1 o < GREEN
v GREEN |_‘_
- Title . . .
i U Q283 Fan Circuit, Test Capacitors and System State LEDs
- ' - —4 Size |[Project: Document Number Rev
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A | B | C D E
5,15,19..23,27..29,32,36..38,45 +V3.3ALWAYS Step 2 -VR ON 56,8,9,11,15..18,20,21,23,26,31,33..36,38,40,45  +V3.3S
i C’A_?] oauF | Step 1 - Power OK -
u7A3 01uF i 56,8,9,11,15..18,20,21,23,26,31,33..36,38,40,45 RAN2 | c“BT 0-1UF i
+Vv3.38
45 PWR_PWROK [> >——1 MAIN_PWROK T C4Bj 01UF i 2.2k d
74AHC1G08 . U4B5
20 V1.5_PWRGD [> >—2 MAIN2_PWRGK PM_PWROK 19,21,25,32,3 U4B4"T INTERPOSER PRES# 1
= CORE_VR_ON [> >—1 . 5 | 74aHC1G08 ON_BOARD_VR_ON
5,15,19..23,27..29,32,36..38,45 +V3.3ALWAYS 74AHC1G08
e 32 VR_SHUT_DOWN#[ > >—-2-
C7B1, 0AUF OFF BOARD VR ON
| U7B1_| =
44 DDR_VR_PWRGD[ » >———11 —
74AHC1G08 5,6,8,9,11,15..18,20,21,23,26,31,33..36,38,40,45
21 vsA PWReD  [5>——2 Step 3 - Power Good p
s
5,15,19..23,27..29,32,36..38,45 +V/3.3ALWAYS
5,6,89,11,15..18,20,21,23,26,31,33..36,38,40,45  +V/3.
5,6,8,9,11,15..18,20,p1,23,26,31,33..36,38,40,45 ~ +V33S T VR PWRGD CKaos 6
VR PWRGD CIRCUIT - -
R2G13
’ R6C10 R6C4 C6C6 ho R6CY IMVP_PWRGD_D Q2G1
C4B2 10K ]-O/SBK 0.1UF VDD+ 10K 2N3904
0.1UF ha —
= U4B3A ha OPAMP N o | _ UC1A =
ON_BOARD_VR_PWRGD [ >—— 400 PWRGD1 U4B38
INTERPOSER_PRES# 1 {T> >DELAYED_VR_PWRGD 19,37
2 74HC00 6 [S™>VR PWRGD 7,37 TLV2463 [OPAMP_EN
> : OPAMP P3| ,
ceca Note: J1H1 enables
7 10F R6C6 GND Manual VID strapping
5,15,19..23,27..29,32,36..38.45 +V3.3ALWAYS Q6C1 20% 2K_1% 4
BSS8: 1 With pin 13 high, B input goes to C
— — - output. With pin 13 low, A input goes
14 = = to C output. J
U4B3D
8 INTERPOSER_PRESs = =
74HC00
12 5,6,89,11,15..18,20,21,23,26,31,33..36,38,40,45  +V3.3S
R4N3
ook Input |Output| 52| 51| S0
8,15..18,20,23..25,27,33..35,38,40,45,46  +V5S np! utpu
= = : A c 1]1]0
R1 R1G? R1G8 R1G3 R1GHORIGHR1 B ¢ 1 1 1
a 82K>  8.2K> 8.2K> 8.2K> 8.2K> 8.2K> 8.2
Q
: U1G1
g| IMVP-4Strap_VIDO 200 oo |4 VR VIDD 40
s 5 A1 c1 (44 VR_VID1 40
> 46 IMVP-4Strap_VID1 1:‘ A2 c2 ;‘; VR_VID2 40
g 46 IMVP-4Strap_VID2 T A3 c3 VR_VID3 40
s 46 IMVP-4Strap_VID3 o] A4 c4 —35—22 VR_VID4 40
2 46 IMVP-4Strap_VID4 A5 c5 VR_VID5 40
" . 46 IMVP-4Strap_VID5 *—181 Ap c6 [2l—
5 ] 2 a7 c7 8
5 Steelcliff Headers ECEENEER a4 A T g
<
OFF_BOARD_VR_ON PM_STPCPU# 6,19,37 40 VR VIDO VR_VID3 40 2X8_HDR 4 H_VID1 B1 D1 o
—_— e 3 SCPST ReC PM_DPRSLPVR 19,37 40 VR_VID1 VR_VID4 40 ESRENBEN 4 HVID2 B2 D2 40— e
‘75 - PM_PSI# 3 40 VR VID2 5 VR VID5 40 4 H_VID3 B3 D3 3L @
5,6,8,9,11,15..18,20,21,23,26,31,33..36,38,40,45  +V3.3S 4 H_VID4 B4 D4 F35—x «
2 10 o L 4 H_VIDS B5 D5 32— G
+3.35 | 1 12 NTERPGSER PRESH 1 {+v3.35 5,6,89,1,15..18,20,21,23,26,31,33..36,38,40,45 121 gg D6 30— SN
< = %22 g7 D7 F2L—x +v58
V8 | 15 16 15 |+V5S  8,15[18,20,23..25,27,33..35,36,40,45 46 *—24 Bg D8 [25—x g
] © 8,15..18,20,23..25,27,33..35,38,40,45,46  +V5S 8,15..18,20,23..25,27,33..35,38,40,45,46  +V5S s
a9 19 20 19 R1G5 11 so vce S
™ [t} 21 22 21 4 @
o 3 23 24 23 T—'\/\/ s2_s1 a7 | S! GNDO [/~ -
s s 25 25 34 | 52 GNDT 1= cig1 2
» < |26 GND5  GND2 <
« ] 27 28 27 10K 20
< = —391 GND6  GND3 0.01UF
g 29 30 L [ 2 L 421 GND7  GND4 |22 :
I i 31 32 = = 31 = MUX_SWITCH
= @ 33 a4 33 74CBT16209A
8 N e 6 +VDC 16,2145 e
I 9 a7 a7
@ y —
@ « 39 40 39 =
o &
- < 20x2_Header 20x2_Header
- o
[} - o
@ ) Title . :
R Processor VR Interposer Support & Power Circuitry
c tor 1 c tor 2 Size | Project: Document Number Rev
°“"e‘;\‘|’3’ VR Interposer Headers °“"e% ‘B’ A Intel 855GM/GME CRB <Doc> 4.401
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C

39 VR_VID[5:0] [ wmm—
19,37,39 PM_DPRSLPVR [ > >——]
6,19,37,39 PM_STPCPU# > >—
39 ON_BOARD_VR_ON [ >—]

3,39 PM_PSI#[ > >—]

3237 VR.ON [ > >——

12V_EV [ D> >—

IMVP IV

3.5,9,18..20,42,46 +VCCP

————"> >ON_BOARD_VR_PWRGD 39

———— > >VR PWRGD_CK408# 6,39

———- > >>CORE_VR_ON

——-/ > >VOuT EVMC_B39 46

R1F13
1K
5,6,8,9,11,15..18,20,21,23,26,31,33..36,38,39,45  +V/3.3S
VR VID_N
8,15..18,20,23..25,27,33..35,38,39,45,46  +/5S5
R1F14 | C1F4 3
1K =—0.1UF
R2G2
39 | VRVIDO [ >AAA VRVIDDO 51,
1K 4 _VIDO
R2G1
39 VR.VID1 [ >AAAN YR _VID_D1
1K R_VID1
R1G4
39 VRVID2 [ D >AAA VRVIDDZ o f . 1
1K ol SIO_VR_VID2
U2F1C
LM339
R1G3
39 VRVID3 [ D >AAA VR_VID_D3 1.
1K w0l SIO_VR_VID3
U2F1D
LM339
u = 10K
39 R1G2
39 VR.VID4 [ > >AAA VRVIDD4 51, )
1K 4 { > >sIo_VR VvID4
U1F1A
LM339
: k C2F5
0.1UF ==
R1G1
39 VR.VIDS [ D >AAA VR VID Do =
1K ol SIO_VR_VID5
Title
IMVP-IV & Mux Buffer
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VCore HF and Bulk Decoup

This solution will allow any of the decoupling options.

Al
caps should NOT be stuffed at the same time.

4,46 +/CC_CORE

C3R12
10UF
20%

}_

C3R9
10UF
20%

10UF 10UF
20% 20%

10UF
20%

I

C3R11 C3R10 C3R8 C3R7 C2R4 C2R3 C3R13 C3T7 C3T6 C3T5 C3T4 C3T3 C3T2 C3T1 C2T2 Cc2T1 C3R1 C3R6
T T T T 10UF 10UF 10UF

10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF
20% 20%

10UF 10UF
20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%

P_.|

e

4,46 +VCC_CORE

—
-7
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

I
NO_STUEF 10UF |
! | |
C3R5 C3R4 C3R3 C3R2 C2R2 C2R1 C3P9 c3p8 c3P7 C3P5 C3P6 C3P4 C2P9 C2P8 | | C2P7 C2P6 C2P5 C2P4 C3P10, | C3P11
10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF 10UF T—10UF  ==NO_STUFF_10UF
20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% | | 20% 20% 20% 0% | 20% | | 20%

STUFF_1QUF NQ STUFF_1QUF NQ STUFF_1QUF NQ STUFF_1QUF NQ STUFF_1QUF NQ STUFF_1QUF NQ STUFF_10UF

C3P13 C2C10 Cc2C11 C2C9 C2C8 C3C4 C3C5 C2C6 C3C6 C3C7 C3C8 C3C9 C2C4 C.

|

|

|

| C3P12 2C5

| NO_STUFF_10UF
|

|

|

_"_20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
NO_STUFF_10UF UF ¢ OUF O_STUFF_10UF O_STUFF_10UF TUFI UF

Primary (Top)

Secondary (Bottom)
Side Decoupling

Side Decoupling

T T T T 446" ¥CC_CORE ~ ~ 7 4,46  +VCC_CORE rTT T T T T 4460 ¥VCC CORE ~ ~ 7| T~ 777777 4460 +CC CORE ~ ~ ~

NO_STUFF_100uF, NO STUFFJOOH‘JF
3c12 ! IQZCS C3C2 L23C1
20%

ESPM
20% ! 20% 20% 20%
| FZOUF FZOUF FZOUF
|
O_STUFF_100uF NO_STUFF_100uF |
Do not stuff -- 1812 MLCC SPC

NO_STUFF_220uF,

NO_STUFF_100uF,

|

|

|

| 2P2
| 2

|

|

|

NO_STUFF_100uF

|
|
|
3P16 3P15 IC3C3 | 3P2 2P1 3P1 3P3 c2c7 3C11 C3C10
20% 20% 20% | 20% 20% 20% 20% 20% 20%
I;ZOUF |
|
|
I

0%

O_STUFF_220uF  NO_STUFF_220uF

. O_STUFF_100uF NO
Do not stuff -- D-Case

"Do not stuff -- 1812 MLCC

VCCP Decoupling

eer PLACE NEAR CPU -

1 ‘
|

C3D3 IC3R15 _ERM IC3R17 _hiRw (C2R9 _EZRS (C2R5 _EZR7 IC3R16 _EZRB ! IC4D2 |
T150UF |
EJUF _F1UF EJUF _F1UF EJUF _F1UF EJUF _F1UF EJUF _F1UF | |

I ‘

3..5,9,18..20,40,46

INO_STUFF_150UF

ing

1

Tie " processor Decoupling
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Tile " 855GME VR and VCCP
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20.23,27,36,37,45  +V5
BOOT 1
C3G9
c367 c3G8 C3G10 U3G1 0.0220F
4 6
VINO PHO
150uF 150uF 0.1UF 3| Uing il 52
21 xmg E:§ ) ! 9,11,12 +V2.5
01 ying TPSSB10 s (10 Single point
VSENSE_1 PHS :1 sense
VSENSE PHe 12 L4G1 near load
) comp_t1 PH7
HE?BGE - 3 NerComp PHa (14 S— C4F1
Rav4 s cavz .
COMP_1 D PWRGD 3 Toaur
5 & > =
255k 1% _ _ _ _ 5600pF BoOT H
r RT_1 8
RT AGND ﬁ
19
| NO_STUFF_10K_1% | FSEL PGNDO =
= | _ _ _ __ - _ i SS/ENA_1 6 PGNDT
J36: SS/ENA pPeND2 T
[l = PGND3 [~
CON3_HDR VBAIS PGND4
- RAG1 5.49k_1% ! Note for layout: This part has
N V2.5 DDR_D | special pad on it's underside
NO_STUFF_10K |
777777 20..23,27,36,37,45 +V5
C3F6
R3V1 10K_1% XN +V2.5 DDR 11,12,46 20..23,27,36,37,45 +V5
0.1UF
VSENSE_1_D 910  +V2.5_GMCH_SM
R3V8
Rav2 221_1% cav1 C3G11 10K
8200pF 0.1UF
aovs RIF2 232 1% R2G9 Lo
5.49_1% 10K_1%
Default: J3G1 No Jumper SMVREF DIMM EV 46 8| _ U3G2B
2.5V_DDR_EV 46 - -
GND_DDR R3G6 _DDR TLV2463
<~ 1361 oAV {> > SM_VREF_DIMM 11,12
1 : + 7 -]
I R3V5
N> INO_STUFF_10K
9,10 +V2.5_GMCH_SM R3G10 0 R3G7 ¢ |
[
10K_1%
15,18..20,23,27,30,32,35,37,38,45  +V3.3 1Rgl\<“11"/ N/
R3GO
10K
. . 20..23,27,36,37,45 +V5
{ > > DDR_VR_PWRGD 39 -
R3W3 cav3
10K_1% 0.01UF
9,10 +V2.5_GMCH_SM [ | |
ho | R3V6
SM_VREF_MCH_EV 46 — NO_STUFF 10K <!
20..23,27,36,37,45 +V5 REFIN 2 R3G3 ! I
U3G2A o __ o
= = - TLV2463
floK_1% 1 R3GS 0
5 OPAMPZ_EN
+
} SM_VREF_MCH 7
D R3V7
C3H2 C3H3 C3H4 | - R3G2 B 10K
| R3W2 | U3G3
150uF 150uF 0AUF ‘ VN e I oK 1%
VIN1 PH1 - v
| | 8
NO_BTUFF_0 unz PH2 g
£ | N - VIN 1pgsserz  PH3
- - = VINg PHa (10 <X ]1.25V_DDR_EV 46
PH5 L1 Vit Sense l .
VSENSE_2 VSENSE PHs Lt RAGH 432 1% Single point
13
| |c3613 COMP_2 3 PHT 0 PH 2 +VDDR sense
1 [220PF NC/Comp Pre 4.7uH near load
R3WA1 cavs 4 sTATUS g >
COMP_2 D | BOOT 2 s00T £ R4H1 +V1.25S 14,46
v T
499 1% 0.082uF RT 2 8
RT AGND ﬂ 0.01_1%
FSEL 19 Only one output enabled at a time
ENA ggugf 1 ceu1 can c6J2 C4H1 C4H5 Y P
6 Non-EV Support| EV Support
REFIN PeNo2 g 150uF | 150uF | 150uF | 150uF | O.UF PP i
R3G 100K VBAIS PGND4 15 R3G5
o R3V7 R3V6
u: Note for layout: This part has Stuff
S 2| special pad on it's underside R3G10
R3V12 2 R3G5
c3G12 R3G o FSEL
NOdw " 9.25,32,37,38.45 PM_SLP_S3# [ >> R No Stuff R3V6 RAVT
R3VO - cava ’ RaG10
VSENSE2D L | L
) _| cam r 0 EV Support Resistor Options
267_1% 8200pF S 032uF 0.20.32.37.38.45 PM_SLP sS4 R3V' NO_STUFF 01
R3V13 ! Title
IS NO_STUFF_4.99k_1% | Vet Sense DDR VR
! I
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N

B

HDM Connector Assembly (base board) HDM conn. is a modulized conn. design in 2 parts. 3 pin power 2223 -V128
—_— - — - — - — = - — - — recepticle and a 72 pin recepticle. The 2 parts will be arranged as C8A2
: J1B1 | shown on this schematic page. 2UF
} A1 T 3sv
A2 =
| A3 _
Ad | 16,21,39  +VDC
\ D1 | T 15,17,2327,37  +V12S
J D2 I
= D3 C7B3
D4 ‘ 2UF
| E1 ‘ 35V
F2 =
‘ E3 _ |
! F4 8,15..18,20,23..25,27,33..35,38..40,46 +V5S
\
3Pin_RECEPTICLE ‘ 5,6,8,9,11,15..18,20,21,23,26,31,33..36,38.40  +V3.3S C7E7
. Vi8S " CONB3,RCPTL,TH,700000-667.Normal | /—‘|:22UF
+V1.i
T ‘ J1B2 | =
A1
" A | R6J5
] A3 4,9,15,19,20,46  +V1.55 10K C6J3 20..23,27,36,37,44  +V5
1 0.1UF
A4 U6J1
| D1 SW7J1 C1E
5,6,8,9,11,15..18,20,21,23,26,31,33..36,38..40 D2 1 4 =
+V3.38 | d D3 | L |_—1— GND vCC i :22UF
D4 | [ 2 = =
+V3.3S_TURNER | E1 \ Push button RST_PUSH# 20w out k2 MASTER_RESET#
R1CA 0.002 1% F2
c1c1 I F3 ‘ MAX6816
22UF ' EA
|
|
= 3Pin_RECEPTICLE 8,15..18,20,23..25,27,33..35,38..40,46  +V5S 4
‘ CONS,RCPTL,THJ,Zg?OOO—GGINormal ‘ CRES2
| +V55_TURNER BAT54
32,37 AC_PRESENT# ‘ 2; E12 = RDT T
AT o \ A3 F10 } | 8,15.18,20,23.25,27,33..35,38.40,46  +V5S
324637 SMB SB CLK Al E9 15,17,23,27,37 +V12S Bo 8,15..18,20,23..25,27,33..35,38..40,46  +V5S
32,36,37 SMB_SB_DATA A5 E8 ! I~
55, 5B I A6 F7 1 +V12S_TURNER o
32,36,37 SMB_SB_ALRT# i L8 £ —Rica 50T % <
19,2032,37,38.44 PM_SLP_Sd# ; A8 E5 \ gggz ‘i +V5  20..23,27,36,37,44 ?36614 COWER
19,25,32,37,38,44 PM_SLP_S3# I A9 E4 o
A10 E3 +V2.5_TURNER
6193738 PM SLP_S1# - \ Al £ | FRONT1 FRONT2 SWelT
. <L IpsonswF A12 F1 ] ; 3_CONN_D
B1 -E12 IDE_PDACTIVE# = —3 ﬁ 1 4 2
2223 -V12S 1 B2| 5 [En ‘ 26,27 IGW oss Push button
B3| © [E10L CR6J1 _I0
-V12S_TURNER| 1 Ra | £ [Fo ‘ C6J4 [CeJ6 [C6J8 BATS4
R1C3 0.01_1% B5 | U [Eg - [ 70PF  U70P PS_ON_SW#
| B8] O [E7T | 7OPF 470PF [470PF =
+V3.3ALWAYS \ Bz | & [Es L
5,15,19..23,27..29,32,36..39 B | W [E5 | =  HDR._2x8 = =
T +V3.3A_TURNER Bo | O [E4 = =
R0z V0002 1% ‘ Bo| % [Ea |
; B11| £ [E2
B12 | & [E1 |
C1D1 ‘ ol ™ > >15V.EV 46
22UF 1 o _mz*mj |
= , Cc3 D10 &
ca D | 5,15,19..23,27..29,32,36..39  +V3.3ALWAYS
\ Cc5 D8 o Front Panel Connector -
‘ 07 |
C6. C1E5
| fova D& \ MASTER RESET# 1
C8 D5 74AHC1G08 PM_SYSRST# 19 0.1UF
} c?g | D4 | 3,546 ITP_DBRESET# [ > >—2-] =
! C11 D2 3 |
i c12 D1
‘CON72,RCP'ITJLﬂ;I;H,700000—668.N0rma| ‘
|
| A1
\ A2 |
A3 20..23,27,36,37,44 +V5
i A4 I
‘ D1 __+V5_TURNER
A D2 \ R1D3 0.01_1%
=, D3
D4 !
+V3.3 15,18..20,23,27,30,32,35,37,38,44 ‘ £1 ‘
F2
+V33 TURNER i ‘ e DC/DC Connector
R1D5 0.01_1% \ _ ‘ i ——
3Pin_RECEPTICLE Size | Project: Document Number Rev
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Power On Sequence

1
DC/DC >8> PCl| RST#
18
N
PM SLP S4# @ ICH4
(4)
PM SLP S3# " PG 19 o
9 GMCH
0
= PG 7
POWER 1 )ps on sw# 171 &
L o =
/PWR PWROK E i a g 3t
0 > [%)]
@) U7A3 MAIN PWROK \@ 5 o S s x
U7a5 PM_PWROK s| = u o o
PG 39 MAIN2_PWROK / ol @ T O
[a) I
PG 45 g m1 PG 39
U7B HESAN
(: &g = T
2 G 313 — I 19
\_) e g n;: 8 T O\J |_w__|ﬂ:|
o
o & — PG 39 fri CPU
s SMC ]
LV15A ., x| <
PG 32
SMC_ONOFF#
N VR _PWRGD_CK408# -
DDR VR @] | @ : G&-go8
G a4 [Y25 T SMC_PROG_RST# o) @
P +v1.25§: Ué RST HDR Q
MAX809 SMC_RST# g =
PG 33 S555 py z
>
+V5A VR T S
V5 ALWAYS .
PG 21 [ PG 39
VR_SHUTDOWN l
ON BOARD VR ON{ U4B5 @ U4B4 VR_ON MGM &
Core VR (17 4—1 VCCP VR
PG 41 PG 39 INTERPOSER PRES# GMCH_VCORE PWRGD\ PG 43
| ® (10
@ ON_BOARD VR PWRGD U4B3 )3 ) U4B3 @
U4B3
PG 39
INTERPOSER PRES ‘ PG 39 PG 39
OFF_BOARD VR PWRGD U4B3 Tile  power On Check list
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A

C

- SwW8J1

PS _ON_SW#
| JT. Reset Map
- PG 45
DC/DC SMC_SHUTDOWN
turner PCI_RST# PCI_RST_SLOTS# | pCI
PG 45 PWR PWROK — & SLOTS
UTRS PM_PWROK ICH4
B ° PG 22
SW7J1 VMASTER RESET# PG 39
S PG 19
PG 45
£ Q9B
Core VR 0 ‘= PCI GATED HST#
>
J 2} PG32 30| rpc
PG 41 = SLOT
=0.| PG 37
DOCKING
UocCl
ITP PG 25 OSW
B PG 24
ADD
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