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I nt roduct ion

1 I nt roduct ion

1 .1 Overview

The Mobile I ntel®  945GM/ PM/ GMS, 943/ 940GML Express Chipsets are designed for use 
with I ntel’s next  generat ion m obile plat form , I ntel®  Cent r ino®  Duo m obile technology. 
The I ntel 945GT Express Chipset  is designed for use in desktop designs.

Note: The specificat ions contained herein are subject  to change without  not ice.

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets come 
with the Generat ion 3.5 I ntel I ntegrated Graphics Engine, and the I ntel®  Graphics 
Media Accelerator 950 ( I ntel®  GMA 950) , providing enhanced graphics support  over 
the previous generat ion Graphics and Memory Cont roller Hubs (GMCH’s) .

The (G)MCH m anages the flow of inform at ion between the four following primary 
interfaces:

• FSB

• System  Mem ory I nterface

• Graphics I nterface

• DMI

Figure 1 . I ntel®  Centr ino®  Duo Mobile Technology w ith Mobile I ntel®  9 4 5  Express 
Chipset  Fam ily ( G) MCH
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The (G)MCH can also be enabled to support  external graphics, using the x16 PCI  
Express*  graphics at tach port .  When external graphics is enabled, the internal graphics 
ports are inact ive. However, SDVO operat ion concurrent  with PCI e*  x1 link is 
supported.

Note: The above diagram  is only indicat ive of the GMCH capabilit ies. Please refer to the 
feature-sets in the following sect ions for details on the processor and I CH variants 
supported by each GMCH SKU.

Note: The Mobile I ntel 945GMS Express Chipset  m ay have notes in BROWN font  throughout  
this document . This is to point  out  differences which are relat ive to this chipset  only.

Figure 2 . I ntel Cent r ino Duo Mobile Technology and I ntel Centr ino Mobile Technology 
w ith Mobile I ntel 9 4 5 GMS Express Chipset
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1 .2 Mobile I ntel®  9 4 5 GM Express Chipset  Feature 
Support

1 .2 .1 Processor Support

• I ntel®  Core™2 Duo m obile processor, I ntel®  Core™2 Duo m obile processor LV 
(Low Voltage) , I ntel®  Core™2 Duo m obile processor ULV (Ult ra Low Voltage)

• I ntel®  Core™ Duo processor, I ntel®  Core™ Duo processor LV (Low Voltage) , 
I ntel®  Core™ Duo processor ULV (Ult ra Low Voltage)

• I ntel®  Core™ Solo processor ULV

• I ntel®  Celeron®  M processor ( I ntel Core processor based) , I ntel Celeron M 
processor ULV

• 533 MHz and 667 MHz front  side bus (FSB)  support  

• Source synchronous double-pum ped (2x)  Address

• Source synchronous quad-pum ped (4x)  Data

• Other key features are:

— Support  for DBI  (Data Bus I nversion)

— Support  for MSI  (Message Signaled I nterrupt )

— 32-bit  interface to address up to 4 GB of m em ory

— A 12 deep I n-Order Queue to pipeline FSB commands

• AGTL+  bus driver with integrated AGTL term inat ion resistors

1 .2 .2 System  Mem ory Support

• Supports single- / dual-channel DDR2 SDRAM 

• Maximum Memory supported:  up to 4 GB at  400, 533 and 667 MHz

• 64-bit  wide per channel

• Three Mem ory Channel Configurat ions supported:

— Single-Channel

— Dual-Channel Sym metr ic 

— Dual-Channel Asymmetric

• One SO-DI MM connector per channel

• 256-Mb, 512-Mb and 1-Gb memory technologies supported 

• Support  for x8 and x16 devices

• Support  for DDR2 On-Die Term inat ion (ODT)

• Enhanced Addressing support  (XOR and Swap)

• I ntel®  Rapid Mem ory Power Managem ent  ( I ntel®  RMPM)

• Dynamic row power-down

• No support  for Fast  Chip Select  m ode

• Support  for 2N t im ings only

• Supports Part ial Writes to m em ory using Data Mask signals (DM)
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1 .2 .3 Discrete Graphics using PCI  Express*

• One 16- lane (x16)  PCI  Express port  for external PCI  Express-based graphics card.

• Compliant  to the current  PCI  Express*  Base Specificat ion base PCI  Express 
frequency of 2.5 GHz only.

• Raw bit- rate on the data pins of 2.5 Gb/ s, result ing in a real bandwidth per pair of 
250 MB/ s given the 8/ 10 encoding used to t ransm it  data across this interface.

• Maxim um  theoret ical realized bandwidth on interface of 4 GB/ s in each direct ion 
sim ultaneously, for an aggregate of 8 GB/ s when x16.

• 100-MHz different ial reference clock (shared by PCI  Express Gfx and DMI )

• STP-AGP/ AGP_BUSY Protocol equivalent  for PCI  Express-based at tach is via credit-
based PCI  Express m echanism .

• PCI  Express power management  support

• L0s, L1, L2/ L3 Ready, L3

• Hierarchical PCI -com pliant  configurat ion m echanism  for downst ream  devices ( i.e.,  
convent ional PCI  2.3 configurat ion space as a PCI - to-PCI  br idge) .

• PCI  Express Extended Configurat ion Space. The first  256 bytes of configurat ion 
space aliases direct ly to the PCI  compat ibility configurat ion space. The rem aining 
port ion of the fixed 4-KB block of m em ory-m apped space above that  (start ing at  
100h)  is known as extended configurat ion space. 

• PCI  Express Enhanced Addressing Mechanism . Accessing the device configurat ion 
space in a flat  memory mapped fashion.

• Automat ic discovery, negot iat ion, and t raining of link out  of reset

• Supports t radit ional PCI  style t raffic (asynchronous snooped, PCI  ordering)

• Supports t radit ional AGP style t raffic (asynchronous non-snooped, PCI -X Relaxed 
ordering)

• Support  for peer segment  dest inat ion write t raffic (no peer- to-peer read t raffic)  in 
Virtual Channel 0 only.

• API C and MSI  interrupt  m essaging support . Will send I ntel-defined “End Of 
I nterrupt ”  broadcast  message when init iated by the CPU.

• Downst ream  Lock Cycles ( including Split  Locks)

• Automat ic clock ext ract ion and phase correct ion at  the receiver.

1 .2 .4 I nternal Graphics

• I ntel®  Gen 3.5 I ntegrated Graphics Engine

• 250-MHz core render clock and 200 MHz core display clock at  1.05-V core voltage

• Supports TV-Out , LVDS, CRT and SDVO 

• Dynam ic Video Mem ory Technology (DVMT 3.0)

• I ntel®  Display Power Saving Technology 2.0 ( I ntel®  DPST 2.0)  

• I ntel®  Sm art  2D Display Technology ( I ntel®  S2DDT)

• I ntel®  Autom at ic Display Brightness

• Video Capture via x1 concurrent  PCI e port

• Concurrent  operat ion of x1 PCI e and SDVO

• 4x pixel rate HWMC

• Microsoft  DirectX*  9.1 operat ing system
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• I nterm ediate Z in Classic Rendering

• I nternal Graphics Display Device States:  D0, D1, D3

• Graphics Display Adapter States:  D0, D3.

1 .2 .4 .1 Analog CRT 

• I ntegrated 400-MHz RAMDAC

• Analog Monitor Support  up to QXGA 

• Support  for CRT Hot  Plug

1 .2 .4 .2 LVDS I nterface

• Panel support  up to UXGA (1600 x 1200)

• 25-MHz to 112-MHz single- / dual-channel;  @18 bpp

— TFT panel type supported

• Pixel Dithering for 18-bit  TFT panel to emulate 24-bpp t rue color displays

• Panel Fit t ing. Panning, and Center Mode Supported

• CPI S 1.5 compliant

• Spread spect rum  clocking supported

• Panel Power Sequencing support

• I ntegrated PWM interface for LCD backlight  inverter cont rol

1 .2 .4 .3 TV- Out

• Three integrated 10-bit  DACS

• MacroVision*  support

• Overscaling

• NTSC/ PAL

• Component , S-Video and Composite Output  interfaces

• HDTV support

— 480p/ 720p/ 1080i/ 1080p

1 .2 .4 .4 SDVO Ports

• Concurrent  operat ion of x1 PCI e with SDVO 

• Two SDVO Ports supported

— SDVO is m uxed onto the PCI e pins

— DVI  1.0 Support  for External Digital Monitor

— Downst ream HDCP Support  but  no Upst ream  HDCP Support

— TV/ HDTV/ DVD Support

— Display Hot  Plug Support

• Supports appropriate external SDVO com ponents (DVI , LVDS, TV-Out )

— I 2C channel provided for cont rol
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1 .2 .5 I CH Support

• Support  for both I ntel®  82801GHM and I ntel®  82801GBM

1 .2 .6 DMI

• Chip- to-chip interface between (G)MCH and I CH

• Configurable as x2 or x4 DMI  lanes

• DMI  lane reversal support

• 2 GB/ s (1 GB/ s each direct ion)  point- to-point  interface to I ntel 82801GBM

• 32-bit  downst ream address

• Direct  Media I nterface asynchronously coupled to core

• Supports two Virtual Channels for t raffic class performance different iat ion

• Supports both snooped and non-snooped upst ream requests 

• Supports isochronous non-snooped t raffic 

• Supports legacy snooped isochronous t raffic

• Supports the following t raffic types to or from  I ntel 82801GBM 

— Peer write t raffic between DMI  and PCI  Express Graphics port

— DMI - to-DRAM

— DMI- to-CPU (FSB I nterrupts or MSI s only) .

— CPU- to-DMI

— Messaging in both direct ions, including I ntel Vendor-specific m essages

— Supports Power Management  state change messages

— API C and MSI  interrupt  m essaging support

— Supports SMI , SCI  and SERR error indicat ion

• Legacy support  for I SA regime protocol (PHOLD/ PHOLDA)  required for parallel port  
DMA, floppy drive, and LPC bus masters

1 .2 .7 Pow er Managem ent

• ACPI  S0, S3, S4, S5

• CPU States C0, C1, C2, C3, C4 states 

• PCI  Express Link States:  L0, L0s, L1, L2, L3

• I ntel Rapid Mem ory Power Managem ent

• HSLPCPU#  output  

• DPWR#  support

1 .2 .8 I SI PP Support

• Yes
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1 .2 .9 Package

• FCBGA

• Ball Count :  1466 balls

• Package Size:  37.5 mm x 37.5 mm

• Ball Pitch:  42-m il x 34-m il pitch

1 .3 Mobile I ntel®  9 4 5 PM Express Chipset  Feature 
Support

All features supported by the Mobile I ntel 945GM Express Chipset  shall be supported by 
the Mobile I ntel 945PM Express Chipset  unless noted otherwise below. However, the 
Mobile I ntel 945PM Express Chipset  does not  support  I ntegrated Graphics display. 
Addit ional features/ differences are also listed here, if applicable.

1 .4 I ntel®  9 4 5 GT Express Chipset  Feature Support

All features supported by the Mobile I ntel 945GM Express Chipset  shall be supported by 
the I ntel 945GT Express Chipset  unless otherwise noted. Addit ional features/
differences are also listed here, if applicable.

Note: The I ntel 945GT Express Chipset  is targeted for use in desktop designs. 

1 .4 .1 Processor Support

• I ntel Core Duo processor SV (Standard Voltage)

1 .4 .2 I nternal Graphics

• 400-MHz core render clock and 320-MHz core display clock at  1.5-V core voltage 
only

1 .4 .2 .1 LVDS I nterface

• Dual-channels LVDS interface support :  2 x 18 bpp panel support  up to QXGA 
(2048 x 1536)

1 .4 .2 .2 Analog CRT 

• Analog Monitor Support  up to QXGA

1 .4 .3 I SI PP Support

• No
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1 .5 Mobile I ntel®  9 4 5 GMS Express Chipset  Feature 
Support

All features supported by Mobile I ntel 945GM Express Chipset  shall be supported by 
I ntel 945GMS Express Chipset  unless noted otherwise below. However, The Mobile I ntel 
945GMS Express Chipset  does not  include support  for External Graphics via a PCI e 
I nterface. Addit ional features/ differences are also listed here, if applicable.

1 .5 .1 Processor Support

• I ntel Core 2 Duo mobile processor LV and ULV 

• I ntel Core Duo processor LV and ULV 

• I ntel Core Solo processor ULV

• I ntel Celeron M processor ULV

• 533-MHz and 667-MHz front  side bus (FSB)  support

1 .5 .2 System  Mem ory Support

• Supports single-channel DDR2 SDRAM only

• Maxim um  Mem ory supported 2 GB

• Memory Channel Topologies supported:

— Single-channel with 1 SO-DI MM only (up to 1 GB)

— Single-channel with 1 SO-DI MM (up to 1 GB)  and Memory Down (up to 1 GB)

• Support  for DDR2 at  400 MHz and 533 MHz

1 .5 .3 I nternal Graphics

• 166-MHz core render clock and 200 MHz core display clock at  1.05-V core voltage 
only

• Support  for only one SDVO port

• SDVO slot  reversal not  supported

• Support  for dual-channel LVDS resolut ions up to UXGA

• Support  for CRT resolut ions up to QXGA

• TV support  for HDTV

1 .5 .4 DMI

• DMI  lane width support  for x2 only

• DMI  Lane reversal not  supported

1 .5 .5 Package

• FCBGA

• Ball Count :  998 balls

• Package Size:  27 mm  x 27 m m

• Ball pitch:  0.8-m m uniform  pitch
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1 .6 Mobile I ntel®  9 4 0 GML Express Chipset  Feature 
Support

All features supported by Mobile I ntel 945GM Express Chipset  shall be supported by 
I ntel 940GML Express Chipset  unless noted otherwise below. However, The Mobile 
940GML Express Chipset  does not  include support  for External Graphics via a PCI e 
interface.

1 .6 .1 Processor Support

• I ntel Celeron M processor ( I ntel Core processor based) , I ntel Celeron M processor 
ULV

• 533-MHz FSB support  only

1 .6 .2 System  Mem ory Support

• Maximum  Mem ory supported 2 GB (1 GB per rank)

• Support  for DDR2 at  400 MHz and 533 MHz 

• No support  for Dual-Channel I nter leaved m ode of operat ion

• Enhanced Addressing support  (Swap only)

1 .6 .3 I nternal Graphics

• 166-MHz render clock

• 200-MHz and 133-MHz display clock at  1.05-V core voltage

• I ntel S2DDT not  supported

• Autom at ic Display Brightness

1 .6 .4 I CH Support

• Support  for I ntel 82801GBM (base variant  of I CH7M)  only

1 .6 .5 Pow er Managem ent

• I ntel Rapid Power Managem ent  not  supported

1 .6 .6 I SI PP Support

• No
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1 .7 Mobile I ntel®  9 4 3 GML Express Chipset  Feature 
Support

All features supported by Mobile I ntel 940GMLGM Express Chipset  shall be supported 
by I ntel 943GML Express Chipset  unless noted otherwise below. 

1 .7 .1 System  Mem ory Support

• Support  for Dual-Channel I nter leaved mode of operat ion

1 .7 .2 I nternal Graphics

• 200-MHz Render Clock
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1 .8 Term inology

 ( Sheet  1  of 2 )

Term Descript ion

AGTL+ Advanced Gunning Transceiver Logic +  (AGTL+ )  bus

Core The internal base logic in the (G)MCH

CPU Cent ral Processing Unit

CRT Cathode Ray Tube

DDR2 A second generat ion Double Data Rate SDRAM m em ory technology

DBI Dynam ic Bus inversion

DMI Direct  Media I nterface

The chip- to-chip interconnect  between the Mobile I ntel®  945GM/ PM/ GMS, 

943/ 940GML and I ntel®  945GT Express Chipsets and the I ntel®  82801GBM/

GHM, is an I ntel Proprietary interface

DVI * Digital Visual I nterface is the interface specified by the DDWG (Digital Display 

Working Group)

FSB Front  Side Bus

Connect ion between (G)MCH and the CPU. Also known as the Host  interface

(G)MCH Graphics Mem ory Cont roller Hub

GTL+ Gunning Transceiver Logic +  (GTL+ )  bus

Host  This term  is used synonym ously with processor

I 2C I nter- I C (a two wire serial bus created by Philips)

iDCT I nverse Discrete Cosine Transform

I ntel®  

82801GBM 

( I CH7M)

The I ntel®  I / O Cont roller Hub com ponent  (base variant )  that  contains the 

prim ary PCI  interface, LPC interface, USB2, ATA-100, and other I / O funct ions. 

I t  comm unicates with the (G)MCH over a proprietary interconnect  called DMI . 

I ntel®  

82801GHM 

( I CH7M)

The Digital Hom e variant  of the I / O Cont roller Hub with support  for I ntel®  

Cent r ino®  Duo m obile technology. I n addit ion to the features of the 

82801GBM, I t  includes support  for 2 addit ional PCI e*  ports and I ntel®  ViiV™ 

technology

I NTx An interrupt  request  signal where X stands for interrupts A,B,C and D

LCD Liquid Crystal Display

LFP Local Flat  Panel 

LVDS Low Voltage Different ial Signaling

A high-speed, low-power data t ransm ission standard used for display 

connect ions to LCD panels.



I nt roduct ion

30 Datasheet

NCTF Non-Crit ical to Funct ion

As a funct ion of I ntel's cont inuous improvem ent  goals, we have ident ified 

package level m odificat ions that  add to the overall solder joint  st rength and 

reliability of our com ponent . Through our research and developm ent , we 

have concluded that  adding non-cr it ical to funct ion (NCTF)  solder balls to our 

packages can im prove the overall package- to-board solder joint  st rength and 

reliability. 

Ball locat ions/ signal I D's followed with the suffix of “NCTF”  have been 

designed into the package footpr int  to enhance the package to board solder 

joint  st rength/ reliabilit y of this product  by absorbing som e of the st ress 

int roduced by the Character ist ic Thermal Expansion (CTE)  m ismatch of the 

Die to package interface. 

I t  is expected that  in som e cases, where board st resses are excessive, these 

balls may crack part ially or completely, however, cracks in the NCTF balls will 

have no im pact  to our product  performance or reliability. I ntel has added 

these balls pr im arily to serve as st ress absorbers.

NTSC Nat ional Television Standards Com mit tee

PAL Phase Alternate Line

PEG External Graphics using PCI  Express*  Architecture

A high-speed serial interface whose configurat ion is software com pat ible with 

the exist ing PCI  specificat ions. The specific PCI  Express implem entat ion 

intended for connect ing the (G)MCH to an external graphics cont roller is an 

x16 link

PWM Pulse Width Modulat ion

Rank A unit  of DRAM corresponding 4 to 8 devices in parallel, ignoring ECC. These 

devices are usually, but  not  always, m ounted on a single side of a SO-DI MM.

SCI System Control Interrupt. Used in ACPI protocol

SDVO Serial Digital Video Out  (SDVO)

Digital display channel that  ser ially t ransm its digital display data to an 

external SDVO device. The SDVO device accepts this ser ialized form at  and 

then t ranslates the data into the appropriate display form at  ( i.e.,  TMDS, 

LVDS, TV-Out ) . This interface is not  elect r ically com pat ible with the previous 

digital display channel -  DVO. For the Mobile I ntel 945GM and I ntel 945GT 

Express Chipsets, it  will be m ult iplexed on a port ion of the x16 graphics PCI  

Express interface.

SDVO Device Third party codec that  ut ilizes SDVO as an input . May have a var iety of output  

form ats, including DVI , LVDS, TV-out , etc.

x1 Refers to a Link or Port  with one Physical Lane

x8 Refers to a Link or Port  with eight  Physical Lanes

x16 Refers to a Link or Port  with sixteen Physical Lanes

xN Refers to a Link with “N”  Physical Lanes

VLD Variable Length Decoding

VTT Front  Side Bus Power Supply (VCCP)

 ( Sheet  2  of 2 )

Term Descript ion
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1 .9 Reference Docum ents

§

Docum ent
Docum ent

No./ Locat ion

Mobile I ntel®  945 Express Chipset  Fam ily Specificat ion 

Update

ht tp: / / www.intel.com / design/

m obile/ specupdt / 309220.htm

I ntel®  Core™ Duo Processor and I ntel®  Core™ Solo 

Processor on 65 nm Process Datasheet

ht tp: / / www.intel.com / design/

m obile/ datashts/ 309221.htm

I ntel®  Core™ Duo Processor and I ntel®  Core™ Solo 

Processor on 65 nm  Process Specificat ion Update

ht tp: / / www.intel.com / design/

m obile/ specupdt / 309222.htm

I ntel®  I / O Cont roller Hub 7 ( I CH7)  Fam ily Datasheet
ht tp: / / www.intel.com / design/

chipsets/ datashts/ 307013.htm

I ntel®  I / O Cont roller Hub 7 ( I CH7)  Fam ily Specificat ion 

Update

ht tp: / / www.intel.com / design/

chipsets/ specupdt / 307014.htm

PCI  Local Bus Specificat ion 2.3  ht tp: / / www.pcisig.com

PCI  Express*  Base Specificat ion 1.1 ht tp: / / www.pcisig.com

PCI  Power Managem ent  I nterface Specificat ion 1.2 ht tp: / / www.pcisig.com

VESA Specificat ions ht tp: / / www.vesa.org

Advanced Configurat ion and Power Managem ent (ACPI )

Specificat ion 1.0b, 2.0 and 3.0

ht tp: / / www.teleport .com /

~ acpi/

JEDEC Double Data Rate (DDR)  SDRAM Specificat ion

JEDEC Double Data Rate 2 (DDR2)  SDRAM Specificat ion
ht tp: / / www.jedec.com

I ntel DDR2 400/ 533 JEDEC Specificat ion Addendum
www.intel.com / technology/

m em ory/ ddr/ specs

I ntel DDR2 667/ 800 JEDEC Specificat ion Addendum
www.intel.com / technology/

m em ory/ ddr/ specs

I ntel Developer website link for DDR validat ion inform at ion
ht tp: / / developer. intel.com /

technology/ m em ory/

I ntel Developer website link for PCI  Express*  Architecture

ht tp: / / www.intel.com /

technology/ pciexpress/ devnet /

m obile.htm
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Signal Descript ion

2 Signal Descript ion

This sect ion describes the (G)MCH signals. These signals are arranged in funct ional 
groups according to their associated interface. The following notat ions are used to 
describe the signal type:

The signal descript ion also includes the type of buffer used for the part icular signal:

Note: System  Address and Data Bus signals are logically inverted signals. The actual values 
are inverted of what  appears on the system  bus. This m ust  be considered and the 
addresses and data bus signals m ust  be inverted inside the (G)MCH. All processor 
cont rol signals follow normal convent ion:  A 0 indicates an act ive level ( low voltage) , 
and a 1 indicates an act ive level (high voltage) . 

Notat ions Signal Type

I I nput  pin

O Output  pin

I / O Bi-direct ional I nput / Output  pin

AGTL+  
Open Drain AGTL+  interface signal. Refer to the AGTL+  I / O Specificat ion for 

com plete details. (VCCP)

PCI  Express*

PCI  Express interface signals. These signals are com pat ible with current  PCI  

Local Bus Specificat ion Signaling Environm ent  AC Specificat ions. The buffers 

are not  3.3 V tolerant . Different ial voltage spec =  ( | D+  -  D- | )  *  2 =  1.2 V max. 

Single-ended m axim um  =  1.5 V. 

Single-ended m inim um  =  0 V. Please refer to the PCI  Local Bus Specificat ion.

CMOS CMOS buffers. 1.5-V tolerant

HVCMOS CMOS buffers. 3.3-V tolerant

COD CMOS Open Drain buffers. 3.3-V tolerant

SSTL-1.8 Stub Series Term inat ion Logic:  These are 1.8-V capable buffers. 1.8-V tolerant

A 
Analog reference or output . May be used as a threshold voltage or for buffer 

compensat ion.

LVDS Low Voltage Different ial signal interface

Ref Voltage reference signal
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2 .1 Host  I nterface 

Unless otherwise noted, the voltage level for all signals in this interface is t ied to the 

term inat ion voltage of the host  bus (VCCP) .

2 .1 .1 Host  I nterface Signals

Signal Nam e Type Descript ion

HADS#
I / O

AGTL+

Host  Address Strobe: 

The system  bus owner asserts HADS#  to indicate the first  of two 

cycles of a request  phase. The (G)MCH can also assert  this signal 

for snoop cycles and interrupt  m essages.

HBNR#
I / O 

AGTL+

Host  Block Next  Request : 

Used to block the current  request  bus owner from  issuing a new 

request . This signal is used to dynam ically cont rol the CPU bus 

pipeline depth.

HBPRI #
O 

AGTL+

Host  Bus Pr ior ity Request : 

The (G)MCH is the only Prior ity Agent  on the system  bus. I t  

asserts this signal to obtain the ownership of the address bus. 

This signal has prior ity over sym m etr ic bus requests and will 

cause the current  sym m etr ic owner to stop issuing new 

t ransact ions unless the HLOCK#  signal was asserted.

HBREQ0#
I / O 

AGTL+

Host  Bus Request  0 # : 

The (G)MCH pulls the processor bus HBREQ0#  signal low during 

HCPURST# . The signal is sam pled by the processor on the 

act ive- to- inact ive t ransit ion of HCPURST# . 

HBREQ0#  should be t r i-stated after the hold t im e requirement  

has been sat isfied.

HCPURST#
O 

AGTL+

Host  CPU Reset : 

The CPURST#  pin is an output  from  the (G)MCH. The (G)MCH 

asserts HCPURST#  while RSTI N#  is asserted and for 

approxim ately 1 m s after RSTI N#  is deasserted. 

HCPURST#  allows the processor to begin execut ion in a known 

state.

HDBSY#
I / O 

AGTL+

Host  Data Bus Busy: 

Used by the data bus owner to hold the data bus for t ransfers 

requir ing m ore than one cycle.

HDEFER#
O 

AGTL+

Host  Defer:

Signals that  the (G)MCH will term inate the t ransact ion current ly 

being snooped with either a deferred response or with a ret ry 

response.
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HDI NV[ 3: 0] #
I / O 

AGTL+  

Host  Dynam ic Bus I nversion: 

 Dr iven along with the HD[ 63: 0] #  signals. I ndicates if the 

associated signals are inverted or not . HDI NV[ 3: 0] #  are 

asserted such that  the num ber of data bits dr iven elect r ically low 

( low voltage)  within the corresponding 16-bit  group never 

exceeds 8. 

HDI NV#          Data Bits

HDI NV[ 3] #     HD[ 63: 48] #

HDI NV[ 2] #     HD[ 47: 32] #

HDI NV[ 1] #     HD[ 31: 16] #

HDI NV[ 0] #        HD[ 15: 0] #

HDRDY#
I / O

AGTL+  

Host  Data Ready: 

Asserted for each cycle that  data is t ransferred.

HA[ 31: 3] #

I / O 

AGTL+  

2X

Host  Address Bus:

HA[ 31: 3] #  connects to the CPU address bus. During processor 

cycles the HA[ 31: 3] #  are inputs. The (G)MCH drives HA[ 31: 3] #  

during snoop cycles on behalf of PCI  Express* / I nternal Graphics 

or I CH7M. HA[ 31: 3] #  are t ransferred at  2x rate. 

Note that  the address is inverted on the CPU bus. 

HADSTB[ 1: 0] #

I / O 

AGTL+  

2X

Host  Address St robe: 

HA[ 31: 3] #  connects to the CPU address bus. During CPU cycles, 

the source synchronous st robes are used to t ransfer HA[ 31: 3] #  

and HREQ[ 4: 0] #  at  the 2x t ransfer rate.

St robe           Address Bits

HADSTB[ 0] #       HA[ 15: 3] # , HREQ[ 4: 0] #

HADSTB[ 1] #       HA[ 31: 16] # , HREQ[ 4: 0] #

HD[ 63: 0] #

I / O 

AGTL+  

4X

Host  Data: 

These signals are connected to the CPU data bus. HD[ 63: 0] #  are 

t ransferred at  4x rate. 

Note that  the data signals are inverted on the CPU bus 

depending on the HDI NV[ 3: 0] #  signals.

HDSTBP[ 3: 0] #

HDSTBN[ 3: 0] #

I / O 

AGTL+  

4X

Host  Different ia l Host  Data St robes: 

The different ial source synchronous st robes are used to t ransfer 

HD[ 63: 0] #  and HDI NV[ 3: 0] #  at  the 4x t ransfer rate. 

St robe                                      Data Bits

HDSTBP[ 3] # , HDSTBN[ 3] #       HD[ 63: 48] # , HDI NV[ 3] #

HDSTBP[ 2] # , HDSTBN[ 2] #       HD[ 47: 32] # , HDI NV[ 2] #

HDSTBP[ 1] # , HDSTBN[ 1] #       HD[ 31: 16] # , HDI NV[ 1] #

HDSTBP[ 0] # , HDSTBN[ 0] #       HD[ 15: 00] # , HDI NV[ 0] #  

HHI T#
I / O 

AGTL+

Host  Hit : 

I ndicates that  a caching agent  holds an unm odified version of 

the requested line. 

Also, dr iven in conjunct ion with HI TM#  by the target  to extend 

the snoop window.

Signal Nam e Type Descript ion
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HHI TM#
I / O 

AGTL+

Host  Hit  Modified: 

I ndicates that  a caching agent  holds a m odified version of the 

requested line and that  this agent  assum es responsibility for 

providing the line. 

Also, dr iven in conjunct ion with HI T#  to extend the snoop 

window.

HLOCK#
I  

AGTL+

Host  Lock: 

All CPU bus cycles sam pled with the assert ion of HLOCK#  and 

HADS# , unt il the negat ion of HLOCK#  m ust  be atom ic, i.e.,  PCI  

Express graphics access to System Mem ory is allowed when 

HLOCK#  is asserted by the CPU. 

HREQ[ 4: 0] #

I / O 

AGTL+  

2X

Host  Request  Com m and: 

Defines the at t r ibutes of the request . HREQ[ 4: 0] #  are 

t ransferred at  2x rate. Asserted by the request ing agent  dur ing 

both halves of the Request  Phase. I n the first  half the signals 

define the t ransact ion type to a level of detail that  is sufficient  to 

begin a snoop request . I n the second half the signals carry 

addit ional inform at ion to define the complete t ransact ion type.

HTRDY#
O 

AGTL+

Host  Target  Ready: 

I ndicates that  the target  of the processor t ransact ion is able to 

enter the data t ransfer phase.

HRS[ 2: 0] #
O 

AGTL+

Host  Response Status: 

I ndicates the type of response according to the following the 

table:

HRS[ 2: 0] #           Response type

000               I dle state

001               Ret ry response

010               Deferred response

011               Reserved (not  dr iven by (G)MCH)

100               Hard Failure (not  dr iven by (G)MCH)

101               No data response

110               I m plicit  Write back

111               Normal data response

Signal Nam e Type Descript ion
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2 .1 .2 Host  I nterface Reference and Com pensat ion

HDPWR#
I / O

AGTL+

Host  Data Pow er: 

Used by (G)MCH to indicate that  a data return cycle is pending 

within 2 HCLK cycles or m ore. CPU uses this signal during a 

read-cycle to act ivate the data input  buffers in preparat ion for 

HDRDY#  and the related data.

HCPUSLP#
O

CMOS

Host  CPU Sleep: 

When asserted in the Stop-Grant  state, causes the processor to 

enter the Sleep state. During Sleep state, the processor stops 

providing internal clock signals to all units, leaving only the 

Phase-Locked Loop (PLL)  st ill operat ing. Processors in this state 

will not  recognize snoops or interrupts. 

THERMTRI P#
O

AGTL+

Connects between the processor and the I CH7-M. Assert ion of 

THERMTRI P#  (Therm al Trip)  indicates the (G)MCH junct ion 

tem perature has reached a level beyond which dam age m ay 

occur. Upon assert ion of THERMTRI P# , the (G)MCH will shut  off 

it s internal clocks ( thus halt ing program  execut ion)  in an at tem pt  

to reduce the (G)MCH core junct ion tem perature. To protect  

(G)MCH, it s core voltage (Vcc)  m ust  be rem oved following the 

assert ion of THERMTRI P# . Once act ivated, THERMTRI P#  

rem ains latched unt il RSTI N#  is asserted. While the assert ion of 

the RSTI N#  signal will deassert  THERMTRI P# , if the (G)MCH’s 

junct ion temperature rem ains at  or above the t r ip level, 

THERMTRI P#  will again be asserted.

Signal Nam e Type Descript ion

HVREF
I

A

Host  Reference Voltage: 

Reference voltage input  for the Data, Address, and Com m on 

clock signals of the host  AGTL+  interface.

HXRCOMP
I / O

A

Host  X RCOMP: 

Used to calibrate the host  AGTL+  I / O buffers. 

This signal is powered by the host  interface term inat ion rail 

(VCCP) .

HXSCOMP
I / O

A

Host  X SCOMP: 

Slew rate com pensat ion for the host  interface.

HXSWI NG
I

A

Host  X Voltage Sw ing: 

These signals provide reference voltages used by the HXRCOMP 

circuits. 

HYRCOMP
I / O

A

Host  Y RCOMP: 

Used to calibrate the host  AGTL+  I / O buffers. 

HYSCOMP
I / O

A

Host  Y SCOMP: 

Slew rate com pensat ion for the host  interface.

HYSWI NG
I

A

Host  Y Voltage Sw ing: 

These signals provide reference voltages used by the HYRCOMP 

circuit ry. 

Signal Nam e Type Descript ion
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2 .2 DDR2  DRAM I nterface

2 .2 .1 DDR2  SDRAM Channel A I nterface

Signal Nam e Type Descr ipt ion

SA_DQ[ 63: 0]

I / O

SSTL1.8

2x

Data Bus: 

DDR2 Channel A data signal interface to the SDRAM data 

bus.

SA_DM[ 7: 0]

O

SSTL1.8

2X

Data Mask: 

These signals are used to m ask individual bytes of data in 

the case of a part ial write, and to interrupt  burst  writes.

When act ivated during writes, the corresponding data 

groups in the SDRAM are m asked. There is one 

SA_DM[ 7: 0]  for every data byte lane.

SA_DQS[ 7: 0]

I / O

SSTL1.8 

2x

Data St robes: 

SA_DQS[ 7: 0]  and its com plem ent  signal group m ake up 

a different ial st robe pair. The data is captured at  the 

crossing point  of SA_DQS[ 7: 0]  and its SA_DQS[ 7: 0] #  

during read and write t ransact ions.

SA_DQS[ 7: 0] #

I / O

SSTL1.8 

2x

Data St robe Com plem ents: 

These are the com plementary st robe signals. 

SA_MA[ 13: 0]
O

SSTL1.8

Mem ory Address: 

These signals are used to provide the m ult iplexed row 

and colum n address to the SDRAM. 

Note: SA_MA13 is for support  of 1-Gb devices.

SA_BS[ 2: 0]
O

SSTL1.8

Bank Select : 

These signals define which banks are selected within each 

SDRAM rank. 

SA_RAS#
O

SSTL1.8

RAS Control Signal: 

Used with SA_CAS#  and SA_WE#  (along with SM_CS# )  

to define the SDRAM com m ands.

SA_CAS#
O

SSTL1.8

CAS Control Signal:

Used with SA_RAS#  and SA_WE#  (along with SM_CS# )  

to define the SDRAM com m ands.

SA_WE#
O

SSTL1.8

W rite Enable Control Signal: 

Used with SA_RAS#  and SA_CAS#  (along with SM_CS# )  

to define the SDRAM com m ands.

SA_RCVENI N#
I

SSTL1.8

Clock I nput : 

Used to emulate source-synch clocking for reads. 

Connects internally to SA_RCVENOUT# . 

Leave as No Connect .

SA_RCVENOUT#
O

SSTL1.8

Clock Output : 

Used to emulate source-synch clocking for reads. 

Connects internally to SA_RCVENI N# . 

Leave as No Connect .
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2 .2 .2 DDR2  SDRAM Channel B I nterface

 ( Sheet  1  of 2 )

Signal Nam e Type Descr ipt ion

SB_DQ[ 63: 0]

I / O

SSTL1.8

2x

Data Lines: 

DDR /  DDR2 Channel B data signal interface to the 

SDRAM data bus.

Note: These signals do not  exist  on the Mobile I ntel®  

945GMS Express Chipset .

SB_DM[ 7: 0]

O

SSTL1.8

2X

Data Mask: 

When act ivated during writes, the corresponding data 

groups in the SDRAM are masked. There is one 

SB_DM[ 7: 0]  for every data byte lane. These signals are 

used to m ask individual bytes of data in the case of a 

part ial write, and to interrupt  burst  writes.

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

SB_DQS[ 7: 0]

I / O

SSTL1.8

2x

Data Strobes:

DDR2:  SB_DQS[ 7: 0]  and it s com plem ent  signal group 

m ake up a different ial st robe pair. The data is captured at  

the crossing point  of SB_DQS[ 7: 0]  and its SB_DQS[ 7: 0] #  

during read and write t ransact ions.

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

SB_DQS[ 7: 0] #

I / O

SSTL1.8 

2x

Data Strobe Com plem ents: 

These are the com plem entary st robe signals.

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

SB_MA[ 13: 0]
O

SSTL1.8

Mem ory Address: 

These signals are used to provide the m ult iplexed row and 

colum n address to the SDRAM.

Note: SB_MA13 is for support  of 1-Gb devices.

SB_BS[ 2: 0]
O

SSTL1.8

Bank Select : 

These signals define which banks are selected within each 

SDRAM rank. 

SB_RAS#
O

SSTL1.8

RAS Control Signal: 

Used with SB_CAS#  and SB_WE#  (along with SM_CS# )  

to define the SDRAM com m ands.

SB_CAS#
O

SSTL1.8

CAS Control Signal: 

Used with SB_RAS#  and SB_WE#  (along with SM_CS# )  

to define the SDRAM com m ands.
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2 .2 .3 DDR2  Com m on Signals

SB_WE#
O

SSTL1.8

W rite Enable Control Signal: 

Used with SB_RAS#  and SB_CAS#  (along with SM_CS# )  

to define the SDRAM com m ands.

SB_RCVENI N#
I

SSTL1.8

Clock I nput : 

Used to emulate source-synch clocking for reads. 

Leave as No Connect .

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

SB_RCVENOUT#
O

SSTL1.8

Clock Output : 

Used to emulate source-synch clocking for reads. 

Leave as No Connect .

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

Signal Nam e Type Descr ipt ion

SM_CK[ 3: 0]
O

SSTL1.8

SDRAM Different ia l Clock: (2 per DI MM)

These are the SDRAM Different ial Clock signals

The crossing of the posit ive edge of SM_CKx and the 

negat ive edge of it s com plem ent  SM_CKx#  are used to 

sam ple the com m and and cont rol signals on the SDRAM.

SM_CK[ 3: 0] #
O

SSTL1.8

SDRAM I nverted Different ia l Clock: (2 per DI MM)

These are the SDRAM I nverted Different ial Clock signals.

SM_CS[ 3: 0] #
O

SSTL1.8

Chip Select : (1 per rank)

These signals select  part icular SDRAM com ponents during 

the act ive state. There is one Chip Select  for each SDRAM 

rank.

SM_CKE[ 3: 0]
O

SSTL1.8

Clock Enable: (1 per rank)  

SM_CKE[ 3: 0]  is used:  

to init ialize the SDRAMs during power-up, 

to power-down SDRAM ranks, 

to place all SDRAM ranks into and out  of self- refresh 

during STR.

SM_CKE[ 1: 0] :

Single-channel mode:  Route to SO-DI MM 0

Dual-channel m ode:  Route to SO-DI MM A

SM_CKE[ 3: 2] :

Single-channel mode:  Route to SO-DI MM 1

Dual-channel m ode:  Route to SO-DI MM B

SM_ODT[ 3: 0]
O

SST1.8 

On Die Term inat ion: 

Act ive Term inat ion Cont rol.

 ( Sheet  2  of 2 )

Signal Nam e Type Descript ion
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2 .2 .4 DDR2  SDRAM Reference and Com pensat ion

2 .3 PCI  Express- Based Graphics I nterface Signals

Unless otherwise specified, these signals are AC coupled.

Signal Nam e Type Descript ion

SM_RCOMPN
I / O

A

System  Mem ory RCOMP N: 

Buffer com pensat ion 

This signal is powered by the System  Mem ory rail.  

(2.5 V for DDR, 1.8 V for DDR2) .

SM_RCOMPP
I / O

A

System  Mem ory RCOMP P: 

Buffer com pensat ion

This signal is powered by the System  Mem ory rail.

SM_VREF[ 1: 0]
I

A

SDRAM Reference Voltage: 

Reference voltage inputs for each DQ, DQS, & RCVENI N# . 

Also used during ODT RCOMP.

SM_OCDCOMP[ 1: 0]
I

A

On- Die DRAM OCD Driver Com pensat ion: Can be left  

as NC. OCD is not  supported

Signal Nam e Type Descript ion

EXP_A_RXN[ 15: 0]

EXP_A_RXP[ 15: 0]

I

PCI  Express*

PCI  Express Graphics Receive Different ial Pair

Note: These signals do not  exist  on the Mobile I ntel®  

945GMS Express Chipset .

EXP_A_TXN[ 15: 0]

EXP_A_TXP[ 15: 0]

O

PCI  Express

PCI  Express Graphics Transm it  Different ial Pair

Note: These signals do not  exist  on the Mobile I ntel 

945GMS Express Chipset .

EXP_A_COMPO
I

A

PCI  Express Graphics Output  Current  and Resistance 

Com pensat ion

EXP_A_COMPI
I

A
PCI  Express Graphics I nput  Current  Com pensat ion
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2 .3 .1 Serial DVO and PCI  Express- Based Graphics Signal 
Mapping

SDVO and PCI  Express I nterface for Graphics architecture are m uxed together ( these 

signals are not  available as separate balls on the package) . 

NOTE:

1. The Mobile I ntel 945GMS Express Chipset  em ploys only the SDVO B port  and associated 

signals (TVCLKI N, I NT and FLDSTALL different ial pairs)  as highlighted above.

2. The SDVO to PCI e signal m apping shown in the table above is applicable for the non-

reversed SDVO- only m ode .  For m ore details on SDVO m apping for all possible 

configurat ions, see Sect ion 10.3.2.2.

Table 1 . SDVO and PCI  Express- Based Graphics Port  Signal Mapping 

SDVO Mode PCI  Express Mode

SDVOB_RED# EXP_TXN0

SDVOB_RED EXP_TXP0

SDVOB_GREEN# EXP_TXN1

SDVOB_GREEN EXP_TXP1

SDVOB_BLUE# EXP_TXN2

SDVOB_BLUE EXP_TXP2

SDVOB_CLKN EXP_TXN3

SDVOB_CLKP EXP_TXP3

SDVOC_RED# EXP_TXN4

SDVOC_RED EXP_TXP4

SDVOC_GREEN# EXP_TXN5

SDVOC_GREEN EXP_TXP5

SDVOC_BLUE# EXP_TXN6

SDVOC_BLUE EXP_TXP6

SDVOC_CLKN EXP_TXN7

SDVOC_CLKP EXP_TXP7

SDVO_TVCLKIN# EXP_RXN0

SDVO_TVCLKIN EXP_RXP0

SDVOB_INT# EXP_RXN1

SDVOB_INT EXP_RXP1

SDVO_FLDSTALL# EXP_RXN2

SDVO_FLDSTALL EXP_RXP2

SDVOC_I NT# EXP_RXN5

SDVOC_I NT EXP_RXP5
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2 .4 DMI  –  MCH to I CH Seria l I nterface

Note: DMI  x2 or x4 is supported for Mobile I ntel 945GM/ PM, 943/ 940GML and I ntel 945GT 
Express Chipsets.

Note: DMI  x2 only is supported for the Mobile I ntel 945GMS Express Chipset .

2 .5 I ntegrated Graphics I nterface Signals

2 .5 .1 CRT DAC SI GNALS

Signal Nam e Type Descr ipt ion

DMI _RXP[ 3: 0]

DMI _RXN[ 3: 0]

I

PCI  

Express

DMI  input  from  I CH:

Direct  Media I nterface receive different ial pair

DMI _TXP[ 3: 0]

DMI _TXN[ 3: 0]

O

PCI  

Express

DMI  output  to I CH:

Direct  Media I nterface t ransm it  different ial pair

Signal Nam e Type Descr ipt ion

DMI _RXP[ 1: 0]

DMI _RXN[ 1: 0]

I

PCI  

Express

DMI  input  from  I CH:

Direct  Media I nterface receive different ial pair

DMI _TXP[ 1: 0]

DMI _TXN[ 1: 0]

O

PCI  

Express

DMI  output  to I CH:

Direct  Media I nterface t ransm it  different ial pair

Signal Nam e Type Descr ipt ion

CRT_RED
O

A

RED Analog Video Output : 

This signal is a CRT Analog video output  from  the internal color 

palet te DAC. 

CRT_RED#
O

A

RED#  Analog Output : 

This signal is an analog video output  from  the internal color 

palet te DAC. This signal is used to provide noise im m unity. 

CRT_GREEN
O

A

GREEN Analog Video Output : 

This signal is a CRT Analog video output  from  the internal color 

palet te DAC. 

CRT_GREEN#
O

A

GREEN#  Analog Output : 

This signal is an analog video output  from  the internal color 

palet te DAC. This signal is used to provide noise im m unity. 

CRT_BLUE
O

A

BLUE Analog Video Output : 

This signal is a CRT Analog video output  from  the internal color 

palet te DAC. The DAC is designed for a 37.5-Ω equivalent  load on 

each signal (e.g., 75-Ω resistor on the board, in parallel with a 

75-Ω CRT load) .
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2 .5 .2 Analog TV- out  Signals

CRT_BLUE#
O

A

BLUE#  Analog Output : 

This signal is an analog video output  from  the internal color 

palet te DAC. This signal is used to provide noise im munity. 

CRT_I REF
O

A

Resistor Set : 

Set  point  resistor for the internal color palet te DAC. A 255 Ω, 1%  

resistor is required between CRT_I REF and m otherboard ground.

CRT_HSYNC
O

A

CRT Horizontal Synchronizat ion: 

This signal is used as the horizontal sync (polar ity is 

program m able)  or ìsync interval.

CRT_VSYNC
O

A

CRT Vert ical Synchronizat ion: 

This signal is used as the vert ical sync (polar ity is program m able) .

Signal Nam e Type Descript ion

TVDAC_A
O

A

TVDAC Channel A Output :

TVDAC_A supports the following:

Com posite: CVBS signal

Com ponent : Chrom inance (Pb)  analog signal

TVDAC_B
O

A

TVDAC Channel B Output : 

TVDAC_B supports the following:

S- Video:  Lum inance analog signal

Com ponent :  Lum inance (Y)  analog signal

TVDAC_C
O

A

TVDAC Channel C Output : 

TVDAC_C supports the following:

S- Video:  Chrom inance analog signal

Com ponent :  Chrom inance (Pr)  analog signal

TV_DCONSEL[ 1: 0]
O

A

TV D- connector Select :

Supports 525i, 525p, 750p, 1125i and 1125p

TV_I RTNA
O

A

Current  Return for  TVDAC Channel A: 

Connect  to ground on board 

TV_I RTNB
O

A

Current  Return for  TVDAC Channel B: 

Connect  to ground on board

TV_I RTNC
O

A

Current  Return for  TVDAC Channel C: 

Connect  to ground on board 

TV_I REF
O

A

TV Reference Current :

Uses an external resistor of 5 kΩ ± 1%  to set  internal voltage 

levels

Signal Nam e Type Descript ion
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2 .5 .3 LVDS Signals

Signal Nam e Type Descript ion

LDVS Channel A

LADATAP[ 2: 0]
O

LVDS
Channel A different ial data output  – posit ive

LADATAN[ 2: 0]
O

LVDS
Channel A different ial data output  – negat ive

LA_CLKP
O

LVDS
Channel A different ial clock output  – posit ive

LA_CLKN
O

LVDS
Channel A different ial clock output  – negat ive

LDVS Channel B

LBDATAP[ 2: 0]
O

LVDS
Channel B different ial data output  – posit ive

LBDATAN[ 2: 0]
O

LVDS
Channel B different ial data output  – negat ive 

LB_CLKP
O

LVDS
Channel B different ial clock output  – posit ive

LB_CLKN
O

LVDS
Channel B different ial clock output  – negat ive

LFP Panel Pow er and Backlight  Control

LVDD_EN
O

HVCMOS

LVDS panel power enable:  Panel power cont rol enable cont rol. 

This signal is also called VDD_DBL in the CPI S specificat ion and is 

used to cont rol the VDC source to the panel logic.

LBKLT_EN
O

HVCMOS

LVDS backlight  enable:  Panel backlight  enable cont rol.

This signal is also called ENA_BL in the CPI S specificat ion and is 

used to gate power into the backlight  circuit ry.

Note: The accuracy of the PWM duty cycle of L_BKLT_CTL signal 

for any given value will be w ithin ± 2 0  ns.

LBKLT_CTL
O

HVCMOS

Panel backlight  brightness cont rol:  Panel br ightness cont rol.

This signal is also called VARY_BL in the CPI S specificat ion and is 

used as the PWM Clock input  signal.

LVDS Reference Signals

LI BG
I / O

Ref

LVDS Reference Current .

1.5 kΩ pull-down resistor needed

LVREFH
I

Ref
Reserved -  Must  be connected to ground.

LVDS Reference Signals

LVREFL I

Ref
Reserved -  Must  be connected to ground.

LVBG O

A
Reserved -  No connect
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2 .5 .4 Serial DVO I nterface

All of the pins in this sect ion are m ult iplexed with the upper eight  lanes of the PCI  

Express interface.

Signal Nam e Type Descript ion

SDVO B I nterface

SDVOB_CLKP
O

PCI  Express

Serial Digital Video B Clock 

Mult iplexed with EXP_TXP_3

SDVOB_CLKN
O

PCI  Express

Serial Digital Video B Clock Com plem ent  

Mult iplexed with EXP_TXN_3

SDVOB_RED
O

PCI  Express

Serial Digital Video B Red Data 

Mult iplexed with EXP_TXP_0

SDVOB_RED#
O

PCI  Express

Serial Digital Video B Red Data Com plem ent  

Mult iplexed with EXP_TXN_0

SDVOB_GREEN
O

PCI  Express

Serial Digital Video B Green Data 

Mult iplexed with EXP_TXP_1

SDVOB_GREEN#
O

PCI  Express

Serial Digital Video B Green Data Com plem ent  

Mult iplexed with EXP_TXN_1

SDVOB_BLUE
O

PCI  Express

Serial Digital Video B Blue Data 

Mult iplexed with EXP_TXP_2

SDVOB_BLUE#
O

PCI  Express

Serial Digital Video B Blue Data Com plement  

Mult iplexed with EXP_TXN_2

SDVO C I nterface

SDVOC_RED
O

PCI  Express

Serial Digital Video C Red Data 

Mult iplexed with EXP_TXP_4

SDVOC_RED#
O

PCI  Express

Serial Digital Video C Red Com plem ent  

Mult iplexed with EXP_TXN_4

SDVOC_GREEN
O

PCI  Express

Serial Digital Video C Green 

Mult iplexed with EXP_TXP_5

SDVOC_GREEN#
O

PCI  Express

Serial Digital Video C Green Com plem ent

Mult iplexed with EXP_TXN_5

SDVOC_BLUE
O

PCI  Express

Serial Digital Video Channel C Blue 

Mult iplexed with EXP_TXP_6

SDVOC_BLUE#
O

PCI  Express

Serial Digital Video C Blue Com plem ent  

Mult iplexed with EXP_TXN_6

SDVOC_CLKP
O

PCI  Express

Serial Digital Video C Clock 

Mult iplexed with EXP_TXP_7

SDVOC_CLKN
O

PCI  Express

Serial Digital Video C Clock Com plem ent  

Mult iplexed with EXP_TXN_7

SDVO Com m on Signals

SDVO_TVCLKI N
I

PCI  Express

Serial Digital Video TVOUT Synchronizat ion Clock 

Mult iplexed with EXP_RXP_0
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Note: The Mobile I ntel 945GMS Express Chipset  supports only the signals m arked in Brown.

2 .5 .5 Display Data Channel ( DDC)  and GMBUS Support

SDVO_TVCLKI N#
I

PCI  Express

Serial Digital Video TV-out  Synchronizat ion Clock 

Com plem ent  

Mult iplexed with EXP_RXN_0

SDVO_FLDSTALL
I

PCI  Express

Serial Digital Video Field Stall 

Mult iplexed with EXP_RXP_2

SDVO_FLDSTALL#
I

PCI  Express

Serial Digital Video Field Stall Com plem ent  

Mult iplexed with EXP_RXN_2

SDVOB_I NT
I

PCI  Express

Serial Digital Video I nput  I nterrupt  -  Port  B 

Mult iplexed with EXP_RXP_1

SDVOB_I NT#
I

PCI  Express

Serial Digital Video I nput  I nterrupt  Com plem ent  -  Port  B 

Mult iplexed with EXP_RXN_1

SDVOC_I NT
I

PCI Express

Serial Digital Video I nput  I nterrupt  -  Port  C 

Mult iplexed with EXP_RXP_5

SDVOC_I NT#
I

PCI Express

Serial Digital Video I nput  I nterrupt  Com plem ent  -  Port  C 

Mult iplexed with EXP_RXN_5

Signal Nam e Type Descr ipt ion

LCTLA_CLK
I / O

COD

I 2C Based cont rol signal (Clock)  for External SSC clock chip 

cont rol – opt ional

LCTLB_DATA
I / O

COD

I 2C Based cont rol signal (Data)  for External SSC clock chip 

cont rol – opt ional

DDCCLK
I / O

COD
CRT DDC clock m onitor cont rol support

DDCDATA
I / O

COD
CRT DDC Data m onitor cont rol support

LDDC_CLK
I / O

COD
EDI D support  for flat  panel display

LDDC_DATA
I / O

COD
EDI D support  for flat  panel display

SDVOCTRL_CLK
I / O

COD
I 2C-based cont rol signal (Clock)  for SDVO device

SDVOCTRL_DATA
I / O

COD
I 2C-based cont rol signal (Data)  for SDVO device

Signal Nam e Type Descript ion
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2 .6 PLL Signals

Signal Nam e Type Descr ipt ion

CLK_REQ#
O

COD

External Clock Request :

(G)MCH drives CLK_REQ#  to cont rol the PCI  Express*  

different ial clock input  to itself.

Not  supported with the I ntel®  915 Express Chipset  fam ily 

clocking solut ions.

HCLKP
I

Diff Clk

Different ia l Host  Clock I n: 

Different ial clock input  for the host  PLL. This is a low voltage 

different ial signal and runs at  the FSB data rate. 

HCLKN
I

Diff Clk
Different ia l Host  Clock I nput  Com plem ent

GCLKP
I

Diff Clk

Different ia l PCI  Express- Based Graphics /  DMI  Clock I n: 

These pins receive a different ial 100-MHz Serial Reference clock 

from  the external clock synthesizer. This clock is used to 

generate the clocks necessary for the support  of PCI  Express. 

GCLKN
I

Diff Clk

Different ia l PCI  Express Based Graphics /  DMI  Clock I n 

Com plem ent

DREF_CLKP
I

Diff Clk

Display PLLA Different ia l Clock I n  –  9 6  MHz:

Display PLL Different ial Clock I n, no SSC support  

DREF_CLKN
I

Diff Clk

Display PLLA Different ia l Clock I n Com plem ent : 

Display PLL Different ial Clock I n Com plem ent  -  no SSC support .

DREF_SSCLKP
I

Diff Clk

Display PLLB Different ia l Clock I n  –  1 0 0  MHz:

Opt ional Display PLL Different ial Clock I n for SSC support . 

Note: Different ial Clock input  for opt ional SSC support  for LVDS 

display. 

DREF_SSCLKN
I

Diff Clk

Display PLLB Different ia l Clock I n Com plem ent :

Opt ional Display PLL Different ial Clock I n Com plem ent  for SSC 

support

Note: Different ial Clock input  for opt ional SSC support  for LVDS 

display.
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2 .7 Reset  and Miscellaneous Signals

Note: Som e of the st rappings m ent ioned in the table above do not  exist  on the Mobile I ntel 
945GMS Express Chipset . For more details, please refer to Chapter 12 for st rapping 
definit ions.

Signal Nam e Type Descript ion

RSTI N#
I

HVCMOS 

Reset  I n: 

When asserted this signal will asynchronously reset  the 

(G)MCH logic. This signal is connected to the PLTRST#  output  

of the I CH7M. 

This input  has a Schm it t  t r igger to avoid spurious resets.

This input  buffer is 3.3 V tolerant .

PWROK
I

HVCMOS

Pow er OK: 

When asserted, PWROK is an indicat ion to the (G)MCH that  

core power has been stable for at  least  99 m s and clocks stable 

for at  least  1 µs. Please see Sect ion 10.6.6 for details.

This input  buffer is 3.3-V tolerant .

H_BSEL [ 2: 0]

(CFG[ 2: 0] )

I

AGTL+

Host  Bus Speed Select :

At  the deassert ion of RSTI N# , the value sam pled on these pins 

determ ines the expected frequency of the bus. 

External Pull-ups are required.

CFG[ 17: 3]
I

AGTL+

HW  Straps: 

CFG [ 17: 3]  has internal pull up.

CFG[ 20: 18]
I

HVCMOS

HW  Straps:

CFG [ 20: 18]  has internal pull down

PM_PM_BM_BUSY#
O

HVCMOS

( G) MCH I ntegrated Graphics Busy: 

Used for PM synchronizat ion with I CH. This signal should be 

connected to PM_BM_BUSY#  of the I CH-M.

PM_EXTTS[ 1: 0] #
I

HVCMOS

External Therm al Sensor I nput : 

I f the system  tem perature reaches a dangerously high value 

then this signal can be used to t r igger the start  of system  

m em ory throt t ling. 

EXTTS1#  can alternately be used to implem ent  fast  C4/ C4E 

exit . See Sect ion 10.6.7 for details. This funct ionality is not  

available on EXTTS0# .

I CH_SYNC#
O

HVCMOS

I CH Synchronizat ion:

Asserted to synchronize with I CH on faults. I CH_SYNC#  m ust  

be connected to I CH7M’s MCH_SYNC#  signal.



Signal Descript ion

50 Datasheet

2 .8 Plat form  Pow er Planes

2 .9 Pow er and Ground

I nterface
Voltage Level

( Typical Operat ion)
Voltage Range

(G)MCH Core 1.05 V 1.05 V to 1.5 V

DDR 2 1.8 V 1.6 V to 1.89 V

FSB VCC (VTT) 1.05 V 1.05 V to 1.284 V

HV Buffers 3.3 V 3.135 V to 3.465 V

CRT DAC 2.5 V 2.32 V to 2.625 V

TV DAC 3.3 V 3.135 V to 3.465 V

LVDS Transm it ter/ Analog 2.5 V 2.375 V to 2.625 V

LVDS Digital 1.5 V 1.425 V to 1.575 V

PCI  Express*  VCC 1.5 V 1.39 V to 1.575 V

PCI  Express Bandgap VCC 2.5 V 2.32 V to 2.625 V

HPLL/ DPLL/ PCI EPLL 1.5 V 1.39 V to 1.575 V

GPI O 3.3 V 3.135 V to 3.465 V
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I nterface Ball Nam e Descript ion

Host  VTT (VCCP) FSB power supply (1.05 V)  -  (VCCP)  

DRAM VCCSM System  m em ory power supply (1.8 V)

PCI  Express*  

Based Graphics /

DMI  

VCCA_3GBG PCI  Express /  DMI  band gap power supply (2.5 V)

VSSA_3GBG PCI  Express /  DMI  band gap ground

VCCA_HPLL
Power supply for the host  VCO in the host / m em / core 

PLL (1.5 V)

VCC3G PCI  Express /  DMI  Analog power supply (1.5 V)

PLL Analog

VCCA_MPLL
Power supply for the m em  VCO in the host / mem/ core 

PLL (1.5 V)

VCCD_HMPLL
Power Supply for the digital dividers in the HMPLL 

(1.5 V)

VCCA_3GPLL Power supply for the 3GI O PLL (1.5 V)

VCCA_DPLLA Display A PLL power supply (1.5 V)

VCCA_DPLLB Display B PLL power supply (1.5 V)

High Voltage 

I nterfaces 
VCCHV Power supply for the HV buffers (3.3 V)

CRT DAC 

VCCA_CRTDAC Analog power supply for the DAC (2.5 V)

VSSA_CRTDAC Analog ground for the DAC

VCC_SYNC Power supply for HSYNC/  VSYNC (2.5 V)  



Datasheet 51

Signal Descript ion

LVDS

VCCD_LVDS Digital power supply (1.5 V)

VCCTX_LVDS Data/ Clk Tx power supply (2.5 V)

VCCA_LVDS LVDS analog power supply (2.5 V)

VSSA_LVDS LVDS analog VSS

TVDAC

VCCA_TVBG TV DAC Band Gap Power (3.3 V)

VSSA_TVBG TV DAC Band Gap VSS

VCCD_TVDAC Dedicated Power Supply for TVDAC (1.5 V)

VCCDQ_TVDAC Power Supply for Digital Quiet  TVDAC (1.5 V)

VCCA_TVDACA Power Supply for TV Out  Channel A (3.3 V)

VCCA_TVDACB Power Supply for TV Out  Channel B (3.3 V)

VCCA_TVDACC Power Supply for TV Out  Channel C (3.3 V)

I / O VCC_AUX
Power Supply for DDR DLLs, DDR I O, FSB HSI O, and 

FSB I O (1.5 V)

Core VCC Core VCC (1.05 V/  1.5 V)

Ground VSS Ground

NCTF

Non- Crit ical To Funct ion pow er signals: 

“NCTF”  (Non-Crit ical To Funct ion)  have been designed into the package 

footprint  to enhance the Solder Joint  Reliability of our products by 

absorbing some of the st ress int roduced by the Character ist ic Therm al 

Expansion (CTE)  m ism atch of the Die to package interface. I t  is expected 

that  in some cases, these balls may crack part ially or com pletely, 

however, this will have no impact  to our product  perform ance or reliability. 

I ntel has added these balls pr im arily to serve as sacr ificial st ress 

absorbers.

VCC_NCTF NTCF Core VCC (1.05 V/  1.5 V)

VCCSM_NCTF NTCF VCC_AUX power supply 1.5 V

VSS_NCTF NTCF Ground
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2 .1 0 Reset  States and Pull- up /  Pull- dow ns

This sect ion describes the expected states of the (G)MCH I / O buffers during and 
im mediately after the assert ion of RSTI N# . This table only refers to the cont r ibut ions 
on the interface from  the (G)MCH and does not  reflect  any external influence (such as 
external pull-up/ pull-down resistors or external dr ivers.

2 .1 0 .1 Host  I nterface Signals

Unless otherwise noted, the voltage level for all signals in this interface is t ied to the 
term inat ion voltage of the host  bus (VTT) .

Table 2 . Legend

DRI VE 
St rong dr ive to 0 or 1 ( to norm al value supplied by the core logic if not  otherwise 

stated)

N/ A Value is indeterm inate

I N I nput  buffer enabled

TRI  Tr i- state (Signals are not  dr iven)

PU Weak internal pull-up

PD Weak internal pull-down

STRAP Value is determ ined by the st rap set t ing

 ( Sheet  1  of 2 )

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

HADS#
I / O

AGTL+
PU PU PU

HBNR#
I / O 

AGTL+
PU PU PU

HBPRI #
O 

AGTL+
PU PU PU

HBREQ0#
I / O 

AGTL+
PU PU DRI VE 0

HCPURST#
O 

AGTL+
DRI VE 0 DRI VE 0 DRI VE 0

HDBSY#
I / O 

AGTL+
PU PU PU

HDEFER#
O 

AGTL+
PU PU PU

HDI NV[ 3: 0] #
I / O 

AGTL+  
PU PU PU

HDRDY#
I / O

AGTL+  
PU PU PU

HA[ 31: 3] #
I / O 

AGTL+
PU PU PU

HADSTB[ 1: 0] #
I / O 

AGTL+  
N/ A PU N/ A

HD[ 63: 2] #
I / O 

AGTL+  
PU PU PU
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2 .1 0 .2 Host  I nterface Reference and Com pensat ion

HD[ 1] #
I / O 

AGTL+  
DRI VE 0 PU DRI VE 0

HD[ 0] #
I / O 

AGTL+  
PU PU PU

HDSTBP[ 3: 0] #
I / O 

AGTL+  
N/ A PU N/ A

HDSTBN[ 3: 0] #
I / O 

AGTL+  
N/ A PU N/ A

HHI T#
I / O 

AGTL+
PU PU PU

HHI TM#
I / O 

AGTL+
PU PU PU

HLOCK#
I / O 

AGTL+
PU PU PU

HREQ[ 4: 0] #
I / O 

AGTL+  
PU PU PU

HTRDY#
O 

AGTL+
PU PU PU

HRS[ 2: 0] #
O 

AGTL+
PU PU PU

HDPWR#
O

AGTL+
PU PU PU

HCPUSLP#
O

CMOS
PU PU PU

THERMTRI P#
O

AGTL+
PU PU PU

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

HVREF
I

A
DRI VE 1 DRI VE 1 DRI VE 1

HXRCOMP
I / O

A
PD PD PD

HXSCOMP
I / O

A
PU PU PU

HXSWI NG
I

A
PU PU PU

HYRCOMP
I / O

A
PU PU PD

HYSCOMP
I / O

A
PU PU PU

HYSWI NG
I

A
PU PU PU
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Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3
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2 .1 0 .3 DDR2  SDRAM Channel A I nterface

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

SA_DQ[ 63: 0]
I / O

SSTL1.8
TRI TRI TRI

SA_DM[ 7: 0]
O

SSTL1.8
TRI TRI TRI

SA_DQS[ 7: 0]
I / O

SSTL1.8 
TRI TRI TRI

SA_DQS[ 7: 0] #
I / O

SSTL1.8 
TRI TRI TRI

SA_MA[ 13: 0]
O

SSTL1.8
TRI TRI TRI

SA_BS[ 2: 0]
O

SSTL1.8
TRI TRI TRI

SA_RAS#
O

SSTL1.8
TRI TRI TRI

SA_CAS#
O

SSTL1.8
TRI TRI TRI

SA_WE#
O

SSTL1.8
TRI TRI TRI

SA_RCVENI N#
I

SSTL1.8
TRI TRI TRI

SA_RCVENOUT#
O

SSTL1.8
TRI TRI TRI
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2 .1 0 .4 DDR2  SDRAM Channel B I nterface

2 .1 0 .5 DDR2  Com m on Signals

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

SB_DQ[ 63: 0]
I / O

SSTL1.8
TRI TRI TRI

SB_DM[ 7: 0]
O

SSTL1.8
TRI TRI TRI

SB_DQS[ 7: 0]
I / O

SSTL1.8
TRI TRI TRI

SB_DQS[ 7: 0] #
I / O

SSTL1.8 
TRI TRI TRI

SB_MA[ 13: 0]
O

SSTL1.8
TRI TRI TRI

SB_BS[ 2: 0]
O

SSTL1.8
TRI TRI TRI

SB_RAS#
O

SSTL1.8
TRI TRI TRI

SB_CAS#
O

SSTL1.8
TRI TRI TRI

SB_WE#
O

SSTL1.8
TRI TRI TRI

SB_RCVENI N#
I

SSTL1.8
TRI TRI TRI

SB_RCVENOUT#
O

SSTL1.8
TRI TRI TRI

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

SM_CK[ 1: 0] ,
SM_CK[ 3: 2]

O

SSTL1.8
TRI TRI TRI

SM_CK[ 1: 0] # ,
SM_CK[ 3: 2] #

O

SSTL1.8
TRI TRI TRI

SM_CS[ 3: 0] #
O

SSTL1.8
TRI TRI TRI

SM_CKE[ 3: 0]
O

SSTL1.8
DRI VE 0 DRI VE 0 DRI VE 0

SM_ODT[ 3: 0]
O

SSTL1.8 
DRI VE 0 DRI VE 0 DRI VE 0
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2 .1 0 .6 DDR SDRAM Reference and Com pensat ion

2 .1 0 .7 PCI  Express- Based Graphics I nterface Signals
( PCI e x1 6  Mode)

2 .1 0 .8 PCI  Express- Based Graphics I nterface Signals
( SDVO Mode)

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

SMRCOMPN
I / O

A
PU PU PU

SMRCOMPP
I / O

A
PD PD PD

SMVREF[ 1: 0]
I

A
TRI TRI TRI

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

EXP_RXN[ 15: 0]

I

PCI  

Express*

N/ A TRI TRI

EXP_RXP[ 15: 0]
I

PCI  Express
N/ A TRI TRI

EXP_TXN[ 15: 0]
O

PCI  Express
PD PD PU

EXP_TXP[ 15: 0]
O

PCI  Express
PD PD PU

EXP_COMPO
I

A
TRI TRI TRI

EXP_COMPI
I

A
TRI TRI TRI
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Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

SDVO C I nterface 

SDVOC_RED

O

PCI  

Express*

PU PU PU

SDVOC_RED#
O

PCI  Express
PU PU PU
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SDVOC_GREEN
O

PCI  Express
PU PU PU

SDVOC_GREEN#
O

PCI  Express
PU PU PU

SDVOC_BLUE
O

PCI  Express
PU PU PU

SDVOC_BLUE#
O

PCI  Express
PU PU PU

SDVOC_CLKP
O

PCI  Express
PU PU PU

SDVOC_CLKN
O

PCI  Express
PU PU PU

SDVOC_I NT
I

PCI  Express
TRI TRI TRI

SDVOC_I NT#
I

PCI  Express
TRI TRI TRI

SDVO B I nterface

SDVOB_CLKP
O

PCI  Express
PU PU PU

SDVOB_CLKN
O

PCI  Express
PU PU PU

SDVOB_RED
O

PCI  Express
PU PU PU

SDVOB_RED#
O

PCI  Express
PU PU PU

SDVOB_GREEN
O

PCI  Express
PU PU PU

SDVOB_GREEN#
O

PCI  Express
PU PU PU

SDVOB_BLUE
O

PCI  Express
PU PU PU

SDVOB_BLUE#
O

PCI  Express
PU PU PU

SDVOB_I NT
I

PCI  Express
TRI TRI TRI

SDVOB_I NT#
I

PCI  Express
TRI TRI TRI

SDVO Com m on Signals

SDVO_TVCLKI N
I

PCI  Express
TRI TRI TRI
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Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3
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2 .1 0 .9 DMI

SDVO_TVCLKI N#
I

PCI  Express
TRI TRI TRI

SDVO_FLDSTALL
I

PCI  Express
TRI TRI TRI

SDVO_FLDSTALL#
I

PCI  Express
TRI TRI TRI

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

DMI _RXN[ 3: 0]

I

PCI  

Express*

N/ A TRI TRI

DMI _RXP[ 3: 0]
I

PCI  Express
N/ A TRI TRI

DMI _TXN[ 3: 0]
O

PCI  Express
PU PU PU

DMI _TXP[ 3: 0]
O

PCI  Express
PU PU PU
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Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3



Datasheet 59

Signal Descript ion

2 .1 0 .1 0 CRT DAC SI GNALS

2 .1 0 .1 1 Analog TV- out  Signals

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

CRT_RED
O

A
TRI TRI TRI

CRT_RED#
O

A
TRI TRI TRI

CRT_GREEN
O

A
TRI TRI TRI

CRT_GREEN#
O

A
TRI TRI TRI

CRT_BLUE
O

A
TRI TRI TRI

CRT_BLUE#
O

A
TRI TRI TRI

CRT_I REF
O

A
TRI TRI TRI

CRT_HSYNC
O

A
TRI DRI VE 0 TRI

CRT_VSYNC
O

A
TRI DRI VE 0 TRI

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

TVDAC_A
O

A
TRI TRI TRI

TVDAC_B
O

A
TRI TRI TRI

TVDAC_C
O

A
TRI TRI TRI

TV_I RTNA
O

A
TRI TRI TRI

TV_I RTNB
O

A
TRI TRI TRI

TV_I RTNC
O

A
TRI TRI TRI

TV_I REF
O

A
TRI TRI TRI
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2 .1 0 .1 2 LVDS Signals
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Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

LDVS Channel A

LADATAP[ 2: 0]
O

LVDS
DRI VE 0 DRI VE 0 DRI VE 0

LADATAN[ 2: 0]
O

LVDS
DRI VE 0 DRI VE 0 DRI VE 0

LACLKP
O

LVDS
DRI VE 0 DRI VE 0 DRI VE 0

LACLKN
O

LVDS
DRI VE 0 DRI VE 0 DRI VE 0

LDVS Channel B

LBDATAP[ 2: 0]
O

LVDS

DRIVE 0 DRIVE 0 DRIVE 0

LBDATAN[ 2: 0]
O

LVDS

DRIVE 0 DRIVE 0 DRIVE 0

LBCLKP
O

LVDS

DRIVE 0 DRIVE 0 DRIVE 0

LBCLKN
O

LVDS

DRIVE 0 DRIVE 0 DRIVE 0
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2 .1 0 .1 3 Display Data Channel ( DDC)  and GMBUS Support

LFP Panel Control Signal

LVDD_EN
O

HVCMOS
TRI DRI VE 0 TRI

LBKLT_EN
O

HVCMOS
TRI DRI VE 0 TRI

LBKLT_CRTL
O

HVCMOS
TRI DRI VE 0 TRI

LVDS Reference Signal

LVREFH
I

Ref
TRI TRI TRI

LVREFL
I

Ref
TRI TRI TRI

LI BG
I  /  O

Ref
TRI TRI TRI

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

LCTLA_CLK
I / O

COD
TRI TRI PU

LCTLB_DATA
I / O

COD
TRI TRI PU

CRT_DDCCLK
I / O

COD
TRI TRI PU

CRT_DDCDATA
I / O

COD
TRI TRI PU

LDDC_CLK
I / O

COD
TRI TRI PU

LDDC_DATA
I / O

COD
TRI TRI PU

SDVOCTRL_CLK
I / O

COD
TRI TRI DRI VE 0

SDVOCTRL_DATA
I / O

COD
DRI VE 1 DRI VE 1 DRI VE 0
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Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3



Signal Descript ion

62 Datasheet

2 .1 0 .1 4 PLL Signals

2 .1 0 .1 5 Reset  and Miscellaneous Signals

§

Signal Nam e Type

State dur ing 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

HCLKP
I

Diff Clk
I N I N DRI VE 1

HCLKN
I

Diff Clk
I N I N DRI VE 0

GCLKP
I

Diff Clk
I N I N DRI VE 0

GCLKN
I

Diff Clk
I N I N DRI VE 1

DREF_CLKP
I

Diff Clk
I N I N DRI VE 1

DREF_CLKN
I

Diff Clk
I N I N DRI VE 0

DREF_SSCLKP
I

Diff Clk
I N I N DRI VE 1

DREF_SSCLKN
I

Diff Clk
I N I N DRI VE 0

Signal Nam e Type

State during 

RSTI N#  

Assert ion

State after  

RSTI N#  

Deassert ion

S3

RSTI N#
I

HVCMOS 
DRI VE 0 DRI VE 1 DRI VE 0

PWROK
I

HVCMOS
DRI VE 0 DRI VE 1 DRI VE 0

H_BSEL [ 2: 0]

(CFG[ 2: 0] )

I

HVCMOS
PD STRAP DRI VE 0

CFG[ 17: 3]
I

AGTL+
PD STRAP PU

EXT_TS[ 1: 0] #
I

HVCMOS
PU PU PU

I CH_SYNC#
O

HVCMOS
PU DRI VE 1 TRI



Datasheet 63

GMCH Register  Descript ion

3 GMCH Register  Descript ion

3 .1 Register  Term inology

The following table shows the register- related term inology used in this datasheet . For 
general term inology, refer to the Sect ion 1.8.
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Abbreviat ion Definit ion

RO
Read Only bit ( s) . Writes to these bits have no effect . This m ay be a status 

bit  or a stat ic value.

RS/ W C

Read Set  /  W rite Clear  bit ( s) . 

The first  t im e the bit  is read with an enabled byte, it  returns the value 0, but  a 

side-effect  of the read is that  the value changes to 1. Any subsequent  reads 

with enabled bytes return a 1 unt il a 1 is writ ten to the bit . When the bit  is 

read, but  the byte is not  enabled, the state of the bit  does not  change, and the 

value returned is ir relevant , but  will m atch the state of the bit .

When a 0 is writ ten to the bit , there is no effect . When a 1 is writ ten to the bit ,  

its value becom es 0, unt il the next  byte-enabled read. When the bit  is writ ten, 

but  the byte is not  enabled, there is no effect .

R/ W
Read /  W rite bit ( s) . These bits can be read and writ ten by software. 

Hardware m ay only change the state of this bit  by reset .

R/ W C

Read /  W rite Clear bit ( s) . These bits can be read. I nternal events m ay set  

this bit .  A software write of 1 clears (sets to 0)  the corresponding bit (s)  and a 

write of 0 has no effect .

R/ W C/ S

Read /  W rite  Clear /  St icky bit ( s) . These bits can be read. I nternal events 

m ay set  this bit .  A software write of 1 clears (sets to 0 the corresponding 

bit (s)  and a write of 0 has no effect . Bits are not  cleared by “warm ”  reset , but  

will be reset  with a cold/ com plete reset  ( for PCI  Express*  related bits a cold 

reset  is “Power Good Reset ”  as defined in the current  PCI  Local Bus 

Specificat ion) .

R/ W / B

Read /  W rite /  Blind bit ( s) . These bits can be read and writ ten by software. 

Addit ionally there is a selector bit  which, when set , changes what  m ay be read 

from  these bits. The value writ ten is always stored in a hidden register. When 

the selector bit  indicates that  the writ ten value should not  be read, som e other 

status is read from  this bit . When the selector bit  indicates that  the writ ten 

value should be read, the value in the hidden register is read from  this bit .

R/ W / K

Read /  W rite /  Key bit ( s) . These bits can be read and writ ten by software. 

Addit ionally this bit ,  when set , prohibits some other bit  field(s)  from  being 

writable (bit  fields becom e Read Only) .

R/ W / L

Read /  W rite /  Lockable bit ( s) . These bits can be read and writ ten by 

software. Addit ionally there is a Key bit  (which is m arked R/ W/ K or R/ W/ L/ K)  

that , when set , prohibits this bit  f ield from  being writable (bit  field becom es 

Read Only) .

R/ W / L/ K

Read /  W rite /  Lockable /  Key bit ( s) . These bits can be read and writ ten 

by software. Addit ionally this bit  is a Key bit  that , when set , prohibits this bit  

field and/ or som e other specified bit  fields from  being writable (bit  fields 

becom e Read Only) .
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§

R/ W / S

Read /  W rite /  St icky bit ( s) . These bits can be read and writ ten by 

software. Bits are not  cleared by “warm ”  reset , but  will be reset  with a cold/

com plete reset  ( for PCI  Express related bits a cold reset  is “Power Good Reset ”  

as defined in the current  PCI  Local Bus Specificat ion) .

R/ W SC

Read /  W rite Self Clear bit ( s) .  These bits can be read and writ ten by 

software. When the bit  is 1, hardware may clear the bit  to 0 based upon 

internal events, possibly sooner than any subsequent  software read could 

ret r ieve a 1.

R/ W SC/ L

Read /  W rite Self Clear  /  Lockable bit ( s) . These bits can be read and 

writ ten by software. When the bit  is 1, hardware may clear the bit  to 0 based 

upon internal events, possibly sooner than any subsequent  software read 

could ret r ieve a 1. Addit ionally there is a bit  (which is m arked R/ W/ K or R/ W/

L/ K)  that , when set , prohibits this bit  f ield from  being writable (bit  f ield 

becom es Read Only) .

R/ W C

Read W rite  Clear bit ( s) . These bits can be read and writ ten by software. 

However, a write of 1 clears (sets to 0)  the corresponding bit (s)  and a write of 

0 has no effect .

R/ W O
W rite Once bit ( s) .  Once writ ten by software, bits with this at t r ibute becom e 

Read Only. These bits can only be cleared by a Reset .

W

W rite Only. These bits m ay be writ ten by software, but  will always return 0’s 

when read. They are used for write side-effects. Any data writ ten to these 

registers cannot  be ret r ieved.
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Abbreviat ion Definit ion
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4 GMCH Configurat ion Process 
and Registers

4 .1 Plat form  Configurat ion Structure

The DMI  physically connects the GMCH and the I CH;  so, from  a configurat ion 
standpoint , the DMI  is logically PCI  Bus # 0. As a result , all devices internal to the 
GMCH and the I CH appear to be on PCI  Bus # 0. The system ’s pr im ary PCI  expansion 
bus is physically at tached to the I CH and, from a configurat ion perspect ive, appears to 
be a hierarchical PCI  bus behind a PCI - to-PCI  br idge and therefore has a programmable 
PCI  bus num ber. The PCI  Express Graphics At tach appears to system  software to be a 
real PCI  bus behind a PCI - to-PCI  bridge that  is a device resident  on PCI  Bus # 0.

Note: That  a physical PCI  Bus # 0 does not  exist  and that  DMI  and the internal devices in the 
GMCH and I CH logically const itute PCI  Bus # 0 to configurat ion software. This is shown 
in the following figure.

.

Figure 3 . Conceptual Mobile  I ntel 9 4 5 GM/ PM/ GMS, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  Plat form  PCI  Configurat ion Diagram
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The GMCH contains four PCI  devices within a single physical com ponent . The 
configurat ion registers for the four devices are m apped as devices residing on PCI  Bus 
# 0.

Device 0 : Host  Bridge/ DRAM Controller .  Logically this appears as a PCI  device 
residing on PCI  Bus # 0. Device 0 contains the standard PCI  header registers, PCI  
Express base address register, DRAM cont rol ( including thermal/ throt t ling cont rol) , 
configurat ion for the DMI , and other GMCH specific registers.

Device 1 : Host - PCI  Express Bridge.  Logically this appears as a “vir tual”  PCI - to-PCI  
br idge residing on PCI  Bus # 0 and is compliant  with the current  PCI  Local Bus 
Specificat ion.  Device 1 contains the standard PCI - to-PCI  br idge registers and the 
standard PCI  Express/ PCI  configurat ion registers ( including the PCI  Express m em ory 
address m apping) . I t  also contains I sochronous and Virtual Channel cont rols in the PCI  
Express extended configurat ion space.

Device 2 : I nternal Graphics Control.  Logically, this appears as a PCI  device residing 
on PCI  Bus # 0. Physically, Device 2 contains the configurat ion registers for 3D, 2D, and 
display funct ions.

4 .2 Rout ing Configurat ion Accesses

The GMCH supports two PCI  related interfaces:  DMI  and PCI  Express. PCI  and PCI  
Express configurat ion cycles are select ively routed to one of these interfaces. The 
GMCH is responsible for rout ing configurat ion cycles to the proper interface. 
Configurat ion cycles to the I CH internal devices and Primary PCI  ( including downst ream 
devices)  are routed to the I CH via DMI . Configurat ion cycles to both the PCI  Express 
Graphics PCI  compat ibility configurat ion space and the PCI  Express Graphics extended 
configurat ion space are routed to the PCI  Express Graphics port . 

A detailed descript ion of the m echanism  for t ranslat ing CPU I / O bus cycles to 
configurat ion cycles is described below.

4 .2 .1 Standard PCI  Bus Configurat ion Mechanism

The PCI  Bus defines a slot  based configurat ion space that  allows each device to contain 
up to eight  funct ions with each funct ion containing up to 256, 8-bit  configurat ion 
registers. The PCI  Local Bus Specificat ion defines two bus cycles to access the PCI  
configurat ion space:  Configurat ion Read and Configurat ion Write. Mem ory and I / O 
spaces are supported direct ly by the CPU. Configurat ion space is supported by a 
m apping m echanism  im plem ented within the GMCH.

The configurat ion access m echanism  m akes use of the CONFI G_ADDRESS register (at  
I / O address 0CF8h though 0CFBh)  and CONFI G_DATA register (at  I / O address 0CFCh 
though 0CFFh) . To reference a configurat ion register a DW I / O write cycle is used to 
place a value into CONFI G_ADDRESS that  specifies the PCI  bus, the device on that  bus, 
the funct ion within the device and a specific configurat ion register of the device 
funct ion being accessed. CONFI G_ADDRESS[ 31]  m ust  be 1 to enable a configurat ion 
cycle. CONFI G_DATA then becom es a window into the four bytes of configurat ion space 
specified by the contents of CONFI G_ADDRESS. Any read or write to CONFI G_DATA will 
result  in the GMCH t ranslat ing the CONFI G_ADDRESS into the appropriate 
configurat ion cycle.

The GMCH is responsible for t ranslat ing and rout ing the CPU’s I / O accesses to the 
CONFI G_ADDRESS and CONFI G_DATA registers to internal GMCH configurat ion 
registers, DMI  or PCI  Express.
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4 .2 .2 Logical PCI  Bus # 0  Configurat ion Mechanism

The GMCH decodes the Bus Number (bits 23: 16)  and the Device Number fields of the 
CONFI G_ADDRESS register. I f the Bus Number field of CONFI G_ADDRESS is 0 the 
configurat ion cycle is target ing a PCI  Bus # 0 device. The host-DMI  bridge ent ity within 
the GMCH is hardwired as Device 0 on PCI  Bus # 0. The host-PCI  Express bridge ent ity 
within the GMCH is hardwired as Device 1 on PCI  Bus # 0. Device 2 contains the cont rol 
registers for the I ntegrated Graphics Cont roller. The I CH decodes the Type 0 access and 
generates a configurat ion access to the selected internal device.

4 .2 .3 Prim ary PCI  and Dow nstream  Configurat ion Mechanism

I f the Bus Number in the CONFI G_ADDRESS is non-zero, and falls outside the range 
claimed by the host-PCI  Express br idge (not  between the upper bound of the br idge 
device’s SUBORDI NATE BUS NUMBER register and the lower bound of the bridge 
device’s SECONDARY BUS NUMBER register) , the GMCH will generate a Type 1 DMI  
Configurat ion Cycle. A[ 1: 0]  of the DMI  request  packet  for the Type 1 configurat ion 
cycle will be “01”. Bits 31: 2 of the CONFI G_ADDRESS register will be t ranslated to the 
A[ 31: 2]  field of the DMI  request  packet  of the configurat ion cycle as shown below. This 
DMI  configurat ion cycle will be sent  over the DMI . 

I f the cycle is forwarded to the I CH via the DMI , the I CH com pares the non-zero Bus 
Number with the SECONDARY BUS NUMBER and SUBORDI NATE BUS NUMBER registers 
of its PCI - to-PCI  br idges to determ ine if the configurat ion cycle is m eant  for Prim ary 
PCI , one of the I CH’s devices, the DMI , or a downst ream PCI  bus.

Figure 4 . DMI  Type 0  Configurat ion Address Translat ion
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Figure 5 . DMI  Type 1  Configurat ion Address Translat ion
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As with PCI  devices, each device is selected based on decoded address inform at ion that  
is provided as a part  of the address port ion of Configurat ion Request  packets. A PCI  
Express device will decode all address informat ion fields (bus, device, funct ion and 
extended address numbers)  to provide access to the correct  register. 

To access this space (steps 1, 2, 3 are done only once by BI OS) :

1. Use the PCI -com pat ible configurat ion mechanism  to enable the PCI  Express 
enhanced configurat ion m echanism  by writ ing 1 to bit  31 of the DEVEN register.

2. Use the PCI -compat ible configurat ion m echanism to write an appropriate PCI  
Express base address into the PCI EXBAR register.

3. Calculate the host  address of the register you wish to set  using (PCI  Express base 
+  (bus num ber *  1 MB)  +  (device number *  32 KB)  +  ( funct ion number *  4 KB)  +  
(1 B *  offset  within the funct ion)  =  host  address) .

4. Use a mem ory write or memory read cycle to the calculated host  address to write 
to or read from  that  register.

PCI  Express configurat ion writes:

• I nternally the host  interface unit  will t ranslate writes to PCI  Express extended 
configurat ion space to configurat ions on the backbone.

• The host  interface unit  will t reat  the posted write as a non-posted write internal to 
the host  interface unit .

• Writes to extended space are posted on the FSB, but  non-posted on the PEG or DMI  
pins ( i.e.,  t ranslated to configurat ion writes) .

See the current  PCI  Local Bus Specificat ion for m ore inform at ion on both the 
convent ional PCI  2.3 com pat ible and PCI  Express enhanced configurat ion m echanism 
and t ransact ion rules.

Figure 6 .  Mem ory Map to PCI  Express Device Configurat ion Space
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4 .2 .5 GMCH Configurat ion Cycle Flow chart

Figure 7 . GMCH Configurat ion Cycle Flow chart
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4 .3 GMCH Register  I nt roduct ion

The GMCH contains two sets of software accessible registers, accessed via the host  CPU 
I / O address space:  Cont rol registers and internal configurat ion registers.

1. Cont rol registers are I / O mapped into the CPU I / O space, which cont rol access to 
PCI  and PCI  Express configurat ion space (see sect ion ent it led I / O Mapped 
registers) .

2. I nternal configurat ion registers residing within the GMCH are part it ioned into four 
logical device register sets ( “ logical”  since they reside within a single physical 
device) . The first  register set  is dedicated to host  bridge funct ionality ( i.e.,  DRAM 
configurat ion, other chipset  operat ing param eters and opt ional features) . The 
second register block is dedicated to host-PCI  Express bridge funct ions (cont rols 
PCI  Express interface configurat ions and operat ing parameters) . The third register 
block is for the internal graphics funct ions. 

The GMCH internal registers ( I / O Mapped, Configurat ion and PCI  Express Extended 
Configurat ion registers)  are accessible by the host  CPU. The registers that  reside within 
the lower 256 bytes of each device can be accessed as byte, word (16-bit ) , or dword 
(32-bit )  quant it ies, with the except ion of CONFI G_ADDRESS, which can only be 
accessed as a dword. All m ult i-byte num eric fields use “ lit t le-endian”  ordering ( i.e., 
lower addresses contain the least  significant  parts of the field) . Registers which reside 
in bytes 256 through 4095 of each device m ay only be accessed using m em ory m apped 
t ransact ions in dword (32-bit )  quant it ies.

Som e of the GMCH registers described in this sect ion contain reserved bits. These bits 
are labeled Reserved. Software must  deal correct ly with fields that  are reserved. On 
reads, software m ust  use appropriate m asks to ext ract  the defined bits and not  rely on 
reserved bits being any part icular value. On writes, software must  ensure that  the 
values of reserved bit  posit ions are preserved. That  is, the values of reserved bit  
posit ions m ust  first  be read, m erged with the new values for other bit  posit ions and 
then writ ten back. Note the software does not  need to perform  read, m erge, and write 
operat ion for the configurat ion address register.

I n addit ion to reserved bits within a register, the GMCH contains address locat ions in 
the configurat ion space of the host  br idge ent ity that  are marked either “Reserved”  or 
“ I ntel Reserved”. The GMCH responds to accesses to “Reserved”  address locat ions by 
com plet ing the host  cycle. When a Reserved register locat ion is read, a 0 value is 
returned. (Reserved registers can be 8, 16, or 32 bits in size) . Writes to Reserved 
registers have no effect  on the GMCH. Registers that  are m arked as I ntel Reserved 
m ust  not  be m odified by system software. Writes to I ntel Reserved registers m ay cause 
system failure. Reads from  I ntel Reserved registers may return a non-zero value.

Upon a Full Reset , the GMCH sets its ent ire set  configurat ion registers to predeterm ined 
default  states. Some register values at  reset  are determ ined by external st rapping 
opt ions. The default  state represents the m inim um funct ionality feature set  required to 
successfully br inging up the system . Hence, it  does not  represent  the opt imal system  
configurat ion. I t  is the responsibility of the system  init ializat ion software (usually BI OS)  
to properly determ ine the DRAM configurat ions, operat ing param eters and opt ional 
system features that  are applicable, and to program the GMCH registers accordingly. 

4 .4 I / O Mapped Registers

The GMCH contains two registers that  reside in the CPU I / O address space − the 
Configurat ion Address (CONFI G_ADDRESS)  register and the Configurat ion Data 
(CONFI G_DATA)  register. The Configurat ion Address register enables/ disables the 
configurat ion space and determ ines what  port ion of configurat ion space is visible 
through the Configurat ion Data window. 
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4 .4 .1 CONFI G_ ADDRESS—Configurat ion Address Register

I / O Address: 0CF8h Accessed as a DW

Size: 32 bits

CONFI G_ADDRESS is a 32-bit  register that  can be accessed only as a DW. A byte or 
word reference will “pass through”  the Configurat ion Address register and DMI  onto the 
PCI _A bus as an I / O cycle. The CONFI G_ADDRESS register contains the Bus Num ber, 
Device Number, Funct ion Num ber, and Register Num ber for which a subsequent  
configurat ion access is intended.

 ( Sheet  1  of 2 )

Bit
Access &  

Default
Descr ipt ion

31
R/ W

0b

Configurat ion Enable ( CFGE) : 

When this bit  is set  to 1, accesses to PCI  configurat ion space are enabled. 

I f this bit  is reset  to 0, accesses to PCI  configurat ion space are disabled.

30: 24
RO

00h
Reserved

23: 16
R/ W

00h

Bus Num ber: 

I f the Bus Number is program med to 00h the target  of the Configurat ion 

Cycle is a PCI  Bus # 0 agent . I f this is the case and the GMCH is not  the 

target  ( i.e., the device num ber is > =  3 and not  equal to 7) , then a DMI  

Type 0 Configurat ion Cycle is generated.

I f the Bus Num ber is non-zero, and does not  fall within the ranges 

enumerated by Device 1’s SECONDARY BUS NUMBER or SUBORDI NATE 

BUS NUMBER register, then a DMI  Type 1 Configurat ion Cycle is 

generated.

I f the Bus Number is non-zero and matches the value programm ed into 

the SECONDARY BUS NUMBER register of Device 1, a Type 0 PCI  

Configurat ion Cycle will be generated on PCI  Express-G* . 

I f the Bus Num ber is non-zero, greater than the value in the SECONDARY 

BUS NUMBER register of Device 1 and less than or equal to the value 

program med into the SUBORDI NATE BUS NUMBER register of Device 1 a 

Type 1 PCI  Configurat ion Cycle will be generated on PCI  Express-G. 

This field is m apped to byte 8 [ 7: 0]  of the request  header form at  during 

PCI  Express Configurat ion cycles and A[ 23: 16]  during the DMI  Type 1 

Configurat ion Cycles.

15: 11
R/ W

00h

Device Num ber: 

This field selects one agent  on the PCI  bus selected by the Bus Num ber. 

When the Bus Number field is “00”  the GMCH decodes the Device Num ber 

field. The GMCH is always Device Num ber 0 for the host  br idge ent ity, 

Device Num ber 1 for the host-PCI  Express ent ity. Therefore, when the 

Bus Number = 0 and the Device Num ber equals 0,1, 2 or 7 the internal 

GMCH devices are selected. 

This field is m apped to byte 6 [ 7: 3]  of the request  header form at  during 

PCI  Express and DMI  Configurat ion Cycles.



Datasheet 73

GMCH Configurat ion Process and Registers

4 .4 .2 CONFI G_ DATA—Configurat ion Data Register

I / O Address: 0CFCh

Size: 32 bits

CONFI G_DATA is a 32-bit  read/ write window into configurat ion space. The port ion of 
configurat ion space that  is referenced by CONFI G_DATA is determ ined by the contents 
of CONFI G_ADDRESS.

§

10: 8
R/ W

000b

Funct ion Num ber:

This field allows the configurat ion registers of a part icular funct ion in a 

mult i- funct ion device to be accessed. The GMCH ignores Configurat ion 

Cycles to its internal Devices if the funct ion num ber is not  equal to 0 or 1. 

This field is m apped to byte 6 [ 2: 0]  of the request  header form at  during 

PCI  Express and DMI  Configurat ion Cycles.

7: 2
R/ W

00h

Register  Num ber:

This field selects one register within a part icular Bus, Device, and 

Funct ion as specified by the other fields in the Configurat ion Address 

register. 

This field is m apped to byte 7 [ 7: 2]  of the request  header form at  for 

during PCI  Express and DMI  Configurat ion Cycles.

1: 0
RO

00b
Reserved

 ( Sheet  2  of 2 )

Bit
Access &  

Default
Descript ion

Bit
Access &  

Default
Descript ion

31: 0
R/ W

0000 0000 h

Configurat ion Data W indow  ( CDW ) :

I f bit  31 of CONFI G_ADDRESS is 1, any I / O access to the 

CONFI G_DATA register will produce a configurat ion t ransact ion using 

the contents of CONFI G_ADDRESS to determ ine the bus, device, 

funct ion, and offset  of the register to be accessed.
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5 Host  Bridge Device 0  -  
Configurat ion Registers ( D0 :F0 )

W arning: Address locat ions that  are not  listed are considered Reserved registers locat ions. Reads 
to Reserved registers may return non-zero values. Writes to reserved locat ions m ay 
cause system failures.

5 .1 Device 0  Configurat ion Registers

Table 3 . Device 0  Configurat ion Registers ( Sheet  1  of 2 )

Register  Nam e
Register 

Sym bol

Register  

Start

Register  

End

Default  

Value
Access

Vendor I dent ificat ion VI D 0 1 8086h RO

Device I dent ificat ion DI D 2 3 27A0h RO

PCI  Com mand PCI CMD 4 5 0006h R/ W;  RO

PCI  Status PCI STS 6 7 0090h R/ WC;  RO

Revision I dent ificat ion RI D 8 8 00h RO

Class Code CC 9 B 060000h RO

Master Latency Tim er MLT D D 00h RO

Header Type HDR E E 00h RO

Subsystem  Vendor I dent ificat ion SVI D 2C 2D 0000h R/ WO

Subsystem  I dent ificat ion SI D 2E 2F 0000h R/ WO

Capabilit ies Pointer CAPPTR 34 34 E0h RO

Egress Port  Base Address EPBAR 40 43 00000000h R/ W/ L;  RO

GMCH Mem ory Mapped Register 

Range Base
MCHBAR 44 47 00000000h R/ W/ L;  RO

PCI  Express*  Register Range Base 

Address
PCI EXBAR 48 4B E0000000h R/ W/ L;  RO

MCH-I CH Serial I nterconnect  

I ngress Root  Com plex
DMI BAR 4C 4F 00000000h R/ W/ L;  RO

GMCH Graphics Cont rol Register 

(Device 0)
GGC 52 53 0030h R/ W/ L;  RO

Device Enable DEVEN 54 57 0000001Bh R/ W/ L;  RO

Reserved 60 63

Programm able At t r ibute Map 0 PAM0 90 90 00h R/ W/ L;  RO

Programm able At t r ibute Map 1 PAM1 91 91 00h R/ W/ L;  RO

Programm able At t r ibute Map 2 PAM2 92 92 00h R/ W/ L;  RO
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Program m able At t r ibute Map 3 PAM3 93 93 00h R/ W/ L;  RO

Program m able At t r ibute Map 4 PAM4 94 94 00h R/ W/ L;  RO

Program m able At t r ibute Map 5 PAM5 95 95 00h R/ W/ L;  RO

Program m able At t r ibute Map 6 PAM6 96 96 00h R/ W/ L;  RO

Legacy Access Cont rol LAC 97 97 00h R/ W/ L;  RO

Reserved 98 9B

Top of Low Used DRAM Register TOLUD 9C 9C 08h R/ W/ L;  RO

System  Managem ent  RAM Cont rol SMRAM 9D 9D 02h R/ W/ L;  RO

Extended System Managem ent  RAM 

Control
ESMRAMC 9E 9E 38h

R/ W/ L;  R/ WC;  

RO

Reserved A0 A1

Error Status ERRSTS C8 C9 0000h
R/ WC;  ROR/

WC/ S

Error Com m and ERRCMD CA CB 0000h R/ W;  RO

Reserved CC CF

Scratchpad Data SKPD DC DF 00000000h R/ W

Capabilit y I dent ifier CAPI D0 E0 E8 RO

Reserved F8 FF

Table 3 . Device 0  Configurat ion Registers ( Sheet  2  of 2 )

Register Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access
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5 .1 .1 VI D -  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 00-01h

Default  Value: 8086h

Access: RO

Size: 16 bits

This register com bined with the Device I dent ificat ion register uniquely ident ifies any 
PCI  device.

5 .1 .2 DI D -  Device I dent ificat ion

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 02-03h

Default  Value: 27A0h

Access: RO

Size: 16 bits

This register com bined with the Vendor I dent ificat ion register uniquely ident ifies any 
PCI  device.

5 .1 .3 PCI CMD -  PCI  Com m and

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 04-05h

Default  Value: 0006h

Access: R/ W;  RO

Size: 16 bits

Since MCH Device 0 does not  physically reside on PCI _A, m any of the bits are not  
implemented.

Bit Access
Default  

Value
Descript ion

15: 0 RO 8086h
Vendor I dent ificat ion Num ber ( VI D) : 

PCI  standard ident ificat ion for I ntel.

Bit Access
Default  

Value
Descript ion

15: 0 RO 27A0h
Device I dent ificat ion Num ber ( DI D) : 

I dent ifier assigned to the GMCH core/ pr im ary PCI  device.

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

15: 10 RO 00h Reserved
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9: 9 RO 0b

Fast  Back- to- Back Enable ( FB2 B) : 

This bit  cont rols whether or not  the m aster can do fast  back- to-

back write. Since Device 0 is st r ict ly a target  this bit  is not  

im plem ented and is hardwired to 0. Writes to this bit  posit ion 

have no affect .

8: 8 R/ W 0b

SERR Enable ( SERRE) : 

This bit  is a global enable bit  for Device 0 SERR m essaging. The 

GMCH does not  have an SERR signal. The GMCH com m unicates 

the SERR condit ion by sending an SERR m essage over GMCH 

I CH Serial I nterface (DMI )  to the I CH. 

I f this bit  is set  to a 1, the GMCH is enabled to generate SERR 

m essages over DMI  for specific Device 0 error condit ions that  

are individually enabled in the ERRCMD register. The error 

status is reported in the ERRSTS and PCI STS registers. 

I f SERRE is clear, then the SERR m essage is not  generated by 

the GMCH for Device 0. Note that  this bit  only cont rols SERR 

m essaging for the Device 0. Device 1 has it s own SERRE bits to 

cont rol error report ing for error condit ions occurr ing on their  

respect ive devices. The cont rol bits are used in a logical OR 

m anner to enable the SERR DMI  m essage m echanism .

7: 7 RO 0b

Address/ Data Stepping Enable ( ADSTEP) : 

Address/ data stepping is not  implem ented in the MCH, and this 

bit  is hardwired to 0. Writes to this bit  posit ion have no effect .

6: 6 RO 0b

Parity Error Enable ( PERRE) : 

PERRB is not  im plemented by the MCH and this bit  is hardwired 

to 0. Writes to this bit  posit ion have no effect .

5: 5 RO 0b

VGA Palet te  Snoop Enable ( VGASNOOP) : 

The MCH does not  im plem ent  this bit  and it  is hardwired to a 0. 

Writes to this bit  posit ion have no effect .

4: 4 RO 0b

Mem ory W rite and I nvalidate Enable ( MW I E) : 

The MCH will never issue memory write and invalidate 

com m ands. This bit  is therefore hardwired to 0. Writes to this 

bit  posit ion will have no effect .

3: 3 RO 0b

Special Cycle Enable ( SCE) : 

The MCH does not  im plem ent  this bit  and it  is hardwired to a 0. 

Writes to this bit  posit ion have no effect .

2: 2 RO 1b

Bus Master  Enable ( BME) : 

The MCH is always enabled as a m aster on DMI . This bit  is 

hardwired to a 1. Writes to this bit  posit ion have no effect .

1: 1 RO 1b

Mem ory Access Enable ( MAE) : 

The MCH always allows access to m ain m em ory. This bit  is not  

im plem ented and is hardwired to 1. Writes to this bit  posit ion 

have no effect .

0: 0 RO 0b

I / O Access Enable ( I OAE) : 

This bit  is not  im plemented in the MCH and is hardwired to a 0. 

Writes to this bit  posit ion have no effect .

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion
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5 .1 .4 PCI STS -  PCI  Status

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 06-07h

Default  Value: 0090h

Access: R/ WC;  RO

Size: 16 bits

This status register reports the occurrence of error events on Device 0’s PCI  interface. 
Since MCH Device 0 does not  physically reside on PCI _A, m any of the bits are not  
implemented.

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

15: 15 RO 0b

Detected Parity Error ( DPE) : 

The MCH does not  implem ent  this bit  and it  is hardwired to a 0. 

Writes to this bit  posit ion have no effect .

14: 14 R/ WC 0b

Signaled System  Error ( SSE) : 

This bit  is set  to 1 when the MCH Device 0 generates an SERR 

m essage over DMI  for any enabled Device 0 error condit ion or. 

Device 0 error condit ions are enabled in the PCI CMD and 

ERRCMD registers. Device 0 error flags are read/ reset  from  the 

PCI STS or ERRSTS registers. Software clears this bit  by writ ing 

a 1 to it .

13: 13 R/ WC 0b

Received Unsupported Request  ( RURS) : 

This bit  is set  when the MCH generates a DMI  request  that  

receives a Unsupported request  com plet ion. Software clears this 

bit  by writ ing a 1 to it .

12: 12 R/ WC 0b

Received Com plet ion Abort  Status ( RCAS) : 

This bit  is set  when the MCH generates a DMI  request  that  

receives a com plet ion abort .  Software clears this bit  by writ ing a 

1 to it . 

11: 11 RO 0b

Signaled Target  Abort  Status ( STAS) : 

The MCH will not  generate a Target  Abort  DMI  com plet ion 

packet  or Special Cycle. This bit  is not  im plem ented in the MCH 

and is hardwired to a 0. Writes to this bit  posit ion have no 

effect .

10: 9 RO 00b

DEVSEL Tim ing ( DEVT) : 

These bits are hardwired to 00. Writes to these bit  posit ions 

have no affect .  Device 0 does not  physically connect  to PCI _A. 

These bits are set  to 00 ( fast  decode)  so that  opt im um  DEVSEL 

t im ing for PCI _A is not  lim ited by the MCH.

8: 8 RO 0b

Master Data Parity Error Detected ( DPD) : 

PERR signaling and m essaging are not  im plemented by the MCH 

therefore this bit  is hardwired to 0. Writes to this bit  posit ion 

have no effect .

7: 7 RO 1b

Fast  Back- to- Back ( FB2 B) : 

This bit  is hardwired to 1. Writes to these bit  posit ions have no 

effect .  Device 0 does not  physically connect  to PCI _A. This bit  is 

set  to 1 ( indicat ing fast  back- to-back capabilit y)  so that  the 

opt im um  set t ing for PCI _A is not  lim ited by the MCH.
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5 .1 .5 RI D -  Revision I dent ificat ion

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 08h

Default  Value: 00h

Access: RO

Size: 8 bits

This register contains the revision num ber of the GMCH Device 0.

6: 5 RO 00b Reserved

4: 4 RO 1b

Capability List  ( CLI ST) : 

This bit  is hardwired to 1 to indicate to the configurat ion 

software that  this device/ funct ion im plements a list  of new 

capabilit ies. A list  of new capabilit ies is accessed via register 

CAPPTR at  configurat ion address offset  34h. Register CAPPTR 

contains an offset  point ing to the start  address within 

configurat ion space of this device where the AGP Capability 

standard register resides.

3: 0 RO 0h Reserved

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

7: 0 RO 02h

Revision I dent if icat ion Num ber ( RI D) : 

This is an 8-bit  value that  indicates the revision ident ificat ion 

num ber for the MCH Device 0. For the A-0 Stepping, this value 

is 00h.
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5 .1 .6 CC -  Class Code

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 09-0Bh

Default  Value: 060000h

Access: RO

Size: 24 bits

This register ident ifies the basic funct ion of the device, a m ore specific sub-class, and a 
register-specific programming interface. 

5 .1 .7 MLT -  Master Latency Tim er

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 0Dh

Default  Value: 00h

Access: RO

Size: 8 bits

Device 0 in the MCH is not  a PCI  m aster. Therefore this register is not  implemented.

Bit Access
Default  

Value
Descript ion

23: 16 RO 06h

Base Class Code ( BCC) : 

This is an 8-bit  value that  indicates the base class code for the 

MCH. This code has the value 06h, indicat ing a bridge device.

15: 8 RO 00h

Sub- Class Code ( SUBCC) : 

This is an 8-bit  value that  indicates the category of br idge into 

which the MCH falls. The code is 00h indicat ing a host  br idge.

7: 0 RO 00h

Program m ing I nterface ( PI ) : 

This is an 8-bit  value that  indicates the program ming interface 

of this device. This value does not  specify a part icular register 

set  layout  and provides no pract ical use for this device.

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO 00h Reserved
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5 .1 .8 HDR -  Header Type

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 0Eh

Default  Value: 00h

Access: RO

Size: 8 bits

This register ident ifies the header layout  of the configurat ion space. No physical 
register exists at  this locat ion. 

5 .1 .9 SVI D -  Subsystem  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 2C-2Dh

Default  Value: 0000h

Access: R/ WO

Size: 16 bits

This value is used to ident ify the vendor of the subsystem. 

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

PCI  Header ( HDR) : 

This field always returns 0 to indicate that  the MCH is a single 

funct ion device with standard header layout . Reads and writes 

to this locat ion have no effect .

Bit Access
Default  

Value
Descript ion

15: 0 R/ WO 0000h

Subsystem  Vendor I D ( SUBVI D) : 

This field should be program m ed during boot-up to indicate 

the vendor of the system  board. After it  has been writ ten 

once, it  becom es read only.
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5 .1 .1 0 PAGE BREAKSI D -  Subsystem  I dent ificat ion

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 2E-2Fh

Default  Value: 0000h

Access: R/ WO

Size: 16 bits

This value is used to ident ify a part icular subsystem . 

5 .1 .1 1 CAPPTR -  Capabilit ies Pointer

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 34h

Default  Value: E0h

Access: RO

Size: 8 bits

The CAPPTR provides the offset  that  is the pointer to the locat ion of the first  device 
capability in the capability list . 

Bit Access
Default  

Value
Descr ipt ion

15: 0 R/ WO 0000h

Subsystem  I D ( SUBI D) : 

This field should be program m ed during BI OS init ializat ion. 

After it  has been writ ten once, it  becom es read only.

Bit Access
Default  

Value
Descript ion

7: 0 RO E0h

Pointer  to the Offset  of the First  Capability I D Register  

Block: 

I n this case the first  capability is the product-specific Capability 

I dent ifier (CAPI D0) .
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5 .1 .1 2 EPBAR -  Egress Port  Base Address

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 40-43h

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This is the base address for the Egress Port  Root  Com plex MMI O configurat ion space. 
This window of addresses contains the Egress Port  Root  Com plex register set  for the 
PCI  Express Hierarchy associated with the MCH. There is no physical memory within 
this 4-KB window that  can be addressed. The 4 KB reserved by this register does not  
alias to any convent ional PCI  2.3-com pliant  m em ory m apped space.

On reset , this register is disabled and m ust  be enabled by writ ing a 1 to bit [ 0]  of this 
register.

Bit Access
Default  

Value
Descript ion

31: 12 R/ W/ L 00000h

Egress Port  RCRB Base Address: 

This field corresponds to bits 31 to 12 of the base address 

Egress port  RCRB MMI O configurat ion space.

BI OS will program  this register result ing in a base address for a 

4-KB block of cont iguous m em ory address space. This register 

ensures that  a naturally aligned 4-KB space is allocated within 

total addressable m em ory space of 4 GB. 

System  Software uses this base address to program  the Egress 

Port  RCRB and associated registers.

11: 1 RO 000h Reserved

0 R/ W/ L 0b

EPBAR Enable ( EPBAREN) : 

0:  EPBAR is disabled and does not  claim  m em ory.

1:  EPBAR m em ory m apped accesses are claim ed and decoded 

appropriately.
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5 .1 .1 3 MCHBAR -  GMCH Mem ory Mapped Register  Range Base

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 44-47h

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This is the base address for the MCH MMI O Configurat ion space. There is no physical 
memory within this 16-KB window that  can be addressed. The 16 KB reserved by this 
register does not  alias to any convent ional PCI  2.3-com pliant  m em ory m apped space.

On reset , this register is disabled and must  be enabled by writ ing a 1 to bit [ 0]  of this 
register.

Bit Access
Default  

Value
Descript ion

31: 14 R/ W/ L 00000h

GMCH Mem ory Map Base Address: 

This field corresponds to bits 31 to 14 of the base address 

MCHBAR configurat ion space.

BI OS will program  this register result ing in a base address for a 

16-KB block of cont iguous m em ory address space. This register 

ensures that  a naturally aligned 16-KB space is allocated within 

total addressable m em ory space of 4 GB. 

System  Software uses this base address to program  the MCH 

register set .

13: 1 RO 0000h Reserved 

0 R/ W/ L 0b

MCHBAR Enable ( MCHBAREN) : 

0:  MCHBAR is disabled and does not  claim  any m em ory.

1:  MCHBAR m em ory m apped accesses are claim ed and decoded 

appropriately.
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5 .1 .1 4 PCI EXBAR -  PCI  Express Register Range Base Address

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 48-4Bh

Default  Value: E0000000h

Access: R/ W/ L;  RO

Size: 32 bits

This is the base address for the PCI  Express configurat ion space. This window of 
addresses contains the 4 KB of configurat ion space for each PCI  Express device that  
can potent ially be part  of the PCI  Express hierarchy associated with the GMCH. There is 
no actual physical m em ory within this address range (64 MB, 128 MB, or 256 MB)  
window that  can be addressed. Each PCI  Express hierarchy requires a PCI  Express 
BASE register. The GMCH supports one PCI  Express hierarchy.

The address range reserved by this register does not  alias to any convent ional PCI  2.3-
com pliant  m em ory m apped space. 

On reset , this register is disabled and m ust  be enabled by writ ing a 1 to bit [ 0]  of this 
register.

The PCI  Express Base Address [ bits 15: 12]  m ust  never be set  to 0Fh because this 
would result  in PCI  Express configurat ion space overlapping the HSEG space required 
for the Pent ium  4 processor to respond to interrupts and system m anagem ent  events. 
The PCI  Express Base Address cannot  be below the address writ ten to the top of low 
usable dram  register (TOLUD) . 

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

31: 28 R/ W/ L 1110b

PCI  Express*  Base Address:

This field corresponds to bits 31 to 28 of the base address for 

PCI  Express enhanced configurat ion space.

BI OS will program  this register result ing in a base address for a 

256-MB block of cont iguous m em ory address space. Having 

cont rol of those part icular 4 bits insures that  this base address 

will be on a 256-MB boundary, above the lowest  256 MB and st ill 

within total addressable m em ory space, current ly 4 GB. 

Configurat ion software will read this register to determ ine where 

the 256-MB range of addresses resides for this part icular host  

br idge.

The address used to access the PCI  Express configurat ion space 

for a specific device can be determ ined as follows:

PCI  Express Base Address +  Bus Num ber *  1 MB +  Device 

Num ber *  32 KB +  Funct ion Num ber *  4 KB

The address used to access the PCI  Express configurat ion space 

for Device 1  in this com ponent  would be as follows.

PCI  Express Base Address +  0 *  1 MB +  1 *  32 KB +  0 *  4 KB =  

PCI  Express Base Address +  3 2  KB.  

Note: This address is at  the beginning of the 4-KB space that  

contains both the PCI  com pat ible configurat ion space and the 

PCI  Express extended configurat ion space.
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27 R/ W/ L 0b

1 2 8 - MB Address Mask: 

This bit  is either part  of the PCI  Express Base Address (R/ W)  or 

part  of the Address Mask (RO, read 0b) , depending on the value 

of bits 2: 1 in this register.

26 R/ W/ L 0b

6 4 - MB Base Address Mask: 

This bit  is either part  of the PCI  Express Base Address (R/ W)  or 

part  of the Address Mask (RO, read 0b) , depending on the value 

of bits 2: 1 in this register.

25: 3 RO 000000h Reserved  

2: 1 R/ W/ L 00b

Length: 

This field describes the length of this region -  Enhanced 

Configurat ion Space Region/ Buses Decoded

00:  256 MB (Buses 0-255) . Bits 31: 28 are decoded in the PCI  

Express Base Address field.

01:  128 MB (Buses 0-127) . Bits 31: 27 are decoded in the PCI  

Express Base Address field.

10:  64 MB (Buses 0-63) . Bits 31: 26 are decoded in the PCI  

Express Base Address field.

11:  Reserved

0 R/ W/ L 0b

PCI EXBAR Enable ( PCI EXBAREN) : 

0:  PCI EXBAR register is disabled. Mem ories read and write 

t ransact ions proceed as if there were no PCI EXBAR register. 

PCI EXBAR register bits 31: 28 are R/ W with no funct ionality 

behind them .

1:  The PCI EXBAR register is enabled. Mem ories read and write 

t ransact ions whose address bits 31: 28 m atch PCI EXBAR 31: 28 

will be t ranslated to configurat ion reads and writes within the 

GMCH. These t ranslat ion cycles are routed as shown in the 

tables above.

 ( Sheet  2  of 2 )
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Default  

Value
Descr ipt ion
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5 .1 .1 5 DMI BAR -  MCH- I CH Seria l I nterconnect  I ngress Root  
Com plex

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 4C-4Fh

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This is the base address for the DMI  Root  Complex MMI O configurat ion space. This 
window of addresses contains the DMI  Root  Complex register set  for the PCI  Express 
Hierarchy associated with the MCH. There is no physical m em ory within this 4-KB 
window that  can be addressed. The 4 KB reserved by this register does not  alias to any 
convent ional PCI  2.3-com pliant  m em ory m apped space.

On reset , this register is disabled and m ust  be enabled by writ ing a 1 to bit [ 0]  of this 
register.

Bit Access
Default  

Value
Descript ion

31: 12 R/ W/ L 00000h

DMI  Root  Com plex MMI O Register  Set  Base Address: 

This field corresponds to bits 31 to 12 of the base address DMI  

RCRB MMI O configurat ion space.

BI OS will program  this register result ing in a base address for a 

4-KB block of cont iguous m em ory address space. This register 

ensures that  a naturally aligned 4-KB space is allocated within 

total addressable m em ory space of 4 GB. 

System  Software uses this base address to program  the DMI  

RCRB registers.

11: 1 RO 000h Reserved

0 R/ W/ L 0b

DMI BAR Enable ( DMI BAREN) : 

0:  DMI BAR is disabled and does not  claim  any m em ory.

1:  DMI BAR m em ory m apped accesses are claim ed and 

decoded appropriately.
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5 .1 .1 6 GGC -  GMCH Graphics Control ( Device 0 )

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 52-53h

Default  Value: 0030h

Access: R/ W/ L;  RO

Size: 16 bits

Bit Access
Default  

Value
Descr ipt ion

15: 7 RO
00000000

0b
Reserved  

6: 4 R/ W/ L 011b

Graphics Mode Select  ( GMS) : 

This field is used to select  the am ount  of Main Mem ory that  is 

pre-allocated to support  the I nternal Graphics device in VGA 

(non- linear)  and Nat ive ( linear)  m odes. The BI OS ensures 

that  m em ory is pre-allocated only when I nternal graphics is 

enabled. 

Stolen Mem ory Bases is located between (TOLUD -  SMSize)  to 

TOUD.

000 =  No m em ory pre-allocated. Device 2 ( I GD)  does not  

claim  VGA cycles (Mem and I O) , and the Sub-Class Code field 

within Device 2 funct ion 0. Class Code register is 80. 

001 =  DVMT (UMA)  m ode, 1 MB of m em ory pre-allocated for 

fram e buffer.

011 =  DVMT (UMA)  m ode, 8 MB of m em ory pre-allocated for 

fram e buffer.

Others =  Reserved

Note:This register is locked and becom es Read Only when the 

D_LCK bit  in the SMRAM register is set . 

Hardware does not  clear or set  any of these bits automat ically 

based on I GD being disabled/ enabled.

3: 2 RO 00b Reserved

1 R/ W/ L 0b

I GD VGA Disable ( I VD)

1:  Disable. Device 2 ( I GD)  does not  claim  VGA cycles (Mem  

and I O) , and the Sub-Class Code field within Device 2 funct ion 

0 Class Code register is 80. 

0:  Enable (Default ) . Device 2 ( I GD)  claim s VGA m em ory and 

I O cycles, the Sub-Class Code within Device 2 Class Code 

register is 00.

0 RO 0b Reserved
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5 .1 .1 7 DEVEN -  Device Enable

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 54-57h

Default  Value: 0000001Bh

Access: R/ W/ L;  RO

Size: 32 bits

This register allows for enabling/ disabling of PCI  devices and funct ions that  are within 
the MCH. This table describes the behavior of all com binat ions of t ransact ions to 
devices cont rolled by this register. 

Bit Access
Default  

Value
Descript ion

31: 5 RO 000000h Reserved

4 R/ W/ L 1b

I nternal Graphics Engine Funct ion 1  ( D2 F1 EN) : 

0:  Bus 0 Device 2 Funct ion 1 is disabled and hidden.

1:  Bus 0 Device 2 Funct ion 1 is enabled and visible.

3 R/ W/ L 1b

I nternal Graphics Engine Funct ion 0  ( D2 F0 EN) : 

0:  Bus 0 Device 2 Funct ion 0 is disabled and hidden

1:  Bus 0 Device 2 Funct ion 0 is enabled and visible

2 RO 0b Reserved 

1 R/ W/ L 1b

PCI  Express*  Graphics Port  Enable ( D1 EN) : 

0:  Bus 0 Device 1 Funct ion 0 is disabled and hidden. 

1:  Bus 0 Device 1 Funct ion 0 is enabled and visible. 

Default  value is determ ined by SDVO presence HW st rap and 

SDVO/ PCI e concurrent  HW st rap.

0 RO 1b

Host  Bridge: 

Bus 0 Device 0 Funct ion 0 m ay not  be disabled and is therefore 

hardwired to 1.
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5 .1 .1 8 PAM0  -  Program m able At t r ibute Map 0

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 90h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS area from  
0F0000h-0FFFFFh.

The MCH allows program mable m em ory at t r ibutes on 13 legacy m em ory segments of 
various sizes in the 640-KB to 1-MB address range. Seven Program m able At t r ibute Map 
(PAM)  registers are used to support  these features. Cacheability of these areas is 
cont rolled via the MTRR registers in the processor. Two bits are used to specify memory 
at t r ibutes for each m em ory segm ent . These bits apply to both host  accesses and PCI  
init iator accesses to the PAM areas. These at t r ibutes are:

RE -  Read Enable. When RE =  1, the CPU read accesses to the corresponding m em ory 
segment  are claimed by the MCH and directed to m ain m em ory. Conversely, when RE =  
0, the host  read accesses are directed to PCI _A.

WE -  Write Enable. When WE =  1, the host  write accesses to the corresponding 
memory segm ent  are claim ed by the MCH and directed to m ain m em ory. Conversely, 
when WE =  0, the host  write accesses are directed to PCI _A.

The RE and WE at t r ibutes perm it  a memory segment  to be Read Only, Write Only, 
Read/ Write, or disabled. For exam ple, if a memory segment  has RE =  1 and WE =  0, 
the segm ent  is Read Only.

Each PAM register cont rols two regions, typically 16 KB in size. 

Accesses to the ent ire PAM region (000C_0000h to 000F_FFFFh)  from  DMI  and PCI  
Express Graphics At tach low prior ity will be forwarded to m ain m em ory. The PAM read 
enable and write enable bits are not  funct ional for these accesses. I n other words, a full 
set  of PAM decode/ at t r ibute logic is not  being implem ented. Also note that  the MCH 
m ay hang if a PCI  Express Graphics At tach or DMI  originated access to Read Disabled 
or Write Disabled PAM segm ents occur (due to a possible I WB to non-DRAM). For these 
reasons the following cr it ical rest r ict ion is placed on the program ming of the PAM 
regions:

At  the t ime that  a DMI  or PCI  Express Graphics At tach accesses to the PAM region may 
occur, the targeted PAM segment  must  be programmed to be both readable and 
writeable.
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5 .1 .1 9 PAM1  -  Program m able At t r ibute Map 1

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 91h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0C0000h-0C7FFFh. 

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 F0 0 0 0 h- 0 FFFFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0F0000h to 0FFFFFh.

00: DRAM Disabled:  All accesses are directed to DMI .

01: Read Only:  All reads are sent  to DRAM. All wr ites are 

forwarded to DMI .

10: Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11: Norm al DRAM Operat ion:  All reads and writes are serviced 

by DRAM.

3: 0 RO 0h Reserved

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 C4 0 0 0 h- 0 C7 FFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0C4000h to 0C7FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved
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5 .1 .2 0 PAM2  -  Program m able At t r ibute Map 2

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 92h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0C8000h-0CFFFFh. 

1: 0 R/ W/ L 00b

0 C0 0 0 0 h- 0 C3 FFFh At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from 0C0000h to 0C3FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All wr ites are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 CC0 0 0 h- 0 CCFFFh Att r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0CC000h to 0CCFFFh.

00: DRAM Disabled:  Accesses are directed to DMI .

01: Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10: Write Only:  All wr ites are sent  to DRAM. Reads are serviced by 

DMI .

11: Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved

1: 0 R/ W/ L 00b

0 C8 0 0 0 h- 0 CBFFFh At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0C8000h to 0CBFFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.
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5 .1 .2 1 PAM3  -  Program m able At t r ibute Map 3

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 93h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0D0000h-0D7FFFh. 

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 D4 0 0 0 h- 0 D7 FFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0D4000h to 0D7FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved 

1: 0 R/ W/ L 00b

0 D0 0 0 0 - 0 D3 FFF At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0D0000 to 0D3FFF.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.
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5 .1 .2 2 PAM4  -  Program m able At t r ibute Map 4

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 94h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0D8000h-0DFFFFh. 

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 DC0 0 0 h- 0 DFFFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0DC000h to 0DFFFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Normal DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved

1: 0 R/ W/ L 00b

0 D8 0 0 0 h- 0 DBFFFh At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0D8000h to 0DBFFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Normal DRAM Operat ion:  All reads and writes are serviced by 

DRAM.
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5 .1 .2 3 PAM5  -  Program m able At t r ibute Map 5

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 95h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0E0000h-0E7FFFh. 

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved

5: 4 R/ W/ L 00b

0 E4 0 0 0 h- 0 E7 FFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0E4000h to 0E7FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Normal DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved

1: 0 R/ W/ L 00b

0 E0 0 0 0 h- 0 E3 FFFh At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0E0000h to 0E3FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Normal DRAM Operat ion:  All reads and writes are serviced by 

DRAM.
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5 .1 .2 4 PAM6  -  Program m able At t r ibute Map 6

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 96h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register cont rols the read, write, and shadowing at t r ibutes of the BI OS areas from  
0E8000h-0EFFFFh. 

Bit Access
Default  

Value
Descript ion

7: 6 RO 00b Reserved 

5: 4 R/ W/ L 00b

0 EC0 0 0 h- 0 EFFFFh At t r ibute ( HI ENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0E4000h to 0E7FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.

3: 2 RO 00b Reserved

1: 0 R/ W/ L 00b

0 E8 0 0 0 h- 0 EBFFFh At t r ibute ( LOENABLE) : 

This field cont rols the steering of read and write cycles that  

address the BI OS area from  0E0000h to 0E3FFFh.

00:  DRAM Disabled:  Accesses are directed to DMI .

01:  Read Only:  All reads are serviced by DRAM. All writes are 

forwarded to DMI .

10:  Write Only:  All writes are sent  to DRAM. Reads are serviced 

by DMI .

11:  Norm al DRAM Operat ion:  All reads and writes are serviced by 

DRAM.
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5 .1 .2 5 LAC -  Legacy Access Control

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 97h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This 8-bit  register cont rols a fixed DRAM hole from  15-16 MB. 

Bit Access
Default  

Value
Descript ion

7 R/ W/ L 0b

Hole Enable ( HEN) : 

This field enables a m em ory hole in DRAM space. The DRAM that  

lies “behind”  this space is not  rem apped.

0:  No m em ory hole.

1:  Mem ory hole from  15 MB to 16 MB.

6: 1 RO 00h Reserved

0 R/ W 0b

MDA Present  ( MDAP) : 

This bit  works with the VGA Enable bits in the BCTRL register of 

Device 1 to cont rol the rout ing of CPU init iated t ransact ions 

target ing MDA com pat ible 

I / O and m em ory address ranges. 

This bit  should not  be set  if Device 1's VGA Enable bit  is not  set . 

I f Device 1's VGA enable bit  is not  set , then accesses to I O 

address range 03BCh-03BFh are forwarded to DMI . 

I f the VGA enable bit  is set  and MDA is not  present , then accesses 

to I O address range 03BCh-03BFh are forwarded to PCI  Express-

G*  if the address is within the corresponding I OBASE and 

I OLI MI T, otherwise they are forwarded to DMI . 

MDA resources are defined as the following:

Mem ory:  0B0000h -  0B7FFFh

I / O:  3B4h, 3B5h, 3B8h, 3B9h, 3BAh, 3BFh ( including I SA address 

aliases, A[ 15: 10]  are not  used in decode) .

Any I / O reference that  includes the I / O locat ions listed above, or 

their  aliases, will be forwarded to DMI  even if the reference 

includes I / O locat ions not  listed above.

The following table shows the behavior for all com binat ions of 

MDA and VGA:

VAGEN MDAP Descr ipt ion

0 0
All references to MDA and VGA space 

are routed to HI

0 1 I llegal Combinat ion

1 0
All VGA and MDA references are routed 

to PCI  Express Graphics At tach

1 1

All VGA references are routed to PCI  

Express Graphics At tach.MDA 

references are routed to HI .
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5 .1 .2 6 TOLUD -  Top of Low  Used DRAM Register

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 9Ch

Default  Value: 08h

Access: R/ W/ L;  RO

Size: 8 bits

This 8-bit  register defines the Top of Usable Dram . Graphics Stolen Mem ory and TSEG 
are within dram  space defined under TOLUD. From  the top of low used dram , GMCH 
claims 1 to 64 MBs of DRAM for internal graphics if enabled and 1, 2 or 8 MBs of DRAM 
for TSEG if enabled. 

Note: Even if the OS does not  need any PCI  space, TOLUD can only be program m ed to FFh. 
This ensures that  addresses within 128 MB below 4 GB that  are reserved for API C.

Bit Access
Default  

Value
Descript ion

7: 3 R/ W/ L 01h

Top of Low  Usable DRAM ( TOLUD) : 

This register contains bits 31 to 27 of an address one byte above 

the maxim um  DRAM m em ory that  is usable by the operat ing 

system . Address bits [ 31: 27]  program m ed to a “01h”  im plies a 

m inim um  m em ory size of 128 MBs. 

Configurat ion software m ust  set  this value to the smaller of the 

following 2 choices

 -  m axim um  amount  m emory in the system

 -  Minim um  address allocated for PCI  m em ory. 

Address bits 26: 0 are assumed to be 000_0000h for the 

purposes of address com parison. The host  interface posit ively 

decodes an address towards dram  if the incom ing address is less 

than that  value program m ed in this register.

This register m ust  not  be set  to 0000 0 b.

The Top of Usable DRAM is the lowest  address above both 

Graphics Stolen m em ory and TSEG. The host  interface 

determ ines the base of Graphics Stolen m em ory by subt ract ing 

the graphics stolen m em ory size from  TOLUD and further 

decrements by TSEG size to determ ine base of TSEG.

2: 0 RO 00b Reserved 
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5 .1 .2 7 SMRAM -  System  Managem ent  RAM Control

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 9Dh

Default  Value: 02h

Access: R/ W/ L;  RO

Size: 8 bits

 The SMRAMC register cont rols how accesses to Compat ible and Extended SMRAM 
spaces are t reated. The Open, Close, and Lock bits funct ion only when G_SMRAME bit  
is set  to a 1. Also, the OPEN bit  m ust  be reset  before the LOCK bit  is set . 

Bit Access
Default  

Value
Descr ipt ion

7 RO 0b Reserved 

6 R/ W/ L 0b

SMM Space Open ( D_ OPEN) : 

When D_OPEN= 1 and D_LCK= 0, the SMM space DRAM is m ade 

visible even when SMM decode is not  act ive. 

This is intended to help BI OS init ialize SMM space. Software 

should ensure that  D_OPEN= 1 and D_CLS= 1 are not  set  at  the 

sam e t im e.

5 R/ W 0b

SMM Space Closed ( D_ CLS) : 

When D_CLS =  1 SMM space DRAM is not  accessible to data 

references, even if SMM decode is act ive. Code references m ay 

st ill access SMM space DRAM. 

This will allow SMM software to reference through SMM space to 

update the display even when SMM is m apped over the VGA 

range. Software should ensure that  D_OPEN= 1 and D_CLS= 1 are 

not  set  at  the sam e t ime. Note that  the D_CLS bit  only applies to 

Com pat ible SMM space.

4 R/ W/ L 0b

SMM Space Locked ( D_ LCK) : 

When D_LCK is set  to 1 then D_OPEN is reset  to 0 and D_LCK, 

D_OPEN, C_BASE_SEG, H_SMRAM_EN, GMS, TOLUD, TSEG_SZ, 

and TSEG_EN becom e read only. D_LCK can be set  to 1 via a 

norm al configurat ion space write but  can only be cleared by a Full 

Reset . The combinat ion of D_LCK and D_OPEN provide 

convenience with security. The BI OS can use the D_OPEN 

funct ion to init ialize SMM space and then use D_LCK to “ lock 

down”  SMM space in the future so that  no applicat ion software (or 

BI OS itself )  can violate the integrity of SMM space, even if the 

program  has knowledge of the D_OPEN funct ion.

3 R/ W/ L 0b

Global SMRAM Enable ( G_ SMRAME) : 

I f set  to a 1, then Com pat ible SMRAM funct ions are enabled, 

providing 128 KB of DRAM accessible at  the A0000h address 

while in SMM (ADSB with SMM decode) . To enable Extended 

SMRAM funct ion this bit  has be set  to 1. Refer to the sect ions on 

SMM for m ore details. Once D_LCK is set , this bit  becom es read 

only.
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5 .1 .2 8 ESMRAMC -  Extended System  Managem ent  RAM Control

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : 9Eh

Default  Value: 38h

Access: R/ W/ L;  R/ WC;  RO

Size: 8 bits

The Extended SMRAM register cont rols the configurat ion of Extended SMRAM space. 
The Extended SMRAM (E_SMRAM) memory provides a write-back cacheable SMRAM 
memory space that  is above 1 MB.

Note: When Extended SMRAM is used, the maximum am ount  of DRAM accessible is lim ited to 
256 MB. 

2: 0 RO 010b

Com pat ible SMM Space Base Segm ent  ( C_ BASE_ SEG) : 

This field indicates the locat ion of SMM space. SMM DRAM is not  

rem apped. I t  is sim ply m ade visible if the condit ions are r ight  to 

access SMM space, otherwise the access is forwarded to DMI . 

Since the MCH supports only the SMM space between A0000 and 

BFFFF, this field is hardwired to 010.

Bit Access
Default  

Value
Descript ion

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descr ipt ion

7 R/ W/ L 0b

Enable High SMRAM ( H_ SMRAME) : 

Cont rols the SMM m em ory space locat ion ( i.e., above 1 MB or 

below 1 MB)  When G_SMRAME is 1 and H_SMRAME this bit  is set  

to 1, the high SMRAM m em ory space is enabled. 

SMRAM accesses within the range 0FEDA0000h to 0FEDBFFFFh 

are rem apped to DRAM addresses within the range 000A0000h to 

000BFFFFh. 

Once D_LCK has been set , this bit  becom es read only.

6 R/ WC 0b

I nvalid SMRAM Access ( E_ SMERR) :

This bit  is set  when CPU has accessed the defined m em ory 

ranges in Extended SMRAM (High Memory and T-segm ent )  while 

not  in SMM space and with the D-OPEN bit  =  0. I t  is software’s 

responsibility to clear this bit .  

The software m ust  write a 1 to this bit  to clear it .

5 RO 1b
SMRAM Cacheable ( SM_ CACHE) : 

This bit  is forced to 1 by the MCH.

4 RO 1b
L1  Cache Enable for SMRAM ( SM_ L1 ) : 

This bit  is forced to 1 by the MCH.
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5 .1 .2 9 TOM -  Top Of Mem ory

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : A0-A1h

Default  Value: 0001h

Access: R/ W/ L;  RO

Size: 16 bits

3 RO 1b
L2  Cache Enable for  SMRAM ( SM_ L2 ) :

This bit  is forced to 1 by the MCH.

2: 1 R/ W/ L 00b

TSEG Size ( TSEG_ SZ) : 

Selects the size of the TSEG m em ory block if enabled. Mem ory 

from  the top of DRAM space is part it ioned away so that  it  m ay 

only be accessed by the processor interface and only then when 

the SMM bit  is set  in the request  packet . Non-SMM accesses to 

this m em ory region are sent  to DMI  when the TSEG m em ory 

block is enabled.

0 0  -  1-MB TSEG (TOLUD:  Graphics Stolen Mem ory Size -  1 M)  to 

(TOLUD -  Graphics Stolen Mem ory Size) .

0 1  -  2-MB Tseg (TOLUD:  Graphics Stolen Mem ory Size -  2 M)  to 

(TOLUD -  Graphics Stolen Mem ory Size) .

1 0  -  8-MB Tseg (TOLUD:  Graphics Stolen Mem ory Size -  8 M)  to 

(TOLUD -  Graphics Stolen Mem ory Size) .

1 1  -  Reserved

_LCK has been set , these bits becom e read only.

0 R/ W/ L 0b

TSEG Enable ( T_ EN) : 

Enabling of SMRAM m em ory for Extended SMRAM space only. 

When G_SMRAME = 1 and TSEG_EN =  1, the TSEG is enabled to 

appear in the appropriate physical address space. 

Once D_LCK is set , this bit  becom es read only. 

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion
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5 .1 .3 0 ERRSTS -  Error Status

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : C8-C9h

Default  Value: 0000h

Access: R/ WC;  ROR/ WC/ S 

Size: 16 bits

This register is used to report  various error condit ions via the SERR m essaging 
m echanism . An SERR m essage is generated on a 0- to-1 t ransit ion of any of these flags 
( if enabled by the ERRCMD and PCI CMD registers) . These bits are set  regardless of 
whether or not  the SERR is enabled and generated. After the error processing is 
complete, the error logging mechanism  can be unlocked by clearing the appropriate 
status bit  by software writ ing a 1 to it .

Bit Access
Default  

Value
Descript ion

15 RO 0b Reserved  

14 RO 0b Reserved

13 RO 0b Reserved

12 R/ WC 0b

GMCH Softw are Generated Event  for  SMI : 

This indicates the source of the SMI  was a Device 2 Software 

Event . 

11 R/ WC 0b

GMCH Therm al Sensor Event  for  SMI / SCI / SERR: 

I ndicates that  a GMCH Therm al Sensor t r ip has occurred and an 

SMI , SCI  or SERR has been generated. The status bit  is set  only if 

a m essage is sent  based on Therm al event  enables in Error 

com m and, Sm i com m and and Sci com m and registers. A t r ip point  

can generate one of SMI , SCI , or SERR interrupts ( two or m ore 

per event  is illegal) . Mult iple t r ip points can generate the sam e 

interrupt , if software chooses this mode, subsequent  t r ips m ay be 

lost . I f this bit  is already set , then an interrupt  m essage will not  be 

sent  on a new therm al sensor event .

10 RO 0b Reserved

9 R/ WC 0b

LOCK to Non- DRAM Mem ory Flag ( LCKF) : 

When this bit  is set  to 1, the MCH has detected a lock operat ion to 

m em ory space that  did not  m ap into DRAM. 

8 R/ WC 0b
Received Refresh Tim eout  Flag ( RRTOF) : 

This bit  is set  when 1024 m em ory core refreshes are enqueued.

7 R/ WC 0b

DRAM Throt t le  Flag ( DTF) : 

1: I ndicates that  a DRAM Throt t ling condit ion occurred. 

0: Software has cleared this flag since the m ost  recent  throt t ling 

event

6: 0 R/ WC 00h Reserved
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5 .1 .3 1 ERRCMD -  Error Com m and

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : CA-CBh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register cont rols the MCH responses to various system errors. Since the MCH does 
not  have an SERRB signal, SERR messages are passed from  the MCH to the I CH over 
DMI . When a bit  in this register is set , a SERR message will be generated on DMI  
whenever the corresponding flag is set  in the ERRSTS register. The actual generat ion of 
the SERR m essage is globally enabled for Device 0 via the PCI  Comm and register. 

Bit Access
Default  

Value
Descript ion

15: 13 RO 000b Reserved

12 RO 0b Reserved

11 R/ W 0b

SERR on GMCH Therm al Sensor Event  ( TSESERR) : 

1:  The MCH generates a SERR DMI  special cycle when bit  11 of 

the ERRSTS is set . The SERR must  not  be enabled at  the sam e 

t im e as the SMI  for the sam e therm al sensor event .

0:  Report ing of this condit ion via SERR m essaging is disabled. 

10 RO 0b Reserved

9 R/ W 0b

SERR on LOCK to non- DRAM Mem ory ( LCKERR) : 

1:  The MCH will generate a DMI  SERR special cycle whenever a 

CPU lock cycle is detected that  does not  hit  DRAM.

0:  Report ing of this condit ion via SERR m essaging is disabled.

8 R/ W 0b

SERR on DRAM Refresh Tim eout  ( DRTOERR) :

1:  The GMCH generates an SERR DMI  special cycle when a DRAM 

Refresh t im eout  occurs.

0:  Report ing of this condit ion via SERR m essaging is disabled.

7 R/ W 0b

SERR on DRAM Throt t le Condit ion ( DTCERR) : 

1:  The GMCH generates an SERR DMI  special cycle when a DRAM 

Read or Write Throt t le condit ion occurs. 

0:  Report ing of this condit ion via SERR m essaging is disabled.

6: 0 RO 00h Reserved
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5 .1 .3 2 SKPD -  Scratchpad Data

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : DC-DFh

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

This register holds 32 writable bits with no funct ionality behind them . I t  is for the 
convenience of BI OS and graphics dr ivers.

5 .1 .3 3 CAPI D0  -  Capability I dent ifier

B/ D/ F/ Type: 0/ 0/ 0/ PCI

Address Offset : E0-E8h

Default  Value:

Access: RO

Size: 72 bits

This register ident ifies the capabilit ies of the chipset
.

Bit Access
Default  

Value
Descript ion

31: 0 R/ W 00000000h
Scratchpad Data: 

1 dword of data storage.

Bit Access
Default  

Value
Descript ion

71: 64 RO 08h Reserved

63 RO 0b Reserved

62: 60 RO 000b

GMCH Softw are Capability I D: 

Used to com m unicate Graphics SKU inform at ion to the 

Graphics Driver software, which is then used by the dr iver to 

configure it self accordingly. This set t ing has no direct  effect  on 

hardware.

001:  Mobile I ntel®  945GM Express Chipset

010:  Mobile I ntel®  945GMS Express Chipset

110:  Mobile I ntel®  943/ 940GML Express Chipset

011:  Mobile I ntel®  945PM Express Chipset

101:  I ntel®  945GT Express Chipset

Others:  Reserved

59: 54 RO Reserved

53 RO 0b

I ntegrated TVout  Capable:

0:  GMCH capable of I ntegrated TV out . (Mobile I ntel 945GM/

GMS, 943/ 940GML and I ntel 945GT Express Chipset )

1:  GMCH not  capable of I ntegrated TV out . (Mobile I ntel 

945PM Express Chipset )

52 RO 0b Reserved 

51: 48 RO 0h Reserved 
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47: 44 RO 0h Reserved

43: 41 RO 000b

Render Core Frequency Capability:

000:  400-MHz operat ion ( I ntel 945GT Express Chipset )

010:  250-MHz operat ion (Mobile I ntel 945GM/ GMS Express 

Chipset )

100:  166 MHz operat ion (Mobile I ntel 943/ 940GML Express 

Chipset )

Others:  Reserved

Note: Mobile I ntel 945GMS Express Chipset  render clock 

capability is set  to 250 MHz but  SW must  program  the render 

frequency to supported values, i.e., 166 MHz

40 RO 0b Reserved 

39 RO 0b

Seria l Digita l Video Out  Capable: 

0:  GMCH capable of ser ial digital v ideo output . (Mobile I ntel 

945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset )

1:  GMCH not  capable of ser ial digital video output . (Mobile 

I ntel 945PM Express Chipset )

38 RO 0b

I nternal Graphics Capable: 

0:  There is a graphics engine within this GMCH. I nternal 

Graphics Device (Device 2)  is enabled and all of it s m em ory 

and I / O spaces are accessible. Configurat ion cycles to Device 2 

will be com pleted within the GMCH. All non-SMM m em ory and 

I O accesses to VGA will be handled based on Mem ory and I O 

enables of Device 2 and I O registers within Device 2 and VGA 

Enable of the PCI - to-PCI  br idge cont rol register in Device 1 ( I f 

PCI  Express GFX at tach is supported) . A selected am ount  of 

Graphics Mem ory space is pre-allocated from  the m ain 

m em ory based on Graphics Mode Select  (GMS in the GMCH 

Cont rol register) . Graphics Mem ory is pre-allocated above 

TSEG Mem ory.

(Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT 

Express Chipset )

1:  There is no graphics engine within this GMCH. (Mobile I ntel 

945PM Express Chipset )

37: 36 RO 00b Reserved 

35 RO 0b

Concurrent  PCI - E and SDVO Disable: 

Cont rols whether concurrent  use of PCI -E Graphics Port  and 

SDVO is allowed.

0:  Concurrent  PCI e and SDVO is allowed.

1:  Concurrent  PCI e and SDVO is not  allowed. PCI e 

funct ionality on the Externa GFX port  is disabled if SDVO is 

present . 

Forces concurrent  PCI e/ SDVO st rap deasserted if SDVO 

present  st rap is sam pled asserted.

Bit Access
Default  

Value
Descript ion
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§

34: 32 RO N/ A

DDR2  Frequency Capability: 

010: GMCH capable of up to DDR2-667 

011: GMCH capable of up to DDR2-533 

100: GMCH capable of DDR2-400

Others:  Reserved

This field cont rols which values m ay be writ ten to the Mem ory 

Frequency Select  field 6: 4 of the Clocking Configurat ion 

register (MCHBAR Offset  C00h) . Any at tem pt  to write an 

unsupported value will be ignored. 

31: 29 RO N/ A

FSB Capability: 

011: GMCH capable of up to FSB 667 

100:  GMCH capable of up to FSB 533 

Others:  Reserved

These values are determ ined by the BSEL [ 2: 0]  frequency 

st raps. Any unsupported st raps will render the GMCH host  

interface inoperable.

28 RO 0b Reserved

27: 24 RO 1h

CAPI D Version: 

This field has the value 0001b to ident ify the first  revision of 

the CAPI D register definit ion.

23: 16 RO 09h

CAPI D Length: 

This field has the value 09h to indicate the st ructure length (9 

bytes) .

15: 8 RO 00h

Next  Capability Pointer: 

This field is hardwired to 00h indicat ing the end of the 

capabilit ies linked list .

7: 0 RO 09h

CAP_ I D :

This field has the value 1001b to ident ify the CAP_I D assigned 

by the PCI  SI G for vendor dependent  capabilit y pointers.

Bit Access
Default  

Value
Descript ion
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Device 0  Mem ory Mapped I / O Register

6 Device 0  Mem ory Mapped I / O 
Register

Note: All accesses to the m em ory mapped registers must  be m ade as a single dword (4 
bytes)  or less. Access m ust  be aligned on a natural boundary.

6 .1 Device 0  Mem ory Mapped I / O Registers

A variety of t im ing and cont rol registers have been moved to MMR space of Device 0 
due to space const raints.

To simplify the read/ write logic to the SRAM, BI OS is required to write and read 32-bit  
aligned dwords. The SRAM includes a separate Write Enable for every dword.

The BI OS read/ write cycles are performed in a m em ory m apped I O range that  is setup 
for this purpose in the PCI  configurat ion space, via standard PCI  range scheme.

6 .2 Device 0  MCHBAR Chipset  Control Registers

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  1  of 6 )

Register  Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Reserved 00 39

Front  Side Bus Power Managem ent  

Cont rol 3
FSBPMC3 40 43 00000000h R/ W;  RO 

Front  Side Bus Power Managem ent  

Cont rol 4
FSBPMC4 44 47 00000000h R/ W;  RO 

FSB Snoop Cont rol FSBSNPCTL 48 4B 80800000h R/ W;  RO

Reserved 4C 8F

CPU Sleep Tim ing Cont rol SLPCTL 90 93 00005055h R/ W;  RO 

Channel 0 DRAM Rank Boundary 0 C0DRB0 100 100 00h R/ W

Channel 0 DRAM Rank Boundary 1 C0DRB1 101 101 00h R/ W

Channel 0 DRAM Rank Boundary 2 C0DRB2 102 102 00h R/ W

Channel 0 DRAM Rank Boundary 3 C0DRB3 103 103 00h R/ W

Reserved 104 107

Channel 0 DRAM Rank 0,1 At t r ibute C0DRA0 108 108 00h R/ W;  RO 

Channel 0 DRAM Rank 2,3 At t r ibute C0DRA2 109 109 00h R/ W;  RO 

Reserved 109 10B

Channel 0 DRAM Clock Disable C0DCLKDI S 10C 10C 00h R/ W;  RO 

Reserved 10D 10D
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Channel 0 DRAM Bank Architecture C0BNKARC 10E 10F 0000h R/ W;  RO 

Channel 0 DRAM Tim ing Register 0 C0DRT0 110 113 B96038F8h R/ W;  RO 

Channel 0 DRAM Tim ing Register 1 C0DRT1 114 117 02607122h R/ W;  RO 

Channel 0 DRAM Tim ing Register 2 C0DRT2 118 11B 800003FFh R/ W;  RO 

Reserved 11C 11F

Channel 0 DRAM Cont roller Mode 0 C0DRC0 120 123 40000802h R/ W;  RO 

Channel 0 DRAM Cont roller Mode 1 C0DRC1 124 127 00000000h R/ W;  RO 

Channel 0 DRAM Cont roller Mode 2 C0DRC2 128 12B 00000000h R/ W;  RO 

Reserved 12C 12F

Channel 0 Adapt ive I dle Tim er 

Cont rol
C0AI T 130 137

00000000000

00000h
R/ W;  RO 

Reserved 138 139

Channel 0 GMCH Throt t ling Event  

Weights.
C0GTEW 140 143 00000000h R/ W/ L 

Channel 0 GMCH Throt t ling Cont rol C0GTC 144 147 00000000h
R/ W/ L;  

RO 

Channel 0 Dram Rank Throt t ling 

Passive Event
C0DTPEW 148 14F

00000000000

00000h

R/ W/ L;  

RO

Channel 0 Dram Rank Throt t ling 

Act ive Event
C0DTAEW 150 157

00000000000

00000h
R/ W/ L 

Channel 0 Dram Throt t ling Cont rol C0DTC 158 15B 00000000h
R/ W/ L;  

RO

Reserved 15C 163

Channel 0 DRAM Maintenance 

Cont rol
C0DMC 164 167 00000020h R/ W;  RO 

Channel 0 ODT Control C0ODT 168 16F
00028798220

49200h
R/ W;  RO 

Channel 1 DRAM Rank Boundary 

Address 0
C1DRB0 180 180 00h R/ W 

Channel 1 DRAM Rank Boundary 

Address 1
C1DRB1 181 181 00h R/ W 

Reserved 182 187

Channel 1 DRAM Rank 0,1 At t r ibute C1DRA0 188 188 00h R/ W;  RO 

Reserved 189 18B

Channel 1 DRAM Clock Disable C1DCLKDI S 18C 18C 00h R/ W;  RO 

Reserved 18D 18D

Channel 1 DRAM Bank Architecture C1BNKARC 18E 18F 0000h R/ W;  RO 

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  2  of 6 )

Register Nam e
Register  

Sym bol

Register  

Start

Register  

End

Default  

Value
Access
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Channel 1 DRAM Tim ing Register 0 C1DRT0 190 193 B96038F8h R/ W;  RO 

Channel 1 DRAM Tim ing Register 1 C1DRT1 194 197 02607122h R/ W;  RO 

Channel 1 DRAM Tim ing Register 2 C1DRT2 198 19B 800003FFh R/ W;  RO 

Reserved 19C 19F

Channel 1 DRAM Controller Mode 0 C1DRC0 1A0 1A3 40000802h R/ W;  RO 

Channel 1 DRAM Controller Mode 1 C1DRC1 1A4 1A7 00000000h R/ W;  RO 

Channel 1 DRAM Controller Mode 2 C1DRC2 1A8 1AB 00000000h R/ W;  RO 

Reserved 1AC 1AF

Channel 1 Adapt ive I dle Tim er 

Cont rol
C1AI T 1B0 1B7

00000000000

00000h
R/ W;  RO 

Reserved 1B8 1BF

Channel 1 GMCH Throt t ling Event  

Weights.
C1GTEW 1C0 1C3 00000000h R/ W/ L 

Channel 1 GMCH Throt t ling Cont rol C1GTC 1C4 1C7 00000000h
R/ W/ L;  

RO 

Channel 1 Dram  Rank Throt t ling 

Passive Event
C1DTPEW 1C8 1CF

00000000000

00000h

R/ W/ L;  

RO

Channel 1 Dram  Rank Throt t ling 

Act ive Event
C1DTAEW 1D0 1D7

00000000000

00000h
R/ W/ L 

Channel 1 Dram  Throt t ling Cont rol C1DTC 1D8 1DB 00000000h
R/ W/ L;  

RO 

Reserved 1DC 1E3

Channel 1DRAM Maintenance 

Cont rol
C1DMC 1E4 1E7 00000020h R/ W;  RO 

Reserved 1E8 1FF

DRAM Channel Cont rol DCC 200 203 00000000h R/ W;  RO 

Reserved 204 217

 Write Cache Cont rol WCC 218 21B A4000000h R/ W;  RO 

Reserved 21C 21F

Main Memory Arbiter Cont rol_0 MMARB0 220 223 00000264h R/ W;  RO 

Main Memory Arbiter Cont rol_1 MMARB1 224 227 00000000h R/ W;  RO 

Reserved 228 22F

SB Test  Register SBTEST 230 233 34020000h R/ W;  RO 

Reserved 234 283

On Die Term inat ion Cont rol ODTC 284 287 00000000h

Reserved 288 2BF

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  3  of 6 )

Register  Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access
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System  Mem ory VREF Cont rol SMVREFC 2A0 2A0 08h
R/ W/ L;  

RO

Reserved 2A1 2AB

DQS Master Tim ing DQSMT 2F4 2F5 0007h R/ W/ L 

Reserved 2F6 2F7

RCVENOUTB Master Tim ing RCVENMT 2F8 2FB 0000070Fh
R/ W/ L;  

RO

Reserved 2FC 33F

Channel 0 WL0 RCVENOUT Slave 

Tim ing
C0WL0REOST 340 340 00h

R/ W/ L;  

RO

Channel 0 WL1 RCVENOUT Slave 

Tim ing
C0WL1REOST 341 341 00h

R/ W/ L;  

RO

Channel 0 WL2 RCVENOUT Slave 

Tim ing
C0WL2REOST 342 342 00h

R/ W/ L;  

RO

Channel 0 WL3 RCVENOUT Slave 

Tim ing
C0WL3REOST 343 343 00h

R/ W/ L;  

RO

Reserved 344 35F

Write DLL Bypass Mode Cont rol WDLLBYPMODE 360 361 0000h
R/ W/ L;  

RO

Reserved 362 36B

Channel 0 WDLL/Clock Macro Clock 

Control
C0WDLLCMC 36C 36F 000000FFh

R/ W/ L;  

RO

Reserved 370 37B

Channel 0 Half Clock Timing Control C0HCTC 37C 37C 00h
R/ W/ L;  

RO

Reserved 37D 3BF

Channel 1 WL0 RCVENOUT Slave 

Tim ing
C1WL0REOST 3C0 3C0 00h

R/ W/ L;  

RO

Channel 1 WL1 RCVENOUT Slave 

Tim ing
C1WL1REOST 3C1 3C1 00h

R/ W/ L;  

RO

Channel 1 WL2 RCVENOUT Slave 

Tim ing
C1WL2REOST 3C2 3C2 00h

R/ W/ L;  

RO

Channel 1 WL3 RCVENOUT Slave 

Tim ing
C1WL3REOST 3C3 3C3 00h

R/ W/ L;  

RO

Channel 1 WL0 RCVENOUT Slave 

Tim ing
C1WL0REOST 3C0 3C0 00h

R/ W/ L;  

RO

Reserved 3C1

C1WDLLCMC -  Channel 1 WDLL/

Clock Macro Clock Cont rol
3EC 3EF 0000009Fh

R/ W/ L;  

RO

Reserved 3F0 3FB

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  4  of 6 )

Register Nam e
Register  

Sym bol

Register  

Start

Register  

End

Default  

Value
Access
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Channel 1 Half Clock Tim ing Cont rol C1HCTC 3FC 3FC 00h
R/ W/ L;  

RO

Reserved 3FD 3FF

Global/ System  Mem ory RCOMP 

Cont rol
GBRCOMPCTL 400 403

R/ W/ L;  

RO

Reserved 404 40B

Channel 0 DRAM Width C0DRAMW 40C 40D 0000h
R/ W/ L;  

RO

Reserved 40E 40F

 Group 1 St rength Cont rol G1SC 410 410 44h R/ W/ L 

Reserved 411 417

Group 2 St rength Cont rol G2SC 418 418 44h R/ W/ L 

Reserved 419 41A

Group 3 St rength Cont rol G3SC 420 420 44h R/ W/ L 

Reserved 421 427

Group 4 St rength Cont rol G4SC 428 428 44h R/ W/ L 

Reserved 429 42A

Group 5 St rength Cont rol G5SC 430 430 44h R/ W/ L 

Reserved 431 437

Group 6 St rength Cont rol G6SC 438 438 44h R/ W/ L 

Reserved 439 48B

Channel 1 DRAM Width C1DRAMW 48C 48D 0000h
R/ W/ L;  

RO

Reserved 48E 48F

Group 7 St rength Cont rol G7SC 490 490 44h R/ W/ L 

Reserved 491 497

Group 8 St rength Cont rol G8SC 498 498 44h R/ W/ L 

Reserved 499 49F

Group 1 Slew Rate Pull-up Table G1SRPUT 500 51F
R/ W/ L;  

RO

Group 1 Slew Rate Pull-down Table G1SRPDT 520 53F
R/ W/ L;  

RO

Group 2 Slew Rate Pull-up Table G2SRPUT 540 55F
R/ W/ L;  

RO

Group 2 Slew Rate Pull-down Table G2SRPDT 560 57F
R/ W/ L;  

RO

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  5  of 6 )

Register  Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access
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6 .2 .1 FSBPMC3  Front  Side Bus Pow er Managem ent  Control 3

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 40-43h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .2 .2 FSBPMC4  Front  Side Bus Pow er Managem ent  Control 4

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 44-47h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

Group 3 Slew Rate Pull-up Table G3SRPUT 580 59F
R/ W/ L;  

RO

Group 3 Slew Rate Pull-up Table G3SRPDT 5A0 5BF
R/ W/ L;  

RO

Group 4 Slew Rate Pull-up Table G4SRPUT 5C0 5DF
R/ W/ L;  

RO

Group 4 Slew Rate Pull-up Table G4SRPDT 5E0 5FF
R/ W/ L;  

RO

Group 5 Slew Rate Pull-up Table G5SRPUT 600 61F
R/ W/ L;  

RO 

Group 5 Slew Rate Pull-down Table G5SRPDT 620 63F
R/ W/ L;  

RO 

Group 6 Slew Rate Pull-up Table G6SRPUT 640 65F
R/ W/ L;  

RO

Group 6 Slew Rate Pull-down Table G6SRPDT 660 67F
R/ W/ L;  

RO

Group 7 Slew Rate Pull-up Table G7SRPUT 680 69F
R/ W/ L;  

RO

Group 7 Slew Rate Pull-down Table G7SRPDT 6A0 6BF
R/ W/ L;  

RO

Group 8 Slew Rate Pull-up Table G8SRPUT 6C0 6DF
R/ W/ L;  

RO 

Group 8 Slew Rate Pull-down Table G8SRPDT 6E0 6FF
R/ W/ L;  

RO 

Mem ory I nterface Power 

Managem ent  Cont rol 3
MI PMC3 BD8 BDB 00000000h

R/ W/ L;  

RO

Unit  Power Managem ent  Cont rol 4 UPMC4 C30 C33 00000000h R/ W; m i

Table 4 . Device 0  MCHBAR Chipset  Control Registers  ( Sheet  6  of 6 )

Register Nam e
Register  

Sym bol

Register  

Start

Register  

End

Default  

Value
Access
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6 .2 .3 FSBSNPCTL-  FSB Snoop Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 48-4Bh

Default  Value: 00000000h

6 .2 .4 SLPCTL –  CPU Sleep Tim ing Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 90-93h

Default  Value: 00005055h

Access: R/ W;  RO

Size: 32 bits

6 .2 .5 C0 DRB0  -  Channel 0  DRAM Rank Boundary 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 100h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The DRAM rank boundary register defines the upper boundary address of each DRAM 
rank with a granularity of 128 MB (256 Mbit , x16 devices) . Each rank has its own 
single-byte DRB register. These registers are used to determ ine which chip select  will 
be act ive for a given address. 

Channel and Rank Map:
:

I n all m odes, if a DI MM is single sided, it  appears as a populated rank and an em pty 
rank. A DRB must  be programmed appropriately for each.

Each rank is represented by a byte. Each byte has the following form at :

ch0 rank0 100h

ch0 rank1: 101h

ch0 rank2: 102h

ch0 rank3 103h

104h to 107h Reserved

ch1 rank0: 180h

ch1 rank1: 181h

Bit Access
Default  

Value
Descr ipt ion

7: 0 R/ W 00h

Channel 0  DRAM Rank Boundary Address: 

This 8-bit  value defines the upper and lower addresses for 

each DRAM rank. Bits 6: 2 are com pared against  Address 31: 27 

to determ ine the upper address lim it  of a part icular rank. Bits 

1: 0 m ust  be 0’s. Bit  7 may be program m ed to a 1 in the 

highest  DRB (DRB3)  if 4 GBs of m em ory is present .
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6 .2 .6 C0 DRB1  -  Channel 0  DRAM Rank Boundary 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 101h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRB0.

6 .2 .7 C0 DRB2  -  Channel 0  DRAM Rank Boundary 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 102h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRB0.

6 .2 .8 C0 DRB3  -  Channel 0  DRAM Rank Boundary 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 103h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRB0.
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6 .2 .9 C0 DRA0  -  Channel 0  DRAM Rank 0 ,1  At t r ibute

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 108h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

The DRAM rank at t r ibute registers define the page sizes to be used when accessing 
different  ranks. These registers should be left  with their default  value (all 0’s)  for any 
rank that  is unpopulated, as determ ined by the corresponding CxDRB registers. Each 
byte of informat ion in the CxDRA registers describes the page size of a pair of ranks.

Channel and Rank Map:

Ch0 Rank 0,1: 108h

Ch0 Rank 2,3: 109h

Bit Access
Default  

Value
Descr ipt ion

7: 7 RO 0b Reserved

6: 4 R/ W 000b

Channel 0  DRAM Odd Rank At t r ibute: 

This 3-bit  field defines the page size of the corresponding rank. 

000:  Unpopulated

001:  Reserved

010:  4 KB

011:  8 KB

100:  16 KB

Others:  Reserved

3: 3 RO 0b Reserved

2: 0 R/ W 000b

Channel 0  DRAM Even Rank At t r ibute: 

This 3-bit  field defines the page size of the corresponding rank.

000:  Unpopulated

001:  Reserved

010:  4 KB

011:  8 KB

100:  16 KB

Others:  Reserved
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6 .2 .1 0 C0 DRA2  -  Channel 0  DRAM Rank 2 ,3  At t r ibute

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 109h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

6 .2 .1 1 C0 DCLKDI S -  Channel 0  DRAM Clock Disable

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 10Ch

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register can be used to disable the System  Mem ory Clock signals to each SO-DI MM 
slot , which can significant ly reduce EMI  and Power concerns for clocks that  go to 
unpopulated SO-DI MMs. Clocks should be enabled based on whether or not  a slot  is 
populated.

Since there are mult iple clock signals assigned to each rank of a DI MM, it  is important  
to clar ify exact ly which rank width field affects which clock signal.

Bit Access
Default  

Value
Descript ion

7: 7 RO 0b Reserved

6: 4 R/ W 000b

Channel 0  DRAM Odd Rank At t r ibute: 

This 3-bit  field defines the page size of the corresponding rank. 

000:  Unpopulated

001:  Reserved

010:  4 KB

011:  8 KB

100:  16 KB

Others:  Reserved

3: 3 RO 0b Reserved

2: 0 R/ W 000b

Channel 0  DRAM Even Rank At t r ibute: 

This 3-bit  field defines the page size of the corresponding rank.

000:  Unpopulated

001:  Reserved

010:  4 KB

011:  8 KB

100:  16 KB

Others:  Reserved

Channel Rank Clocks Affected

0 0 or 1 SM_CK[ 1: 0]  /  SM_CK# [ 1: 0]

1 0 or 1 SM_CK[ 3: 2]  /  SM_CK# [ 3: 2]
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6 .2 .1 2 C0 BNKARC -  Channel 0  DRAM Bank Architecture

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 10E-10Fh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register is used to program the bank architecture for each rank.

Bit Access
Default  

Value
Descr ipt ion

7: 4 RO 0h Reserved 

3 R/ W 0b

DI MM Clock Gate Enable Pair  3 : 

0:  Tr i-state the corresponding clock pair

1:  Enable the corresponding clock pair

2 R/ W 0b

DI MM Clock Gate Enable Pair  2 : 

0:  Tr i-state the corresponding clock pair

1:  Enable the corresponding clock pair

1 R/ W 0b

DI MM Clock Gate Enable Pair  1 : 

0:  Tr i-state the corresponding clock pair

1:  Enable the corresponding clock pair

0 R/ W 0b

DI MM Clock Gate Enable Pair  0 : 

0:  Tr i-state the corresponding clock pair

1:  Enable the corresponding clock pair

Bit Access
Default  

Value
Descr ipt ion

15: 8 RO 00h Reserved

7: 6 R/ W 00b

Rank 3  Bank Architecture: 

00:  4 Bank

01:  8 Bank

1X:  Reserved

5: 4 R/ W 00b

Rank 2  Bank Architecture: 

00:  4 Bank

01:  8 Bank

1X:  Reserved

3: 2 R/ W 00b

Rank 1  Bank Architecture: 

00:  4 Bank

01:  8 Bank

1X:  Reserved

1: 0 R/ W 00b

Rank 0  Bank Architecture: 

00:  4 Bank

01:  8 Bank

1X:  Reserved
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6 .2 .1 3 C0 DRT0  -  Channel 0  DRAM Tim ing Register  0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 110-113h

Default  Value: B96038F8h

Access: R/ W;  RO

Size: 32 bits

This 32-bit  register defines the t im ing parameters for all devices in this channel. The 
BI OS program s this register with the “ least  comm on denom inator”  values for each 
channel after reading configurat ion registers of each device in each channel.

 ( Sheet  1  of 4 )

Bit Access
Default  

Value
Descr ipt ion

31: 28 R/ W Bh

Back- to- Back W rite  to Precharge Com m and Spacing 

( Sam e Bank) : 

This field determ ines the num ber of clocks between write 

com m and and a subsequent  precharge com m and to the sam e 

bank.

The m inim um  num ber of clocks is calculated based on this 

form ula for DDR2:

DDR2 : CL -  1  +  BL/ 2  +  t  W R

0h to 3h:  Reserved

4h to Fh:  Allowed

Write Recovery t im e ( tWR) . 

Write recovery t im e is a standard DDR2 t im ing param eter that  

determ ines m inim um  t im e between a write com m and and a 

subsequent  precharge com mand to the sam e bank. This 

param eter is program m able on DDR2 DI MMs and the value 

used above m ust  m atch the largest  delay program m ed in any 

DI MM in the system . 

Minimum recom mended values are docum ented below:

tWR (on CK)

3 Clocks:  DDR2 400

4 Clocks:  DDR2 533

5 Clocks:  DDR2 667
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27: 24 R/ W 9h

Back- to- Back W rite to Read Com m and Spacing ( Sam e 

Rank) : 

This field determ ines the num ber of clocks between write 

com m and and a subsequent  read com m and to the sam e rank.

The m inim um  num ber of clocks is calculated based on this 

form ula:

DDR2 : CL -  1  +  BL/ 2  +  t  W TR

0h -  5h:  Reserved

6h -  Ch:  Allowed

Dh -  Fh:  Reserved

Write to Read Com m and delay ( tWTR) . 

The tWTR is a standard DDR2 t im ing param eter and is used to 

t im e a RD com m and after a WR com m and to the sam e row.

Following are the values used for tWTR

2 Clocks – DDR2 400 or DDR2 533

3 Clocks – DDR2 667

23: 22 R/ W 01b

Back- to- Back W rite- Read Com m and Spacing ( Different  

Rank) : 

This field determ ines the num ber of turnaround clocks on the 

data bus that  needs to be inserted between write com m and 

and a subsequent  read com m and.

The m inim um  spacing of comm ands is calculated based on the 

form ula:

DDR2  =  BL/ 2  +  TA -  1

(

Derived from :  

        DDR2 =  BL/ 2 +  TA (wr- rd)  +  WL -  CL which gives

        DDR2 =  BL/ 2 +  TA +  CL -  1 -  CL

)

BL is the burst  length which is 8

TA is the required write to read DQ turnaround on the bus. Can 

be set  to 1,2, or 3 CK using this register

CL is CAS Latency

Encoding                        BL8  CMD Spacing

00                                    6 

01                                    5

10                                    4

11                                    Reserved

 ( Sheet  2  of 4 )

Bit Access
Default  

Value
Descript ion
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21: 20 R/ W 10b

Back- to- Back Read- W rite Com m and Spacing: 

This field determ ines the num ber of turnaround clocks between 

the read com m and and a subsequent  write com m and.

The m inim um  spacing of com m ands is calculated based on the 

form ula:

DDR2  =  BL/ 2  +  TA +  1

(

This is derived as follows:

DDR2 =  CL +  BL/ 2 +  TA (wr- rd)  -  WL 

DDR2 =  CL +  BL/ 2 +  TA -  CL +  1

)

BL is the burst  length and is set  to 8

TA is the required read to write DQ turnaround on the bus. Can 

be set  to 1,2,3, 4 CK

CL is CAS Latency

The bigger turnarounds are used in large configurat ions, where 

the difference in total channel delay between the fastest  and 

slowest  DI MM is large.

19: 18 R/ W 00b

Back- to- Back W rite  Com m and Spacing: 

This field cont rols the turnaround t im e on the DQ bus for WR-

WR sequence to different  ranks in one channel.

The m inim um  spacing of com m ands is calculated based on the 

form ula

DDR2  =  BL/ 2  +  TA

Encoding        Turnaround                     BL8  CMD Spacing

00              2 turnaround clocks on DQ     6 

01              1 turnaround clocks on DQ     5

10              0 turnaround clocks on DQ     4

11              Reserved

The bigger turnarounds are used in large configurat ions, where 

the difference in total channel delay between the fastest  and 

slowest  DI MM is large.

17: 17 RO 0b Reserved 

 ( Sheet  3  of 4 )

Bit Access
Default  

Value
Descr ipt ion

Encoding
BL4  CMD 

Spacing

BL8  CMD 

Spacing

00 7 9

01 6 8

10 5 7

11 4 6
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16: 16 R/ W 0b

Back- to- Back Read Com m and Spacing ( Different  Rank) : 

This field cont rols the turnaround t im e on the DQ bus for Rd-RD 

sequence to different  ranks in one channel.

The m inim um  spacing of comm ands is calculated based on the 

form ula:

DDR2  =  BL/ 2  +  TA

Encoding        Turnaround                     BL8  CMD Spacing

0                2 turnaround clocks on DQ     6 

1                1 turnaround clocks on DQ     5

The bigger turnarounds are used in large configurat ions, where 

the difference in total channel delay between the fastest  and 

slowest  DI MM is large.

15: 11 R/ W 07h

Mem ory Clock port ion of Read Delay ( tRD_ Mclks) : 

tRD is the num ber of m em ory clocks from  CS#  assert  to 

H_DRDY#  assert ion on the FSB.  

The following tRD_Mclks values are supported:

10: 9 RO 00b Reserved

8: 4 R/ W 0Fh

W rite Auto Precharge to Act ivate  ( Sam e bank)  

( W RAP2 ACTSB) : 

This field determ ines the clock spacing between write com mand 

with Auto precharge and a subsequent  Act ivate com mand to 

the sam e bank. 

The m inim um  spacing is calculated based on this form ula

DDR2  =  CL - 1  +  BL/ 2  +  tW R +  tRP 

00h to 03h: Reserved 

04h to 15h: Allowed 

16h to 1Fh: Reserved

tWR is a DRAM Parameter

3: 0 R/ W 8h

Read Auto Precharge to Act ivate ( Sam e bank)  

( RDAP2 ACTSB) : 

This field determ ines the clock spacing between a read 

com m and with Auto precharge and a subsequent  Act ivate 

com m and to the sam e bank. 0h:  to 2h:  Reserved 

3h:  to Ch:  Allowed 

Dh:  to Fh:  Reserved 

 ( Sheet  4  of 4 )

Bit Access
Default  

Value
Descript ion

00000 – 00010: Reserved

00011: 3 mclks

00100: 4 mclks

00101: 5 mclks

00110: 6 mclks

00111: 7 mclks (DDR2 400)

01000 to 11111: Reserved
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6 .2 .1 4 C0 DRT1  -  Channel 0  DRAM Tim ing Register  1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 114-117h

Default  Value: 02607122h

Access: R/ W;  RO

Size: 32 bits

 ( Sheet  1  of 3 )

Bit Access
Default  

Value
Descript ion

31: 30 R/ W 00b Reserved

29: 28 R/ W 00b

Read to Precharge ( tRTP) : 

These bits cont rol the num ber of clocks that  are inserted 

between a read com m and to a row precharge com m and to the 

same rank.

Encoding      tRTP

00:               BL/ 2 (DDR2 -  400, 533)

01:               BL/ 2+ 1 (DDR2 -  667)

10:               Reserved

11:               Reserved

27: 24 R/ W 2h Reserved

23: 19 R/ W 0Ch

Act ivate to Precharge Delay ( tRAS) : 

This bit  cont rols the num ber of DRAM clocks for tRAS. Minim um  

recom m endat ions are beside their  corresponding encodings. 

 00h -  03h:     Reserved 

 04h-  12h:    Four to Eighteen clocks respect ively

19h -  1Fh:     Reserved

Recom m ended values:  

8: DDR2 400 

 C: DDR2 533 

 F: DDR2 667 

18 R/ W 0b

Precharge to Precharge Delay: 

Control Pre to Pre delay between the different  banks of the sam e 

rank.

0 =  1 Clock

1 =  2 Clock

17 RW 0b Reserved

16 R/ W 0b

Pre- All to Act ivate Delay ( tRPALL) : 

This is applicable only to 8-bank architectures. Must  be set  to 1 if 

any rank is populated with 8-bank device technology.

0:  tRPALL =  tRP

1: tRPALL =  tRP +  1 
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15: 10 R/ W 1Ch

Refresh Cycle Tim e ( tRFC) : 

Refresh cycle t im e is m easured from  a Refresh com m and (REF)  

unt il the first  Act ivate com m and (ACT)  to the sam e rank, 

required to perform  a read or write. 

For DDR2, tRFC needs to follow the values recom mended in the 

table below:

9: 8 R/ W 01b

CASB Latency ( tCL) : 

This value is programm able on DDR2 DI MMs. The value 

program med here m ust  m atch the CAS Latency of every DDR2 

DI MM in the system.

Note: The t im ings validated by I ntel for each DDR2 frequency 

are indicated above.

7 RO 0b Reserved

 ( Sheet  2  of 3 )

Bit Access
Default  

Value
Descript ion

Param eter Sym bol 2 5 6  Mb 5 1 2  Mb 1  Gb

Refresh to 

Act ive/ Refresh 

com m and t im e

tRFC 7 5 1 0 5 1 2 7 .5

DDR2-400 5 15 21 26

DDR2-533 4 20 28 34

DDR2-677 3 25 35 43

Encoding DDR2  CL

00 5 (Validated for DDR2 667 MHz)

01 4 (Validated for DDR2 533 MHz)

10 3 (Validated for DDR2 400 MHz)

11 6
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Below is the validat ion m at r ix for tCL, tRCD and tRP in table form at .

6: 4 R/ W 010b

DRAM RASB to CASB Delay ( tRCD) : 

This bit  cont rols the num ber of clocks inserted between a row 

act ivate com m and and a read or write com m and to that  row.

Note: The t im ings validated by I ntel for each DDR2 frequency 

are indicated above.

3 RO 0b Reserved

2: 0 R/ W 010b

DRAM RASB Precharge ( tRP) : 

This bit  cont rols the num ber of clocks that  are inserted between 

a row precharge com m and and an act ivate com m and to the 

same rank.

 ( Sheet  3  of 3 )

Bit Access
Default  

Value
Descript ion

Encoding tRCD

000 2 DRAM Clocks

001 3 DRAM Clocks (Validated for DDR2 400 MHz)

010 4 DRAM Clocks (Validated for DDR2 533 MHz)

011 5 DRAM Clocks (Validated for DDR2 667 MHz)

100 6 DRAM Clocks

101-111  Reserved

Encoding tRP

000 2 DRAM Clocks

001 3 DRAM Clocks (Validated for DDR2 400 MHz)

010 4 DRAM Clocks (Validated for DDR2 533 MHz)

011 5 DRAM Clocks (Validated for DDR2 667 MHz)

100 6 DRAM Clocks

101 7 DRAM Clocks

110-111 Reserved

tCL 

( CLK Periods)

tRCD 

( CLK Per iods)

tRP 

( CLK Periods)

4 0 0  MHz 3 3 3

5 3 3  MHz 4 4 4

6 6 7  MHz 5 5 5
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6 .2 .1 5 C0 DRT2  -  Channel 0  DRAM Tim ing Register  2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 118-11Bh

Default  Value: 800003FFh

Access: R/ W;  RO

Size: 32 bits

6 .2 .1 6 C0 DRC0  -  Channel 0  DRAM Controller  Mode 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 120-123h

Default  Value: 40000802h

Access: R/ W;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 30 R/ W 10b

CKE Deassert  Durat ion: 

00 =  1 Mcclk

01 =  Reserved

10 =  3 Mcclk (DDR 2)

11 =  Reserved

Must  be set  to 1 0  for  DDR2

29: 18 RO 000h Reserved

17: 16 R/ W 00b Reserved

15: 11 RO 00h Reserved

10: 8 R/ W 011b Reserved

7: 0 R/ W 111b Reserved

 ( Sheet  1  of 4 )

Bit Access
Default  

Value
Descr ipt ion

31: 30 RO 01b Reserved

29 R/ W 0b

I nit ia lizat ion Com plete ( I C) : 

This bit  is used for com m unicat ion of software state between the 

m em ory cont roller and the BI OS. BI OS sets this bit  to 1 after 

init ializat ion of the DRAM m em ory array is com plete. 

28 R/ W 0b Reserved

27: 24 R/ W 0h

Act ive SDRAM Ranks: 

I m plementat ions m ay use this field to lim it  the m axim um  num ber 

of SDRAM ranks that  m ay be act ive at  once.

0000:  All ranks allowed to be in the act ive state

0001:  One Rank

0010:  Two Ranks

Others:  Reserved
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23: 16 R/ W 000h Reserved

15 R/ W 0b

CMD Pin Dual Copy Enable:

I n a Single-channel m ode, the CMD pins (MA, BS, RAS, CAS, WE)  

on both channels are driven and are physical copies of each other. 

Set t ing this bit  enables the CMD pins on channel B. Having the 

addit ional copy of CMD pins helps reduce loading on these pins, 

since in a two DI MM system, each copy can be hooked up to one 

DI MM. I n a single DI MM system, the second copy can be disabled 

to elim inate unnecessary toggling of these pins.

I f this bit  needs to be set , BI OS should do that  before m em ory 

init ializat ion sequence. 

This bit  should not  be set  in a dual-channel system .

14 R/ W 0b Reserved

13: 12 R/ W 00b Reserved

11 RO 1b Reserved

10: 8 R/ W 000b

Refresh Mode Select  ( RMS) : 

This field determ ines whether refresh is enabled and, if so, at  

what  rate refreshes will be executed.

000 to 001:  Reserved

010:  Refresh enabled. Refresh interval 7.8 µs

Other:  Reserved

7 RO 0b Reserved

 ( Sheet  2  of 4 )

Bit Access
Default  

Value
Descript ion
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6: 4 R/ W 000b

Mode Select  ( SMS) :

These bits select  the special operat ional mode of the DRAM 

interface. The special m odes are intended for init ializat ion at  

power up.

0 0 0 :  Post  Reset  state – When the GMCH exits reset  (power-up or 

otherwise) , the m ode select  field is cleared to 000. 

During any reset  sequence, while power is applied and reset  is 

act ive, the GMCH deasserts all DRAM CLK and CKE signals. After 

internal reset  is deasserted, DRAM CLK and CKE signals rem ain 

deasserted unt il this field is writ ten to a value different  than 

“000”. On this event , DRAM CLKs are enabled and all CKE signals 

rem ain deasserted for a m inim um  of 35 ns before CKE signals are 

asserted. 

During suspend, GMCH internal signal t r iggers DRAM cont roller to 

flush pending com m ands and enter all ranks into Self-Refresh 

m ode. As part  of resum e sequence, GMCH will be reset  – which 

will clear this bit  field to “000”  and m aintain DRAM CLK and CKE 

signals deasserted. After internal reset  is deasserted, DRAM CLK 

and CKE signals rem ain deasserted unt il this field is writ ten to a 

value different  than “000”. On this event , DRAM CLKs are enabled 

and CKE signals rem ain deasserted for a m inim um  of 35 ns before 

CKE signals are asserted.

During ent ry to other low power states (C3, S1) , GMCH internal 

signal t r iggers DRAM cont roller to flush pending com m ands and 

enter all ranks into Self-Refresh m ode. During exit  to norm al 

m ode, GMCH signal t r iggers DRAM cont roller to exit  Self-Refresh 

and resum e norm al operat ion without  S/ W involvem ent .

0 0 1 : NOP Com m and Enable – All CPU cycles to DRAM result  in a 

NOP com mand on the DRAM interface.

0 1 0 : All Banks Pre-charge Enable – All CPU cycles to DRAM result  

in an “all banks precharge”  com mand on the DRAM interface.

0 1 1 : Mode Register Set  Enable – All CPU cycles to DRAM result  in 

a “m ode register ”  set  com m and on the DRAM interface. Host  

address lines are m apped to DRAM address lines in order to 

specify the com m and sent . Host  address lines [ 12: 3]  are m apped 

to MA[ 9: 0] , and HA[ 13]  is m apped to MA[ 11] .

MA[ 10]  m ust  be set  to enable DQSB st robe com plements. For the 

rem aining bit  fields, refer to the JEDEC spec for DDR2 details.

1 0 0 - 1 0 1 :  Reserved

1 1 0 : CBR Refresh Enable – I n this m ode all CPU cycles to DRAM 

Result  in a CBR cycle on the DRAM interface

1 1 1 : Norm al operat ion

 ( Sheet  3  of 4 )

Bit Access
Default  

Value
Descr ipt ion
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6 .2 .1 7 C0 DRC1  -  Channel 0  DRAM Controller  Mode 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 124-127h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

3 RO 0b Reserved

2 R/ W 0b

Burst  Length ( BL) : 

The burst  length is the num ber of QWORDS returned by a DI MM 

per read com m and, when not  interrupted. This bit  is used to 

select  the DRAM cont roller 's Burst  Length Operat ion m ode. I t  

must  be set  to m atch to the behavior of the DI MM. 

0:  Reserved

1:  Burst  Length of 8

1: 0 RO 10b

DRAM Type ( DT) : 

Used to select  between supported SDRAM types.

10:  Second Revision Dual Data Rate (DDR2)  SDRAM

Other:  Reserved

 ( Sheet  4  of 4 )

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 20 R/ W 0000h Reserved

19: 16 R/ W 0

CKE Tri- state Enable Per  Rank: 

Bit  19 corresponds to rank 3

Bit  18 corresponds to rank 2

Bit  16 corresponds to rank 0 

Bit  17 corresponds to rank 1

0 =  CKE is not  t r i-stated.

1 =  CKE is t r i-stated. This is set  only if the rank is physically not  

populated.

15: 13 R/ W 000b Reserved

12 R/ W 0b

CS#  Tri- state Enable: 

When set  to a 1, the DRAM cont roller will t r i- state CS#  when the 

corresponding CKE is deasserted. 

0:  Address Tr i- state Disabled

1:  Address Tr i- state Enabled

11 R/ W 0b

Address Tr i- state Enable:

 When set  to a 1, the DRAM cont roller will t r i-state the MA, CMD, 

and CS#  (CS#  if lines only when all CKEs are deasserted. CKEs 

deassert  based on I dle t im er or m ax rank count  cont rol.)

0:  Address Tr i- state Disabled

1:  Address Tr i- state Enabled
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6 .2 .1 8 C0 DRC2  -  Channel 0  DRAM Controller  Mode 2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 128-12Bh

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

10: 9 R/ W 00b Reserved

8 R/ W 1b

DRAM Channel I O- Buffers Act ivate: 

This bit  is cleared to 0 during reset  and rem ains inact ive unt il it  

is set  to 1 by BI OS. 

While 0, the DRAM cont roller core logic forces the state of the 

I O-buffers in this channel to “ reset ”  or “preset ”, depending on 

the specific buffer type. 

While 1, the DRAM cont roller core logic enables the DRAM I O-

buffers in this channel to operate norm ally.

7: 0 R/ W 00h Reserved 

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descr ipt ion

31: 28 RO 0h Reserved

27: 24 R/ W 00b

Dram  ODT Tristate Enable Per Rank: 

Bit  27 corresponds to rank 3

Bit  26 corresponds to rank 2

Bit  24 corresponds to rank 0 

Bit  25 corresponds to rank 1 

0 =  ODT is not  t r i- stated.

1 =  ODT is t r i- stated. This is set  only if the rank is physically not  

populated.

23: 13 RO 000h Reserved

12 R/ W 0b Reserved

11: 9 RO 000b Reserved

8: 2 R/ W 00h Reserved

1: 0 RO 00b Reserved
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6 .2 .1 9 C0 AI T -  Channel 0  Adapt ive I dle Tim er Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 130-137h

Default  Value: 0000000000000000h

Access: R/ W;  RO

Size: 64 bits

This register cont rols Characterist ics of Adapt ive I dle Tim er Mechanism . 

6 .2 .2 0 C0 GTEW  -  Channel 0  GMCH Throt t ling Event  W eight

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 140-143h

Default  Value: 00000000h

Access: R/ W/ L 

Size: 32 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a norm alized 8-bit  value that  the BI OS must  program . The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks.

Bit Access
Default  

Value
Descr ipt ion

31: 24 R/ W/ L 00h

Read W eight : 

This value is input  to the filter if in a given clock there is a valid 

read com m and being issued on the m em ory bus. 

23: 16 R/ W/ L 00h

W rite W eight : 

This value is input  to the filter if in a given clock there is a valid 

write com m and being issued on the m em ory bus. 

15: 8 R/ W/ L 00h

Com m and W eight : 

This value is input  to the filter if in a given clock there is a valid 

com m and other than a read or a write being issued on the 

m em ory bus. 

7: 0 R/ W/ L 00h

I dle  W eight : 

This value is input  to the filter if in a given clock there is no 

com m and being issued on the m em ory bus. I f com m and and 

address are t r istated a value of 0 is input  to the filter.  I f 

com m and and address are under reduced dr ive st rength this 

value is divided by 2 and input  to the filter.
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6 .2 .2 1 C0 GTC -  Channel 0  GMCH Throt t ling Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 144-147h

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a normalized 8-bit  value that  the BI OS must  program. The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  type loading variat ions of mem ory caused as a funct ion of m em ory types 
and populat ion of ranks. 

Bit Access
Default  

Value
Descript ion

31: 31 R/ W/ L 0b

GMCH Throt t le Lock ( GTLOCK) : 

This bit  secures the GMCH throt t ling cont rol registers GTEW and 

GTC. This bit  defaults to 0. Once a 1 is writ ten to this bit , all of 

the configurat ion register bits are read-only.

30: 30 RO 0b Reserved 

29: 29 R/ W/ L 0b Reserved 

28: 25 RO 0h Reserved 

24: 22 R/ W/ L 000b Reserved 

21: 21 R/ W/ L 0b

GMCH Bandw idth- Based Throt t ling Enable: 

0 =  Bandwidth Threshold (WAB)  is not  used for throt t ling.

1 =  Bandwidth Threshold (WAB)  is used for throt t ling.

I f both bandwidth-based and therm al sensor-based throt t ling 

m odes are on when the therm al sensor t r ips, the therm al 

threshold is used for throt t ling.

20: 20 R/ W/ L 0b

GMCH Therm al Sensor Tr ip Enable: 

0 =  GMCH throt t ling is not  init iated when the GMCH therm al 

sensor t r ips.

1 =  GMCH throt t ling is init iated when the GMCH therm al sensor 

t r ips and the filter output  is equal to or exceeds therm al threshold 

WAT.

19: 19 RO 0b Reserved 

18: 16 R/ W/ L 000b Reserved 

15: 8 R/ W/ L 00h

W AB: 

Threshold allowed per clock for bandwidth based throt t ling. 

GMCH does not  allow t ransact ions to proceed on the DDR bus if 

the output  of the filter equals or exceeds this value.

7: 0 R/ W/ L 00h

W AT: 

Threshold allowed per clock during therm al sensor enabled 

throt t ling. GMCH does not  allow t ransact ions to proceed on the 

DDR bus if the output  of the filter equals or exceeds this value.
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6 .2 .2 2 C0 DTPEW  -  Channel 0  Dram  Rank Throt t ling Passive Event  
W eights

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 148-14Fh

Default  Value: 0000000000000000h

Access: R/ W/ L;  RO

Size: 64 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a norm alized 8-bit  value that  the BI OS must  program . The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks. All bits in this register can be locked by the DTLOCK bit  in the C0DTC register.

Bit Access
Default  

Value
Descript ion

63: 48 RO 0000h Reserved 

47: 40 R/ W/ L 00h

Addit ive W eight  for  ODT: 

This value is added to the total weight  of a rank if ODT on that  

rank is asserted. Note that  this value should reflect  whether the 

DRAM m odules have been program m ed for 75-  or 150-Ω 

term inat ion.

39: 32 R/ W/ L 00h

W eight  for  Any Open Page during Act ive ( W AOPDA) : 

This value is input  to the filter if,  dur ing the present  clock, the 

corresponding rank has any pages open and is not  in power 

down. The value program m ed here is I DD3N from  the JEDEC. 

31: 24 R/ W/ L 00h

All Banks Precharge Act ive ( ABPA) : 

This value is input  to the filter if,  dur ing the present  clock, the 

corresponding rank has all banks precharged but  is not  in power 

down. The value program m ed here is I DD2N from  the JEDEC 

spec. 

23: 16 R/ W/ L 00h

W eight  for  Any Open Page during Pow er Dow n 

( W AOPDPD) : 

This value is input  to the filter if,  dur ing the present  clock, the 

corresponding rank is in power down with pages open. The 

value program m ed here is I DD3P from  the JEDEC. 

15: 8 R/ W/ L 00h

All Banks Precharge Pow er Dow n ( ABPPD) : 

This value is input  to the filter if,  dur ing the present  clock, the 

corresponding rank has all banks precharged and is powered 

down. The value program m ed here is I DD2P from  the JEDEC 

spec. 

7: 0 R/ W/ L 00h

Self Refresh: 

This value is input  to the filter if in a clock the corresponding 

rank is in self refresh.
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6 .2 .2 3 C0 DTAEW  -  Channel 0  Dram  Rank Throt t ling Act ive Event  
W eights

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 150-157h

Default  Value: 0000000000000000h

Access: R/ W/ L 

Size: 64 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a normalized 8-bit  value that  the BI OS must  program. The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks. The GMCH sends a com m and to the selected DRAM (via CS#  assert ion) . Based 
on the command type, one of the weights specified in this register is added to the 
weight  specified in the previous register, which is then input  to the filter.

6 .2 .2 4 C0 DTC -  Channel 0  Dram  Throt t ling Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 158-15Bh

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This register is for Program m able Event  weights that  are inputs into the averaging filter. 
Each Event  weight  is a normalized 8-bit  value that  the BI OS m ust  program . The BI OS 
must  account  for burst  length, 1N/ 2N rule considerat ions. I t  is also possible for bios to 
take into account  type loading variat ions of m em ory caused as a funct ion of m em ory 
types and populat ion of ranks. 

Bit Access
Default  

Value
Descript ion

63: 56 R/ W/ L 00h Read w ith AP 

55: 48 R/ W/ L 00h W rite w ith AP 

47: 40 R/ W/ L 00h Read 

39: 32 R/ W/ L 00h W rite  

31: 24 R/ W/ L 00h Precharge -  All 

23: 16 R/ W/ L 00h Precharge 

15: 8 R/ W/ L 00h Act ivate 

7: 0 R/ W/ L 00h Refresh 
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6 .2 .2 5 C0 DMC -  Channel 0  DRAM Maintenance Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 164-167h

Default  Value: 00000020h

Access: R/ W;  RO

Size: 32 bits

The register fields allow cont rol of DRAM and MCH ODT.

Bit Access
Default  

Value
Descript ion

31 R/ L 0b

Dram  Throt t le  Lock ( DTLOCK) : 

This bit  secures the Dram  throt t ling cont rol registers DT* EW and 

DTC. This bit  defaults to 0. Once a 1 is writ ten to this bit ,  all of 

the configurat ion register bits are read-only.

30 RO 0b Reserved

29 R/ W/ L 0b Reserved

28: 25 RO 0h Reserved

24: 22 R/ W/ L 000b Reserved

21 R/ W/ L 0b

GMCH Bandw idth- Based Throt t ling Enable: 

0 =  Bandwidth Threshold (WAB)  is not  used for throt t ling.

1 =  Bandwidth Threshold (WAB)  is used for throt t ling.

I f both bandwidth-based and therm al sensor-based throt t ling 

m odes are on and the thermal sensor t r ips, therm al threshold is 

used for throt t ling.

20 R/ W/ L 0b

GMCH Therm al Sensor Tr ip Enable: 

0 =  GMCH throt t ling is not  init iated when the GMCH therm al 

sensor t r ips.

1 =  GMCH throt t ling is init iated when the GMCH therm al sensor 

t r ips and the filter  output  is equal to or exceeds therm al 

threshold WAT.

19 RO 0b Reserved

18: 16 R/ W/ L 000b

Tim e Constant : 

000:  2^ 28 Clocks

001:  2^ 29 Clocks

010:  2^ 30 Clocks

011:  2^ 31 Clocks

1XX:  Reserved

15: 8 R/ W/ L 00h

W AB: 

Threshold allowed per clock for bandwidth based throt t ling. 

GMCH does not  allow t ransact ions to proceed on the DDR bus if 

the output  of the filter equals or exceeds this value.

7: 0 R/ W/ L 00h

W AT:

Threshold allowed per clock during for therm al sensor enabled 

throt t ling. GMCH does not  allow t ransact ions to proceed on the 

DDR bus if the output  of the filter equals or exceeds this value.
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6 .2 .2 6 C0 ODT -  Channel 0  ODT Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 168-16Fh

Default  Value: 0002879822049200h

Access: R/ W;  RO

Size: 64 bits

The register fields allow cont rol of DRAM and MCH ODT.

6 .2 .2 7 C1 DRB0  -  Channel 1  DRAM Rank Boundary Address 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 180h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRB0.

6 .2 .2 8 C1 DRB1  -  Channel 1  DRAM Rank Boundary Address 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 181h

Default  Value: 00h

Access: R/ W

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRB0.

6 .2 .2 9 C1 DRA0  -  Channel 1  DRAM Rank 0 ,1  At t r ibute

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 188h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

The operat ion of this register is detailed in the descript ion for register C0DRA0.

6 .2 .3 0 C1 DCLKDI S -  Channel 1  DRAM Clock Disable

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 18Ch

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

The operat ion of this resister is detailed in the descript ion for register C0DCLKDI S.
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6 .2 .3 1 C1 BNKARC -  Channel 1  DRAM Bank Architecture

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 18E-18Fh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

The operat ion of this register is detailed in the descript ion for register C0BNKARC.

6 .2 .3 2 C1 DRT0  -  Channel 1  DRAM Tim ing Register  0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 190-193h

Default  Value: B96038F8h

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRT0.

6 .2 .3 3 C1 DRT1  -  Channel 1  DRAM Tim ing Register  1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 194-197h

Default  Value: 02607122h

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRT1.

6 .2 .3 4 C1 DRT2  -  Channel 1  DRAM Tim ing Register  2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 198-19Bh

Default  Value: 800003FFh

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRT2.

6 .2 .3 5 C1 DRC0  -  Channel 1  DRAM Controller  Mode 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1A0-1A3h

Default  Value: 40000802h

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRC0.
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6 .2 .3 6 C1 DRC1  -  Channel 1  DRAM Controller  Mode 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1A4-1A7h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRC1.

6 .2 .3 7 C1 DRC2  -  Channel 1  DRAM Controller  Mode 2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1A8-1ABh

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DRC2.

6 .2 .3 8 C1 AI T -  Channel 1  Adapt ive I dle Tim er Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1B0-1B7h

Default  Value: 0000000000000000h

Access: R/ W;  RO

Size: 64 bits

This register cont rols Characterist ics of Adapt ive I dle Tim er Mechanism . 
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6 .2 .3 9 C1 GTEW  -  Channel 1  GMCH Throt t ling Event  W eights

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1C0-1C3h

Default  Value: 00000000h

Access: R/ W/ L 

Size: 32 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a norm alized 8-bit  value that  the BI OS must  program . The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks. 

Bit Access
Default  

Value
Descript ion

31: 24 R/ W/ L 00h

Read W eight : 

This value is input  to the filter if in a given clock there is a valid 

read com m and being issued on the m em ory bus. 

23: 16 R/ W/ L 00h

W rite W eight : 

This value is input  to the filter if in a given clock there is a valid 

write com m and being issued on the m em ory bus. 

15: 8 R/ W/ L 00h

Com m and W eight : 

This value is input  to the filter if in a given clock there is a valid 

com m and other than a read or a write being issued on the 

m em ory bus. 

7: 0 R/ W/ L 00h

I dle  W eight : 

This value is input  to the filter if in a given clock there is no 

com m and being issued on the m em ory bus. 
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6 .2 .4 0 C1 GTC -  Channel 1  GMCH Throt t ling Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1C4-1C7h

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a normalized 8-bit  value that  the BI OS must  program. The 
BI OS m ust  account  for burst  length, 1N/ 2N rule considerat ions. I t  is also possible for 
BI OS to take into account  type loading variat ions of memory caused as a funct ion of 
memory types and populat ion of ranks. 

Bit Access
Default  

Value
Descript ion

31: 31 R/ W/ L 0b

GMCH Throt t le Lock ( GTLOCK) : 

This bit  secures the GMCH throt t ling cont rol registers GTEW and 

GTC. This bit  defaults to 0. Once a 1 is writ ten to this bit ,  all of the 

configurat ion register bits are read-only.

30: 30 RO 0b Reserved 

29: 29 R/ W/ L 0b Reserved 

28: 25 RO 0h Reserved 

24: 22 R/ W/ L 000b Reserved 

21: 21 R/ W/ L 0b

GMCH Bandw idth Based Throt t ling Enable: 

0 =  Bandwidth Threshold (WAB)  is not  used for throt t ling.

1 =  Bandwidth Threshold (WAB)  is used for throt t ling.

I f both Bandwidth based and therm al sensor based throt t ling 

m odes are on when the therm al sensor t r ips, the Therm al 

threshold is used for throt t ling.

20: 20 R/ W/ L 0b

GMCH Therm al Sensor Tr ip Enable: 

0 =  GMCH throt t ling is not  init iated when the GMCH therm al 

sensor t r ips.

1 =  GMCH throt t ling is init iated when the GMCH thermal sensor 

t r ips and the Filter output  is equal to or exceeds therm al threshold 

WAT.

19: 19 RO 0b Reserved 

18: 16 R/ W/ L 000b Reserved 

15: 8 R/ W/ L 00h

W AB: 

Threshold allowed per clock for bandwidth based throt t ling. GMCH 

does not  allow t ransact ions to proceed on the DDR bus if the 

output  of the filter equals or exceeds this value.

7: 0 R/ W/ L 00h

W AT: 

Threshold allowed per clock during therm al sensor enabled 

throt t ling. GMCH does not  allow t ransact ions to proceed on the 

DDR bus if the output  of the filter equals or exceeds this value.
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6 .2 .4 1 C1 DTPEW  -  Channel 1  DRAM Rank Throt t ling Passive
Event  W eights

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1C8-1CFh

Default  Value: 0000000000000000h

Access: R/ W/ L;  RO

Size: 64 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a norm alized 8-bit  value that  the BI OS must  program . The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks. All bits in this register can be locked by the DTLOCK bit  in the C0DTC register.

Bit Access
Default  

Value
Descript ion

63: 48 RO 0000h Reserved 

47: 40 R/ W/ L 00h

Addit ive W eight  for  ODT: 

This value is added to the total weight  of a rank if ODT on that  

rank is asserted. Note that  this value should reflect  whether the 

DRAM m odules have been program m ed for 75-  or 150-Ω 

term inat ion.

39: 32 R/ W/ L 00h

W eight  for  Any Open Page during Act ive ( W AOPDA) : 

This value is input  to the filter if,  during the present  clock, the 

corresponding rank has any pages open and is not  in power 

down. The value program m ed here is I DD3N from  the JEDEC. 

31: 24 R/ W/ L 00h

All Banks Precharge Act ive ( ABPA) : 

This value is input  to the filter if,  during the present  clock, the 

corresponding rank has all banks precharged but  is not  in power 

down. The value program m ed here is I DD2N from  the JEDEC 

spec. 

23: 16 R/ W/ L 00h

W eight  for  Any Open Page dur ing Pow er Dow n 

( W AOPDPD) : 

This value is input  to the filter if,  during the present  clock, the 

corresponding rank is in power down with pages open. The value 

program m ed here is I DD3P from  the JEDEC. 

15: 8 R/ W/ L 00h

All Banks Precharge Pow er Dow n ( ABPPD) : 

This value is input  to the filter if,  during the present  clock, the 

corresponding rank has all banks precharged and is powered 

down. The value program m ed here is I DD2P from  the JEDEC 

spec. 

7: 0 R/ W/ L 00h

Self Refresh: 

This value is input  to the filter if in a clock the corresponding 

rank is in self refresh.
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6 .2 .4 2 C1 DTAEW  -  Channel 1  DRAM Rank Throt t ling Act ive Event  
W eights

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1D0-1D7h

Default  Value: 0000000000000000h

Access: R/ W/ L 

Size: 64 bits

This register contains program m able Event  weights that  are input  into the averaging 
filter. Each Event  weight  is a normalized 8-bit  value that  the BI OS must  program. The 
BI OS m ust  account  for burst  length considerat ions. I t  is also possible for BI OS to take 
into account  loading variat ions caused by different  memory types and populat ion of 
ranks. The GMCH sends a com m and to the selected DRAM (via CS#  assert ion) . Based 
on the command type, one of the weights specified in this register is added to the 
weight  specified in the previous register, which is then input  to the filter.

Bit Access
Default  

Value
Descript ion

63: 56 R/ W/ L 00h Read w ith AP 

55: 48 R/ W/ L 00h W rite w ith AP 

47: 40 R/ W/ L 00h Read 

39: 32 R/ W/ L 00h W rite  

31: 24 R/ W/ L 00h Precharge -  All 

23: 16 R/ W/ L 00h Precharge 

15: 8 R/ W/ L 00h Act ivate 

7: 0 R/ W/ L 00h Refresh 
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6 .2 .4 3 C1 DTO -  Channel 1  Throt t ling Observat ion

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1DC-1DFh

Default  Value: 000000_xxxx__xxxx_h

Access: R/ W;  RO

Size: 32 bits

This register enables observat ion of the state of the throt t ling m echanism  and current  
m easured bandwidth inform at ion.

6 .2 .4 4 C1 DTC -  Channel 1  DRAM Throt t ling Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1D8-1DBh

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

The operat ion of this register is detailed in the descript ion for register C0DTC.

6 .2 .4 5 C1 DMC -  Channel 1  DRAM Maintenance Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 1E4-1E7h

Default  Value: 00000020h

Access: R/ W;  RO

Size: 32 bits

The register fields allow cont rol of DRAM and MCH ODT.

Bit Access
Default  

Value
Descript ion

31: 20 RO 000h Reserved 

19: 19 RO 0b Reserved

18: 16 R/ W 000b

Filter  Average Selector: 

000 =  GMCH Filter Average

001 =  Rank 0 Filter Average

010 =  Rank 1 Filter Average

011-111 =  Reserved

15: 8 RO 00h Selected Filter  Average 

7: 0 RO N/ A GMCH and DRAM Throt t ling Control Signals 
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6 .2 .4 6 DCC -  DRAM Channel Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 200-203h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

This register cont rols how the DRAM channels work together. I t  affects how the CxDRB 
registers are interpreted and allows them to steer t ransact ions to the correct  channel. 

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

31: 29 RO 000b Reserved

28: 24 R/ W 00h Reserved

23: 23 RO 0b Reserved

22: 21 R/ W 00b

Bank Select  for  EMRS Com m ands: 

00: Bank 1 (BS[ 2: 0]  =  001) , EMRS(1)

01: Bank 2 (BS[ 2: 0]  =  010) , EMRS(2)

10: Bank 3 (BS[ 2: 0]  =  011) , EMRS(3)

11: Reserved

20 R/ W 0b

I ndependent  Dual- Channel I C/ SMS Enable: 

0: I C and SMS cont rols in DCC register cont rol both system  

m em ory channels.

1: I C and SMS bits in C0/ 1DRC0 register cont rol each system  

m em ory channel independent ly.

19 R/ W 0b
I nit ia lizat ion Com plete ( I C) : 

See register descr ipt ion in C0DRC0[ 29]

18: 16 R/ W 000b
Mode Select  ( SMS) : 

See register descript ion in C0DRC0[ 6: 4]

15: 14 R/ W 00b Reserved

13: 11 RO 000b Reserved

10: 10 R/ W 0b

Channel XOR Disable: 

0: Channel XOR Random izat ion is enabled. 

1: Channel XOR Random izat ion is disabled

9: 9 R/ W 0b

Channel XOR Bit : 

0: Reserved

1: Bit  17 will be XOR’d with the Channel Select  bit  
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6 .2 .4 7 W CC -  W rite Cache Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 218-21Bh

Default  Value: A4000000h

Access: R/ W;  RO

Size: 32 bits

6 .2 .4 8 MMARB0  -  Main Mem ory Arbiter  Control_ 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 220-223h

Default  Value: 00000264h

BI OS Opt im al Default 0h

Access: R/ W;  RO

Size: 32 bits

6 .2 .4 9 MMARB1  -  Main Mem ory Arbiter  Control_ 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 224-227h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .2 .5 0 SBTEST -  SB Test  Register

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 230-233h

Default  Value: 34020000h

Access: R/ W;  RO

Size: 32 bits

8: 3 RO 0b Reserved

2: 2 R/ W 0b

Single- Channel Selector ( SCS) : 

When in Single-channel mode, this is the populated channel.

0:  Channel 0

1:  Channel 1

1: 0 R/ W 00b

DRAM Addressing Mode Control ( DAMC) : 

00:  Single-Channel

01:  Dual-Channel Asymm etr ic (Stacked)

10:  Dual-Channel I nter leaved

11:  Reserved

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion
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6 .2 .5 1 ODTC -  On Die Term inat ion Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 284-287h

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

6 .2 .5 2 SMVREFC -  System  Mem ory VREF Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 2A0h

Default  Value: 08h

Access: R/ W/ L;  RO

Size: 8 bits

6 .2 .5 3 DQSMT -  DQS Master  Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 2F4-2F5h

Default  Value: 0007h

Access: R/ W/ L 

Size: 16 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .5 4 RCVENMT -  RCVENOUTB Master Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 2F8-2FBh

Default  Value: 0000070Fh

Access: R/ W/ L;  RO

Size: 32 bits

This register contains the m argining cont rols and status indicators for the RCVENOUTB 
signals in both channels. This register can be locked by the Global RCOMP Lock bit  
(GBRCOMPCTL[ 31] ) .

Bit Access
Default  

Value
Descript ion

7 R/ W/ L 0b Reserved

6 R/ W/ L 0b

Different ia l Receive St robe Control: 

0: Disabled 

 1: Enabled 

5: 4 RO 00b Reserved 

3: 0 R/ W/ L 8h Reserved
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6 .2 .5 5 C0 W L0 REOST -  Channel 0  W L0  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 340h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .5 6 C0 W L1 REOST -  Channel 0  W L1  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 341h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .5 7 C0 W L2 REOST -  Channel 0  W L2  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 342h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .5 8 C0 W L3 REOST -  Channel 0  W L3  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 343h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .
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6 .2 .5 9 W DLLBYPMODE -  W rite DLL Bypass Mode Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 360-361h

Default  Value: 0000h

Access: R/ W/ L;  RO

Size: 16 bits

This register cont rols WDLL funct ional and bypass modes for all the buffer types. 

6 .2 .6 0 C0 W DLLCMC -  Channel 0  W DLL/ Clock Macro Clock Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 36C-36Fh

Default  Value: 000000FFh

Access: R/ W/ L;  RO

Size: 32 bits

This register cont rols WDLL and Macro Clock Cont rol.

6 .2 .6 1 C0 HCTC -  Channel 0  Half Clock Tim ing Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 37Ch

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 6 R/ W/ L 00b Reserved

5 RO 0b Reserved 

4 R/ W/ L 0b

Clock Half Clock Push Out  for  DI MM1 :

0: No Push-out . 

1: 0.5 system  m emory clock push-out . 

3 R/ W/ L 0b

Control Half Clock Push Out  for  DI MM1 : 

0: No Push-out . 

1: 0.5 system  m emory clock push-out . 

Set t ing both CTLQCPI 1 and CTLQCPO1 is undefined.

2 R/ W/ L 0b

Control Half Clock Push Out  for  DI MM0 : 

0: No Push-out . 

1: 0.5 system  m emory clock push-out . 

Set t ing both CTLQCPI 0 and CTLQCPO0 is undefined.

1 R/ W/ L 0b

Com m and Half Clock Push Out : 

0: No Push-out . 

1: 0.5 system  m emory clock push-out . 
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6 .2 .6 2 C1 W L0 REOST -  Channel 1  W L0  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3C0h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .6 3 C1 W L1 REOST -  Channel 1  W L1  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3C1h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .6 4 C1 W L2 REOST -  Channel 1  W L2  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3C2h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .6 5 C1 W L3 REOST -  Channel 1  W L3  RCVENOUT Slave Tim ing

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3C3h

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

0 R/ W/ L 0b

Data Half Clock Push Out : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 

Bit Access
Default  

Value
Descript ion
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6 .2 .6 6 C1 W DLLCMC -  Channel 1  W DLL/ Clock Macro Clock Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3EC-3EFh

Default  Value: 0000009Fh

Access: R/ W/ L;  RO

Size: 32 bits

This register cont rols WDLL and Macro Clock Cont rol.

6 .2 .6 7 C1 HCTC -  Channel 1  Half Clock Tim ing Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 3FCh

Default  Value: 00h

Access: R/ W/ L;  RO

Size: 8 bits

Bit Access
Default  

Value
Descr ipt ion

7 R/ W/ L 0b Reserved  

6 R/ W/ L 0b Reserved  

5 RO 0b Reserved  

4 R/ W/ L 0b

Clock Half Clock Push Out : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 

3 R/ W/ L 0b

Control Half Clock Push Out  for  DI MM1 : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 

Set t ing both CTLQCPI 1 and CTLQCPO1 is undefined.

2 R/ W/ L 0b

Control Half Clock Push Out  for  DI MM0 : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 

Set t ing both CTLQCPI 0 and CTLQCPO0 is undefined.

1 R/ W/ L 0b

Com m and Half Clock Push Out : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 

0 R/ W/ L 0b

Data Half Clock Push Out : 

0: No Push-out . 

1: 0.5 system m em ory clock push-out . 
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6 .2 .6 7 .1 GBRCOMPCTL -  Global/ System  Mem ory RCOMP Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 400-403h

Default  Value:

Access: R/ W/ L;  RO

Size: 32 bits

This register cont rols the Global and System  Mem ory RCOMP feature.

Bit Access
Default  

Value
Descript ion

31 R/ W/ L 0b

Global RCOMP Lock Bit : 

Once this bit  is set , any further writes to all MCHBAR-I O and 

MCHBAR-DRAMI O registers will be ignored.

30: 24 R/ W/ L 0h Reserved

23 R/ W/ L 1b

Global Periodic RCOMP Disable: 

0:  Enable Periodic RCOMP

1:  Disable Periodic RCOMP

24 R/ W/ L 0b Reserved

23: 12 R/ W/ L 000h Reserved

11 R/ W/ L 0b Reserved

8 R/ W/ L 0b

I nit ia l SM RCOMP Enable: 

This bit  is set  after BI OS com pleted all SM RCOMP required 

registers.

7: 1 RO Reserved

0 R/ W/ L 0b

SM RCOMP Digita l Filter  Enable: 

0 =  Disable Digital Filter

1 =  Digital Filter Enable
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6 .2 .6 8 C0 DRAMW  -  Channel 0  DRAM W idth

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 40C-40Dh

Default  Value: 0000h

Access: R/ W/ L;  RO

Size: 16 bits

This register determ ines the width of SDRAM devices populated in each rank of 
memory in this channel.

6 .2 .6 9 G1 SC -  Group 1  Strength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 410h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

Bit Access
Default  

Value
Descript ion

15: 8 RO 00b Reserved

7: 6 R/ W/ L 00b

Rank 3  W idth: 

Width of devices in rank 1

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved

5: 4 R/ W/ L 00b

Rank 2  W idth: 

Width of devices in rank 0 

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved

3: 2 R/ W/ L 00b

Rank 1  W idth: 

Width of devices in rank 1 ( first  DI MM, second side)

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved

1: 0 R/ W/ L 00b

Rank 0  W idth: 

Width of devices in rank 0 ( first  DI MM, first  side)

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved
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6 .2 .7 0 G2 SC -  Group 2  St rength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 418h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

6 .2 .7 1 G3 SC -  Group 3  St rength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 420h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

6 .2 .7 2 G4 SC -  Group 4  St rength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 428h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

6 .2 .7 3 G5 SC -  Group 5  St rength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 430h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

6 .2 .7 4 G6 SC -  Group 6  St rength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 438h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits
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6 .2 .7 5 C1 DRAMW  -  Channel 1  DRAM W idth

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 48C-48Dh

Default  Value: 0000h

Access: R/ W/ L;  RO

Size: 16 bits

This register determ ines the width of SDRAM devices populated in each rank of 
memory in this channel.

6 .2 .7 6 G7 SC -  Group 7  Strength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 490h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

6 .2 .7 7 G8 SC -  Group 8  Strength Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 498h

Default  Value: 44h

Access: R/ W/ L 

Size: 8 bits

Bit Access
Default  

Value
Descript ion

15: 8 RO 00b Reserved

7: 6 R/ W/ L 00b Reserved

5: 4 R/ W/ L 00b Reserved

3: 2 R/ W/ L 00b

Rank 1  W idth: 

Width of devices in rank 1 ( first  DI MM, second side)

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved

1: 0 R/ W/ L 00b

Rank 0  W idth: 

Width of devices in rank 0 ( first  DI MM, first  side)

00: 16-bit  wide devices or unpopulated

01: 8-bit  wide devices

10: Reserved

11: Reserved
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6 .2 .7 8 G1 SRPUT -  Group 1  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 500-51Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .7 9 G1 SRPDT -  Group 1  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 520-53Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 0 G2 SRPUT -  Group 2  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 540-55Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 1 G2 SRPDT -  Group 2  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 560-57Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .
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6 .2 .8 2 G3 SRPUT -  Group 3  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 580-59Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 3 G3 SRPDT -  Group 3  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 5A0-5BFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 4 G4 SRPUT -  Group 4  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 5C0-5DFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 5 G4 SRPDT -  Group 4  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 5E0-5FFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .
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6 .2 .8 6 G5 SRPUT -  Group 5  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 600-61Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 7 G5 SRPDT -  Group 5  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 620-63Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 8 G6 SRPUT -  Group 6  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 640-65Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .8 9 G6 SRPDT -  Group 6  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 660-67Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .
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6 .2 .9 0 G7 SRPUT -  Group 7  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 680-69Fh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .9 1 G7 SRPDT -  Group 7  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 6A0-6BFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .9 2 G8 SRPUT -  Group 8  Slew  Rate Pull- up Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 6C0-6DFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

This register can be locked by the Global RCOMP Lock bit  (GBRCOMPCTL[ 31] ) .

6 .2 .9 3 G8 SRPDT -  Group 8  Slew  Rate Pull- Dow n Table

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : 6E0-6FFh

Default  Value:

Access: R/ W/ L;  RO

Size: 256 bits

6 .2 .9 4 MI PMC3 –  Mem ory I nterface Pow er Managem ent  Control 3

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : BD8-BDBh

Default  Value: 00000000h

BI OS Opt imal Default 0h

Access: R/ W/ L;  RO

Size: 32 bits
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6 .2 .9 5 UPMC4  –  Unit  Pow er Managem ent  Control 4

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C30-C33h

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

6 .3 Device 0  MCHBAR Clock Controls

Table 5 . Device 0  MCHBAR Clock Controls

Register Nam e
Register  

Sym bol

Register  

Start

Register  

End

Default  

Value
Access

Clocking Configurat ion CLKCFG C00 C03
0001000xxx0

xxxh

R/ W;  R/ W/

L;  RO

Reserved C04 C13

Unit  Power Managem ent  Cont rol 1 UPMC1 C14 C15 0323h R/ W;  RO

CP Unit  Cont rol CPCTL C16 C17 0080h R/ W;  RO;

Reserved C18 C1B

St icky Scratchpad Data SSKPD C1C C1D 0000h R/ W/ S;  

Reserved C1E C1F

Unit  Power Managem ent  Cont rol 2 UPMC2 C20 C21 0001h R/ W;  RO

Reserved C22 C33

Host-Graphics I nterface Power 

Managem ent  Cont rol 1
HGI PMC1 C34 C37 00000000h R/ W;  RO

Host-Graphics I nterface Power 

Managem ent  Cont rol 2
HGI PMC2 C38 C3B 00000000h R/ W

Reserved C3C C43
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6 .3 .1 CLKCFG -  Clocking Configurat ion

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C00-C03h

Default  Value: 000100_0xxx__0xxx_h

Access: R/ W;  R/ W/ L;  RO

Size: 32 bits

6 .3 .2 UPMC1  -  Unit  Pow er Managem ent  Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C14-C15h

Default  Value: 0323h

Access: R/ W;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

31 R/ W 0b Reserved

30: 28 RO 000b Reserved

27: 18 R/ W 000h Reserved

17 RO 0b Reserved 

16: 14 R/ W 100b Reserved

13 RO 0b Reserved 

12 R/ W/ L 0b Reserved

11: 8 R/ W 0h Reserved

7: 7 R/ W/ L 0h Reserved

6: 4 RO N/ A

Mem ory Frequency Select : 

010 =  400 

011 =  533 

100 =  667 

Others =  Reserved

3: 3 RO 0b Reserved 

2: 0 RO N/ A

FSB Frequency Select : 

Reflects the State of BSEL pins from s the Processor. BSEL(2: 0)  

selects the FSB frequency as defined below. 

000:  Reserved 

001:  FSB533

011:  FSB667

Others:  Reserved 

At tem pts to st rap values to unsupported frequencies will shut  

down the host  PLL. 
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6 .3 .3 CPCTL -  CPunit  Control

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C16-C17h

Default  Value: 0080h

Access: R/ W;  RO

Size: 16 bits

6 .3 .4 SSKPD -  St icky Scratchpad Data

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C1C-C1Dh

Default  Value: 0000h

Access: R/ W/ S;  

Size: 16 bits

This register holds 16 writable bits with no funct ionality behind them . I t  is for the 
convenience of BI OS and graphics dr ivers. This register is reset  on POWEROK.

6 .3 .5 UPMC2  -  Unit  Pow er Managem ent  Control 2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C20-C21h

Default  Value: 0001h

Access: R/ W;  RO

Size: 16 bits

6 .3 .6 HGI PMC1  -  Host - Graphics I nterface Pow er Managem ent  
Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C34-C37h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .3 .7 HGI PMC2  -  Host - Graphics I nterface Pow er Managem ent  
Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C38-C3Bh

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

Bit Access
Default  

Value
Descr ipt ion

15: 0 R/ W/ S 0000h
Scratchpad Data: 

1 WORD of data storage.
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6 .4 Device 0  MCHBAR Therm al Managem ent  Controls

Note: The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets have 
two internal therm al sensors. The set  of registers from  MCHBAR Offset  C88h to C9F 
correspond to Therm al Sensor 1 and the set  of registers from  MCHBAR Offset  CD8 to 
CE6 correspond to Thermal Sensor 2 respect ively.

Table 6 . Device 0  MCHBAR Therm al Managem ent  Controls ( Sheet  1  of 2 )

Register Nam e
Register  

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Thermal Sensor Cont rol 1-1 TSC1 C88 C88 00h R/ W/ L 

Reserved C89 C89

Thermal Sensor Status1 TSS1 C8A C8A 00h RO

Therm om eter Read 1 TR1 C8B C8B FFh RO

Thermal Sensor Tem perature 

Tr ip Point  1-1
TSTTP1-1 C8C C8F 00000000h R/ W/ L;  RO

Reserved C90 C91

Therm al Calibrat ion Offset  1 TCO1 C92 C92 00h R/ WO;  R/ W/ L 

Reserved C93 C93

Hardware Throt t le Cont rol 1 THERM1-1 C94 C94 00h R/ W/ L;  ROR/ WO

Reserved C95 C95

TCO Fuses 1 TCOF1 C96 C96
_0xxx__xxxx

_h
RS/ WC;  RO

Reserved C97 C99

Thermal I nterrupt  Status 1 TI S1 C9A C9B 0000h R/ WC;  RO

Thermal Sensor Tem perature 

Tr ip Point  1-2
TSTTP1-2 C9C C9F 00000000h R/ WO;  R/ W/ L;  RO

Reserved CA0 CCF

I n Use Bits I UB CD0 CD3 00000000h RO;  RS/ WC;  

Reserved CD4 CD7

Thermal Sensor Cont rol 0-1 TSC0-1 CD8 CD8 00h R/ W/ L 

Reserved CD9 CD9

Therm al Sensor Status 0 TSS0 CDA CDA 00h RO

Thermom eter Read 0 TR0 CDB CDB FFh RO

Thermal Sensor Tem perature 

Tr ip Point  Register 0-1
TSTTP0-1 CDC CDF 00000000h R/ W/ L;  RO

Therm al Calibrat ion Offset  0 TCO0 CE2 CE2 00h R/ WO;  R/ W/ L

Reserved CE3 CE3

Hardware Throt t le Cont rol THERM0-1 CE4 CE4 00h R/ W/ L;  ROR/ WO

Reserved CE5 CE5
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TCO Fuses 0 TCOF0 CE6 CE6
_0xxx__xxxx

_h
RS/ WC;  RO

Therm al I nterrupt  Status TI S0 CEA CEB 0000h R/ WC;  RO

Therm al Sensor Tem perature 

Tr ip Point  Register
TSTTP0-2 CEC CEF 00000000h R/ WO;  R/ W/ L;  RO

Therm al Error Com mand TERRCMD CF0 CF0 00h R/ W;  RO

Therm al SMI  Com mand TSMI CMD CF1 CF1 00h R/ W;  RO

Therm al SCI  Comm and TSCI CMD CF2 CF2 00h R/ W;  RO

Therm al I NTR Com m and TI NTRCMD CF3 CF3 00h R/ W;  RO

External Therm al Sensor 

Cont rol and Status
EXTTSCS CFF CFF 00h R/ WO;  R/ W/ L;  RO

Reserved CFF E07

DFT_STRAP1 DFT E08 E0B

_0xxx__xx0x

__xxxx__xxx

x__xxxx__xx

xx__xxxx__x

xxx_h

RO;

Table 6 . Device 0  MCHBAR Therm al Managem ent  Controls ( Sheet  2  of 2 )

Register  Nam e
Register 

Sym bol

Register 

Start

Register  

End

Default  

Value
Access
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6 .4 .1 TSC1  -  Therm al Sensor Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C88h

Default  Value: 00h

Access: R/ W/ L 

Size: 8 bits

This register cont rols the operat ion of the internal therm al sensor located in the 
memory hot  spot .

Bit Access
Default  

Value
Descript ion

7: 7 R/ W/ L 0b

Therm al Sensor Enable ( TSE) : 

This bit  enables power to the thermal sensor. Lockable via TCO 

bit  7. 

0 =  Disabled

1 =  Enabled 

6: 6 R/ W 0b Reserved 

5: 2 R/ W 0000b

Digita l Hysteresis Am ount  ( DHA) : 

This bit  determ ines whether no offset , 1 LSB, 2... 15 is used for 

hysteresis for the t r ip points. 

0001 =  1 TR value added to each t r ip temperature when t r ipped

0010 =  2 TR values added to each t r ip tem perature when 

t r ipped

...

0110 ~ 3.0° C (Recom mended set t ing)

...

1110=  14 TR value added to each t r ip temperature when 

t r ipped

1111 =  15 TR values added to each t r ip tem perature when 

t r ipped

Note: TR =  Tem perature Read

1: 1 R/ W/ L 0b Reserved 

0: 0 N/ A 0b

I n Use ( I U) : 

Software sem aphore bit .  After a full MCH RESET, a read to this 

bit  returns a 0. After the first  read, subsequent  reads will return 

a 1. A write of a 1 to this bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then own the 

usage of the thermal sensor. 

Writ ing a 0 to this bit  has no effect .
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6 .4 .2 TSS1  -  Therm al Sensor Status1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C8Ah

Default  Value: 00h

Access: RO

Size: 8 bits

This read only register provides t r ip point  inform at ion and status of the therm al sensor.

Bit Access
Default  

Value
Descript ion

7: 7 RO 0b

Catastrophic Trip I ndicator ( CTI ) : 

A 1 indicates that  the internal therm al sensor temperature is 

above the catast rophic set t ing.

6: 6 RO 0b

Hot  Tr ip I ndicator  ( HTI ) : 

A 1 indicates that  the internal therm al sensor temperature is 

above the hot  set t ing.

5: 5 RO 0b

Aux0  Trip I ndicator ( A0 TI ) : 

A 1 indicates that  the internal therm al sensor temperature is 

above the Aux0 set t ing.

4: 4 RO 0b

Therm om eter Mode Output  Valid: 

1:  Therm om eter m ode is able to converge to a tem perature and 

that  the TR register is report ing a reasonable est im ate of the 

therm al sensor temperature. 

0:  indicates the Thermom eter m ode is off, or that  temperature is 

out  of range, or that  the TR register is being looked at  before a 

tem perature conversion has had t im e to com plete.

3: 3 RO 0b

Aux1  Trip I ndicator ( A1 TI ) : 

1:  I nternal therm al sensor tem perature is above the Aux1 

set t ing. 

2: 2 RO 0b Reserved

1: 1 RO 0b Reserved 

0: 0 RO 0b Reserved 
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6 .4 .3 TR1  -  Therm om eter Read1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C8Bh

Default  Value: FFh

Access: RO

Size: 8 bits

This register generally provides the calibrated current  temperature from  the 
thermom eter circuit  when the Therm om eter m ode is enabled. 

6 .4 .4 TSTTP1  -  Therm al Sensor Tem perature Trip Point  1 - 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C8C-C8Fh

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This register:

• Sets the target  values for som e of the t r ip points in therm ometer mode. See also 
TST [ Direct  DAC Connect  Test  Enable] .

• Reports the relat ive thermal sensor temperature. See also TSTTP1-2

Bit Access
Default  

Value
Descript ion

7: 0 RO FFh

Therm om eter Reading ( TR) : 

Provides the current  counter value. The current  counter value 

corresponds to therm al sensor tem perature if TSS 

[ Therm om eter m ode Output  Valid]  =  1.

This register has a st raight  binary encoding that  will range from  

0 to FFh. 

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h

Relat ive Tem perature ( RELT) : 

HTPS-TR. I n Therm om eter m ode, the RELT field of this register 

reports the relat ive tem perature of the thermal sensor. Provides 

a two's com plement  value of the thermal sensor relat ive to the 

Hot  t r ip point . Tem perature above the Hot  t r ip point  will be 

posit ive.

See also TSS [ Therm om eter m ode Output  Valid]

I n the Analog m ode, the RELT field reports HTPS value. 

23: 16 R/ W/ L 00h

Aux0  Tr ip Point  Set t ing ( A0 TPS) : 

Sets the target  for the Aux0 t r ip point .

Lockable by TSTTP2-1 [ 31] .

15: 8 R/ W/ L 00h

Hot  Tr ip Point  Set t ing ( HTPS) : 

Sets the target  value for the Hot  t r ip point .  

Lockable via TCO bit  7.
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6 .4 .5 TCO1  -  Therm al Calibrat ion Offset1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C92h

Default  Value: 00h

Access: R/ WO;  R/ W/ L

Size: 8 bits

7: 0 R/ W/ L 00h

Catast rophic Tr ip Point  Set t ing ( CTPS) : 

Sets the target  for the Catast rophic t r ip point . 

Lockable via TCO bit  7.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

7: 7 R/ WO 0b

Lock bit  for  Catast rophic ( LBC) : 

This bit ,  when writ ten to a 1, locks the Catast rophic 

program m ing interface, including bits 7: 0 of this register and bits 

7: 0 of TSTTP1[ 15-0] , bits 1,7 of TSC 1 and 0 to 3 of TSC 2, and 

bits 0,7 of TST. This bit  m ay only be set  to a 0 by a hardware 

reset . Writ ing a 0 to this bit  has no effect .

6: 0 R/ W/ L 00h

Calibrat ion Offset  ( CO) : 

This field contains the current  calibrat ion offset  for the Therm al 

Sensor DAC inputs. The calibrat ion offset  is a twos complem ent  

signed num ber which is added to the temperature counter value 

to help generate the final value going to the therm al sensor DAC.

This field is Read/ Write and can be m odified by Software unless 

locked by set t ing bit  7 of this register. 

The fuses cannot  be program m ed via this register.

Once this register has been overwrit ten by software, the values 

of the TCO fuses can be read using the Therm 3 register.

Note: 

For TCO operat ion, if TST [ Direct  DAC Test  Enable]  =  1, the 

values in this field are sent  direct ly to Bank B. 

While this is a seven-bit  f ield, the 7th bit  is sign extended to 9 

bits for TCO operat ion. 

R e g is t e r  F ie ld  V a lu e  S ig n e d  V a lu e  

0 0 h  t o  3 Fh  0 0 h  t o  3 Fh  

4 1 h  t o  7 f h  - 3 Fh  t o  - 1 h  
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6 .4 .6 THERM1 - 1  -  Hardw are Throt t le Control 1 - 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C94h

Default  Value: 00h

Access: R/ W/ L;  ROR/ WO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 7 R/ W/ L 0b

I nternal Therm al Hardw are Throt t ling Enable Bit  

( I THTE) : 

This bit  is a m aster enable for internal therm al sensor-based 

hardware throt t ling

0 Hardware act ions via the internal therm al sensor are 

disabled.

1 Hardware act ions via the internal therm al sensor are 

enabled.

6: 5 RO 00b Reserved

4: 4 R/ W/ L 0b

 Throt t ling Zone Select ion ( TZS) : 

This bit  determ ines what  tem perature zones will enable 

autom at ic throt t ling. This register applies to internal therm al 

sensor throt t ling. Lockable by bit0 of this register.

See also the throt t ling registers in PCI  configurat ion space 

Device 0 which is used to enable or disable throt t ling

0 =  Reserved

1 =  Hot  and Catast rophic.

3: 3 R/ W/ L 0b

Halt  on Catast rophic ( HOC) : 

When this bit  is set , THRMTRI P#  is asserted on catast rophic 

t r ip to br ing the plat form  down. A system  reboot  is required to 

br ing the system  out  of a halt  from  the therm al sensor. Once 

the Catast rophic t r ip point  is reached, THRMTRI P#  will stay 

asserted even if the catast rophic t r ip deasserts before the 

plat form  is shut  down.

2: 2 R/ W/ L 0b Reserved 

1: 1 R/ W/ L 0b Reserved 

0: 0 R/ WO 0b Reserved
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6 .4 .7 TCOF1  –  TCO Fuses 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C96h

Default  Value: _0xxx__xxxx_h

Access: RS/ WC;  RO

Size: 8 bits

This register indicates the fuse set t ings for the TCO register. TCO has 7 bits, which are 
set  by fuses when t r imm ed.

Bit Access
Default  

Value
Descript ion

7: 7 RS/ WC 0b

I NUSE_ STS: 

Software sem aphore bit . After a full GMCH RESET, a read to this 

bit  returns a 0. After the first  read, subsequent  reads will return 

a 1. A write of a 1 to this bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then own 

the usage of the therm al sensor. 

Writ ing a 0 to this bit  has no effect .

6: 0 RO N/ A

TCO Fuses: 

This 7-bit  field gives the value of the t r im m ing fuses for TCO. 

The register always reports the set t ings of all 7 therm al fuses. 

Note: While this is a 7-bit  field, the 7th bit  is sign extended to 

9 bits for TCO operat ion. 

R e g i s t e r  F i e l d  V a l u e  B i n a r y  V a l u e  

0 0 h  t o  3 Fh  0  0 0 0 0  0 0 0 0  t o  0  0 0 1 1  1 1 1 1  

4 1 h  t o  7 f h  1  1 1 0 0  0 0 0 1  t o  1  1 1 1 1  1 1 1 1  
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6 .4 .8 TI S1  -  Therm al I nterrupt  Status 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C9A-C9Bh

Default  Value: 0000h

Access: R/ WC;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 10 RO 00h Reserved 

9: 9 R/ WC 0b

 W as Catast rophic Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  a Catast rophic Therm al Sensor t r ip based on 

a higher to lower tem perature t ransit ion through the t r ip point  

occurred in the past

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

8: 8 R/ WC 0b

 W as Hot  Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  a Hot  Therm al Sensor t r ip based on a higher 

to lower tem perature t ransit ion through the t r ip point  occurred 

in the past

0 =  No t r ip for this event  

Software m ust  write a 1 to clear this status bit .

7: 7 R/ WC 0b

 W as Aux0  Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  an Aux Therm al Sensor t r ip based on a higher 

to lower tem perature t ransit ion through the t r ip point  occurred 

in the past

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

6: 6 R/ WC 0b

 W as Aux1  Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  an Aux1 Therm al Sensor t r ip based on a 

higher to lower tem perature t ransit ion through the t r ip point  

occurred in the past

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

5: 5 R/ WC 0b Reserved 

4: 4 R/ WC 0b

 Catastrophic Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  a Catast rophic Therm al Sensor t r ip event  

occurred based on a lower to higher tem perature t ransit ion 

through the t r ip point .

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

3: 3 R/ WC 0b

 Hot  Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  a Hot  Therm al Sensor t r ip event  occurred 

based on a lower to higher tem perature t ransit ion through the 

t r ip point .

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .`
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6 .4 .9 TSTTP1 - 2  –  Therm al Sensor Tem perature Trip Point  1 - 2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : C9C-C9Fh

Default  Value: 00000000h

Access: R/ WO;  R/ W/ L;  RO

Size: 32 bits

This register sets the target  values for som e of the t r ip points in the Therm om eter 
mode. See also TSTTP1.

2: 2 R/ WC 0b

 Aux0  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  an Aux Therm al Sensor t r ip event  occurred 

based on a lower to higher tem perature t ransit ion through the 

t r ip point .  

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

1: 1 R/ WC 0b

 Aux1  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  an Aux1 Therm al Sensor t r ip event  occurred 

based on a lower to higher tem perature t ransit ion through the 

t r ip point .  

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

0: 0 R/ WC 0b Reserved 

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 31 R/ WO 0b

Lock Bit  for  Aux0 , Aux1  Trip Points: 

This bit , when writ ten to a 1, locks the Aux x t r ip point  set t ings.

This lock is reversible. The reversing procedure is:  following 

sequence m ust  be done in order without  any other configurat ion 

cycles in-between:

write test tp2 04C1C202

write test tp2x 04C1C202

write test tp2x 04C1C202

write test tp2 04C1C202

I t  is expected that  the Aux x t r ip point  set t ings can be changed 

dynam ically when this lock is not  set .

30: 16 RO 0000h Reserved 

15: 8 R/ W/ L 00h Reserved 

7: 0 R/ W/ L 00h

Aux1  Tr ip Point  Set t ing ( A1 TPS) : 

Sets the target  value for the Aux1 t r ip point .

Lockable by TSTTP2-1 [ 31] .
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6 .4 .1 0 I UB -  I n Use Bits

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CD0-CD3h

Default  Value: 00000000h

Access: RO;  RS/ WC;  

Size: 32 bits

Semaphore bits available for software.

Bit Access
Default  

Value
Descr ipt ion

31: 25 RO 00h

Reserved: 

Must  rem ain hardwired to all 0’s to avoid potent ial 

resource lockout .

24: 24 RS/ WC 0b

I n Use Bit  3  ( I U3 ) : 

Software sem aphore bit .  After a full GMCH RESET, a 

read to this bit  returns a 0. After the first  read, 

subsequent  reads will return a 1. A write of a 1 to this 

bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then 

own the usage of the resource with which software 

associates it .  

Writ ing a 0 to this bit  has no effect .

23: 17 RO 00h

Reserved: 

Must  rem ain hardwired to all 0’s to avoid potent ial 

resource lockout .

16: 16 RS/ WC 0b

I n Use Bit  2  ( I U2 ) : 

Software sem aphore bit .  After a full GMCH RESET, a 

read to this bit  returns a 0. After the first  read, 

subsequent  reads will return a 1. A write of a 1 to this 

bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then 

own the usage of the resource with which software 

associates it .  

Writ ing a 0 to this bit  has no effect .

15: 9 RO 00h

Reserved: 

Must  rem ain hardwired to all 0’s to avoid potent ial 

resource lockout .
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8: 8 RS/ WC 0b

I n Use Bit  1  ( I U1 ) : 

Software sem aphore bit .  After a full GMCH RESET, a 

read to this bit  returns a 0. After the first  read, 

subsequent  reads will return a 1. A write of a 1 to this 

bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then 

own the usage of the resource with which software 

associates it .  

Writ ing a 0 to this bit  has no effect .

7: 1 RO 00h

Reserved: 

Must  rem ain hardwired to all 0’s to avoid potent ial 

resource lockout .

0: 0 RS/ WC 0b

I n Use Bit  0  ( I U0 ) : 

Software sem aphore bit .  After a full GMCH RESET, a 

read to this bit  returns a 0. After the first  read, 

subsequent  reads will return a 1. A write of a 1 to this 

bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then 

own the usage of the resource with which software 

associates it .  

Writ ing a 0 to this bit  has no effect .

Bit Access
Default  

Value
Descript ion
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6 .4 .1 1 TSC0 - 1  -  Therm al Sensor Control 0 - 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CD8h

Default  Value: 00h

Access: R/ W/ L 

Size: 8 bits

This register cont rols the operat ion of the internal therm al sensor located in the 
memory hot  spot .

Bit Access
Default  

Value
Descript ion

7: 7 R/ W/ L 0b

Therm al Sensor Enable ( TSE) : This bit  enables power to the 

therm al sensor. Lockable via TCO bit  7. 

0 =  Disabled

1 =  Enabled 

6: 6 R/ W 0b Reserved 

5: 2 R/ W 0000b

Digita l Hysteresis Am ount  ( DHA) : 

This bit  determ ines whether no offset , 1 LSB, 2...  15 is used for 

hysteresis for the t r ip points. 

0001 = 1 TR value added to each trip temperature when tripped

0010 =  2 TR values added to each t r ip tem perature when 

t r ipped

...

0110 ~ 3.0° C (Recom mended set t ing)

...

1110=  14 TR value added to each t r ip temperature when t r ipped

1111 =  15 TR values added to each t r ip tem perature when 

t r ipped

Note: TR =  Tem perature Read

1: 1 R/ W/ L 0b Reserved 

0: 0 N/ A 0b

I n Use ( I U) : 

Software sem aphore bit .  After a full MCH RESET, a read to this 

bit  returns a 0. After the first  read, subsequent  reads will return 

a 1. A write of a 1 to this bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then own the 

usage of the thermal sensor. 

Writ ing a 0 to this bit  has no effect .
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6 .4 .1 2 TSS0  -  Therm al Sensor Status0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CDAh

Default  Value: 00h

Access: RO

Size: 8 bits

This read only register provides t r ip point  inform at ion and status of the therm al sensor.

Bit Access
Default  

Value
Descript ion

7: 7 RO 0b

Catast rophic Tr ip I ndicator ( CTI ) : 

A 1 indicates that  the internal therm al sensor tem perature is 

above the catast rophic set t ing.

6: 6 RO 0b

Hot  Tr ip I ndicator  ( HTI ) : 

A 1 indicates that  the internal therm al sensor tem perature is 

above the hot  set t ing.

5: 5 RO 0b

Aux0  Tr ip I ndicator  ( A0 TI ) : 

A 1 indicates that  the internal therm al sensor tem perature is 

above the Aux0 set t ing.

4: 4 RO 0b

Therm om eter Mode Output  Valid: 

1:  Therm om eter m ode is able to converge to a tem perature and 

that  the TR register is report ing a reasonable est im ate of the 

thermal sensor tem perature. 

0:  indicates the Thermom eter mode is off, or that  temperature is 

out  of range, or that  the TR register is being looked at  before a 

tem perature conversion has had t im e to com plete.

3: 3 RO 0b

Aux1  Tr ip I ndicator  ( A1 TI ) : 

1:  I nternal therm al sensor temperature is above the Aux1 

set t ing. 

2: 2 RO 0b Reserved 

1: 1 RO 0b Reserved 

0: 0 RO 0b Reserved 



Datasheet 177

Device 0  Mem ory Mapped I / O Register

6 .4 .1 3 TR0  -  Therm om eter Read 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CDBh

Default  Value: FFh

Access: RO

Size: 8 bits

This register generally provides the calibrated current  temperature from  the 
thermometer circuit  when the Thermometer mode is enabled. See the temperature 
tables for the tem perature calculat ions. 

6 .4 .1 4 TSTTP0 - 1  -  Therm al Sensor Tem perature Trip Point  
Register 0 - 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CDC-CDFh

Default  Value: 00000000h

Access: R/ W/ L;  RO

Size: 32 bits

This register:

• Sets the target  values for som e of the t r ip points in therm ometer mode. See also 
TST [ Direct  DAC Connect  Test  Enable] .

• Reports the relat ive thermal sensor temperature. See also TSTTP0-2

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO FFh

Therm om eter Reading ( TR) : 

Provides the current  counter value. The current  counter value 

corresponds to therm al sensor tem perature if 

TSS[ Therm om eter m ode Output  Valid]  =  1.

 This register has a st raight  binary encoding that  will range from  

0 to FFh. 

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h

Relat ive Tem perature ( RELT) : 

HTPS-TR. I n Therm om eter m ode, the RELT field of this register 

reports the relat ive tem perature of the therm al sensor. Provides 

a two's com plem ent  value of the therm al sensor relat ive to the 

Hot  t r ip point . Tem perature above the Hot  t r ip point  will be 

posit ive.

See also TSS[ Therm om eter m ode Output  Valid]

I n the Analog m ode, the RELT field reports HTPS value. 

23: 16 R/ W/ L 00h

Aux0  Tr ip Point  Set t ing ( A0 TPS) : 

Sets the target  for the Aux0 t r ip point

Lockable by TSTTP2-0 [ 31] .
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6 .4 .1 5 TCO0  -  Therm al Calibrat ion Offset0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CE2h

Default  Value: 00h

Access: R/ WO;  R/ W/ L 

Size: 8 bits

15: 8 R/ W/ L 00h

Hot  Tr ip Point  Set t ing ( HTPS) : 

Sets the target  value for the Hot  t r ip point . 

Lockable via TCO bit  7.

7: 0 R/ W/ L 00h

Catast rophic Tr ip Point  Set t ing ( CTPS) : 

Sets the target  for the Catast rophic t r ip point . See also TST 

[ Direct  DAC Connect  Test  Enable] .

Lockable via TCO bit  7.

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descr ipt ion

7: 7 R/ WO 0b

Lock bit  for  Catast rophic ( LBC) : 

This bit ,  when writ ten to a 1, locks the Catast rophic 

programm ing interface, including bits 7: 0 of this register and 

bits 7: 0 of TSTTP1-0 [ 15-0] , bits 1,7 of TSC 1 and 0 to 3 of TSC 

2, and bits 0,7 of TST. This bit  m ay only be set  to a 0 by a 

hardware reset . Writ ing a 0 to this bit  has no effect .

6: 0 R/ W/ L 00h

Calibrat ion Offset  ( CO) : 

This field contains the current  calibrat ion offset  for the Therm al 

Sensor DAC inputs. The calibrat ion offset  is a twos com plem ent  

signed num ber which is added to the tem perature counter value 

to help generate the final value going to the thermal sensor 

DAC.

This field is Read/ Write and can be m odified by Software unless 

locked by set t ing bit  7 of this register. 

The fuses cannot  be programm ed via this register.

Once this register has been overwrit ten by software, the values 

of the TCO fuses can be read using the Therm 3 register.

Note:

For TCO operat ion, if TST [ Direct  DAC Test  Enable]  =  1, the 

values in this field are sent  direct ly to Bank B. 

While this is a seven-bit  field, the 7th bit  is sign extended to 9 

bits for TCO operat ion. 

R e g is t e r  F ie ld  V a lu e  S ig n e d  V a lu e  

0 0 h  t o  3 Fh  0 0 h  t o  3 Fh  

4 1 h  t o  7 f h  - 3 Fh  t o  - 1 h  
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6 .4 .1 6 THERM0 - 1  -  Hardw are Throt t le Control 0 - 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CE4h

Default  Value: 00h

Access: R/ W/ L;  ROR/ WO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 7 R/ W/ L 0b

I nternal Therm al Hardw are Throt t ling Enable Bit  ( I THTE) : 

This bit  is a m aster enable for internal therm al sensor-based 

hardware throt t ling

0 Hardware act ions via the internal thermal sensor are disabled.

1 Hardware act ions via the internal therm al sensor are enabled.

6: 5 RO 00b Reserved 

4: 4 R/ W/ L 0b

 Throt t ling Zone Select ion ( TZS) : 

This bit  determ ines what  tem perature zones will enable 

autom at ic throt t ling. This register applies to internal therm al 

sensor throt t ling. Lockable by bit0 of this register.

See also the throt t ling registers in PCI  configurat ion space 

Device 0 which is used to enable or disable throt t ling

0 =  Reserved

1 =  Hot  and Catast rophic.

3: 3 R/ W/ L 0b

Halt  on Catast rophic ( HOC) : 

When this bit  is set , THRMTRI P#  is asserted on catast rophic t r ip 

to br ing the plat form  down. A system  reboot  is required to br ing 

the system  out  of a halt  from  the therm al sensor. Once the 

Catast rophic t r ip point  is reached, THRMTRI P#  will stay asserted 

even if the catast rophic t r ip deasserts before the plat form  is shut  

down.

2: 2 R/ W/ L 0b Reserved 

1: 1 R/ W/ L 0b Reserved 

0: 0 R/ WO 0b Reserved 
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6 .4 .1 7 TCOF0  –  TCO Fuses 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CE6h

Default  Value: _0xxx__xxxx_h

Access: RS/ WC;  RO

Size: 8 bits

This register indicates the fuse set t ings for the TCO register. TCO has 7 bits, which are 
set  by fuses when t r imm ed.

Bit Access
Default  

Value
Descript ion

7: 7 RS/ WC 0b

I NUSE_ STS: 

Software sem aphore bit .  After a full GMCH RESET, a read to this 

bit  returns a 0. After the first  read, subsequent  reads will return 

a 1. A write of a 1 to this bit  will reset  the next  read value to 0. 

Software can poll this bit  unt il it  reads a 0, and will then own the 

usage of the therm al sensor. 

Writ ing a 0 to this bit  has no effect .

6: 0 RO N/ A

TCO Fuses: 

This 7 bit  field gives the value of the t r imm ing fuses for TCO. The 

register always reports the set t ings of all 7 therm al fuses. 

Note: While this is a 7-bit  field, the 7th bit  is sign extended to 9 

bits for TCO operat ion. 

R e g is t e r  F ie ld  V a lu e  B in a r y  V a lu e  

0 0 h  t o  3 Fh  0  0 0 0 0  0 0 0 0  t o  0  0 0 1 1  1 1 1 1

4 1 h  t o  7 f h  1  1 1 0 0  0 0 0 1  t o  1  1 1 1 1  1 1 1 1
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6 .4 .1 8 TI S 0 -  Therm al I nterrupt  Status 0

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CEA-CEBh

Default  Value: 0000h

Access: R/ WC;  RO

Size: 16 bits

This register is used to report  which specific error condit ion resulted in the D2F0 or 
D2F1 ERRSTS[ Therm al Sensor event  for SMI / SCI / SERR]  or m em ory m apped I I R 
Thermal Event . SOFTWARE can exam ine the current  state of the therm al zones by 
examining the TSS. Software can dist inguish internal or external Tr ip Event  by 
examining TSS.

 (Sheet 1 of 2)

Bit Access
Default  

Value
Descr ipt ion

15: 10 RO 00h Reserved 

9: 9 R/ WC 0b

 W as Catast rophic Therm al Sensor I nterrupt  Event : 

1 =  I ndicates that  a Catast rophic Therm al Sensor t r ip based 

on a higher to lower tem perature t ransit ion through the t r ip 

point  occurred in the past

0 =  No t r ip for this event , software must  write a 1 to clear this 

status bit .

8: 8 R/ WC 0b

 W as Hot  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  a Hot  Therm al Sensor t r ip based on a 

higher to lower tem perature t ransit ion through the t r ip point  

occurred in the past

0 =  No t r ip for this event  

Software m ust  write a 1 to clear this status bit .

7: 7 R/ WC 0b

 W as Aux0  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  an Aux Therm al Sensor t r ip based on a 

higher to lower tem perature t ransit ion through the t r ip point  

occurred in the past

0 =  No t r ip for this event , software must  write a 1 to clear this 

status bit .

6: 6 R/ WC 0b

 W as Aux1  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  an Aux1 Therm al Sensor t r ip based on a 

higher to lower tem perature t ransit ion through the t r ip point  

occurred in the past

0 =  No t r ip for this event , software must  write a 1 to clear this 

status bit .

5: 5 R/ WC 0b Reserved 

4: 4 R/ WC 0b

 Catast rophic Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  a Catast rophic Therm al Sensor t r ip event  

occurred based on a lower to higher tem perature t ransit ion 

through the t r ip point .

0 =  No t r ip for this event , software must  write a 1 to clear this 

status bit .
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6 .4 .1 9 TSTTP0 - 2  -  Therm al Sensor Tem perature Trip Point  
Register  0 - 2

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CEC-CEFh

Default  Value: 00000000h

Access: R/ WO;  R/ W/ L;  RO

Size: 32 bits

This register sets the target  values for som e of the t r ip points in the Therm om eter 
mode. See also TSTTP1.

3: 3 R/ WC 0b

Hot  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  a Hot  Therm al Sensor t r ip event  occurred 

based on a lower to higher tem perature t ransit ion through the 

t r ip point .

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

2: 2 R/ WC 0b

Aux0  Therm al Sensor I nterrupt  Event :

 1 =  I ndicates that  an Aux Thermal Sensor t r ip event  occurred 

based on a lower to higher tem perature t ransit ion through the 

t r ip point .  

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

1: 1 R/ WC 0b

Aux1  Therm al Sensor I nterrupt  Event :

1 =  I ndicates that  an Aux1 Therm al Sensor t r ip event  

occurred based on a lower to higher tem perature t ransit ion 

through the t r ip point . 

0 =  No t r ip for this event , software m ust  write a 1 to clear this 

status bit .

0: 0 R/ WC 0b Reserved 

 (Sheet 2 of 2)

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 31 R/ WO 0b

Lock Bit  for  Aux0 , Aux1  Tr ip Points: 

This bit ,  when writ ten to a 1, locks the Aux x t r ip point  

set t ings.

This lock is reversible. The reversing procedure is:  following 

sequence m ust  be done in order without  any other 

configurat ion cycles in-between

write 04C1C202 to TSTTP0-2

write 04C1C202 to TSTTP1-2

write 04C1C202 to TSTTP1-2

write 04C1C202 to TSTTP1-2

I t  is expected that  the Aux x t r ip point  set t ings can be 

changed dynam ically when this lock is not  set .

30: 16 RO 0000h Reserved 
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6 .4 .2 0 TERRCMD -  Therm al Error Com m and

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CF0h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register select  which errors are generate a SERR DMI  interface special cycle, as 
enabled by ERRCMD [ SERR Thermal Sensor event ] .The SERR and SCI  must  not  be 
enabled at  the sam e t im e for the therm al sensor event .

15: 8 R/ W/ L 00h Reserved 

7: 0 R/ W/ L 00h

Aux1  Tr ip Point  Set t ing ( A1 TPS) : 

Sets the target  value for the Aux1 t r ip point .

Lockable by TSTTP2-0[ 31] .

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

7: 5 RO 0h Reserved 

4: 4 R/ W 0b Reserved 

3: 3 R/ W 0b

SERR on Aux1  Therm al SensorEvent : 

1 =  Enable 

0 =  Disable

2: 2 R/ W 0b

SERR on Catast rophic Therm al Sensor Event : 

1 = Enable 

0 =  Disable 

1: 1 R/ W 0b

SERR on Hot  Therm al Sensor Event :

1 =  Enable

0 =  Disable

0: 0 R/ W 0b

SERR on Aux0  Therm al Sensor Event : 

1 =  Enable 

0 =  Disable
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6 .4 .2 1 TSMI CMD -  Therm al SMI  Com m and

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CF1h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register selects specific errors to generate a SMI  DMI  cycle, as enabled by the SMI  
Error Com mand register[ SMI  on Thermal Sensor Trip] .

Bit Access
Default  

Value
Descript ion

7: 5 RO 0h Reserved 

4: 4 R/ W 0b Reserved 

3: 3 R/ W 0b

SMI  on Aux1  Therm al Sensor Trip: 

1 =  Enable 

0 =  Disable

2: 2 R/ W 0b

SMI  on Catastrophic Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable

1: 1 R/ W 0b

SMI  on Hot  Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable

0: 0 R/ W 0b

SMI  on Aux0  Therm al Sensor Trip: 

1 =  Enable 

0 =  Disable
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Device 0  Mem ory Mapped I / O Register

6 .4 .2 2 TSCI CMD -  Therm al SCI  Com m and

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CF2h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register selects specific errors to generate a SCI  DMI  cycle, as enabled by the SCI  
Error Com m and register [ SCI  on Therm al Sensor Trip] .The SCI  and SERR m ust  not  be 
enabled at  the sam e t im e for the therm al sensor event .

Bit Access
Default  

Value
Descript ion

7: 5 RO 0h Reserved 

4: 4 R/ W 0b Reserved 

3: 3 R/ W 0b

SCI  on Aux1  Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable

2: 2 R/ W 0b

SCI  on Catast rophic Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable

1: 1 R/ W 0b

SCI  on Hot  Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable

0: 0 R/ W 0b

SCI  on Aux0  Therm al Sensor Tr ip: 

1 =  Enable 

0 =  Disable
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6 .4 .2 3 TI NTRCMD -  Therm al I NTR Com m and

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CF3h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register selects specific errors to generate an I NT DMI  cycle.

6 .4 .2 4 EXTTSCS -  External Therm al Sensor Control and Status

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : CFFh

Default  Value: 00h

Access: R/ WO;  R/ W/ L;  RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 5 RO 0h Reserved 

4: 4 R/ W 0b Reserved 

3: 3 R/ W 0b
I NTR on Aux1  Therm al Sensor Tr ip: 

1 =  An I NTR DMI  cycle is generated by GMCH 

2: 2 R/ W 0b
I NTR on Catast rophic Therm al Sensor Tr ip: 

1 =  An I NTR DMI  cycle is generated by GMCH 

1: 1 R/ W 0b
I NTR on Hot  Therm al Sensor Tr ip: 

1 =  An I NTR DMI  cycle is generated by GMCH 

0: 0 R/ W 0b
I NTR on Aux0  Therm al Sensor Tr ip: 

1 =  An I NTR DMI  cycle is generated by GMCH 

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

7: 7 R/ WO 0b

External Sensor Enable: 

Set t ing this bit  to 1 locks the lockable bits in this register. This 

bit  m ay only be set  to a 0 by a hardware reset . Once locked, 

writ ing a 0 to bit  has no effect .

I f both internal sensor throt t ling and external write sensor 

throt t ling are enabled, either can init iate throt t ling.

0 =  External Sensor input  is disabled. 

1 =  External Sensor input  is enabled.
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6: 6 R/ W/ L 0b

Throt t ling Type Select  ( TTS) : 

Lockable by EXTTSCS [ External Sensor Enable] .

I f External Therm al Sensor Enable =  1, then 

0 =  DRAM throt t ling based on the set t ings in the Device 0 

MCHBAR Dram Throt t ling Cont rol register 

1 =  GMCH throt t ling, based on the set t ings in the Device 0 

MCHBAR 

5: 5 R/ W/ L 0b

EXTTS1  Act ion Select  ( AS1 ) : 

Lockable by EXTTSCS [ External Sensor Enable] .I f External 

Therm al Sensor Enable =  1, then

0 =  The external sensor t r ip funct ions sam e as a Thermom eter 

m ode hot  t r ip 

1 =  The external sensor t r ip funct ions as an Therm om eter 

m ode aux0 t r ip

Note: This bit  is N/ A when Fast  C4/ C4E exit  is enabled.

4: 4 R/ W/ L 0b

EXTTS0  Act ion Select  ( AS0 ) : 

Lockable by EXTTSCS [ External Sensor Enable] .

I f External Therm al Sensor Enable =  1, then

0 =  The external sensor t r ip funct ions sam e as a Thermom eter 

m ode catast rophic t r ip 

1 =  The external sensor t r ip funct ions sam e as a Thermom eter 

m ode hot  t r ip

The above funct ionality will not  be supported when Aux0 t r ip 

on EXTTS0#  is enabled.

3: 3 RO 0b

EXTTS0  Trip I ndicator  ( S0 TI ) : 

A 1 indicates that  an externally monitored temperature is 

exceeding the program m ed set t ing of an external therm al 

sensor. 

2: 2 RO 0b

EXTTS1  Trip I ndicator  ( S1 TI ) : 

A 1 indicates that  an externally monitored temperature is 

exceeding the program m ed set t ing of an external therm al 

sensor. 

Note: This bit  is N/ A when Fast  C4/ C4e exit  is enabled.

1: 1 RO 0b Reserved

0: 0 R/ W 0b

External Therm al Sensor Signals Rout ing Control 0 : 

Route all external sensor signals to affect  internal therm al 

sensor x registers, as appropriate.

1:  Route all external sensor signals to affect  thermal sensor 

not  x registers, as appropriate

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion
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6 .4 .2 5 DFT_ STRAP1  –  DFT Register

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : E08-E0Bh

Default  Value:

_0xxx__xx0x__xxxx__xxxx__xxxx__xxxx__xxxx__xxxx_h

Access: RO

Size: 32 bits

6 .5 Device 0  MCHBAR ACPI  Pow er Managem ent  
Controls

Table 7 . Device 0  MCHBAR ACPI  Pow er Managem ent  Control Registers

Register Nam e
Register 

Sym bol

Register  

Start

Register  

End

Default  

Value
Access

C2 to C3 Transit ion Tim er C2C3TT F00 F03 00000000h R/ W;  RO

C3 to C4 Transit ion Tim er C3C4TT F04 F07 00000000h R/ W;  RO

Mem ory I nterface Power 

Managem ent  Cont rol 4
MI PMC4 F08 F09 0000h R/ W;  RO

Mem ory I nterface Power 

Managem ent  Cont rol 5
MI PMC5 F0A F0B 0000h R/ W;  RO

Mem ory I nterface Power 

Managem ent  Cont rol 6
MI PMC6 F0C F0D 0000h R/ W;  RO

Mem ory I nterface Power 

Managem ent  Cont rol 7
MI PMC7 F0E F0E 00h R/ W

Reserved F0F F0F

Power Managem ent  Configurat ion PMCFG F10 F13 00040000h R/ W;  RO

Self-Refresh Channel Status SLFRCS F14 F17 00000000h R/ WC;  RO

Reserved F18 fAF

Graphics I nterface Power 

Managem ent  Cont rol 1
GI PMC1 FB0 FB3 00000000h R/ W;  RO

Reserved FB4 FB7

Front  Side Bus Power Managem ent  

Cont rol 1
FSBPMC1 FB8 FBB 00000000h R/ W;  RO

Reserved FBC FBF

Unit  Power Managem ent  Cont rol 

Register 3
UPMC3 FC0 FC3 00000000h R/ W;  RO

Reserved FC4 FFB

ECO Bits ECO FFC FFF 00000000h R/ W;  RO
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6 .5 .1 Pow er Managem ent  Mode Support  Opt ions

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets have 
added the capability to support  C state power m anagem ent  m odes. This allows the 
opt ion to support  CPU PM from  either the GMCH or I CH7M. Both cannot  be 
implemented at  the same t ime. Below summarizes the difference between support ing 
CPU states from GMCH. 

6 .5 .1 .1 GMCH CPU PM State Support  ( Enhanced)

• HCPUSLP#  cont rolled by GMCH

• HCPUSLP#  asserted in C2, C3 and C4

• PM_BM_BUSY#  is not  used

6 .5 .2 C2 C3 TT -  C2  to C3  Transit ion Tim er

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F00-F03h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 19 RO 0000h Reserved

18: 7 R/ W 000h

C2  to C3  Transit ion Tim er ( C2 C3 TT) : 

Dual purpose t im er in 128-core clock granular ity

Num ber of core clocks to wait  between last  snoop from  PEG or 

DMI  to a request  for C3 being issued.

000 =  128 host  clocks

FFF =  524288 host  clocks

MSI ’s, for the purpose of this register, are handled as snoops

6: 0 RO 00h Reserved
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6 .5 .3 C3 C4 TT -  C3  to C4  Transit ion Tim er

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F04-F07h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .5 .4 MI PMC4  -  Mem ory I nterface Pow er Managem ent  Control 4

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F08-F09h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

6 .5 .5 MI PMC5  -  Mem ory I nterface Pow er Managem ent  Control 5

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F0A-F0Bh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

6 .5 .6 MI PMC6  -  Mem ory I nterface Pow er Managem ent  Control 6

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F0C-F0Dh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

31: 19 RO 0000h Reserved

18: 7 R/ W 000h

C3  to C4  Transit ion Tim e: 

128-core clock granular ity

Num ber of core clocks to wait  between last  snoop from  PEG or 

DMI  to a request  for C4 being issued.

000 =  128 host  clocks

FFF =  524288 host  clocks

MSI ’s, for the purpose of this register, are handled as snoops

6: 0 RO 00h Reserved
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6 .5 .7 MI PMC7  -  Mem ory I nterface Pow er Managem ent  Control 7

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F0Eh

Default  Value: 00h

Access: R/ W

Size: 8 bits

6 .5 .8 PMCFG -  Pow er Managem ent  Configurat ion

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F10-F13h

Default  Value: 00040000h

BI OS Opt imal Default 0h

Access: R/ W;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31 R/ W 0b Reserved

30 RO 0b Reserved

29: 5 RO;  R/ W 0b Reserved

4 R/ W 0b

Enhanced Pow er Managem ent  Features Enable: 

0 =  Reserved

1 =  Enable

GMCH will use the snoop t im ers for determ ining the proper t im e 

for allowing a power m anagem ent  m ode t ransit ion that  was 

requested by ACPI  software

PM_BM_BUSY#  is never asserted

The allowed behavior in this m ode m ay be rest r icted by the 

Enhanced Power Managem ent  Mode and the Enhanced Power 

Managem ent  Snoop-detect  Behavior fields

3 RO 0b Reserved

2 R/ W 0b Reserved

1: 0 R/ W 00b

Enhanced Pow er Managem ent  Mode: 

This field is ignored if the Enhanced Power Managem ent  

Features Enable bit  is clear

0 0  =  All enhanced power m anagem ent  funct ions allowed 

0 1  =  Disable the C2 to C3 snoop t im er based t ransit ion. Never 

go past  C2. 

1 0  =  Disable the C3 to C4 snoop t im er based t ransit ion. Never 

go past  C3.

1 1  =  Reserved

Recom m ended Set t ing =  00

Field is ignored if the Enhanced Power Managem ent  Features 

Enable =  0
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6 .5 .9 SLFRCS -  Self- Refresh Channel Status

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : F14-F17h

Default  Value: 00000000h

Access: R/ WC;  RO

Size: 32 bits

This register is reset  by PWROK only. 

6 .5 .1 0 GI PMC1  -  Graphics I nterface Pow er Managem ent  Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : FB0-FB3h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .5 .1 1 FSBPMC1  -  Front  Side Bus Pow er Managem ent  Control 1

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : FB8-FBBh

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 2 RO 00000000h Reserved

1 R/ WC 0b

Channel 1  in Self- refresh: 

Set  by power m anagem ent  hardware after Channel 1 is 

placed in self refresh as a result  of a Power State or a Reset  

Warn sequence,

Cleared by Power m anagem ent  hardware before start ing 

Channel 1 self refresh exit  sequence init iated by a power 

managem ent  exit .

Cleared by the BI OS by writ ing a 1 in a warm  reset  (Reset#  

asserted while PWROK is asserted)  exit  sequence.

0 =  Channel 1 not  guaranteed to be in self- refresh.

1 =  Channel 1 in self- refresh.

0 R/ WC 0b

Channel 0  in Self- refresh: 

Set  by power m anagem ent  hardware after Channel 0 is 

placed in self refresh as a result  of a Power State or a Reset  

Warn sequence,

Cleared by Power m anagem ent  hardware before start ing 

Channel 0 self refresh exit  sequence init iated by a power 

managem ent  exit .

Cleared by the BI OS by writ ing a 1 in a warm  reset  (Reset#  

asserted while PWROK is asserted)  exit  sequence.

0 =  Channel 0 not  guaranteed to be in self- refresh.

1 =  Channel 0 in self- refresh.
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6 .5 .1 2 UPMC3  Unit  Pow er Managem ent  Control 3

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : FC0-FC3h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .5 .1 3 ECO -  ECO Bits

B/ D/ F/ Type: 0/ 0/ 0/ MCHBAR

Address Offset : FFC-FFFh

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6 .6 DMI  RCRB

This sect ion describes the m apped registers for the DMI . The DMI BAR register, 
described in Sect ion 5.1.15, provides the base address for these registers.

This Root  Com plex Register Block (RCRB)  cont rols the GMCH-I CH7-M serial 
interconnect . An RCRB is required for configurat ion and cont rol of elem ents that  are 
located internal to a root  complex that  are not  direct ly associated with a PCI  Express 
device. The base address of this space is programmed in DMI BAR in Device 0 
configurat ion space.

Note: All RCRB register spaces needs to remain organized as they are here. The VC 
capabilit ies (or at  least  the first  PCI  Express Extended Capability)  must  begin at  the 0h 
offset  of the 4-K area pointed to by the associated BAR. This is a PCI  Local Bus 
Specificat ion requirement .

Bit Access
Default  

Value
Descript ion

32: 19 R/ W;  RO 0000000000b Reserved

18 R/ W 0b

Aux0  Tr ip Rem apping:

1:  Aux0 t r ip for DRAM refresh rate will com e from  EXTTS0

0:  Aux0 t r ip for DRAM refresh rate will com e from  EXTTS1

Note: This register should only be set  to 1 if Fast  C4/ C4e 

exit  has been enabled.

17 R/ W;  RO 0b Reserved

16 R/ W  0h

Fast  C4 / C4 E Exit  Enable: 

1 =  Enable Fast  C4/ C4E Exit .  (This bit  should be used only 

if the required im plem entat ion exists in hardware;  see 

Sect ion 10.6.7)

0 =  Norm al Operat ion (EXTTS1#  will be used for therm al 

throt t ling)

15: 0 RO 0000h Reserved
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Table 8 . DMI  RCB

Register Nam e
Register  

Sym bol

Register 

Start

Register  

End

Default  

Value
Access

DMI  Virtual Channel Enhanced 

Capability
DMI VCECH 0 3 04010002h RO

DMI  Port  VC Capability Register 1 DMI PVCCAP1 4 7 00000001h
RO;  R/

WO

DMI  Port  VC Capability Register 2 DMI PVCCAP2 8 B 00000001h RO

DMI  Port  VC Cont rol DMI PVCCTL C D 0000h R/ W;  RO

Reserved E F

DMI  VC0 Resource Capability DMI VC0RCAP 10 13 00000001h RO

DMI  VC0 Resource Cont rol DMI VC0RCTL0 14 17 800000FFh R/ W;  RO

Reserved 18 19

DMI  VC0 Resource Status DMI VC0RSTS 1A 1B 0002h RO

DMI  VC1 Resource Capability DMI VC1RCAP 1C 1F 00008001h RO

DMI  VC1 Resource Cont rol DMI VC1RCTL1 20 23 01000000h R/ W;  RO

Reserved 24 25

DMI  VC1 Resource Status DMI VC1RSTS 26 27 0002h RO

Reserved 28 57

DMI  Link Ent ry 1 Address DMI LE1A 58 5F
00000000000

00000h

R/ WO;  

RO

DMI  Link Ent ry 2 Descr ipt ion DMI LE2D 60 63 00000000h
R/ WO;  

RO

Reserved 64 67

DMI  Link Ent ry 2 Address DMI LE2A 68 6F
00000000000

00000h

R/ WO;  

RO

Reserved 70 83

DMI  Link Capabilit ies DMI LCAP 84 87 00012C41h
R/ WO;  

RO

DMI  Link Cont rol DMI LCTL 88 89 0000h R/ W;  RO

DMI  Link Status DMI LSTS 8A 8B 0001h RO

Reserved 8C EF

DMI  Cont rol 1 DMI CTL1 F0 F3 00010000h
R/ W;  RO;  

R/ W/ SC;

Reserved F4 FB

DMI  Cont rol 2 DMI CTL2 FC FF 00000000h R/ W;

Reserved 100 EB3

DMI  DRC configurat ion DMI DRCCFG EB4 EB7 81010000h R/ W;  RO;
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6 .6 .1 DMI VCECH -  DMI  Virtual Channel Enhanced Capability

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 0-3h

Default  Value: 04010002h

Access: RO

Size: 32 bits

This register indicates DMI  Virtual Channel capabilit ies.

Bit Access
Default  

Value
Descr ipt ion

31: 20 RO 040h

Pointer  to Next  Capability ( PNC) : 

This field contains the offset  to the next  PCI  Express*  capability 

st ructure in the linked list  of capabilit ies (Link Declarat ion 

Capability) .

19: 16 RO 1h

PCI  Express Virtual Channel Capability Version 

( PCI EVCCV) : 

Hardwired to 1 to indicate compliance with the current  PCI  

Local Bus Specificat ion. 

15: 0 RO 0002h

Extended Capability I D ( ECI D) : 

Value of 0002 h ident ifies this linked list  item  (capability 

st ructure)  as being for PCI  Express Vir tual Channel registers.
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6 .6 .2 DMI PVCCAP1  -  DMI  Port  VC Capability Register  1

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 4-7h

Default  Value: 00000001h

Access: R/ WO;  RO

Size: 32 bits

This register describes the configurat ion of PCI  Express Virtual Channels associated 
with this port .

6 .6 .3 DMI PVCCAP2  -  DMI  Port  VC Capability Register  2

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 8-Bh

Default  Value: 00000001h

Access: RO

Size: 32 bits

This register describes the configurat ion of PCI  Express Virtual Channels associated 
with this port .

Bit Access
Default  

Value
Descr ipt ion

31: 7 RO
0000000

h
Reserved

6: 4 RO 000b

Low  Prior ity Extended VC Count  ( LPEVCC) : 

I ndicates the num ber of (extended)  Virtual Channels in addit ion 

to the default  VC belonging to the low-prior ity VC (LPVC)  group 

that  has the lowest  pr ior ity with respect  to other VC resources 

in a st r ict-pr ior ity VC Arbit rat ion.

The value of 0 in this field im plies st r ict  VC arbit rat ion.

3: 3 RO 0b Reserved

2: 0 R/ WO 001b

Extended VC Count  ( EVCC) : 

I ndicates the num ber of (extended)  Virtual Channels in addit ion 

to the default  VC supported by the device.

The Private Virtual Channel is not  included in this count .

Bit Access
Default  

Value
Descr ipt ion

31: 24 RO 00h Reserved

23: 8 RO 0000h Reserved

7: 0 RO 01h

VC Arbit rat ion Capability ( VCAC) : 

I ndicates that  the only possible VC arbit rat ion scheme is 

hardware fixed ( in the root  com plex) . VC1 is the highest  

pr ior ity and VC0 is the lowest  pr ior ity.
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6 .6 .4 DMI PVCCTL -  DMI  Port  VC Control

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : C-Dh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

6 .6 .5 DMI VC0 RCAP -  DMI  VC0  Resource Capability

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 10-13h

Default  Value: 00000001h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descr ipt ion

15: 4 RO 000h Reserved

3: 1 R/ W 000b

VC Arbit rat ion Select  ( VCAS) : 

This field will be program m ed by software to the only possible 

value as indicated in the VC Arbit rat ion Capabilit y field.

The value 000b when writ ten to this field will indicate the VC 

arbit rat ion schem e is hardware fixed ( in the root  com plex) . 

This field cannot  be m odified when m ore than one VC in the 

LPVC group is enabled.

000:  Hardware fixed arbit rat ion scheme -  e.g., Round Robin 

Others:  Reserved

See the current  PCI  Local Bus Specificat ion for m ore details.

0 RO 0b Reserved

Bit Access
Default  

Value
Descr ipt ion

31: 24 RO 00h Reserved

23 RO 0b Reserved

22: 16 RO 00h Reserved

15 RO 0b

Reject  Snoop Transact ions ( REJSNPT) : 

0: Transact ions with or without  the No Snoop bit  set  within 

the TLP header are allowed on this VC.

1: Any t ransact ion without  the No Snoop bit  set  within the 

TLP header will be rejected as an Unsupported Request .

14: 8 RO 00h Reserved

7: 0 RO 01h

Port  Arbit rat ion Capability ( PAC) : 

Having only bit  0 set  indicates that  the only supported 

arbit rat ion schem e for this VC is non-configurable hardware-

fixed.
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6 .6 .6 DMI VC0 RCTL0  -  DMI  VC0  Resource Control

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 14-17h

Default  Value: 800000FFh

Access: R/ W;  RO

Size: 32 bits

This register cont rols the resources associated with PCI  Express Virtual Channel 0.

Bit Access
Default  

Value
Descr ipt ion

31: 31 RO 1b

Virtual Channel 0  Enable ( VC0 E) : 

For VC0 this is hardwired to 1 and read only as VC0 can never 

be disabled.

30: 27 RO 0h Reserved

26: 24 RO 000b

Virtual Channel 0  I D ( VC0 I D) : 

Assigns a VC I D to the VC resource. For VC0 this is hardwired 

to 0 and read only.

23: 20 RO 0h Reserved

19: 17 R/ W 000b

Port  Arbit rat ion Select  ( PAS) : 

Configures the VC resource to provide a part icular Port  

Arbit rat ion service. Valid value for this field is a num ber 

corresponding to one of the asserted bits in the Port  Arbit rat ion 

Capabilit y field of the VC resource. Because only bit  0 of that  

field is asserted.

This field will always be program m ed to 1.

16: 8 RO 000h Reserved

7: 1 R/ W 7Fh

Traffic Class /  Virtual Channel 0  Map ( TCVC0 M) : 

I ndicates the TCs (Traffic Classes)  that  are m apped to the VC 

resource. Bit  locat ions within this field correspond to TC values.

For exam ple, when bit  7 is set  in this field, TC7 is m apped to 

this VC resource. When m ore than one bit  in this field is set , it  

indicates that  mult iple TCs are m apped to the VC resource. I n 

order to rem ove one or m ore TCs from  the TC/ VC Map of an 

enabled VC, software m ust  ensure that  no new or outstanding 

t ransact ions with the TC labels are targeted at  the given link.

0 RO 1b
Traffic Class 0  /  Vir tual Channel 0  Map ( TC0 VC0 M) : 

Traffic Class 0 is always routed to VC0.
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6 .6 .7 DMI VC0 RSTS -  DMI  VC0  Resource Status

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 1A-1Bh

Default  Value: 0002h

Access: RO

Size: 16 bits

This register reports the Virtual Channel specific status.

Bit Access
Default  

Value
Descript ion

15: 2 RO 0000h Reserved

1: 1 RO 1b

Virtual Channel 0  Negot iat ion Pending ( VC0 NP) : 

0: The VC negot iat ion is com plete.

1: The VC resource is st ill in the process of negot iat ion 

( init ializat ion or disabling) .

This bit  indicates the status of the process of Flow Cont rol 

init ializat ion. I t  is set  by default  on Reset , as well as whenever 

the corresponding Vir tual Channel is Disabled or the link is in 

the DL_Down state.

I t  is cleared when the link successfully exits the FC_I NI T2 

state.

BI OS Requirement :  Before using a Vir tual Channel, software 

m ust  check whether the VC Negot iat ion Pending fields for that  

Vir tual Channel are cleared in both Com ponents on a link.

0: 0 RO 0b Reserved
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6 .6 .8 DMI VC1 RCAP -  DMI  VC1  Resource Capability

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 1C-1Fh

Default  Value: 00008001h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h Reserved

23: 23 RO 0b Reserved

22: 16 RO 00h Reserved

15: 15 RO 1b

Reject  Snoop Transact ions ( REJSNPT) : 

0: Transact ions with or without  the No Snoop bit  set  within 

the TLP header are allowed on this VC.

1: Any t ransact ion without  the No Snoop bit  set  within the 

TLP header will be rejected as an Unsupported Request .

14: 8 RO 00h Reserved

7: 0 RO 01h

Port  Arbit rat ion Capability ( PAC) : 

Having only bit  0 set  indicates that  the only supported 

arbit rat ion schem e for this VC is non-configurable hardware-

fixed.
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6 .6 .9 DMI VC1 RCTL1  -  DMI  VC1  Resource Control

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 20-23h

Default  Value: 01000000h

Access: R/ W;  RO

Size: 32 bits

This register cont rols the resources associated with PCI  Express Virtual Channel 1.

Bit Access
Default  

Value
Descript ion

31 R/ W 0b

Virtual Channel 1  Enable ( VC1 E) : 

0: Virtual Channel is disabled.

1: Vir tual Channel is enabled. See except ions below.

Software m ust  use the VC Negot iat ion Pending bit  to check 

whether the VC negot iat ion is complete. When VC Negot iat ion 

Pending bit  is cleared, a 1 read from  this VC Enable bit  

indicates that  the VC is enabled (Flow Cont rol I nit ializat ion is 

com pleted for the PCI  Express*  port ) . A 0 read from  this bit  

indicates that  the Vir tual Channel is current ly disabled.

BI OS Requirement :

  1.  To enable a Vir tual Channel, the VC Enable bits for that  

Vir tual Channel m ust  be set  in both Com ponents on a link.

  2.  To disable a Vir tual Channel, the VC Enable bits for that  

Vir tual Channel m ust  be cleared in both Com ponents on a link.

  3.  Software m ust  ensure that  no t raffic is using a Vir tual 

Channel at  the t im e it  is disabled.

  4.  Software m ust  fully disable a Vir tual Channel in both 

Com ponents on a link before re-enabling the Virtual Channel.

30: 27 RO 0h Reserved

26: 24 R/ W 001b

Virtual Channel 1  I D ( VC1 I D) : 

Assigns a VC I D to the VC resource. Assigned value m ust  be 

non-zero. This field can not  be m odified when the VC is already 

enabled.

23: 20 RO 0h Reserved

19: 17 R/ W 000b

Port  Arbit rat ion Select  ( PAS) : 

Configures the VC resource to provide a part icular Port  

Arbit rat ion service. Valid value for this field is a num ber 

corresponding to one of the asserted bits in the Port  Arbit rat ion 

Capabilit y field of the VC resource.
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6 .6 .1 0 DMI VC1 RSTS -  DMI  VC1  Resource Status

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 26-27h

Default  Value: 0002h

Access: RO

Size: 16 bits

This register reports the Virtual Channel specific status.

16: 8 RO 000h Reserved

7: 1 R/ W 00h

Traffic Class /  Virtual Channel 1  Map ( TCVC1 M) : 

I ndicates the TCs (Traffic Classes)  that  are m apped to the VC 

resource. Bit  locat ions within this field correspond to TC values.

For exam ple, when bit  7 is set  in this field, TC7 is m apped to 

this VC resource. When m ore than one bit  in this field is set , it  

indicates that  mult iple TCs are m apped to the VC resource. I n 

order to rem ove one or m ore TCs from  the TC/ VC Map of an 

enabled VC, software m ust  ensure that  no new or outstanding 

t ransact ions with the TC labels are targeted at  the given link.

0 RO 0b
Traffic Class 0  /  Vir tual Channel 1  Map ( TC0 VC1 M) : 

Traffic Class 0 is always routed to VC0.

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descript ion

15: 2 RO 0000h Reserved

1: 1 RO 1b

Virtual Channel 1  Negot iat ion Pending ( VC1 NP) : 

0: The VC negot iat ion is com plete.

1: The VC resource is st ill in the process of negot iat ion 

( init ializat ion or disabling) .

Software m ay use this bit  when enabling or disabling the VC. 

This bit  indicates the status of the process of Flow Cont rol 

init ializat ion. I t  is set  by default  on Reset , as well as whenever 

the corresponding Vir tual Channel is Disabled or the link is in 

the DL_Down state. I t  is cleared when the link successfully 

exits the FC_I NI T2 state.

Before using a Vir tual Channel, software m ust  check whether 

the VC Negot iat ion Pending fields for that  Vir tual Channel are 

cleared in both Com ponents on a link.

0: 0 RO 0b Reserved



Datasheet 203

Device 0  Mem ory Mapped I / O Register

6 .6 .1 1 DMI LE2 A -  DMI  Link Entry 2  Address

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 68-6Fh

Default  Value: 0000000000000000h

Access: R/ WO;  RO

Size: 64 bits

Second part  of a Link Ent ry which declares an internal link to another Root  Com plex 
Element .

6 .6 .1 2 DMI LCAP -  DMI  Link Capabilit ies

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 84-87h

Default  Value: 00012C41h

Access: R/ WO;  RO

Size: 32 bits

This register indicates DMI  specific capabilit ies.

Bit Access
Default  

Value
Descript ion

63: 32 RO
00000000

h
Reserved

31: 12 R/ WO 00000h

Link Address ( LA) : 

Mem ory m apped base address of the RCRB that  is the target  

elem ent  (Egress Port )  for this link ent ry.

11: 0 RO 000h Reserved 

Bit Access
Default  

Value
Descript ion

31: 18 RO 0000h Reserved

17: 15 R/ WO 010b

L1  Exit  Latency ( L1 SELAT) : 

I ndicates the length of t im e this Port  requires to com plete the 

t ransit ion from  L1 to L0. The value 010 b indicates the range of 

2 µs to less than 4 µs. 

000: Less than 1 µs 

001: 1 µs to less than 2 µs

010: 2 µs to less than 4 µs

011: 4 µs to less than 8 µs

100: 8 µs to less than 16 µs

101: 16 µs to less than 32 µs

110: 32 µs-64 µs

111: More than 64 µs

Both bytes of this register that  contain a port ion of this field 

m ust  be writ ten simultaneously in order to prevent  an 

interm ediate (and undesired)  value from  ever exist ing.
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6 .6 .1 3 DMI LCTL -  DMI  Link Control

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 88-89h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register allows cont rol of DMI .

14: 12 R/ WO 010b

L0 s Exit  Latency ( L0 SELAT) : 

I ndicates the length of t ime this Port  requires to com plete the 

t ransit ion from  L0s to L0. 

000: Less than 64 ns

001: 64 ns to less than 128 ns

010: 128 ns to less than 256 ns

011: 256 ns to less than 512 ns

100: 512 ns to less than 1 µs

101: 1 µs to less than 2 µs

110: 2 µs-4 µs

111: More than 4 µs

11: 10 RO 11b
Act ive State Link PM Support  ( ASLPMS) : 

L0s & L1 ent ry supported. 

9: 4 RO 04h
Max Link W idth ( MLW ) : 

I ndicates the m axim um  num ber of lanes supported for this link.

3: 0 RO 1h
Max Link Speed ( MLS) : 

Hardwired to indicate 2.5 Gb/ s.

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descript ion

15: 8 RO 00h Reserved

7 R/ W 0b

Extended Synch ( EXTSYNC) : 

0: Standard Fast  Training Sequence (FTS) .

1: Forces extended t ransm ission of 4096 FTS ordered sets 

in the L0s state followed by a single SKP Ordered Set  pr ior to 

enter ing L0, and the t ransm ission of 1024 TS1 ordered sets in 

the RecoveryRcvrLock state prior to entering the 

RecoveryRcvrCfg state.

This m ode provides external devices m onitor ing the link t im e 

to achieve bit  and sym bol lock before the link enters L0 state 

and resum es com municat ion. This is a test  mode only and m ay 

cause other undesired side effects such as buffer overflows or 

underruns.

6: 2 RO 00h Reserved
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6 .6 .1 4 DMI LSTS -  DMI  Link Status

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : 8A-8Bh

Default  Value: 0001h

Access: RO

Size: 16 bits

This register indicates DMI  status.

6 .6 .1 5 DMI CTL1  –  DMI  Control 1

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : F0-F3h

Default  Value: 00010000h

Access: R/ W;  RO;  R/ W/ SC;  

Size: 32 bits

This register must  be accessed with DWORD granularity and not  with BYTE granularity.

1: 0 R/ W 00b

Act ive State Pow er Managem ent  Support  ( ASPMS) : 

Controls the level of act ive state power m anagem ent  supported 

on the given link.

00: Disabled

01: L0s Ent ry Supported

10: Reserved

11: L0s and L1 Ent ry Supported

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descr ipt ion

15: 10 RO 00h Reserved

9: 4 RO 00h

Negot iated W idth ( NW I D) : 

I ndicates negot iated link width. This field is valid only when 

the link is in the L0, L0s, or L1 states (after link width 

negot iat ion is successfully com pleted) .

00h: Reserved

01h: Reserved

02h: X2

04h: X4

All other encodings are reserved.

3: 0 RO 1h

Negot iated Speed ( NSPD) : 

I ndicates negot iated link speed.

1h: 2.5 Gb/ s

All other encodings are reserved.
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6 .6 .1 6 DMI CTL2 –  DMI  Control 2

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : FC-FFh

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

6 .6 .1 7 DMI DRCCFG -  DMI  DRC Configurat ion

B/ D/ F/ Type: 0/ 0/ 0/ DMI BAR

Address Offset : EB4-EB7h

Default  Value: 81010000h

Access: R/ W;  RO

Size: 32 bits

6 .7 Egress Port  ( EP)  RCRB

This Root  Complex Register Block (RCRB)  cont rols the port  arbit rat ion that  is based on 
the current  PCI  Local Bus Specificat ion.  Port  arbit rat ion is done for all PCI  Express-
based isochronous requests (always on Virtual Channel 1)  before being subm it ted to 
the m ain m em ory arbiter. The base address of this space is program m ed in EPBAR in 
Device 0 configurat ion space. 

6 .7 .1 EP Register Sum m ary

Table 9 . EP Register Sum m ary ( Sheet  1  of 2 )

Register Nam e
Register 

Sym bol

Register  

Start

Register  

End

Default  

Value
Access

Reserved 0 3

EP Port  VC Capability Register 1 EPPVCCAP1 4 7 00000401h R/ WO;  RO

EP Port  VC Capability Register 2 EPPVCCAP2 8 B 00000001h RO

EP VC 0 Resource Capability EPVC0RCAP 10 13 00000001h RO

EP VC 0 Resource Cont rol EPVC0RCTL 14 17 800000FFh  R/ W;  RO;

EP VC 0 Resource Status EPVC0RSTS 1A 1B 0000H RO

EP VC 1 Resource Capability EPVC1RCAP 1C 1F 10008010h R/ WO;  RO

EP VC 1 Resource Cont rol EPVC1RCTL 20 23 01080000h
R/ W;  RO;  

R/ W/ SC;

EP VC 1 Resource Status EPVC1RSTS 26 27 0000h RO;

EP VC 1 Maxim um  Num ber of Tim e 

Slots
EPVC1MTS 28 2B 04050609h R/ W;

EP VC 1 I soch Slot  Tim e EPVC1I ST 38 3F
00000000000

00000h
R/ W;

Reserved 40 43
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EP Elem ent  Self Descr ipt ion EPESD 44 47 00000201h R/ WO;  RO

Reserved 48 4F

EP Link Ent ry 1 Descr ipt ion EPLE1D 50 53 01000000h R/ WO;  RO

Reserved 54 57

EP Link Ent ry 1 Address EPLE1A 58 5F
00000000000

00000h
R/ WO;  RO

EP Link Ent ry 2 Descr ipt ion EPLE2D 60 63 02000002h R/ WO;  RO

Reserved 64 67

EP Link Ent ry 2 Address EPLE2A 68 6F
00000000000

08000h
RO

Reserved 70 9F

Port  Arbit rat ion Table PORTARB 100 11F

00000000000

00000000000

00000000000

00000000000

00000000000

00000000h

R/ W;

Reserved 120 FFF

Table 9 . EP Register  Sum m ary ( Sheet  2  of 2 )

Register  Nam e
Register  

Sym bol

Register 

Start

Register 

End

Default  

Value
Access
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Figure 8 . Link Declarat ion Topology
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6 .7 .2 EPPVCCAP1  -  EP Port  VC Capability Register  1

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 4-7h

Default  Value: 00000401h

Access: R/ WO;  RO

Size: 32 bits

Describes the configurat ion of PCI  Express Virtual Channels associated with this port .

6 .7 .3 EPPVCCAP2  -  EP Port  VC Capability Register  2

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 8-Bh

Default  Value: 00000001h

Access: RO;  

Size: 32 bits

Describes the configurat ion of PCI  Express Virtual Channels associated with this port . 

Bit Access
Default  

Value
Descript ion

31: 12 RO 00000h Reserved 

11: 8 RO 04h Reserved 

7: 3 RO 0h Reserved 

2: 0 R/ WO 001b

Extended VC Count  ( EVCC) : 

I ndicates the num ber of (extended)  Vir tual Channels in addit ion 

to the default  VC supported by the device.
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6 .7 .4 EPVC0 RCAP -  EP VC 0  Resource Capability

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 10-13h

Default  Value: 00000001h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h Reserved

23 RO 0b Reserved 

22: 16 RO 00h Reserved

15 RO 0b

Reject  Snoop Transact ions ( RSNPT) : 

0: Transact ions with or without  the No Snoop bit  set  within 

the TLP header are allowed on this VC.

1: Any t ransact ion without  the No Snoop bit  set  within the 

TLP header will be rejected as an Unsupported Request .

14: 8 RO 00h Reserved 

7: 0 RO 01h

Port  Arbit rat ion Capability ( PAC) : 

I ndicates types of Port  Arbit rat ion supported by this VC0 

resource. 
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6 .7 .5 EPVC0 RCTL -  EP VC 0  Resource Control

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 14-17h

Default  Value: 800000FFh

Access: R/ W;  RO

Size: 32 bits

Cont rols the resources associated with Egress Port  Virtual Channel 0.

6 .7 .6 EPVC0 RSTS -  EP VC 0  Resource Status

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 1A-1Bh

Default  Value: 0000h

Access: RO

Size: 16 bits

Reports the Virtual Channel specific status.

Bit Access
Default  

Value
Descript ion

31 RO 1b
VC0  Enable:

For VC0 this is hardwired to 1 and read only.

30: 27 RO 0h Reserved 

26: 24 RO 000b
VC0  I D:

For VC0 this is hardwired to 0 and read only.

23: 20 RO 0h Reserved

19: 17 RO 000b

Port  Arbit rat ion Select  ( PAS) : 

This field configures the VC resource to provide a part icular Port  

Arbit rat ion service.

16: 8 RO 000h Reserved 

7: 1 R/ W 7Fh

TC/ VC0  Map ( TCVC0 M) : 

I ndicates the TCs (Traffic Classes)  that  are m apped to the VC 

resource.

0 RO 1b Reserved 

Bit Access
Default  

Value
Descr ipt ion

15: 2 RO 0000h Reserved

1 RO 0b

VC0  Negot iat ion Pending ( VC0 NP) : 

0: The VC negot iat ion is com plete.

1: The VC resource is st ill in the process of negot iat ion 

( init ializat ion or disabling) .

Before using a Vir tual Channel, software m ust  check whether 

the VC Negot iat ion Pending fields for that  Vir tual Channel are 

cleared in both Com ponents on a link.

0 RO 0b Reserved 
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6 .7 .7 EPVC1 RCAP -  EP VC 1  Resource Capability

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 1C-1Fh

Default  Value: 10008010h

Access: R/ WO;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 24 RO 10h Reserved 

23 RO 0b Reserved 

22: 16 R/ WO 00h Reserved

15: 15 RO 1b

Reject  Snoop Transact ions ( RSNPT) : 

0: Transact ions with or without  the No Snoop bit  set  within the 

TLP header are allowed on this VC.

1: Any t ransact ion without  the No Snoop bit  set  within the TLP 

header will be rejected as an Unsupported Request .

14: 8 RO 00h Reserved

7: 0 RO 10h
Port  Arbit rat ion Capability ( PAC) : 

I ndicates types of Port  Arbit rat ion supported by this VC1 resource.
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6 .7 .8 EPVC1 RCTL -  EP VC 1  Resource Control

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 20-23h

Default  Value: 01080000h

Access: R/ W;  RO;  R/ W/ SC;  

Size: 32 bits

Cont rols the resources associated with PCI  Express Virtual Channel 1.

Bit Access
Default  

Value
Descript ion

31 R/ W 0b

VC1  Enable ( VC1 E) : 

Upon Read after negot iat ion:

0: Virtual Channel is disabled.

1: Vir tual Channel is enabled.

30: 27 RO 0h Reserved 

26: 24 R/ W 001b

VC1  I D ( VC1 I D) : 

Assigns a VC I D to the VC resource. Assigned value m ust  be non-

zero. 

23: 20 RO 0h Reserved 

19: 17 R/ W 100b

Port  Arbit rat ion Select  ( PAS) : 

This field configures the VC resource to provide a part icular Port  

Arbit rat ion service. 

16
R/ W/

SC
0b Reserved 

15: 8 RO 00h Reserved 

7: 1 R/ W 00h

TC/ VC1  Map ( TCVC1 M) : 

I ndicates the TCs (Traffic Classes)  that  are m apped to the VC 

resource. 

0: 0 RO 0b
TC0 / VC1  Map ( TC0 VC1 M) : 

Traffic Class 0 is always routed to VC0.
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6 .7 .9 EPVC1 RSTS -  EP VC 1  Resource Status

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 26-27h

Default  Value: 0000h

Access: RO

Size: 16 bits

Reports the Virtual Channel specific status.

6 .7 .1 0 EPVC1 MTS -  EP VC 1  Maxim um  Num ber of Tim e Slots

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 28-2Bh

Default  Value: 04050609h

Access: R/ W

Size: 32 bits

The fields in this register reflects the m axim um  num ber of t im e slots supported by the 
GMCH for various configurat ions.

6 .7 .1 1 EPVC1 I ST -  EP VC 1  I soch Slot  Tim e

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 38-3Fh

Default  Value: 0000000000000000h

Access: R/ W

Size: 64 bits

This register reflects the number of com m on host  clocks per t im e slot .

Bit Access
Default  

Value
Descript ion

15: 2 RO 0000h Reserved 

1 RO 0b

VC1  Negot iat ion Pending ( VC1 NP) : 

0: The VC negot iat ion is com plete.

1: The VC resource is st ill in the process of negot iat ion 

( init ializat ion or disabling) .

Before using a Vir tual Channel, software m ust  check whether 

the VC Negot iat ion Pending fields for that  Vir tual Channel are 

cleared in both Com ponents on a link.

0 RO 0b Reserved 
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6 .7 .1 2 EPESD -  EP Elem ent  Self Descript ion

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 44-47h

Default  Value: 00000201h

Access: R/ WO;  RO

Size: 32 bits

This register provides informat ion about  the root  complex element  containing this Link 
Declarat ion Capability.

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h

Port  Num ber ( PN) : 

This field specifies the port  num ber associated with this 

element  with respect  to the component  that  contains this 

element . 

Value of 00 h indicates to configurat ion software that  this is the 

default  egress port .

23: 16 R/ WO 00h

Com ponent  I D ( CI D) : 

I dent ifies the physical component  that  contains this Root  

Com plex Element .

This value is a m irror of the value in the Component  I D field of 

all elements in this component . The value only needs to be 

writ ten in one of the m irrored fields and it  will be reflected 

everywhere that  it  is m irrored.

15: 8 RO 02h

Num ber of Link Entr ies ( NLE) : 

I ndicates the num ber of link ent r ies following the Elem ent  Self 

Descript ion. This field reports 2 (one each for PEG and DMI ) .

7: 4 RO 0h Reserved

3: 0 RO 1h

Elem ent  Type ( ET) : 

I ndicates the type of the Root  Complex Elem ent . 

Value of h represents a port  to system  m em ory.
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6 .7 .1 3 EPLE1 D -  EP Link Entry 1  Descript ion

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 50-53h

Default  Value: 01000000h

Access: R/ WO;  RO

Size: 32 bits

This register is the first  part  of a Link Ent ry which declares an internal link to another 
Root  Com plex Element .

Bit Access
Default  

Value
Descript ion

31: 24 RO 01h

Target  Port  Num ber ( TPN) : 

Specifies the port  num ber associated with the elem ent  targeted 

by this link ent ry (DMI ) . The target  port  num ber is with respect  

to the com ponent  that  contains this elem ent  as specified by the 

target  component  I D.

23: 16 R/ WO 00h

Target  Com ponent  I D ( TCI D) : 

I dent ifies the physical or logical com ponent  that  is targeted by 

this link ent ry.

This value is a m irror of the value in the Component  I D field of 

all elem ents in this com ponent . The value only needs to be 

writ ten in one of the m irrored fields and it  will be reflected 

everywhere that  it  is m irrored.

15: 2 RO 0000h Reserved

1 RO 0b

Link Type ( LTYP) : 

I ndicates that  the link points to m emory-mapped space ( for 

RCRB) . The link address specifies the 64-bit  base address of 

the target  RCRB.

0 R/ WO 0b

Link Valid ( LV) : 

0: Link Ent ry is not  valid and will be ignored.

1: Link Ent ry specifies a valid link.
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6 .7 .1 4 EPLE1 A -  EP Link Entry 1  Address

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 58-5Fh

Default  Value: 0000000000000000h

Access: R/ WO;  RO

Size: 64 bits

This register is the second part  of a Link Ent ry which declares an internal link to 
another Root  Complex Element .

Bit Access
Default  

Value
Descript ion

63: 32 RO 00000000h Reserved

31: 12 R/ WO 00000h

Link Address ( LA) : 

Mem ory m apped base address of the RCRB that  is the target  

element  (DMI )  for this link ent ry.

11: 0 RO 000h Reserved
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6 .7 .1 5 EPLE2 D -  EP Link Entry 2  Descript ion

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 60-63h

Default  Value: 02000002h

Access: R/ WO;  RO

Size: 32 bits

This register is the first  part  of a Link Ent ry which declares an internal link to another 
Root  Com plex Element .

Bit Access
Default  

Value
Descr ipt ion

31: 24 RO 02h

Target  Port  Num ber ( TPN) : 

Specifies the port  num ber associated with the elem ent  targeted 

by this link ent ry (PEG) . The target  port  num ber is with respect  

to the com ponent  that  contains this elem ent  as specified by the 

target  component  I D.

23: 16 R/ WO 00h

Target  Com ponent  I D ( TCI D) : 

I dent ifies the physical or logical com ponent  that  is targeted by 

this link ent ry. A value of 0 is reserved. Com ponent  I Ds start  at  

1. This value is a m irror of the value in the Com ponent  I D field 

of all elem ents in this com ponent .

This value is a m irror of the value in the Com ponent  I D field of 

all elem ents in this com ponent . The value only needs to be 

writ ten in one of the m irrored fields and it  will be reflected 

everywhere that  it  is m irrored.

15: 2 RO 0000h Reserved

1 RO 1b

Link Type ( LTYP) : 

I ndicates that  the link points to configurat ion space of the 

integrated device which cont rols the x16 root  port .

The link address specifies the configurat ion address (segm ent , 

bus, device, funct ion)  of the target  root  port .

0 R/ WO 0b

Link Valid ( LV) : 

0: Link Ent ry is not  valid and will be ignored.

1: Link Ent ry specifies a valid link.
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6 .7 .1 6 EPLE2 A -  EP Link Entry 2  Address

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 68-6Fh

Default  Value: 0000000000008000h

Access: RO

Size: 64 bits

This register is the second part  of a Link Ent ry which declares an internal link to 
another Root  Complex Element .

6 .7 .1 7 PORTARB -  Port  Arbit rat ion Table

B/ D/ F/ Type: 0/ 0/ 0/ EPBAR

Address Offset : 100-11Fh

Default  Value :  000000000000000000000000000000000

000000000000000000000000000000h

Access: R/ W

Size: 256 bits

The port  arbit rat ion table register is a read-write register array used to store the 
arbit rat ion table for Port  Arbit rat ion of the Egress Port  VC resource.

§

Bit Access
Default  

Value
Descr ipt ion

63: 28 RO
0000000

00h
Reserved

27: 20 RO 00h Bus Num ber ( BUSN) : 

19: 15 RO 00001b
Device Num ber ( DEVN) : 

Target  for this link is PCI  Express x16 port  (Device 1) .

14: 12 RO 000b Funct ion Num ber ( FUNN) : 

11: 0 RO 000h Reserved
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PCI  Express Graphics Device 1  Configurat ion Registers ( D1 :F0 )

7 PCI  Express Graphics Device 1  
Configurat ion Registers ( D1 :F0 )

Device 1 contains the cont rols associated with the x16 root  port  that  is the intended 
at tach point  for external graphics. I t  is typically referred to as PEG (PCI  Express 
Graphics)  port . I t  also funct ions as the vir tual PCI - to-PCI  br idge that  was previously 
associated with AGP. 

W arning: When reading the PCI  Express “conceptual”  registers such as this, you may not  get  a 
valid value unless the register value is stable.

The PCI  Express*  Base Specificat ion defines two types of reserved bits:

• Reserved and Preserved:  Reserved for future RW im plementat ions;  software m ust  
preserve value read for writes to bits.

• Reserved and 0:  Reserved for future R/ WC/ S im plem entat ions;  software m ust  use 
0 for writes to bits.

Unless explicit ly documented as Reserved and 0, all bits marked as Reserved are part  
of the Reserved and Preserved type which has histor ically been the typical definit ion for 
Reserved.

Most  ( if not  all)  cont rol bits in this device cannot  be modified unless the link is down. 
Software is required to first  disable the link, then program the registers, then re-enable 
the link (which will cause a full- ret rain with the new set t ings) .

7 .1 PEG Device 1  Funct ion # 0  Configurat ion Register  
Sum m ary

Table 1 0 . PEG Device 1  Funct ion # 0  Configurat ion Register Sum m ary ( Sheet  1  of 3 )

Register Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Vendor I dent ificat ion VI D1 0 1 8086h RO

Device I dent ificat ion DI D1 2 3 2771h RO

PCI  Com m and PCI CMD1 4 5 0000h R/ W;  RO

PCI  Status PCI STS1 6 7 0010h R/ WC;  RO

Revision I dent ificat ion RI D1 8 8 00h RO

Class Code CC1 9 B 060400h RO

Cache Line Size CL1 C C 00h R/ W

Header Type HDR1 E E 01h RO

Primary Bus Num ber PBUSN1 18 18 00h RO

Secondary Bus Num ber SBUSN1 19 19 00h R/ W

Subordinate Bus Num ber SUBUSN1 1A 1A 00h R/ W
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I / O Base Address I OBASE1 1C 1C F0h R/ W;  RO

I / O Lim it  Address I OLI MI T1 1D 1D 00h R/ W;  RO

Secondary Status SSTS1 1E 1F 0000h R/ WC;  RO

Mem ory Base Address MBASE1 20 21 FFF0h R/ W;  RO

Mem ory Lim it  Address MLI MI T1 22 23 0000h R/ W;  RO

Prefetchable Mem ory Base Address PMBASE1 24 25 FFF1h R/ W;  RO

Prefetchable Mem ory Lim it  Address PMLI MI T1 26 27 0001h R/ W;  RO

Reserved 28 2B

Reserved 2C 2F

Capabilit ies Pointer CAPPTR1 34 34 88h RO

I nterrupt  Line I NTRLI NE1 3C 3C 00h R/ W

I nterrupt  Pin I NTRPI N1 3D 3D 01h RO

Bridge Cont rol BCTRL1 3E 3F 0000h R/ W;  RO

Reserved 7F 7F

Power Managem ent  Capabilit ies PM_CAPI D1 80 83 C8029001h RO

Power Managem ent  Cont rol/ Status PM_CS1 84 87 00000000h
RO;

R/ W/ S;  

Subsystem  I D and Vendor I D 

Capabilit ies
SS_CAPI D 88 8B 0000800Dh RO

Subsystem I D and Subsystem 

Vendor I D
SS 8C 8F 00008086h R/ WO 

Message Signaled I nterrupts 

Capabilit y I D
MSI _CAPI D 90 91 A005h RO

Message Cont rol MC 92 93 0000h R/ W;  RO

Message Address MA 94 97 00000000h R/ W;  RO

Message Data MD 98 99 0000h R/ W

PCI  Express-G*  Capabilit y List PEG_CAPL A0 A1 0010h RO

PCI  Express-G Capabilit ies PEG_CAP A2 A3 0141h R/ WO;  RO

Device Capabilit ies DCAP A4 A7 00000000h RO

Device Cont rol DCTL A8 A9 0000h R/ W;  RO

Device Status DSTS AA AB 0000h R/ WC;  RO

Link Capabilit ies LCAP AC AF 02014D01h R/ WO;  RO

Link Cont rol LCTL B0 B1 0000h

R/ W;  

ROR/ W/

SC;  

Table 1 0 . PEG Device 1  Funct ion # 0  Configurat ion Register  Sum m ary ( Sheet  2  of 3 )

Register Nam e
Register  

Sym bol

Register  

Start

Register  

End

Default  

Value
Access
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7 .1 .1 VI D1  -  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 00-01h

Default  Value: 8086h

Access: RO

Size: 16 bits

This register com bined with the Device I dent ificat ion register uniquely ident ifies any 
PCI  device.

Link Status LSTS B2 B3 1001h RO

Slot  Capabilit ies SLOTCAP B4 B7 00000000h R/ WO;  RO

Slot  Cont rol SLOTCTL B8 B9 01C0h R/ W;  RO

Slot  Status SLOTSTS BA BB 00_0s00_0h R/ WC;  RO

Root  Cont rol RCTL BC BD 0000h R/ W;  RO

Root  Status RSTS C0 C3 00000000h R/ WC;  RO

PCI  Express-G Legacy Cont rol PEGLC EC EF 00000000h R/ W;  RO

PEG Control 1 PEGCTL1 F0 F3 00010000h
RO;  

R/ W;

Reserved F4 E7F

PEG Tim ing Configurat ion PEGTCFG E80 E83 08080488h
R/ WC;  

RO;

Table 1 0 . PEG Device 1  Funct ion # 0  Configurat ion Register Sum m ary ( Sheet  3  of 3 )

Register Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Bit Access
Default  

Value
Descript ion

15: 0 RO 8086h
Vendor I dent ificat ion ( VI D1 ) : 

PCI  standard ident ificat ion for I ntel.  
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7 .1 .2 DI D1  -  Device I dent ificat ion

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 02-03h

Default  Value: 27A1h

Access: RO

Size: 16 bits

This register combined with the Vendor I dent ificat ion register uniquely ident ifies any 
PCI  device.

7 .1 .3 PCI CMD1  -  PCI  Com m and

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 04-05h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 0 RO 27A1h

Device I dent ificat ion Num ber ( DI D1 ) : 

I dent ifier assigned to the GMCH Device 1 (vir tual PCI - to-PCI  

br idge, PCI  Express*  Graphics port ) . 

Mobile I ntel®  945GM/ PM, 943/ 940GML Express Chipsets and 

I ntel®  945GT Express Chipset  DI D1 =  27A1h

 ( Sheet  1  of 3 )

Bit Access
Default  

Value
Descr ipt ion

15: 11 RO 00h Reserved

10 R/ W 0b

I NTA Assert ion Disable ( I NTAAD) : 

0: This device is perm it ted to generate I NTA interrupt  

m essages.

1: This device is prevented from  generat ing interrupt  

m essages. Any I NTA em ulat ion interrupts already asserted m ust  

be deasserted when this bit  is set . 

Only affects interrupts generated by the device (PCI  I NTA from  a 

PME or Hot  Plug event )  cont rolled by this com m and register. I t  

does not  affect  upst ream MSI s, upst ream  PCI  I NTA-I NTD assert  

and deassert  messages.

9 RO 0b
Fast  Back- to- Back Enable ( FB2 B) : 

Not  Applicable or I m plem ented. Hardwired to 0. 
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8 R/ W 0b

SERR Message Enable ( SERRE1 ) : 

Controls Device 1 SERR messaging. The GMCH com m unicates the 

SERRB condit ion by sending an SERR m essage to the I CH. This 

bit ,  when set , enables report ing of non- fatal and fatal errors 

detected by the device to the Root  Complex. Note that  errors are 

reported if enabled either through this bit  or through the PCI -

Express specific bits in the Device Cont rol register.

0: The SERR m essage is generated by the GMCH for Device 1 

only under condit ions enabled individually through the Device 

Cont rol register. 

1: The GMCH is enabled to generate SERR m essages which 

will be sent  to the I CH for specific Device 1 error condit ions 

generated/ detected on the pr im ary side of the vir tual PCI - to-PCI  

br idge (not  those received by the secondary side) . The status of 

SERRs generated is reported in the PCI STS1 register. 

7 RO 0b Reserved

6 R/ W 0b

Parity Error Enable ( PERRE) : 

Cont rols whether or not  the Master Data Parity Error bit  in the 

PCI  Status register can bet  set .

0: Master Data Parity Error bit  in PCI  Status register cannot  

be set .

1: Master Data Parity Error bit  in PCI  Status register can  be 

set .

5 RO 0b
VGA Palet te Snoop ( VGAPS) : 

Not  Applicable or I m plemented. Hardwired to 0. 

4 RO 0b
Mem ory W rite and I nvalidate Enable ( MW I E) : 

Not  Applicable or I m plemented. Hardwired to 0. 

3 RO 0b
Specia l Cycle Enable ( SCE) : 

Not  Applicable or I m plemented. Hardwired to 0. 

2 R/ W 0b

Bus Master  Enable ( BME) : 

Controls the ability of the PEG port  to forward Mem ory and I O 

Read/ Write Requests in the upst ream  direct ion. 

0: This device is prevented from  m aking m em ory or I O 

requests to its pr im ary bus. 

According to the PCI  Local Bus Specificat ion,  as MSI  interrupt  

m essages are in-band m em ory writes, disabling the bus m aster 

enable bit  prevents this device from  generat ing MSI  interrupt  

messages or passing them  from its secondary bus to it s pr imary 

bus. Upst ream  m em ory writes/ reads, I O writes/ reads, peer 

writes/ reads, and MSI s will all be t reated as illegal cycles. Writes 

are forwarded to m em ory address 0 with byte enables 

deasserted. Reads will be forwarded to m em ory address 0 and 

will return Unsupported Request  status (or Master abort )  in it s 

com plet ion packet .

1: This device is allowed to issue requests to it s pr imary bus. 

Com plet ions for previously issued m em ory read requests on the 

pr im ary bus will be issued when the data is available.

This bit  does not  affect  forwarding of com plet ions from  the 

pr im ary interface to the secondary interface.

 ( Sheet  2  of 3 )

Bit Access
Default  

Value
Descript ion



PCI  Express Graphics Device 1  Configurat ion Registers ( D1 :F0 )

226 Datasheet

7 .1 .4 PCI STS1  -  PCI  Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 06-07h

Default  Value: 0010h

Access: R/ WC;  RO

Size: 16 bits

This register reports the occurrence of error condit ions associated with pr im ary side of 
the “virtual”  host-PCI  Express bridge embedded within the GMCH.

1 R/ W 0b

Mem ory Access Enable ( MAE) : 

0: All of Device 1's m em ory space is disabled.

1: Enable the Mem ory and Pre- fetchable m em ory address 

ranges defined in the MBASE1, MLI MI T1, PMBASE1, and 

PMLI MI T1 registers.

0 R/ W 0b

I O Access Enable ( I OAE) : 

0: All of Device 1's I / O space is disabled.

1: Enable the I / O address range defined in the I OBASE1, and 

I OLI MI T1 registers.

 ( Sheet  3  of 3 )

Bit Access
Default  

Value
Descr ipt ion

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

15 RO 0b

Detected Parity Error ( DPE) : 

Not  Applicable or I m plem ented. Hardwired to 0. Parity 

(generat ing poisoned TLPs)  is not  supported on the pr im ary side 

of this device (error forwarding is not  supported) . 

14 R/ WC 0b

Signaled System  Error  ( SSE) : 

This bit  is set  when this Device sends an SERR due to detect ing 

an ERR_FATAL or ERR_NONFATAL condit ion and the SERR Enable 

bit  in the Com m and register is 1. Both received ( if enabled by 

BCTRL1[ 1] )  and internally detected error m essages do not  affect  

this field. 

13 RO 0b

Received Master Abort  Status ( RMAS) : 

Not  Applicable or I m plem ented. Hardwired to 0. The concept  of a 

m aster abort  does not  exist  on pr im ary side of this device. 

12 RO 0b

Received Target  Abort  Status ( RTAS) : 

Not  Applicable or I m plem ented. Hardwired to 0. The concept  of a 

target  abort  does not  exist  on pr im ary side of this device. 

11 RO 0b

Signaled Target  Abort  Status ( STAS) : 

Not  Applicable or I m plem ented. Hardwired to 0. The concept  of a 

target  abort  does not  exist  on pr im ary side of this device. 

10: 9 RO 00b

DEVSELB Tim ing ( DEVT) :

This device is not  the subt ract ive decoded device on bus 0. This 

bit  field is therefore hardwired to 00 to indicate that  the device 

uses the fastest  possible decode. 
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7 .1 .5 RI D1  -  Revision I dent ificat ion

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 08h

Default  Value: 00h

Access: RO

Size: 8 bits

This register contains the revision number of the GMCH Device 1. These bits are read 
only and writes to this register have no effect .

8 RO 0b

Master Data Parity Error ( PMDPE) : 

Because the prim ary side of the PEG's vir tual PCI - to-PCI  bridge is 

integrated with the MCH funct ionality there is no scenario where 

this bit  will get  set . Because hardware will never set  this bit ,  it  is 

im possible for software to have an opportunity to clear this bit  or 

otherwise test  that  it  is im plem ented. The PCI  Local Bus 

Specificat ion defines it  as a R/ WC, but  for our im plem entat ion an 

RO definit ion behaves the sam e way and will m eet  all Microsoft  

test ing requirem ents. 

This bit  can only be set  when the Parity Error Enable bit  in the PCI  

Com m and register is set . 

7 RO 0b
Fast  Back- to- Back ( FB2 B) : 

Not  Applicable or I m plemented. Hardwired to 0. 

6 RO 0b Reserved 

5 RO 0b
6 6 / 6 0  MHz Capability ( CAP6 6 ) : 

Not  Applicable or I m plemented. Hardwired to 0. 

4 RO 1b
Capabilit ies List  ( CAPL) : 

I ndicates that  a capabilit ies list  is present . Hardwired to 1. 

3 RO 0b

I NTA Status ( I NTAS) : 

I ndicates that  an interrupt  m essage is pending internally to the 

device. Only PME and Hot  Plug sources feed into this status bit  

(not  PCI  I NTA-I NTD assert  and deassert  m essages) . The I NTA 

Assert ion Disable bit , PCI CMD1[ 10] , has no effect  on this bit .

Note that  I NTA em ulat ion interrupts received across the link are 

not  reflected in this bit .  

2: 0 RO 000b Reserved

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO 00h

Revision I dent ificat ion Num ber ( RI D1 ) : 

This is an 8-bit  value that  indicates the revision ident if icat ion 

num ber for the GMCH Device 0. For the A-0 Stepping, this value 

is 00h.
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7 .1 .6 CC1  -  Class Code

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 9-Bh

Default  Value: 060400h

Access: RO

Size: 24 bits

This register ident ifies the basic funct ion of the device, a more specific sub-class, and a 
register-  specific program m ing interface.

7 .1 .7 CL1  -  Cache Line Size

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 0Ch

Default  Value: 00h

Access: R/ W

Size: 8 bits

Bit Access
Default  

Value
Descript ion

23: 16 RO 06h

Base Class Code ( BCC) : 

I ndicates the base class code for this device. This code has the 

value 06h, indicat ing a br idge device. 

15: 8 RO 04h

Sub- Class Code ( SUBCC) : 

I ndicates the sub-class code for this device. The code is 04h 

indicat ing a PCI - to-PCI  br idge. 

7: 0 RO 00h

Program m ing I nterface ( PI ) : 

I ndicates the program m ing interface of this device. This value 

does not  specify a part icular register set  layout  and provides no 

pract ical use for this device. 

Bit Access
Default  

Value
Descript ion

7: 0 R/ W 00h

Cache Line Size ( Scratch Pad) : 

I m plem ented by PCI  Express*  devices as a read-write field for 

legacy com pat ibility purposes but  has no im pact  on any PCI  

Express device funct ionality. 
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7 .1 .8 HDR1  -  Header Type

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 0Eh

Default  Value: 01h

Access: RO

Size: 8 bits

This register ident ifies the header layout  of the configurat ion space. No physical 
register exists at  this locat ion.

7 .1 .9 PBUSN1  -  Pr im ary Bus Num ber

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 18h

Default  Value: 00h

Access: RO

Size: 8 bits

This register ident ifies that  this “vir tual”  host-PCI  Express bridge is connected to PCI  
Bus # 0.

Bit Access
Default  

Value
Descript ion

7: 0 RO 01h

Header  Type Register ( HDR) : 

Returns 01 to indicate that  this is a single funct ion device with 

br idge header layout . 

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Prim ary Bus Num ber ( BUSN) : 

Configurat ion software typically program s this field with the 

num ber of the bus on the prim ary side of the br idge. Since Device 

1 is an internal device and its pr im ary bus is always 0, these bits 

are read only and are hardwired to 0. 
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7 .1 .1 0 SBUSN1  -  Secondary Bus Num ber

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 19h

Default  Value: 00h

Access: R/ W

Size: 8 bits

This register ident ifies the bus num ber assigned to the second bus side of the “vir tual”  
br idge, i.e., to PCI  Express-G. This number is programmed by the PCI  configurat ion 
software to allow m apping of configurat ion cycles to PCI  Express-G.

7 .1 .1 1 SUBUSN1  -  Subordinate Bus Num ber

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 1Ah

Default  Value: 00h

Access: R/ W

Size: 8 bits

This register ident ifies the subordinate bus ( if any)  that  resides at  the level below PCI  
Express-G. This number is programmed by the PCI  configurat ion software to allow 
m apping of configurat ion cycles to PCI  Express-G.

Bit Access
Default  

Value
Descript ion

7: 0 R/ W 00h

Secondary Bus Num ber ( BUSN) : 

This field is program m ed by configurat ion software with the bus 

num ber assigned to PCI  Express-G* . 

Bit Access
Default  

Value
Descript ion

7: 0 R/ W 00h

Subordinate Bus Num ber ( BUSN) : 

This register is program med by configurat ion software with the 

num ber of the highest  subordinate bus that  lies behind the Device 

1 br idge. When only a single PCI  device resides on the PCI  

Express-G segm ent , this register will contain the sam e value as 

the SBUSN1 register. 
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7 .1 .1 2 I OBASE1  -  I / O Base Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 1Ch

Default  Value: F0h

Access: R/ W;  RO

Size: 8 bits

This register cont rols the CPU to PCI  Express-G I / O access rout ing based on the 
following form ula:  

I O_BASE < =  address < =  I O_LI MI T

Only upper 4 bit s are programmable. For the purpose of address decode address bits 
A[ 11: 0]  are t reated as 0. Thus the bot tom  of the defined I / O address range will be 
aligned to a 4-KB boundary.

7 .1 .1 3 I OLI MI T1  -  I / O Lim it  Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 1Dh

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register cont rols the CPU to PCI  Express-G I / O access rout ing based on the 
following form ula:  

      I O_BASE= <  address = < I O_LI MI T 

Only upper 4 bit s are programmable. For the purpose of address decode address bits 
A[ 11: 0]  are assumed to be FFFh. Thus, the top of the defined I / O address range will be 
at  the top of a 4-KB aligned address block.

Bit Access
Default  

Value
Descript ion

7: 4 R/ W Fh

I / O Address Base ( I OBASE) : 

Corresponds to A[ 15: 12]  of the I / O addresses passed by br idge 1 

to PCI  Express-G* . 

 BI OS m ust  not  set  this register to 00h otherwise 0CF8h/ 0CFCh 

accesses will be forwarded to the PCI  Express hierarchy 

associated with this device. 

3: 0 RO 0h Reserved

Bit Access
Default  

Value
Descript ion

7: 4 R/ W 0h

I / O Address Lim it  ( I OLI MI T) : 

Corresponds to A[ 15: 12]  of the I / O address lim it  of Device 1. 

Devices between this upper lim it  and I OBASE1 will be passed to 

the PCI  Express hierarchy associated with this device. 

3: 0 RO 0h Reserved
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7 .1 .1 4 SSTS1  -  Secondary Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 1E-1Fh

Default  Value: 0000h

Access: R/ WC;  RO

Size: 16 bits

SSTS1 is a 16-bit  status register that  reports the occurrence of error condit ions 
associated with secondary side ( i.e.,  PCI  Express-G side)  of the “vir tual”  PCI - to-PCI  
bridge embedded within GMCH.

Bit Access
Default  

Value
Descript ion

15 R/ WC 0b

Detected Parity Error ( DPE) : 

When set  indicates that  the MCH received across the link 

(upst ream )  a Posted Write Data Poisoned TLP (EP= 1) . 

14 R/ WC 0b

Received System  Error  ( RSE) : 

This bit  is set  when the secondary side receives an ERR_FATAL or 

ERR_NONFATAL message due to an error detected by the 

secondary side, and the SERR Enable bit  in the Bridge Cont rol 

register is 1.

13 R/ WC 0b

Received Master Abort  ( RMA) : 

This bit  is set  when the Secondary Side for Type 1 Configurat ion 

Space Header Device ( for requests init iated by the Type 1 Header 

Device it self )  receives a Com plet ion with Unsupported Request  

Com plet ion Status.

12 R/ WC 0b

Received Target  Abort  ( RTA) : 

This bit  is set  when the Secondary Side for Type 1 Configurat ion 

Space Header Device ( for requests init iated by the Type 1 Header 

Device it self )  receives a Com plet ion with Com pleter Abort  

Com plet ion Status.

11 RO 0b

Signaled Target  Abort  ( STA) : 

Not  Applicable or I m plem ented. Hardwired to 0. The GMCH does 

not  generate Target  Aborts ( the GMCH will never com plete a 

request  using the Com pleter Abort  Complet ion status) . 

10: 9 RO 00b
DEVSELB Tim ing ( DEVT) : 

Not  Applicable or I m plem ented. Hardwired to 0. 

8 R/ WC 0b

Master  Data Parity Error  ( SMDPE) : 

When set  indicates that  the MCH received across the link 

(upst ream)  a Read Data Complet ion Poisoned TLP (EP= 1) . This 

bit  can only be set  when the Parity Error Enable bit  in the Bridge 

Cont rol register is set .

7 RO 0b
Fast  Back- to- Back ( FB2 B) : 

Not  Applicable or I m plem ented. Hardwired to 0. 

6 RO 0b Reserved 

5 RO 0b
6 6 / 6 0  MHz Capability ( CAP6 6 ) : 

Not  Applicable or I m plem ented. Hardwired to 0. 

4: 0 RO 00h Reserved
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7 .1 .1 5 MBASE1  -  Mem ory Base Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 20-21h

Default  Value: FFF0h

Access: R/ W;  RO

Size: 16 bits

This register cont rols the CPU to PCI  Express-G non-prefetchable m em ory access 
rout ing based on the following formula:

 MEMORY_BASE < =  address < =  MEMORY_LI MI T 

The upper 12 bits of the register are read/ write and correspond to the upper 12 
address bits A[ 31: 20]  of the 32-bit  address. The bot tom  4 bits of this register are read-
only and return 0’s when read. This register m ust  be init ialized by the configurat ion 
software. For the purpose of address decode address bits A[ 19: 0]  are assumed to be 0. 
Thus, the bot tom  of the defined m em ory address range will be aligned to a 1-MB 
boundary.

7 .1 .1 6 MLI MI T1  -  Mem ory Lim it  Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 22-23h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register cont rols the CPU to PCI  Express-G non-prefetchable m em ory access 
rout ing based on the following formula:

MEMORY_BASE= <  address = < MEMORY_LI MI T 

The upper 12 bits of the register are read/ write and correspond to the upper 12 
address bits A[ 31: 20]  of the 32-bit  address. The bot tom  4 bits of this register are read-
only and return 0’s when read. This register m ust  be init ialized by the configurat ion 
software. For the purpose of address decode address bits A[ 19: 0]  are assum ed to be 
FFFFFh. Thus, the top of the defined m em ory address range will be at  the top of a 1-MB 
aligned m em ory block. 

Note: Memory range covered by MBASE and MLI MI T registers are used to map non-
prefetchable PCI  Express-G address ranges ( typically where cont rol/ status memory-
m apped I / O data st ructures of the graphics cont roller will reside)  and PMBASE and 
PMLI MI T are used to map prefetchable address ranges ( typically graphics local 
memory) . This segregat ion allows applicat ion of USWC space at t r ibute to be perform ed 
in a t rue plug-and-play m anner to the prefetchable address range for im proved CPU-  
PCI  Express m em ory access perform ance.

Bit Access
Default  

Value
Descript ion

15: 4 R/ W FFFh

Mem ory Address Base ( MBASE) : 

Corresponds to A[ 31: 20]  of the lower lim it  of the m em ory range 

that  will be passed to PCI  Express-G* . 

3: 0 RO 0h Reserved
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Note: Configurat ion software is responsible for program m ing all address range registers 
(prefetchable, non-prefetchable)  with the values that  provide exclusive address ranges, 
i.e., prevent  overlap with each other and/ or with the ranges covered with the main 
m em ory. There is no provision in the GMCH hardware to enforce prevent ion of overlap 
and operat ions of the system in the case of overlap are not  guaranteed.

7 .1 .1 7 PMBASE1  -  Prefetchable Mem ory Base Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 24-25h

Default  Value: FFF1h

Access: R/ W;  RO

Size: 16 bits

This register in conjunct ion with the corresponding Upper Base Address register 
cont rols the CPU to PCI  Express-G prefetchable m em ory access rout ing based on the 
following form ula:

 PREFETCHABLE_MEMORY_BASE < =  address < =  
PREFETCHABLE_MEMORY_LI MI T 

The upper 12 bits of this register are read/ write and correspond to address bits 
A[ 31: 20]  of the 32-bit  address. This register m ust  be init ialized by the configurat ion 
software. For the purpose of address decode address bits A[ 19: 0]  are assumed to be 0. 
Thus, the bot tom  of the defined memory address range will be aligned to a 1-MB 
boundary.

Bit Access
Default  

Value
Descript ion

15: 4 R/ W 000h

Mem ory Address Lim it  ( MLI MI T) : 

Corresponds to A[ 31: 20]  of the upper lim it  of the address range 

passed to PCI  Express-G* . 

3: 0 RO 0h Reserved

Bit Access
Default  

Value
Descript ion

15: 4 R/ W FFFh

Prefetchable Mem ory Base Address ( MBASE) : 

Corresponds to A[ 31: 20]  of the lower lim it  of the m em ory range 

that  will be passed to PCI  Express-G* . 

3: 0 RO 0h Reserved
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7 .1 .1 8 PMLI MI T1  -  Prefetchable Mem ory Lim it  Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 26-27h

Default  Value: 0001h

Access: R/ W;  RO

Size: 16 bits

This register in conjunct ion with the corresponding Upper Lim it  Address register 
cont rols the CPU to PCI  Express-G prefetchable memory access rout ing based on the 
following form ula:

PREFETCHABLE_MEMORY_BASE < =  address < =  PREFETCHABLE_MEMORY_LI MI T

The upper 12 bits of this register are read/ write and correspond to address bits 
A[ 31: 20]  of the 32-bit  address. This register must  be init ialized by the configurat ion 
software. For the purpose of address decode address bits A[ 19: 0]  are assum ed to be 
FFFFFh. Thus, the top of the defined m em ory address range will be at  the top of a 1-MB 
aligned m em ory block. Note that  prefetchable memory range is supported to allow 
segregat ion by the configurat ion software between the memory ranges that  must  be 
defined as UC and the ones that  can be designated as a USWC ( i.e., prefetchable)  from  
the CPU perspect ive.

7 .1 .1 9 CAPPTR1  -  Capabilit ies Pointer

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 34h

Default  Value: 88h

Access: RO

Size: 8 bits

The capabilit ies pointer provides the address offset  to the locat ion of the first  ent ry in 
this device's linked list  of capabilit ies.

Bit Access
Default  

Value
Descript ion

15: 4 R/ W 000h

Prefetchable Mem ory Address Lim it  ( PMLI MI T) : 

Corresponds to A[ 31: 20]  of the upper lim it  of the address range 

passed to PCI  Express-G* . 

3: 0 RO 0h Reserved

Bit Access
Default  

Value
Descript ion

7: 0 RO 88h

First  Capability ( CAPPTR1 ) : 

The first  capabilit y in the list  is the Subsystem  I D and Subsystem  

Vendor I D Capabilit y. 
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7 .1 .2 0 I NTRLI NE1  -  I nterrupt  Line

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 3Ch

Default  Value: 00h

Access: R/ W

Size: 8 bits

This register contains interrupt  line rout ing inform at ion. The device itself does not  use 
this value;  rather it  is used by device drivers and operat ing systems to determ ine 
prior ity and vector informat ion.

7 .1 .2 1 I NTRPI N1  -  I nterrupt  Pin

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 3Dh

Default  Value: 01h

Access: RO

Size: 8 bits

This register specifies which interrupt  pin this device uses.

Bit Access
Default  

Value
Descr ipt ion

7: 0 R/ W 00h

I nterrupt  Connect ion ( I NTCON) : 

Used to com m unicate interrupt  line rout ing inform at ion. 

BI OS Requirem ent :  POST software writes the rout ing inform at ion 

into this register as it  init ializes and configures the system . The 

value indicates to which input  of the system  interrupt  cont roller 

this device's interrupt  pin is connected. 

Bit Access
Default  

Value
Descript ion

7: 0 RO 01h

I nterrupt  Pin ( I NTPI N) : 

As a single funct ion device, the PCI  Express*  device specifies 

I NTA as it s interrupt  pin. 01h= I NTA.
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7 .1 .2 2 BCTRL1  -  Bridge Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 3E-3Fh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register provides extensions to the PCI CMD1 register that  are specific to PCI - to-
PCI  bridges. The BCTRL provides addit ional cont rol for the secondary interface ( i.e., PCI  
Express-G)  as well as som e bits that  affect  the overall behavior of the “vir tual”  host-PCI  
Express bridge embedded within GMCH, e.g., VGA compat ible address ranges m apping.

 ( Sheet  1  of 2 )

Bit Access
Default  

Value
Descript ion

15: 12 RO 0h Reserved

11 RO 0b
Discard Tim er SERR Enable ( DTSERRE) : 

Not  Applicable or I m plemented. Hardwired to 0. 

10 RO 0b
Discard Tim er Status ( DTSTS) : 

Not  Applicable or I m plemented. Hardwired to 0. 

9 RO 0b
Secondary Discard Tim er ( SDT) : 

Not  Applicable or I m plemented. Hardwired to 0. 

8 RO 0b
Prim ary Discard Tim er ( PDT) : 

Not  Applicable or I m plemented. Hardwired to 0. 

7 RO 0b
Fast  Back- to- Back Enable ( FB2 BEN) : 

Not  Applicable or I m plemented. Hardwired to 0. 

6 R/ W 0b

Secondary Bus Reset  ( SRESET) : 

Set t ing this bit  t r iggers a hot  reset  on the corresponding PCI  

Express*  Port . This will force the LTSSM to t ransit ion to the Hot  

Reset  state (via Recovery)  from  L0, L0s, or L1 states. 

5 RO 0b

Master Abort  Mode ( MAMODE) : 

When act ing as a m aster, unclaim ed reads that  experience a 

master abort  returns all 1's and any writes that  experience a 

m aster abort  com pletes norm ally and the data is thrown away. 

Hardwired to 0. 

4 R/ W 0b

VGA 1 6 - bit  Decode ( VGA1 6 D) : 

Enables the PCI - to-PCI  br idge to provide 16-bit  decoding of VGA 

I / O address precluding the decoding of alias addresses every 

1 KB. This bit  only has meaning if bit  3 (VGA Enable)  of this 

register is also set  to 1, enabling VGA I / O decoding and 

forwarding by the br idge.

0: Execute 10-bit  address decodes on VGA I / O accesses.

1: Execute 16-bit  address decodes on VGA I / O accesses.

3 R/ W 0b

VGA Enable ( VGAEN) : 

Controls the rout ing of CPU init iated t ransact ions target ing VGA 

com pat ible I / O and m em ory address ranges. See the VGAEN/

MDAP table in Device 0, offset  97h[ 0] . 
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2 R/ W 0b

I SA Enable ( I SAEN) : 

Needed to exclude legacy resource decode to route I SA resources 

to legacy decode path. Modifies the response by the GMCH to an 

I / O access issued by the CPU that  target  I SA I / O addresses. This 

applies only to I / O addresses that  are enabled by the I OBASE and 

I OLI MI T registers. 

0: All addresses defined by the I OBASE and I OLI MI T for CPU 

I / O t ransact ions will be m apped to PCI  Express-G* . 

1: GMCH will not  forward to PCI  Express-G any I / O 

t ransact ions addressing the last  768 bytes in each 1-KB block 

even if the addresses are within the range defined by the I OBASE 

and I OLI MI T registers. I nstead of going to PCI  Express-G these 

cycles will be forwarded to DMI  where they can be subt ract ively 

or posit ively claim ed by the I SA br idge.

1 R/ W 0b

SERR Enable ( SERREN) : 

0: No forwarding of error m essages from  secondary side to 

pr im ary side that  could result  in an SERR.

1: ERR_COR, ERR_NONFATAL, and ERR_FATAL messages 

result  in SERR message when individually enabled by the Root  

Cont rol register.

0 R/ W 0b

Parity Error Response Enable ( PEREN) : 

Cont rols whether or not  the Master Data Parity Error bit  in the 

Secondary Status register is set  when the MCH receives across 

the link (upst ream )  a Read Data Com plet ion Poisoned TLP 

0: Master Data Parity Error bit  in Secondary Status register 

cannot  be set .

1: Master Data Parity Error bit  in Secondary Status register 

can  be set .

 ( Sheet  2  of 2 )

Bit Access
Default  

Value
Descript ion
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7 .1 .2 3 PM_ CAPI D1  -  Pow er Managem ent  Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 80-83h

Default  Value: C8029001h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 27 RO 19h

PME Support  ( PMES) : 

This field indicates the power states in which this device may 

indicate PME wake via PCI  Express m essaging. D0, D3hot  & 

D3cold. This device is not  required to do anything to support  

D3hot  & D3cold;  it  sim ply m ust  report  that  those states are 

supported. Refer to the current  PCI  Power Managem ent  

Specificat ion for encoding explanat ion and other power 

managem ent  details.

26: 26 RO 0b

D2  Pow er State Support  ( D2 PSS) : 

Hardwired to 0 to indicate that  the D2 power m anagem ent  state 

is not  supported.

25: 25 RO 0b

D1  Pow er State Support  ( D1 PSS) : 

Hardwired to 0 to indicate that  the D1 power m anagem ent  state 

is not  supported.

24: 22 RO 000b

Auxiliary Current  ( AUXC) : 

Hardwired to 0 to indicate that  there are no 3.3Vaux auxiliary 

current  requirem ents.

21: 21 RO 0b

Device Specific I nit ia lizat ion ( DSI ) : 

Hardwired to 0 to indicate that  special init ializat ion of this device 

is not  required before generic class device dr iver is to use it .

20: 20 RO 0b
Auxiliary Pow er Source ( APS) : 

Hardwired to 0. 

19: 19 RO 0b

PME Clock ( PMECLK) : 

Hardwired to 0 to indicate this device does not  support  PMEB 

generat ion.

18: 16 RO 010b

PCI  PM CAP Version ( PCI PMCV) : 

Hardwired to 02h to indicate there are 4 bytes of power 

managem ent  registers im plem ented and that  this device com plies 

with the current  PCI  Power Managem ent  I nterface Specificat ion.

15: 8 RO 90h

Pointer  to Next  Capability ( PNC) : 

This contains a pointer to the next  item  in the capabilit ies list . I f 

MSI CH (CAPL[ 0]  @ 7Fh)  is 0, then the next  item  in the 

capabilit ies list  is the Message Signaled I nterrupts (MSI )  

capabilit y at  90h. I f MSI CH (CAPL[ 0]  @ 7Fh)  is 1, then the next  

item  in the capabilit ies list  is the PCI  Express capabilit y at  A0h.

7: 0 RO 01h

Capability I D ( CI D) : 

Value of 01h ident ifies this linked list  item  (capability st ructure)  

as being for PCI  Power Managem ent  registers.
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7 .1 .2 4 PM_ CS1  -  Pow er Managem ent  Control/ Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 84-87h

Default  Value: 00000000h

Access: ROR/ W/ S;  

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 16 RO 0000h Reserved

15: 15 RO 0b

PME Status ( PMESTS) : 

I ndicates that  this device does not  support  PMEB generat ion from  

D3cold.

14: 13 RO 00b

Data Scale ( DSCALE) : 

I ndicates that  this device does not  support  the power 

m anagem ent  data register.

12: 9 RO 0h

Data Select  ( DSEL) : 

I ndicates that  this device does not  support  the power 

m anagem ent  data register.

8 R/ W/ S 0b

PME Enable ( PMEE) : 

I ndicates that  this device does not  generate PMEB assert ion from  

any D-state.

0: PMEB generat ion not  possible from  any D State

1: PMEB generat ion enabled from  any D State

The set t ing of this bit  has no effect  on hardware.

See PM_CAP[ 15: 11]

7: 2 RO 00h Reserved
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1: 0 R/ W 00b

Pow er State ( PS) : I ndicates the current  power state of this 

device and can be used to set  the device into a new power state. 

I f software at tem pts to write an unsupported state to this field, 

wr ite operat ion m ust  complete normally on the bus, but  the data 

is discarded and no state change occurs.

00: D0

01: D1 (Not  supported in this device)

10: D2 (Not  supported in this device)

11: D3

Support  of D3cold does not  require any special act ion. 

While in the D3hot  state, this device can only act  as the target  of 

PCI  configurat ion t ransact ions ( for power managem ent  cont rol) .  

This device also cannot  generate interrupts or respond to MMR 

cycles in the D3 state. The device must  return to the D0 state in 

order to be fully- funct ional. 

When the Power State is other than D0, the br idge will Master 

Abort  ( i.e.,  not  claim )  any downst ream  cycles (with except ion of 

type 0 configurat ion cycles) . Consequent ly, these unclaim ed 

cycles will go down DMI  and com e back up as Unsupported 

Requests, which the MCH logs as Master Aborts in Device 0 

PCI STS[ 13]

There is no addit ional hardware funct ionality required to support  

these Power States.

Bit Access
Default  

Value
Descript ion
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7 .1 .2 5 SS_ CAPI D -  Subsystem  I D and Vendor I D Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 88-8Bh

Default  Value: 0000800Dh

Access: RO

Size: 32 bits

This capability is used to uniquely ident ify the subsystem where the PCI  device resides. 

7 .1 .2 6 SS -  Subsystem  I D and Subsystem  Vendor I D

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 8C-8Fh

Default  Value: 00008086h

Access: R/ WO 

Size: 32 bits

System BI OS can be used as the mechanism  for loading the SSI D/ SVI D values. These 
values must  be preserved through power management  t ransit ions and hardware reset .

Bit Access
Default  

Value
Descr ipt ion

31: 16 RO 0000h Reserved

15: 8 RO 80h

Pointer  to Next  Capability ( PNC) : 

This contains a pointer to the next  item  in the capabilit ies list  

which is the PCI  Power Managem ent  capability.

7: 0 RO 0Dh

Capability I D ( CI D) : 

Value of 0Dh ident ifies this linked list  item  (capability st ructure)  

as being for SSI D/ SSVI D registers in a PCI - to-PCI  br idge.

Bit Access
Default  

Value
Descript ion

31: 16 R/ WO 0000h
Subsystem  I D ( SSI D) : 

I dent ifies the part icular subsystem  and is assigned by the vendor. 

15: 0 R/ WO 8086h

Subsystem  Vendor I D ( SSVI D) : 

I dent if ies the manufacturer of the subsystem  and is the same as 

the vendor I D which is assigned by the PCI  Special I nterest  

Group. 



Datasheet 243

PCI  Express Graphics Device 1  Configurat ion Registers ( D1 :F0 )

7 .1 .2 7 MSI _ CAPI D -  Message Signaled I nterrupts Capability I D

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 90-91h

Default  Value: A005h

Access: RO

Size: 16 bits

When a device supports MSI  it  can generate an interrupt  request  to the processor by 
writ ing a predefined data item  (a message)  to a predefined memory address.

The report ing of the existence of this capability can be disabled by set t ing MSI CH 
(CAPL[ 0]  @ 7Fh) . I n that  case walking this linked list  will skip this capability and 
instead go direct ly from  the PCI  PM capability to the PCI  Express capability.

7 .1 .2 8 MC -  Message Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 92-93h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

System  software can m odify bits in this register, but  the device is prohibited from  doing 
so.

I f the device writes the same message mult iple t im es, only one of those messages is 
guaranteed to be serviced. I f all of them must  be serviced, the device must  not  
generate the same message again unt il the driver services the earlier one.

Bit Access
Default  

Value
Descript ion

15: 8 RO A0h

Pointer  to Next  Capability ( PNC) : 

This contains a pointer to the next  item  in the capabilit ies list  

which is the PCI  Express*  capabilit y.

7: 0 RO 05h

Capability I D ( CI D) : 

Value of 05h ident ifies this linked list  item  (capability st ructure)  

as being for MSI  registers.

Bit Access
Default  

Value
Descript ion

15: 8 RO 00h Reserved

7 RO 0b

6 4 - bit  Address Capable ( 6 4 AC) : 

Hardwired to 0 to indicate that  the funct ion does not  im plem ent  

the upper 32 bits of the Message Address register and is 

incapable of generat ing a 64-bit  m em ory address. 

This m ay need to change in future im plem entat ions when 

addressable system m em ory exceeds the 32-b/ 4-GB lim it .  
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7 .1 .2 9 MA -  Message Address

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 94-97h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

6: 4 R/ W 000b

Mult iple  Message Enable ( MME) : 

System software program s this field to indicate the actual number 

of m essages allocated to this device. This num ber will be equal to 

or less than the number actually requested. 

The encoding is the sam e as for the MMC field below. 

3: 1 RO 000b

Mult iple  Message Capable ( MMC) : 

System  software reads this field to determ ine the num ber of 

m essages being requested by this device. 

Value: Num ber of Messages Requested 

000: 1

 All of the following are reserved in this im plem entat ion:  

001: 2

010: 4

011: 8

100: 16

101: 32

110: Reserved 

111: Reserved

0 R/ W 0b

MSI  Enable ( MSI EN) : 

Controls the ability of this device to generate MSI s. 

 0: MSI  will not  be generated. 

 1: MSI  will be generated when we receive PME or HotPlug 

m essages. I NTA will not  be generated and I NTA Status 

(PCI STS1[ 3] )  will not  be set . 

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 2 R/ W 00000000h

Message Address ( MA) : 

Used by system  software to assign an MSI  address to the 

device. The device handles an MSI  by writ ing the padded 

contents of the MD register to this address.

1: 0 RO 00b

Force Dw ord Align ( FDW A) : 

Hardwired to 0 so that  addresses assigned by system software 

are always aligned on a dword address boundary.
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7 .1 .3 0 MD -  Message Data

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : 98-99h

Default  Value: 0000h

Access: R/ W

Size: 16 bits

7 .1 .3 1 PEG_ CAPL -  PCI  Express- G Capability List

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : A0-A1h

Default  Value: 0010h

Access: RO

Size: 16 bits

This register enum erates the PCI  Express capability st ructure.

Bit Access
Default  

Value
Descript ion

15: 0 R/ W 0000h

Message Data ( MD) : 

Base m essage data pat tern assigned by system  software and 

used to handle an MSI  from  the device. 

 When the device m ust  generate an interrupt  request , it  writes a 

32-bit  value to the memory address specified in the MA register. 

The upper 16 bits are always set  to 0. The lower 16 bits are 

supplied by this register.

Bit Access
Default  

Value
Descript ion

15: 8 RO 00h

Pointer  to Next  Capability ( PNC) : 

This value term inates the capabilit ies list .  The Vir tual Channel 

capabilit y and any other PCI  Express*  specific capabilit ies that  

are reported via this m echanism  are in a separate capabilit ies list  

located ent irely within PCI  Express Extended Configurat ion 

Space.

7: 0 RO 10h

Capability I D ( CI D) : 

I dent ifies this linked list  item  (capability st ructure)  as being for 

PCI  Express registers.
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7 .1 .3 2 PEG_ CAP -  PCI  Express- G Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : A2-A3h

Default  Value: 0141h

Access: R/ WO;  RO

Size: 16 bits

This register defines the PCI  Express device capabilit ies.

Bit Access
Default  

Value
Descript ion

15: 14 RO 00b Reserved

13: 9 RO 00h
I nterrupt  Message Num ber ( I MN) : 

Not  Applicable or I m plem ented. Hardwired to 0.

8 R/ WO 1b

Slot  I m plem ented ( SI ) : 

0: The PCI  Express*  Link associated with this port  is 

connected to an integrated com ponent  or is disabled.

1: The PCI  Express Link associated with this port  is connected 

to a slot .

BI OS Requirem ent :  This field must  be init ialized appropriately if a 

slot  connect ion is not  implem ented. 

7: 4 RO 4h

Device/ Port  Type ( DPT) : 

Hardwired to 4h to indicate root  port  of PCI  Express Root  

Com plex.

3: 0 RO 1h
PCI  Express Capability Version ( PCI ECV) : 

Hardwired to 1 as it  is the first  version.
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7 .1 .3 3 DCAP -  Device Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : A4-A7h

Default  Value: 00000000h

Access: RO

Size: 32 bits

This register defines the PCI  Express device capabilit ies.

Bit Access
Default  

Value
Descript ion

31: 6 RO 0000000h Reserved

5: 5 RO 0b
Extended Tag Field Supported ( ETFS) : 

Hardwired to indicate support  for 5-bit  tags as a requestor. 

4: 3 RO 00b
Phantom  Funct ions Supported ( PFS) : 

Not  Applicable or I m plemented. Hardwired to 0.

2: 0 RO 000b

Max Payload Size ( MPS) : 

Hardwired to indicate 128B m ax supported payload for 

Transact ion Layer Packets (TLP) .
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7 .1 .3 4 DCTL -  Device Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : A8-A9h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Provides cont rol for PCI  Express device specific capabilit ies.

The error report ing enable bits are in reference to errors detected by this device, not  
error m essages received across the link. The report ing of error m essages (ERR_CORR, 
ERR_NONFATAL, ERR_FATAL)  received by Root  Port  is cont rolled exclusively by Root  
Port  Com m and register.

Bit Access
Default  

Value
Descript ion

15: 12 RO 0h Reserved

11: 11 RO 0b Reserved

10: 8 RO 000b Reserved

7: 5 R/ W 000b

Max Payload Size ( MPS) : 

000: 128B max supported payload for Transact ion Layer 

Packets (TLP) . As a receiver, the Device m ust  handle TLPs as 

large as the set  value;  as t ransm it ter, the Device m ust  not  

generate TLPs exceeding the set  value.

All other encodings are reserved.

Hardware will actually ignore this field. I t  is writeable only to 

support  com pliance test ing.

4 RO 0b Reserved

3 R/ W 0b

Unsupported Request  Report ing Enable ( URRE) : 

When set , Unsupported Requests will be reported. 

Report ing of error m essages received by Root  Port  is cont rolled 

exclusively by Root  Cont rol register.

2 R/ W 0b

Fatal Error Report ing Enable ( FERE) : 

When set  fatal errors will be reported. For a Root  Port , the 

report ing of fatal errors is internal to the root . No external 

ERR_FATAL m essage is generated.

1 R/ W 0b

Non- Fatal Error Report ing Enable ( NFERE) : 

When set  non- fatal errors will be reported. For a Root  Port , the 

report ing of non- fatal errors is internal to the root . No external 

ERR_NONFATAL message is generated. Uncorrectable errors can 

result  in degraded perform ance.

0 R/ W 0b

Correctable Error Report ing Enable ( CERE) : 

When set  correctable errors will be reported. For a Root  Port , the 

report ing of correctable errors is internal to the root . No external 

ERR_CORR message is generated.
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7 .1 .3 5 DSTS -  Device Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : AA-ABh

Default  Value: 0000h

Access: R/ WC;  RO

Size: 16 bits

This register reflects status corresponding to cont rols in the Device Cont rol register. 

The error report ing bits are in reference to errors detected by this device, not  errors 
messages received across the link.

Bit Access
Default  

Value
Descript ion

15: 6 RO 000h Reserved

5 RO 0b

Transact ions Pending ( TP) : 

0: All pending t ransact ions ( including com plet ions for any 

outstanding non-posted requests on any used Vir tual Channel)  

have been com pleted.

1: I ndicates that  the device has t ransact ion(s)  pending 

( including com plet ions for any outstanding non-posted requests 

for all used Traffic Classes) .

4 RO 0b Reserved

3 R/ WC 0b

Unsupported Request  Detected ( URD) : 

When set  this bit  indicates that  the Device received an 

Unsupported Request . Errors are logged in this register 

regardless of whether error report ing is enabled or not  in the 

Device Cont rol register.

Addit ionally, the Non-Fatal Error Detected bit  or the Fatal Error 

Detected bit  is set  according to the set t ing of the Unsupported 

Request  Error Severity bit .  I n product ion system s set t ing the 

Fatal Error Detected bit  is not  an opt ion as support  for AER will 

not  be reported.

2 R/ WC 0b

Fatal Error  Detected ( FED) : 

When set  this bit  indicates that  fatal error(s)  were detected. 

Errors are logged in this register regardless of whether error 

report ing is enabled or not  in the Device Cont rol register. When 

Advanced Error Handling is enabled, errors are logged in this 

register regardless of the set t ings of the uncorrectable error mask 

register. 

1 R/ WC 0b

Non- Fatal Error Detected ( NFED) : 

When set  this bit  indicates that  non- fatal error(s)  were detected. 

Errors are logged in this register regardless of whether error 

report ing is enabled or not  in the Device Cont rol register.

When Advanced Error Handling is enabled, errors are logged in 

this register regardless of the set t ings of the uncorrectable error 

mask register. 
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7 .1 .3 6 LCAP -  Link Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : AC-AFh

Default  Value: 02014D01h

Access: R/ WO;  RO

Size: 32 bits

This register indicates PCI  Express device specific capabilit ies.

0 R/ WC 0b

Correctable Error Detected ( CED) : 

When set  this bit  indicates that  correctable error(s)  were 

detected. Errors are logged in this register regardless of whether 

error report ing is enabled or not  in the Device Cont rol register. 

 When Advanced Error Handling is enabled, errors are logged in 

this register regardless of the set t ings of the correctable error 

m ask register. 

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 24 RO 02h

Port  Num ber ( PN) : 

I ndicates the PCI  Express*  port  num ber for the given PCI  Express 

link. Matches the value in Elem ent  Self Descript ion[ 31: 24] .

23: 18 RO 00h Reserved

17: 15 R/ WO 010b

L1  Exit  Latency ( L1 ELAT) : 

I ndicates the length of t im e this Port  requires to com plete the 

t ransit ion from L1 to L0. The value 010 b indicates the range of 

2 µs to less than 4 µs.

BI OS Requirem ent :  I f this field is required to be any value other 

than the default , 

 BI OS must  init ialize it  accordingly.

Both bytes of this register that  contain a port ion of this field m ust  

be writ ten simultaneously in order to prevent  an interm ediate 

(and undesired)  value from  ever exist ing.

14: 12 RO 100b

L0 s Exit  Latency ( L0 SELAT) : 

I ndicates the length of t im e this Port  requires to com plete the 

t ransit ion from  L0s to L0.

000: Less than 64 ns

001: 64 ns to less than 128 ns

010: 128 ns to less than 256 ns

011: 256 ns to less than 512 ns

100: 512 ns to less than 1 µs

101: 1 µs to less than 2 µs

110: 2 µs -  4 µs

111: More than 4 µs

The actual value of this field depends on the com m on Clock 

Configurat ion bit  (LCTL[ 6] )  and the Com m on and Non-Com m on 

clock L0s Exit  Latency values in PEGL0SLAT (Offset  224h) .
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7 .1 .3 7 LCTL -  Link Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : B0-B1h

Default  Value: 0000h

Access: R/ W;  ROR/ W/ SC 

Size: 16 bits

This register allows cont rol of PCI  Express link.

11: 10 R/ WO 11b

Act ive State Link PM Support  ( ASLPMS) : 

BI OS Requirem ent :  Desktop chipsets do not  support  ASPM L1, so 

BI OS should program  this field to "01".

9: 4 RO 10h
Max Link W idth ( MLW ) : 

I ndicates the m axim um  num ber of lanes supported for this link.

3: 0 RO 1h Max Link Speed ( MLS) : Hardwired to indicate 2.5 Gb/ s.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

15: 8 RO 000h Reserved

7 R/ W 0b Reserved

6 R/ W 0b

Com m on Clock Configurat ion ( CCC) : 

0: I ndicates that  this component  and the com ponent  at  the 

opposite end of this Link are operat ing with asynchronous 

reference clock.

1: I ndicates that  this component  and the com ponent  at  the 

opposite end of this Link are operat ing with a dist r ibuted com m on 

reference clock.

The state of this bit  affects the L0s Exit  Latency reported in 

LCAP[ 14: 12]  and the N_FTS value advert ised dur ing link t raining. 

See PEGL0SLAT at  offset  224h.

5 R/ W/ SC 0b

Retrain Link ( RL) : 

0: Norm al operat ion.

1: Full Link ret raining is init iated by direct ing the Physical 

Layer LTSSM from  L0, L0s, or L1 states to the Recovery state.

This bit  always returns 0 when read.

This bit  is cleared autom at ically (no need to write a 0) .

4 R/ W 0b

Link Disable ( LD) : 

0: Norm al operat ion

1: Link is disabled. Forces the LTSSM to t ransit ion to the 

Disabled state (via Recovery)  from  L0, L0s, or L1 states. Link 

ret raining happens autom at ically on 0 to 1 t ransit ion, just  like 

when com ing out  of reset . 

Writes to this bit  are im m ediately reflected in the value read from  

the bit ,  regardless of actual Link state.
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7 .1 .3 8 LSTS -  Link Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : B2-B3h

Default  Value: 1001h

Access: RO

Size: 16 bits

This register indicates PCI  Express link status.

3 RO 0b
Read Com plet ion Boundary ( RCB) : 

Hardwired to 0 to indicate 64 bytes. 

2 RO 0b Reserved

1: 0 R/ W 00b

Act ive State PM ( ASPM) : 

Controls the level of act ive state power m anagem ent  supported 

on the given link.

00: Disabled

01: L0s Ent ry Supported

10: Reserved

11: L0s and L1 Ent ry Supported

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

15: 13 RO 000b Reserved

12 RO 1b

Slot  Clock Configurat ion ( SCC) : 

0: The device uses an independent  clock irrespect ive of the 

presence of a reference on the connector.

1: The device uses the sam e physical reference clock that  the 

plat form  provides on the connector.

11 RO 0b

Link Training ( LTRN) : 

I ndicates that  the Physical Layer LTSSM is in the Configurat ion or 

Recovery state, or that  1b was writ ten to the Ret rain Link bit  but  

Link t raining has not  yet  begun. Hardware clears this bit  when 

the LTSSM exits the Configurat ion/ Recovery state once Link 

t raining is com plete.

10 RO 0b

Training Error ( TE) : 

This bit  is set  by hardware upon detect ion of unsuccessful 

t raining of the Link to the L0 Link state.

9: 4 RO 00h

Negot iated W idth ( NW ) : 

I ndicates negot iated link width. This field is valid only when the 

link is in the L0, L0s, or L1 states (after link width negot iat ion is 

successfully com pleted) .

01h: X1

10h: X16

All other encodings are reserved. 
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7 .1 .3 9 SLOTCAP -  Slot  Capabilit ies

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : B4-B7h

Default  Value: 00000000h

Access: R/ WO;  RO

Size: 32 bits

PCI  Express Slot  related registers allow for the support  of Hot  Plug.

3: 0 RO 1h

Negot iated Speed ( NS) : 

I ndicates negot iated link speed.

1h: 2.5 Gb/ s

All other encodings are reserved.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 19 R/ WO 0000h

Physical Slot  Num ber ( PSN) : 

I ndicates the physical slot  num ber at tached to this Port .

 BI OS Requirem ent :  This field m ust  be init ialized by BI OS to a 

value that  assigns a slot  num ber that  is globally unique within the 

chassis.

18: 17 RO 00b Reserved

16: 15 R/ WO 00b

Slot  Pow er Lim it  Scale ( SPLS) : 

Specifies the scale used for the Slot  Power Lim it  Value.

00: 1.0x

01: 0.1x

10: 0.01x

11: 0.001x

I f this field is writ ten, the link sends a Set_Slot_Power_Lim it  

message.

14: 7 R/ WO 00h

Slot  Pow er Lim it  Value ( SPLV) : 

I n com binat ion with the Slot  Power Lim it  Scale value, specifies 

the upper lim it  on power supplied by slot . Power lim it  ( in Wat ts)  is 

calculated by mult iplying the value in this field by the value in the 

Slot  Power Lim it  Scale field.

I f this field is writ ten, the link sends a Set_Slot_Power_Lim it  

message.

6 R/ WO 0b

Hot  Plug Capable ( HPC) : 

I ndicates that  this slot  is capable of support ing Hot  Plug 

operat ions.

5 R/ WO 0b

Hot  Plug Surprise ( HPS) : 

I ndicates that  a device present  in this slot  m ight  be rem oved from  

the system  without  any prior not ificat ion.

4 R/ WO 0b

Pow er I ndicator Present  ( PI P) : 

I ndicates that  a Power I ndicator is im plem ented on the chassis for 

this slot .
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7 .1 .4 0 SLOTCTL -  Slot  Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : B8-B9h

Default  Value: 01C0h

Access: R/ W;  RO

Size: 16 bits

PCI  Express Slot  related registers allow for the support  of Hot  Plug.

3 R/ WO 0b

Attent ion I ndicator  Present  ( AI P) : 

I ndicates that  an At tent ion I ndicator is im plem ented on the 

chassis for this slot .

2 RO 0b Reserved 

1 RO 0b Reserve

0 R/ WO 0b

Attent ion But ton Present  ( ABP) : 

I ndicates that  an At tent ion But ton is im plem ented on the chassis 

for this slot . The At tent ion But ton allows the user to request  Hot  

Plug operat ions.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

15: 11 RO 00h Reserved  

10: 10 R/ W 0b Reserved

9: 8 R/ W 01b

Pow er I ndicator  Control ( PI C) : 

Reads to this register return the current  state of the Power 

I ndicator.

Writes to this register set  the Power I ndicator and cause the Port  

to send the appropriate POWER_I NDI CATOR_*  m essages.

00: Reserved

01: On

10: Blink

11: Off

7: 6 R/ W 11b

Attent ion I ndicator  Control ( AI C) : 

Reads to this register return the current  state of the At tent ion 

I ndicator.

Writes to this register set  the At tent ion I ndicator and cause the 

Port  to send the appropriate ATTENTI ON_I NDI CATOR_*  

m essages.

00: Reserved

01: On

10: Blink

11: Off

5 R/ W 0b

Hot  Plug I nterrupt  Enable ( HPI E) : 

When set  enables generat ion of hot  plug interrupt  on enabled Hot  

Plug events.
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7 .1 .4 1 SLOTSTS -  Slot  Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : BA-BBh

Default  Value: 00_0s00_0h

Access: R/ WC;  RO

Size: 16 bits

PCI  Express Slot  related registers allow for the support  of Hot  Plug.

4 R/ W 0b

Com m and Com pleted I nterrupt  Enable ( CCI ) : 

When set  enables the generat ion of hot  plug interrupt  when a 

com m and is com pleted by the Hot  Plug cont roller.

3 R/ W 0b

Presence Detect  Changed Enable ( PDCE) : 

When set  enables the generat ion of Hot  Plug interrupt  or wakeup 

m essage on a presence detect  changed event .

2 RO 0b Reserved

1 RO 0b Reserved

0 R/ W 0b

Attent ion Button Pressed Enable ( ABPE) : 

 When set  enables the generat ion of Hot  Plug interrupt  or wakeup 

m essage on an at tent ion but ton pressed event .

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

15: 7 RO 000h Reserved

6 RO Strap

Presence Detect  State ( PDS) : 

I ndicates the presence of a card in the slot .

0: Slot  Empty

1: Card Present  in slot .  

5 RO 0b Reserved

4 R/ WC 0b

Com m and Com pleted ( CC) : 

Set  when the hot  plug cont roller com pletes an issued comm and. 

This field applies only to com m ands/ writes issued by software to 

cont rol the At tent ion I ndicator or Power I ndicator. The com m and 

com pleted bit  will be set  when a slot  cont rol register write has 

occurred and all appropriate indicator m essages associated with 

that  slot  cont rol register write have been sent . A com mand 

com pleted interrupt  will only be sent  when enabled and the 

com m and com pleted bit  t ransit ions from  0 to 1. 

Software m ust  wait  for confirm at ion of com m and com plet ion 

(not ificat ion via Com m and Com pleted interrupt  or polling 

Com m and Com pleted field)  before issuing the next  com m and. 

However, if the Com m and Com pleted register is not  set  1 second 

after the com m and is issued, the host  software is allowed to 

repeat  the com m and or to issue the next  comm and. 

I t  is a program m ing error if software issues a write before the 

cont roller has com pleted processing of the previous com m and 

and before the 1-second t im e lim it  has expired.
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7 .1 .4 2 RCTL -  Root  Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : BC-BDh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This register allows cont rol of PCI  Express Root  Com plex specific param eters. The 
system  error cont rol bits in this register determ ine if corresponding SERRs are 
generated when our device detects an error ( reported in this device's Device Status 
register)  or when an error m essage is received across the link. Report ing of SERR as 
cont rolled by these bits takes precedence over the SERR Enable in the PCI  Command 
register.

3 R/ WC 0b

Presence Detect  Changed ( PDC) : 

Set  when a Presence Detect  change is detected. This corresponds 

to an edge on the signal that  corresponds to bit  6 of this register 

(Presence Detect  State) .

2 RO 0b Reserved

1 RO 0b Reserved

0 R/ WC 0b
Attent ion But ton Pressed ( ABP) : 

Set  when the At tent ion But ton is pressed.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

15: 4 RO 000h Reserved

3 R/ W 0b

PME I nterrupt  Enable ( PMEI E) : 

0: No interrupts are generated as a result  of receiving PME 

m essages.

1: Enables interrupt  generat ion upon receipt  of a PME 

m essage as reflected in the PME Status bit  of the Root  Status 

register. A PME interrupt  is also generated if the PME Status bit  of 

the Root  Status register is set  when this bit  is set  from  a cleared 

state.

2 R/ W 0b

System  Error on Fatal Error Enable ( SEFEE) : 

Cont rols the Root  Com plex's response to fatal errors.

0: No SERR generated on receipt  of fatal error.

1: I ndicates that  an SERR should be generated if a fatal error 

is reported by any of the devices in the hierarchy associated with 

this Root  Port , or by the Root  Port  it self.

1 R/ W 0b

System  Error on Non- Fatal Uncorrectable Error Enable 

( SENFUEE) : 

Cont rols the Root  Com plex's response to non- fatal errors.

0: No SERR generated on receipt  of non- fatal error.

1: I ndicates that  an SERR should be generated if a non- fatal 

error is reported by any of the devices in the hierarchy associated 

with this Root  Port , or by the Root  Port  it self.
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7 .1 .4 3 RSTS -  Root  Status

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : C0-C3h

Default  Value: 00000000h

Access: R/ WC;  RO

Size: 32 bits

This register provides informat ion about  PCI  Express Root  Com plex specific 
parameters.

0 R/ W 0b

System  Error on Correctable Error Enable ( SECEE) : 

Cont rols the Root  Com plex's response to correctable errors.

0: No SERR generated on receipt  of correctable error.

1: I ndicates that  an SERR should be generated if a correctable 

error is reported by any of the devices in the hierarchy associated 

with this Root  Port , or by the Root  Port  it self.

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descript ion

31: 18 RO 0000h Reserved

17 RO 0b

PME Pending ( PMEP) : 

I ndicates that  another PME is pending when the PME Status bit  is 

set . When the PME Status bit  is cleared by software;  the PME is 

delivered by hardware by set t ing the PME Status bit  again and 

updat ing the Requestor I D appropriately. The PME pending bit  is 

cleared by hardware if no m ore PMEs are pending.

16 R/ WC 0b

PME Status ( PMES) : 

I ndicates that  PME was asserted by the requestor I D indicated in 

the PME Requestor I D field. Subsequent  PMEs are kept  pending 

unt il the status register is cleared by writ ing a 1 to this field.

15: 0 RO 0000h
PME Requestor I D ( PMERI D) : 

I ndicates the PCI  requestor I D of the last  PME requestor.
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7 .1 .4 4 PEGLC -  PCI  Express- G Legacy Control

B/ D/ F/ Type: 0/ 1/ 0/ PCI

Address Offset : EC-EFh

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

This register cont rols funct ionality that  is needed by Legacy (non-PCI  Express aware)  
OS's during run t im e.

7 .1 .4 5 PEGCTL1  –  PEG Control 1

B/D/F/Type: 0/1/0/PCI

Address Offset: F0-F3h

Default Value: 00010000h

Access: R/W; RO

Size: 32 bits

This register must  be accessed with DWORD granularity and not  with BYTE granularity.

Bit Access
Default  

Value
Descript ion

31: 3 RO 00000000h Reserved

2 R/ W 0b

PME GPE Enable ( PMEGPE) : 

0: Do not  generate GPE PME m essage when PME is received.

1: Generate a GPE PME m essage when PME is received 

(Assert_PMEGPE and deassert_PMEGPE m essages on DMI ) . This 

enables the MCH to support  PMEs on the PEG port  under legacy 

OSs.

1 R/ W 0b

Hot  Plug GPE Enable ( HPGPE) : 

0: Do not  generate GPE Hot  Plug m essage when Hot  Plug 

event  is received.

1: Generate a GPE Hot  Plug m essage when Hot  Plug Event  is 

received (Assert_HPGPE and deassert_HPGPE messages on 

DMI ) . This enables the MCH to support  Hot  Plug on the PEG port  

under legacy OSs.

0 R/ W 0b

General Message GPE Enable ( GENGPE) : 

0: Do not  forward received GPE assert / deassert  m essages.

1: Forward received GPE assert / deassert  messages. These 

general GPE message can be received via the PEG port  from  an 

external I ntel®  device ( i.e., PxH)  and will be subsequent ly 

forwarded to the I CH (via Assert_GPE and deassert_GPE 

m essages on DMI ) . For example, PxH m ight  send this message 

if a PCI  Express*  device is hot  plugged into a PxH downst ream  

port .
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7 .1 .4 6 PEGTCFG –  PEG Tim ing Configurat ion

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : E80-E83h

Default  Value: 08080488h

Access: R/ WC;  RO

Size: 32 bits

7 .2 PCI  Express Device 1  Extended Configurat ion 
Registers

Extended capability st ructures for PCI  Express devices are located in PCI  Express 
extended configurat ion space and have different  field definit ions than standard PCI  
capability st ructures.

Table 1 1 . PCI  Express Device 1  Extended Configurat ion Registers

Register Nam e
Register  

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Virtual Channel Enhanced Capabilit y 

Header
VCECH 100 103 14010002h RO

Port  VC Capability Register 1 PVCCAP1 104 107 00000001h R/ WO;  RO

Port  VC Capability Register 2 PVCCAP2 108 10B 00000001h RO

Port  VC Control PVCCTL 10C 10D 0000h R/ W;  RO

Reserved 10E 10F

VC0 Resource Capability VC0RCAP 110 113 00000000h RO

VC0 Resource Cont rol VC0RCTL 114 117 800000FFh R/ W;  RO

Reserved 118 119

VC0 Resource Status VC0RSTS 11A 11B 0002h RO

Reserved 11C 13F

Root  Com plex Link Declarat ion 

Enhanced
RCLDECH 140 143 00010005h RO

Elem ent  Self Descr ipt ion ESD 144 147 02000100h R/ WO;  RO

Reserved 148 14F

Link Ent ry 1 Descr ipt ion LE1D 150 153 00000000h R/ WO;  RO

Reserved 154 157

Link Ent ry 1 Address LE1A 158 15F
00000000000

00000h
R/ WO;  RO

Reserved 160 217

PCI  Express-G*  Configurat ion PEGCFG 200 203 00201F6Eh

R/ W;  

ROR/ W/

SC;

PCI  Express-G Tim eout  Cont rol PEGTC 204 207 00000CF4h R/ W;  RO;
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7 .2 .1 VCECH -  Virtual Channel Enhanced Capability Header

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 100-103h

Default  Value: 14010002h

Access: RO

Size: 32 bits

This register indicates PCI  Express device Virtual Channel capabilit ies. 

PCI  Express-G Countdown Cont rol PEGCC 208 20B 000034B0h R/ W;  RO;

PCI  Express-G Sequence Status PEGSSTS 218 21F
00000000000

00FFFh
RO

Reserved 220 FFF

Table 1 1 . PCI  Express Device 1  Extended Configurat ion Registers

Register Nam e
Register 

Sym bol

Register 

Start

Register  

End

Default  

Value
Access

Bit Access
Default  

Value
Descript ion

31: 20 RO 140h

Pointer  to Next  Capability ( PNC) : 

The Link Declarat ion Capabilit y is the next  in the PCI  Express*  

extended capabilit ies list .

19: 16 RO 1h

PCI  Express Virtual Channel Capability Version 

( PCI EVCCV) : 

Hardwired to 1 to indicate compliances with the current  PCI  Local 

Bus Specificat ion.

15: 0 RO 0002h

Extended Capability I D ( ECI D) : 

Value of 0002 h ident ifies this linked list  item  (capability 

st ructure)  as being for PCI  Express Vir tual Channel registers.
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7 .2 .2 PVCCAP1  -  Port  VC Capability Register  1

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 104-107h

Default  Value: 00000001h

Access: R/ WO;  RO

Size: 32 bits

Describes the configurat ion of PCI  Express Virtual Channels associated with this port .

7 .2 .3 PVCCAP2  -  Port  VC Capability Register  2

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 108-10Bh

Default  Value: 00000001h

Access: RO

Size: 32 bits

This register describes the configurat ion of PCI  Express Virtual Channels associated 
with this port .

Bit Access
Default  

Value
Descript ion

31: 7 RO 0000000h Reserved

6: 4 RO 000b

Low  Prior ity Extended VC Count  ( LPEVCC) : 

I ndicates the num ber of (extended)  Vir tual Channels in addit ion 

to the default  VC belonging to the low-prior ity VC (LPVC)  group 

that  has the lowest  pr ior ity with respect  to other VC resources 

in a st r ict-pr ior ity VC Arbit rat ion.

The value of 0 in this field im plies st r ict  VC arbit rat ion.

3 RO 0b Reserved

2: 0 R/ WO 001b

Extended VC Count  ( EVCC) : 

I ndicates the num ber of (extended)  Vir tual Channels in addit ion 

to the default  VC supported by the device.

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h

VC Arbit rat ion Table Offset  ( VCATO) : 

I ndicates the locat ion of the VC Arbit rat ion Table. 

This field contains the zero-based offset  of the table in 

DQWORDS (16 bytes)  from  the base address of the Vir tual 

Channel Capabilit y St ructure. A value of 0 indicates that  the table 

is not  present  (due to fixed VC prior ity) .

23: 8 RO 0000h Reserved

7: 0 RO 01h

VC Arbit rat ion Capability ( VCAC) : 

I ndicates that  the only possible VC arbit rat ion schem e is 

hardware fixed ( in the root  com plex) .

VC1 is the highest  pr ior ity. 

VC0 is the lowest  pr iority.
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7 .2 .4 PVCCTL -  Port  VC Control

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 10C-10Dh

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

7 .2 .5 VC0 RCAP -  VC0  Resource Capability

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 110-113h

Default  Value: 00000000h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

15: 4 RO 000h Reserved

3: 1 R/ W 000b

VC Arbit rat ion Select  ( VCAS) : 

This field will be program m ed by software to the only possible 

value as indicated in the VC Arbit rat ion Capabilit y field. The value 

001b when writ ten to this field will indicate the VC arbit rat ion 

schem e is hardware fixed ( in the root  com plex) .

This field can not  be m odified when m ore than one VC in the 

LPVC group is enabled.

0 RO 0b Reserved

Bit Access
Default  

Value
Descript ion

31: 16 RO 00h Reserved  

15: 15 RO 0b

Reject  Snoop Transact ions ( RSNPT) : 

0: Transact ions with or without  the No Snoop bit  set  within the 

TLP header are allowed on this VC.

1: Any t ransact ion without  the No Snoop bit  set  within the TLP 

header will be rejected as an Unsupported Request .

14: 0 RO 0000h Reserved
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7 .2 .6 VC0 RCTL -  VC0  Resource Control

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 114-117h

Default  Value: 800000FFh

Access: R/ W;  RO

Size: 32 bits

Cont rols the resources associated with PCI  Express Virtual Channel 0.

Bit Access
Default  

Value
Descript ion

31 RO 1b

VC0  Enable ( VC0 E) : 

For VC0 this is hardwired to 1 and read only as VC0 can never be 

disabled.

30: 27 RO 0h Reserved

26: 24 RO 000b

VC0  I D ( VC0 I D) : 

Assigns a VC I D to the VC resource. For VC0 this is hardwired to 0 

and read only.

23: 8 RO 0000h Reserved

7: 1 R/ W 7Fh

TC/ VC0  Map ( TCVC0 M) : 

I ndicates the TCs (Traffic Classes)  that  are m apped to the VC 

resource. 

Bit  locat ions within this field correspond to TC values. For 

exam ple, when bit  7 is set  in this field, TC7 is m apped to this VC 

resource. When m ore than one bit  in this field is set , it  indicates 

that  m ult iple TCs are m apped to the VC resource. I n order to 

rem ove one or m ore TCs from  the TC/ VC Map of an enabled VC, 

software m ust  ensure that  no new or outstanding t ransact ions 

with the TC labels are targeted at  the given Link.

0 RO 1b
TC0 / VC0  Map ( TC0 VC0 M) : 

Traffic Class 0 is always routed to VC0.



PCI  Express Graphics Device 1  Configurat ion Registers ( D1 :F0 )

264 Datasheet

7 .2 .7 VC0 RSTS -  VC0  Resource Status

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 11A-11Bh

Default  Value: 0002h

Access: RO

Size: 16 bits

This register reports the Virtual Channel specific status.

Bit Access
Default  

Value
Descr ipt ion

15: 2 RO 0000h Reserved

1: 1 RO 1b

VC0  Negot iat ion Pending ( VC0 NP) : 

0: The VC negot iat ion is com plete.

1: The VC resource is st ill in the process of negot iat ion 

( init ializat ion or disabling) .

This bit  indicates the status of the process of Flow Cont rol 

init ializat ion. I t  is set  by default  on Reset , as well as whenever 

the corresponding Vir tual Channel is Disabled or the Link is in the 

DL_Down state. I t  is cleared when the link successfully exits the 

FC_I NI T2 state.

Before using a Vir tual Channel, software m ust  check whether the 

VC Negot iat ion Pending fields for that  Virtual Channel are cleared 

in both Com ponents on a Link.

0 RO 0b Reserved
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7 .2 .8 RCLDECH -  Root  Com plex Link Declarat ion Enhanced

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 140-143h

Default  Value: 00010005h

Access: RO

Size: 32 bits

This capability declares links from  this elem ent  (PEG)  to other elem ents of the root  
com plex com ponent  to which it  belongs. See the current  PCI  Local Bus Specificat ion for 
link/ topology declarat ion requirem ents.

Bit Access
Default  

Value
Descript ion

31: 20 RO 000h

Pointer  to Next  Capability ( PNC) : 

This is the last  capability in the PCI  Express*  extended 

capabilit ies list

19: 16 RO 1h

Link Declarat ion Capability Version ( LDCV) : 

Hardwired to 1 to indicate com pliances with the 1.0 version of the 

PCI  Express specificat ion.

15: 0 RO 0005h

Extended Capability I D ( ECI D) : 

Value of 0005 h ident ifies this linked list  item  (capability 

st ructure)  as being for PCI  Express Link Declarat ion Capabilit y.

See corresponding Egress Port  Link Declarat ion Capabilit y 

registers for diagram  of Link Declarat ion Topology.
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7 .2 .9 ESD -  Elem ent  Self Descript ion

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 144-147h

Default  Value: 02000100h

Access: R/ WO;  RO

Size: 32 bits

This register provides inform at ion about  the root  com plex elem ent  containing this Link 
Declarat ion Capability.

Bit Access
Default  

Value
Descript ion

31: 24 RO 02h

Port  Num ber ( PN) : 

Specifies the port  num ber associated with this elem ent  with 

respect  to the com ponent  that  contains this elem ent . This port  

num ber value is ut ilized by the egress port  of the com ponent  to 

provide arbit rat ion to this Root  Com plex Elem ent .

23: 16 R/ WO 00h

Com ponent  I D ( CI D) : 

I dent ifies the physical component  that  contains this Root  

Com plex Element .

BI OS Requirem ent :  Must  be init ialized according to guidelines 

in the PCI  Express*  I sochronous/ Virtual Channel Support  

Hardware Program m ing Specificat ion (HPS) .

15: 8 RO 01h

Num ber of Link Entr ies ( NLE) : 

I ndicates the num ber of link ent r ies following the Elem ent  Self 

Descript ion. This field reports 1 ( to Egress port  only as we don't  

report  any peer- to-peer capabilit ies in our topology) .

7: 4 RO 0h Reserved

3: 0 RO 0h

Elem ent  Type ( ET) : 

 I ndicates the type of the Root  Complex Elem ent . Value of 0 h 

represents a root  port .
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7 .2 .1 0 LE1 D -  Link Ent ry 1  Descript ion

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 150-153h

Default  Value: 00000000h

Access: R/ WO;  RO

Size: 32 bits

First  part  of a Link Ent ry which declares an internal link to another Root  Com plex 
Element .

Bit Access
Default  

Value
Descript ion

31: 24 RO 00h

Target  Port  Num ber ( TPN) : 

Specifies the port  num ber associated with the elem ent  targeted 

by this link ent ry (Egress Port ) . The target  port  num ber is with 

respect  to the component  that  contains this element  as specified 

by the target  com ponent  I D.

23: 16 R/ WO 00h

Target  Com ponent  I D ( TCI D) : 

I dent ifies the physical or logical com ponent  that  is targeted by 

this link ent ry.

BI OS Requirem ent :  Must  be init ialized according to guidelines 

in the PCI  Express I sochronous/ Virtual Channel Support  

Hardware Program m ing Specificat ion (HPS) .

15: 2 RO 0000h Reserved

1 RO 0b

Link Type ( LTYP) : 

I ndicates that  the link points to m em ory-m apped space ( for 

RCRB) . The link address specifies the 64-bit  base address of the 

target  RCRB.

0 R/ WO 0b

Link Valid ( LV) : 

0: Link Ent ry is not  valid and will be ignored.

1: Link Ent ry specifies a valid link.
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7 .2 .1 1 LE1 A -  Link Ent ry 1  Address

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 158-15Fh

Default  Value: 0000000000000000h

Access: R/ WO;  RO

Size: 64 bits

This register is the second part  of a Link Ent ry which declares an internal link to 
another Root  Com plex Elem ent .

7 .2 .1 2 PEGTC -  PCI  Express- G Tim eout  Control

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 204-207h

Default  Value: 00000CF4h

Access: R/ W;  RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

63: 32 RO 00000000h Reserved

31: 12 R/ WO 00000h

Link Address ( LA) : 

Mem ory m apped base address of the RCRB that  is the target  

elem ent  (Egress Port )  for this link ent ry.

11: 0 RO 000h Reserved
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7 .2 .1 3 PEGCC -  PCI  Express- G Countdow n Control

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 208-20Bh

Default  Value: 000034B0h

Access: R/ W;  RO

Size: 32 bits

7 .2 .1 4 PEGSTS -  PCI  Express- G Status

B/ D/ F/ Type: 0/ 1/ 0/ MMR

Address Offset : 214-217h

Default  Value: 0000FFFFh

Access: RO

Size: 32 bits

§

Bit Access
Default  

Value
Descr ipt ion

31: 24 R/ W 00h Reserved 

23: 22 R/ W 00b Reserved 

21: 20 R/ W 10b

L0 s Entry Policy ( L0 SEP) : 

00: Standard L0s

01: Ult ra Aggressive L0s Ent ry

10: Aggressive L0s Ent ry

11: Reserved (undefined behavior)

Note: These bits can be updated by BI OS during run t im e

19 RO 0b Reserved 

18: 11 R/ W 06h Reserved 

10: 0 R/ W 4B0h Reserved 
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8 I nternal Graphics Device 2  
Configurat ion Register  ( D2 :F0 -
F1 )

Note: This sect ion is not  applicable for the Mobile I ntel 945PM Express Chipset  variant .

Device 2 contains registers for the internal graphics funct ions. The table below lists the 
PCI  configurat ion registers in order of ascending offset  address.

Funct ion # 0 can be VGA com pat ible or not , this is selected through bit  1 of GGC 
register (Device 0, offset  52h) .

The following sect ions describe Device 2 PCI  configurat ion registers only. 

8 .1 Device 2  Funct ion # 0  PCI  Configurat ion Register  
Details

Table 1 2 . Device 2 : Funct ion 0  Configurat ion Registers ( Sheet  1  of 2 )

Register Nam e
Register 

Sym bol

Register  

Start

Register 

End

Default  

Value
Access

Vendor I dent ificat ion VI D2 0 1 8086h RO

Device I dent ificat ion DI D2 2 3 27A2h RO

PCI  Com m and PCI CMD2 4 5 0000h R/ W;  RO

PCI  Status PCI STS2 6 7 0090h R/ WC;  RO

Revision I dent ificat ion RI D2 8 8 00h RO

Class Code CC 9 B 030000h RO

Cache Line Size CLS C C 00h RO

Master Latency Tim er MLT2 D D 00h RO

Header Type HDR2 E E 80h RO

Reserved F F

Memory Mapped Range Address MMADR 10 13 00000000h R/ W;  RO;  

I / O Base Address I OBAR 14 17 00000001h R/ W;  RO

Graphics Mem ory Range Address GMADR 18 1B 00000008h
R/ W;  

ROR/ W/ L;  

Graphics Translat ion Table Range 

Address
GTTADR 1C 1F 00000000h

R/ W;  R/ W/ L;  

RO

Subsystem  Vendor I dent ificat ion SVI D2 2C 2D 0000h R/ WO 

Subsystem  I dent ificat ion SI D2 2E 2F 0000h R/ WO 

Video BI OS ROM Base Address ROMADR 30 33 00000000h RO
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Capabilit ies Pointer CAPPTR 34 34 90h RO

I nterrupt  Line I NTRLI NE 3C 3C 00h R/ W;  

I nterrupt  Pin I NTRPI N 3D 3D 01h RO

Minim um  Grant MI NGNT 3E 3E 00h RO

Maxim um  Latency MAXLAT 3F 3F 00h RO

Mirror of Dev0 Capabilit y Pointer MCAPPTR 44 44 48h RO

Reserved 48 50

Mirror of Dev0 GMCH Graphics 

Cont rol
MGGC 52 53 0030h RO

Mirror of Dev0 DEVEN
MDEVENdev

0F0
54 57 0000001Bh RO

Reserved 58 5B

Base of Stolen Mem ory BSM 5C 5F 07800000h RO

Reserved 60 61

Mult i Size Aperture Cont rol MSAC 62 62 01h R/ W;  RO

Reserved 63 7E

Capabilit ies List  Cont rol CAPL 7F 7F 00h R/ W;  RO

Reserved 80 BF

Graphics Debug Reset GDRST C0 C0 00h R/ W;  RO

Unit  Power Managem ent  Cont rol 4 UPMC4 C1 C2 0000h RO;  R/ W;

Reserved C2 CF

Power Managem ent  Capabilit ies I D PMCAPI D D0 D1 0001h RO

Power Managem ent  Capabilit ies PMCAP D2 D3 0022h RO

Power Managem ent  Cont rol/ Status PMCS D4 D5 0000h R/ W;  RO

Software SMI SWSMI E0 E1 0000h R/ WO;  R/ WC 

System  Display Event  Register ASLE E4 E7 R/ W;  

Reserved E8 FB

Graphics Clock Frequency Cont rol GCFC F0 F1 0000h R/ W;  RO;

ASL Storage ASLS FC FF 00000000h R/ W

Table 1 2 . Device 2 : Funct ion 0  Configurat ion Registers ( Sheet  2  of 2 )

Register  Nam e
Register  

Sym bol

Register  

Start

Register 

End

Default  

Value
Access
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8 .1 .1 VI D2  -  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 0-1h

Default  Value: 8086h

Access: RO

Size: 16 bits

This register com bined with the Device I dent ificat ion register uniquely ident ifies any 
PCI  device. 

8 .1 .2 DI D2  -  Device I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 2-3h

Default  Value: 27A2h

Access: RO

Size: 16 bits

This register com bined with the Vendor I dent ificat ion register uniquely ident ifies any 
PCI  device. 

8 .1 .3 PCI CMD2  -  PCI  Com m and

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 4-5h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This 16-bit  register provides basic cont rol over the I GD's ability to respond to PCI  
cycles. The PCI CMD register in the I GD disables the I GD PCI -compliant  master 
accesses to main memory.

Bit Access
Default  

Value
Descript ion

15: 0 RO 8086h
Vendor I dent ificat ion Num ber ( VI D) : 

PCI  standard ident ificat ion for I ntel.

Bit Access
Default  

Value
Descript ion

15: 0 RO 27A2h

Device I dent ificat ion Num ber ( DI D) : 

I dent ifier assigned to the GMCH core/ pr im ary PCI  device.

Mobile I ntel®  945GM/ GMS, 943/ 940GML and I ntel®  945GT 

Express Chipset  DI D2 =  27A2
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Bit Access
Default  

Value
Descript ion

15: 11 RO 00h Reserved

10 R/ W 0b

I nterrupt  Disable: 

This bit  disables the device from  assert ing I NTx# . 

 0: Enable the assert ion of this device’s I NTx#  signal. 

 1: Disable the assert ion of this device’s I NTx#  signal. 

DO_I NTx m essages will not  be sent  to DMI . 

9 RO 0b
Fast  Back- to- Back ( FB2 B) : 

Not  I m plem ented. Hardwired to 0.

8 RO 0b
SERR Enable ( SERRE) : 

Not  I m plem ented. Hardwired to 0.

7 RO 0b
Address/ Data Stepping Enable ( ADSTEP) : 

Not  I m plem ented. Hardwired to 0.

6 RO 0b

Parity Error Enable ( PERRE) : 

Not  I m plem ented. Hardwired to 0.

Since the I GD belongs to the category of devices that  does not  

corrupt  program s or data in system  m em ory or hard dr ives, the 

I GD ignores any parity error that  it  detects and cont inues with 

norm al operat ion.

5 RO 0b
Video Palet te Snooping ( VPS) : 

This bit  is hardwired to 0 to disable snooping. 

4 RO 0b

Mem ory W rite and I nvalidate Enable ( MW I E) : 

Hardwired to 0. The I GD does not  support  m em ory write and 

invalidate com m ands.

3 RO 0b
Special Cycle Enable ( SCE) : 

This bit  is hardwired to 0. The I GD ignores Special cycles.

2 R/ W 0b

Bus Master  Enable ( BME) :

 0: Disable I GD bus m aster ing.

 1: Enable the I GD to funct ion as a PCI -com pliant  m aster.

1 R/ W 0b

Mem ory Access Enable ( MAE) : 

This bit  cont rols the I GD's response to m em ory space accesses. 

 0: Disable 

 1: Enable

0 R/ W 0b

I / O Access Enable ( I OAE) : 

This bit  cont rols the I GD's response to I / O space accesses.

 0: Disable

 1: Enable 
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8 .1 .4 PCI STS2  -  PCI  Status

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 6-7h

Default  Value: 0090h

Access: R/ WC;  RO

Size: 16 bits

PCI STS is a 16-bit  status register that  reports the occurrence of a PCI -compliant  
master abort  and PCI -com pliant  target  abort . PCI STS also indicates the DEVSEL#  
t im ing that  has been set  by the I GD.

Bit Access
Default  

Value
Descript ion

15 RO 0b

Detected Parity Error ( DPE) : 

Since the I GD does not  detect  parity, this bit  is always hardwired 

to 0.

14 RO 0b

Signaled System  Error ( SSE) : 

The I GD never asserts SERR# , therefore this bit  is hardwired to 

0.

13 RO 0b

Received Master Abort  Status ( RMAS) : 

The I GD never gets a Master Abort ,  therefore this bit  is hardwired 

to 0.

12 RO 0b

Received Target  Abort  Status ( RTAS) : 

The I GD never gets a Target  Abort ,  therefore this bit  is hardwired 

to 0.

11 RO 0b
Signaled Target  Abort  Status ( STAS) : 

Hardwired to 0. The I GD does not  use target  abort  sem ant ics.

10: 9 RO 00b
DEVSEL Tim ing ( DEVT) : 

N/ A. These bits are hardwired to 00. 

8 RO 0b

Master Data Parity Error Detected ( DPD) : 

Since Parity Error Response is hardwired to disabled (and the I GD 

does not  do any parity detect ion) , this bit  is hardwired to 0.

7 RO 1b

Fast  Back- to- Back ( FB2 B) : 

Hardwired to 1. The I GD accepts fast  back- to-back when the 

t ransact ions are not  to the same agent .

6 RO 0b
User Defined Form at  ( UDF) : 

Hardwired to 0.

5 RO 0b
6 6 - MHz PCI  Capable ( 6 6 C) : 

N/ A -  Hardwired to 0.
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8 .1 .5 RI D2  -  Revision I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 8h

Default  Value: 00h

Access: RO

Size: 8 bits

This register contains the revision num ber for Device 2 Funct ions 0 and 1 

4 RO 1b

Capability List  ( CLI ST) : 

This bit  is set  to 1 to indicate that  the register at  34h provides an 

offset  into the funct ion's PCI  Configurat ion Space containing a 

pointer to the locat ion of the first  item  in the list .

3 R/ WC 0b

I nterrupt  Status: 

This bit  reflects the state of the interrupt  in the device. Only 

when the I nterrupt  Disable bit  in the com m and register is a 0 and 

this I nterrupt  Status bit  is a 1, will the devices I NTx#  signal be 

asserted. Set t ing the I nterrupt  Disable bit  to a 1 has no effect  on 

the state of this bit . 

This bit  is set  by Hardware and Software m ust  write a 1 to clear 

it .

2: 0 RO 000b Reserved  

Bit Access
Default  

Value
Descript ion

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO 00h

Revision I dent ificat ion Num ber ( RI D) : 

This is an 8-bit  value that  indicates the revision ident ificat ion 

num ber for the GMCH.
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8 .1 .6 CC -  Class Code

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 9-Bh

Default  Value: 030000h

Access: RO

Size: 24 bits

This register contains the device program m ing interface inform at ion related to the Sub-
Class Code and Base Class Code definit ion for the I GD. This register also contains the 
Base Class Code and the funct ion sub-class in relat ion to the Base Class Code. 

8 .1 .7 CLS -  Cache Line Size

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : Ch

Default  Value: 00h

Access: RO

Size: 8 bits

The I GD does not  support  this register as a PCI  slave.

Bit Access
Default  

Value
Descript ion

23: 16 RO 03h

Base Class Code ( BCC) : 

This is an 8-bit  value that  indicates the base class code for the 

GMCH. This code has the value 03h, indicat ing a Display 

Cont roller.

15: 8 RO 00h

Sub- Class Code ( SUBCC) : 

Based on Device 0 GGC-GMS bits and GGC-I VD bits. 

 00h: VGA compat ible

 80h: Non VGA (GMS =  “000”  or I VD =  “1” )

7: 0 RO 00h
Program m ing I nterface ( PI ) :

 00h: Hardwired as a Display cont roller.

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Cache Line Size ( CLS) : 

This field is hardwired to 0’s. The I GD as a PCI -com pliant  m aster 

does not  use the Memory Write and I nvalidate com m and and, in 

general, does not  perform  operat ions based on cache line size.
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8 .1 .8 MLT2  -  Master Latency Tim er

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : Dh

Default  Value: 00h

Access: RO

Size: 8 bits

The I GD does not  support  the program m ability of the m aster latency t im er because it  
does not  perform  bursts.

8 .1 .9 HDR2  -  Header Type

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : Eh

Default  Value: 80h

Access: RO

Size: 8 bits

This register contains the Header Type of the I GD.

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h
Master  Latency Tim er Count  Value: 

Hardwired to 0’s.

Bit Access
Default  

Value
Descr ipt ion

7: 7 RO 1b

Mult i Funct ion Status ( MFunc) : 

I ndicates if the device is a Mult i-Funct ion Device. The Value of 

this register is determ ined by Device 0, offset  54h, DEVEN[ 4] . I f 

Device 0 DEVEN[ 4]  is set , the MFunc bit  is also set .

6: 0 RO 00h

Header Code ( H) : 

This is a 7-bit  value that  indicates the Header Code for the I GD. 

This code has the value 00h, indicat ing a type 0 configurat ion 

space form at .
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8 .1 .1 0 MMADR -  Mem ory Mapped Range Address

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 10-13h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

This register requests allocat ion for the I GD registers and inst ruct ion ports. The 
allocat ion is for 512 KB and the base address is defined by bits [ 31: 19] .

Bit Access
Default  

Value
Descript ion

31: 19 R/ W 0000h
Mem ory Base Address: Set  by the OS, these bits correspond to 

address signals [ 31: 19] .

18: 4 RO 0000h
Address Mask: Hardwired to 0’s to indicate 512-KB address 

range.

3 RO 0b Prefetchable Mem ory: Hardwired to 0 to prevent  prefetching.

2: 1 RO 00b Mem ory Type: Hardwired to 0’s to indicate 32-bit  address.

0 RO 0b Mem ory /  I O Space: Hardwired to 0 to indicate m em ory space.
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8 .1 .1 1 I OBAR -  I / O Base Address

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 14-17h

Default  Value: 00000001h

Access: R/ W;  RO

Size: 32 bits

This register provides the Base offset  of the I / O registers within Device 2. Bits [ 15: 3]  
are programmable allowing the I / O Base to be located anywhere in 16bit  I / O Address 
Space. Bits [ 2: 1]  are fixed and return 0;  bit  0 is hardwired to a 1 indicat ing that  8 bytes 
of I / O space are decoded.

Access to the 8 bytes of I O space is allowed in PM state D0 when I O Enable (PCI CMD 
bit  0)  set . Access is disallowed in PM states D1-D3 or if I O Enable is clear or if Device 2 
is turned off or if internal graphics is disabled.

Note: Access to this I O BAR is independent  of VGA funct ionality within Device 2. This 
m echanism  is available only through funct ion 0 of Device# 2 and is not  duplicated in 
funct ion # 1.

I f an access to this I O bar is allowed, then the GMCH claim s all 8- , 16-  or 32-bit  I O 
cycles from  the CPU that  falls within the 8B claimed.

Bit Access
Default  

Value
Descr ipt ion

31: 16 RO 0000h Reserved

15: 3 R/ W 0000h
I O Base Address: 

Set  by the OS, these bits correspond to address signals [ 15: 3] .

2: 1 RO 00b
Mem ory Type: 

Hardwired to 0’s to indicate 32-bit  address.

0 RO 1b
Mem ory /  I O Space: 

Hardwired to 1 to indicate I O space.
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8 .1 .1 2 GMADR -  Graphics Mem ory Range Address

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 18-1Bh

Default  Value: 00000008h

Access: R/ W;  ROR/ W/ L;  

Size: 32 bits

I GD graphics m em ory base address is specified in this register.

8 .1 .1 3 GTTADR -  Graphics Translat ion Table Range Address

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 1C-1Fh

Default  Value: 00000000h

Access: R/ W;  R/ W/ L;  RO

Size: 32 bits

This register requests allocat ion for Graphics Translat ion Table Range. The allocat ion is 
for 256 KB and the base address is defined by bits [ 31: 18] . 

Bit Access
Default  

Value
Descript ion

31: 28 R/ W 000b
Mem ory Base Address: 

Set  by the OS, these bits correspond to address signals [ 31: 28] .

27: 4 RO 000000h
Address Mask: 

Hardwired to 0’s to indicate at  least  256-MB address range

3 RO 1b
Prefetchable Mem ory: 

Hardwired to 1 to enable prefetching

2: 1 RO 00b
Mem ory Type: 

Hardwired to 0 to indicate 32-bit  address.

0 RO 0b
Mem ory/ I O Space: 

Hardwired to 0 to indicate m em ory space.

Bit Access
Default  

Value
Descript ion

31: 18 R/ W 0000h
Mem ory Base Address: 

Set  by the OS, these bits correspond to address signals [ 31: 18] .

17: 4 RO 0000h
Address Mask: 

Hardwired to 0’s to indicate at  least  256-KB address range.

3 RO 0b
Prefetchable Mem ory: 

Hardwired to 0 to prevent  prefetching.

2: 1 RO 00b
Mem ory Type: 

Hardwired to 0’s to indicate 32-bit  address.

0 RO 0b
Mem ory/ I O Space: 

Hardwired to 0 to indicate m em ory space.
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8 .1 .1 4 SVI D2  -  Subsystem  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 2C-2Dh

Default  Value: 0000h

Access: R/ WO 

Size: 16 bits

8 .1 .1 5 SI D2  -  Subsystem  I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 2E-2Fh

Default  Value: 0000h

Access: R/ WO 

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 0 R/ WO 0000h

Subsystem  Vendor I D: 

This value is used to ident ify the vendor of the subsystem . This 

register should be program m ed by BI OS during boot-up. Once 

writ ten, this register becom es Read-Only. This register can only 

be cleared by a Reset .

Bit Access
Default  

Value
Descr ipt ion

15: 0 R/ WO 0000h

Subsystem  I dent ificat ion: 

This value is used to ident ify a part icular subsystem . This field 

should be program m ed by BI OS during boot-up. Once writ ten, this 

register becom es Read-Only. This register can only be cleared by a 

Reset .
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8 .1 .1 6 ROMADR -  Video BI OS ROM Base Address

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 30-33h

Default  Value: 00000000h

Access: RO

Size: 32 bits

The I GD does not  use a separate BI OS ROM, therefore this register is hardwired to 0’s.

8 .1 .1 7 CAPPTR -  Capabilit ies Pointer

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 34h

Default  Value: 90h

Access: RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

31: 18 RO 0000h
ROM Base Address: 

Hardwired to 0’s.

17: 11 RO 00h
Address Mask: 

Hardwired to 0’s to indicate 256-KB address range.

10: 1 RO 000h
Reserved: 

Hardwired to 0’s.

0 RO 0b
ROM BI OS Enable: 

0 =  ROM not  accessible.

Bit Access
Default  

Value
Descript ion

7: 0 RO 90h

Capabilit ies Pointer  Value: 

This field contains an offset  into the funct ion's PCI  Configurat ion 

Space for the first  item  in the New Capabilit ies Linked List  which 

is the MSI  Capabilit ies I D register at  address 90h or the Power 

Managem ent  Capabilit ies I D registers at  address D0h.

The value is determ ined by CAPL[ 0]



I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

284 Datasheet

8 .1 .1 8 I NTRLI NE -  I nterrupt  Line

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 3Ch

Default  Value: 00h

Access: R/ W

Size: 8 bits

8 .1 .1 9 I NTRPI N -  I nterrupt  Pin

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 3Dh

Default  Value: 01h

Access: RO

Size: 8 bits

8 .1 .2 0 MI NGNT -  Minim um  Grant

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 3Eh

Default  Value: 00h

Access: RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 0 R/ W 00h

I nterrupt  Connect ion: 

Used to com m unicate interrupt  line rout ing inform at ion. POST 

software writes the rout ing inform at ion into this register as it  

init ializes and configures the system . The value in this register 

indicates which input  of the system interrupt  cont roller that  the 

device’s interrupt  pin is connected to.

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO 01h

I nterrupt  Pin: 

As a single funct ion device, the I GD specifies I NTA#  as its 

interrupt  pin. 

 01h: I NTA# . 

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h
Minim um  Grant  Value: 

The I GD does not  burst  as a PCI -com pliant  m aster.
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8 .1 .2 1 MAXLAT -  Maxim um  Latency

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 3Fh

Default  Value: 00h

Access: RO

Size: 8 bits

8 .1 .2 2 MCAPPTR -  Mirror of Dev0  Capability Pointer

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 44h

Default  Value: 48h

Access: RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Maxim um  Latency Value: 

The I GD has no specific requirements for how often it  needs to 

access the PCI  bus.

Bit Access
Default  

Value
Descript ion

7: 0 RO 48h

Capabilit ies Pointer  Value: 

I n this case the first  capability is the product-specific Capability 

I dent ifier (CAPI D0) .
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8 .1 .2 3 MGGC -  Mirror of Dev0  GMCH Graphics Control

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 52-53h

Default  Value: 0030h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 7 RO 000h Reserved 

6: 4 RO 011b

Graphics Mode Select  ( GMS) : 

This field is used to select  the am ount  of Main Mem ory that  is pre-

allocated to support  the I nternal Graphics device in VGA (non-

linear)  and Nat ive ( linear)  m odes. The BI OS ensures that  memory 

is pre-allocated only when I nternal graphics is enabled. Stolen 

Mem ory Bases is located between (TOLUD -  SMSize)  to TOUD.

000 =  No m em ory pre-allocated. Device 2 ( I GD)  does not  claim  

VGA cycles (Mem  and I O) , and the Sub-Class Code field within 

Device 2 funct ion 0. Class Code register is 80. 

001 =  DVMT (UMA)  m ode, 1MB of m em ory pre-allocated for 

fram e buffer.

011 =  DVMT (UMA)  m ode, 8MB of m em ory pre-allocated for 

fram e buffer.

All Others =  Reserved

Note:This register is locked and becom es Read Only when the 

D_LCK bit  in the SMRAM register is set . 

Hardware does not  clear or set  any of these bits autom at ically 

based on I GD being disabled/ enabled.

3: 2 RO 00b Reserved: 

1 RO 0b

I GD VGA Disable ( I VD) : 

1:  Disable. Device 2 ( I GD)  does not  claim  VGA cycles (Mem and 

I O) , and the Sub-Class Code field within Device 2 funct ion 0 Class 

Code register is 80. 

0:  Enable (Default ) . Device 2 ( I GD)  claim s VGA m em ory and I O 

cycles, the Sub-Class Code within Device 2 Class Code register is 

00.

0 RO 0b Reserved 
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8 .1 .2 4 MDEVENdev0 F0  -  Mirror of Dev0  DEVEN

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 54-57h

Default  Value: 0000001Bh

Access: RO

Size: 32 bits

This register allows for enabling/ disabling of PCI  devices and funct ions that  are within 
the MCH. This table describes the behavior of all com binat ions of t ransact ions to 
devices cont rolled by this register. 

Bit Access
Default  

Value
Descr ipt ion

31: 8 RO 000000h Reserved

7 RO 0b Reserved

6: 5 RO 00b Reserved

4 RO 1b

I nternal Graphics Engine Funct ion 1  ( D2 F1 EN) :

0:  Bus 0 Device 2 Funct ion 1 is disabled and hidden

1:  Bus 0 Device 2 Funct ion 1 is enabled and visible

I f Device 2 Funct ion 0 is disabled and hidden, then Device 2 

Funct ion 1 is also disabled and hidden independent  of the state of 

this bit .

3 RO 1b

I nternal Graphics Engine Funct ion 0  ( D2 F0 EN) : 

0:  Bus 0 Device 2 Funct ion 0 is disabled and hidden

1:  Bus 0 Device 2 Funct ion 0 is enabled and visible

2 RO 0b Reserved 

1 RO 1b

PCI  Express*  Graphics Port  Enable ( D1 EN) : 

0:  Bus 0 Device 1 Funct ion 0 is disabled and hidden. 

1:  Bus 0 Device 1 Funct ion 0 is enabled and visible. 

Default  value is determ ined by the device capabilit ies, SDVO 

presence HW st rap and SDVO/ PCI e concurrent  HW st rap. 

Device 1 is disabled on Reset  if the SDVO present  st rap is 

sam pled high and the SDVO/ PCI e concurrent  st rap is sam pled 

low.

0 RO 1b

Host  Bridge: 

Bus 0 Device 0 Funct ion 0 m ay not  be disabled and is therefore 

hardwired to 1.
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8 .1 .2 5 BSM -  Base of Stolen Mem ory

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 5C-5Fh

Default  Value: 07800000h

Access: RO

Size: 32 bits

Graphics Stolen Mem ory and TSEG are within DRAM space defined under TOLUD. From  
the top of low used DRAM, GMCH claims 1 to 64 MBs of DRAM for internal graphics if 
enabled. 

8 .1 .2 6 MSAC -  Mult i Size Aperture Control

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 62h

Default  Value: 10h

Access: R/ W;  RO

Size: 8 bits

This register determ ines the size of the graphics memory aperture in funct ion 0 and in 
the un- t rusted space. By default , the aperture size is 256 MB. Only the system BI OS 
will write this register based on pre-boot  address allocat ion efforts, but  the graphics 
m ay read this register to determ ine the correct  aperture size. System  BI OS needs to 
save this value on boot  so that  it  can reset  it  correct ly during S3 resum e.

Bit Access
Default  

Value
Descript ion

31: 20 RO 078h

Base of Stolen Mem ory ( BSM) : 

This register contains bits 31 to 20 of the base address of stolen 

DRAM m em ory. The host  interface determ ines the base of 

graphics stolen m em ory by subt ract ing the graphics stolen 

m em ory size from  TOLUD. See Device 0 TOLUD for m ore 

explanat ions.

19: 0 RO 00000h Reserved 

Bit Access
Default  

Value
Descript ion

7: 4 R/ W 0h Scratch Bits Only

3: 2 RO 00b Reserved

1: 0 R/ W 10b

Untrusted Aperture Size ( LHSAS) : 

00:  Reserved

01:  Reserved

10:  256 MB. Bit  28 is read-write and bit  27 of GMADR is read-only 

lim it ing the address space to 256 MB. The unt rusted GTT is 256 

KB.

11:  Reserved
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8 .1 .2 7 CAPL -  Capabilit ies List  Control

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : 7Fh

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

This register allows BI OS to hide capabilit ies that  are part  of the Device 2 PCI  
Capabilit ies Linked List . By set t ing the appropriate bits, certain capabilit ies will be 
“skipped”  during a later phase of system  init ializat ion.

8 .1 .2 8 GDRST -  Graphics Debug Reset

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : C0h

Default  Value: 00h

Access: R/ W;  RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 1 RO 00h Reserved

0 R/ W 0b

MSI  Capability Hidden ( MSI CH) : 

0:  MSI  Capability at  90h is included in list .

1:  MSI  Capability is not  included in list .  Power Managem ent  

Capabilit y I D's (D0h)  pointer is the next  capabilit y.

Bit Access
Default  

Value
Descript ion

7: 2 RO 00h Reserved

1 RO 0b

Graphics Reset  Status: 

0: Graphics subsystem  not  in Reset .

 1: Graphics Subsystem  in Reset  as a result  of Graphics Debug 

Reset . 

This bit  gets is set  to a 1 when Graphics debug reset  bit  is set  to a 

1 and the Graphics hardware has com pleted the debug reset  

sequence and all Graphics assets are in reset . This bit  is cleared 

when Graphics Debug Reset  bit  is set  to a 0.
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8 .1 .2 9 Unit  Pow er Managem ent  Control4 -  UPMC4

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : C1-C2h

Default  Value: 0000h

Access: RO;  R/ W;

Size: 16 bits

8 .1 .3 0 PMCAPI D -  Pow er Managem ent  Capabilit ies I D

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : D0-D1h

Default  Value: 0001h

Access: RO

Size: 16 bits

0 R/ W 0b

Graphics Debug Reset :

1 =  Assert  display and render dom ain reset

0 =  Deassert  display and render dom ain reset

Render and Display clock dom ain resets should be asserted for at  

least  20 µs. 

Once this bit  is set  to a 1 all GFX core MMI O registers are returned 

to power on default  state. All Ring buffer pointers are reset , 

com m and st ream  fetches are dropped and ongoing render pipeline 

processing is halted, state m achines and State Variables returned 

to power on default  state, Display and overlay engines are halted 

(garbage on screen) . VGA m em ory is not  available, Store dwords, 

interrupts are not  guaranteed to be com pleted. Device 2 I O 

registers are not  available.

Device 2 configurat ion registers are available when Graphics 

debug reset  is asserted.

Bit Access
Default  

Value
Descr ipt ion

Bit Access
Default  

Value
Descript ion

15: 8 RO 00h

NEXT_ PTR: 

This contains a pointer to next  item  in capabilit ies list .  This is the 

final capability in the list  and m ust  be set  to 00h.

7: 0 RO 01h
CAP_ I D:

SI G defines this I D is 01h for power m anagem ent .
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8 .1 .3 1 PMCAP -  Pow er Managem ent  Capabilit ies

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : D2-D3h

Default  Value: 0022h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 11 RO 00h

PME Support : 

This field indicates the power states in which the I GD may assert  

PME# . Hardwired to 0 to indicate that  the I GD does not  assert  

the PME#  signal.

10 RO 0b

D2 : 

The D2 power m anagem ent  state is not  supported. This bit  is 

hardwired to 0.

9 RO 0b

D1 : 

Hardwired to 0 to indicate that  the D1 power m anagem ent  state 

is not  supported.

8: 6 RO 000b Reserved 

5 RO 1b

Device Specific I nit ia lizat ion ( DSI ) : 

Hardwired to 1 to indicate that  special init ializat ion of the I GD is 

required before generic class device dr iver is to use it .

4 RO 0b
Auxiliary Pow er Source: 

Hardwired to 0.

3 RO 0b

PME Clock: 

Hardwired to 0 to indicate I GD does not  support  PME#  

generat ion.

2: 0 RO 010b

Version: 

Hardwired to 010b to indicate that  there are 4 bytes of power 

m anagem ent  registers im plem ented and that  this device 

com plies with the current  PCI  Power Managem ent  I nterface 

Specificat ion.
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8 .1 .3 2 PMCS -  Pow er Managem ent  Control/ Status

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : D4-D5h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15 RO 0b

PME_ Status: 

This bit  is 0 to indicate that  I GD does not  support  PME#  

generat ion from  D3 (cold) .

14: 13 RO 00b Reserved

12: 9 RO 0h Reserved

8 RO 0b

PME_ En:

This bit  is 0 to indicate that  PME#  assert ion from  D3 (cold)  is 

disabled.

7: 2 RO 00h Reserved

1: 0 R/ W 00b

Pow erState: 

This field indicates the current  power state of the I GD and can be 

used to set  the I GD into a new power state. I f software at tem pts 

to write an unsupported state to this field, write operat ion m ust  

com plete norm ally on the bus, but  the data is discarded and no 

state change occurs.

On a t ransit ion from  D3 to D0 the graphics cont roller is opt ionally 

reset  to init ial values. Behavior of the graphics cont roller in 

supported states is detailed in the power m anagem ent  sect ion of 

the graphics cont roller specificat ion.

Bits[ 1: 0] Power state

00  D0Default

01  D1Not  Supported

10  D2Not  Supported

11  D3
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8 .1 .3 3 SW SMI  -  Softw are SMI

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : E0-E1h

Default  Value: 0000h

Access: R/ WO;  R/ WC 

Size: 16 bits

As long as there is the potent ial that  DVO port  legacy drivers exist  which expect  this 
register at  this address, Dev# 2F0address E0h-E1h must  be reserved for this register.

Bit Access
Default  

Value
Descript ion

15: 8 R/ WO 00h SW  Scratch Bits

7: 1 R/ W 00h

Softw are Flag: 

Used to indicate caller and SMI  funct ion desired, as well as return 

result

0 R/ WC 0b

GMCH Softw are SMI  Event : 

When Set  this bit  will t r igger an SMI . 

Software m ust  write a 0 to clear this bit
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8 .1 .3 4 ASLE -  System  Display Event  Register

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : E4-E7h

Default  Value:

Access: R/ W

Size: 32 bits

The exact  use of these bytes including whether they are addressed as bytes, words, or 
as a dword, is not  pre-determ ined but  subject  to change by driver and System  BI OS 
teams (act ing in unison) .

8 .1 .3 5 GCFC -  Graphics Clock Frequency Control

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : F0-F1h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Note: The values indicated in this register are applicable only for the Mobile I ntel 945GM/
GMS, 943/ 940GML and I ntel 945GT Express Chipset . This register is a “Don’t  Care”  for 
the Mobile I ntel 945PM Express Chipset . 

Bit Access
Default  

Value
Descript ion

31: 24 R/ W N/ A

ASLE Scratch Trigger3 : 

When writ ten, this scratch byte t r iggers an interrupt  when I EF bit  

0 is enabled and I MR bit  0 is unmasked. I f wr it ten as part  of a 16-

bit  or 32-bit  write, only one interrupt  is generated in com m on.

23: 16 R/ W N/ A

ASLE Scratch Trigger2 : 

When writ ten, this scratch byte t r iggers an interrupt  when I EF bit  

0 is enabled and I MR bit  0 is unmasked. I f wr it ten as part  of a 16-

bit  or 32-bit  write, only one interrupt  is generated in com m on.

15: 8 R/ W N/ A

ASLE Scratch Trigger 1 : 

When writ ten, this scratch byte t r iggers an interrupt  when I EF bit  

0 is enabled and I MR bit  0 is unmasked. I f wr it ten as part  of a 16-

bit  or 32-bit  write, only one interrupt  is generated in com m on.

7: 0 R/ W N/ A

ASLE Scratch Trigger 0 : 

When writ ten, this scratch byte t r iggers an interrupt  when I EF bit  

0 is enabled and I MR bit  0 is unmasked. I f wr it ten as part  of a 16-

bit  or 32-bit  write, only one interrupt  is generated in com m on.

 (Sheet 1 of 2)

Bit Access
Default  

Value
Descript ion

15: 14 R/ W 0b Reserved

14 R/ W 0b Reserved

13 R/ W 0b Reserved

12 R/ W 0b Reserved
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11 R/ W 0b

Core Render Clock Disable: 

0: crclk enabled

1: crclk disabled

10 R/ W 0b Reserved

9 R/ W 0b

Core Display Clock Disable: 

 0: cdclk is running

 1: cdclk is gated

8 R/ W 0b Reserved

7 R/ W 0b

Core Display Low  Frequency Enable:

0 =  Do not  use low frequency target  (> = 133 MHz)  for 

Display Clock.

1 =  Use low frequency target  (> = 133 MHz)  for Display Clock 

(Mobile I ntel®  943/ 940GML Express Chipset )

Note: For 133-MHz cdclk, please refer to the PRD for the 

m axim um  display resolut ion.

6: 4 R/ W 000b

Graphics Core Display Clock Select : 

Software program s this register;  however updates are 

cont rolled by Render core clock capabilit y set t ings for each 

variant .

000 = >  200 MHz (Mobile I ntel®  945GM/ GMS & 943/

940GML Express Chipset )

100 = >  320 MHz ( I ntel®  945GT Express Chipset )

Others:  Reserved 

3 RO 0b Reserved 

2: 0 R/ W 000b

Graphics Core Render Clock Select : 

Software program s this register;  however updates are 

cont rolled by Render core 

 clock capability set t ings for each variant .

000 = >  166 MHz (Mobile I ntel 945GMS & 943/ 940GML 

Express Chipset )

001 = >  200 MHz (Mobile I ntel 943GML Express Chipset )

011 = >  250 MHz (Mobile I ntel 945GM Express Chipset )

101 = >  400 MHz ( I ntel 945GT Express Chipset )  

Others =  Reserved 

 (Sheet 2 of 2)

Bit Access
Default  

Value
Descript ion



I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

296 Datasheet

8 .1 .3 6 ASLS -  ASL Storage

B/ D/ F/ Type: 0/ 2/ 0/ PCI

Address Offset : FC-FFh

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

This SW scratch register only needs to be read/ write accessible. The exact  bit  register 
usage m ust  be worked out  in com m on between System BI OS and driver software, but  
storage for switching/ indicat ing up to 6 devices is possible with this am ount . For each 
device, the ASL cont rol method with require two bits for _DOD (BI OS detectable yes or 
no, VGA/ NonVGA) , one bit  for _DGS (enable/ disable requested) , and two bits for _DCS 
(enabled now/ disabled now, connected or not ) . 

8 .2 Device 2  Funct ion # 1  PCI  Configurat ion Registers

Bit Access
Default  

Value
Descript ion

31: 0 R/ W 00000000h
 RW according to a software cont rolled usage to support  

device switching

Table 1 3 . Device 2  Funct ion # 1  PCI  Configurat ion Registers Sum m ary Table ( Sheet  1  of 
2 )

Register Nam e Register Sym bol
Register 

Start

Register  

End

Default  

Value
Access

Vendor I dent ificat ion VI D2 0 1 8086h RO

Device I dent ificat ion DI D2 2 3 27A6h RO

PCI  Com m and PCI CMD2 4 5 0000h R/ W;  RO

PCI  Status PCI STS2 6 7 0090h RO

Revision I dent ificat ion RI D2 8 8 00h RO

Class Code Register CC 9 B 038000h RO

Cache Line Size CLS C C 00h RO

Master Latency Timer MLT2 D D 00h RO

Header Type HDR2 E E 80h RO

Reserved F F

Mem ory Mapped Range Address MMADR 10 13 00000000h R/ W;  RO

Subsystem Vendor I dent ificat ion SVI D2 2C 2D 0000h RO

Subsystem I dent ificat ion SI D2 2E 2F 0000h RO

Video BI OS ROM Base Address ROMADR 30 33 00000000h RO

Capabilit ies Pointer CAPPOI NT 34 34 D0h RO

Minim um  Grant MI NGNT 3E 3E 00h RO
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Maxim um  Latency MAXLAT 3F 3F 00h RO

Mirror of Dev0 Capability Pointer MCAPPTR 44 44 48h RO

Reserved 48 50

Mirror of Dev0 GMCH Graphics 

Cont rol
MGGC 52 53 0030h RO

Mirror of Dev0 DEVEN MDEVENdev0F0 54 57 0000001Bh RO

Reserved 58 5B

Base of Stolen Mem ory BSM 5C 5F 07800000h RO

Reserved 60 C2

Power Managem ent  Capabilit ies I D PMCAPI D D0 D1 0001h RO

Power Managem ent  Capabilit ies PMCAP D2 D3 0022h RO

Power Managem ent  Cont rol/ Status PMCS D4 D5 0000h R/ W;  RO

Software SMI SWSMI E0 E1 0000h
R/ WO;  

R/ WC 

Reserved E2 F3

Legacy Backlight  Br ightness LBB F4 F7 00000000h R/ W

Reserved F8 FB

ASL Storage ASLS FC FF 00000000h R/ W

Table 1 3 . Device 2  Funct ion # 1  PCI  Configurat ion Registers Sum m ary Table ( Sheet  2  of 
2 )

Register  Nam e Register Sym bol
Register 

Start

Register 

End

Default  

Value
Access
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8 .2 .1 VI D2  -  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 0-1h

Default  Value: 8086h

Access: RO

Size: 16 bits

This register com bined with the Device I dent ificat ion register uniquely ident ifies any 
PCI  device. 

8 .2 .2 DI D2  -  Device I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 2-3h

Default  Value: 27A6h

Access: RO

Size: 16 bits

This register is unique in Funct ion 1 ( the Funct ion 0 DI D is separate) . This difference in 
Device I D is necessary for allowing dist inct  Plug and Play enumerat ion of funct ion 1 
when both funct ion 0 and funct ion 1 have the sam e class code. 

Bit Access
Default  

Value
Descript ion

15: 0 RO 8086h
Vendor I dent ificat ion Num ber ( VI D) : 

PCI  standard ident ificat ion for I ntel.

Bit Access
Default  

Value
Descript ion

15: 0 RO 27A6h

Device I dent ificat ion Num ber ( DI D) : 

This is a 16-bit  value assigned to the GMCH Graphic device 

Funct ion 1.

Mobile I ntel®  945GM/ GMS, 943/ 940GML and I ntel®  945GT 

Express Chipset  =  27A6h
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8 .2 .3 PCI CMD2  -  PCI  Com m and

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 4-5h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

This 16-bit  register provides basic cont rol over the I GD's ability to respond to PCI  
cycles. The PCI CMD register in the I GD disables the I GD PCI -compliant  master 
accesses to main memory.

Bit Access
Default  

Value
Descript ion

15: 11 RO 00h Reserved

10: 10 RO 0b Reserved

9 RO 0b
Fast  Back- to- Back ( FB2 B) : 

Not  I m plem ented. Hardwired to 0.

8 RO 0b
SERR Enable ( SERRE) : 

Not  I m plem ented. Hardwired to 0.

7 RO 0b
Address/ Data Stepping Enable ( ADSTEP) : 

Not  I m plem ented. Hardwired to 0.

6 RO 0b

Parity Error Enable ( PERRE) : 

Not  I m plem ented. Hardwired to 0.

Since the I GD belongs to the category of devices that  does not  

corrupt  program s or data in system  m em ory or hard dr ives, the 

I GD ignores any parity error that  it  detects and cont inues with 

norm al operat ion.

5 RO 0b
VGA Palet te Snoop Enable ( VGASNOOP) : 

This bit  is hardwired to 0 to disable snooping. 

4 RO 0b

Mem ory W rite and I nvalidate Enable ( MW I E) : 

Hardwired to 0. The I GD does not  support  m em ory write and 

invalidate comm ands.

3 RO 0b
Specia l Cycle Enable ( SCE) : 

This bit  is hardwired to 0. The I GD ignores Special cycles.

2 R/ W 0b

Bus Master  Enable ( BME) : 

Set  to 1 to enable the I GD to funct ion as a PCI -compliant  master. 

Set  to 0 to disable I GD bus master ing.

1 R/ W 0b

Mem ory Access Enable ( MAE) : 

This bit  cont rols the I GD's response to m em ory space accesses. 

 0: Disable

 1: Enable

0 R/ W 0b

I / O Access Enable ( I OAE) : 

This bit  cont rols the I GD's response to I / O space accesses.

 0: Disable

 1: Enable 
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8 .2 .4 PCI STS2  -  PCI  Status

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 6-7h

Default  Value: 0090h

Access: RO

Size: 16 bits

PCI STS is a 16-bit  status register that  reports the occurrence of a PCI -com pliant  
m aster abort  and PCI -compliant  target  abort . PCI STS also indicates the DEVSEL#  
t im ing that  has been set  by the I GD.

Bit Access
Default  

Value
Descript ion

15 RO 0b

Detected Parity Error ( DPE) : 

Since the I GD does not  detect  parity, this bit  is always hardwired 

to 0.

14 RO 0b

Signaled System  Error  ( SSE) : 

The I GD never asserts SERR# , therefore this bit  is hardwired to 

0.

13 RO 0b

Received Master Abort  Status ( RMAS) : 

The I GD never gets a Master Abort , therefore this bit  is hardwired 

to 0.

12 RO 0b

Received Target  Abort  Status ( RTAS) : 

The I GD never gets a Target  Abort , therefore this bit  is hardwired 

to 0.

11 RO 0b
Signaled Target  Abort  Status ( STAS) : 

Hardwired to 0. The I GD does not  use target  abort  sem ant ics.

10: 9 RO 00b
DEVSEL Tim ing ( DEVT) : 

Not  applicable. These bits are hardwired to 00. 

8 RO 0b

Master  Data Parity Error  Detected ( DPD) : 

Since Parity Error Response is hardwired to disabled (and the I GD 

does not  do any parity detect ion) , this bit  is hardwired to 0.

7 RO 1b

Fast  Back- to- Back ( FB2 B) : 

Hardwired to 1. The I GD accepts fast  back- to-back when the 

t ransact ions are not  to the sam e agent .

6 RO 0b
User Defined Form at  ( UDF) : 

Hardwired to 0.

5 RO 0b
6 6 - MHz PCI  Capable ( 6 6 C) : 

Not  applicable. Hardwired to 0.

4 RO 1b

Capability List  ( CLI ST) : 

This bit  is set  to 1 to indicate that  the register at  34h provides an 

offset  into the funct ion's PCI  Configurat ion Space containing a 

pointer to the locat ion of the first  item  in the list .

3 RO 0b
I nterrupt  Status: 

Hardwired to 0.

2: 0 RO 0h Reserved
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8 .2 .5 RI D2  -  Revision I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 8h

Default  Value: 00h

Access: RO

Size: 8 bits

This register contains the revision number for Device 2 Funct ions 0 and 1.

8 .2 .6 CC -  Class Code Register

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 9-Bh

Default  Value: 038000h

Access: RO

Size: 24 bits

This register contains the device program m ing interface inform at ion related to the Sub-
Class Code and Base Class Code definit ion for the I GD. This register also contains the 
Base Class Code and the funct ion sub-class in relat ion to the Base Class Code. 

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Revision I dent ificat ion Num ber ( RI D) : 

This is an 8-bit  value that  indicates the revision ident if icat ion 

num ber for the GMCH. For the A-0 Stepping, this value is 00h.

Bit Access
Default  

Value
Descript ion

23: 16 RO 03h

Base Class Code ( BCC) : 

This is an 8-bit  value that  indicates the base class code for the 

GMCH. This code has the value 03h, indicat ing a Display 

Cont roller.

15: 8 RO 80h
Sub- Class Code ( SUBCC) : 

80h: Non VGA

7: 0 RO 00h
Program m ing I nterface ( PI ) : 

00h: Hardwired as a Display cont roller.
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8 .2 .7 CLS -  Cache Line Size

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : Ch

Default  Value: 00h

Access: RO

Size: 8 bits

The I GD does not  support  this register as a PCI  slave.

8 .2 .8 MLT2  -  Master Latency Tim er

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : Dh

Default  Value: 00h

Access: RO

Size: 8 bits

The I GD does not  support  the program m ability of the m aster latency t im er because it  
does not  perform  bursts.

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Cache Line Size ( CLS) : 

This field is hardwired to 0’s. The I GD as a PCI -com pliant  m aster 

does not  use the Mem ory Write and I nvalidate com m and and, in 

general, does not  perform  operat ions based on cache line size.

Bit Access
Default  

Value
Descr ipt ion

7: 0 RO 00h
Master  Latency Tim er Count  Value: 

Hardwired to 0’s.



Datasheet 303

I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

8 .2 .9 HDR2  -  Header Type

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : Eh

Default  Value: 80h

Access: RO

Size: 8 bits

This register contains the Header Type of the I GD.

8 .2 .1 0 MMADR -  Mem ory Mapped Range Address

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 10-13h

Default  Value: 00000000h

Access: R/ W;  RO

Size: 32 bits

This register requests allocat ion for the I GD registers and inst ruct ion ports. The 
allocat ion is for 512 KB and the base address is defined by bits [ 31: 19] .

Bit Access
Default  

Value
Descript ion

7 RO 1b

Mult i Funct ion Status ( MFunc) : 

I ndicates if the device is a Mult i-Funct ion Device. The Value of 

this register is determ ined by Device 0, offset  54h, DEVEN[ 4] . I f 

Device 0 DEVEN[ 4]  is set , the MFunc bit  is also set .

6: 0 RO 00h

Header  Code ( H) : 

This is a 7-bit  value that  indicates the Header Code for the I GD. 

This code has the value 00h, indicat ing a type 0 configurat ion 

space form at .

Bit Access
Default  

Value
Descript ion

31: 19 R/ W 0000h
Mem ory Base Address: 

Set  by the OS, these bits correspond to address signals [ 31: 19] .

18: 4 RO 0000h
Address Mask: 

Hardwired to 0’s to indicate 512-KB address range.

3 RO 0b
Prefetchable Mem ory: 

Hardwired to 0 to prevent  prefetching.

2: 1 RO 00b
Mem ory Type: 

Hardwired to 0’s to indicate 32-bit  address.

0 RO 0b
Mem ory /  I O Space: 

Hardwired to 0 to indicate m em ory space.
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8 .2 .1 1 SVI D2  -  Subsystem  Vendor I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 2C-2Dh

Default  Value: 0000h

Access: RO

Size: 16 bits

8 .2 .1 2 SI D2  -  Subsystem  I dent ificat ion

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 2E-2Fh

Default  Value: 0000h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 0 RO 0000h

Subsystem  Vendor I D: 

This value is used to ident ify the vendor of the subsystem . This 

register should be program m ed by BI OS during boot-up. Once 

writ ten, this register becom es Read_Only. This register can only 

be cleared by a Reset .

Bit Access
Default  

Value
Descript ion

15: 0 RO 0000h

Subsystem  I dent ificat ion: 

This value is used to ident ify a part icular subsystem . This field 

should be program m ed by BI OS during boot-up. Once writ ten, 

this register becom es Read_Only. This register can only be 

cleared by a Reset .
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8 .2 .1 3 ROMADR -  Video BI OS ROM Base Address

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 30-33h

Default  Value: 00000000h

Access: RO

Size: 32 bits

The I GD does not  use a separate BI OS ROM, therefore this register is hardwired to 0’s.

8 .2 .1 4 CAPPOI NT -  Capabilit ies Pointer

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 34h

Default  Value: D0h

Access: RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

31: 18 RO 0000h
ROM Base Address: 

Hardwired to 0.

17: 11 RO 00h
Address Mask: 

Hardwired to 0’s to indicate 256-KB address range.

10: 1 RO 000h Reserve

0: 0 RO 0b
ROM BI OS Enable: 

0 =  ROM not  accessible.

Bit Access
Default  

Value
Descript ion

7: 0 RO D0h

Capabilit ies Pointer  Value ( CPV) : 

This field contains an offset  into the funct ion's PCI  Configurat ion 

Space for the first  item  in the New Capabilit ies Linked List  which 

is the Power Managem ent  Capabilit ies I D registers at  address 

D0h.
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8 .2 .1 5 MI NGNT -  Minim um  Grant

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 3Eh

Default  Value: 00h

Access: RO

Size: 8 bits

8 .2 .1 6 MAXLAT -  Maxim um  Latency

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 3Fh

Default  Value: 00h

Access: RO

Size: 8 bits

8 .2 .1 7 MCAPPTR -  Mirror of Dev0  Capability Pointer

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 44h

Default  Value: 48h

Access: RO

Size: 8 bits

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h
Minim um  Grant  Value: 

The I GD does not  burst  as a PCI -com pliant  m aster.

Bit Access
Default  

Value
Descript ion

7: 0 RO 00h

Maxim um  Latency Value: 

The I GD has no specific requirem ents for how often it  needs to 

access the PCI  bus.

Bit Access
Default  

Value
Descript ion

7: 0 RO 48h

Capabilit ies Pointer  Value: 

I n this case the first  capability is the product-specific Capability 

I dent ifier (CAPI D0) .
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8 .2 .1 8 MGGC -  Mirror of Dev0  GMCH Graphics Control

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 52-53h

Default  Value: 0030h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 7 RO
0000000

00b
Reserved

6: 4 RO 011b

Graphics Mode Select  ( GMS) : 

This field is used to select  the am ount  of Main Mem ory that  is 

pre-allocated to support  the I nternal Graphics device in VGA 

(non- linear)  and Nat ive ( linear)  m odes. The BI OS ensures that  

m em ory is pre-allocated only when I nternal graphics is enabled. 

Stolen Mem ory Bases is located between (TOLUD -  SMSize)  to 

TOUD.

000 =  No m em ory pre-allocated. Device 2 ( I GD)  does not  claim  

VGA cycles (m emory and I O) , and the Sub-Class Code field 

within Device 2 funct ion 0. Class Code register is 80. 

001 =  DVMT (UMA)  m ode, 1MB of m em ory pre-allocated for 

fram e buffer.

011 =  DVMT (UMA)  m ode, 8 MB of m em ory pre-allocated for 

fram e buffer.

This register is locked and becom es Read Only when the D_LCK 

bit  in the SMRAM register is set . 

Hardware does not  clear or set  any of these bits autom at ically 

based on I GD being disabled/ enabled.

3: 2 RO 00b Reserved 

1 RO 0b

I GD VGA Disable ( I VD) :

1:  Disable. Device 2 ( I GD)  does not  claim  VGA cycles (Mem  and 

I O) , and the Sub-Class Code field within Device 2 funct ion 0 Class 

Code register is 80. 

0:  Enable (Default ) . Device 2 ( I GD)  claim s VGA m emory and I O 

cycles, the Sub-Class Code within Device 2 Class Code register is 

00.

0 RO 0b Reserved



I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

308 Datasheet

8 .2 .1 9 MDEVENdev0 F0  -  Mirror of Dev0  DEVEN

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 54-57h

Default  Value: 0000001Bh

Access: RO

Size: 32 bits

This register allows for enabling/ disabling of PCI  devices and funct ions that  are within 
the MCH. This table describes the behavior of all com binat ions of t ransact ions to 
devices cont rolled by this register. 

8 .2 .2 0 SSRW  -  Softw are Scratch Read W rite

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 58-5Bh

Default  Value: 00000000h

Access: RO

Size: 32 bits

Bit Access
Default  

Value
Descript ion

31: 7 RO 0000000h Reserved

4 RO 1b

I nternal Graphics Engine Funct ion 1  ( D2 F1 EN) : 

0:  Bus 0 Device 2 Funct ion 1 is disabled and hidden.

1:  Bus 0 Device 2 Funct ion 1 is enabled and visible.

3 RO 1b

I nternal Graphics Engine Funct ion 0  ( D2 F0 EN) : 

0:  Bus 0 Device 2 Funct ion 0 is disabled and hidden.

1:  Bus 0 Device 2 Funct ion 0 is enabled and visible.

2 RO 0b Reserved

1 RO 1b

PCI  Express Graphics Port  Enable ( D1 EN) : 

0:  Bus 0 Device 1 Funct ion 0 is disabled and hidden.

1:  Bus 0 Device 1 Funct ion 0 is enabled and visible. 

Default  value is determ ined by the device capabilit ies, SDVO 

presence HW st rap and SDVO/ PCI e concurrent  HW st rap. 

Device 1 is Disabled on Reset  if { the SDVO present  st rap is 

sam pled high and the SDVO/ PCI e concurrent  st rap is sam pled 

low} .

0 RO 1b

Host  Bridge: 

Bus 0 Device 0 Funct ion 0 m ay not  be disabled and is therefore 

hardwired to 1.

Bit Access
Default  

Value
Descript ion

31: 0 RO 00000000h Reserved
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8 .2 .2 1 BSM -  Base of Stolen Mem ory

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : 5C-5Fh

Default  Value: 07800000h

Access: RO

Size: 32 bits

Graphics Stolen Mem ory and TSEG are within DRAM space defined under TOLUD. From  
the top of low used DRAM, GMCH claim s 1 to 64 MBs of DRAM for internal graphics if 
enabled. 

8 .2 .2 2 PMCAPI D -  Pow er Managem ent  Capabilit ies I D

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : D0-D1h

Default  Value: 0001h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

31: 20 RO 078h

Base of Stolen Mem ory ( BSM) : 

This register contains bits 31 to 20 of the base address of stolen 

DRAM m em ory. The host  interface determ ines the base of 

graphics stolen m em ory by subt ract ing the graphics stolen 

m em ory size from  TOLUD. See Device 0 TOLUD for m ore 

explanat ions.

19: 0 RO 00000h Reserved

Bit Access
Default  

Value
Descript ion

15: 8 RO 00h

NEXT_ PTR: 

This contains a pointer to next  item  in capabilit ies list .  This is the 

final capabilit y in the list  and m ust  be set  to 00h.

7: 0 RO 01h
CAP_ I D: 

SI G defines this I D is 01h for power m anagem ent .
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8 .2 .2 3 PMCAP -  Pow er Managem ent  Capabilit ies

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : D2-D3h

Default  Value: 0022h

Access: RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15: 11 RO 00h

PME Support : 

This field indicates the power states in which the I GD may assert  

PME# . Hardwired to 0 to indicate that  the I GD does not  assert  the 

PME#  signal.

10 RO 0b

D2 : 

The D2 power m anagem ent  state is not  supported. This bit  is 

hardwired to 0.

9 RO 0b

D1 : 

Hardwired to 0 to indicate that  the D1 power m anagem ent  state 

is not  supported.

8: 6 RO 000b Reserved 

5 RO 1b

Device Specific I nit ia lizat ion ( DSI ) : 

Hardwired to 1 to indicate that  special init ializat ion of the I GD is 

required before generic class device dr iver is to use it .

4 RO 0b
Auxiliary Pow er Source: 

Hardwired to 0.

3 RO 0b

PME Clock: 

Hardwired to 0 to indicate I GD does not  support  PME#  

generat ion.

2: 0 RO 010b

Version: 

Hardwired to 010b to indicate that  there are 4 bytes of power 

m anagem ent  registers im plem ented and that  this device com plies 

with the current  PCI  Power Managem ent  I nterface Specificat ion.



Datasheet 311

I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

8 .2 .2 4 PMCS -  Pow er Managem ent  Control/ Status

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : D4-D5h

Default  Value: 0000h

Access: R/ W;  RO

Size: 16 bits

Bit Access
Default  

Value
Descript ion

15 RO 0b

PME_ Status: 

This bit  is 0 to indicate that  I GD does not  support  PME#  

generat ion from  D3 (cold) .

14: 9 RO 00h Reserved

8 RO 0b

PME_ En: 

This bit  is 0 to indicate that  PME#  assert ion from  D3 (cold)  is 

disabled.

7: 2 RO 00h Reserved

1: 0 R/ W 00b

Pow erState: 

This field indicates the current  power state of the I GD and can be 

used to set  the I GD into a new power state. I f software at tem pts 

to write an unsupported state to this field, write operat ion m ust  

com plete norm ally on the bus, but  the data is discarded and no 

state change occurs.

On a t ransit ion from  D3 to D0 the graphics cont roller is opt ionally 

reset  to init ial values. 

            Bits[ 1 :0 ]  Pow er state

                00              D0        Default

                01              D1        Not  Supported

                10              D2        Not  Supported

                11              D3
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8 .2 .2 5 SW SMI  -  Softw are SMI

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : E0-E1h

Default  Value: 0000h

Access: R/ WO;  R/ WC 

Size: 16 bits

As long as there is the potent ial that  DVO port  legacy drivers exist  which expect  this 
register at  this address, Dev# 2 Funct ion 0 address E0h-E1h m ust  be reserved for this 
register.

Bit Access
Default  

Value
Descript ion

15: 8 R/ WO 00h SW  Scratch Bits:

7: 1 R/ W 00h

Softw are Flag: 

Used to indicate caller and SMI  funct ion desired, as well as return 

result

0 R/ WC 0b

GMCH Softw are SMI  Event : 

When Set  this bit  will t r igger an SMI . 

Software m ust  write a 0 to clear this bit
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8 .2 .2 6 LBB -  Legacy Backlight  Brightness

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : F4-F7h

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

This register can be accessed by byte, word, or dword PCI  configurat ion cycles. A write 
to this register will cause the Backlight  Event  (Display B I nterrupt )  if enabled. 

Bit Access
Default  

Value
Descript ion

31: 24 R/ W N/ A

LBPC Scratch Tr igger3 : 

When writ ten, this scratch byte t r iggers an interrupt  when LBEE is 

enabled in the Pipe B Status register and the Display B Event  is 

enabled in I ER and unm asked in I MR, etc. I f writ ten as part  of a 

16-bit  or 32-bit  write, only one interrupt  is generated in comm on.

23: 16 R/ W N/ A

LBPC Scratch Tr igger2 : 

When writ ten, this scratch byte t r iggers an interrupt  when LBEE is 

enabled in the Pipe B Status register and the Display B Event  is 

enabled in I ER and unm asked in I MR etc. I f wr it ten as part  of a 

16-bit  or 32-bit  write, only one interrupt  is generated in comm on.

15: 8 R/ W N/ A

LBPC Scratch Tr igger1 : 

When writ ten, this scratch byte t r iggers an interrupt  when LBEE is 

enabled in the Pipe B Status register and the Display B Event  is 

enabled in I ER and unm asked in I MR etc. I f wr it ten as part  of a 

16-bit  or 32-bit  write, only one interrupt  is generated in comm on.

7: 0 R/ W N/ A

Legacy Backlight  Brightness ( LBES) : 

The value of 0 is the lowest  brightness set t ing and 255 is the 

br ightest . A write to this register will cause a flag to be set  (LBES)  

in the PI PEBSTATUS register and cause an interrupt  if Backlight  

event  in the PI PEBSTATUS register and cause an I nterrupt  if 

Backlight  Event  (LBEE)  and Display B Event  is enabled by 

software. 



I nternal Graphics Device 2  Configurat ion Register  ( D2 :F0 - F1 )

314 Datasheet

8 .2 .2 7 ASLS -  ASL Storage

B/ D/ F/ Type: 0/ 2/ 1/ PCI

Address Offset : FC-FFh

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

This software scratch register only needs to be read/ write accessible. The exact  bit  
register usage must  be worked out  in common between System BI OS and driver 
software, but  storage for switching/ indicat ing up to 6 devices is possible with this 
am ount . For each device, the ASL cont rol m ethod with require two bits for _DOD (BI OS 
detectable yes or no, VGA/ NonVGA) , one bit  for _DGS (enable/ disable requested) , and 
two bits for _DCS (enabled now/ disabled now, connected or not ) . 

8 .3 Device 2  –  PCI  I / O Registers

The following are not  PCI  configurat ion registers;  they are I / O registers. This 
m echanism  allows access to internal graphics MMI O registers m ust  not  be used to 
access VGA I O registers which are m apped through the MMI O space. VGA registers 
m ust  be accessed direct ly through the dedicated VGA I O ports.

8 .4 Device 2  I O Configurat ion Registers

Bit Access
Default  

Value
Descr ipt ion

31: 0 R/ W 00000000h
R/ W according to a software cont rolled usage to support  device 

switching

Table 1 4 . MMI O Configurat ion Registers Sum m ary Table

Register Nam e
Register 

Sym bol

Register  

Start
Register  End

Default  

Value
Access

MMI O Address Register I ndex I OBAR +  0 I OBAR +  3 00000000h R/ W

MMI O Data Register Data I OBAR +  4 I OBAR +  7 00000000h R/ W
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8 .4 .1 I ndex -  MMI O Address Register

B/ D/ F/ Type: 0/ 2/ 0/ PCI  I O

Address Offset : I OBAR +  0h

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

MMI O_ I NDEX :  A 32-bit  I O write to this port  loads the offset  of the MMI O register that  
needs to be accessed. An I O Read returns the current  value of this register. An 8- / 16-
bit  I O write to this register is completed by the GMCH but  does not  update this register. 
This m echanism  to access internal graphics MMI O registers m ust  not  be used to access 
VGA I O registers which are m apped through the MMI O space. VGA registers m ust  be 
accessed direct ly through the dedicated VGA I O ports.

8 .4 .2 Data -  MMI O Data Register

B/ D/ F/ Type: 0/ 2/ 0/ PCI  I O

Address Offset : I OBAR +  4h

Default  Value: 00000000h

Access: R/ W

Size: 32 bits

 MMI O_ DATA:  A 32-bit  I O write to this port  is re-directed to the MMI O register/ GTT 
locat ion pointed to by the MMI O- index register. A 32-bit  I O read to this port  is re-
directed to the MMI O register address pointed to by the MMI O- index register regardless 
of the target  select ion in MMI O_I NDEX(1: 0) . 8-  or 16-bit  I O writes are completed by 
the GMCH and m ay have un- intended side effects, hence m ust  not  be used to access 
the data port . 8-  or 16-bit  I O reads are com pleted normally.

Note: I f the target  field in MMI O I ndex selects “GTT”, Reads to MMI O data return 0’s and not  
the value program med in the GTT m em ory corresponding to the offset  program med in 
MMI O index. 

§

Bit Access
Default  

Value
Descript ion

31: 2 R/ W 00000000h Reserved

1: 0 R/ W 00b

Target : 

00: MMI O Registers 

Others: Reserved 

Bit Access
Default  

Value
Descript ion

31: 0 R/ W 00000000h MMI O Data W indow
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9 System  Address Map

The Mobile I ntel 945GM/ PM and I ntel 945GT Express Chipsets support  up to 4 GB of 
addressable memory space and 64 KB+ 3 of addressable I / O space. There is a 
programmable memory address space under the 1-MB region which is divided into 
regions which can be individually cont rolled with program m able at t r ibutes such as 
Disable, Read/ Write, Write Only, or Read Only. At t r ibute program m ing is described in 
Chapter 5 . This sect ion focuses on how the m em ory space is part it ioned and what  the 
separate m em ory regions are used for. I / O address space has sim pler m apping and is 
explained in Sect ion 9.9.

Addressing of m em ory ranges larger than 4 GB is not  supported. The HREQ [ 4: 3]  FSB 
pins are decoded to determ ine whether the access is above or below 4 GB.

Note: The Mobile I ntel 945GM/ PM and I ntel 945GT Express Chipsets are capable of 
support ing up to 4 GB of physical m em ory. All other variants support  only up to 2 GB of 
physical m em ory.

The (G)MCH does not  support  the PCI  dual address cycle (DAC)  m echanism , PCI  
Express 64-bit  prefetchable memory t ransact ions, or any other addressing mechanism  
that  allows addressing of greater than 4 GB on either the DMI  or PCI  Express interface. 
The (G)MCH does not  lim it  DRAM space in hardware. There is no hardware lock to stop 
som eone from  insert ing m ore m em ory than is addressable.

I n the following sect ions, it  is assum ed that  all of the com pat ibilit y memory ranges 
reside on the DMI . The except ion to this rule is VGA ranges, which may be mapped to 
PCI  Express, DMI , or to the internal graphics device ( I GD) . I n the absence of more 
specific references, cycle descript ions referencing PCI  should be interpreted as the 
DMI / PCI , while cycle descript ions referencing PCI  Express or I GD are related to the PCI  
Express bus or the internal graphics device respect ively. The (G)MCH does not  remap 
API C or any other m em ory spaces above TOLUD (Top of Low Usable DRAM). The TOLUD 
register is set  to the appropriate value by BI OS.

The Address Map includes a number of program mable ranges:

1. Device 0:

A. EPBAR – Egress port  registers. Necessary for set t ing up VC1 as an isochronous 
channel using t im e based weighted round robin arbit rat ion. (4-KB window)

B. MCHBAR – Memory mapped range for internal (G)MCH registers. For exam ple, 
memory buffer register cont rols. (16-KB window)

C. PCI EXBAR – Flat  memory-mapped address spaced to access device configurat ion 
registers. This m echanism  can be used to access PCI  configurat ion space (0-FFFh)  and 
Extended configurat ion space (100h-FFFh)  for PCI  Express devices. This enhanced 
configurat ion access m echanism  is defined in the PCI  Express*  Base Specificat ion.  (64-
MB, 128-MB, or 256-MB window) .

D. DMI BAR –This window is used to access registers associated within the MCH/ I CH 
(DMI )  register mem ory range. (4-KB window)

E. GGC – (G)MCH graphics cont rol register. Used to select  the am ount  of m ain m em ory 
that  is pre-allocated to support  the internal graphics device in VGA (non- linear)  and 
Nat ive ( linear)  m odes. (0-MB to 64-MB opt ions) .
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Device 1, Funct ion 0:

MBASE1/ MLI MI T1 – PCI  Express port  non-prefetchable memory access window. 

PMBASE1/ PMLI MI T1 – PCI  Express port  prefetchable memory access window.

I OBASE1/ I OLI MI T1 – PCI  Express port  I O access window.

Device 2, Funct ion 0:

MMADR – I GD registers and internal graphics inst ruct ion port .  (512-KB window)

I OBAR – I / O access window for internal graphics. Through this window address/ data 
register pair, using I / O sem ant ics, the I GD and internal graphics inst ruct ion port  
registers can be accessed. Note this allows accessing the sam e registers as MMADR. I n 
addit ion, the I OBAR can be used to issue writes to the GTTADR table.

GMADR – I nternal graphics t ranslat ion window. (256-MB window)

GTTADR – I nternal graphics t ranslat ion table locat ion. (256-KB window) . 

Device 2, Funct ion 1:

MMADR – Funct ion 1 I GD registers and internal graphics inst ruct ion port . (512-KB 
window)  

The rules for the above program mable ranges are:  

1. ALL of these ranges MUST be unique and NON-OVERLAPPI NG. I t  is the BI OS or 
system  designers responsibility to lim it  m em ory populat ion so that  
adequate PCI , PCI  Express, High BI OS, PCI  Express Mem ory Mapped 
space, and API C m em ory space can be allocated.

2. I n the case of overlapping ranges with m em ory, the m em ory decode will be given 
prior ity. 

3. There are no Hardware I nter locks to prevent  problems in the case of overlapping 
ranges. 

4. Accesses to overlapped ranges m ay produce indeterm inate results. 

5. The only peer- to-peer cycles allowed below the top of m em ory ( register TOLUD)  
are DMI  to PCI  Express VGA range writes. Note that  peer to peer cycles to the 
I nternal Graphics VGA range are not  supported.

Figure 9 represents system  m em ory address m ap in a sim plified form . 
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9 .1 Legacy Address Range

This area is divided into the following address regions:

• 0 -  640 KB – DOS Area 

• 640 -  768 KB – Legacy Video Buffer Area

• 768 -  896 KB in 16-KB sect ions ( total of eight  sect ions)  – Expansion Area

• 896 -960 KB in 16-KB sect ions ( total of four sect ions)  – Extended System  BI OS 
Area

• 960 KB -  1 MB Memory – System BI OS Area

Figure 9 . System  Address Ranges
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9 .1 .1 DOS Range ( 0 h –  9 _ FFFFh)

The DOS area is 640 KB (0000_0000h – 0009_FFFFh)  in size and is always mapped to 
the m ain m em ory cont rolled by the (G)MCH.

9 .1 .2 Legacy Video Area ( A_ 0 0 0 0 h- B_ FFFFh)

The legacy 128-KB VGA memory range, frame buffer, (000A_0000h – 000B_FFFFh)  can 
be mapped to I GD (Device 2) , to PCI  Express (Device 1) , and/ or to the DMI . The 
appropriate mapping depends on which devices are enabled and the program m ing of 
the VGA steering bits. Based on the VGA steering bits, pr ior ity for VGA m apping is 
constant . The (G)MCH always decodes internally mapped devices first . I nternal to the 
(G)MCH, decode precedence is always given to I GD. The (G)MCH always posit ively 
decodes internally m apped devices, nam ely the I GD and PCI  Express. Subsequent  
decoding of regions mapped to PCI  Express or the DMI  depends on the Legacy VGA 
configurat ion bits (VGA Enable and MDAP) . This region is also the default  for SMM 
space. 

Figure 1 0 . DOS Legacy Address Range
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9 .1 .2 .1 Com pat ible SMRAM Address Range ( A_ 0 0 0 0 h- B_ FFFFh)

When compat ible SMM space is enabled, SMM-m ode CPU accesses to this range are 
routed to physical system DRAM at  000A 0000h -  000B FFFFh. Non-SMM-m ode CPU 
accesses to this range are considered to be to the Video Buffer Area as described 
above. PCI  Express and DMI  originated cycles to enabled SMM space are not  allowed 
and are considered to be to the Video Buffer Area if I GD is not  enabled as the VGA 
device. PCI  Express and DMI  init iated cycles are at tem pted as Peer cycles, and will 
master abort  on PCI  if no external VGA device claims them. 

9 .1 .2 .2 Monochrom e Adapter ( MDA)  Range ( B_ 0 0 0 0 h- B_ 7 FFFh)

Legacy support  requires the ability to have a second graphics cont roller (m onochrom e)  
in the system. Accesses in the standard VGA range are forwarded to I GD, PCI  Express, 
or the DMI  (depending on configurat ion bits) . Since the m onochrom e adapter m ay be 
mapped to any one of these devices, the (G)MCH must  decode cycles in the MDA range 
(000B_0000h -  000B_7FFFh)  and forward either to I GD, PCI  Express, or the DMI . This 
capability is cont rolled by a VGA steering bits and the legacy configurat ion bit  (MDAP 
bit ) . I n addit ion to the memory range B0000h to B7FFFh, the (G)MCH decodes I O 
cycles at  3B4h, 3B5h, 3B8h, 3B9h, 3BAh and 3BFh and forwards them to the either 
I GD, PCI  Express, and/ or the DMI .

9 .1 .3 Expansion Area ( C_ 0 0 0 0 h- D_ FFFFh)

This 128-KB I SA Expansion region (000C_0000h – 000D_FFFFh)  is divided into eight , 
16-KB segments. Each segment  can be assigned one of four Read/ Write states:  read-
only, write-only, read/ write, or disabled. Typically, these blocks are mapped through 
(G)MCH and are subt ract ively decoded to I SA space. Mem ory that  is disabled is not  
remapped. 

Non-snooped accesses from  PCI  Express or DMI  to this region are always sent  to 
DRAM.

Table 1 5 . Expansion Area Mem ory Segm ents

Mem ory Segm ents At t r ibutes Com m ents

0C0000H -  0C3FFFH W/ R Add-on BI OS

0C4000H -  0C7FFFH W/ R Add-on BI OS

0C8000H -  0CBFFFH W/ R Add-on BI OS

0CC000H -  0CFFFFH W/ R Add-on BI OS 

0D0000H -  0D3FFFH W/ R Add-on BI OS

0D4000H -  0D7FFFH W/ R Add-on BI OS

0D8000H -  0DBFFFH W/ R Add-on BI OS

0DC000H -  0DFFFFH W/ R Add-on BI OS
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9 .1 .4 Extended System  BI OS Area ( E_ 0 0 0 0 h- E_ FFFFh)

This 64-KB area (000E_0000h – 000E_FFFFh)  is divided into four, 16-KB segments. 
Each segment  can be assigned independent  read and write at t r ibutes so it  can be 
m apped either to main DRAM or to DMI . Typically, this area is used for RAM or ROM. 
Memory segments that  are disabled are not  remapped elsewhere. 

Non-snooped accesses from  PCI  Express or DMI  to this region are always sent  to 
DRAM.

9 .1 .5 System  BI OS Area ( F_ 0 0 0 0 h- F_ FFFFh)

This area is a single, 64-KB segment  (000F_0000h – 000F_FFFFh) . This segment  can 
be assigned read and write at t r ibutes. I t  is by default  (after reset )  Read/ Write disabled 
and cycles are forwarded to DMI . By m anipulat ing the Read/ Write at t r ibutes, the 
(G)MCH can “shadow”  BI OS into the m ain DRAM. When disabled, this segment  is not  
rem apped.

Non-snooped accesses from  PCI  Express or DMI  to this region are always sent  to 
DRAM. 

9 .1 .6 Program m able At t r ibute Map ( PAM)  Mem ory Area Details

The 13 sect ions from 768 KB to 1 MB com prise what  is also known as the PAM Memory 
Area.

The (G)MCH does not  handle I WB ( I m plicit  Write-Back)  cycles target ing DMI . Since all 
m em ory residing on DMI  should be set  as non-cacheable, there normally will not  be 
I WB cycles target ing DMI . 

However, DMI  becom es the default  target  for CPU and DMI  originated accesses to 
disabled segments of the PAM region. I f the MTRRs covering the PAM regions are set  to 
WB or RC it  is possible to get  I WB cycles target ing DMI . This m ay occur for DMI  
or iginated cycles to disabled PAM regions.

For exam ple, say that  a part icular PAM region is set  for “Read Disabled”  and the MTRR 
associated with this region is set  to WB. A DMI  master generates a memory read 
target ing the PAM region. A snoop is generated on the FSB and the result  is an I WB. 
Since the PAM region is “Read Disabled”  the default  target  for the Memory Read 
becomes DMI . The I WB associated with this cycle will cause the (G)MCH to hang.

Table 1 6 . Extended System  BI OS Area Mem ory Segm ents

Mem ory Segm ents Att r ibutes Com m ents

0E0000H -  0E3FFFH W/ R BI OS Extension

0E4000H -  0E7FFFH W/ R BI OS Extension

0E8000H -  0EBFFFH W/ R BI OS Extension

0EC000H -  0EFFFFH W/ R BI OS Extension

Table 1 7 . System  BI OS Area Mem ory Segm ents

Mem ory Segm ents At t r ibutes Com m ents

0F0000H -  0FFFFFH WE   RE BI OS Area
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9 .2 Main Mem ory Address Range ( 1  MB to TOLUD)

This address range extends from 1 MB to the top of physical memory that  is perm it ted 
to be accessible by the (G)MCH (as programmed in the TOLUD register) . All accesses to 
addresses within this range will be forwarded by the (G)MCH to the DRAM unless they 
fall into the opt ional TSEG, opt ional I SA Hole, or opt ional I GD stolen VGA mem ory. 

The (G)MCH provides a maximum DRAM address decode space of 4 GB. The (G)MCH 
does not  remap API C or PCI  Express memory space. This m eans that  as the am ount  of 
physical m em ory populated in the system  reaches 4 GB, there will be physical memory 
that  exists yet  is non-addressable and therefore unusable by the system .

The (G)MCH does not  lim it  DRAM address space in hardware.

9 .2 .1 I SA Hole ( 1 5  MB– 1 6  MB)

A hole can be created at  15 MB–16 MB as cont rolled by the fixed hole enable in Device 
0 space. Accesses within this hole are forwarded to the DMI . The range of physical 
DRAM memory disabled by opening the hole is not  rem apped to the top of the m em ory 
– that  physical DRAM space is not  accessible. This 15 MB–16 MB hole is an opt ionally 
enabled I SA hole. 

Video accelerators or iginally used this hole. I t  is also used for validat ion by customer 
team s for som e of their test  cards. That  is why it  is being supported. There is no 
inherent  BI OS request  for the 15-  to 16-MB window.

Figure 1 1 . Main Mem ory Address Range
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9 .2 .2 TSEG

TSEG is opt ionally 1 MB, 2 MB, or 8 MB in size. TSEG is below I GD stolen memory, 
which is at  the top of physical memory. SMM-mode CPU accesses to enabled TSEG 
access the physical DRAM at  the sam e address. Non-CPU originated accesses are not  
allowed to SMM space. PCI  Express, DMI , and I nternal Graphics or iginated cycles to 
enabled SMM space are handled as invalid cycle type with reads and writes to locat ion 0 
and byte enables turned off for writes. When the extended SMRAM space is enabled, 
CPU accesses to the TSEG range without  SMM at t r ibute or without  WB at t r ibute are also 
forwarded to m em ory as invalid accesses (see Table 19) . Non-SMM-mode Write Back 
cycles that  target  TSEG space are completed to DRAM for cache coherency. When SMM 
is enabled the maxim um am ount  of memory available to the system  is equal to the 
amount  of physical DRAM m inus the value in the TSEG register which is fixed at  1 MB, 
2 MB or 8 MB. 

9 .2 .3 Pre- allocated Mem ory 

Voids of physical addresses that  are not  accessible as general system m em ory and 
reside within system  m em ory address range (<  TOLUD)  are created for SMM-mode and 
legacy VGA graphics compat ibilit y. I t  is the responsibility of BI OS to properly 
init ia lize these regions. Table 18 details the locat ion and at t r ibutes of the regions. 
How to enable and disable these ranges are described in the (G)MCH Cont rol Register 
Device 0 (GGC) . 

9 .3 PCI  Mem ory Address Range ( TOLUD –  4  GB)

This address range, from  the top of physical m em ory to 4 GB ( top of addressable 
memory space supported by the (G)MCH)  is norm ally mapped to the DMI  I nterface. 

Except ions to this m apping include the BAR memory mapped regions, which include:  
EPBAR, MCHBAR, DMI BAR.

I n the PCI  Express port , there are two except ions to this rule:  

— Addresses decoded to the PCI  Express Memory Window defined by the 
MBASE1, MLI MI T1, PMBASE1, and PMLIMI T1 registers are mapped to PCI  
Express. 

— Addresses decoded to PCI  Express Configurat ion Space are mapped based on 
Bus, Device, and Funct ion num ber. (PCI EXBAR range) .

Note: AGP Aperture no longer exists with PCI  Express.

Table 1 8 . Pre- allocated Mem ory Exam ple for 6 4 - MB DRAM, 1 - MB VGA, 
and 1 - MB TSEG

Mem ory Segm ents Att r ibutes Com m ents

0000_0000h – 03DF_FFFFh R/ W Available System Mem ory 62 MB

03E0_0000h – 03EF_FFFFh
SMM Mode Only -  CPU 

Reads 

TSEG Address Range & Pre-

allocated Mem ory

03F0_0000h – 03FF_FFFFh R/ W

Pre-allocated Graphics VGA 

m em ory.

1 MB (or 4/ 8/ 16/ 32/ 64 MB)  when 

I GD is enabled 
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I n an internal graphics configurat ion, there are three except ions to this rule:  

1. Addresses decoded to the Graphics Memory Range. (GMADR range)

2. Addresses decoded to the Graphics Translat ion Table range (GTTADR range) .

3. Addresses decoded to the Mem ory Mapped Range of the I nternal Graphics Device 
(MMADR range) . There is a MMADR range for Device 2 Funct ion 0 and a MMADR 
range for Device 2 Funct ion 1. Both ranges are forwarded to the internal graphics 
device.

Note: The except ions listed above for internal graphics and the PCI  Express ports MUST NOT 
overlap w ith APCI  Configurat ion Space, FSB I nterrupt  Space and High BI OS 
Address Range. 

Figure 1 2 . PCI  Mem ory Address Range 
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9 .3 .1 API C Configurat ion Space ( FEC0 _ 0 0 0 0 h- FECF_ FFFFh)

This range is reserved for API C configurat ion space which includes the default  I / O API C 
configurat ion space from  FEC0_0000h to FEC7_0FFFh. The default  Local (CPU)  API C 
configurat ion space goes from  FEC8_0000h to FECF_FFFFh.

CPU accesses to the Local API C configurat ion space do not  result  in external bus 
act ivity since the Local API C configurat ion space is internal to the CPU. However, an 
MTRR m ust  be program m ed to m ake the Local API C range uncacheable (UC) . The Local 
API C base address in each CPU should be relocated to the FEC0_0000h (4 GB-20 MB)  
to FECF_FFFFh range so that  one MTRR can be program m ed to 64 KB for the Local and 
I / O API Cs. The I / O API C(s)  usually reside in the I CH port ion of the chip set  or as a 
stand-alone component (s) . 

I / O API C units will be located beginning at  the default  address FEC0_0000h. The first  I /
O API C will be located at  FEC0_0000h. Each I / O API C unit  is located at  FEC0_x000h 
where x  is I / O API C unit  num ber 0 through F(hex) . This address range will norm ally be 
m apped to DMI .

Note: There is no provision to support  an I / O API C device on PCI  Express. 

9 .3 .2 HSEG ( FEDA_ 0 0 0 0 h- FEDB_ FFFFh)

This opt ional segm ent  from  FEDA_0000h to FEDB_FFFFh provides a remapping window 
to SMM m em ory. I t  is som et im es called the High SMM m em ory space. SMM-m ode CPU 
accesses to the opt ionally enabled HSEG are remapped to 000A_0000h -  000B_FFFFh. 
Non-SMM m ode CPU accesses to enabled HSEG are considered invalid and are 
term inated im m ediately on the FSB. The except ions to this rule are Non-SMM mode 
Write Back cycles which are rem apped to SMM space to maintain cache coherency. PCI  
Express and DMI  originated cycles to enabled SMM space are not  allowed. Physical 
DRAM behind the HSEG t ransact ion address is not  rem apped and is not  accessible. All 
Cacheline writes with WB at t r ibute or im plicit  write backs to the HSEG range are 
com pleted to DRAM like an SMM cycle. 

9 .3 .3 FSB I nterrupt  Mem ory Space ( FEE0 _ 0 0 0 0 - FEEF_ FFFF)

The FSB I nterrupt  space is the address used to deliver interrupts to the FSB. Any 
device on PCI  Express, I nternal Graphics, or DMI  m ay issue a Mem ory Write to 
0FEEx_xxxxh. The (G)MCH will forward this Mem ory Write along with the data to the 
FSB as an I nterrupt  Message Transact ion. The (G)MCH term inates the FSB t ransact ion 
by providing the response and assert ing HTRDY# . This Memory Write cycle does not  go 
to DRAM.

9 .3 .4 High BI OS Area

The top 2 MB (FFE0_0000h -FFFF_FFFFh)  of the PCI  Mem ory Address Range is reserved 
for System BI OS (High BI OS) , extended BI OS for PCI  devices, and the A20 alias of the 
system BI OS. The CPU begins execut ion from  the High BI OS after reset . This region is 
m apped to DMI  so that  the upper subset  of this region aliases to the 16-MB–256-KB 
range. The actual address space required for the BI OS is less than 2 MB but  the 
m inim um  CPU MTRR range for this region is 2 MB so that  full 2 MB must  be considered. 
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9 .4 PCI  Express Configurat ion Address Space

The Device 0 register (PCI EXBAR) , defines the base address for the configurat ion space 
associated with all devices and funct ions that  are potent ially a part  of the PCI  Express 
root  com plex hierarchy. This is a 256-MB block of addresses below top of addressable 
memory (current ly 4 GB)  and is aligned to a 256-MB boundary. BI OS m ust  assign this 
address range such that  it  will not  conflict  with any other address ranges.

For more configurat ion inform at ion, refer to Chapter 4.

9 .4 .1 PCI  Express Graphics At tach

The (G)MCH can be programm ed to direct  m em ory accesses to the PCI  Express 
interface when addresses are within either of two ranges specified via registers in 
(G)MCH’s Device 1 configurat ion space. 

• The first  range is cont rolled via the Mem ory Base register (MBASE)  and Mem ory 
Lim it  register (MLI MI T)  registers. 

• The second range is cont rolled via the Prefetchable Memory Base (PMBASE)  and 
Prefetchable Memory Lim it  (PMLI MI T)  registers.

The (G)MCH posit ively decodes memory accesses to PCI  Express m em ory address 
space as defined by the following equat ions:

Mem ory_Base_Address ≤ Address ≤ Mem ory_Lim it_Address 

Prefetchable_Memory_Base_Address ≤ Address ≤ Prefetchable_Memory_Lim it_Address

I t  is essent ial to support  a separate Prefetchable range in order to apply USWC 
at t r ibute ( from  the processor point  of view)  to that  range. The USWC at t r ibute is used 
by the processor for write combining.

Note that  the (G)MCH Device 1 memory range registers described above are used to 
allocate memory address space for any PCI  Express devices sit t ing on PCI  Express that  
require such a window. 

The PCI CMD1 register can overr ide the rout ing of memory accesses to PCI  Express. I n 
other words, the m em ory access enable bit  m ust  be set  in the Device 1 PCI CMD1 
register to enable the m em ory base/ lim it  and prefetchable base/ lim it  windows.

9 .4 .2 AGP DRAM Graphics Aperture

Unlike AGP, PCI  Express has no concept  of aperture for PCI  Express devices. As a 
result , there is no need to t ranslate addresses from  PCI  Express. Therefore, the 
(G)MCH has no APBASE and APSI ZE registers.
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9 .5 Graphics Mem ory Address Ranges

The (G)MCH can be programmed to direct  memory accesses to I GD when addresses 
are within any of three ranges specified via registers in (G)MCH’s Device 2 
configurat ion space. 

• The Mem ory Map Base register (MMADR)  is used to access graphics cont rol 
registers. 

• The Graphics Mem ory Aperture Base register (GMADR)  is used to access graphics 
m em ory allocated via the graphics t ranslat ion table. 

• The Graphics Translat ion Table Base register (GTTADR)  is used to access the 
t ranslat ion table.

Normally these ranges will reside above the Top-of-Main-DRAM and below High BI OS 
and API C address ranges. They norm ally reside above the top of memory (TOLUD)  so 
they do not  steal any physical DRAM memory space.

GMADR is a Prefetchable range in order to apply USWC at t r ibute ( from  the processor 
point  of view)  to that  range. The USWC at t r ibute is used by the processor for write 
combining.

9 .5 .1 Graphics Register  Ranges

This sect ion provides a high- level register map ( register groupings per funct ion)  for the 
integrated graphics. The memory and I / O maps for the graphics registers are shown in 
Figure 13, except  PCI  Configurat ion registers. The VGA and Extended VGA registers can 
be accessed via standard VGA I / O locat ions as well as via m em ory-m apped locat ions. 
I n addit ion, the m em ory map contains allocat ion ranges for various funct ions. The 
m em ory space address listed for each register is an offset  from  the base m em ory 
address programmed into the MMADR register (PCI  configurat ion offset  14h) .  The same 
m em ory space can be accessed via dword accesses to I / OBAR. Through the I OBAR, I / O 
registers MMI O_index and MMI O_data are writ ten. 

VGA and Extended VGA Control Registers ( 0 0 0 0 0 h−0 0 FFFh) : 

These registers are located in both I / O space and m emory space. The VGA and 
Extended VGA registers contain the following register sets:  General Cont rol/ Status, 
Sequencer (SRxx) , Graphics Cont roller (GRxx) , At t r ibute Cont roller (ARxx) , VGA Color 
Palet te, and CRT Cont roller (CRxx)  registers. 

I nst ruct ion, Mem ory, and I nterrupt  Control Registers ( 0 1 0 0 0 h−0 2 FFFh) : 

The I nst ruct ion and I nterrupt  Cont rol registers are located in m ain m em ory space and 
contain the types of registers listed in the following sect ions.

9 .5 .2 I / O Mapped Access to Device 2  MMI O Space

I f Device 2 is enabled, and Funct ion 0 within Device 2 is enabled, then I GD registers 
can be accessed using the I OBAR.

MMI O_ I ndex :  MMI O_I NDEX is a 32-bit  register. An I / O write to this port  loads the 
address of the MMI O register that  needs to be accessed. I / O Reads returns the current  
value of this register.

MMI O_ Data :  MMI O_DATA is a 32-bit  register. An I / O write to this port  is re-directed to 
the MMI O register pointed to by the MMI O- index register. An I / O read to this port  is re-
directed to the MMI O register pointed to by the MMI O- index register. 
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Figure 1 3 . Graphics Register  Mem ory and I / O Map
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4FFFFh 
50000h 

5FFFFh 

70000h 

7FFFFh 

 

 

Overlay Registers1

Blt Engine Control Status (RO)

- Host Port Registers

- Cursor Registers
- Display Registers
- Pixel Pipe Registers

60000h 

6FFFFh 
- TVout Registers
- Misc Multimedia Registers

Some Overlay registers are double-
buffered with an additional address range
in graphics memory.  
. 

Note: 

MMADR Register
(Base Address)

1931 

Reserved
0B000h 
0AFFFh 
0A000h 
09FFFh 

Display Palette Registers
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9 .6 System  Managem ent  Mode ( SMM)

System  Management  Mode uses main m emory for System Management  RAM (SMM 
RAM). The (G)MCH supports:  Com pat ible SMRAM (C_SMRAM), High Segm ent  (HSEG) , 
and Top of Memory Segment  (TSEG) . System Management  RAM space provides a 
m em ory area that  is available for the SMI  handlers and code and data storage. This 
m em ory resource is norm ally hidden from  the system  OS so that  the processor has 
im m ediate access to this m em ory space upon ent ry to SMM. (G)MCH provides three 
SMRAM opt ions:  

• Below 1-MB opt ion that  supports com pat ible SMI  handlers.

• Above 1-MB opt ion that  allows new SMI  handlers to execute with write-back 
cacheable SMRAM. 

• Opt ional TSEG area of 1 MB, 2 MB, or 8 MB in size. The TSEG area lies below I GD 
stolen m em ory. 

The above 1-MB solut ions require changes to com pat ible SMRAM handlers code to 
properly execute above 1 MB.

Note: DMI  and PCI  Express m asters are not  allowed to access the SMM space.

9 .6 .1 SMM Space Definit ion 

SMM space is defined by its addressed  SMM space and its DRAM SMM space. The 
addressed SMM space is defined as the range of bus addresses used by the CPU to 
access SMM space. DRAM SMM space is defined as the range of physical DRAM memory 
locat ions containing the SMM code. SMM space can be accessed at  one of three 
t ransact ion address ranges:  Compat ible, High and TSEG. The Compat ible and TSEG 
SMM space is not  remapped and therefore the addressed and DRAM SMM space is the 
same address range. Since the High SMM space is remapped the addressed and DRAM 
SMM space are different  address ranges. Note that  the High DRAM space is the sam e as 
the Com pat ible Transact ion Address space. Table 19 describes three unique address 
ranges:

• Com pat ible Transact ion Address (Adr C)

• High Transact ion Address (Adr H)

• TSEG Transact ion Address (Adr T)

These abbreviat ions are used later in the table describing SMM Space Transact ion 
Handling.

Table 1 9 . SMM Space Definit ion Sum m ary

SMM Space Enabled Transact ion Address Space DRAM Space ( DRAM)

Compat ible (C) 000A_0000h to 000B_FFFFh 000A_0000h to 000B_FFFFh

High (H) FEDA_0000h to FEDB_FFFFh 000A_0000h to 000B_FFFFh

TSEG (T)
 (TOLUD-STOLEN-TSEG) to 

TOLUD-STOLEN

(TOLUD-STOLEN-TSEG)  to 

TOLUD-STOLEN
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9 .7 SMM Space Restr ict ions

I f any of the following condit ions are violated, the results of SMM accesses are 
unpredictable and m ay cause the system  to hang:  

• The Com pat ible SMM space m ust  not  be set-up as cacheable.

• High or TSEG SMM t ransact ion address space m ust  not  overlap address space 
assigned to system  DRAM, or to any “PCI ”  devices ( including DMI , PCI  Express, and 
graphics devices) . This is a BI OS responsibility.

• Both D_OPEN and D_CLOSE m ust  not  be set  to 1 at  the sam e t im e.

• When TSEG SMM space is enabled, the TSEG space m ust  not  be reported to the 
OS as available DRAM. This is a BI OS responsibilit y. 

• Any address t ranslated through the GMADR m ust  not  target  DRAM from  A_0000-
F_FFFF.

9 .7 .1 SMM Space Com binat ions

When High SMM is enabled (G_SMRAME= 1 and H_SMRAM_EN= 1)  the Compat ible SMM 
space is effect ively disabled. CPU originated accesses to the Compat ible SMM space are 
forwarded to PCI  Express if VGAEN= 1 (also depends on MDAP) , otherwise they are 
forwarded to the DMI . PCI  Express and DMI  originated accesses are never  allowed to 
access SMM space.

9 .7 .2 SMM Control Com binat ions

The G_SMRAME bit  provides a global enable for all SMM memory. The D_OPEN bit  
allows software to write to the SMM ranges without  being in SMM mode. BI OS software 
can use this bit  to init ialize SMM code at  powerup. The D_LCK bit  lim its the SMM range 
access to only SMM m ode accesses. The D_CLS bit  causes SMM data accesses to be 
forwarded to the DMI  or PCI  Express. The SMM software can use this bit  to write to 
video m em ory while running SMM code out  of DRAM.

Table 2 0 . SMM Space Table

Global Enable 

G_ SMRAME 

High Enable 

H_ SMRAM_ EN

TSEG Enable 

TSEG_ EN

Com pat ible  

( C)  Range

High ( H)  

Range

TSEG ( T)  

Range

0 X X Disable Disable Disable

1 0 0 Enable Disable Disable

1 0 1 Enable Disable Enable

1 1 0 Disabled Enable Disable

1 1 1 Disabled Enable Enable
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9 .7 .3 SMM Space Decode and Transact ion Handling

Only the CPU is allowed to access SMM space. PCI  Express and DMI  originated 
t ransact ions are not  allowed to SMM space. 

9 .7 .4 CPU W B Transact ion to an Enabled SMM Address Space

CPU Writeback t ransact ions (REQ[ 1] #  =  0)  to enabled SMM address space must  be 
writ ten to the associated SMM DRAM even though D_OPEN= 0 and the t ransact ion is 
not  perform ed in SMM m ode. This ensures SMM space cache coherency when cacheable 
extended SMM space is used.

9 .8 Mem ory Shadow ing

Any block of mem ory that  can be designated as read-only or write-only can be 
“shadowed”  into (G)MCH DRAM m emory. Typically this is done to allow ROM code to 
execute more rapidly out  of main DRAM. ROM is used as read-only during the copy 
process while DRAM at  the same t ime is designated write-only. After copying, the 
DRAM is designated read-only so that  ROM is shadowed. CPU bus t ransact ions are 
routed accordingly.

9 .9 I / O Address Space

The (G)MCH does not  support  the existence of any other I / O devices beside itself on 
the CPU bus. The (G)MCH generates either DMI  or PCI  Express bus cycles for all CPU I /
O accesses that  it  does not  claim . Within the host  br idge the (G)MCH contains two 
internal registers in the CPU I / O space, Configurat ion Address register 
(CONFI G_ADDRESS)  and the Configurat ion Data register (CONFI G_DATA) . These 
locat ions are used to im plem ent  a configurat ion space access m echanism . 

The CPU allows 64 k+ 3 bytes to be addressed within the I / O space. The (G)MCH 
propagates the CPU I / O address without  any t ranslat ion on to the dest inat ion bus and 
therefore provides addressability for 64 k+ 3 byte locat ions. Note that  the upper three 
locat ions can be accessed only during I / O address wrap-around when CPU bus HAB_16 

Table 2 1 . SMM Control Table

G_ SMRAME D_ LCK D_ CLS D_ OPEN
CPU in SMM 

Mode

SMM Code 

Access 

SMM Data 

Access

0 x X x x Disable Disable

1 0 X 0 0 Disable Disable

1 0 0 0 1 Enable Enable

1 0 0 1 x Enable Enable

1 0 1 0 1 Enable Disable

1 0 1 1 x I nvalid I nvalid

1 1 X x 0 Disable Disable

1 1 0 x 1 Enable Enable

1 1 1 x 1 Enable Disable
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address signal is asserted. HAB_16 is asserted on the CPU bus whenever an I / O access 
is made to 4 bytes from  address 0FFFDh, 0FFFEh, or 0FFFFh. HAB_16 is also asserted 
when an I / O access is m ade to 2 bytes from  address 0FFFFh. 

A set  of I / O accesses (other than ones used for configurat ion space access)  are 
consum ed by the internal graphics device if it  is enabled. The mechanisms for internal 
graphics I / O decode and the associated cont rol is explained later.

The I / O accesses (other than ones used for configurat ion space access)  are forwarded 
norm ally to the DMI  bus unless they fall within the PCI  Express I / O address range as 
defined by the m echanisms explained below. I / O writes are not  posted. Memory writes 
to I CH or PCI  Express are posted. The PCI CMD1 register can disable the rout ing of I / O 
cycles to PCI  Express.

The (G)MCH responds to I / O cycles init iated on PCI  Express or DMI  with a UR status. 
Upst ream  I / O cycles and configurat ion cycles should never occur. I f one does occur, the 
request  will route as a read to m em ory address 0h so a complet ion is naturally 
generated (whether the original request  was a read or write) . The t ransact ion will 
complete with a UR com plet ion status.

For I ntel®  Pent ium ®  M processor, I ntel Core Duo processor, I ntel Core Solo processor, 
and Mobile I ntel®  Pent ium ®  4 processor with 1-MB L2 cache processors, I / O reads 
that  lie within 8-byte boundaries but  cross 4-byte boundaries are issued from  the CPU 
as 1 t ransact ion. The (G)MCH will break this into two separate t ransact ions. This has 
not  been done on previous chipsets. I / O writes that  lie within 8-byte boundaries but  
cross 4-byte boundaries are assumed to be split  into two t ransact ions by the CPU.

9 .9 .1 PCI  Express I / O Address Mapping

The (G)MCH can be program m ed to direct  non-m em ory ( I / O)  accesses to the PCI  
Express bus interface when CPU init iated I / O cycle addresses are within the PCI  
Express I / O address range. This range is cont rolled via the I / O Base Address ( I OBASE)  
and I / O Lim it  Address ( I OLI MI T)  registers in (G)MCH Device 1 configurat ion space.

The (G)MCH posit ively decodes I / O accesses to PCI  Express I / O address space as 
defined by the following equat ion:

I / O_Base_Address ≤ CPU I / O Cycle Address ≤ I / O_Lim it_Address

The effect ive size of the range is program m ed by the plug-and-play configurat ion 
software and it  depends on the size of I / O space claimed by the PCI  Express device.

The (G)MCH also forwards accesses to the Legacy VGA I / O ranges according to the 
set t ings in the Device 1 configurat ion registers BCTRL (VGA Enable)  and PCI CMD1 
( I OAE1) , unless a second adapter (monochrome)  is present  on the DMI  I nterface/ PCI . 
The presence of a second graphics adapter is determ ined by the MDAP configurat ion 
bit . When MDAP is set , the (G)MCH will decode legacy m onochrom e I O ranges and 
forward them  to the DMI  I nterface. The I O ranges decoded for the m onochrom e 
adapter are 3B4h, 3B5h, 3B8h, 3B9h, 3Bah and 3BFh.

Note that  the (G)MCH Device 1 I / O address range registers defined above are used for 
all I / O space allocat ion for any devices requir ing such a window on PCI  Express. 
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9 .1 0 ( G) MCH Decode Rules and Cross- Bridge Address 
Mapping

VGAA =  000A_0000 – 000A_FFFF
MDA =  000B_0000 – 000B_7FFF
VGAB =  000B_8000 – 000B_FFFF

MAI NMEM =  0100_0000 to TOLUD

9 .1 0 .1 Legacy VGA and I / O Range Decode Rules

The legacy 128-KB VGA memory range 000A_0000h-000B_FFFFh can be mapped to 
I GD (Device 2) , to PCI  Express (Device 1) , and/ or to the DMI  depending on the 
program m ing of the VGA steering bits. Prior ity for VGA m apping is constant  in that  the 
GMCH always decodes internally mapped devices first . I nternal to the GMCH, decode 
precedence is always given to I GD. The GMCH always posit ively decodes internally 
mapped devices, namely the I GD and PCI  Express. Subsequent  decoding of regions 
mapped to PCI  Express or the DMI  depends on the Legacy VGA configurat ions bits 
(VGA Enable and MDAP) . 

§
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1 0 Funct ional Descript ion

1 0 .1 Host  I nterface

1 0 .1 .1 FSB Source Synchronous Transfers

The (G)MCH supports the I ntel Core Duo and I ntel Core Solo processor subset  of the 
Enhanced Mode Scaleable Bus. The cache line size is 64 bytes. Source synchronous 
t ransfer is used for the address and data signals. The address signals are double 
pumped and a new address can be generated every other bus clock. At  133-MHz and 
166-MHz bus clock the address signals run at  266 and 333 MT/ s for a maximum 
address queue rate of 66 M and 83 M addresses/ sec. The data is quad pumped and an 
ent ire 64-B cache line can be t ransferred in two bus clocks. At  133-MHz and 166-MHz 
bus clock, the data signals run at  533 MHz and 667 MHz for a maximum bandwidth of 
4.3 GB/ s and 5.3 GB/ s respect ively.

1 0 .1 .2 FSB I OQ Depth

The Scalable Bus supports up to 12 sim ultaneous outstanding t ransact ions. 

1 0 .1 .3 FSB OOQ Depth

The (G)MCH supports only one outstanding deferred t ransact ion on the FSB.

1 0 .1 .4 FSB GTL+  Term inat ion

The (G)MCH integrates GTL+  term inat ion resistors on die. 

1 0 .1 .5 FSB Dynam ic Bus I nversion

The (G)MCH supports Dynam ic Bus I nversion (DBI )  when driving and when receiving 
data from  the CPU. DBI  lim its the num ber of data signals that  are dr iven to a low 
voltage on each quad pumped data phase. This decreases the worst-case power 
consum pt ion of the (G)MCH. HDI NV[ 3: 0] #  indicate if the corresponding 16 bits of data 
are inverted on the bus for each quad pumped data phase:  

Whenever the processor or the (G)MCH drives data, each 16-bit  segment  is analyzed. 
I f more than 8 of the 16 signals would normally be driven low on the bus the 
corresponding HDI NV#  signal will be asserted and the data will be inverted prior to 
being driven on the bus. Whenever the CPU or the (G)MCH receives data it  monitors 
HDI NV[ 3: 0] #  to determ ine if the corresponding data segment  should be inverted.

HDI NV[ 3 :0 ] # Data Bits

HDI NV[ 0] # HD[ 15: 0] #

HDI NV[ 1] # HD[ 31: 16] #

HDI NV[ 2] #  HD[ 47: 32] #

HDI NV[ 3] # HD[ 63: 48] #
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1 0 .1 .6 FSB I nterrupt  Overview

The I ntel Core Duo and I ntel Core Solo processor supports FSB interrupt  delivery. They 
do not  support  the API C serial bus interrupt  delivery mechanism . I nterrupt  related 
messages are encoded on the FSB as “ I nterrupt  Message Transact ions”. FSB interrupts 
m ay originate from  the CPUs on the FSB, or from  a downst ream  device on the DMI  or 
PCI  Express Graphics At tach. I n the later case, the (G)MCH drives the “ I nterrupt  
Message Transact ion”  on the FSB.

I n the I OxAPI C environm ent , an interrupt  is generated from  the I OxAPI C to a CPU in 
the form  of an upst ream Memory Write. The I CH contains I OxAPI Cs, and its interrupts 
are generated as upst ream  DMI  Mem ory Writes. Furtherm ore, the PCI  Local Bus 
Specificat ion and PCI  Express*  Base Specificat ion define MSI ’s (Message Signaled 
I nterrupts)  that  are also in the form  of Mem ory Writes. A PCI  device m ay generate an 
interrupt  as an MSI  cycle on its PCI  bus instead of assert ing a hardware signal to the 
I OxAPI C. The MSI  may be directed to the I OxAPI C. The I OxAPI C in turn generates an 
interrupt  as an upst ream  DMI  Memory Write. Alternat ively, the MSI  m ay direct ly route 
to the FSB. The target  of an MSI  is dependent  on the address of the interrupt  Memory 
Write. The (G)MCH forwards upst ream  DMI  and PCI  Express Graphics At tach low 
prior ity Memory Writes to address 0FEEx_xxxxh to the FSB as “ I nterrupt  Message 
Transact ions”.

The (G)MCH also broadcasts EOI  cycles generated by a CPU downst ream  to the PCI  
Express Port  and DMI  interfaces. 

1 0 .1 .7 API C Cluster Mode Support

This is required for backwards com pat ibility with exist ing software, including various 
OS’s. As one example, beginning with Microsoft  Windows*  2000 there is a mode 
(boot . ini)  that  allows an end user to enable the use of cluster addressing support  of the 
API C.

1 0 .2 System  Mem ory Controller

1 0 .2 .1 Funct ional Overview

Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  system 
m em ory cont roller supports DDR2 SDRAMs.

Three m em ory channel organizat ions are supported:  

• Single-channel (Single SO-DI MM per channel)

• Dual-channel sym m etr ic (Single SO-DI MM per channel)

• Dual-channel asymmetric (Single SO-DI MM per channel)

Each channel has a 64-bit  data interface and the frequencies supported are 400 MHz, 
533 MHz and 667 MHz. 

Note: Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
only one SO-DI MM connector per channel.

When configured as a dual-channel system , each channel can have one or two ranks 
populated. So in either case there can be a m axim um  of 4 ranks (2 double-sided SO-
DI MMs)  populated.
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1 0 .2 .2 Mem ory Channel Organizat ion Modes

The system m em ory cont roller supports three styles of m em ory organizat ion (Single-
channel, Dual-channel Symm etr ic and Dual-channel Asym m etr ic) . Rules for populat ing 
SO-DI MM slots are included in this chapter.

1 0 .2 .2 .1 Dual- channel Sym m etr ic Mode

This m ode provides maxim um  perform ance on real applicat ions. Addresses are ping-
ponged between the channels, and the switch happens after each cache line (64-byte 
boundary) . The channel select ion address bit  is cont rolled by DCC[ 10: 9] . I f a second 
request  sits behind the first , and that  request  is to an address on the second channel, 
that  request  can be sent  before data from  the first  request  has returned. Due to this 
feature, som e progress is m ade even during page conflict  scenarios. I f two consecut ive 
cache lines are requested, both m ay be ret r ieved sim ultaneously, since they are 
guaranteed to be on opposite channels. The drawback of Symmetric mode is that  the 
system designer m ust  populate both channels of m em ory so that  they have equal 
capacity, but  the technology and device width may vary from  one channel to the other.

1 0 .2 .2 .2 Dual- channel Asym m etr ic Mode

This mode t rades performance for system design flexibility. Unlike the previous mode, 
addresses start  in channel A and stay there unt il the end of the highest  rank in channel 
A, then addresses cont inue from  the bot tom of channel B to the top. Real world 
applicat ions are unlikely to m ake requests that  alternate between addresses that  sit  on 
opposite channels with this m em ory organizat ion, so in m ost  cases, bandwidth will be 
lim ited to that  of a single channel. The system designer is free to populate or not  to 
populate any rank on either channel, including either degenerate single-channel case.

Table 2 2 . System  Mem ory Organizat ion Support  for  DDR2

DDR2

Tech W idth
Page 

Size
Banks

Sm allest  

I ncrem ents

Largest  

I ncrem ents

Maxim um  

Capacity

256 Mb X8 8K 4 256 MB 512 MB 1 GB

256 Mb X16 4K 4 128 MB 256 MB 512 MB

512 Mb X8 8K 4 512 MB 1 GB 2 GB

512 Mb X16 8K 4 256 MB 512 MB 1 GB

1 Gb X8 8K 8 1 GB 2 GB 4 GB

1 Gb X16 8K 8 512 MB 1 GB 2 GB

Table 2 3 . Sam ple System  Mem ory Organizat ion w ith Sym m etric Channels

Channel A 

Populat ion

DRBs in 

Channel A

Channel B 

Populat ion

DRBs in 

Channel B

Rank 1 512 MB 1024 MB 512 MB 1024 MB

Rank 0 512 MB 512 MB 512 MB 512 MB
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1 0 .2 .3 DRAM Technologies and Organizat ion

All standard 256-Mb, 512-Mb, and 1-Gb technologies and addressing are supported for 
x16 and x8 devices.

The (G)MCH supports various page sizes. Page size is individually selected for every 
rank;  4 k and 8 k for Asym metr ic, Sym metr ic, or Single-channel m odes.

The DRAM sub-system supports single or dual-channels, 64-bit  wide per channel.

The m aximum  num ber of ranks for dual-channel and single-channel configurat ions are 
described below:  

• I f configured as a dual-channel system , each channel can have one or two ranks 
populated

• I f configured as a single-channel system , that  channel can have one, two or three 
ranks populated.

Mixed mode double-sided SO-DI MMs (x8 and x16 on the sam e SO-DI MM) are not  
supported. 

Table 2 4 . Sam ple System  Mem ory Organizat ion w ith Asym m etric Channels

Channel A 

Populat ion

DRBs in 

Channel A

Channel B 

Populat ion

DRBs in 

Channel B

Rank 1 1024 MB 1536 MB 512 MB 768 MB

Rank 0 512 MB 512 MB 256 MB 256 MB

Figure 1 4 . System  Mem ory Styles
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By using 1-Gb technology, the largest  memory capacity is 4 GB (128M x 8b x 8 devices 
x 4 ranks =  4 GB) . This is achieved using stacked SO-DI MMs. With non-stacked SO-
DI MMs, the maximum memory capacity is 2 GB (64M x 16b x 4 devices x 4 ranks =  2 
GB) . 

By using 256-Mb technology, the smallest  memory capacity is 128 MB (16M x 16b x 4 
devices x 1 ranks =  128 MB) .

1 0 .2 .3 .1 Rules for  Populat ing SO- DI MM Slots

I n all modes, the frequency of System Memory will be the lowest  frequency of all SO-
DI MMs in the system , as determ ined through the SPD registers on the SO-DI MMs. I n 
both single-channel and dual-channel configurat ions, the Mobile I ntel 945GM/ PM/ GMS, 
943/ 940GML and I ntel 945GT Express Chipsets support  only one SO-DI MM connector 
per channel. 

• I n the Single-channel mode, only channel A (channel 0)  may be used.

• I n Dual-channel Symmetric mode, both SO-DI MM slots must  be populated, but  the 
total amount  of m emory in each channel must  be the same. The device 
technologies m ay differ.

• I n Dual-channel Asymm etr ic mode, the total m em ory in the two channels need not  
be equal (one slot  could even be unpopulated) .

1 0 .2 .3 .2 Pin Connect ivity for  Single-  and Dual- channel Modes

Table 2 5 . DDR2  Dual- channel Pin Connect ivity

Dual Channel 

 JEDEC Pin 

Mapping
Channel A Channel B

CK[ 1: 0] SM_CK[ 1: 0] SM_CK[ 3: 2]

CKB[ 1: 0] SM_CK# [ 1: 0] SM_CK# [ 3: 2]

CSB[ 1: 0] SM_CS# [ 1: 0] SM_CS# [ 3: 2]

CKE[ 1: 0] SM_CKE[ 1: 0] SM_CKE[ 3: 2]

ODT[ 1: 0] SM_ODT[ 1: 0] SM_ODT[ 3: 2]

BS[ 2: 0] SA_BS[ 2: 0] SB_BS[ 2: 0]

MA[ 13: 0] SA_MA[ 13: 0] SB_MA[ 13: 0]

RAS# SA_RAS# SB_RAS#

CAS# SA_CAS# SB_CAS#

WE# SA_WE# SB_WE#

DQ[ 63: 0] SA_DQ[ 63: 0] SB_DQ[ 63: 0]

DQS[ 7: 0] SA_DQS[ 7: 0] SB_DQS[ 7: 0]

DQS[ 7: 0] # SA_DQS# [ 7: 0] SB_DQS# [ 7: 0]

DM[ 7: 0] SA_DM[ 7: 0] SB_DM[ 7: 0]
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1 0 .2 .4 DRAM Address Mapping

The Table 27 and Table 28 below show the DRAM Address Mapping on the Mobile I ntel 
945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets in the Dual-channel 
m ode without  Enhanced Addressing.Table 29 and, Table 30 show the Address Mapping 
with Enhanced Address Swap. Table 31 and Table 32 shows the Address Mapping with 
Enhanced Address XOR configurat ions.

Enhanced Addressing swaps the MSB cont rolling one of the Bank Select  lines with bit  
18 (which norm ally cont rols row address bit  2) . Without  Enhanced Addressing, rank 
bits are the m ost  significant  two bits of the address. With Enhanced Addressing, the 
rank bits are always bits 19 and 20. 

I n the tables below, 

— ‘r ’ indicates a Row Address bit , 

— ‘b' indicates a Bank Select  bit , 

— ‘c’ indicates a Colum n Address bit ,

— ‘h’ indicates a Channel Select  bit , 

— ‘s’ indicates that  the bit  is part  of the decode for a Chip Select  ( rank select )  bit

Different  ranks m ay use different  technologies or organizat ions, and it  is recom m ended 
to check the DRB register program ming to determ ine which channel and rank an 
address belongs to. 

Both s and h are provided for the exam ple of a homogenous populat ion only. Column 
bit  10 is always used for an Auto Precharge indicat ion. 

Note: The Mobile I ntel 943/ 940GML Express Chipset  does not  support  Enhanced Addressing 
m odes.

Table 2 6 . DDR2  Single- channel Pin Connect ivity

JEDEC Pin Mapping Channel A

CK_1: 0 SM_CK[ 1: 0]

CK# _1: 0 SM_CK# [ 1: 0]

CS# _1: 0 SM_CS# [ 1: 0]

CKE_1: 0 SM_CKE[ 1: 0]

ODT_1: 0 SM_ODT[ 1: 0]

BS_2: 0 SA_BS[ 2: 0]

MA_13: 0 SA_MA[ 13: 0]

RAS# SA_RAS#

CAS# SA_CAS#

WE# SA_WE#

DQ_63: 0 SA_DQ[ 63: 0]

DQS_7: 0 SA_DQS[ 7: 0]

DQS# _7: 0 SA_DQS# [ 7: 0]

DM_7: 0 SA_DM[ 7: 0]
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Note: The mapping detailed below applies to Single-Channel m odes of operat ion also, except  
for symmetr ic addressing.

Table 2 7 . DRAM Device Configurat ions – Single- channel/ Dual- channel 
Asym m etric Mode  ( Sheet  1  of 2 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Devices per 

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits [ n:0 ] 26 27 27 28 28 29

Host  Address 

Bit
Mem ory Address Bit

3 1 - - - - - -

3 0 - - - - - -

2 9 - - - - - R 13

2 8 - - - r  13 r 11 R 11

2 7 - R 12 r 12 r 12 r 12 R 12

2 6 r  10 R 10 r 10 r 10 r 10 R 10

2 5 r  9 r 9 r 9 r 9 r 9 R 9

2 4 r  8 r 8 r 8 r 8 r 8 R 8

2 3 r  7 r 7 r 7 r 7 r 7 R 7

2 2 r  6 r 6 r 6 r 6 r 6 R 6

2 1 r  5 r 5 r 5 r 5 r 5 R 5

2 0 r  4 r 4 r 4 r 4 r 4 R 4
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1 9 r  3 r 3 r 3 r 3 r 3 R 3

1 8 r  2 r 2 r 2 r 2 r 2 R 2

1 7 r  1 r 1 r 1 r 1 r 1 R 1

1 6 r  0 r 0 r 0 r 0 r 0 R 0

1 5 r  11 R 11 r 11 r 11 b 0 B 0

1 4 r  12 b 1 b 1 b 1 b 1 B 1

1 3 b 0 b 0 b 0 b 0 b 2 B 2

1 2 b 1 c 9 c 9 c 9 c 9 C 9

1 1 c 8 c 8 c 8 c 8 c 8 C 8

1 0 c 7 c 7 c 7 c 7 c 7 C 7

9 c 6 c 6 c 6 c 6 c 6 C 6

8 c 5 c 5 c 5 c 5 c 5 C 5

7 c 4 c 4 c 4 c 4 c 4 C 4

6 c 3 c 3 c 3 c 3 c 3 C 3

Table 2 8 . DRAM Device Configurat ions –  Dual- channel Sym m etric Mode ( Sheet  1  of 2 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Devices per  

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits [ n:0 ] 26 27 27 28 28 29

Table 2 7 . DRAM Device Configurat ions – Single- channel/ Dual- channel 
Asym m etric Mode  ( Sheet  2  of 2 )
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Host  Address 

Bit
Mem  Addr- Bit

3 1 - - - - - -

3 0 - - - - - r  13

2 9 - - - r  13 r 11 r 11

2 8 - r  12 r 12 r 12 r 12 r 12

2 7 R 10 r 10 r 10 r 10 r 10 r 10

2 6 r  9 r 9 r 9 r 9 r 9 r 9

2 5 r  8 r 8 r 8 r 8 r 8 r 8

2 4 r  7 r 7 r 7 r 7 r 7 r 7

2 3 r  6 r 6 r 6 r 6 r 6 r 6

2 2 r  5 r 5 r 5 r 5 r 5 r 5

2 1 r  4 r 4 r 4 r 4 r 4 r 4

2 0 r  3 r 3 r 3 r 3 r 3 r 3

1 9 r  2 r 2 r 2 r 2 r 2 r 2

1 8 r  1 r 1 r 1 r 1 r 1 r 1

1 7 r  0 r 0 r 0 r 0 r 0 r 0

1 6 R 11 r 11 r 11 r 11 b 0 b 0

1 5 R 12 b 1 b 1 b 1 b 1 b 1

1 4 b 0 b 0 b 0 b 0 b 2 b 2

1 3 b 1 c 9 c 9 c 9 c 9 c 9

1 2 c 8 c 8 c 8 c 8 c 8 c 8

1 1 c 7 c 7 c 7 c 7 c 7 c 7

1 0 c 6 c 6 c 6 c 6 c 6 c 6

9 c 5 c 5 c 5 c 5 c 5 c 5

8 c 4 c 4 c 4 c 4 c 4 c 4

7 c 3 c 3 c 3 c 3 c 3 c 3

6 h h h h H H

5 c 2 c 2 c 2 c 2 c 2 c 2

4 c 1 c 1 c 1 c 1 c 1 c 1

3 c 0 c 0 c 0 c 0 c 0 c 0

Table 2 8 . DRAM Device Configurat ions –  Dual- channel Sym m etric Mode ( Sheet  2  of 2 )
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Table 2 9 . DRAM Device Configurat ions –  Single- channel/ Dual- channel Asym m etric 
Mode w ith Enhanced Addressing Sw ap ( 0 )   ( Sheet  1  of 2 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Devices per 

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits [ n:0 ] 26 27 27 28 28 29

Host  Address 

Bit
Mem  Addr- Bit

3 1 - - - - - -

3 0 - - - - - r  3

2 9 - - - r  3 r 3 r 13

2 8 - r  3 r 3 r 13 r 11 r 11

2 7 r  3 r 12 r 12 r 12 r 12 r 12

2 6 r  10 r 10 r 10 r 10 r 10 r 10

2 5 r  9 r 9 r 9 r 9 r 9 r 9

2 4 r  8 r 8 r 8 r 8 r 8 r 8

2 3 r  7 r 7 r 7 r 7 r 7 r 7

2 2 r  6 r 6 r 6 r 6 r 6 r 6

2 1 r  5 r 5 r 5 r 5 b 2 b 2

2 0 r  4 r 4 r 4 r 4 r 4 r 4

1 9 s 0 s 0 s 0 s 0 s 0 s 0
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Host  Address 

Bit
Mem  Addr- Bit

1 8 b 1 b 1 b 1 b 1 b 1 b 1

1 7 r  1 r 1 r 1 r 1 r 1 r 1

1 6 r  0 r 0 r 0 r 0 r 0 r 0

1 5 r  11 R 11 r 11 r 11 r 5 r 5

1 4 r  12 r 2 r 2 r 2 r 2 r 2

1 3 r  2 b 0 b 0 b 0 b 0 b 0

1 2 b 0 c 9 c 9 c 9 c 9 c 9

1 1 c 8 c 8 c 8 c 8 c 8 c 8

1 0 C 7 c 7 c 7 c 7 c 7 c 7

9 C 6 c 6 c 6 c 6 c 6 c 6

8 C 5 c 5 c 5 c 5 c 5 c 5

7 C 4 c 4 c 4 c 4 c 4 c 4

6 C 3 c 3 c 3 c 3 c 3 c 3

5 C 2 c 2 c 2 c 2 c 2 c 2

4 C 1 c 1 c 1 c 1 c 1 c 1

3 C 0 c 0 c 0 c 0 c 0 c 0

Table 3 0 . DRAM Device Configurat ions – Dual- channel Sym m etric Mode w ith Enhanced 
Addressing Sw ap ( Sheet  1  of 3 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Table 2 9 . DRAM Device Configurat ions –  Single- channel/ Dual- channel Asym m etric 
Mode w ith Enhanced Addressing Sw ap ( 0 )   ( Sheet  2  of 2 )
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Devices per 

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits [ n:0 ] 26 27 27 28 28 29

3 1 - - - - - r 3

3 0 - - - r 3 r 3 r 13

2 9 - r  3 r 3 r 13 r 11 r 11

2 8 R 3 R 12 r 12 r 12 r 12 r 12

2 7 r  10 R 10 r 10 r 10 r 10 r 10

2 6 R 9 r 9 r 9 r 9 r 9 r 9

2 5 R 8 r 8 r 8 r 8 r 8 r 8

2 4 R 7 r 7 r 7 r 7 r 7 r 7

2 3 R 6 r 6 r 6 r 6 r 6 r 6

2 2 R 5 r 5 r 5 r 5 b 2 b 2

2 1 R 4 r 4 r 4 r 4 r 4 r 4

2 0 S 0 s 0 s 0 s 0 s 0 s 0

1 9 B 1 b 1 b 1 b 1 b 1 b 1

1 8 R 1 r 1 r 1 r 1 r 1 r 1

1 7 R 0 r 0 r 0 r 0 r 0 r 0

1 6 r  11 R 11 r 11 r 11 r 5 r 5

1 5 r  12 r 2 r 2 r 2 r 2 r 2

1 4 R 2 b 0 b 0 b 0 b 0 b 0

1 3 b 0 c 9 c 9 c 9 c 9 c 9

1 2 c 8 c 8 c 8 c 8 c 8 c 8

1 1 c 7 c 7 c 7 c 7 c 7 c 7

1 0 c 6 c 6 c 6 c 6 c 6 c 6

9 c 5 c 5 c 5 c 5 c 5 c 5

8 c 4 c 4 c 4 c 4 c 4 c 4

7 c 3 c 3 c 3 c 3 c 3 c 3

Table 3 0 . DRAM Device Configurat ions – Dual- channel Sym m etric Mode w ith Enhanced 
Addressing Sw ap ( Sheet  2  of 3 )
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6 h h h H H H

5 c 2 c 2 c 2 c 2 c 2 c 2

4 c 1 c 1 c 1 c 1 c 1 c 1

3 c 0 c 0 c 0 c 0 c 0 c 0

Table 3 1 . DRAM Device Configurat ions –  Single- channel/ Dual- channel Asym m etric 
Mode w ith Enhanced Addressing XOR  ( Sheet  1  of 2 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Devices per 

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits 

[ n:0 ]
26 27 27 28 28 29

Host  Address 

Bit
Mem  Addr- Bit

3 1 - - - - - -

3 0 - - - - - r  3

2 9 - - - r 3 r 3 r 13

2 8 - r  3 r 3 r 13 r 11 r 11

2 7 r  3 r 12 r 12 r 12 r 12 r 12

2 6 r  10 r 10 r 10 r 10 r 10 r 10

2 5 r  9 r 9 r 9 r 9 r 9 r 9

Table 3 0 . DRAM Device Configurat ions – Dual- channel Sym m etric Mode w ith Enhanced 
Addressing Sw ap ( Sheet  3  of 3 )
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2 4 r  8 r 8 r 8 r 8 r 8 r 8

2 3 r  7 r 7 r 7 r 7 r 7 r 7

2 2 r  6 r 6 r 6 r 6 r 6 r 6

2 1 r  5 r 5 r 5 r 5 r 5 r 5

2 0 r  4 r 4 r 4 r 4 r 4 r 4

1 9 r0 xor s0 r0 xor s 0 r0 xor s0 r0 xor s0 r0 xor s0 r0 xor s0

1 8 r  2 r 2 r 2 r 2 r 2 r 2

1 7 r  1 r 1 r 1 r 1 r 1 r 1

1 6 R 0 r 0 r 0 r 0 r 0 r 0

1 5 r  11 r 11 r 11 r 11
r 4 xor b 

0

r 4 xor b 

0

1 4 r  12
r 5 xor b 

1

r 5 xor b 

1

r 5 xor b 

1

r 5 xor b 

1

r 5 xor b 

1

1 3
r  4 xor b 

0

r 4 xor b 

0

r 4 xor b 

0

r 4 xor b 

0

r 2 xor b 

2

r 2 xor b 

2

1 2
r  5 xor b 

1
c 9 c 9 c 9 c 9 c 9

1 1 C 8 c 8 c 8 c 8 c 8 c 8

1 0 C 7 c 7 c 7 c 7 c 7 c 7

9 C 6 c 6 c 6 c 6 c 6 c 6

8 C 5 c 5 c 5 c 5 c 5 c 5

7 C 4 c 4 c 4 c 4 c 4 c 4

6 C 3 c 3 c 3 c 3 c 3 c 3

5 C 2 c 2 c 2 c 2 c 2 c 2

4 C 1 c 1 c 1 c 1 c 1 c 1

3 C 0 c 0 c 0 c 0 c 0 c 0

Table 3 2 . DRAM Device Configurat ions –  Dual- channel Sym m etr ic Mode w ith 
Enhanced Addressing XOR  ( Sheet  1  of 3 )

Technology 

( Mb)
256 256 512 512 1024 1024

Row  Bits 13 13 13 14 13 14

Colum n Bits 9 10 10 10 10 10

Bank Bits 2 2 2 2 3 3

Table 3 1 . DRAM Device Configurat ions –  Single- channel/ Dual- channel Asym m etric 
Mode w ith Enhanced Addressing XOR  ( Sheet  2  of 2 )
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W idth ( b) 16 8 16 8 16 8

Row s 8192 8192 8192 16384 8192 16384

Colum ns 512 1024 1024 1024 1024 1024

Banks 4 4 4 4 8 8

Page Size ( KB) 4 8 8 8 8 8

Devices per 

Rank
4 8 4 8 4 8

Rank Size 

( MB)
128 256 256 512 512 1024

Depth ( M) 16 32 32 64 64 128

Addr Bits [ n:0 ] 26 27 27 28 28 29

3 1 - - - - - r  3

3 0 - - - r  3 r 3 r 13

2 9 - r  3 r 3 r 13 r 11 r 11

2 8 R 3 r 12 r 12 r 12 r 12 r 12

2 7 r  10 r 10 r 10 r 10 r 10 r 10

2 6 R 9 r 9 r 9 r 9 r 9 r 9

2 5 R 8 r 8 r 8 r 8 r 8 r 8

2 4 R 7 r 7 r 7 r 7 r 7 r 7

2 3 R 6 r 6 r 6 r 6 r 6 r 6

2 2 R 5 r 5 r 5 r 5 r 5 r 5

2 1 R 4 r 4 r 4 r 4 r 4 r 4

2 0
r0 xor s 

0
r0 xor s 0 r0 xor s 0

r0 xor s 

0
r0 xor s 0 R0 xor s 0

1 9 r  2 r 2 r 2 r 2 r 2 r 2

1 8 r  1 r 1 r 1 r 1 r 1 r 1

1 7 r  0 r 0 r 0 r 0 r 0 r 0

1 6 r  11 r 11 r11 r11 r4 xor b0 r4 xor b0

1 5 r  12 r 5 xor b1 r 5 xor b1
R5 xor 

b1
r5 xor b1 r5 xor b1

1 4
r  4 xor 

b0
r 4 xor b0 r 4 xor b0

R4 xor 

b0
r2 xor b2 r2 xor b2

1 3
r  5 xor 

b1
c 9 c 9 c 9 c 9 c 9

Table 3 2 . DRAM Device Configurat ions –  Dual- channel Sym m etric Mode w ith 
Enhanced Addressing XOR  ( Sheet  2  of 3 )
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1 0 .2 .5 DRAM Clock Generat ion

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
generate two different ial clock pairs for every supported SO-DI MM. 

1 0 .2 .6 DDR2  On Die Term inat ion 

On die term inat ion (ODT)  is a feature that  allows a DRAM to turn on/ off internal 
term inat ion resistance for each DQ, DQS/ DQS#  and DM signal for x8 configurat ions via 
the ODT cont rol pin. The ODT feature is designed to improve signal integrity of the 
m em ory channel by allowing the DRAM cont roller to independent ly turn on/ off 
term inat ion resistance for any or all DRAM devices.

The ODT feature is designed to improve signal integrity of the m emory channel by 
allowing the term inat ion resistance for the DQ, DM, DQS, and DQS#  signals to be 
located inside the DRAM devices them selves instead of on the m otherboard. The 
(G)MCH drives out  the required ODT signals, based on m em ory configurat ion and which 
rank is being writ ten to or read from, to the DRAM devices on a targeted SO-DI MM rank 
to enable or disable their term inat ion resistance. 

ODT operat ion follows these general rules:

WRI TE

• Chipset :  ODT off

• DRAM:

— I f one slot  populated but  has two ranks, turn on term inat ion in the writ ten 
rank.

— I f one slot / one rank, turn on that  rank’s term inat ion.

READ

• Chipset :  ODT on

• DRAM:  ODT off

1 2 c 8 c 8 c 8 c 8 c 8 c 8

1 1 c 7 c 7 c 7 c 7 c 7 c 7

1 0 c 6 c 6 c 6 c 6 c 6 c 6

9 c 5 c 5 c 5 c 5 c 5 c 5

8 c 4 c 4 c 4 c 4 c 4 c 4

7 c 3 c 3 c 3 c 3 c 3 c 3

6 h h h h h H

5 c 2 c 2 c 2 c 2 c 2 c 2

4 c 1 c 1 c 1 c 1 c 1 c 1

3 c 0 c 0 c 0 c 0 c 0 c 0

Table 3 2 . DRAM Device Configurat ions –  Dual- channel Sym m etr ic Mode w ith 
Enhanced Addressing XOR  ( Sheet  3  of 3 )
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Table 33 details the ODT values supported by the Mobile I ntel 945GM/ PM/ GMS, 943/
940GML and I ntel 945GT Express Chipsets.

1 0 .2 .7 DRAM Pow er Managem ent  

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
implement  extensive support  for power management  on the SDRAM interface through 
Clock Enable (CKE)  signals. (G)MCH drives 4 CKE pins (2 per channel)  to perform  the 
power management  operat ions.

1 0 .2 .7 .1 Self Refresh Entry and Exit  Operat ion

When entering the Suspend-To-RAM (STR)  state, (G)MCH will flush pending cycles and 
then enter all SDRAM ranks into self refresh. I n STR, the CKE signals remain LOW so 
the SDRAM devices will perform  self- refresh. 

1 0 .2 .7 .2 Dynam ic Rank Pow er Dow n Operat ion

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
implement  aggressive CKE cont rol to dynam ically put  the DRAM devices in a power 
down state. The (G)MCH cont roller can be configured to put  the devices in act ive power 
down (CKE deassert ion with open pages)  or precharge power down (CKE deassert ion 
with all pages closed) . Precharge power down provides greater power savings but  has a 
bigger performance impact , since all pages are needed to be closed before put t ing the 
devices in power down mode.

I f dynam ic power down is enabled, all ranks are powered up before doing a refresh 
cycle and all ranks are powered down at  the end of refresh.

1 0 .2 .7 .3 DRAM I / O Pow er Managem ent

(G)MCH implements several power saving features where different  groups of I O buffers 
are disabled when safe to do so in a dynam ic fashion thereby saving I O power. These 
features are listed below.

• SO-DI MM clock gat ing disable – The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML 
and I ntel 945GT Express Chipsets have 2 clock pairs per SO-DI MM. I f only one SO-
DI MM is populated, it  allows the other 2 clock pairs to be disabled. 

• Address and cont rol t r i- state enable – I f CKE for any given rank is deasserted, the 
CS#  to that  rank is disabled. I f all CKEs are deasserted (such as in S3) , All address 
and cont rol buffers (excluding CKEs)  are disabled.

Table 3 3 . ODT Set t ings Supported by the Mobile  I ntel 9 4 5 GM/ PM/ GMS, 9 4 3 / 9 4 0 GML 
and I ntel 9 4 5 GT Express Chipsets

Express Chipset
Supported DDR2 -

Speeds per Chipset

ODT Opt ions Required 

by the I ntel®  DDR2  

JEDEC 

Specificat ion 

Addendum

ODT Set t ing Supported 

per Each Chipset  

Mem ory 

Configurat ion

Mobile I ntel®  945GM 400, 533, 667

50, 75, 150
150  (Dual Channel)
75 (Single Channel)

I ntel®  945GT 400, 533, 667

Mobile I ntel®  945PM 400, 533, 667

Mobile I ntel®  945GMS 400, 533

Mobile I ntel®  943/

940GML 
400, 533
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• Data sense amp disable (self refresh, dynam ic)  -  When all the SDRAM ranks have 
been put  in a self refresh state, or during norm al operat ion, if no m em ory accesses 
are pending, the sense amplifiers for all data buffers are turned off. 

• Output  only sense amp disable – Sense amplifiers of all I O buffers which are 
funct ionally outputs only (everything except  DQ and DQS)  are turned off.  

1 0 .2 .8 System  Mem ory Throt t ling

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets have 
two independent  m echanism s, ( i)  (G)MCH Thermal Managem ent  and ( ii)  DRAM 
Thermal Managem ent  that  cause system  memory bandwidth throt t ling. For m ore 
informat ion on System Memory Throt t ling, see Sect ion 10.7.4.

• (G)MCH Thermal m anagem ent  is to ensure that  the chipset  is operat ing within 
therm al lim its. The im plem entat ion provides a m echanism that  cont rols the am ount  
of (G)MCH init iated DDR2 I O bandwidth to a program m able lim it . The m echanism  
can be init iated by a therm al sensor t r ip or by write bandwidth m easurem ent  
exceeding a programmed threshold. 

• DRAM Therm al m anagem ent  is to ensure that  the DRAM chips are operat ing within 
therm al lim its. DRAM s are organized as ranks. Each rank heats up independent ly 
based on the act ivity it  is subject  to by the (G)MCH. A rank may heat  up by 
different  am ounts based on the type of act ivity it  is subject  to. For example the 
am ount  of heat  cont r ibuted by a read com m and is different  when compared to a 
write command to a rank. Throt t ling can be init iated by an external therm al sensor 
t r ip or by DRAM act ivity measurem ent  exceeding a programmed threshold.

1 0 .3 PCI  Express- Based External Graphics

See the current  PCI  Express*  Base Specificat ion for details on PCI  Express.

This (G)MCH is part  of a PCI  Express root  com plex. This m eans it  connects a host  CPU/
m em ory subsystem  to a PCI  Express Hierarchy. The cont rol registers for this 
funct ionality are located in Device 1 configurat ion space and two Root  Com plex 
Register Blocks (RCRBs) . 

1 0 .3 .1 PCI  Express Architecture

The PCI  Express architecture is specified in layers. Com pat ibility with the PCI  
addressing m odel (a load -  store architecture with a flat  address space)  is m aintained 
to ensure that  all exist ing applicat ions and drivers operate unchanged. The PCI  Express 
configurat ion uses standard m echanisms as defined in the PCI  Plug-and-Play 
specificat ion. The init ial speed of 2.5 GHz (250 MHz internally)  results in 2.5 GB/ s 
direct ion which provides a 250 MB/ s com m unicat ions channel in each direct ion 
(500 MB/ s total)  that  is close to twice the data rate of classic PCI  per lane. 

1 0 .3 .1 .1 Layering Overview  

The representat ion of layers in the PCI  Express architecture ( t ransact ion layer, data link 
layer, and physical layer)  is to sim plify the understanding of the high- level funct ionality. 

PCI  Express uses packets to com m unicate inform at ion between com ponents. Packets 
are formed in the t ransact ion and data link layers to carry the inform at ion from  the 
t ransm it t ing com ponent  to the receiving com ponent . As the t ransm it ted packets flow 
through the other layers, they are extended with addit ional inform at ion necessary to 
handle packets at  those layers. At  the receiving side the reverse process occurs and 
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packets get  t ransform ed from  their physical layer representat ion to the data link layer 
representat ion and finally ( for t ransact ion layer packets)  to the form  that  can be 
processed by the t ransact ion layer of the receiving device.

1 0 .3 .1 .2 Transact ion Layer

The upper layer of the PCI  Express architecture is the t ransact ion layer. The t ransact ion 
layer ’s primary responsibility is the assem bly and disassem bly of t ransact ion layer 
packets (TLPs) . TLPs are used to com m unicate t ransact ions, such as read and write, as 
well as certain types of events. The t ransact ion layer also m anages flow cont rol of TLPs.

1 0 .3 .1 .3 Data Link Layer

The m iddle layer in the PCI  Express stack, the data link layer, serves as an interm ediate 
stage between the t ransact ion layer and the physical layer. Responsibilit ies of data link 
layer include link m anagem ent , error detect ion, and error correct ion.

1 0 .3 .1 .4 Physical Layer

The physical layer includes all circuit ry for interface operat ion, including driver and 
input  buffers, parallel- to-serial and serial- to-parallel conversion, PLL(s) , and impedance 
matching circuit ry.

1 0 .3 .1 .5 PCI  Express Configurat ion Mechanism

The PCI  Express (external graphics)  link is mapped through a PCI - to-PCI  br idge 
st ructure.

PCI  Express extends the configurat ion space to 4096 bytes per device/ funct ion as 
compared to 256 bytes allowed by the current  PCI  Local Bus Specificat ion.  PCI  Express 
configurat ion space is divided into a convent ional PCI  2.3 com pat ible region, which 
consists of the first  256 bytes of a logical device’s configurat ion space and an extended 
PCI  Express region which consists of the remaining configurat ion space. The 
convent ional PCI  2.3 com pat ible region can be accessed using either the m echanism s 

Figure 1 5 . PCI  Express Related Register  St ructures in ( G) MCH



Funct ional Descript ion

354 Datasheet

defined in the current  PCI  Local Bus Specificat ion, or using the enhanced PCI  Express 
configurat ion access m echanism  described in the PCI  Express Enhanced Configurat ion 
Mechanism sect ion of the PCI  Express*  Base Specificat ion.

The PCI  Express host  br idge is required to t ranslate the memory-mapped PCI  Express 
configurat ion space accesses from  the host  processor to PCI  Express configurat ion 
cycles. To m aintain com pat ibility with PCI  configurat ion addressing m echanism s, it  is 
recom m ended that  system  software access the enhanced configurat ion space using 32-
bit  operat ions (32-bit  aligned)  only.

See the current  PCI  Local Bus Specificat ion for details of both the convent ional PCI  2.3 
com pat ible and PCI  Express Enhanced configurat ion m echanism s and t ransact ion rules. 

1 0 .3 .2 Serial Digita l Video Output  ( SDVO)

The SDVO descript ion is located here because it  is muxed onto the PCI  Express x16 
port  pins. The AC/ DC specificat ions are ident ical to the PCI  Express Graphics interface.

SDVO elect r ical interface is based on the PCI  Express interface, though the protocol 
and t im ings are com pletely unique. Whereas PCI  Express runs at  a fixed frequency, the 
frequency of the SDVO interface is dependant  upon the act ive display resolut ion and 
t im ing. The port  can be dynam ically configured in several m odes to support  display 
configurat ions.

Essent ially, an SDVO port  will t ransm it  display data in a high-speed, serial form at  
across different ial AC coupled signals. An SDVO port  consists of a sideband different ial 
clock pair and a num ber of different ial data pairs.

1 0 .3 .2 .1 SDVO Capabilit ies

SDVO ports can support  a variety of display types including LVDS, DVI , TV-Out , and 
external CE type devices. the Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT 
Express Chipsets ut ilize an external SDVO device to t ranslate from  SDVO protocol and 
t im ings to the desired display format  and t im ings. The I nternal Graphics cont roller can 
have one or two SDVO ports mult iplexed on the x16 PCI  Express interface, in the case 
of the Mobile I ntel 945GM and I ntel 945GT Express Chipsets. 

The SDVO port  defines a two-wire point- to-point  com municat ion path between the 
SDVO device and (G)MCH. The SDVO Cont rol Clock and Data provide sim ilar 
funct ionality to I 2C. However unlike I 2C, this interface is intended to be point- to-point  
( from  the (G)MCH to the SDVO device)  and will require the SDVO device to act  as a 
switch and direct  t raffic from  the SDVO Cont rol bus to the appropriate receiver. 
Addit ionally, this Cont rol bus will be able to run at  faster speeds (up to 1 MHz)  than a 
t radit ional I 2C interface would. 
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1 0 .3 .2 .2 Concurrent  SDVO/ PCI e Operat ion

The Mobile I ntel 945GM and I ntel 945GT Express Chipset  variant  supports concurrent  

operat ion of the SDVO port  with video capture via x1 PCI e interface. Note that  the only 

type of data supported over the x1 PCI e link is video capture. 

The PCI  Express lanes comprise a standard PCI  Express link and m ust  always originate 

with lane 0 on the PCI  Express connector. The only supported PCI e width when SDVO is 

present  is x1. 

This concurrency is supported in reversed and non- reversed configurat ions. Mirror ing /  

Reversing are always about  the axis between lanes 7 and 8. When SDVO is reversed, 

SDVO lane 0 corresponds to what  would be PCI e pin/ connector lane 15 (m irrored to 

higher lane num bers) .

Hardware reset  st raps are used to determ ine which of the six configurat ions below is 

desired.

Figure 1 6 . SDVO Conceptual Block Diagram
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NOTE: Details of the im plem entat ions are below corresponding to the configurat ion num ber.

Table 3 4 . Concurrent  SDVO /  PCI e Configurat ion St rap Controls

Configurat ion 

Num ber
Descript ion

Slot  Reversed 

St rap ( CFG9 )

SDVO Present  

St rap 

( SDVO_ CTRLDATA)

SDVO/ PCI e*  

Concurrent  St rap 

( CFG 2 0 )

1 PCI e-only not  reversed High Low Low

2 PCI e-only reversed Low Low Low

3 SDVO-only not  reversed High High Low

4 SDVO-only reversed Low High Low

5
SDVO & PCI e not  

reversed
High High High

6 SDVO & PCI e reversed Low High High

Figure 1 7 . SDVO/ PCI e Non- Reversed Configurat ions
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1 0 .3 .2 .2 .1 SDVO Signal Mapping 

The table below shows the mapping of SDVO signals to the PCI e lanes in the various 
possible configurat ions as determ ined by the st rapping configurat ion. Note that  slot-
reversed configurat ions do not  apply to the integrated-graphics only variants. 

Figure 1 8 . SDVO/ PCI e Reversed Configurat ions
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Table 3 5 . Configurat ion- w ise Mapping of SDVO Signals on the PCI e I nterface  ( Sheet  1  
of 2 )

SDVO Signal

Configurat ion- w ise Mapping

SDVO Only –  Norm al 

( 3 )

SDVO Only –  

Reversed ( 4 )

Concurrent  

SDVO and PCI e 

–  Norm al ( 5 )

Concurrent  SDVO 

and PCI e*  –  

Reversed ( 6 )

SDVOB_RED# EXP_TXN0 EXP_TXN15 EXP_TXN15 EXP_TXN0

SDVOB_RED EXP_TXP0 EXP_TXP15 EXP_TXP15 EXP_TXP0

SDVOB_GREEN# EXP_TXN1 EXP_TXN14 EXP_TXN14 EXP_TXN1

SDVOB_GREEN EXP_TXP1 EXP_TXP14 EXP_TXP14 EXP_TXP1

SDVOB_BLUE# EXP_TXN2 EXP_TXN13 EXP_TXN13 EXP_TXN2

SDVOB_BLUE EXP_TXP2 EXP_TXP13 EXP_TXP13 EXP_TXP2

SDVOB_CLKN EXP_TXN3 EXP_TXN12 EXP_TXN12 EXP_TXN3

SDVOB_CLKP EXP_TXP3 EXP_TXP12 EXP_TXP12 EXP_TXP3

SDVOC_RED# EXP_TXN4 EXP_TXN11 EXP_TXN11 EXP_TXN4

SDVOC_RED EXP_TXP4 EXP_TXP11 EXP_TXP11 EXP_TXP4

SDVOC_GREEN# EXP_TXN5 EXP_TXN10 EXP_TXN10 EXP_TXN5
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NOTE: Slot  reversal is not  supported on I ntel 945GMS Express Chipset . Only Signals highlighted 

in BROWN are applicable to the I ntel 945GMS Express Chipset .

1 0 .3 .2 .3 SDVO Modes

The port  can be dynam ically configured in several m odes:

Standard – Baseline SDVO funct ionality. Supports Pixel Rates between 25 and 
200 MP/ s. Ut ilizes three data pairs to t ransfer RGB data.

Dual Standard – Ut ilizes Standard data st ream s across both SDVO B and SDVO C. Both 
channels can only run in Standard m ode (3 data pairs)  and each channel supports Pixel 
Rates between 25 and 200 MP/ s. There are two types of dual standard modes:

— Dual I ndependent  Standard -  I n Dual I ndependent  Standard mode, each SDVO 
channel will see a different  pixel st ream . The data st ream across SDVO B will 
not  be the sam e as the data st ream  across SDVO C. 

— Dual Sim ultaneous Standard -  I n Dual Sim ultaneous Standard m ode, both 
SDVO channels will see the same pixel st ream. The data st ream across SDVO B 
will be the sam e as the data st ream across SDVO C. The display t im ings will be 
ident ical, but  the t ransfer t im ings m ay not  be -  i.e., SDVO B Clocks and Data 
may not  be perfect ly aligned with SDVO C Clock and Data as seen at  the SDVO 
device(s) . Since this ut ilizes just  a single data st ream, it  ut ilizes a single pixel 
pipeline within the (G)MCH.

SDVOC_GREEN EXP_TXP5 EXP_TXP10 EXP_TXP10 EXP_TXP5

SDVOC_BLUE# EXP_TXN6 EXP_TXN9 EXP_TXN9 EXP_TXN6

SDVOC_BLUE EXP_TXP6 EXP_TXP9 EXP_TXP9 EXP_TXP6

SDVOC_CLKN EXP_TXN7 EXP_TXN8 EXP_TXN8 EXP_TXN7

SDVOC_CLKP EXP_TXP7 EXP_TXP8 EXP_TXP8 EXP_TXP7

SDVO_TVCLKIN# EXP_RXN0 EXP_RXN15 EXP_RXN15 EXP_RXN0

SDVO_TVCLKIN EXP_RXP0 EXP_RXP15 EXP_RXP15 EXP_RXP0

SDVOB_INT# EXP_RXN1 EXP_RXN14 EXP_RXN14 EXP_RXN1

SDVOB_INT EXP_RXP1 EXP_RXP14 EXP_RXP14 EXP_RXP1

SDVO_FLDSTALL# EXP_RXN2 EXP_RXN13 EXP_RXN13 EXP_RXN2

SDVO_FLDSTALL EXP_RXP2 EXP_RXP13 EXP_RXP13 EXP_RXP2

SDVOC_I NT# EXP_RXN5 EXP_RXN10 EXP_RXN10 EXP_RXN5

SDVOC_I NT EXP_RXP5 EXP_RXP10 EXP_RXP10 EXP_RXP5

Table 3 5 . Configurat ion- w ise Mapping of SDVO Signals on the PCI e I nterface  ( Sheet  2  
of 2 )

SDVO Signal

Configurat ion- w ise Mapping

SDVO Only –  Norm al 

( 3 )

SDVO Only –  

Reversed ( 4 )

Concurrent  

SDVO and PCI e 

–  Norm al ( 5 )

Concurrent  SDVO 

and PCI e*  –  

Reversed ( 6 )
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1 0 .4 I ntegrated Graphics Controller

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  internal 
graphics devices contain several types of components. The major components in the 
I GD are the engines, planes, pipes and ports. The GMCH has a 3D/ 2D I nst ruct ion 
Processing unit  to cont rol the 3D and 2D engines. The I GD’s 3D and 2D engines are fed 
with data through the m em ory cont roller. The outputs of the engines are surfaces sent  
to m em ory, which are then ret r ieved and processed by GMCH planes.

The GMCH contains a variety of planes, such as display, overlay, cursor and VGA. A 
plane consists of rectangular shaped im age that  has characterist ics such as source, 
size, posit ion, m ethod, and form at . These planes get  at tached to source surfaces, 
which are rectangular memory surfaces with a sim ilar set  of characterist ics. They are 
also associated with a part icular dest inat ion pipe.

A pipe consists of a set  of com bined planes and a t im ing generator. The GMCH has two 
independent  display pipes, allowing for support  of two independent  display st ream s. A 
port  is the dest inat ion for the result  of the pipe. 

The ent ire I GD is fed with data from  its m em ory cont roller. The GMCH’s graphics 
performance is direct ly related to the amount  of bandwidth available. I f the engines are 
not  receiving data fast  enough from  the m em ory cont roller (e.g., single-channel DDR2 
533) , the rest  of the I GD will also be affected. 

1 0 .4 .1 3 D Graphics Processing

1 0 .4 .1 .1 3 D Graphics Pipeline

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  graphics 
are the next  step in the evolut ion of integrated graphics. 

The 3D graphics pipeline for the Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 
945GT Express Chipset  graphics have a deep pipelined architecture in which each stage 
can simultaneously operate on different  pr im it ives or on different  port ions of the same 
prim it ive. 

Figure 1 9 . GMCH Graphics Controller  Block Diagram
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The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  graphics 
are opt im ized by using current  and future I ntel processor fam ily for advance software 
based t ransform  and light ing (geometry processing)  as defined by Microsoft  DirectX 
API . Within the I GD, the raster izat ion engine converts vert ices to pixels and the texture 
engine applies textures to pixels. The rasterizat ion engine takes textured pixels and 
applies light ing and other environm ental affects to produce the final pixel value. From  
the rasterizat ion stage the final pixel value is writ ten to the fram e buffer in m em ory so 
that  it  can be displayed.

1 0 .4 .1 .2 3 D Engine

The 3D engine of the Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express 
Chipsets have been designed with a deep pipelined architecture, where performance is 
m axim ized by allowing each stage of the pipeline to simultaneously operate on different  
pr im it ives or port ions of the sam e prim it ive. 

The 3D pipeline subsystem performs the 3D rendering accelerat ion. The main blocks of 
the pipeline are the Setup Engine, Rasterizer, Texture Pipeline, and Raster Pipeline. A 
typical program m ing sequence would be to send inst ruct ions to set  the state of the 
pipeline followed by rending inst ruct ions containing 3D prim it ive vertex data.

The engines’ performance is dependent  on the memory bandwidth available. Systems 
that  have m ore bandwidth available will outperform  system s with less bandwidth. The 
engines’ performance is also dependent  on the core clock frequency. The higher the 
frequency, the m ore data is processed.

1 0 .4 .1 .3 4 X Faster  Setup Engine

The setup stage of the pipeline takes the input  data associated with each vertex of 3D 
prim it ive and com putes the various parameters required for scan conversion. I n 
form at t ing this data, the GMCH m aintains sub-pixel accuracy. 

1 0 .4 .1 .3 .1 3 D Prim it ives and Data Form ats Support

The 3D prim it ives rendered by GMCH are points, lines, discrete t r iangles, line st r ips, 
t r iangle st r ips, t r iangle fans and polygons. I n addit ion to this, GMCH supports the 
Microsoft  DirectX Flexible Vertex Form at  (FVF) , which enables the applicat ion to specify 
a variable length of parameter list  obviat ing the need for sending unused informat ion to 
the hardware. St r ips, Fans and I ndexed Vert ices as well as FVF, improve the vertex rate 
delivered to the setup engine significant ly.

1 0 .4 .1 .3 .2 Pixel Accurate “Fast” Scissoring and Clipping Operat ion

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
2D clipping to a scissor rectangle within the drawing window. Objects are clipped to the 
scissor rectangle, avoiding processing pixels that  fall outside the rectangle. The GMCH’s 
clipping and scissoring in hardware reduce the need for software to clip objects, and 
thus im prove perform ance. During the setup stage, GMCH clips objects to the scissor 
window.

A scissor rectangle accelerates the clipping process by allowing the driver to clip to a 
bigger region than the hardware renders to. The scissor rectangle needs to be pixel 
accurate, and independent  of line and point  width. GMCH will support  a single scissor 
box rectangle, which can be enabled or disabled. The rectangle is defined as an 
I nclusive box. I nclusive is defined as “draw the pixel if it  is inside the scissor rectangle.”
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1 0 .4 .1 .3 .3 Depth Bias

The Mobile I ntel 945GM and I ntel945GT Express Chipsets support  source Depth Biasing 
in the Setup Engine. Depth Bias value is specified in the vertex com m and packet  on a 
per pr im it ive basis. The value ranges from  -1 to 1. The Depth Bias value is added to the 
z value of the vert ices. This is used for coplanar polygon prior ity. I f two polygons are to 
be rendered which are coplanar, due to the inherent  precision differences induced by 
unique x, y and z values, there is no guarantee which polygon will be closer or farther. 
By using Depth Bias, it  is possible to offset  the dest inat ion z value (com pare value)  
before comparing with the new z value.

1 0 .4 .1 .3 .4 B ackface Culling

As part  of the setup, the Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT 
Express Chipsets discard polygons from  further processing, if they are facing away 
from  or towards the user ’s viewpoint . This operat ion, referred to as “Back Face Culling”  
is accom plished based on the “clockwise”  or “ counter-clockwise”  or ientat ion of the 
vert ices on a prim it ive. This can be enabled or disabled by the driver. 

1 0 .4 .1 .3 .5 Color Shading Modes

The Raster Engine supports the flat  and Gouraud shading m odes. These shading m odes 
are programmed by the appropriate state variables issued through the com m and 
st ream .

Flat  shading is performed by smoothly interpolat ing the vertex int r insic color 
components (Red, Green, Blue) , Specular Highlights (R,G,B) , Fog, and Alpha to the 
pixel, where each vertex color has the sam e value. The setup engine subst itutes one of 
the vertex’s at t r ibute values for the other two vert ices at t r ibute values thereby creat ing 
the correct  flat  shading term s. This condit ion is set  up by the appropriate state 
variables issued prior to rendering the prim it ive.

OpenGL and D3D use a different  vertex to select  the flat  shaded color. This vertex is 
defined as the “provoking vertex.”  I n the case of st r ips/ fans, after the first  t r iangle, 
at t r ibutes on every vertex that  define a pr im it ive are used to select  the flat  color of the 
prim it ive. A state variable is used to select  the “ flat  color”  pr ior to rendering the 
prim it ive.

Gouraud shading is performed by smoothly interpolat ing the vertex int r insic color 
components (Red, Green, Blue) . Specular Highlights (R,G,B) , Fog, and Alpha to the 
pixel, where each vertex color has a different  value. 

All the at t r ibutes can be selected independent ly from  one of the shading modes by 
set t ing the appropriate value state variables.

1 0 .4 .1 .4 Raster izer

Working on a per-polygon basis, the raster izer uses the vertex and edge informat ion is 
used to ident ify all pixels affected by features being rendered. 

1 0 .4 .1 .4 .1 Pixel Rasterizat ion Rules

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
both SGI  OpenGL*  and D3D pixel raster izat ion rules to determ ine whether a pixel is 
filled by the t r iangle or line. For both D3D and OpenGL m odes, a top- left  filling 
convent ion for filling geom etry will be used. Pixel raster izat ion rule on rectangle 
pr im it ive is also supported using the top- left  fill convent ion.



Funct ional Descript ion

362 Datasheet

1 0 .4 .1 .4 .2 Pixel Pipeline

The pixel pipeline funct ion com bines, for each pixel, the interpolated vertex 
com ponents from  the scan conversion funct ion, texel values from the texture samplers, 
and the pixel’s current  values from  the color and/ or depth buffers. This combinat ion is 
perform ed via a programm able pixel shader engine, followed by a pipeline for opt ional 
pixel operat ions perform ed in a specific order. The result  of these operat ions can be 
writ ten to the color and depth buffers.

1 0 .4 .1 .5 2 D Funct ionality

1 0 .4 .1 .5 .1 Block Level Transfer ( BLT)  Funct ion

The st retch BLT funct ion can st retch source data in the X and Y direct ions to a 
dest inat ion larger or sm aller than the source. The st retch BLT funct ionality expands a 
region of memory into a larger or sm aller region using replicat ion and interpolat ion. 
The st retch BLT funct ion also provides format  conversion and data alignm ent .

1 0 .4 .1 .6 Texture Engine

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets allow an 
image, pat tern, or video to be placed on the surface of a 3D polygon. 

The texture processor receives the texture coordinate informat ion from  the setup 
engine and the texture blend informat ion from  the rasterizer. The texture processor 
perform s texture color or Chrom aKey m atching, texture filter ing (anisot ropic, t r ilinear 
and bilinear interpolat ion) , and YUV to RGB conversions.

1 0 .4 .1 .6 .1 Perspect ive Correct  Texture Support

A textured polygon is generated by mapping a 2D texture pat tern onto each pixel of the 
polygon. A texture map is like wallpaper pasted onto the polygon. Since polygons are 
rendered in perspect ive, it  is im portant  that  texture be mapped in perspect ive as well. 
Without  perspect ive correct ion, texture is distorted when an object  recedes into the 
distance.

1 0 .4 .1 .6 .2 Texture Form ats and Storage

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
up to 32 bits of color for textures. 

1 0 .4 .1 .6 .3 Texture Decom pression

DirectX supports Texture Com pression to reduce the bandwidth required to deliver 
textures. As the textures’ average size gets larger with higher color depth and m ult iple 
textures becom e the norm , it  becom es increasingly im portant  to provide a m echanism  
for compressing textures. Texture decompression formats supported include DXT1, 
DXT2, DXT3, DXT4, DXT5 and FXT1.

1 0 .4 .1 .6 .4 Texture Chrom aKey

Chrom aKey describes a m ethod of rem oving a specific color or range of colors from  a 
texture m ap before it  is applied to an object . For “nearest ”  texture filter m odes, 
rem oving a color sim ply m akes those port ions of the object  t ransparent  ( the previous 
contents of the back buffer show through) . For “ linear”  texture filter ing modes, the 
texture filter is m odified if only the non-nearest  neighbor texels m atch the key ( range) .
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1 0 .4 .1 .6 .5 Texture Map Filter ing

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
many texture mapping modes. Perspect ive correct  mapping is always performed. As 
the map is fit ted across the polygon, the map can be t iled, m irrored in either the U or V 
direct ions, or mapped up to the end of the texture and no longer placed on the object  
( this is known as clam p m ode) . The way a texture is com bined with other object  
at t r ibutes is also definable.

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets support  
up to 12 Levels-of-Detail (LODs)  ranging in size from  2048x2048 to 1x1 texels. 
Textures need not  be square. I ncluded in the texture processor is a texture cache, 
which provides efficient  MI P-mapping.

The GMCH supports 9 types of texture filter ing:  

• Nearest  (Point  Filter ing) :  Texel with coordinates nearest  to the desired pixel is 
used. (This is used if only one LOD is present ) .

• Linear (Bilinear Filter ing) :  A weighted average of a 2x2 area of texels surrounding 
the desired pixel is used. (This is used if only one LOD is present ) .

• Nearest  MI P Nearest  (Point  Filtering) :  This is used if many LODs are present . The 
nearest  LOD is chosen and the texel with coordinates nearest  to the desired pixel is 
used.

• Linear MI P Nearest  (Bilinear MI P Mapping) :  This is used if many LODs are present . 
The nearest  LOD is chosen and a weighted average of a 2x2 area of texels 
surrounding the desired pixel is used ( four texels) . This is also referred to as 
Bilinear MI P Mapping.

• Nearest  MI P Linear (Point  MI P Mapping) :  This is used if many LODs are present . 
Two appropriate LODs are selected and within each LOD the texel with coordinates 
nearest  to the desired pixel is selected. The Final texture value is generated by 
linear interpolat ion between the two texels selected from each of the MI P Maps.

• Linear MI P Linear (Trilinear MI P Mapping) :  This is used if m any LODs are present . 
Two appropriate LODs are selected and a weighted average of a 2x2 area of texels 
surrounding the desired pixel in each MI P Map is generated ( four texels per MI P 
Map) . The Final texture value is generated by linear interpolat ion between the two 
texels generated for each of the MI P Maps. Trilinear MI P Mapping is used m inim ize 
the visibility of LOD t ransit ions across the polygon.

• Anisot ropic MI P Nearest  (Anisot ropic Filtering) :  This is used if m any LODs are 
present . The nearest  LOD is determ ined for up to each of 4 sub-samples for the 
desired pixel. These four sub-sam ples are then bilinear filtered and averaged 
together. 

• Anisot ropic MI P Linear:  Anist ropic filter ing is perform ed on the two nearest  LODs. 
The two LOD's are then blended together in a linear fashion

• Anisot ropic with only one LOD:  The texture m ap has only one LOD (not  MI P-
m apped) , from  which the sam pling is done. Anisot ropic filter ing is then perform ed 
on this im age.

1 0 .4 .1 .6 .6 Mult iple Texture Com posit ion

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets also 
perform  m ult iple texture com posit ion. This allows the com binat ion of two or greater 
MI P Maps to produce a new one with new LODs and texture at t r ibutes in a single or 
iterated pass. Flexible vertex form at  support  allows m ult itextur ing because it  m akes it  
possible to pass m ore than one texture in the vertex st ructure.
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1 0 .4 .1 .6 .7 Cubic Environm ent  Mapping

Environm ent  m aps allow applicat ions to render scenes with complex light ing and 
reflect ions while significant ly decreasing CPU load. There are several methods to 
generate environment  maps such as spherical, circular and cubic. The (G)MCH supports 
cubic reflect ion m apping over spherical and circular since it  is the best  choice to provide 
real- t ime environm ent  m apping for complex light ing and reflect ions.

Cubic Mapping requires a texture map for each of the 6 cube faces. These can be 
generated by point ing a camera with a 90-degree field-of-view in the appropriate 
direct ion. Per-vertex vectors (normal, reflect ion or refract ion)  are interpolated across 
the polygon and the intersect ion of these vectors with the cube texture faces is 
calculated. Texel values are then read from  the intersect ion point  on the appropriate 
face and filtered accordingly.

Mult iple texture m ap surfaces arranged into a cubic environment  map is supported. 
Supports CLAMP and CUBE texture address mode for Cube maps.

A new form at  is supported for Com pressed Cube m aps that  allow each m ip/ face to exist  
in its own com pression block.

1 0 .4 .1 .6 .8 Pixel Shader

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets have a 
Microsoft  DirectX9 PS 2.0-com pliant  Pixel shader. This includes Perspect ive-correct  
diffuse and specular color interpolat ion via internal use of texco-ords. Has also support  
for non-perspect ive correct  texture coordinates as well as support  for Fog parameter 
separate from  Specular Alpha.

1 0 .4 .1 .6 .9 Color Dithering

Color Dithering helps to hide color quant izat ion errors. Color Dithering takes advantage 
of the hum an eye’s propensity to “average”  the colors in a sm all area. I nput  color, 
alpha, and fog com ponents are converted from  5 or 6-bit  com ponent  to 8-bit  
components by dithering. Dithering is performed on blended textured pixels with 
random lower bits to avoid visible boundaries between the relat ively discrete 5/ 6-bit  
colors. Dithering is not  perform ed on the com ponents in 32-bit  m ode

1 0 .4 .1 .6 .1 0 Vertex and Per Pixel Fogging

Fogging is used to create atm ospheric effects such as low visibility condit ions in flight  
simulator-  type games. I t  adds another level of realism  to computer-generated scenes. 
Fog can be used for depth cueing or hiding distant  objects. With fog, distant  objects 
can be rendered with fewer details ( fewer polygons) , thereby im proving the rendering 
speed or fram e rate. Fog is simulated by at tenuat ing the color of an object  with the fog 
color as a funct ion of distance. The higher the density ( lower visibilit y for distant  
objects) . There are two ways to im plement  the fogging technique:  per-vertex ( linear)  
fogging and per-pixel (non- linear)  fogging. The per-vertex method interpolates the fog 
value at  the vert ices of a polygon to determ ine the fog factor at  each pixel within the 
polygon. This m ethod provides realist ic fogging as long as the polygons are sm all. With 
large polygons (such as a ground plane depict ing an airport  runway) , the per-vertex 
technique results in unnatural fogging.

The GMCH supports both types of fog operat ions, vertex and per pixel or table fog. I f 
fog is disabled, the incom ing color intensit ies are passed unchanged to the dest inat ion 
blend unit .  
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1 0 .4 .1 .6 .1 1 Alpha Blending ( Fram e Buffer)

Alpha Blending adds the m aterial property of t ransparency or opacity to an object . 
Alpha blending combines a source pixel color (RSGSBS)  and alpha (AS)  component  
with a dest inat ion pixel color (RDGDBD)  and alpha (AD)  component . For example, this 
is so that  a glass surface on top (source)  of a red surface (dest inat ion)  would allow 
m uch of the red base color to show through. 

Blending allows the source and dest inat ion color values to be m ult iplied by 
programmable factors and then combined via a programm able blend funct ion. The 
com bined and independent  select ion of factors and blend funct ions for color and alpha 
are supported.

1 0 .4 .1 .6 .1 2 Microsoft  DirectX*  and SGI  OpenGL*  Logic Ops

Both API s provide a m ode to use bitwise ops in place of alpha blending. This is used for 
rubber-  banding, i.e., draw a rubber band out line over the scene using an XOR 
operat ion. Drawing it  again restores the original im age without  having to do a 
potent ially expensive redraw.

1 0 .4 .1 .6 .1 3 Color Buffer Form ats: 8 , 1 6 , or  3 2  Bits per Pixel ( Dest inat ion Alpha)

The raster engine will support  8- , 16- , and 32-bit  color buffer form ats. The 8-bit  form at  
is used to support  planar YUV420 form at , which used only in Mot ion Com pensat ion and 
Arithm et ic St retch format . The bit  format  of Color and Z will be allowed to m ix.

The GMCH supports both double and t r iple buffer ing, where one buffer is the pr im ary 
buffer used for display and one or two are the back buffer(s)  used for rendering.

The frame buffer of the GMCH contains at  least  two hardware buffers:  the Front  Buffer 
(display buffer)  and the Back Buffer ( rendering buffer) . While the back buffer m ay 
actually coincide with (or be part  of )  the visible display surface, a separate (screen or 
window-sized)  back buffer is used to perm it  double-buffered drawing. That  is, the 
im age being drawn is not  visible unt il the scene is com plete and the back buffer m ade 
visible (via an inst ruct ion)  or copied to the front  buffer (via a 2D BLT operat ion) . 
Rendering to one and displaying from  the other rem ove the possibility of im age tearing. 
This also speeds up the display process over a single buffer. Addit ionally, t r iple back 
buffer ing is also supported. The inst ruct ion set  of the GMCH provides a variety of 
cont rols for the buffers (e.g., init ializing, flip, clear, etc.) .

1 0 .4 .1 .6 .1 4 Depth Buffer

The raster engine will be able to read and write from  this buffer and use the data in per 
fragm ent  operat ions that  determ ine whether resultant  color and depth value of the 
pixel for the fragm ent  are to be updated or not .

Typical applicat ions for entertainm ent  or visual sim ulat ions with exterior scenes require 
far/ near rat ios of 1000 to 10000. At  1000, 98%  of the range is spent  on the first  2%  of 
the depth. This can cause hidden surface art ifacts in distant  objects, especially when 
using 16-bit  depth buffers. A 24-bit  Z-buffer provides 16 m illion Z-values, as opposed 
to only 64 K with a 16-bit  Z buffer. 

1 0 .4 .1 .6 .1 5 Stencil Buffer

The Raster Engine will provide 8-bit  stencil buffer storage in 32-bit  mode and the ability 
to perform  stencil test ing. Stencil test ing cont rols 3D drawing on a per pixel basis, 
condit ionally elim inat ing a pixel on the outcom e of a com parison between a stencil 
reference value and the value in the stencil buffer at  the locat ion of the source pixel 
being processed. They are typically used in m ult ipass algorithm s to achieve special 
effects, such as decals, out lining, shadows and const ruct ive solid geom etry rendering. 
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1 0 .4 .1 .6 .1 6 2 D Engine

The GMCH contains BLT funct ionality, and an extensive set  of 2D inst ruct ions. To take 
advantage of the 3D drawing engine’s funct ionality, some BLT funct ions such as Alpha 
BLTs, ar ithm et ic (bilinear)  st retch BLTs, rotat ions, t ransposing pixel m aps, lim ited color 
space conversion, and DI Bs make use of the 3D renderer.

1 0 .4 .1 .6 .1 7 Mobile I ntel 9 4 5 GM and I ntel 9 4 5 GT Express Chipset  VGA Registers

The 2D registers are a com binat ion of registers for the original the Video Graphics 
Array (VGA)  and others that  I ntel has added to support  graphics m odes that  have color 
depths, resolut ions, and hardware accelerat ion features that  go beyond the original 
VGA standard.

1 0 .4 .1 .6 .1 8 Logical 1 2 8 - Bit  Fixed BLT and 2 5 6  Fill Engine

Use of this BLT engine accelerates the Graphical User I nterface (GUI )  of Microsoft  
Windows*  operat ing systems. The 128-bit  (G)MCH BLT Engine provides hardware 
accelerat ion of block t ransfers of pixel data for m any com m on Windows operat ions. The 
term  BLT refers to a block t ransfer of pixel data between m em ory locat ions. The BLT 
engine can be used for the following:

• Move rectangular blocks of data between memory locat ions

• Data Alignm ent  

• Perform  logical operat ions ( raster ops)

The rectangular block of data does not  change as it  is t ransferred between memory 
locat ions. The allowable m em ory t ransfers are between:  cacheable system memory 
and fram e buffer m em ory, frame buffer memory and fram e buffer memory, and within 
system m emory. Data to be t ransferred can consist  of regions of memory, pat terns, or 
solid color fills. A pat tern will always be 8x8 pixels wide and m ay be 8, 16, or 32 bits 
per pixel.

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  BLT 
engine has the ability to expand monochrome data into a color depth of 8, 16, or 32 
bits. BLTs can be either opaque or t ransparent . Opaque t ransfers m ove the data 
specified to the dest inat ion. Transparent  t ransfers com pare dest inat ion color to source 
color and write according to the m ode of t ransparency selected.

Data is horizontally and vert ically aligned at  the dest inat ion. I f the dest inat ion for the 
BLT overlaps with the source m em ory locat ion, the GMCH can specify which area in 
memory to begin the BLT t ransfer. Hardware is included for all 256 raster operat ions 
(Source, Pat tern, and Dest inat ion)  defined by Microsoft , including t ransparent  BLT.

The GMCH has inst ruct ions to invoke BLT and st retch BLT operat ions, perm it t ing 
software to set  up inst ruct ion buffers and use batch processing. The GMCH can perform  
hardware clipping during BLTs.

1 0 .4 .1 .7 Video Engine

1 0 .4 .1 .7 .1 Hardw are Mot ion Com pensat ion

The Mot ion Com pensat ion (MC)  process consists of reconst ruct ing a new picture by 
predict ing (either forward, backward or bidirect ionally)  the result ing pixel colors from  
one or more reference pictures. The GMCH receives the video st ream  and im plements 
Mot ion Com pensat ion and subsequent  steps in hardware. Perform ing Mot ion 
Compensat ion in hardware reduces the processor dem and of software-based MPEG-2 
decoding, and thus improves system performance.
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The Mot ion Com pensat ion funct ionality is overloaded onto the texture cache and 
texture filter. The texture cache is used to typically access the data in the 
reconst ruct ion of the fram es and the filter is used in the actual m ot ion com pensat ion 
process. To support  this overloaded funct ionality the texture cache addit ionally 
supports the following input  form at :  YUV420 planar

1 0 .4 .1 .7 .2 4 - Channel MPEG YUV

The peform ance of present  generat ion I GD is significant ly faster than that  of the 
previous generat ions.

1 0 .4 .1 .7 .3 Sub- Picture Support

Sub-picture is used for two purposes, one is Subt it les for movie capt ions, etc. (which 
are superimposed on a m ain picture) , and Menus used to provide some visual operat ion 
environments the user of a content  player. 

DVD allows movie subt it les to be recorded as Sub-pictures. On a DVD disc, it  is called 
“Subt it le”  because it  has been prepared for stor ing capt ions. Since the disc can have a 
maxim um of 32 t racks for Subt it les, they can be used for various applicat ions, for 
example, as Subt it les in different  languages or other inform at ion to be displayed.

There are two kinds of Menus, the System Menus and other I n-Tit le Menus. First , the 
System  Menus are displayed and operated at  startup of or during the playback of the 
disc or from  the stop state. Second, I n-Tit le m enus can be programm ed as a 
combinat ion of Sub-picture and Highlight  commands to be displayed during playback of 
the disc.

The GMCH supports sub-picture for DVD and DBS by m ixing the two video st ream s via 
alpha blending. Unlike color keying, alpha blending provides a softer effect  and each 
pixel that  is displayed is a com posite between the two video st ream  pixels. The GMCH 
can ut ilize four methods when dealing with sub-pictures. The flexibility enables the 
GMCH to work with all sub-  picture form ats.

1 0 .4 .1 .7 .4 De- interlacing Support

For display on a progressive com puter m onitor, inter laced data that  has been form at ted 
for display on interlaced m onitors (TV) , needs to be de- inter laced. The sim ple 
approaches to de- inter lacing create unwanted display art ifacts. More advanced de-
inter lacing techniques have a large cost  associated with them. The com prom ise 
solut ion is to provide a low cost  but  effect ive solut ion and enable both hardware and 
software based external solut ions. Software based solut ions are enabled through a high 
bandwidth t ransfer to system memory and back.

1 0 .4 .1 .7 .5 Advanced Deinterlacing and Dynam ic Bob and W eave

I nter laced data that  or iginates from a video cam era creates two fields that  are 
tem porally offset  by 1/ 60 of a second. There are several schemes to deinterlace the 
video st ream :  line replicat ion, vert ical filter ing, field m erging and vert ical tem poral 
filter ing. Field merging takes lines from  the previous field and inserts them into the 
current  field to const ruct  the fram e – this is known as Weaving. This is the best  solut ion 
for im ages with lit t le m ot ion however, showing a frame that  consists of the two fields 
will have serrat ion or feathering of m oving edges when there is mot ion in the scene. 
Vert ical filter ing or “Bob”  interpolates adjacent  lines rather replicat ing the nearest  
neighbor. This is the best  solut ion for images with mot ion however, it  will have reduced 
spat ial resolut ion in areas that  have no m ot ion and int roduces jaggies. I n absence of 
any other deinter lacing, these form  the baseline and are supported by the GMCH. 
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1 0 .5 Display I nterfaces

The display is the defining port ion of a graphics cont roller. The display converts a set  of 
source im ages or surfaces, combines them and sends them  out  at  the proper t im ing to 
an output  interface connected to a display device. Along the way, the data can be 
converted from  one form at  to another, st retched or shrunk, and color corrected or 
gamma converted. 

1 0 .5 .1 Display Overview

The I GD display can be broken down into three com ponents:  

• Display Planes

• Display Pipes

• Display Ports

1 0 .5 .2 Planes

The (G)MCH contains a variety of planes, such as VGA, Cursor, Overlay, Sprite, Primary 
and Secondary. A plane consists of rectangular shaped im age that  has characterist ics 
such as source, size, posit ion, m ethod, and form at . These planes get  at tached to 
source surfaces, which are rectangular areas in m em ory with a sim ilar set  of 
characterist ics. They are also associated with a part icular dest inat ion pipe.

Figure 2 0 . Mobile  I ntel 9 4 5 GM/ GMS, 9 4 3 / 9 4 0 GML and I ntel  9 4 5 GT Express Chipset  
Display Pipe Block Diagram
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1 0 .5 .2 .1 Display Plane

The primary and secondary display plane works in an indexed mode, hi-color mode or a 
t rue color m ode. The t rue color m ode allows for an 8-bit  alpha channel. One of the 
primary operat ions of the display plane is the set  mode operat ion. The set-mode 
operat ion occurs when it  is desired to enable a display, change the display t im ing, or 
source format . The secondary display plane can be used as a pr im ary surface on the 
secondary display or as a sprite planes on either the prim ary or secondary display. 

1 0 .5 .2 .2 Cursor Plane

The cursor plane is one of the sim plest  display planes. With a few except ions, the 
cursor plane supports sizes of 64 x 64, 128 x 128 and 256 x 256 fixed Z-order ( top) . I n 
legacy modes, cursor can cause the display data below it  to be inverted. 

1 0 .5 .2 .3 VESA/ VGA Mode

VESA/ VGA m ode provides com pat ibility for pre-exist ing software that  set  the display 
mode using the VGA CRTC registers. VGA Tim ings are generated based on the VGA 
register values ( the Hi- res t im ing generator registers are not  used) .

1 0 .5 .2 .3 .1 DDC ( Display Data Channel)

DDC is a standard defined by VESA. I ts purpose is to allow com m unicat ion between the 
host  system  and display. Both configurat ion and cont rol informat ion can be exchanged 
allowing Plug and Play systems to be realized. Support  for DDC 1 and 2 is 
implemented. the Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express 
Chipsets use the CRTDDCCLK and CRTDDCDATA signals to com m unicate with the 
analog m onitor. These signals are generated at  2.5 V. External pull-up resistors and 
level shift ing circuit ry should be im plemented on the board.

The GMCH im plem ents a hardware GMBus cont roller that  can be used to cont rol these 
signals allowing for t ransact ions speeds up to 1 MHz. 

1 0 .5 .2 .4 Overlay Plane

The overlay engine provides a method of merging either video capture data ( from  an 
external Video Capture device)  or data delivered by the CPU, with the graphics data on 
the screen. The source data can be m irrored horizontally or vert ically or both.

1 0 .5 .2 .4 .1 Source/ Dest inat ion Color Keying/ Chrom aKeying

Overlay source/ dest inat ion ChromaKeying enables blending of the overlay with the 
underlying graphics background. Dest inat ion color keying/ Chrom aKeying can be used 
to handle occluded port ions of the overlay window on a pixel by pixel basis that  is 
actually an underlay. Dest inat ion Chrom aKeying would only be used for YUV pass 
through to TV. Dest inat ion color keying supports a specific color (8-  or 15-bit )  m ode as 
well as 32-bit  alpha blending.

Source color keying/ Chrom aKeying is used to handle t ransparency based on the 
overlay window on a pixel by pixel basis. This is used when “blue screening”  an im age 
to overlay the im age on a new background later. 

1 0 .5 .2 .4 .2 Gam m a Correct ion

To com pensate for overlay color intensity loss due to the non- linear response between 
display devices, the overlay engine supports independent  gamm a correct ion. This 
allows the overlay data to be converted to linear data or corrected for the display 
device when not  blending.
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1 0 .5 .2 .4 .3 YUV to RGB Conversion

The form at  conversion can be bypassed in the case of RGB source data. The form at  
conversion assumes that  the YUV data is input  in the 4: 4: 4 form at  and uses the full 
range scale.

1 0 .5 .3 Display Pipes

The display consists of two pipes:  

• Display Pipe A

• Display Pipe B

A pipe consists of a set  of com bined planes and a t im ing generator. The t im ing 
generators provide the basic t im ing informat ion for each of the display pipes. The 
(G)MCH has two independent  display pipes, allowing for support  of two independent  
display st reams. A port  is the dest inat ion for the result  of the pipe. 

Pipe A can operate in a single-wide or “double-wide”  mode. I n double-wide mode, the 
pipe t ransfers data at  2x graphics core clock though it  is effect ively lim ited by the 
perspect ive display port . The display planes and the cursor plane will provide a “double 
wide”  mode to feed the pipe.

1 0 .5 .3 .1 Clock Generator Units ( DPLL)

The clock generator units provide a stable frequency for dr iving display devices. I t  
operates by convert ing an input  reference frequency into an output  frequency. The 
t im ing generators take their input  from  internal DPLL devices that  are program mable to 
generate pixel clocks in the range of 25-350 MHz. Accuracy for VESA t im ing m odes is 
required to be within ±  0.5% .

The DPLL can take a reference frequency from  the external reference input  
(DREFCLKI NN/ P) , or the TV clock input  (TVCLKI N) . 

1 0 .5 .4 Display Ports

Display ports are the dest inat ion for the display pipe. These are the places where the 
data finally appears to devices outside the graphics device. The (G)MCH has one 
dedicated CRT display port  (Analog) , one TV out  port  (Analog) , one LVDS port  (Digital) , 
and two SDVO ports (Digital) . 
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NOTE:

1. Single signal software selectable between display enable and Blank#

1 0 .5 .4 .1 Analog Display Port  Character ist ics

The analog display port  provides a RGB signal output  along with a HSYNC and VSYNC 
signal. There is an associated DDC signal pair that  is implemented using GPI O pins 
dedicated to the analog port . The intended target  device is for a CRT based m onitor 
with a VGA connector. Display devices such as LCD panels with analog inputs m ay work 
sat isfactory but  no funct ionality has been added to the signals to enhance that  
capability.

Table 3 6 . Display Port  Characterist ics

I nterface Protocol
( Analog) LVDS Port  B

( Digita l)

SDVO 1 .0

Port  C

( Digita l)

RGB DAC LVDS SDVO 1 .0

S

I

G

N

A

L

S

HSYNC
Yes Enable/

Polar ity
Encoded during blanking codes

VSYNC
Yes Enable/

Polar ity
Encoded during blanking codes

BLANK No No Encoded Encoded

STALL No No Yes Yes

Field No No No No

Display_Enable No Yes(1) Encoded Encoded

I m age Aspect  Rat io Program m able and typically 1.33: 1 or 1.78: 1

Pixel Aspect  Rat io Square(1) Square

Voltage RGB 0.7V p-p
1.2 VDC

300 m V p-p
Scalable 1.x V

Clock NA

7x Different ial 

(Dual-channel)

3.5x 

Different ial 

(Single-

channel)

Max Rate 350 Mpixel

224 MPixel 

(Dual-channel)

112 m pI XEL 

(Single-

channel)

200 Mpixel

Form at Analog RGB
Mult iple

18 bpp
RGB 8: 8: 8 YUV 4: 4: 4

Cont rol Bus DDC1 Opt ional DDC GMBUS

External Device No No TMDS/ LVDS Transm it ter / TV Encoder

Connector VGA/ DVI - DVI / CVBS/ S-Video/ Com ponent / SCART
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1 0 .5 .4 .1 .1 I ntegrated RAMDAC

The display funct ion contains a RAM-based Digital- to-Analog Converter (RAMDAC)  that  
t ransform s the digital data from the graphics and video subsystems to analog data for 
the CRT monitor. (G)MCH’s integrated 400 MHz RAMDAC supports resolut ions up to 
2048 x 1536. Three 8-bit  DACs provide the R, G, and B signals to the monitor. 

1 0 .5 .4 .1 .2 Sync Signals

HSYNC and VSYNC signals are digital and conform  to TTL signal levels at  the connector. 
Since these levels cannot  be generated internal to the device, external level shift ing 
buffers are required. These signals can be polar ity adjusted and individually disabled in 
one of the two possible states. The sync signals should power up disabled in the high 
state. No com posite sync or special flat  panel sync support  will be included.

1 0 .5 .4 .2 Dedicated LFP LVDS Port

The display pipe selected by the LVDS display port  is programmed with the panel t im ing 
param eters that  are determ ined by installed panel specificat ions or read from  an 
onboard EDI D ROM. The programmed t im ing values are then “ locked”  into the registers 
to prevent  unwanted corrupt ion of the values. From that  point  on, the display modes 
are changed by select ing a different  source size for that  pipe, program ming the VGA 
registers, or select ing a source size and enabling the VGA. The t im ing signals will 
rem ain stable and act ive through m ode changes. These m ode changes include VGA to 
VGA, VGA to HiRes, HiRes to VGA, and HiRes to HiRes.

The t ransm it ter can operate in a variety of m odes and supports several data form ats. 
The serializer supports 6-bit  color and Single-  or Dual-channel operat ing modes. The 
display st ream from  the display pipe is sent  to the LVDS t ransm it ter port  at  the dot  
clock frequency, which is determ ined by the panel t im ing requirements. The output  of 
LVDS is running at  a fixed m ult iple of the dot  clock frequency, which is determ ined by 
the m ode of operat ion;  single-  or dual-channel. 

Table 3 7 . Analog Port  Characterist ics

Signal Port  Character ist ic Support

RGB

Voltage Range 0.7 V p-p only

Monitor Sense Analog Com pare

Analog Copy Protect ion No

Sync on Green No

HSYNC

VSYNC

Voltage 2.5 V

Enable/ Disable Port  cont rol

Polarity adjust VGA or port  cont rol

Com posite Sync Support No

Special Flat  Panel Sync No

Stereo Sync No

DDC
Voltage Externally buffered to 5V

Cont rol Through GPI O interface
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Depending on configurat ion and m ode, a single channel can take 18 bits of RGB pixel 
data plus 3 bits of t im ing cont rol (HSYNC/ VSYNC/ DE)  and output  them  on three 
different ial data pair outputs. A dual-channel interface converts 36 bits of color 
inform at ion plus the 3 bit s of t im ing cont rol and outputs it  on six sets of different ial 
data outputs.

This display port  is normally used in conjunct ion with the pipe funct ions of panel scaling 
and 6- to 8-bit  dither. This display port  is also used in conjunct ion with the panel power 
sequencing and addit ional associated funct ions.

When enabled, the LVDS constant  current  dr ivers consum e significant  power. I ndividual 
pairs or sets of pairs can be selected to be powered down when not  being used. When 
disabled, individual or sets of pairs will enter a low power state. When the port  is 
disabled all pairs enters a low power m ode. The panel power sequencing can be set  to 
overr ide the selected power state of the drivers during power sequencing.

1 0 .5 .4 .2 .1 LVDS Panel Support

NOTE:

1. I t  is recom m ended to use the OEM Modes Program  (OMP) Tool to determ ine the 

capabilit ies of each variant  for resolut ions and refresh rates not  included here

1 0 .5 .4 .2 .2 LVDS I nterface Signals

LVDS for flat  panel is com pat ible with the ANSI / TI A/ EI A-644 specificat ion. This is an 
elect r ical standard only defining driver output  characterist ics and receiver input  
characterist ics. There are two LVDS t ransm it ter channels (channel A and channel B)  in 
the LVDS interface. Each channel consists of 3-data pairs and a clock pair. The interface 
consists of a total of eight  different ial signal pairs of which six are data and two are 
clocks. The phase locked t ransm it  clock is t ransm it ted in parallel with the data being 
sent  out  over the data pairs and over the LVDS clock pair.

Each channel supports t ransm it  clock frequency ranges from  25 MHz to 112 MHz, which 
provides a throughput  of up to 784 Mbps on each data output  and up to 112 MP/ s on 
the input . When using both channels, they each operate at  the sam e frequency each 
carrying a port ion of the data. The maximum pixel rate is increased to 224 MP/ s but  
may be lim ited to less than that  due to rest r ict ions elsewhere in the circuit .

The LVDS Port  enable bit  enables or disables the ent ire LVDS interface. When the port  
is disabled, it  will be in a low power state. Once the port  is enabled, individual dr iver 
pairs will be disabled based on the operat ing m ode. Disabled drivers can be powered 
down for reduced power consum pt ion or opt ionally fixed to forced 0’s output .

Table 3 8 . LVDS Panel Support  at  6 0  Hz

LVDS Panel

( Express Chipset )

SXGA+  

( 1 4 0 0  x  1 0 5 0 )

UXGA 

( 1 6 0 0  x  1 2 0 0 )

QXGA 

2 0 4 8 x1 5 3 6

9 4 5 GT ( @1 .5  V core) Y Y Y

9 4 5 GM Y Y N

9 4 5 GMS Y Y N

9 4 0 GML Y N N

9 4 3 GML Y N N
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1 0 .5 .4 .2 .3 LVDS Data Pairs and Clock Pairs

The LVDS data and clock pairs are ident ical buffers and differ only in the use defined for 
that  pair. The LVDS data pair is used to t ransfer pixel data as well as the LCD t im ing 
cont rol signals. The pixel bus data to serial data m apping opt ions are specified 
elsewhere. A single-  or dual-clock pair is used to t ransfer clocking informat ion to the 
LVDS receiver. A serial pat tern of 1100011 represents one cycle of the clock. 

There are two LVDS t ransm it ter channels (channel A and channel B)  in the LVDS 
interface. Each channel contains 1 clock pair  and 3-data pair of low voltage different ial 
swing signals. Figure 21 shows a pair of LVDS signals and swing voltage.

1’s and 0’s are represented the different ial voltage between the pair of signals.

1 0 .5 .4 .2 .4 LVDS Pair  States

The LVDS pairs can be put  into one of five states, powered down t r i-state, powered 
down 0 V, com m on m ode, send 0’s, or act ive. When in the act ive state, several data 
form ats are supported. When in powered down state, the circuit  enters a low power 
state and drives out  0 V or t r i- states on both the output  pins for the ent ire channel. The 
com m on m ode t r i-state is both pins of the pair set  to the com mon m ode voltage. These 
are the signals that  opt ionally get  used when driving either 18-bpp panels or dual-
channel with a single clock. When in the send 0’s state, the circuit  is powered up but  
sends only 0 for the pixel color data regardless what  the actual data is with the clock 
lines and t im ing signals sending the norm al clock and t im ing data.

1 0 .5 .4 .2 .5 Single- channel versus Dual- channel Mode

Both Single-channel and Dual-channel m odes are available to allow interfacing to either 
Single-  or Dual-channel panel interfaces. This LVDS port  can operate in Single-channel 
or Dual-channel m ode. Dual-channel m ode uses twice the num ber of LVDS pairs and 
t ransfers the pixel data at  twice the rate of the single-channel. I n general, one channel 
will be used for even pixels and the other for odd pixel data. The first  pixel of the line is 

Figure 2 1 . LVDS Signals and Sw ing Voltage

Figure 2 2 . LVDS Clock and Data Relat ionship
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determ ined by the display enable going act ive and that  pixel will be sent  out  channel A. 
All horizontal t im ings for act ive, sync, and blank will be lim ited to be on two pixel 
boundaries in the two channel m odes.

1 0 .5 .4 .2 .6 LVDS Channel Skew

When in Dual-channel mode, the two channels must  meet  the panel requirements with 
respect  to the inter channel skew.

1 0 .5 .4 .2 .7 LVDS PLL

The Display PLL is used to synthesize the clocks that  cont rol t ransm ission of the data 
across the LVDS interface. The three operat ions that  are cont rolled are the pixel rate, 
the load rate, and the I O shift  rate. These are synchronized to each other and have 
specific rat ios based on Single-channel or Dual-channel mode. I f the pixel clock is 
considered the 1x rate, a 7x or 3.5 speeds I O_shift  clock needed for the high speed 
serial outputs set t ing the data rate of the t ransm it ters. The load clock will have either a 
1x or 0.5x rat io to the pixel clock.

1 0 .5 .4 .3 Panel Pow er Sequencing

This sect ion provides details for the power sequence t im ing relat ionship of the panel 
power, the backlight  enable and the LVDS data t im ing delivery. I n order to m eet  the 
panel power t im ing specificat ion requirements, two signals, PANELVDDEN and 
PANELBKLTEN are provided to cont rol the t im ing sequencing funct ion of the panel and 
the backlight  power supplies.

1 0 .5 .4 .3 .1 Panel Pow er Sequence States

A defined power sequence is recomm ended when enabling the panel or disabling the 
panel. The set  of t im ing param eters can vary from  panel to panel vendor, provided that  
they stay within a predefined range of values. The panel VDD power, the backlight  on/
off state and the LVDS clock and data lines are all m anaged by an internal power 
sequencer. 

A requested power-up sequence is only allowed to begin after the power cycle delay 
t ime requirem ent  T4 is met . 

Figure 2 3 . Panel Pow er Sequencing

Power On Sequence from off state and

Power Off Sequence after full On

Panel VDD

Enable

Panel
BackLight

Enable

Clock/Data Lines

T1+T2 T5 T3

Valid

T4

Panel
On

Off Off

TXT4



Funct ional Descript ion

376 Datasheet

1 0 .5 .4 .4 SDVO Digita l Display Port

1 0 .5 .4 .4 .1 SDVO 

I ntel SDVO ports can support  a variety of display types – LVDS, DVI , TV-Out , etc, and 
external CE type devices. The GMCH ut ilizes an external SDVO device to t ranslate from  
SDVO protocol and t im ings to the desired display form at  and t im ings. 

1 0 .5 .4 .4 .2  SDVO DVI

DVI , a 3.3 V flat  panel interface standard, is a pr im e candidate for SDVO. The Mobile 
I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets provide unscaled 
mode where the display is centered on the panel.

Monitor Hot  Plug funct ionality is supported for TMDS devices.

1 0 .5 .4 .4 .3 SDVO LVDS

The Mobile I ntel 945GM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets may use 
the SDVO port  to dr ive an LVDS t ransm it ter. Flat  Panel is a fixed resolut ion display. The 
GMCH supports panel fit t ing in the t ransm it ter, receiver or an external device, but  has 
no nat ive panel fit t ing capabilit ies. The GMCH will however, provide unscaled m ode 
where the display is centered on the panel. Scaling in the LVDS t ransm it ter through the 
SDVO stall input  pair is also supported.

1 0 .5 .4 .4 .4  SDVO TV- Out

The SDVO port  supports both standard and high-definit ion TV displays in a variety of 
formats. The SDVO port  generates the proper blank and sync t im ing, but  the external 
encoder is responsible for generat ion of the proper form at  signal and output  t im ings. 

GMCH will support  NTSC/ PAL/ SECAM standard definit ion form ats. The GMCH will 
generate the proper t im ing for the external encoder. The external encoder is 
responsible for generat ion of the proper form at  signal.

The TV-out  interface on GMCH is addressable as a m aster device. This allows an 
external TV encoder device to dr ive a pixel clock signal on SDVO_TVCLKI N[ + / - ]  that  
the GMCH uses as a reference frequency. The frequency of this clock is dependent  on 
the output  resolut ion required. 

Table 3 9 . Panel Pow er Sequencing Tim ing Param eters

Panel Pow er Sequence Tim ing Param eters Min Max Nam e Units

Spec Nam e From To

Vdd On 0.1 Vdd 0.9 Vdd 0 100 T1 m s/ 10

LVDS Act ive Vdd Stable On LVDS Act ive 0 500 T2 m s/ 10

Backlight LVDS Act ive Backlight  on 200 T5 m s

Backlight  State Backlight  Off LVDS off X X TX m s

LVDS State LVDS Off Start  power off 0 50 T3 m s

Power cycle Delay Power Off
Power On 

Sequence Start
0 400 T4 m s
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1 0 .5 .4 .4 .5 Flicker Filter  and Overscan Com pensat ion

The overscan com pensat ion scaling and the flicker filter is done in the external TV 
encoder chip. Care m ust  be taken to allow for support  of TV sets with high perform ance 
de- inter lacers and progressive scan displays connected to by way of a non- inter laced 
signal. Tim ing will be generated with pixel granularity to allow m ore overscan rat ios to 
be supported.

1 0 .5 .4 .4 .6 Direct  YUV from  Overlay

When source m aterial is in the YUV form at  and is dest ined for a device that  can take 
YUV form at  data in, it  is desired to send the data without  convert ing it  to RGB. This 
avoids the t runcat ion errors associated with m ult iple color conversion steps. The 
com m on situat ion will be that  the overlay source data is in the YUV form at  and will 
bypass the conversion to RBG as it  is sent  to the TV port  direct ly.

1 0 .5 .4 .4 .7 Analog Content  Protect ion

Analog content  protect ion may be provided through the external encoder.

1 0 .5 .4 .4 .8 Connectors

Target  TV connector support  includes the CVBS, S-Video, Analog Component  (Y Pb Pr) , 
and SCART connectors. The external TV encoder will determ ine the m ethod of support .

1 0 .5 .4 .4 .9 Control Bus

The SDVO port  defines a two-wire com m unicat ion path between the SDVO device(s)  
and GMCH. Traffic dest ined for the PROM or DDC will t ravel across the Cont rol bus, and 
will then require the SDVO device to act  as a switch and direct  t raffic from  the Cont rol 
bus to the appropriate receiver. Addit ionally, the Cont rol bus is able to operate at  up to 
1 MHz.

1 0 .5 .5 Mult iple Display Configurat ions

Since the GMCH has several display ports available for its two pipes, it  can support  up 
to two different  im ages on different  display devices. Tim ings and resolut ions for these 
two images may be different . The GMCH is incapable of operat ing in parallel with an 
external PCI  Express graphics device. The GMCH can, however, work in conjunct ion 
with a PCI  graphics adapter.

1 0 .6 Pow er Managem ent

1 0 .6 .1 Overview

• ACPI  1.0b and 2.0 Com pliant

• ACPI  S0, S3, S4, S5

• CPU States C0, C1, C2, C3, C4 states

• I nternal Graphics Display Device States:  D0, D1, D3

• Graphics Display Adapter States:  D0, D3.

• PCI  Express Link States:  L0, L0s, L1, L2, L3

• HSLPCPU#  output  

• Dual Frequency Graphics Technology

• Dynamic I / O power reduct ions
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1 0 .6 .2 ACPI  States Supported

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  fam ily 
supports the following ACPI  states:

1 0 .6 .2 .1 System

1 0 .6 .2 .2 CPU

1 0 .6 .2 .3 I nternal Graphics Display Device Control

1 0 .6 .2 .4 I nternal Graphics Adapter

G0 / S0 Full On

G1/ S1 Not  supported.

G1/ S2 Not  supported.

G1/ S3-Cold Suspend to RAM (STR) . Context  saved to m em ory.

G1/ S3-Hot
Suspend to RAM (STR) . All voltage supplies except  the CPU Core and FSB VTT 

left  enabled

G1/ S4 Suspend to Disk (STD) . All power lost  (except  wakeup on I CH)

G2/ S5 Soft  off.  All power lost  (except  wakeup on I CH) . Total reboot .

G3 Mechanical off.  All power (AC and bat tery)  rem oved from  system .

C0 Full On

C1 Auto Halt

C2 Stop Clock. Clock stopped to CPU core.

C3 Deep Sleep. Clock to CPU stopped. 

C4 Deeper Sleep. Sam e as C3 with reduced voltage on the CPU.

D0  Display Act ive

D1 Low power state, low latency recovery, Standby display

D3 Power off display

D0 Full on, Display Act ive

D3 Hot Graphics clocks off and display inact ive as m uch as possible

D3 Cold Power off
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1 0 .6 .3 I nterface Pow er States Supported

1 0 .6 .3 .1 PCI  Express Link States

1 0 .6 .3 .2 Main Mem ory States

1 0 .6 .4 Pow er Managem ent  Overview

1 0 .6 .4 .1 Dynam ic Pow er Managem ent  on I / O

(G)MCH provides several features to reduce I / O power dynam ically. 

1 0 .6 .4 .1 .1 System  Mem ory

• dynam ic rank power down 

• Condit ional m em ory self- refresh based on CPU state, PCI  Express link states, and 
graphics/ display act ivity

• Dynam ic ODT disable when MCH is dr iving

• DPWR#  signal to disable CPU sense amps when no read return data pending 

1 0 .6 .4 .1 .2 PCI  Express

• Act ive power management  support  using L0, L0s, and L1 states

• All inputs and outputs disabled in L2/ L3 Ready state

1 0 .6 .4 .2 System  Mem ory Pow er Managem ent

The m ain mem ory is power managed during normal operat ion and in low power ACPI  
Cx states.

Each row has a separate CKE (clock enable)  pin that  is used for power management . 

dynam ic rank power down is employed during norm al operat ion. Based on idle 
condit ions to a given row of m em ory that  m em ory row may be powered down. I f the 
pages for a row have all been closed at  the t ime of power down, then the device will 
enter the act ive power down state. I f pages rem ain open at  the t ime of power down the 
devices will enter the precharge power down state.

L0 Full on –  Act ive Transfer  State

L0s First  Act ive Power Managem ent  low power state – Low exit  latency 

L1 Lowest  Act ive Power Managem ent  -  Longer exit  latency 

L2/ L3 Ready Lower link state with power applied – Long exit  latency

L3 Lowest  power state (power off )  – Longest  exit  latency

Pow er up CKE Asserted. Act ive Mode

Precharge Power down CKE deasserted (not  self- refresh)  with all banks closed 

Act ive Power down CKE deasserted (not  self- refresh)  with m in. one bank act ive

Self-Refresh CKE deasserted using device self- refresh
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1 0 .6 .4 .2 .1 Disabling Unused System  Mem ory Outputs

Any System Mem ory interface signal that  goes to a SO-DI MM connector in which it  is 
not  connected to any actual m em ory devices (such as SO-DI MM connector is 
unpopulated, or is single-sided)  will be t r i-stated.

The benefits of disabling unused SM signals are:

• Reduce Power Consumpt ion

• Reduce possible overshoot / undershoot  signal quality issues seen by the (G)MCH 
I / O buffer receivers caused by reflect ions from potent ially un- term inated 
t ransm ission lines.

When a given row is not  populated (as determ ined by the DRAM rank boundary register 
values)  then the corresponding chip select  and SCKE signals will not  be driven. 

SCKE t r i-state should be enabled by BI OS where appropriate, since at  reset  all rows 
m ust  be assum ed to be populated.

1 0 .6 .4 .2 .2 Dynam ic Row  Pow er Managem ent

Dynam ic row power-down is employed during normal operat ion. Based on idle 
condit ions, a given m em ory row may be powered down. I f the pages for a row have all 
been closed at  the t im e of power down, then the device will enter the precharge power-
down state. I f pages rem ain open at  the t im e of power-down the devices will enter the 
act ive power-down state.

1 0 .6 .4 .2 .3 Condit ional Self- Refresh

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
support  a condit ional self- refresh ent ry in the C3 and C4 states, based on the graphics/
display ( if internal graphics is being used)  and (opt ionally)  on the state of the PCI  
Express links.

The dependency on PCI  Express link state is configurable, but  the target  behavior is to 
enter self- refresh for C3/ C4 as long as there as no memory requests to service.

Though the dependencies on this behavior are configurable, the target  usage is shown 
in the table below.

Table 4 0 . Targeted Mem ory State Condit ions

Mode Mem ory State w ith I nternal Graphics Mem ory State w ith External Graphics

C0, C1
Dynam ic m em ory row power down based on 

idle condit ions

Dynam ic m em ory row power down based on 

idle condit ions

C2, C3, C4

Dynam ic m em ory row power down based on 

idle condit ions

I f all PCI  Express*  links are in L1 and the 

graphics engine is idle, the GMCH enters 

self- refresh for C3 and C4 states. Otherwise, 

it  enters dynam ic m em ory row power down 

m ode based on idle condit ions

Dynam ic m em ory row power down based on 

idle condit ions 

I f all PCI  Express links are in L1 and the 

graphics engine is idle the chipset  enters 

self- refresh. Otherwise, it  enters dynam ic 

m em ory row power down m ode based on 

idle condit ions

S3/ S3-Hot Self Refresh Mode Self Refresh Mode

S4 Mem ory power down (contents lost ) Mem ory power down (contents lost )
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1 0 .6 .5 Chipset  State Com binat ions

(G)MCH supports the state combinat ions listed in the Table 41 and Table 42.

1 0 .6 .5 .1 CPU Sleep ( HCPUSLP# )  Signal Definit ion

The CPU’s sleep signal (SLP# )  reduces power in the CPU by gat ing off unused clocks. 
Unlike earlier configurat ions, this signal can be driven only by the (G)MCH’s HCPUSLP#  
signal. Moving this ability to the (G)MCH allows dynam ic use of the SLP#  signal during 
the CPU’s C2 state to reduce CPU power further while not  perform ing snoops during C2. 
Since the I CH is unaware of the snoop operat ions being done by the (G)MCH, the 
HCPUSLP#  signal was only asserted during the C3 states and below. 

Table 4 1 . G, S and C State Com binat ions

Global

( G)  State

Sleep

( S)  State

CPU

( C)  State

Processor 

State
System  Clocks Descript ion

G0 S0 C0 Full On On Full On

G0 S0 C1 Auto-Halt On Auto Halt

G0 S0 C2 Stop Grant  On Stop Grant

G0 S0 C3 Deep Sleep On Deep Sleep

G0 S0 C4 Deeper Sleep On
Deep Sleep with CPU 

voltage lowered.

G1 S3-Cold power off Off, except  RTC Suspend to RAM

G1 S3-Hot power off Off, except  RTC
Suspend to RAM – 

MCH power enabled

G1 S4 power off Off, except  RTC Suspend to Disk

G2 S5 power off Off, except  RTC Soft  Off

G3 NA power off power off Hard Off

Table 4 2 . D, S, and C State Com binat ions

Graphics 

Adapter ( D)  

State

Sleep ( S)  

State

CPU ( C)  

State

D0 S0 C0 Full On, Displaying.

D0 S0 C1 Auto-Halt , Displaying

D0 S0 C2 Quick Start , Displaying

D0 S0 C3 Deep Sleep, Displaying 

D0 S0 C4
Deeper Sleep, 

Displaying

D1 S0 C0-2 Not  Displaying

D1 S0 C3 Not  Displaying

D3 S0 C0-2/  C3/ C4 Not  Displaying

D3 S3 - - -
Not  Displaying

(G)MCH m ay power off

D3 S4 - - -
Not  Displaying

Suspend to disk
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The (G)MCH host  interface cont roller will ensure that  no t ransact ions will be init iated on 
the FSB without  having first  m et  the required t im ing from  the SLP#  deassert ion to the 
assert ion of BPRI # . This t ime is programmable from  0 to 31 clocks (8-clock default ) .

(G)MCH will cont rol HCPUSLP#  and enforce the configured t im ing rules associated with 
this. This allows the (G)MCH to enforce the t im ing of the SLP#  deassert ion to BPRI #  
assert ion during C3 to C2 or C3 to C0 t ransit ions.

1 0 .6 .6 PW ROK Tim ing Requirem ents for Pow er- up, 
Resum e from  S3 - Cold and S3 - Hot

The diagram s below highlight  the t im ing requirements for the GMCH PWROK signal for 
Power-up, resum e from  S3-Cold and S3-Hot :

NOTE:

1. Tim ings t1, t2 apply for both Power-up and Resum e from  S3-Cold events.

2. t1:  All GMCH power supplies should be valid at  least  99m s before PWROK assert ion.

3. t2:  GMCH clocks should be running and stable at  least  1us before PWROK assert ion.

Figure 2 4 . Upon Pow er- up and Resum e from  S3 - Cold

HCLK/GCLKHCLK/GCLK

GMCH GMCH VccVcc

GMCH PWROKGMCH PWROK

PLL PLL VccVcc

t0>0

t1>=99ms
t2>=1us

Running & StableHCLK/GCLKHCLK/GCLK

GMCH GMCH VccVcc

GMCH PWROKGMCH PWROK

PLL PLL VccVcc

t0>0

t1>=99ms
t2>=1us

Running & Stable
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NOTE:

1. Pwrok should  be disabled when in S3-Hot .

2. PLL Vcc and GMCH Vcc are ON in S3-hot , with only GMCH Vt t  disabled.

3. t1:  All GMCH power supplies should be valid at  least  99m s before PWROK assert ion.

4. t2:  GMCH clocks should be running and stable at  least  1us before PWROK assert ion.

1 0 .6 .7 External Therm al Sensor PM_ EXTTS1 # : 
I m plem entat ion for  Fast  C4 / C4 E Exit

This is an alternate funct ionality for the EXTTS1#  signal, on the Mobile I ntel 945GM/
PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipset  fam ily. This im plem entat ion 
enables power savings by speeding up the C4 exit  latency. To enable power savings, 
the PM_EXTTS1#  of the GMCH and the DPSLPVR signal of should be connected as 
shown in Figure 26 below. The DPRSLPVR signal of the I CH needs to be connected to 
the DPRSLPVR signal of the I MVP6 via a 500-Ω series isolat ion resistor. The pull-up on 
the PM_EXTTS1#  signal should be removed in this part icular im plem entat ion. 

This im plem entat ion enables power-savings by increasing average C-state residency of 
the I ntel Core Duo and I ntel Core Solo processor (The probability of the CPU going into 
C4/ C4E state increases if the exit  latency is reduced) .

With this im plem entat ion, PM_EXTTS1#  cannot  be used for therm al throt t ling of 
Mem ory. I f this im plem entat ion is chosen, system  designers shall need to ensure that  
the m em ory Auto- refresh rate program med on their system s is the m ost  appropriate 
for their  therm al solut ion and choice of m em ory.

I ntel st rongly recom m ends the im plem entat ion described above, to enable greater 
power savings on I ntel Cent r ino Duo m obile technology. For details of the 
recommended rout ing topologies and guidelines, please contact  your I ntel Field 
Representat ive.

Note: EXTTS0#  cannot  be used in this manner. For details on the convent ional use of the 
EXTTS1#  signal see Sect ion 10.7.2

Figure 2 5 . Upon Resum e from  S3 - Hot

t2>=1us

Resum e   from   S3-Hot
GMCH GMCH VccVcc

GMCH PW ROKGMCH PW ROK

PLL PLL VccVcc

t1>=99ms

GMCH GMCH VttVtt

S3-Hot Entry

t3>=0

HCLK/GCLKHCLK/GCLK Running & Stable

t2>=1us

Resum e   from   S3-Hot
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1 0 .6 .8 Aux0  Trip on EXTTS0 #

With Fast  C4/ C4E Exit  im plem ented, the EXTTS1#  pin no longer funct ions as an 
external therm al sensor event . This funct ionality is now available on the EXTTS# 0 pin 
via BI OS opt ion. Please see register EXTTSCS;  MCHBAR Offset  CFFh and register ECO;  
MCHBAR Offset  FFCh.

Note: EXTTS0#  will not  support  Hot  or Catast rophic t r ip points if Aux0 Trip on EXTTS0#  is 
enabled.

1 0 .6 .9 CLKREQ#  -  Mode of Operat ion

The CLKREQ#  signal is dr iven by the GMCH to cont rol the PCI e clock to the External 

Graphics and the DMI  clock. When both the DMI  and PCI e links ( if supported)  are in L1, 

with CPU in C3/ C4/ C4e state, the GMCH deasserts CLKREQ#  to the clock chip, allowing 

it  to gate the GCLK different ial clock pair to the GMCH, in turn disabling the PCI e and 

DMI  clocks inside the GMCH. 

The following requirements must  be m et  for the GMCH to support  CLKREQ#  funct ional-

ity:

• ASPM is enabled on the plat form

• Bit  19 of UPMC3 set  to 1

1 0 .7 Therm al Managem ent

System level thermal management  requires com prehending therm al solut ions for two 
dom ains of operat ion:

1. Robust  Therm al Solut ion Design:  Proper system design should include 
implementat ion of a robust  thermal solut ion. The system ’s thermal solut ion should 
be capable of dissipat ing the plat form ’s TDP power while keeping all components 
(part icularly (G)MCH, for the purposes of this discussion)  below the relevant  

Figure 2 6 . EXTTS1 #  I m plem entat ion for Fast  C4 / C4 E Exit
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Tdie_max under the intended usage condit ions. Such condit ions include ambient  air  
tem perature and available air flow inside the notebook.

2. Therm al Failsafe Protect ion Assistance:  As a backup to the im plemented therm al 
solut ion, the system design should provide a m ethod to provide addit ional therm al 
protect ion for the com ponents of concern (part icular ly (G)MCH, for purposes of this 
discussion) . The failsafe assistance m echanism  is to help m anage com ponents from  
being damaged by excessive thermal st ress under situat ions in which the 
im plem ented therm al solut ion is inadequate or has failed.

This chapter covers the therm al failsafe assistance m echanism s that  are available for 
the (G)MCH and recomm ends a usage m odel designed to accom plish the failsafe 
Protect ion Assistance.

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
provide two internal therm al sensors, plus hooks for an external thermal sensor 
mechanism . These can be used for detect ing the component  temperature and for 
t r iggering therm al cont rol within the (G)MCH. The (G)MCH has implemented several 
silicon level therm al m anagem ent  features that  can lower both (G)MCH and DDR power 
during periods of high act ivity. These features can help cont rol temperature of the 
(G)MCH and DDR and thus help prevent  therm ally induced com ponent  failures. These 
features include:

• Memory throt t ling t r iggering by memory heat ing

• Memory throt t ling t r iggering by (G)MCH heat ing

• THRMTRI P#  support

1 0 .7 .1 I nternal Therm al Sensor

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets 
incorporate two on-die therm al sensors for therm al managem ent .

When “ t r ipped”  at  various values, the therm al sensors m ay be program m ed to cause 
hardware throt t ling and/ or software interrupts. Hardware throt t ling includes m ain 
m em ory program m able throt t ling thresholds. Sensor t r ip points m ay also be 
programmed to be generated various interrupts, including SCI , SMI , SERR, or an 
internal graphics I NTR. 

1 0 .7 .1 .1 I nternal Therm al Sensor Operat ion

The internal therm al sensor reports four t r ip points, Aux0, Aux1, Hot , and Catast rophic 

t r ip points in the increasing order of tem perature.

1 0 .7 .1 .1 .1 Trip Points

Aux0  Tem perature Trip Point

This t r ip point  m ay be set  dynam ically if desired and provides an interrupt  to software 
when it  is crossed in either direct ion. When the Aux0 t r ip point  is reached, the chipset  
t r iggers an interrupt  to the ACPI  BI OS to allow fan cont rol. The Auxiliary0 tem perature 
t r ip point  does not  autom at ically causes any hardware throt t ling, but  may be used by 
SW to t r igger interrupt .

Aux1  Tem perature Trip Point

This t r ip point  m ay be set  dynam ically if desired and provides an interrupt  to software 
when it  is crossed in either direct ion. The Auxiliary1 temperature t r ip point  does not  
autom at ically cause any hardware throt t ling, but  may be used by SW to t r igger 
interrupt .
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Hot  Tem perature Tr ip Point

This t r ip point  is set  at  the temperature at  which the MCH m ust  start  throt t ling. I t  m ay 
opt ionally enable hardware render and write throt t ling when the tem perature is 
exceeded. The chipset  starts throt t ling once it  detects that  it  is get t ing into higher 
temperatures than expected. This t r ip point  may provide an interrupt  to software when 
it  is crossed in either direct ion.

Catastrophic Trip Point

This t r ip point  is set  at  the tem perature at  which the (G)MCH m ust  be shut  down 
im m ediately without  any software support . The catast rophic t r ip point  m ay be 
program m ed to generate an interrupt , enable throt t ling, or imm ediately shut  down the 
system  (via Halt , or via THRMTRI P#  assert ion) .

Crossing a t r ip point  in either direct ion m ay generate several types of interrupts. Each 
t r ip point  has a register to select  what  type of interrupt  is generated. Crossing a t r ip 
point  is im plem ented as edge detect ion on each t r ip point  in order to generate the 
interrupts. Either edge ( i.e.,  crossing the t r ip point  in either direct ion)  generates the 
interrupt .

NOTE: Tdie,m ax =  105°C

Note: Crossing a t r ip point  in either direct ion m ay generate several types of interrupts. Each 
t r ip point  has a register which can be programmed to select  the type of interrupt  to be 
generated.Crossing a t r ip point  m ay also init iate hardware-based throt t ling without  
software intervent ion

1 0 .7 .1 .1 .2 Therm al Sensor Accuracy

Thermal sensor accuracy (Taccuracy) , for (G)MCH is ± 5°C for temperature range 85°C to 

132°C. This value is based on product  characterizat ion and is not  guaranteed by manu-

facturing test .

Software has the ability to program  the Tcat , Thot , and Taux t r ip points, but  these t r ip 

points should be selected with considerat ion for the therm al sensor accuracy and the 

quality of the plat form  therm al solut ion. Overly conservat ive (unnecessarily low)  tem-

perature set t ings m ay unnecessarily degrade performance due to frequent  throt t ling, 

while overly aggressive (dangerously high)  temperature set t ings may fail to protect  the 

part  against  perm anent  therm al dam age.

1 0 .7 .1 .2 Sam ple Program m ing Model

I ntel reference and driver code do not  use the thermal sensor interrupts.

1 0 .7 .1 .2 .1 Set t ing Trip Point  for  Hot  Tem perature and Generat ing an SERR I nterrupt

• Program  the Thermal Hot  Tem perature Set t ing register (THTS) .

Table 4 3 . Recom m ended Program m ing for  Available Trip Points

Zone Nom inal Tr ip Points Recom m ended Act ion

Catast rophic TCatast rophic =  132°C ±  5°C (Tdie,m ax +  27°C ±  Taccuracy) Halt  Operat ion

Hot Thot  =  110 °C ±  5°C(Tdie,m ax +  5°C ±  Taccuracy) I nit iate Throt t ling

Aux1 & Aux0
OEM Decision, based on OEM criter ia ( for exam ple:  Taux =  

Tem p at  which an auxiliary fan should be turned on)

OEM Decision, based on OEM 

criteria
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• I n Therm al Sensor Cont rol register (TSC) , set  thermal sensor enable bit  (TSE) , 
sequencer enable bits (SE) , therm al sensor output  select  bit  (TSOS) , and the 
hysteresis value ( if applicable) .

• I n the Therm al I nterrupt  Steering (TI S)  register, set  the Hot / Aux SMI / SERR 
steering bit .  

• I n Therm al Error Comm and register (TERRCMD), set  the SERR on High bit

• Program  the global therm al interrupt  enabling registers

1 0 .7 .1 .2 .2 Tem perature Rising above the Hot  Trip Point

• The TERRSTS [ High Thermal Sensor Event ]  is set  when SERR interrupt  is 
generated.

• Clear this bit  of the TERRSTS register to allow subsequent  interrupts of this type to 
get  registered.

• Clear the global therm al sensor event  bit  in the Error Status register

• I n therm al sensor status register (TSS) , the Hot  Trip indicator (HTI )  bit  is set  if this 
condit ion is st ill valid by the t ime the software gets to read the register.

1 0 .7 .1 .2 .3 Determ ining the Current  Tem perature As I ndicated by the Therm om eter

• I n Therm al Sensor Cont rol register (TSC) , set  thermal sensor enable bit  (TSE) , 
sequencer enable bit  (SE) , therm al sensor output  select  bit  (TSOS) , and the 
hysteresis value ( if applicable) .

• Read the value in the Thermom eter Reading register (TRR) . Allow enough t im e for 
the ent ire thermom eter sequence to complete ( less than 5 msec in 512 clock 
mode, i.e.,  5 msec =  512* 4* 256/ 100 MHz) . Reading is not  valid unless 
TSS[ Sequencer Output  Valid]  =  1

1 0 .7 .1 .2 .4 Hysteresis Operat ion

• Hysteresis provides a sm all am ount  of posit ive feedback to the therm al sensor 
circuit  to prevent  a t r ip point  from  flipping back and forth rapidly when the 
tem perature is r ight  at  the t r ip point . 

• The digital hysteresis offset  is programmable to be 0,1, 2…15, which corresponds 
to an offset  in the range of approximately 0 to 7° C.

1 0 .7 .1 .2 .5 Therm al Throt t ling Opt ions

The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express Chipsets have

two independent  m echanisms that  cause system  m em ory throt t ling.

• (G)MCH Therm al Managem ent :  This is to ensure that  the chipset  is operat ing within 
therm al lim its. The m echanism  can be init iated by a therm al sensor ( internal or 
external)  t r ip or by write bandwidth measurement  exceeding a programmed 
threshold via a weighted input  averaging filter.

• DRAM Therm al Managem ent :  This is to ensure that  the DRAM chips are operat ing 
within therm al lim its. The Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 
945GT Express Chipsets can cont rol the amount  of (G)MCH -  init iated bandwidth 
per rank to a programm able lim it  via a weighted input  averaging filter. Throt t ling 
can be init iated by an external thermal sensor t r ip or by DRAM act ivity 
measurement  exceeding a program m ed threshold. 
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1 0 .7 .2 External Therm al Sensor I nterface Overview

While it  is possible for I ntel to set  throt t ling values which will m inim ally im pact  typical 
applicat ion performance in a typical environment , due to the possibility that  a bad 
therm al plat form  solut ion can cause overheat ing of box skin tem perature, and that  
such a bad plat form  is unlikely to include external therm al sensors for its SO-DI MMS, it  
becom e necessary for the custom ers to have a m eans to determ ine the set t ings for 
their  plat form s throt t ling. This is further com plicated by the fact  that  different  m em ory 
vendors will have varying therm al perform ance. 

An external therm al sensor with a serial interface such as the Nat ional Sem i LM77, 
LM87 -  or other -  may be placed next  to a SO-  DI MM (or any other appropriate plat form  
locat ion) , or a rem ote Therm al Diode (see Maxim  6685)  may be placed next  to the SO-
DI MM (or any other appropriate plat form  locat ion)  and connected to the external 
Thermal Sensor. 

The External Sensor can be connected to the I CH via the SMBus I nterface to allow 
program m ing and setup by BI OS software over the serial interface. The External 
Sensor ’s output  should include at  least  one Act ive-Low Open-Drain signal indicat ing an 
Over-Temp condit ion (e.g., LM77 T_CRI T#  or I NT#  in com parator m ode) , which 
rem ains asserted for as long as the Over-Temp Condit ion exists, and deasserts when 
Temperature has returned to within normal operat ing range. This External Sensor 
output  will be connected to the (G)MCH input  (EXTTS0# )  and will t r igger a preset  
I nterrupt  and/ or Throt t le on a level-sensit ive basis. I f the External Sensor has two t r ip 
point  outputs, the other can be connected to the (G)MCH EXTTS1#  input  to t r igger a 
preset  interrupt  or throt t le act ion.

Addit ional external Therm al Sensor ’s outputs, for m ult iple sensors, can be wire-OR’d 
together allow signaling from  m ult iple sensors located physically separately. Software 
can, if necessary, dist inguish which SO-DI MM(s)  is the source of the over- temp through 
the serial interface. However, since the SO-DI MM’s will be located on the same Memory 
Bus Data lines, any (G)MCH-based Read Throt t le will apply equally.

Note: The use of external sensors that  include an internal pull-up resistor on the open-drain 
thermal t r ip output  is discouraged;  however it  may be possible depending on the size of 
the pull-up and the voltage of the sensor.

The PM_ EXTTS1#  signal may be opt ionally used to improve exit  latency from  the C4E 
state. See Sect ion 10.6.7 for more details.
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1 0 .7 .3 THRMTRI P#  Operat ion

Assert ion of the (G)MCH’s THRMTRI P#  (Therm al Trip)  indicates that  its junct ion 
tem perature has reached a level beyond which dam age m ay occur. Upon assert ion of 
THRMTRI P# , the (G)MCH will shut  off its internal clocks ( thus halt ing program  
execut ion)  in an at tem pt  to reduce the core junct ion temperature. Once act ivated, 
THRMTRI P#  remains latched unt il RSTI N#  is asserted. The (G)MCH THRMTRI P#  and 
CPU THRMTRI P#  signals connect  to I ntel 82801GBM.

1 0 .7 .4 DT ( Delta  Tem perature)  in SPD and VTS ( Virtual Therm al 
Sensor)

DT in SPD (Delta Temperature in SPD)  is a system/ plat form  level power/ thermal 
management  feature for memory. As frequency increases, DRAM current / power 
increases m aking it  challenging to m aintain a safe m argin to therm al lim its. 

DT in SPD stores key tem perature r ise data and a DRAM m axim um  T-case data in SPD. 
I nform at ion on the power consum pt ion and tem perature r ise for various types of 
t ransact ions is stored in the SPD. The (G)MCH configures itself with this informat ion at  
boot  t ime. This allows the (G)MCH to perform  m em ory throt t ling opt im ized to that  
part icular DRAM. 

DT in SPD m akes possible a ‘Virtual Therm al Sensor ’ in the (G)MCH, improving upon 
the earlier technique of pure bandwidth-based throt t ling, irrespect ive of the 
characterist ics of the DRAM m odule. 

• DDR2 module vendors report  in SPD the delta tem perature r ise param eter and T-
case max

• System  adjusts perform ance based on SPD contents (e.g., v ia BI OS)

Figure 2 7 . Plat form  External Sensor

CPU MCH
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When process shrinks or other power opt im izat ions occur and current / power 
dissipat ion decreases, the system can use this knowledge to opt im ize power/ therm al 
m anagem ent  and regain system  perform ance. DT in SPD is a JEDEC Standard for DDR2 
m em ory

Note: For accurate VTS operat ion, DRAM modules need to implement  DT in SPD. I n the event  
of DRAM modules not  having DT informat ion in SPD, the (G)MCH shall rely on the 
set t ings program m ed by BI OS to the event  weight  registers during m em ory 
init ializat ion.

1 0 .8 Clocking

1 0 .8 .1 Overview

The (G)MCH has a total of 4 PLLs which is used for m any internal clocks. The PLLs are:

• Host  PLL – Generates the m ain core clocks in the host  clock dom ain. Can also be 
used to generate m em ory and internal graphics core clocks. Uses the host  clock 
(HCLKN/ HCLKP)  as a reference.

• PCI  Express PLL – Generates all PCI  Express related clocks, including the DMI  that  
connects to the I CH. This PLL uses the 100 MHz (GCLKN/ GCLKP)  as a reference.

• Display PLL A – Generates the internal clocks for Display A. Uses the low voltage 96 
MHz different ial clock, DREF_CLKI N, as a reference.

• Display PLL B – Generates the internal clocks for Display A or Display B. Uses the 
low voltage 96 MHz different ial clock, DREF_CLKI N, as a reference. Also m ay 
opt ionally use DREF_SSCCLKI N as a reference for SSC support  for LVDS display on 
pipe B.

1 0 .8 .2 ( G) MCH Reference Clocks

Reference I nput  Clocks I nput  Frequency Associated PLL

HCLKP /  HCLKN 133 MHz /  166 MHz Host  /  Mem ory /  Graphics Core

DREF_CLKN /  DREF_CLKP 96 MHz Display PLL A

DREF_SSCCLKN /  DREF_SSCCLKP
96 MHz (non-SSC) /  

100 MHz (SSC)
Display PLL B

GCLKP /  GCLKN 100 MHz PCI  Express*  /  DMI  PLL
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1 0 .8 .3 Host / Mem ory/ Graphics Core Clock Frequency Support

§

Table 4 4 . Host / Graphics Clock Frequency Support  for  1 .0 5  V Core Voltage for the 
Mobile I ntel 9 4 5 GM/ GMS and 9 4 0  GML Express Chipsets 

Host Mem ory Display Clock ( MHz) Render  Clock ( MHz)

533 MHz DDR2 400

200 (945GM/ GMS) 

200 (943/ 940GML)

133 (940GML)

250 ( I ntel 945GM)  

200 ( I ntel 943GML)  

166 ( I ntel 945GMS and 943/

940GML)

533 MHz DDR2 533

200 (945GM/ GMS)

200 (943/ 940GML)

133 (940GML)

250 ( I ntel 945GM)  

200 ( I ntel 943GML)  

166 ( I ntel 945GMS and 943/

940GML)  

667 MHz DDR2 400 200 (945GM/ GMS)
250 ( I ntel 945GM/ ) , 166 ( I ntel 

945GMS and 940GML)  

667 MHz DDR2 533 200 (945GM/ GMS)
250 ( I ntel 945GM/ ) , 166 ( I ntel 

945GMS and 940GML)

667 MHz DDR2 667 200 (945GM) 250 ( I ntel 945GM)

Table 4 5 . Host / Graphics Clock Frequency Support  at  1 .5  V Core Voltage for the
I ntel 9 4 5 GT Express Chipset  Only

Host Mem ory
Display Clock 

( MHz)

Render  Clock 

( MHz)

533 MHz DDR2 400 320 (945GT) 400 ( I ntel 945GT)

533 MHz DDR2 533 320 (945GT) 400 ( I ntel 945GT)

667 MHz DDR2 400 320 (945GT) 400 ( I ntel 945GT)

667 MHz DDR2 533 320 (945GT) 400 ( I ntel 945GT)

667 MHz DDR2 667 320 (945GT) 400 ( I ntel 945GT)
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1 1 Elect r ical Character ist ics

1 1 .1 Absolute Maxim um  Rat ings

Table 46 lists the Mobile I ntel 945GM/ PM/ GMS, 943/ 940GML and I ntel 945GT Express 
Chipset ’s m aximum  environmental st ress rat ings. Funct ional operat ion at  the absolute 
maxim um and m inimum  is neither implied nor guaranteed. Funct ional operat ing 
param eters are listed in the AC and DC tables. 

Table 4 6 . Absolute Maxim um  Rat ings ( Sheet  1  of 2 )

Sym bol Param eter Min Max Unit Notes

Tdie Die Tem perature under Bias 0 105 °C 1

Tstorage Storage Tem perature -55 150 °C 2,3

GMCH Core

VCC
1.05-V Core Supply Voltage with 

Respect  to VSS
-0.3 1.65 V

VCC
1.5-V Core Supply Voltage with Respect  

to VSS
-0.3 1.65 V

Host  I nterface

VTT (FSB Vccp)
1.05-V AGTL+  buffer DC I nput  Voltage 

with Respect  to VSS 
-0.3 1.65 V

DDR2  I nterface ( 4 0 0  MTs / 5 3 3  MTs/  / 6 6 7  MTs)

VCCSM
1.8-V DDR2 Supply Voltage with 

Respect  to Vss.
-0.3 1.90 V

DMI  / PCI  Express*  Graphics/ SDVO I nterface

VCC3G
1.5-V PCI -Express Supply Voltage with 

Respect  to VSS
-0.3 1.65 V

VCCA_3GBG
2.5-V Analog Supply Voltage with 

Respect  to VSSA3GBG
-0.3 2.65 V

CRT DAC I nterface ( 8 - bit  DAC)

VCCA_CRTDAC
2.5-V DAC Supply Voltage with Respect  

to VSSA_CRTDAC 
-0.3  2.65 V

VCC_SYNC 2.5-V CRT Sync Supply Voltage -0.3 2.65 V

HV CMOS I nterface

VCCHV
3.3-V Supply Voltage with Respect  to 

VSS
-0.3 3.65 V

TV OUT I nterface ( 1 0 - bit  DAC)

VCCD_TVDAC 1.5-V TV Supply -0.3 1.65 V

VCCA_TVDACA

VCCA_TVDACB

VCCA_TVDACC 

3.3-V TV Analog Supply -0.3 3.65 V
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Caut ion: At  condit ions outside funct ional operat ion condit ion lim its, but  within absolute 
maximum and m inim um  rat ings, neither funct ionality nor long- term  reliabilit y can be 
expected. I f a device is returned to condit ions within funct ional operat ion lim its after 
having been subjected to condit ions outside these lim its, but  within the absolute 
m aximum  and m inim um  rat ings, the device m ay be funct ional, but  with its lifet im e 
degraded depending on exposure to condit ions exceeding the funct ional operat ion 
condit ion lim its. At  condit ions exceeding absolute m aximum  and m inim um rat ings, 
neither funct ionality nor long- term  reliability can be expected. Moreover, if a device is 
subjected to these condit ions for any length of t ime then, when returned to condit ions 
within the funct ional operat ing condit ion lim its, it  will either not  funct ion, or its 
reliability will be severely degraded. Although the device contains protect ive circuit ry to 
resist  dam age from  stat ic elect r ic discharge, precaut ions should always be taken to 
avoid high stat ic voltages or elect r ic fields.

Note:

1. Funct ionality is not  guaranteed for parts that  exceed Tdie tem perature above 
105º C. Tdie is measured at  top center of the package. Full performance may be 
affected if the on-die therm al sensor is enabled. 

2. Possible dam age to the GMCH m ay occur if the GMCH storage temperature exceeds 
150º C. I ntel does not  guarantee funct ionality for parts that  have exceeded 
temperatures above 150º C due to spec violat ion.

3. Storage tem perature is applicable to storage condit ions only. I n this scenario, the 
device m ust  not  receive a clock, and no pins can be connected to a voltage bias. 
Storage within these lim its will not  affect  the long- term  reliability of the device. 
This rat ing applies to the silicon and does not  include any t ray or packaging.

VCCA_TVBG 3.3-V TV Analog Supply -0.3 3.65 V

VCCDQ_TVDAC 1.5-V Quiet  Supply -0.3 1.65 V

LVDS I nterface

VCCD_LVDS 1.5-V LVDS Digital Power Supply -0.3 1.65 V

VCCTX_LVDS
2.5-V LVDS Data/ Clock Transm it ter 

Supply Voltage with Respect  to VSS
-0.3 2.65 V

VCCA_LVDS
2.5-V LVDS Analog Supply voltage with 

Respect  to VSS
-0.3 2.65 V

PLL Analog Pow er Supplies

VCCA_HPLL,

VCCA_MPLL,

VCCD_HMPLL,

VCCA_3GPLL,

VCCA_DPLLA,

VCCA_DPLLB

1.5-V Power Supply for var ious PLL -0.3 1.65 V

VCC_AUX
Power Supply for DDR2 DLL, DDR2 

HSI O and FSB HSI O 
-0.3 1.65 V

Table 4 6 . Absolute Maxim um  Rat ings ( Sheet  2  of 2 )

Sym bol Param eter Min Max Unit Notes
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1 1 .2 Pow er Character ist ics

Table 4 7 . Non Mem ory Pow er Characterist ics ( Sheet  1  of 2 )

Sym bol Param eter

Core Voltage 

and 

Frequency

TDP Unit Notes

TDP 

Mobile I ntel®  945GM Express Chipset

Mobile I ntel®  945PM Express Chipset

Mobile I ntel®  945GMS Express 

Chipset

Mobile I ntel®  943GML Express 

Chipset

Mobile I ntel®  940GML Express 

Chipset

I ntel®  945GT Express Chipset

1.05V/ 250 MHz

1.05 V/ N/ A

1.05V/ 166 MHz

1.05V/ 200 MHz

1.05V/ 166 MHz

1.5 V/ 400 MHz

7.0

6.0

5.51-6.02

7.0

7.0

15.0

W

1

1

1,10

1

1

1

Sym bol Param eter Signal Nam es Min Typ Max Unit Notes

I VTT VTT Supply Current  (1.05 V) VTT 800 m A 3,9 

I VTT

VTT Supply Current  

(1.05 V)  for Mobile I ntel 945GMS 

Express Chipset

VTT 780 m A 3,9 

I VCC1_05
1.05-V Core Supply Current  (External 

GFX)
VCC 1500 m A 3,5 

I VCC1_05
1.05-V Core Supply Current  

( I ntegrated GFX)
VCC 3500 m A 3,5 

I VCC1_50
1.50-V Core Supply Current  

( I ntegrated GFX)
VCC 5500 m A 3,5 

I VCC1_05

1.05-V Core Supply Current  for Mobile 

I ntel 945GMS Express Chipset  

( I ntegrated GFX)  

VCC 2940 m A 3,5 

I VCC3G 1.5-V PCI  Express*  Supply Current
VCC3G, 

VCCA_3GPLL 
1500 m A 3, 4, 8

I VCC3G

1.5-V PCI  Express Supply Current  for 

Mobile I ntel 945GMS Express Chipset  

( I ntegrated GFX)

VCC3G, 

VCCA_3GPLL 
400 m A 3, 4, 8

I VCCA_3GBG
2.5-V PCI  Express Analog Supply 

Current
VCCA_3GBG 2 m A 3 

I VCCD_LVDS 1.5-V LVDS (Digital)  Supply Current VCCD_LVDS 20 m A 3 

I VCCA_LVDS 2.5-V LVDS (Analog)  Supply Current VCCA_LVDS 10 m A 3 

I VCCTX_LVDS 2.5-V LVDS ( I / O)  Supply Current VCCTX_LVDS 60 m A 3 

I VCCCRT

2.5-V CRT DAC Supply Current  

( I vccADAC)

2.5-V CRT Sync Supply Current  

( I vccsync)

VCCA_CRTDAC

VCC_SYNC
70 m A 3,8 

I VCCHV 3.3-V HV CMOS Supply Current VCCHV 40 m A 3 
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NOTES:

1. This spec is the Therm al Design Power and is the est imated m axim um  possible expected power generated 

in a com ponent  by a realist ic applicat ion. I t  is based on ext rapolat ions in both hardware and software 

technology over the life of the com ponent . I t  does not  represent  the expected power generated by a power 

virus. Studies by I ntel indicate that  no applicat ion will cause thermally significant  power dissipat ion 

exceeding this specificat ion, although it  is possible to concoct  higher power synthet ic workloads that  write 

but  never read. Under realist ic read/ write condit ions, this higher power workload can only be t ransient  and 

is accounted in the I cc (m ax)  spec. Tdie is m easured at  the top center of the package.

2. These current  levels can happen sim ultaneously, and can be sum m ed into one supply.

3. Est im ate is only for m ax current  com ing through the chipset ’s supply balls.

4. Rail includes PLL current .

5. I ncludes m axim um  leakage.

6. Calculated for highest  future projected frequencies.

7. I ccmax is determ ined on a per- interface basis, and all cannot  happen simultaneously.

8. I ccm ax num ber includes m ax current  for all signal nam es listed in the table.

9. May vary from  CPU as this est im ate does not  include sense Am ps, as they are on a separate rail,  or signals 

that  are CPU specific.

10. 1TDP specified for 533 MTs FSB and 400 MTs DDR2;  2TDP specified for 667 MTs FSB and 533 MTs DDR2.

I VCCD_TVDAC

1.5-V TV Supply Current  ( I vcc_TVDAC

 1.5-V TV Quiet  Supply Current  

( I VccQ_TVDAC)

VCCD_TVDAC

VCCQ_TVDAC
24 m A 3,8 

I VCCTVDAC

3.3-V TV Analog Supply Current  

( I vccATVDAC)  3.3 V TV Bandgap 

Supply Current  ( I vccATVBG)

VCCA_TVBG 

VCCA_TVDACA 

VCCA_TVDACB 

VCCA_TVDACC

120 mA 3,8 

I VCCAHPLL Host  PLL Supply Current VCCA_HPLL 45 mA 3

I VCCADPLLA,B 
Display PLLA Supply Display PLLB 

Supply Current

VCCA_DPLLA 

VCCA_DPLLB

50

50

mA 

mA
3

I VCCAMPLL Mem ory PLL Supply Current VCCA_MPLL 45 mA 3

I VCCDHMPLL
HMPLL Supply Current  for Digital 

I nterface
VCCD_HMPLL 150 mA 3

Table 4 7 . Non Mem ory Pow er Characterist ics ( Sheet  2  of 2 )

Sym bol Param eter

Core Voltage 

and 

Frequency

TDP Unit Notes
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NOTE:

1. Standby refers to system  m em ory in Self Refresh during S3 (STR)

NOTE:

1. Calculated for highest  frequency of operat ion.

Table 4 8 . DDR2  ( 4 0 0  MTs/ 5 3 3  MTs/ 6 6 7  MTs)  Pow er Characterist ics

Sym bol Param eter Min Type Max Unit Notes

I VCCSM

(DDR2)

DDR2 System Memory I nterface (1.8 V, 400 MTs)  

Supply Current

1 Channel

2 Channel

1300

2400

m A

m A

I VCCSM

(DDR2)

DDR2 System Memory I nterface (1.8 V, 400 MTs)  

Supply Current  for Mobile I ntel®  945GMS 

Express Chipset

1 Channel 1500
m A

m A

I VCCSM

(DDR2)

DDR2 System  Memory I nterface (1.8 V, 533 MTs)  

Supply Current

1 Channel

2 Channel

1500

2800

m A

m A

I VCCSM

(DDR2)

DDR2 System Memory I nterface (1.8 V, 533 MTs)  

Supply Current  for Mobile I ntel 945GMS Express 

Chipset

1 Channel 1720
m A

m A

I VCCSM

(DDR2)

DDR2 System  Memory I nterface (1.8 V, 667 MTs)  

Supply Current

1 Channel

2 Channel

1700

3200

m A

m A

I SUS_VCCSM

(DDR2)

DDR2 System  Mem ory I nterface (1.8 V)  Standby 

Supply Current
~ 5 m A 1

I SMVREF

(DDR2)

DDR2 System  Mem ory I nterface Reference 

Voltage (0.90 V)  Supply Current
10 µA

I SUS_SMVREF

(DDR2)

DDR2 System  Mem ory I nterface Reference 

Voltage (0.90 V)  Standby Supply Current
10 µA 1

I TTRC

(DDR2)

DDR2 System  Mem ory I nterface Resister 

Com pensat ion Voltage (1.8 V)  Supply Current
32 m A

I SUS_TTRC

(DDR2)

DDR2 System  Mem ory I nterface Resister 

Com pensat ion Voltage (1.8 V)  Standby Supply 

Current

~ 0 µA 1

Table 4 9 . VCC_ AUX Pow er Characterist ics VCC_ AUX =  1 .5  V ± 7 5  m V 
( Bandlim ited to 2 0  MHz)

Sym bol Param eter Min Type Max Unit Notes

IVCCAUX Supply current  for DDR2 DLL, DDR2 and FSB HSI O 1900 mA 1

IVCCAUX
Supply current  for DDR2 DLL, DDR2 and FSB HSI O 

for Mobile I ntel®  945GMS Express Chipset .
1250 mA 1
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1 1 .3 Signal Groups

The signal descript ion includes the type of buffer used for the part icular signal:

 

AGTL+ Advanced GTL+  interface signal

Analog Analog signal interface

DDR2 DDR2 system  m em ory (1.8 V CMOS buffers)

DMI Direct  Media I nterface 

HVCMOS 3.3-V tolerant  high voltage CMOS buffers

LVDS Low voltage different ial signal interface

PCI  Express*  GFX/

Serial DVO

PCI  Express Graphics/ Serial DVO interface signals. These signals are 

com pat ible with current  PCI  Express*  Base Specificat ion signaling 

environm ent  AC specificat ions. The buffers are not  3.3 V tolerant .

Ref Voltage reference signal

SSTL-1.8 1.8-V tolerant  stub series term inat ion logic

Table 5 0 . Signal Groups for Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  ( Sheet  1  of 4 )

Signal 

Group
Signal Type Signals Notes

Host  I nterface Signal Groups

(a)
AGTL+

I nput / Outputs

HADS# , HBNR# , HBREQ0# ,HDBSY# , 

HDRDY# , HDI NV[ 3: 0] # , HA[ 31: 3] # , 

HADSTB[ 1: 0] # , 

HD[ 63: 0] # ,HDSTBP[ 3: 0] # , 

HDSTBN[ 3: 0] # , HHI T# , HHI TM# , 

HREQ[ 4: 0] # , THERMTRI P# , 

(b)
AGTL+  

Com m on Clock Outputs

HBPRI # , HCPURST# , HDEFER# , HTRDY# , 

HRS[ 2: 0] # , HDPWR#

(c) CMOS Output HCPUSLP#
CMOS Type 

Buffer with Vt t

(d)
AGTL+

Asynchronous I nput
HLOCK#

(e)
Analog Host  I / F Ref & Com p. 

Signals

HVREF, HXSWI NG, HYSWI NG, HXRCOMP, 

HXSCOMP, HYRCOMP, HYSCOMP 
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Seria l DVO or PCI  Express*  Graphics I nterface Signal Groups

( f ) PCI -E GFX/ SDVO I nput

PCI - E GFX I nterface: 

EXP_A_RXN(15: 0) , EXP_A_RXP(15: 0)  

SDVO I nterface: SDVO_TVCLKI N# , 

SDVO_TVCLKI N, SDVO_I NT, SDVO_I NT# , 

SDVO_FLDSTALL# , SDVO_FLDSTALL 

Please see 

Sect ion 10.3.2.2 

for SDVO & PCI  

Express GFX Pin 

Mapping

(g) PCI -E GFX/ SDVO Output

PCI - E GFX I nterface:EXP_A_TXN(15: 0) , 

EXP_A_TXP(15: 0)  

SDVO I nterface: SDVOB_RED# , 

SDVOB_RED, SDVOB_GREEN# , 

SDVOB_GREEN, SDVOB_BLUE# , 

SDVOB_BLUE, SDVOB_CLKN, 

SDVOB_CLKP, SDVOC_RED# /

SDVOB_ALPHA# , SDVOC_RED/

SDVOB_ALPHA, SDVOC_GREEN# , 

SDVOC_GREEN, SDVOC_BLUE# , 

SDVOC_BLUE, SDVOC_CLKN, 

SDVOC_CLKP

Please see 

Sect ion 10.3.2.2 

for SDVO & PCI  

Express GFX 

Pins Mapping

(h)
Analog PCI -E GFX/ SDVO I / F 

Com pensat ion Signals

EXP_A_COMPO

EXP_A_COMPI

DDR2  I nterface Signal Groups

( l) SSTL – 1.8 DDR2 CMOS I / O

DQ (SA_DQ[ 63: 0] , SB_DQ[ 63: 0] )  

DQS (SA_DQS[ 7: 0] , SB_DQS[ 7: 0] )  

DQS#  (SA_DQS[ 7: 0] # , SB_DQS[ 7: 0] # )

( j ) SSTL – 1.8 DDR2 CMOS Output

DM (SA_DM[ 7: 0] , SB_DM[ 7: 0] )

MA (SA_MA[ 13: 0] , SB_MA[ 13: 0]

BS (SA_BS[ 2: 0] , SB_BS[ 2: 0] )

 RAS#  (SA_RAS# , SB_RAS# )

CAS#  (SA_CAS# , SB_CAS# )

WE#  (SA_WE# , SB_WE# )

SM_ODT[ 3: 0]

SM_CKE[ 3: 0] , SM_CS[ 3: 0] #

SM_CK[ 3: 0] , SM_CK[ 3: 0] #

(k) DDR2 Reference Voltage SMVREF(1: 0)

(ka) DDR2 Com pensat ion Signals
SM_RCOMPN, SM_RCOMPP, 

SM_OCDCOMP[ 1: 0]

LVDS Signal Groups

( l) LVDS Outputs

LADATAP[ 2: 0] , LADATAN[ 2: 0] , LACLKP, 

LACLKN, LBDATAP[ 2: 0] , LBDATAN[ 2: 0] , 

LBCLKP, LBCLKN

(m )
Analog

LVDS Miscellaneous
LI BG

Current  Mode 

Reference pin. 

DC Spec. not  

required

Table 5 0 . Signal Groups for  Mobile  I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  ( Sheet  2  of 4 )

Signal 

Group
Signal Type Signals Notes
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CRT DAC Signal Groups

(n) Analog Current  Outputs
CRT_RED, CRT_RED# , CRT_GREEN, 

CRT_GREEN# , CRT_BLUE, CRT_BLUE#

Please refer to 

CRT/ Analog 

VESA spec & 

Sect ion 11.4.2

(o) Analog/ Ref DAC Miscellaneous CRT_I REF

Current  Mode 

Reference pin. 

DC Spec. not  

required

(p) Analog Output CRT_HSYNC, CRT_VSYNC

Please refer to 

CRT/ Analog 

VESA spec & 

Sect ion 11.4.2

TV DAC Signal Groups

(q) Analog Current  Outputs
TVDAC_A, TVDAC_B, TVDAC_C,

TV_I RTNA, TV_I RTNB, TV_I RTNC

(r) Analog/ Ref DAC Miscellaneous TV_I REF

Current  Mode

Reference

pin. DC Spec.

not  required

Clocks, Reset , and Miscellaneous Signal Groups

s HVCMOS I nput PM_EXT_TS[ 1: 0] #

t Low Voltage Diff.  Clock I nput

HCLKP(BCLK0/ BCLK) , HCLKN(BCLK1/

BCLK# ) , DREF_CLKP, D_CLKN, 

DREF_SSCLKP, DREF_SSCLK, GCLKP, 

GCLKN

u HVCMOS Output

LVDD_EN, LBKLT_EN, LBKLT_CTL, 

LCTLA_CLK, I CH_SYNC# , 

TVDCONSEL[ 1: 0]

ua Open Drain Output CLKREQ#

v HVCMOS I / O PM_BM_BUSY#

va Open Drain I / O

DDCCLK, DDCDATA, LDDC_CLK, 

LDDC_DATA, SDVOCTRL_CLK, 

SDVOCTRL_DATA, LCTLB_DATA, 

LCTLA_CLK

w AGTL+  I nput / Output CFG[ 17: 3] , H_BSEL[ 2: 0]  /  CFG[ 2: 0]  

x HVCMOS I nput RSTI N# , PWROK, CFG[ 20: 18]  

Table 5 0 . Signal Groups for Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  ( Sheet  3  of 4 )

Signal 

Group
Signal Type Signals Notes
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I / O Buffer  Supply Voltages

y AGTL+  Term inat ion Voltage VTT (VCCP)

z
SVDO,DMI , PCI  Express GFX 

Voltages
VCC3G, VCCA_3GBG

aa 1.8-V DDR2 Supply Voltage VCCSM

ab GMCH Core VCC

ac HV Supply Voltage VCCHV

ad TV DAC Supply Voltage VCCD_TVDAC, VCCDQ_TVDAC

ae
TV DAC Band Gap and Channel 

Supply

VCCA_TVBG, 

VCCA_TVDACA,VCCA_TVDACB, 

VCCA_TVDACC

af CRT DAC Supply Voltage VCCA_CRTDAC, VCC_SYNC

ag PLL Supply Voltages
VCCA_HPLL, VCCA_MPLL, VCCD_HMPLL 

VCCA_3GPLL, VCCA_DPLLA, VCCA_DPLLB

ah 1.5-V LVDS Digital Supply VCCD_LVDS

ai
2.5-V LVDS Data/ CLK Transm it ter 

Supply
VCCTX_LVDS

aj 2.5-V LVDS analog Supply VCCA_LVDS

ak
1.5-V Power Supply for DDR2 DDL, 

DDR2 HSI O and FSB HSI O
VCC_AUX

Table 5 1 . Signal Groups for  I ntel 9 4 5 GMS Express Chipset  ( Sheet  1  of 4 )

Signal 

Group
Signal Type Signals Notes

Host  I nterface Signal Groups

(a)
AGTL+

   I nput / Outputs

HADS# , HBNR# , HBREQ0# ,HDBSY# , 

HDRDY# , HDI NV[ 3: 0] # , HA[ 31: 3] # , 

HADSTB[ 1: 0] # , 

HD[ 63: 0] # ,HDSTBP[ 3: 0] # , 

HDSTBN[ 3: 0] # , HHI T# , HHI TM# , 

HREQ[ 4: 0] # , THERMTRI P# , 

(b)
AGTL+  

Com m on Clock Outputs

HBPRI # , HCPURST# , HDEFER# , HTRDY# , 

HRS[ 2: 0] # , HDPWR#

(c) CMOS Output HCPUSLP#
CMOS Type 

Buffer with Vt t

(d)
AGTL+

Asynchronous I nput
HLOCK#

(e)
Analog Host  I / F Ref & Com p. 

Signals

HVREF, HXSWI NG, HYSWI NG, HXRCOMP, 

HXSCOMP, HYRCOMP, HYSCOMP 

Table 5 0 . Signal Groups for  Mobile  I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  ( Sheet  4  of 4 )

Signal 

Group
Signal Type Signals Notes
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Seria l DVO or  PCI - Express*  Graphics I nterface Signal Groups

( f ) SDVO I nput

SDVO I nterface: SDVO_TVCLKI N# , 

SDVO_TVCLKI N, SDVOB_I NT# , 

SDVOB_I NT, SDVO_FLDSTALL# , 

SDVO_FLDSTALL 

Please see 

Sect ion 10.3.2.2 

for SDVO & PCI  

Express GFX Pin 

Mapping

(g) SDVO Output

SDVO I nterface: SDVOB_RED# , 

SDVOB_RED, SDVOB_GREEN# , 

SDVOB_GREEN, SDVOB_BLUE# , 

SDVOB_BLUE, SDVOB_CLKN, 

SDVOB_CLKP

Please see 

Sect ion 10.3.2.2 

for SDVO Pin 

Mapping

(h) SDVO I / F Com pensat ion Signals
EXP_A_COMPO

EXP_A_COMPI

DDR2  I nterface Signal Groups

( l) SSTL – 1.8 DDR2 CMOS I / O

DQ (SA_DQ[ 63: 0] )

DQS (SA_DQS[ 7: 0] )  DQS#  

(SA_DQS[ 7: 0] # )

( j ) SSTL – 1.8 DDR2 CMOS Output

DM (SA_DM[ 7: 0] )

MA (SA_MA[ 13: 0] , SB_MA[ 13: 0] )

BS (SA_BS[ 2: 0] , SB_BS[ 2: 0] )

RAS#  (SA_RAS# , SB_RAS# )

CAS#  (SA_CAS# , SB_CAS# )

WE#  (SA_WE# , SB_WE# )

SM_ODT[ 3: 0]

SM_CKE[ 3: 0] , SM_CS[ 3: 0] #

SM_CK[ 3: 0] , SM_CK[ 3: 0] #

(k) DDR2 Reference Voltage SMVREF(1: 0)

(ka) DDR2 compensat ion signals
SM_RCOMPN, SM_RCOMPP, 

SM_OCDCOMP[ 1: 0]

LVDS Signal Groups

( l) LVDS Outputs

LADATAP[ 2: 0] , LADATAN[ 2: 0] , LACLKP, 

LACLKN, LBDATAP[ 2: 0] , LBDATAN[ 2: 0] , 

LBCLKP, LBCLKN

(m )
Analog

LVDS Miscellaneous
LI BG

Current  Mode 

Reference pin. 

DC Spec. not  

required

Table 5 1 . Signal Groups for I ntel 9 4 5 GMS Express Chipset  ( Sheet  2  of 4 )

Signal 

Group
Signal Type Signals Notes
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CRT DAC Signal Groups

(n) Analog Current  Outputs
CRT_RED, CRT_RED# , CRT_GREEN, 

CRT_GREEN# , CRT_BLUE, CRT_BLUE#

Please refer to 

CRT/ Analog 

VESA spec & 

Sect ion 11.4.2

(o) Analog/ Ref DAC Miscellaneous CRT_I REF

Current  Mode 

Reference pin. 

DC Spec. not  

required

(p) Analog Output CRT_HSYNC, CRT_VSYNC

Please refer to 

CRT/ Analog 

VESA spec & 

Sect ion 11.4.2

TV DAC Signal Groups

(q) Analog Current  Outputs
TVDAC_A, TVDAC_B, TVDAC_C, 

TV_I RTNA, TV_I RTNB, TV_I RTNC

Please refer to

CRT/ Analog 

VESA

spec &

Sect ion 11.4.3

( r) Analog/ Ref DAC Miscellaneous TV_I REF

Current  Mode 

Reference pin. 

DC Spec. not  

required

Clocks, Reset , and Miscellaneous Signal Groups

(s) HVCMOS I nput PM_EXT_TS[ 1: 0] #

( t ) Low Voltage Diff.  Clock I nput

HCLKP(BCLK0/ BCLK) , HCLKN(BCLK1/

BCLK# ) , DREF_CLKP, DREF_CLKN, 

DREF_SSCLKP, DREF_SSCLKN, GCLKP, 

GCLKN

(u) HVCMOS Output

LVDD_EN, LBKLT_EN, LBKLT_CTL, 

LCTLA_CLK, I CH_SYNC# , 

TVDCONSEL[ 1: 0]

(ua) Open Drain output CLKREQ#

(v) HVCMOS I / O PM_BM_BUSY#

(va) Open Drain I / O

DDCCLK, DDCDATA, LDDC_CLK, 

LDDC_DATA, SDVOCTRL_CLK, 

SDVOCTRL_DATA, LCTLB_DATA, 

LCTLA_CLK

(w) AGTL+  input / output
CFG[ 3] , CFG[ 5] , CFG[ 6] , H_BSEL[ 2: 0]  /  

CFG[ 2: 0]
 

(x) HVCMOS I nput RSTI N# , PWROK, CFG[ 19]  

Table 5 1 . Signal Groups for  I ntel 9 4 5 GMS Express Chipset  ( Sheet  3  of 4 )

Signal 

Group
Signal Type Signals Notes
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1 1 .4 DC Character ist ics

1 1 .4 .1 General DC Characterist ics

I / O Buffer  Supply Voltages

(y) AGTL+  Term inat ion Voltage VTT (Vccp)

(z)
SDVO, DMI , PCI  Express GFX 

Voltages
VCC3G, VCCA_3GBG

(aa) 1.8 V DDR2 Supply Voltage VCCSM 

(ab) GMCH Core VCC

(ac) HV Supply Voltage VCCHV

(ad) TV DAC Supply Voltage VCCD_TVDAC, VCCDQ_TVDAC

(ae)
TV DAC Band Gap and Channel 

Supply

VCCA_TVBG, 

VCCA_TVDACA,VCCA_TVDACB, 

VCCA_TVDACC

(af ) CRT DAC Supply Voltage VCCA_CRTDAC, VCC_SYNC

(ag) PLL Supply Voltages
VCCA_HPLL, VCCA_MPLL, VCCD_HMPLL 

VCCA_3GPLL, VCCA_DPLLA, VCCA_DPLLB

(ah) 1.5 V LVDS Digital Supply VCCD_LVDS

(ai)
2.5 V LVDS Data/ CLK Transm it ter 

Supply
VCCTX_LVDS

(aj ) 2.5 V LVDS Analog Supply VCCA_LVDS

(ak)
1.5V Power Supply for DDR2 DLL, 

DDR2 HSI O and FSB HSI O
VCC_AUX

Table 5 2 . DC Characterist ics ( Sheet  1  of 4 )

Sym bol
Signal 

Group
Param eter Min Nom Max Unit Notes 

I / O Buffer  Supply Voltage

VCC (ab)
1.05 V GMCH Core Supply 

Voltage
1.0 1.05 1.1 V

VCC (ab) 1.5 V GMCH Core Supply Voltage 1.425 1.50 1.575 V

VTT (y)
1.05 V Host  AGTL+  Term inat ion 

Voltage 
0.9975 1.05 1.1025 V

VCCSM (DDR2) (aa) DDR2 I / O Supply Voltage 1.7 1.8 1.9 V      

VCC3G (z)
DMI , SDVO, PCI  Express GFX 

Supply Voltage
1.425 1.5 1.575 V

VCCA_3GBG (z)
DMI , SDVO, PCI  Express GFX 

Analog Voltage
2.32 2.5 2.625 V

VCCHV (ac) HV CMOS Supply Voltage 3.135 3.3 3.465 V

Table 5 1 . Signal Groups for I ntel 9 4 5 GMS Express Chipset  ( Sheet  4  of 4 )

Signal 

Group
Signal Type Signals Notes
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VCCD_TVDAC (ad) TV DAC Supply Voltage 1.425 1.5 1.575 V

VCCDQ_TVDAC (ad) TV DAC Quiet  Supply Voltage 1.425 1.5 1.575 V

VCCA_TVDACA

VCCA_TVDACB 

VCCA_TVDACC

VCCA_TVBG

(ae)
TV DAC Analog & Band Gap 

Supply Voltage
3.135 3.3 3.465 V

VCCA_CRTDAC (af ) CRT DAC Supply Voltage 2.32 2.5 2.625 V

VCC_SYNC (af ) CRT DAC SYNC Supply Voltage 2.32 2.5 2.625 V

VCCA_HPLL, 

VCCA_MPLL, 

VCCD_HMPLL 

VCCA_3GPLL, 

VCCA_DPLLA, 

VCCA_DPLLB

(ag)
Various PLLS Analog Supply 

Voltages
1.425 1.5 1.575 V

1 -

Ripple 

Noise 

spec.

VCCD_LVDS (ah) Digital LVDS Supply Voltage 1.425 1.5 1.575 V

VCCTX_LVDS (ai)
Data/ Clock Transm it ter LVDS 

Supply Voltage
2.375 2.5 2.625 V

VCCA_LVDS (aj ) Analog LVDS Supply Voltage 2.375 2.5 2.625 V

VCC_AUX (ak)
Supply for DDR2 DLLs, DDR2 

and FSB HSI O
1.425 1.5 1.575 V

Reference Voltages

HVREF (e)
Host  Address and Data 

Reference Voltage

2/ 3 x 

VTT

 – 2%

2/ 3 x 

VTT

2/ 3 x VTT 

+  2%
V

HXSWI NG 

HYSWI NG
(e)

Host  Com pensat ion Reference 

Voltage

0.3125 x 

VTT – 

2%

0.3125x 

VTT

0.3125x 

VTT +  

2%

V

SMVREF 

(DDR2)
(k) DDR2 Reference Voltage

0.49 x 

VCCSM 

0.50 x 

VCCSM

0.51 x 

VCCSM
V

Host  I nterface

VI L_H (a,d,w) Host  AGTL+  I nput  Low Voltage -0.10 0

(2/ 3 x 

VTT)  –

0.1  

V

VI H_H (a,d,w) Host  AGTL+  I nput  High Voltage

(2/ 3 x 

VTT)  

+ 0.1  

VTT 

(1.05)
VTT + 0.1 V

VOL_H (a,b,w) Host  AGTL+  Output  Low Voltage
(0.3125 x 

VTT)  + 0.1
V

VOH_H (a,b,w) Host  AGTL+  Output  High Voltage VTT-0.1 VTT V

I OL_H (a,b,w) Host  AGTL+  Output  Low Current  

VTTm ax /  

(1-

0.3125)R

t tm in

m A
Rttm in=

50 ohm

Table 5 2 . DC Character ist ics ( Sheet  2  of 4 )

Sym bol
Signal 

Group
Param eter Min Nom Max Unit Notes 
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I LEAK_H (a,d,w)
Host  AGTL+  I nput  Leakage 

Current
20 uA

VOL< Vp

ad<

Vt t

CPAD (a,d,w) Host  AGTL+  I nput  Capacitance 2 3.5 pF

VOL_H (c) CMOS Output  Low Voltage 0.1 VTT V
I OL =  1 

mA

VOH_H (c) CMOS Output  High Voltage 0.9VTT VTT V
IOH = 1 

mA

DDR2  I nterface

VI L(DC)  (DDR2) ( l) DDR2 I nput  Low Voltage
SMVREF – 

0.125
V

VI H(DC)  (DDR2) ( l) DDR2 I nput  High Voltage
SMVREF 

+  0.125
V

VI L(AC)  (DDR2) ( i) DDR2 I nput  Low Voltage
SMVREF – 

0.250
V

VI H(AC)  (DDR2) ( i) DDR2 I nput  High Voltage
SMVREF 

+  0.250
V

VOL  (DDR2) ( i, j ) DDR2 Output  Low Voltage 0.3 V 2

VOH (DDR2) ( i, j ) DDR2 Output  High Voltage 1.5 V 2

I Leak (DDR2) ( i) I nput  Leakage Current ±10 µA

CI / O (DDR2) ( i, j )
DDR2 I nput / Output  Pin 

Capacitance
3.0 6.0 pF

1 .5 - V PCI  Express I nterface 1 .0 a ( includes PCI  Express GFX and SDVO)

VTX-DI FF P-P ( f, g)
Different ial Peak to Peak Output  

Voltage
0.400 0.6 V 3, 4

VTX_CM-ACp ( f, g)
AC Peak Com m on Mode Output  

Voltage
20 m V 3 

ZTX-DI FF-DC ( f,  g) DC Different ial TX I m pedance 80 100 120 Ω

VRX-DI FF p-p ( f, g)
Different ial I nput  Peak to Peak 

Voltage
0.175 1.2 V 3, 4

VRX_CM-ACp ( f, g)
AC peak Com m on Mode I nput  

Voltage
150 m V

Clocks, Reset , and Miscellaneous Signals

VI L (s) I nput  Low Voltage 0.8 V

VIH (s) I nput  High Voltage 2.0 V

I LEAK (s) I nput  Leakage Current ±10 μA

CI N (s) I nput  Capacitance 3.0 6.0 pF

VI L ( t ) I nput  Low Voltage 0 V

VIH ( t ) I nput  High Voltage 0.660 0.710 0.850 V

Table 5 2 . DC Characterist ics ( Sheet  3  of 4 )

Sym bol
Signal 

Group
Param eter Min Nom Max Unit Notes 
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NOTES:

1. Following are the noise reject ion specificat ions for PLL supplies.

VCROSS ( t ) Crossing Voltage

0.45x

(VI H -  

VI L)

0.5x

(VI H -  

VI L)

0.55x

(VI H -  

VI L)

V

CI N ( t ) I nput  Capacitance 1.0 3.0 pF

VOL
(u, v, 

ua, va)

Output  Low Voltage (CMOS 

Outputs)
 0.4 V

VOH (u, v)
Output  High Voltage (CMOS 

Outputs)
 2.8  V

I OL (u, v)
Output  Low Current  (CMOS 

Outputs)
1 m A

@VOL_H

I  m ax

I OH (u, v)
Output  High Current  (CMOS 

Outputs)
-1 m A

@VOH_H

I  m in

VI L
(v, va, 

x)
I nput  Low Voltage (DC) 1 V  

VI H
(v, va, 

x)
I nput  High Voltage (DC) 1.5 V  

I LEAK (v) Crossing Voltage ±10 µA  

CI N
(v, va, 

x)
I nput  Capacitance 3.0 6.0 pF  

LVDS I nterface: Funct ional Operat ing Range ( VCC= 2 .5  V ± 5 % )

VOD ( l) Different ial Output  Voltage 250 350 450 m V

ΔVOD ( l)
Change in VOD between 

Com plem entary Output  States
50 m V

VOS ( l) Offset  Voltage 1.125 1.25 1.375 V

ΔVOS ( l)
Change in VOS between 

Com plem entary Output  States
50 m V

I Os ( l) Output  Short  Circuit  Current -3.5 -10 m A

I OZ ( l) Output  TRI -STATE Current ±1 ±10 μA

VCCA_HPLL

34 dB(A)  at tenuat ion of power supply noise in 1 MHz( f1)  to 66 MHz( f2)  range, 

< 0.2 dB gain in pass band and peak to peak noise should be lim ited to <  120 

m V

VCCA_MPLL

34 dB(A)  at tenuat ion of power supply noise in 1 MHz( f1)  to 66 MHz( f2)  range, 

< 0.2 dB gain in pass band and peak to peak noise should be lim ited to <  120 

m V

VCCD_HMPLL peak to peak noise should be lim ited to <  120 m V

VCCA_3GPLL

<  0 dB(A)  in 0 to 1MHz, 20 dB(A)  at tenuat ion of power supply noise in 

1 MHz( f1)  to 1.25 GHz( f2)  range, < 0.2 dB gain in pass band and peak to peak 

noise should be lim ited to 

<  40 mV

Table 5 2 . DC Character ist ics ( Sheet  4  of 4 )

Sym bol
Signal 

Group
Param eter Min Nom Max Unit Notes 
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2. Determ ined with 2x GMCH DDR/ DDR2 buffer st rength set t ings into a 50 to 0.5xVCCSM (DDR/ DDR2)  test  

load. 

3. Specified at  the m easurem ent  point  into a t im ing and voltage com pliance test  load as shown in Transm it ter 

com pliance eye diagram of the PCI  Express*  Base Specificat ion and m easured over any 250 consecut ive 

TX Ul's. Specified at  the m easurem ent  point  and m easured over any 250 consecut ive ULS. The test  load 

shown in receiver compliance eye diagram  of the PCI  Express*  Base Specificat ion.  Should be used as the 

RX device when taking measurem ents.

4. Low voltage PCI  Express (PCI  Express Graphics/ SDVO) interface.

1 1 .4 .2 CRT DAC DC Characterist ics

NOTES:

1. Measured at  each R, G, B term inat ion according to the VESA Test  Procedure -  Evaluat ion of 

Analog Display Graphics Subsystem s Proposal (Version 1, Draft  4, Decem ber 1, 2000) .

2. Max steady-state amplitude

3. Min steady-state am plitude

4. Defined for a double 75-Ω term inat ion.

5. Set  by external reference resistor value.

6. I NL and DNL m easured and calculated according to VESA video signal standards.

7. Max full- scale voltage difference am ong R,G,B outputs (percentage of steady-state full-

scale voltage) .

VCCA_DPLLA

20 dB(A)  at tenuat ion of power supply noise in 10 kHz( f1)  to 2.5 MHz( f2)  

range, < 0.2 dB gain in pass band and peak to peak noise should be lim ited to 

<  100 m V

VCCA_DPLLB

20 dB(A)  at tenuat ion of power supply noise in 10 kHz( f1)  to 2.5 MHz( f2)  

range, < 0.2 dB gain in pass band and peak to peak noise should be lim ited to 

<  100 m V

VccAux
30 dB(A)  at tenuat ion of power supply noise in 10 MHz ( f1)  to 266 MHz ( f2) , <  

0.2 dB gain in pass band and peak to peak noise should be lim ited to <  120 mv

Vcc3G

<  0 dB(A)  in 0 to 1.5 MHz, 20 dB(A)  at tenuat ion of power supply noise in 1.5 

MHz( f1)  to 1.25 GHz( f2)  range, < 0.2 dB gain in pass band and peak to peak 

noise should be lim ited to <  40 m V

Table 5 3 . CRT DAC DC Characterist ics: Funct ional Operat ing Range 
( VCCADAC =  2 .5  V 5 % )

Param eter Min Typical Max Units Notes

DAC Resolut ion 8 Bits (1)

Max Lum inance ( full- scale) 0.665 0.700 0.770 V
(1, 2, 4)  white video level 

voltage

Min Lum inance 0.000 V
(1, 3, 4)  black video level 

voltage

LSB Current 73.2 μA (4, 5)

I ntegral Linearity ( I NL) -1.0 + 1.0 LSB (1, 6)

Different ial Linearity (DNL) -1.0 + 1.0 LSB (1, 6)

Video channel-channel 

voltage am plitude 

m ism atch 

6 % (7)  

Monotonicity Guaranteed
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1 1 .4 .3 TV DAC DC Characterist ics

NOTES:

1. Max steady-state am plitude

2. Min steady-state am plitude

3. Defined for a double 75-Ω term inat ion.

4. Set  by external reference resistor value.

5. I NL and DNL m easured and calculated based on the m ethod given in VESA video signal 

standards.

6. Max full- scale voltage difference among the outputs (percentage of steady-state full-scale 

voltage) .

§

Table 5 4 . TV DAC DC Characterist ics: Funct ional Operat ing Range 
( VCCATVDAC [ A,B,C]  =  3 .3  V 5 % )

Param eter Min Typical Max Units Notes

DAC Resolut ion 10 Bits Measured at  low- frequency

ENOB (Effect ive 

Num ber of Bits)
7.5 Bits @ NTSC/ PAL Video BW

Max Lum inance ( full-

scale)
1.235 1.3 1.365 V

For com posite video signal

Notes 1, 3, and 4

Max Lum inance ( full-

scale)
1.045 1.1 1.155 V

For S-Video signal

Notes 1, 3, and 4

Max Lum inance ( full-

scale)
0.665 0.7 0.735 V

For com ponent  video signal

Notes 1, 3, and 4

Min Lum inance -0.1 0 + 0.1 m V
Measured at  DC

Note 2

I ntegral Linearity 

( I NL)
-0.5 + 0.5 LSB Note 5

Different ial Linearity 

(DNL)
-0.5 + 0.5 LSB Note 5

SNR 48 dB RMS @ NTSC/ PAL Video BW

Video channel-

channel voltage 

am plitude m ism atch 

-3 + 3 % Note 6

Monotonicity Guaranteed
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Strapping Configurat ion

1 2 Strapping Configurat ion

NOTES:

1. All st rap signals are sam pled with respect  to the leading edge of the (G)MCH Power OK 

(PWROK)  signal

Table 5 5 . Mobile I ntel 9 4 5 GM/ PM/ GMS, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
St rapping Signals and Configurat ion

Pin Nam e Strap Descr ipt ion Configurat ion Notes

CFG[ 2: 0]
FSB Frequency 

Select

001 =  FSB533 

011 =  FSB667

Others =  Reserved

1,2

CFG[ 4: 3] Reserved 1,2

CFG5 DMI  X2 Select
0 =  DMI  X2

1 =  DMI  X4 (Default )
1,2,3

CFG6 Reserved 1,2

CFG7 CPU St rap
0 =  Reserved 

1 =  Mobile CPU (Default )
1

CFG8 Reserved

CFG9

PCI  Express*  

Graphics Lane 

Reversal

0 =  Reverse Lanes, 15-> 0, 14-> 1 etc…

1 =  Normal operat ion (Default ) :  Lane   

      Num bered in Order

1,3

CFG[ 11: 10] Reserved

CFG[ 13: 12] XOR/ ALLZ

00 =  Part ial Clock Gat ing Disable

01 =  XOR Mode Enabled 

10 =  All-Z Mode Enabled

11 =  Norm al Operat ion (Default )

1

CFG[ 15: 14] Reserved

CFG16 FSB Dynam ic ODT
0 =  Dynam ic ODT Disabled 

1 =  Dynam ic ODT Enabled (Default )
1

CFG17 Reserved

SDVO_CTRLDATA SDVO Present
0 =  No SDVO Card Present  (Default )  

1 =  SDVO Card Present
1,2

CFG[ 18] VCC Select
0 =  1.05 V (Default )

1 =  1.5 V 
1

CFG[ 19] DMI  Lane Reversal

0 =  Normal operat ion (Default ) :  Lane 

      Num bered in Order

1 =  Reverse Lanes, 3-> 0, 2-> 1 etc

Note: Mobile I ntel®  945GMS Express 

Chipset  does not  support  DMI  lane 

reversal

1,2

CFG[ 20]
SDVO/ PCI e 

concurrent

0 =  Only SDVO or PCI E x1 is 

operat ional (Default )

1 =  SDVO and PCI E x1 are operat ing 

sim ultaneously via the PEG port

1,3
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2. The st raps m arked in Brown only are available on Mobile I ntel 945GMS Express Chipset . 

Definit ions for CFG st raps 3 and 6 are reserved on the Mobile I ntel 945GMS Express 

Chipset .

3. CFG5 cannot  be configured to x4 width for the Mobile I ntel 945GMS Express Chipset . A 

pull-down is required to configure it  to x2 DMI  width.

§
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Ballout  and Package I nform at ion

1 3 Ballout  and Package 
I nform at ion

This sect ion describes the ballout  and pin list  for the Mobile I ntel 945GM/ PM, 943/
940GML and I ntel 945GT Express Chipsets

1 3 .1 Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 
9 4 5 GT Express Chipset  Ballout  Diagram

Figure 2 8 . Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Ballout  Diagram  ( Top)  Left  Half
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BA NC NC NC
SB_DQ_1

6

SB_DQ_2

0
VSS VCCSM

SB_DQ_2

5
SB_DM_3 VCCSM

SM_CKE_

2
VSS

SB_MA_1

1
VCCSM VSS VCCSM VCCSM VSS

AY NC
SM_CK#_

3
VSS

SB_DQ_1

5
VSS SM_CK_0 VCCSM

SB_DQ_2

4
VSS VCCSM

SM_CKE_

3
SB_BS_2

SB_MA_1

2
VCCSM SB_MA_2 SB_MA_0 VCCSM

SM_CS#_

2

AW NC SM_CK_3 VSS
SB_DQ_1

4
VSS

SM_CK#_

0
VCCSM VSS

SB_DQ_2

9
VCCSM

SB_DQ_3

1
VSS SB_MA_9 VCCSM SB_MA_1 VSS VCCSM

SM_CS#_

3

AV SB_DQ_9 VSS VSS
SB_DQ_1

1

SB_DQ_1

7
VSS VCCSM VSS VSS VCCSM

SB_DQ_3

0
SB_MA_7 SB_MA_8 VCCSM

SB_MA_1

0
SB_BS_1 VCCSM VSS

AU VCCSM VCCSM
SB_DQS#

_1

SB_DQ_1

0

SB_DQ_2

1

SB_DQS_

2
VCCSM

SA_DQS#

_1

SB_DQ_2

8
VCCSM

SB_DQ_2

7
VSS SB_MA_6 VCCSM VSS SB_RAS# VCCSM

SM_ODT_

3

AT VCCSM SB_DQ_8
SB_DQS_

1
VSS SB_DM_2

SB_DQS#

_2
VCCSM

SA_DQS_

1

SB_DQ_2

6
VCCSM VSS SB_MA_5 SB_MA_4 VCCSM SB_BS_0 VSS VCCSM

SA_DQ_3

1

AR SB_DQ_3
SB_DQ_1

3
VSS SB_DM_1

SB_DQ_1

8
VSS VCCSM VSS

SA_DQ_1

0
VCCSM

SB_DQS_

3
SB_MA_3 SB_WE# VCCSM SB_CAS#

SB_MA_1

3
VCCSM VSS

AP SB_DQ_7 VSS SB_DQ_2
SB_DQ_1

2

SB_DQ_1

9

SB_DQ_2

2

SB_DQ_2

3
SA_DQ_9

SA_DQ_1

1
VCCSM

SB_DQS#

_3
VSS VSS

SA_DQ_2

3

SA_DQ_2

9

SA_DQ_2

4
VCCSM

SA_DQ_2

6

AN SB_DQ_6 VSS VSS
SA_DQ_1

2
VSS SA_DQ_8 VSS

SA_DQ_1

5
VSS VCCSM VSS

SA_DQS_

2

SA_DQS#

_2
VSS

SA_DQ_1

9
VSS SA_DM_3 VSS

AM VCCSM
SB_DQS#

_0

SB_DQS_

0
VSS

SA_DQ_1

3
SA_DM_1

SA_DQ_1

4
SA_DQ_3 SA_DQ_2 VCCSM VCCSM VSS VSS

SA_DQ_1

8

SA_DQ_2

2
VSS

SA_DQS_

3

SA_DQS#

_3

AL VCCAUX VCCSM
SA_DQ_2

1

SA_DQ_1

7
SA_DM_2 VSS

SA_DQ_2

8

SA_DQ_2

5
VSS

AK
SM_VREF

_1
VSS SB_DQ_0 SB_DQ_5 VSS SB_DM_0 SA_DQ_5 VSS

SA_DQS_

0

SA_DQS#

_0
VCCAUX VCCAUX VCCSM

SA_DQ_2

0
VSS

SA_DQ_1

6
VSS

SA_RCVE

NOUT#

SA_RCVE

NIN#
VCCSM VCCSM

AJ VCC3G VSS VSS SB_DQ_4 SB_DQ_1 SA_DQ_4 SA_DQ_0 SA_DQ_1 SA_DM_0 SA_DQ_6 VSS VCCAUX VCCSM VCCSM VCCSM VCCSM VCCSM VCCSM VCCSM VCCSM VCCAUX

AH
DMI_TXN

_3
VSS

DMI_RXN

_3
VSS VSS VSS VSS RSTIN# PWROK VSS SA_DQ_7 VCCAUX VCCSM VCCSM VCCSM VCCSM VCCSM VCCSM VSS VCCAUX VCCAUX

AG
DMI_TXP

_3
VSS

DMI_RXP

_3
VSS

DMI_TXN

_2
VSS

DMI_RXN

_2
VSS GCLKP VSS VSS VCCAUX VCCAUX VCCAUX

VCCAUX_

NCTF

VCCAUX_

NCTF

VCCAUX_

NCTF

VCCAUX_

NCTF

VCCAUX_

NCTF

VCCAUX_

NCTF

VCCAUX_

NCTF

AF
DMI_TXN

_1
VSS

DMI_RXN

_1
VSS

DMI_TXP

_2
VSS

DMI_RXP

_2
VSS GCLKN VSS VCCAUX VCCAUX VCCAUX VCCAUX

VCCAUX_

NCTF

VCCAUX_
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VCCAUX_
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VCCAUX_
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VCCAUX_
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DMI_RXP
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DMI_TXN
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DMI_RXN
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F
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F

VSS_NCT

F

VSS_NCT

F

VSS_NCT

F

VSS_NCT

F

VSS_NCT

F

AD VCCAUX VCCAUX VSS
VCC_NCT

F

VCC_NCT

F

VCC_NCT

F

VCC_NCT

F

VCC_NCT

F

VCC_NCT

F

VCC_NCT

F

AC VSS
EXP_A_T

XN_15
VSS

EXP_A_R

XN_15

DMI_TXP

_0
VSS

DMI_RXP

_0
VSS

VCCA_3G

PLL
VSS VCCAUX VCCAUX VCCAUX VSS

VCC_NCT

F

VCC_NCT

F
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F

VCC_NCT

F
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AB VCC3G
EXP_A_T
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XN_14
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F
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F
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F
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F

VCC_NCT

F
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F
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F
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F
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F
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F
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EXP_A_T
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EXP_A_R
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F
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F
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F
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F
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F
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F

VCC_NCT

F
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F
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F
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F

VCC_NCT

F
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F
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F
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F
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Figure 2 9 . Mobile  I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Ballout  Diagram  ( Top)  Right  Half

‘
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1 3 .2 Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 
9 4 5 GT Express Chipset  Pin List

Please refer to Chapter 2 for specific details on pin funct ionality.

Table 5 6 . Host  I nterface Signals  ( Sheet  1  of 2 )

Ball Signal Ball Signal Ball Signal

E8 HADS# D14 HA# _31 T5 HD# _31

C6 HBNR# C9 HA# _4 AB7 HD# _32

F6 HBPRI # E11 HA# _5 AA9 HD# _33

C7 HBREQ0# G11 HA# _6 W4 HD# _34

B7 HCPURST# F11 HA# _7 W3 HD# _35

A7 HDBSY# G12 HA# _8 Y3 HD# _36

C3 HDEFER# F9 HA# _9 Y7 HD# _37

J7 HDI NV# _0 B9 HADSTB# _0 W5 HD# _38

W8 HDI NV# _1 C13 HADSTB# _1 Y10 HD# _39

U3 HDI NV# _2 F1 HD# _0 H3 HD# _4

AB10 HDI NV# _3 J1 HD# _1 AB8 HD# _40

H8 HDRDY# K7 HD# _10 W2 HD# _41

H11 HA# _10 J8 HD# _11 AA4 HD# _42

J12 HA# _11 H4 HD# _12 AA7 HD# _43

G14 HA# _12 J3 HD# _13 AA2 HD# _44

D9 HA# _13 K11 HD# _14 AA6 HD# _45

J14 HA# _14 G4 HD# _15 AA10 HD# _46

H13 HA# _15 T10 HD# _16 Y8 HD# _47

J15 HA# _16 W11 HD# _17 AA1 HD# _48

F14 HA# _17 T3 HD# _18 AB4 HD# _49

D12 HA# _18 U7 HD# _19 K2 HD# _5

A11 HA# _19 H1 HD# _2 AC9 HD# _50

C11 HA# _20 U9 HD# _20 AB11 HD# _51

A12 HA# _21 U11 HD# _21 AC11 HD# _52

A13 HA# _22 T11 HD# _22 AB3 HD# _53

E13 HA# _23 W9 HD# _23 AC2 HD# _54

G13 HA# _24 T1 HD# _24 AD1 HD# _55

F12 HA# _25 T8 HD# _25 AD9 HD# _56

B12 HA# _26 T4 HD# _26 AC1 HD# _57

B14 HA# _27 W7 HD# _27 AD7 HD# _58

C12 HA# _28 U5 HD# _28 AC6 HD# _59

A14 HA# _29 T9 HD# _29 G1 HD# _6

H9 HA# _3 J6 HD# _3 AB5 HD# _60

C14 HA# _30 W6 HD# _30 AD10 HD# _61
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AD4 HD# _62 D4 HHI TM#

AC8 HD# _63 B3 HLOCK#

G2 HD# _7 D8 HREQ# _0

K9 HD# _8 G8 HREQ# _1

K1 HD# _9 B8 HREQ# _2

K4 HDSTBN# _0 F8 HREQ# _3

T7 HDSTBN# _1 A8 HREQ# _4

Y5 HDSTBN# _2 E7 HTRDY#

AC4 HDSTBN# _3 B4 HRS# _0

K3 HDSTBP# _0 E6 HRS# _1

T6 HDSTBP# _1 D6 HRS# _2

AA5 HDSTBP# _2 J9 HDPWR#

AC5 HDSTBP# _3 E3 HCPUSLP#

D3 HHI T# G6 THRMTRI P#

Table 5 7 . Host  Reference and Com pensat ion Signals

Ball Signal

J13 HVREF

K13 HVREF

E1 HXRCOMP

E2 HXSCOMP

E4 HXSWI NG

Y1 HYRCOMP

U1 HYSCOMP

W1 HYSWI NG

Table 5 6 . Host  I nterface Signals  ( Sheet  2  of 2 )

Ball Signal Ball Signal Ball Signal
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Table 5 8 . DDR2  Channel A Signals 

Ball Signal Ball Signal Ball Signal

AJ35 SA_DQ_0 AK7 SA_DQ_43 AM12 SA_DQS# _4

AJ34 SA_DQ_1 AP9 SA_DQ_44 AL8 SA_DQS# _5

AR31 SA_DQ_10 AN9 SA_DQ_45 AN3 SA_DQS# _6

AP31 SA_DQ_11 AT5 SA_DQ_46 AH5 SA_DQS# _7

AN38 SA_DQ_12 AL5 SA_DQ_47 AK33 SA_DQS_0

AM36 SA_DQ_13 AY2 SA_DQ_48 AT33 SA_DQS_1

AM34 SA_DQ_14 AW2 SA_DQ_49 AN28 SA_DQS_2

AN33 SA_DQ_15 AK35 SA_DQ_5 AM22 SA_DQS_3

AK26 SA_DQ_16 AP1 SA_DQ_50 AN12 SA_DQS_4

AL27 SA_DQ_17 AN2 SA_DQ_51 AN8 SA_DQS_5

AM26 SA_DQ_18 AV2 SA_DQ_52 AP3 SA_DQS_6

AN24 SA_DQ_19 AT3 SA_DQ_53 AG5 SA_DQS_7

AM31 SA_DQ_2 AN1 SA_DQ_54 AY16 SA_MA_0

AK28 SA_DQ_20 AL2 SA_DQ_55 AU14 SA_MA_1

AL28 SA_DQ_21 AG7 SA_DQ_56 AU13 SA_MA_10

AM24 SA_DQ_22 AF9 SA_DQ_57 AT17 SA_MA_11

AP26 SA_DQ_23 AG4 SA_DQ_58 AV20 SA_MA_12

AP23 SA_DQ_24 AF6 SA_DQ_59 AV12 SA_MA_13

AL22 SA_DQ_25 AJ32 SA_DQ_6 AW16 SA_MA_2

AP21 SA_DQ_26 AG9 SA_DQ_60 BA16 SA_MA_3

AN20 SA_DQ_27 AH6 SA_DQ_61 BA17 SA_MA_4

AL23 SA_DQ_28 AF4 SA_DQ_62 AU16 SA_MA_5

AP24 SA_DQ_29 AF8 SA_DQ_63 AV17 SA_MA_6

AM33 SA_DQ_3 AH31 SA_DQ_7 AU17 SA_MA_7

AP20 SA_DQ_30 AN35 SA_DQ_8 AW17 SA_MA_8

AT21 SA_DQ_31 AP33 SA_DQ_9 AT16 SA_MA_9

AR12 SA_DQ_32 AJ33 SA_DM_0 AU12 SA_BS_0

AR14 SA_DQ_33 AM35 SA_DM_1 AV14 SA_BS_1

AP13 SA_DQ_34 AL26 SA_DM_2 BA20 SA_BS_2

AP12 SA_DQ_35 AN22 SA_DM_3 AW14 SA_RAS#

AT13 SA_DQ_36 AM14 SA_DM_4 AY13 SA_CAS#

AT12 SA_DQ_37 AL9 SA_DM_5 AY14 SA_WE#

AL14 SA_DQ_38 AR3 SA_DM_6 AK23 SA_RCVENI N#

AL12 SA_DQ_39 AH4 SA_DM_7 AK24 SA_RCVENOUT#

AJ36 SA_DQ_4 AK32 SA_DQS# _0
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AK9 SA_DQ_40 AU33 SA_DQS# _1

AN7 SA_DQ_41 AN27 SA_DQS# _2

AK8 SA_DQ_42 AM21 SA_DQS# _3

Table 5 9 . DDR2  Channel B Signals  ( Sheet  1  of 2 )

Ball Signal Ball Signal Ball Signal

AK39 SB_DQ_0 AN10 SB_DQ_43 AP16 SB_DQS# _4

AJ37 SB_DQ_1 AK13 SB_DQ_44 AT10 SB_DQS# _5

AU38 SB_DQ_10 AH11 SB_DQ_45 AT7 SB_DQS# _6

AV38 SB_DQ_11 AK10 SB_DQ_46 AP5 SB_DQS# _7

AP38 SB_DQ_12 AJ8 SB_DQ_47 AM39 SB_DQS_0

AR40 SB_DQ_13 BA10 SB_DQ_48 AT39 SB_DQS_1

AW38 SB_DQ_14 AW10 SB_DQ_49 AU35 SB_DQS_2

AY38 SB_DQ_15 AK38 SB_DQ_5 AR29 SB_DQS_3

BA38 SB_DQ_16 BA4 SB_DQ_50 AR16 SB_DQS_4

AV36 SB_DQ_17 AW4 SB_DQ_51 AR10 SB_DQS_5

AR36 SB_DQ_18 AY10 SB_DQ_52 AR7 SB_DQS_6

AP36 SB_DQ_19 AY9 SB_DQ_53 AN5 SB_DQS_7

AP39 SB_DQ_2 AW5 SB_DQ_54 AY23 SB_MA_0

BA36 SB_DQ_20 AY5 SB_DQ_55 AW24 SB_MA_1

AU36 SB_DQ_21 AV4 SB_DQ_56 AV24 SB_MA_10

AP35 SB_DQ_22 AR5 SB_DQ_57 BA27 SB_MA_11

AP34 SB_DQ_23 AK4 SB_DQ_58 AY27 SB_MA_12

AY33 SB_DQ_24 AK3 SB_DQ_59 AR23 SB_MA_13

BA33 SB_DQ_25 AN41 SB_DQ_6 AY24 SB_MA_2

AT31 SB_DQ_26 AT4 SB_DQ_60 AR28 SB_MA_3

AU29 SB_DQ_27 AK5 SB_DQ_61 AT27 SB_MA_4

AU31 SB_DQ_28 AJ5 SB_DQ_62 AT28 SB_MA_5

AW31 SB_DQ_29 AJ3 SB_DQ_63 AU27 SB_MA_6

AR41 SB_DQ_3 AP41 SB_DQ_7 AV28 SB_MA_7

AV29 SB_DQ_30 AT40 SB_DQ_8 AV27 SB_MA_8

AW29 SB_DQ_31 AV41 SB_DQ_9 AW27 SB_MA_9

AM19 SB_DQ_32 AK36 SB_DM_0 AT24 SB_BS_0

AL19 SB_DQ_33 AR38 SB_DM_1 AV23 SB_BS_1

AP14 SB_DQ_34 AT36 SB_DM_2 AY28 SB_BS_2

AN14 SB_DQ_35 BA31 SB_DM_3 AU23 SB_RAS#

AN17 SB_DQ_36 AL17 SB_DM_4 AR24 SB_CAS#

Table 5 8 . DDR2  Channel A Signals 

Ball Signal Ball Signal Ball Signal
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AM16 SB_DQ_37 AH8 SB_DM_5 AR27 SB_WE#

AP15 SB_DQ_38 BA5 SB_DM_6 AK16 SB_RCVENI N#

AL15 SB_DQ_39 AN4 SB_DM_7 AK18 SB_RCVENOUT#

AJ38 SB_DQ_4 AM40 SB_DQS# _0

AJ11 SB_DQ_40 AU39 SB_DQS# _1

AH10 SB_DQ_41 AT35 SB_DQS# _2

AJ9 SB_DQ_42 AP29 SB_DQS# _3

Table 6 0 . DDR2  Com m on Signals

Ball Signal

AW35 SM_CK# _0

AT1 SM_CK# _1

AY7 SM_CK# _2

AY40 SM_CK# _3

AY35 SM_CK_0

AR1 SM_CK_1

AW7 SM_CK_2

AW40 SM_CK_3

AW13 SM_CS# _0

AW12 SM_CS# _1

AY21 SM_CS# _2

AW21 SM_CS# _3

AU20 SM_CKE_0

AT20 SM_CKE_1

BA29 SM_CKE_2

AY29 SM_CKE_3

BA13 SM_ODT_0

BA12 SM_ODT_1

AY20 SM_ODT_2

AU21 SM_ODT_3

Table 6 1 . DDR2  Reference and Com pensat ion Signals

Ball Signal Ball Signal

AV9 SM_RCOMPN AK41 SM_VREF_1

AT9 SM_RCOMPP AL20 SM_OCDCOMP0

AK1 SM_VREF_0 AF10 SM_OCDCOMP1

Table 5 9 . DDR2  Channel B Signals  ( Sheet  2  of 2 )

Ball Signal Ball Signal Ball Signal
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Table 6 2 . PEG I nterface Signals

Ball Signal Ball Signal

F34 EXP_A_RXN_0 G40 EXP_A_TXN_1

G38 EXP_A_RXN_1 V36 EXP_A_TXN_10

V34 EXP_A_RXN_10 W40 EXP_A_TXN_11

W38 EXP_A_RXN_11 Y36 EXP_A_TXN_12

Y34 EXP_A_RXN_12 AA40 EXP_A_TXN_13

AA38 EXP_A_RXN_13 AB36 EXP_A_TXN_14

AB34 EXP_A_RXN_14 AC40 EXP_A_TXN_15

AC38 EXP_A_RXN_15 H36 EXP_A_TXN_2

H34 EXP_A_RXN_2 J40 EXP_A_TXN_3

J38 EXP_A_RXN_3 L36 EXP_A_TXN_4

L34 EXP_A_RXN_4 M40 EXP_A_TXN_5

M38 EXP_A_RXN_5 N36 EXP_A_TXN_6

N34 EXP_A_RXN_6 P40 EXP_A_TXN_7

P38 EXP_A_RXN_7 R36 EXP_A_TXN_8

R34 EXP_A_RXN_8 T40 EXP_A_TXN_9

T38 EXP_A_RXN_9 D36 EXP_A_TXP_0

D34 EXP_A_RXP_0 F40 EXP_A_TXP_1

F38 EXP_A_RXP_1 T36 EXP_A_TXP_10

T34 EXP_A_RXP_10 V40 EXP_A_TXP_11

V38 EXP_A_RXP_11 W36 EXP_A_TXP_12

W34 EXP_A_RXP_12 Y40 EXP_A_TXP_13

Y38 EXP_A_RXP_13 AA36 EXP_A_TXP_14

AA34 EXP_A_RXP_14 AB40 EXP_A_TXP_15

AB38 EXP_A_RXP_15 G36 EXP_A_TXP_2

G34 EXP_A_RXP_2 H40 EXP_A_TXP_3

H38 EXP_A_RXP_3 J36 EXP_A_TXP_4

J34 EXP_A_RXP_4 L40 EXP_A_TXP_5

L38 EXP_A_RXP_5 M36 EXP_A_TXP_6

M34 EXP_A_RXP_6 N40 EXP_A_TXP_7

N38 EXP_A_RXP_7 P36 EXP_A_TXP_8

P34 EXP_A_RXP_8 R40 EXP_A_TXP_9

R38 EXP_A_RXP_9 D40 EXP_A_COMPI

F36 EXP_A_TXN_0 D38 EXP_A_COMPO
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Table 6 3 . DMI  Signals

Ball Signal Ball Signal

AE35 DMI _RXN_0 AE37 DMI _TXN_0

AF39 DMI _RXN_1 AF41 DMI _TXN_1

AG35 DMI _RXN_2 AG37 DMI _TXN_2

AH39 DMI _RXN_3 AH41 DMI _TXN_3

AC35 DMI _RXP_0 AC37 DMI _TXP_0

AE39 DMI _RXP_1 AE41 DMI _TXP_1

AF35 DMI _RXP_2 AF37 DMI _TXP_2

AG39 DMI _RXP_3 AG41 DMI _TXP_3

Table 6 4 . CRT DAC Signals

Ball Signal

A21 CRT_RED

B21 CRT_RED#

C22 CRT_GREEN

B22 CRT_GREEN#

E23 CRT_BLUE

D23 CRT_BLUE#

J22 CRT_I REF

G23 CRT_HSYNC

H23 CRT_VSYNC

Table 6 5 . Analog TV- out  Signals

Ball Signal

A16 TVDAC_A

C18 TVDAC_B

A19 TVDAC_C

B16 TV_I RTNA

B18 TV_I RTNB

B19 TV_I RTNC

J20 TV_I REF

J29 TV_DCONSEL1

K30 TV_DCONSEL0
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Table 6 6 . LVDS Signals

Ball Signal

C37 LADATAN_0

B35 LADATAN_1

A37 LADATAN_2

B37 LADATAP_0

B34 LADATAP_1

A36 LADATAP_2

A33 LA_CLKN

A32 LA_CLKP

F30 LBDATAP_0

D29 LBDATAP_1

F28 LBDATAP_2

G30 LBDATAN_0

D30 LBDATAN_1

F29 LBDATAN_2

E27 LBCLKN

E26 LBCLKP

F32 LVDD_EN

J30 LBKLT_EN

D32 LBKLT_CTL

B38 LI BG

C33 LVREFH

C32 LVREFL

C35 LVBG

Table 6 7 . Display Data Channel Signals

Ball Signal

H30 LCTLA_CLK

H29 LCTLB_DATA

C26 CRT_DDC_CLK

C25 CRT_DDC_DATA

G26 LDDC_CLK

G25 LDDC_DATA

H28 SDVOCTRL_CLK

H27 SDVOCTRL_DATA
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Table 6 8 . PLL Signals

Ball Signal

H32 CLK_REQ#

AG1 HCLKI NN

AG2 HCLKI NP

AF33 GCLKI NN

AG33 GCLKI NP

A27 D_REFCLKN

A26 D_REFCLKP

C40 D_REF_SSCLKN

D41 D_REF_SSCLKP

Table 6 9 . Reset  and Miscellaneous Signals

Ball Signal Ball Signal

AH34 RSTI N# J18 CFG_2

AH33 PWROK J26 CFG_20

K16 CFG_0 F18 CFG_3

K18 CFG_1 E15 CFG_4

E16 CFG_10 F15 CFG_5

D15 CFG_11 E18 CFG_6

G15 CFG_12 D19 CFG_7

K15 CFG_13 D16 CFG_8

C15 CFG_14 G16 CFG_9

H16 CFG_15 G28 PM_BM_BUSY#

G18 CFG_16 F25 PM_EXTTS0#

H15 CFG_17 H26 PM_EXTTS1#

J25 CFG_18 K28 PM_I CHSYNC#

K27 CFG_19

Table 7 0 . Reserved Signals

Ball Signal Ball Signal

A35 RESERVED F3 RESERVED

A34 RESERVED F7 RESERVED

D28 RESERVED H7 RESERVED

D27 RESERVED J19 RESERVED

A41 RESERVED R32 RESERVED

AF11 RESERVED T32 RESERVED

AG11 RESERVED
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Table 7 1 . No Connect  Signals

Ball Signal

A3 NC

A39 NC

A4 NC

A40 NC

AW1 NC

AW41 NC

AY1 NC

AY41 NC

B2 NC

B41 NC

BA1 NC

BA2 NC

BA3 NC

BA39 NC

BA40 NC

BA41 NC

C1 NC

C41 NC

D1 NC

Table 7 2 . Pow er and Ground Signals  ( Sheet  1  of 9 )

Ball Signal Ball Signal Ball Signal

AA19 VCC M20 VCC P30 VCC

AA21 VCC M21 VCC P31 VCC

AA23 VCC M22 VCC P32 VCC

AA28 VCC M23 VCC P33 VCC

AA29 VCC M24 VCC R28 VCC

AA30 VCC M25 VCC R29 VCC

AA31 VCC M27 VCC R30 VCC

AA32 VCC M28 VCC R31 VCC

AA33 VCC M29 VCC T28 VCC

AB19 VCC M30 VCC T30 VCC

AB20 VCC M31 VCC T31 VCC

AB22 VCC M32 VCC U28 VCC

AB23 VCC N16 VCC U29 VCC

AB28 VCC N17 VCC U30 VCC
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AC20 VCC N18 VCC V28 VCC

AC21 VCC P22 VCC L12 VTT

AC22 VCC P23 VCC L13 VTT

J32 VCC P24 VCC L14 VTT

J33 VCC P26 VCC M1 VTT

L16 VCC P27 VCC M10 VTT

L18 VCC P28 VCC M11 VTT

L19 VCC P29 VCC M12 VTT

L20 VCC V29 VCC M13 VTT

L21 VCC V30 VCC M14 VTT

L22 VCC V31 VCC M2 VTT

L23 VCC V32 VCC M3 VTT

L25 VCC W20 VCC M4 VTT

L26 VCC W21 VCC M5 VTT

L27 VCC W22 VCC M6 VTT

L28 VCC W29 VCC M7 VTT

L29 VCC W30 VCC M8 VTT

L30 VCC W31 VCC M9 VTT

L32 VCC W32 VCC N1 VTT

L33 VCC W33 VCC N11 VTT

M16 VCC Y19 VCC N12 VTT

M17 VCC Y20 VCC N13 VTT

M18 VCC Y22 VCC N14 VTT

M19 VCC Y23 VCC N3 VTT

N19 VCC Y28 VCC N4 VTT

N20 VCC Y29 VCC N5 VTT

N21 VCC Y30 VCC N7 VTT

N22 VCC Y32 VCC N8 VTT

N23 VCC N10 VTT N9 VTT

N24 VCC A6 VTT P1 VTT

N25 VCC AA12 VTT P10 VTT

N26 VCC AA13 VTT P11 VTT

N27 VCC AB1 VTT P12 VTT

N28 VCC AB12 VTT P14 VTT

N30 VCC AB13 VTT P2 VTT

N31 VCC AB14 VTT P3 VTT

N32 VCC AC13 VTT P4 VTT

N33 VCC AC14 VTT P5 VTT

Table 7 2 . Pow er and Ground Signals  ( Sheet  2  of 9 )
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P17 VCC AD13 VTT P6 VTT

P20 VCC D2 VTT P7 VTT

P8 VTT AL29 VCCSM AL6 VCCSM

P9 VTT AV15 VCCSM AM29 VCCSM

R1 VTT AG12 VCCSM AM30 VCCSM

R10 VTT AH12 VCCSM AM41 VCCSM

R11 VTT AH13 VCCSM AN30 VCCSM

R12 VTT AH16 VCCSM AN6 VCCSM

R13 VTT AH17 VCCSM AP19 VCCSM

R14 VTT AH24 VCCSM AP22 VCCSM

R2 VTT AH25 VCCSM AP30 VCCSM

R3 VTT AH26 VCCSM AP6 VCCSM

R5 VTT AH27 VCCSM AP8 VCCSM

R6 VTT AH28 VCCSM AR15 VCCSM

R8 VTT AH29 VCCSM AR19 VCCSM

T12 VTT AJ1 VCCSM AR22 VCCSM

T13 VTT AJ12 VCCSM AR26 VCCSM

T14 VTT AJ13 VCCSM AR30 VCCSM

U12 VTT AJ14 VCCSM AR34 VCCSM

U13 VTT AJ15 VCCSM AR6 VCCSM

V12 VTT AJ16 VCCSM AR8 VCCSM

V13 VTT AJ17 VCCSM AT15 VCCSM

V14 VTT AJ18 VCCSM AT19 VCCSM

W12 VTT AJ19 VCCSM AT22 VCCSM

W13 VTT AJ22 VCCSM AT26 VCCSM

W14 VTT AJ23 VCCSM AT30 VCCSM

Y12 VTT AJ24 VCCSM AT34 VCCSM

Y13 VTT AJ25 VCCSM AT41 VCCSM

AV19 VCCSM AJ26 VCCSM AT6 VCCSM

AV22 VCCSM AJ27 VCCSM AT8 VCCSM

AV26 VCCSM AJ28 VCCSM AU15 VCCSM

AV30 VCCSM AJ29 VCCSM AU19 VCCSM

AV34 VCCSM AJ6 VCCSM AU22 VCCSM

AV6 VCCSM AK11 VCCSM AU26 VCCSM

AV8 VCCSM AK12 VCCSM AU30 VCCSM

AW15 VCCSM AK19 VCCSM AU34 VCCSM

AW19 VCCSM AK20 VCCSM AU40 VCCSM

AW22 VCCSM AK21 VCCSM AU41 VCCSM

Table 7 2 . Pow er and Ground Signals  ( Sheet  3  of 9 )
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AW26 VCCSM AK22 VCCSM AV1 VCCSM

AW30 VCCSM AK29 VCCSM N41 VCC3G

AW34 VCCSM AK6 VCCSM R41 VCC3G

AW6 VCCSM H22 VCC_SYNC AG28 VCCAUX

AW8 VCCSM A28 VCCD_LVDS AG29 VCCAUX

AY15 VCCSM B28 VCCD_LVDS AG30 VCCAUX

AY19 VCCSM C28 VCCD_LVDS AH14 VCCAUX

AY22 VCCSM A30 VCCTX_LVDS AH15 VCCAUX

AY26 VCCSM B30 VCCTX_LVDS AH19 VCCAUX

AY30 VCCSM C30 VCCTX_LVDS AH20 VCCAUX

AY34 VCCSM A38 VCCA_LVDS AH21 VCCAUX

AY6 VCCSM B39 VSSA_LVDS AH22 VCCAUX

AY8 VCCSM H20 VCCA_TVBG AH30 VCCAUX

BA15 VCCSM G20 VSSA_TVBG AJ20 VCCAUX

BA19 VCCSM D21 VCCD_TVDAC AJ21 VCCAUX

BA22 VCCSM H19 VCCDQ_TVDAC AJ30 VCCAUX

BA23 VCCSM E19 VCCA_TVDACA AK30 VCCAUX

BA26 VCCSM F19 VCCA_TVDACA AK31 VCCAUX

BA30 VCCSM C20 VCCA_TVDACB AL30 VCCAUX

BA34 VCCSM D20 VCCA_TVDACB P15 VCCAUX

BA6 VCCSM E20 VCCA_TVDACC P16 VCCAUX

BA8 VCCSM F20 VCCA_TVDACC P19 VCCAUX

AB41 VCC3G AC29 VCCAUX Y14 VCCAUX

AJ41 VCC3G AC30 VCCAUX AG14 VCCAUX

L41 VCC3G AC31 VCCAUX R20 VCC_NCTF

V41 VCC3G AD12 VCCAUX R21 VCC_NCTF

Y41 VCC3G AD29 VCCAUX R22 VCC_NCTF

G41 VCCA_3GBG AD30 VCCAUX R23 VCC_NCTF

H41 VSSA_3GBG AE12 VCCAUX R24 VCC_NCTF

AF1 VCCA_HPLL AE13 VCCAUX R25 VCC_NCTF

AF2 VCCA_MPLL AE14 VCCAUX R26 VCC_NCTF

AH1 VCCD_HMPLL AE28 VCCAUX R27 VCC_NCTF

AH2 VCCD_HMPLL AE29 VCCAUX T18 VCC_NCTF

AC33 VCCA_3GPLL AE30 VCCAUX T19 VCC_NCTF

B26 VCCA_DPLLA AE31 VCCAUX T20 VCC_NCTF

C39 VCCA_DPLLB AF12 VCCAUX T21 VCC_NCTF

A23 VCCHV AF13 VCCAUX T22 VCC_NCTF

B23 VCCHV AF14 VCCAUX T23 VCC_NCTF

Table 7 2 . Pow er and Ground Signals  ( Sheet  4  of 9 )
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B25 VCCHV AF28 VCCAUX T24 VCC_NCTF

E21 VCCA_CRTDAC AF29 VCCAUX T25 VCC_NCTF

F21 VCCA_CRTDAC AF30 VCCAUX AD25 VCC_NCTF

G21 VSSA_CRTDAC AF31 VCCAUX AD26 VCC_NCTF

AD27 VCC_NCTF T26 VCC_NCTF V17 VCCAUX_NCTF

V26 VCC_NCTF T27 VCC_NCTF AA15 VCCAUX_NCTF

V27 VCC_NCTF U18 VCC_NCTF AA16 VCCAUX_NCTF

W18 VCC_NCTF U19 VCC_NCTF AB15 VCCAUX_NCTF

W24 VCC_NCTF U20 VCC_NCTF AB16 VCCAUX_NCTF

W25 VCC_NCTF U21 VCC_NCTF AC15 VCCAUX_NCTF

W26 VCC_NCTF U22 VCC_NCTF AC16 VCCAUX_NCTF

Y18 VCC_NCTF U23 VCC_NCTF AD15 VCCAUX_NCTF

Y24 VCC_NCTF U24 VCC_NCTF AD16 VCCAUX_NCTF

Y25 VCC_NCTF U25 VCC_NCTF AE15 VCCAUX_NCTF

Y26 VCC_NCTF U26 VCC_NCTF AE16 VCCAUX_NCTF

Y27 VCC_NCTF U27 VCC_NCTF AF15 VCCAUX_NCTF

AD24 VCC_NCTF V18 VCC_NCTF AF16 VCCAUX_NCTF

V24 VCC_NCTF V19 VCC_NCTF AF17 VCCAUX_NCTF

W27 VCC_NCTF V20 VCC_NCTF AF18 VCCAUX_NCTF

AA18 VCC_NCTF V21 VCC_NCTF AF19 VCCAUX_NCTF

AA24 VCC_NCTF AG26 VCCAUX_NCTF AF20 VCCAUX_NCTF

AA25 VCC_NCTF AG27 VCCAUX_NCTF AF21 VCCAUX_NCTF

AA26 VCC_NCTF R15 VCCAUX_NCTF AF22 VCCAUX_NCTF

AA27 VCC_NCTF AB17 VCCAUX_NCTF AF23 VCCAUX_NCTF

AB18 VCC_NCTF AD17 VCCAUX_NCTF AF24 VCCAUX_NCTF

AB24 VCC_NCTF T17 VCCAUX_NCTF R19 VCCAUX_NCTF

AB25 VCC_NCTF AF25 VCCAUX_NCTF T15 VCCAUX_NCTF

AB26 VCC_NCTF AF26 VCCAUX_NCTF T16 VCCAUX_NCTF

AB27 VCC_NCTF AF27 VCCAUX_NCTF U15 VCCAUX_NCTF

AC18 VCC_NCTF AG15 VCCAUX_NCTF U16 VCCAUX_NCTF

AC24 VCC_NCTF AG16 VCCAUX_NCTF V15 VCCAUX_NCTF

AC25 VCC_NCTF AG17 VCCAUX_NCTF V16 VCCAUX_NCTF

AC26 VCC_NCTF AG18 VCCAUX_NCTF W15 VCCAUX_NCTF

AC27 VCC_NCTF AG19 VCCAUX_NCTF W16 VCCAUX_NCTF

AD18 VCC_NCTF AG20 VCCAUX_NCTF Y15 VCCAUX_NCTF

AD19 VCC_NCTF AG21 VCCAUX_NCTF Y16 VCCAUX_NCTF

AD20 VCC_NCTF AG22 VCCAUX_NCTF AA17 VCCAUX_NCTF

AD21 VCC_NCTF AG23 VCCAUX_NCTF AE17 VCCAUX_NCTF
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AD22 VCC_NCTF AG24 VCCAUX_NCTF W17 VCCAUX_NCTF

AD23 VCC_NCTF AG25 VCCAUX_NCTF Y17 VSS_NCTF

V22 VCC_NCTF R16 VCCAUX_NCTF AC17 VSS_NCTF

V23 VCC_NCTF R17 VCCAUX_NCTF AE18 VSS_NCTF

V25 VCC_NCTF R18 VCCAUX_NCTF AE19 VSS_NCTF

AE23 VSS_NCTF Y39 VSS W39 VSS

AE24 VSS_NCTF Y4 VSS W41 VSS

AE25 VSS_NCTF Y6 VSS Y11 VSS

AE26 VSS_NCTF Y9 VSS Y2 VSS

AE27 VSS_NCTF P21 VSS Y21 VSS

U17 VSS_NCTF P25 VSS Y31 VSS

AE20 VSS_NCTF P35 VSS Y33 VSS

AE21 VSS_NCTF P37 VSS Y35 VSS

AE22 VSS_NCTF P39 VSS Y37 VSS

A15 VSS AC41 VSS AH35 VSS

A18 VSS AC7 VSS AH36 VSS

A20 VSS AD11 VSS AH37 VSS

A22 VSS AD14 VSS AH38 VSS

A25 VSS AD2 VSS AH40 VSS

A29 VSS AD28 VSS AH7 VSS

A9 VSS AD3 VSS AH9 VSS

AA11 VSS AD5 VSS AJ10 VSS

AA14 VSS AD6 VSS AJ2 VSS

AA20 VSS AD8 VSS AJ31 VSS

AA22 VSS AE32 VSS AJ39 VSS

AA3 VSS AE33 VSS AJ4 VSS

AA35 VSS AE34 VSS AJ40 VSS

AA37 VSS AE36 VSS AJ7 VSS

AA39 VSS AE38 VSS AK14 VSS

AA41 VSS AE40 VSS AK15 VSS

AA8 VSS AF3 VSS AK17 VSS

AB2 VSS AF32 VSS AK2 VSS

AB21 VSS AF34 VSS AK25 VSS

AB29 VSS AF36 VSS AK27 VSS

AB30 VSS AF38 VSS AK34 VSS

AB31 VSS AF40 VSS AK37 VSS

AB32 VSS AF5 VSS AK40 VSS

AB33 VSS AF7 VSS AL1 VSS

Table 7 2 . Pow er and Ground Signals  ( Sheet  6  of 9 )
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AB35 VSS AG10 VSS AL10 VSS

AB37 VSS AG13 VSS AL13 VSS

AB39 VSS AG3 VSS AL16 VSS

AB6 VSS AG31 VSS AL21 VSS

AB9 VSS AG32 VSS AL24 VSS

AC10 VSS AG34 VSS AL3 VSS

AC12 VSS AG36 VSS AL4 VSS

AC19 VSS AG38 VSS AL7 VSS

AC23 VSS AG40 VSS AM13 VSS

AC28 VSS AG6 VSS AM15 VSS

AC3 VSS AG8 VSS AM17 VSS

AC32 VSS AH18 VSS AM20 VSS

AC34 VSS AH23 VSS AM23 VSS

AC36 VSS AH3 VSS AM27 VSS

AC39 VSS AH32 VSS AM28 VSS

AM38 VSS AV13 VSS BA28 VSS

AN13 VSS AV16 VSS BA35 VSS

AN15 VSS AV21 VSS BA7 VSS

AN16 VSS AV3 VSS BA9 VSS

AN19 VSS AV31 VSS C16 VSS

AN21 VSS AV33 VSS C19 VSS

AN23 VSS AV35 VSS C2 VSS

AN26 VSS AV39 VSS C21 VSS

AN29 VSS AV40 VSS C23 VSS

AN31 VSS AV5 VSS C27 VSS

AN34 VSS AV7 VSS C29 VSS

AN36 VSS AW20 VSS C34 VSS

AN39 VSS AW23 VSS C36 VSS

AN40 VSS AW28 VSS C38 VSS

AP10 VSS AW3 VSS C4 VSS

AP17 VSS AW33 VSS C8 VSS

AP2 VSS AW36 VSS D11 VSS

AP27 VSS AW39 VSS D13 VSS

AP28 VSS AW9 VSS D18 VSS

AP4 VSS AY12 VSS D22 VSS

AP40 VSS AY17 VSS D25 VSS

AP7 VSS AY3 VSS D26 VSS

AR13 VSS AY31 VSS D33 VSS

Table 7 2 . Pow er and Ground Signals  ( Sheet  7  of 9 )

Ball Signal Ball Signal Ball Signal



Datasheet 431

Ballout  and Package I nform at ion

AR17 VSS AY36 VSS D35 VSS

AR2 VSS AY39 VSS D37 VSS

AR20 VSS AY4 VSS D39 VSS

AR21 VSS B11 VSS D7 VSS

AR33 VSS B13 VSS E12 VSS

AR35 VSS B15 VSS E14 VSS

AR39 VSS B20 VSS E22 VSS

AR4 VSS B27 VSS E25 VSS

AR9 VSS B29 VSS E28 VSS

AT14 VSS B32 VSS E29 VSS

AT2 VSS B33 VSS E30 VSS

AT23 VSS B36 VSS E9 VSS

AT29 VSS B40 VSS F13 VSS

AT38 VSS B6 VSS F16 VSS

AU24 VSS BA14 VSS F2 VSS

AU28 VSS BA21 VSS F22 VSS

AV10 VSS BA24 VSS F23 VSS

F26 VSS J39 VSS P41 VSS

F27 VSS J4 VSS R33 VSS

F33 VSS J41 VSS R35 VSS

F35 VSS K12 VSS R37 VSS

F37 VSS K14 VSS R39 VSS

F39 VSS K19 VSS R4 VSS

F4 VSS K20 VSS R7 VSS

F41 VSS K21 VSS R9 VSS

G19 VSS K22 VSS T2 VSS

G22 VSS K23 VSS T29 VSS

G27 VSS K25 VSS T33 VSS

G29 VSS K26 VSS T35 VSS

G3 VSS K29 VSS T37 VSS

G32 VSS K6 VSS T39 VSS

G33 VSS K8 VSS T41 VSS

G35 VSS L15 VSS U10 VSS

G37 VSS L35 VSS U14 VSS

G39 VSS L37 VSS U2 VSS

G7 VSS L39 VSS U4 VSS

G9 VSS M15 VSS U6 VSS

H12 VSS M26 VSS U8 VSS
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H14 VSS M33 VSS V33 VSS

H18 VSS M35 VSS V35 VSS

H2 VSS M37 VSS V37 VSS

H21 VSS M39 VSS V39 VSS

H25 VSS M41 VSS W10 VSS

H33 VSS N15 VSS W19 VSS

H35 VSS N2 VSS W23 VSS

H37 VSS N29 VSS W28 VSS

H39 VSS N35 VSS

H6 VSS N37 VSS

J11 VSS N39 VSS

J16 VSS N6 VSS

J2 VSS P13 VSS

J21 VSS P18 VSS

J23 VSS W35 VSS

J27 VSS W37 VSS

J28 VSS

J35 VSS

J37 VSS
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1 3 .3 Mobile I ntel 9 4 5 GMS Express Chipset  Ballout  
Diagram

Figure 3 0 . Mobile I ntel 9 4 5 GMS Express Chipset  Ballout  Diagram  ( Top)  Left  Half
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Figure 3 1 . Mobile I ntel 9 4 5 GMS Express Chipset  Ballout  Diagram  ( Top)  Right  Half

‘
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1 3 .4 Mobile I ntel 9 4 5 GMS Express Chipset  Pin List

Please refer to Chapter 2 for specific details on pin funct ionality.

Table 7 3 . Host  I nterface Signals 

Ball Signal Ball Signal Ball Signal Ball Signal

B13 H_A# _10 B10 H_CPURST# F7 H_D# _4 J6 H_DI NV# _1

A13 H_A# _11 C4 H_D# _0 U7 H_D# _40 T9 H_DI NV# _2

G13 H_A# _12 F6 H_D# _1 R8 H_D# _41 U6 H_DI NV# _3

A12 H_A# _13 J7 H_D# _10 T4 H_D# _42 G7 H_DPWR#

D14 H_A# _14 K7 H_D# _11 T7 H_D# _43 E6 H_DRDY#

F14 H_A# _15 H8 H_D# _12 R3 H_D# _44 F3 H_DSTBN# _0

J13 H_A# _16 E5 H_D# _13 T5 H_D# _45 M8 H_DSTBN# _1

E17 H_A# _17 K8 H_D# _14 V6 H_D# _46 T1 H_DSTBN# _2

H15 H_A# _18 J8 H_D# _15 V3 H_D# _47 AA3 H_DSTBN# _3

G15 H_A# _19 J2 H_D# _16 W2 H_D# _48 F4 H_DSTBP# _0

G14 H_A# _20 J3 H_D# _17 W1 H_D# _49 M7 H_DSTBP# _1

A15 H_A# _21 N1 H_D# _18 E3 H_D# _5 T2 H_DSTBP# _2

B18 H_A# _22 M5 H_D# _19 V2 H_D# _50 AB3 H_DSTBP# _3

B15 H_A# _23 H9 H_D# _2 W4 H_D# _51 C8 H_HI T#

E14 H_A# _24 K5 H_D# _20 W7 H_D# _52 B4 H_HI TM#

H13 H_A# _25 J5 H_D# _21 W5 H_D# _53 C5 H_LOCK#

C14 H_A# _26 H3 H_D# _22 V5 H_D# _54 G9 H_REQ# _0

A17 H_A# _27 J4 H_D# _23 AB4 H_D# _55 E9 H_REQ# _1

E15 H_A# _28 N3 H_D# _24 AB8 H_D# _56 G12 H_REQ# _2

H17 H_A# _29 M4 H_D# _25 W8 H_D# _57 B8 H_REQ# _3

F8 H_A# _3 M3 H_D# _26 AA9 H_D# _58 F12 H_REQ# _4

D17 H_A# _30 N8 H_D# _27 AA8 H_D# _59 A5 H_RS# _0

G17 H_A# _31 N6 H_D# _28 C2 H_D# _6 B6 H_RS# _1

D12 H_A# _4 K3 H_D# _29 AB1 H_D# _60 G10 H_RS# _2

C13 H_A# _5 H6 H_D# _3 AB7 H_D# _61 J15 THRMTRI P#

A8 H_A# _6 N9 H_D# _30 AA2 H_D# _62

E13 H_A# _7 M1 H_D# _31 AB5 H_D# _63

E12 H_A# _8 V8 H_D# _32 C3 H_D# _7

J12 H_A# _9 V9 H_D# _33 K9 H_D# _8

F10 H_ADS# R6 H_D# _34 F5 H_D# _9

C12 H_ADSTB# _0 T8 H_D# _35 C10 H_DBSY#

H16 H_ADSTB# _1 R2 H_D# _36 C6 H_DEFER#

B9 H_BNR# N5 H_D# _37 E8 H_SLPCPU#

C7 H_BPRI # N2 H_D# _38 E10 H_TRDY#

G8 H_BREQ0# R5 H_D# _39 H5 H_DI NV# _0
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Table 7 4 . Host  Reference and Com pensat ion Signals

Ball Signal

E2 H_VREF

E1 H_VREF

A10 H_XRCOMP

A6 H_XSCOMP

C15 H_XSWI NG

J1 H_YRCOMP

K1 H_YSCOMP

H1 H_YSWI NG

Table 7 5 . DDR2  Channel A Signals  ( Sheet  1  of 2 )

Ball Signal Ball Signal

AK12 SA_BS_0 AG31 SA_DQ_21

AH11 SA_BS_1 AG28 SA_DQ_22

AG17 SA_BS_2 AG27 SA_DQ_23

AJ17 SA_CAS# AN27 SA_DQ_24

AB30 SA_DM_0 AM26 SA_DQ_25

AL31 SA_DM_1 AJ26 SA_DQ_26

AF30 SA_DM_2 AJ25 SA_DQ_27

AK26 SA_DM_3 AL27 SA_DQ_28

AL9 SA_DM_4 AN26 SA_DQ_29

AG7 SA_DM_5 AF32 SA_DQ_3

AK5 SA_DM_6 AH25 SA_DQ_30

AH3 SA_DM_7 AG26 SA_DQ_31

AC31 SA_DQ_0 AM12 SA_DQ_32

AB28 SA_DQ_1 AL11 SA_DQ_33

AL28 SA_DQ_10 AH9 SA_DQ_34

AK27 SA_DQ_11 AK9 SA_DQ_35

AH30 SA_DQ_12 AM11 SA_DQ_36

AL32 SA_DQ_13 AK11 SA_DQ_37

AJ28 SA_DQ_14 AM8 SA_DQ_38

AJ27 SA_DQ_15 AK8 SA_DQ_39

AH32 SA_DQ_16 AC33 SA_DQ_4

AF31 SA_DQ_17 AG9 SA_DQ_40

AH27 SA_DQ_18 AF9 SA_DQ_41

AF28 SA_DQ_19 AF8 SA_DQ_42

AE33 SA_DQ_2 AK6 SA_DQ_43
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AJ32 SA_DQ_20 AF7 SA_DQ_44

AG11 SA_DQ_45 AC29 SA_DQS#_0

AJ6 SA_DQ_46 AK30 SA_DQS#_1

AH6 SA_DQ_47 AJ33 SA_DQS#_2

AN6 SA_DQ_48 AM25 SA_DQS#_3

AM6 SA_DQ_49 AN8 SA_DQS#_4

AB32 SA_DQ_5 AJ8 SA_DQS#_5

AK3 SA_DQ_50 AM3 SA_DQS#_6

AL2 SA_DQ_51 AE2 SA_DQS#_7

AM5 SA_DQ_52 AJ15 SA_MA_0

AL5 SA_DQ_53 AM17 SA_MA_1

AJ3 SA_DQ_54 AG16 SA_MA_10

AJ2 SA_DQ_55 AL18 SA_MA_11

AG2 SA_DQ_56 AG18 SA_MA_12

AF3 SA_DQ_57 AL14 SA_MA_13

AE7 SA_DQ_58 AM15 SA_MA_2

AF6 SA_DQ_59 AH15 SA_MA_3

AB31 SA_DQ_6 AK15 SA_MA_4

AH5 SA_DQ_60 AN15 SA_MA_5

AG3 SA_DQ_61 AJ18 SA_MA_6

AG5 SA_DQ_62 AF19 SA_MA_7

AF5 SA_DQ_63 AN17 SA_MA_8

AE31 SA_DQ_7 AL17 SA_MA_9

AH31 SA_DQ_8 AK18 SA_RAS#

AK31 SA_DQ_9 AH17 SA_WE#

AC28 SA_DQS_0 AL17 SA_MA_9

AJ30 SA_DQS_1 AM28 SA_RCVENOUT#

AK33 SA_DQS_2 AN28 SA_RCVENIN#

AL25 SA_DQS_3

AN9 SA_DQS_4

AH8 SA_DQS_5

AM2 SA_DQS_6

AE3 SA_DQS_7

Table 7 5 . DDR2  Channel A Signals  ( Sheet  2  of 2 )

Ball Signal Ball Signal
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Table 7 6 . DDR2  Com m on Signals

Ball Signal

AF33 SM_CK_0

AG1 SM_CK_1

AJ1 SM_CK_2

AM30 SM_CK_3

AG33 SM_CK#_0

AF1 SM_CK#_1

AK1 SM_CK#_2

AN30 SM_CK#_3

AN21 SM_CKE_0

AN22 SM_CKE_1

AF26 SM_CKE_2

AF25 SM_CKE_3

AG14 SM_CS#_0

AF12 SM_CS#_1

AK14 SM_CS#_2

AH12 SM_CS#_3

AE12 SM_ODT_0

AF14 SM_ODT_1

AJ14 SM_ODT_2

AJ12 SM_ODT_3
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Table 7 7 . DDR2  Addit ional Control Signals 

Ball Signal

AH21 SB_BS_0

AJ20 SB_BS_1

AE27 SB_BS_2

AN20 SB_MA_0

AL21 SB_MA_1

AL20 SB_MA_10

AE22 SB_MA_11

AE26 SB_MA_12

AE20 SB_MA_13

AK21 SB_MA_2

AK22 SB_MA_3

AL22 SB_MA_4

AH22 SB_MA_5

AG22 SB_MA_6

AF21 SB_MA_7

AM21 SB_MA_8

AE21 SB_MA_9

AG21 SB_RAS#

AG20 SB_WE#

AG19 SB_CAS#

Table 7 8 . DDR2  Reference and Com pensat ion Signals

Ball Signals

AN12 SM_RCOMPN

AN14 SM_RCOMPP

AA33 SM_VREF_0

AE1 SM_VREF_1

AJ21 SM_OCDCOMP_0

AF11 SM_OCDCOMP_1
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Table 7 9 . DMI  Signals

Ball Signal

Y29 DMI_RXN_0

Y32 DMI_RXN_1

Y28 DMI_RXP_0

Y31 DMI_RXP_1

V28 DMI_TXN_0

V31 DMI_TXN_1

V29 DMI_TXP_0

V32 DMI_TXP_1

Table 8 0 . CRT DAC Signals

Ball Signal

C25 CRT_RED

D25 CRT_RED#

E25 CRT_GREEN

F25 CRT_GREEN#

A24 CRT_BLUE

A23 CRT_BLUE#

H25 CRT_IREF

D27 CRT_HSYNC

F27 CRT_VSYNC
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Table 8 1 . Analog TV- out  Signals

Ball Signal

A21 TV_DACA

C20 TV_DACB

E20 TV_DACC

G26 TV_DCONSEL0

J26 TV_DCONSEL1

G23 TV_IREF

B21 TV_IRTNA

C21 TV_IRTNB

B21 TV_IRTNA

C21 TV_IRTNB

D21 TV_IRTNC

Table 8 2 . SDVO I nterface Signals 

Ball Signal

R28 EXP_A_COMPI

M28 EXP_A_ICOMPO

N30 SDVO_TVCLKIN#

R30 SDVOB_INT#

T29 SDVO_FLDSTALL#

M30 SDVO_TVCLKIN

P30 SDVOB_INT

T30 SDVO_FLDSTALL

P28 SDVOB_RED#

N32 SDVOB_GREEN#

P32 SDVOB_BLUE#

T32 SDVOB_CLKN

N28 SDVOB_RED

M32 SDVOB_GREEN

P33 SDVOB_BLUE

R32 SDVOB_CLKP
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Table 8 3 . LVDS Signals 

Ball Signal

H30 L_BKLTCTL

G29 L_BKLTEN

K27 L_I BG

J29 L_VBG

K30 L_VDDEN

J30 L_VREFH

K29 L_VREFL

D30 LA_CLKN

C30 LA_CLKP

G31 LA_DATAN_0

F32 LA_DATAN_1

D31 LA_DATAN_2

H31 LA_DATAP_0

G32 LA_DATAP_1

C31 LA_DATAP_2

A30 LB_CLKN

A29 LB_CLKP

F33 LB_DATAN_0

D33 LB_DATAN_1

F30 LB_DATAN_2

E33 LB_DATAP_0

D32 LB_DATAP_1

F29 LB_DATAP_2
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Table 8 4 . Display Data Channel Signals

Ball Signal

H20 CRT_DDC_CLK

H22 CRT_DDC_DATA

G28 L_DDC_CLK

H28 L_DDC_DATA

F28 L_CLKCTLA

E28 L_CTLBDATA

J27 SDVO_CTRLCLK

H27 SDVO_CTRLDATA

Table 8 5 . PLL Signals

Ball Signal

J22 CLKREQ#

AA6 HCLKN

AA5 HCLKP

Y26 G_CLKN

AA26 G_CLKP

A27 D_REFCLKN

A26 D_REFCLKP

J33 D_REFSSCLKN

H33 D_REFSSCLKP
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Table 8 6 . Reset  and Misc. Signals

Ball Signal

C18 CFG0

E18 CFG1

G20 CFG2

G18 CFG3

J20 CFG5

J18 CFG6

K28 CFG19

G21 PM_BMBUSY#

F26 PM_EXTTS0#

H26 PM_EXTTS1#

E31 PM_I CHSYNC#

AB29 PWROK

W27 RSTI N#

Table 8 7 . Reserved Signal ( Sheet  1  of 2 )

Ball Signal Ball Signal

K25 RESERVED AB17 RESERVED

K26 RESERVED F18 RESERVED

K32 RESERVED K15 RESERVED

K31 RESERVED K21 RESERVED

AB13 RESERVED K19 RESERVED

AB12 RESERVED K20 RESERVED

R24 RESERVED K24 RESERVED

T24 RESERVED Y25 RESERVED

M10 RESERVED Y24 RESERVED

A18 RESERVED AB22 RESERVED

AB10 RESERVED AB21 RESERVED

AA10 RESERVED AB19 RESERVED

C17 RESERVED AB16 RESERVED

A3 RESERVED AB14 RESERVED

K22 RESERVED AA12 RESERVED

J17 RESERVED W24 RESERVED

K23 RESERVED AA24 RESERVED

K17 RESERVED AB24 RESERVED
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K12 RESERVED AB20 RESERVED

K13 RESERVED AB18 RESERVED

K16 RESERVED AB15 RESERVED

Table 8 8 . No Connect  Signals ( Sheet  1  of 2 )

Ball Signal Ball Signal

Y10 NC H19 NC

W33 NC G19 NC

AM33 NC F19 NC

AL33 NC E19 NC

C33 NC D19 NC

B33 NC C19 NC

AN32 NC B19 NC

A32 NC A19 NC

W10 NC Y8 NC

AN31 NC K18 NC

W28 NC G16 NC

V27 NC F16 NC

W25 NC E16 NC

V24 NC D16 NC

U24 NC C16 NC

W29 NC B16 NC

V10 NC AN2 NC

J24 NC A16 NC

H24 NC Y7 NC

W32 NC AM4 NC

G24 NC AF4 NC

F24 NC AD4 NC

E24 NC AL4 NC

D24 NC AK4 NC

K33 NC W31 NC

U10 NC AJ4 NC

A31 NC AH4 NC

E21 NC AG4 NC

C23 NC AE4 NC

AN19 NC AM1 NC

AM19 NC W30 NC

Table 8 7 . Reserved Signal ( Sheet  2  of 2 )

Ball Signal Ball Signal
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AL19 NC Y6 NC

AK19 NC AL1 NC

AJ19 NC Y5 NC

AH19 NC

AN3 NC

Y9 NC

J19 NC

Table 8 9 . Pow er and Ground Signals  ( Sheet  1  of 5 )

Ball Signal Ball Signal Ball Signal

T26 VCC M22 VCC_NCTF M15 VCC_NCTF

R26 VCC Y21 VCC_NCTF Y14 VCC_NCTF

P26 VCC W21 VCC_NCTF W14 VCC_NCTF

N26 VCC V21 VCC_NCTF V14 VCC_NCTF

M26 VCC U21 VCC_NCTF U14 VCC_NCTF

V19 VCC T21 VCC_NCTF T14 VCC_NCTF

U19 VCC R21 VCC_NCTF R14 VCC_NCTF

T19 VCC P21 VCC_NCTF P14 VCC_NCTF

W18 VCC N21 VCC_NCTF N14 VCC_NCTF

V18 VCC M21 VCC_NCTF M14 VCC_NCTF

T18 VCC Y20 VCC_NCTF U33 VCC3G

R18 VCC W20 VCC_NCTF T33 VCC3G

W17 VCC V20 VCC_NCTF N33 VCCA3GBG

U17 VCC U20 VCC_NCTF V26 VCCA3GPLL

R17 VCC T20 VCC_NCTF C24 VCCACRTDAC

W16 VCC R20 VCC_NCTF B24 VCCACRTDAC

V16 VCC P20 VCC_NCTF B26 VCCADPLLA

T16 VCC N20 VCC_NCTF J32 VCCADPLLB

R16 VCC M20 VCC_NCTF AD2 VCCAHPLL

V15 VCC Y19 VCC_NCTF B31 VCCALVDS

U15 VCC P19 VCC_NCTF AD1 VCCAMPLL

T15 VCC N19 VCC_NCTF D23 VCCATVBG

T25 VCC_NCTF M19 VCC_NCTF B20 VCCATVDACA

R25 VCC_NCTF Y18 VCC_NCTF A20 VCCATVDACA

P25 VCC_NCTF P18 VCC_NCTF B22 VCCATVDACB

N25 VCC_NCTF N18 VCC_NCTF A22 VCCATVDACB

M25 VCC_NCTF M18 VCC_NCTF D22 VCCATVDACC

P24 VCC_NCTF Y17 VCC_NCTF C22 VCCATVDACC

Table 8 8 . No Connect  Signals ( Sheet  2  of 2 )
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N24 VCC_NCTF P17 VCC_NCTF AD33 VCCAUX

M24 VCC_NCTF N17 VCC_NCTF AD32 VCCAUX

Y22 VCC_NCTF M17 VCC_NCTF AD31 VCCAUX

W22 VCC_NCTF Y16 VCC_NCTF AD30 VCCAUX

V22 VCC_NCTF P16 VCC_NCTF AD29 VCCAUX

U22 VCC_NCTF N16 VCC_NCTF AD28 VCCAUX

T22 VCC_NCTF M16 VCC_NCTF AD27 VCCAUX

R22 VCC_NCTF Y15 VCC_NCTF AC27 VCCAUX

P22 VCC_NCTF P15 VCC_NCTF AD26 VCCAUX

N22 VCC_NCTF N15 VCC_NCTF AC26 VCCAUX

AB26 VCCAUX R13` VCCAUX_NCTF AM24 VCCSM

AE19 VCCAUX P13 VCCAUX_NCTF AL24 VCCSM

AE18 VCCAUX N13 VCCAUX_NCTF AK24 VCCSM

AF17 VCCAUX M13 VCCAUX_NCTF AJ24 VCCSM

AE17 VCCAUX AD12 VCCAUX_NCTF AH24 VCCSM

AF16 VCCAUX Y12 VCCAUX_NCTF AG24 VCCSM

AE16 VCCAUX W12 VCCAUX_NCTF AF24 VCCSM

AF15 VCCAUX V12 VCCAUX_NCTF AE24 VCCSM

AE15 VCCAUX U12 VCCAUX_NCTF AN18 VCCSM

J14 VCCAUX T12 VCCAUX_NCTF AN16 VCCSM

J10 VCCAUX R12 VCCAUX_NCTF AM16 VCCSM

H10 VCCAUX P12 VCCAUX_NCTF AL16 VCCSM

AE9 VCCAUX N12 VCCAUX_NCTF AK16 VCCSM

AD9 VCCAUX M12 VCCAUX_NCTF AJ16 VCCSM

U9 VCCAUX AD11 VCCAUX_NCTF AN13 VCCSM

AD8 VCCAUX AD10 VCCAUX_NCTF AM13 VCCSM

AD7 VCCAUX K10 VCCAUX_NCTF AL13 VCCSM

AD6 VCCAUX AE5 VCCDHMPLL AK13 VCCSM

AD25 VCCAUX_NCTF AD5 VCCDHMPLL AJ13 VCCSM

AC25 VCCAUX_NCTF C28 VCCDLVDS AH13 VCCSM

AB25 VCCAUX_NCTF B28 VCCDLVDS AG13 VCCSM

AD24 VCCAUX_NCTF A28 VCCDLVDS AF13 VCCSM

AC24 VCCAUX_NCTF F22 VCCDQTVDAC AE13 VCCSM

AD22 VCCAUX_NCTF F20 VCCDTVDAC AN10 VCCSM

AD21 VCCAUX_NCTF E26 VCCHV AM10 VCCSM

AD20 VCCAUX_NCTF D26 VCCHV AL10 VCCSM

AD19 VCCAUX_NCTF C26 VCCHV AK10 VCCSM

AD18 VCCAUX_NCTF AB33 VCCSM AJ10 VCCSM

Table 8 9 . Pow er and Ground Signals  ( Sheet  2  of 5 )

Ball Signal Ball Signal Ball Signal
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AD17 VCCAUX_NCTF AM32 VCCSM AH10 VCCSM

AD16 VCCAUX_NCTF AN29 VCCSM AG10 VCCSM

AD15 VCCAUX_NCTF AM29 VCCSM AF10 VCCSM

AD14 VCCAUX_NCTF AL29 VCCSM AE10 VCCSM

K14 VCCAUX_NCTF AK29 VCCSM AN7 VCCSM

AD13 VCCAUX_NCTF AJ29 VCCSM AM7 VCCSM

Y13 VCCAUX_NCTF AH29 VCCSM AL7 VCCSM

W13 VCCAUX_NCTF AG29 VCCSM AK7 VCCSM

V13 VCCAUX_NCTF AF29 VCCSM AJ7 VCCSM

U13 VCCAUX_NCTF AE29 VCCSM AH7 VCCSM

T13 VCCAUX_NCTF AN24 VCCSM AN4 VCCSM

AH1 VCCSM B30 VSS AG25 VSS

J23 VCCSYNC AA29 VSS AE25 VSS

D29 VCCTXLVDS U29 VSS J25 VSS

C29 VCCTXLVDS R29 VSS G25 VSS

AH33 VSS P29 VSS A25 VSS

Y33 VSS N29 VSS H23 VSS

V33 VSS M29 VSS F23 VSS

R33 VSS H29 VSS B23 VSS

G33 VSS E29 VSS AM22 VSS

AK32 VSS B29 VSS AJ22 VSS

AG32 VSS AK28 VSS AF22 VSS

AE32 VSS AH28 VSS G22 VSS

AC32 VSS AE28 VSS E22 VSS

AA32 VSS AA28 VSS J21 VSS

U32 VSS U28 VSS H21 VSS

H32 VSS T28 VSS F21 VSS

E32 VSS J28 VSS AM20 VSS

C32 VSS D28 VSS AK20 VSS

AM31 VSS AM27 VSS AH20 VSS

AJ31 VSS AF27 VSS AF20 VSS

AA31 VSS AB27 VSS D20 VSS

U31 VSS AA27 VSS W19 VSS

T31 VSS Y27 VSS R19 VSS

R31 VSS U27 VSS AM18 VSS

P31 VSS T27 VSS AH18 VSS

N31 VSS R27 VSS AF18 VSS

M31 VSS P27 VSS U18 VSS

Table 8 9 . Pow er and Ground Signals  ( Sheet  3  of 5 )

Ball Signal Ball Signal Ball Signal
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J31 VSS N27 VSS H18 VSS

F31 VSS M27 VSS D18 VSS

AL30 VSS G27 VSS AK17 VSS

AG30 VSS E27 VSS V17 VSS

AE30 VSS C27 VSS T17 VSS

AC30 VSS B27 VSS F17 VSS

AA30 VSS AL26 VSS B17 VSS

Y30 VSS AH26 VSS AH16 VSS

V30 VSS W26 VSS U16 VSS

U30 VSS U26 VSS J16 VSS

G30 VSS AN25 VSS AL15 VSS

E30 VSS AK25 VSS AG15 VSS

W15 VSS AL6 VSS AA20 VSS_NCTF

R15 VSS AG6 VSS AA19 VSS_NCTF

F15 VSS AE6 VSS AA18 VSS_NCTF

D15 VSS AB6 VSS AA17 VSS_NCTF

AM14 VSS W6 VSS AA16 VSS_NCTF

AH14 VSS T6 VSS AA15 VSS_NCTF

AE14 VSS M6 VSS AA14 VSS_NCTF

H14 VSS K6 VSS AA13 VSS_NCTF

B14 VSS AN5 VSS A4 VSS_NCTF

F13 VSS AJ5 VSS A33 VSS_NCTF

D13 VSS B5 VSS B2 VSS_NCTF

AL12 VSS AA4 VSS AN1 VSS_NCTF

AG12 VSS V4 VSS C1 VSS_NCTF

H12 VSS R4 VSS M33 VSSA3GBG

B12 VSS N4 VSS B25 VSSACRTDAC

AN11 VSS K4 VSS B32 VSSALVDS

AJ11 VSS H4 VSS E23 VSSATVBG

AE11 VSS E4 VSS A14 VTT

AM9 VSS AL3 VSS D10 VTT

AJ9 VSS AD3 VSS P9 VTT

AB9 VSS W3 VSS L9 VTT

W9 VSS T3 VSS D9 VTT

R9 VSS B3 VSS P8 VTT

M9 VSS AK2 VSS L8 VTT

J9 VSS AH2 VSS D8 VTT

F9 VSS AF2 VSS P7 VTT

Table 8 9 . Pow er and Ground Signals  ( Sheet  4  of 5 )

Ball Signal Ball Signal Ball Signal
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C9 VSS AB2 VSS L7 VTT

A9 VSS M2 VSS D7 VTT

AL8 VSS K2 VSS A7 VTT

AG8 VSS H2 VSS P6 VTT

AE8 VSS F2 VSS L6 VTT

U8 VSS V1 VSS G6 VTT

AA7 VSS R1 VSS D6 VTT

V7 VSS AN33 VSS_NCTF U5 VTT

R7 VSS AA25 VSS_NCTF P5 VTT

N7 VSS V25 VSS_NCTF L5 VTT

H7 VSS U25 VSS_NCTF G5 VTT

E7 VSS AA22 VSS_NCTF D5 VTT

B7 VSS AA21 VSS_NCTF Y4 VTT

U4 VTT U2 VTT T10 VTT_NCTF

P4 VTT P2 VTT R10 VTT_NCTF

L4 VTT L2 VTT P10 VTT_NCTF

G4 VTT G2 VTT N10 VTT_NCTF

D4 VTT D2 VTT L10 VTT_NCTF

Y3 VTT AA1 VTT D1 VTT_NCTF

U3 VTT Y1 VTT

P3 VTT U1 VTT

L3 VTT P1 VTT

G3 VTT L1 VTT

D3 VTT G1 VTT

Y2 VTT F1 VTT

Table 8 9 . Pow er and Ground Signals  ( Sheet  5  of 5 )

Ball Signal Ball Signal Ball Signal
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1 3 .5 Package Mechanical I nform at ion

1 3 .5 .1 Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT 
Express Chipset  Package I nform at ion

The Mobile I ntel 945GM/ PM, 943/ 940GML and I ntel 945GT Express Chipsets come in an 
FCBGA package, which is sim ilar to the Mobile Processor package. The package consists 
of a silicon die m ounted face down on an organic subst rate populated with solder balls 
on the bot tom side. Capacitors may be placed in the area surrounding the die. Because 
the die-side capacitors are elect r ically conduct ive, and only slight ly shorter than the die 
height , care should be taken to avoid contact ing the capacitors with elect r ically 
conduct ive m aterials. Doing so m ay short  the capacitors and possibly dam age the 
device or render it  inact ive. 

The use of an insulat ing m aterial between the capacitors and any therm al solut ion 
should be considered to prevent  capacitor short ing. An exclusion, or keep out  area, 
surrounds the die and capacitors, and ident ifies the contact  area for the package. Care 
should be taken to avoid contact  with the package inside this area.

The Mobile I ntel 945GM/ PM, 943/ 940GML and I ntel 945GT Express Chipset  package is 
a 1466 ball FCBGA. Unless otherwise specified, interpret  the dim ensions and tolerances 
in accordance with ASME Y14.5-1994. The dimensions are in m illimeters. 

• Package parameters:  37.5 mm x 37.5 mm

• Land metal diameter:  524 m icrons

• Solder resist  opening:  470 m icrons

Tolerances:

• .X -  ±  0.1

• .XX -  ±  0.05

• Angles -  ±  1.0 degrees
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Figure 3 2 . Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Package FCBGA
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Ballout  and Package I nform at ion

Figure 3 3 . Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Package FCBGA 
( Top View )
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Figure 3 4 . Mobile  I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Package FCBGA
( Side View )
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Ballout  and Package I nform at ion

Figure 3 5 . Mobile I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Package FCBGA
( Bottom  View )
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1 3 .5 .2 Mobile I ntel 9 4 5 GMS Express Chipset  Package Dim ensions

The I ntel 945GMS Express Chipset  com es in an FCBGA package, which is sim ilar to the 
Mobile Processor package. The package consists of a silicon die m ounted face down on 
an organic subst rate populated with solder balls on the bot tom  side. Capacitors may be 
placed in the area surrounding the die. Because the die-side capacitors are elect r ically 
conduct ive, and only slight ly shorter than the die height , care should be taken to avoid 
contact ing the capacitors with elect r ically conduct ive m aterials. Doing so may short  the 
capacitors and possibly dam age the device or render it  inact ive. 

The use of an insulat ing m aterial between the capacitors and any therm al solut ion 
should be considered to prevent  capacitor short ing. An exclusion, or keep out  area, 
surrounds the die and capacitors, and ident ifies the contact  area for the package. Care 
should be taken to avoid contact  with the package inside this area.

The I ntel 945GMS Express Chipset  package is a 998 ball FCBGA. Unless otherwise 
specified, interpret  the dim ensions and tolerances in accordance with ASME Y14.5-
1994. The dim ensions are in m illim eters. 

• Package parameters:  27 mm x 27 mm

• Land metal diameter:  500 m icrons

• Solder resist  opening:  430 m icrons

Tolerances:

• .X -  ±  0.1

• .XX -  ±  0.05

• Angles -  ±  1.0 degrees

Figure 3 6 . Mobile  I ntel 9 4 5 GM/ PM, 9 4 3 / 9 4 0 GML and I ntel 9 4 5 GT Express Chipset  
Package 
FCBGA SRO Details
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Ballout  and Package I nform at ion

Figure 3 7 . Mobile I ntel 9 4 5 GMS Express Chipset  Package FCBGA
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Figure 3 8 . Mobile I ntel 9 4 5 GMS Express Chipset  Package FCBGA ( Top View )

Figure 3 9 . Mobile I ntel 9 4 5 GMS Express Chipset  Package FCBGA ( Side View )

4

3

2

Ø5.200

3.250

3.250

0.100MM DIE OFFSET IN WEST DIRECTION FROM 
CENTER OF PACKAGE

SUBSTRATE

C

   SIDE VIEW 

(UNMOUNTED PKG)

B

DIE

Min 0.8128
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Figure 4 0 . Mobile I ntel 9 4 5 GMS Express Chipset  Package FCBGA ( Bot tom  View )

BOTTOM VIEW PKG

SEE DETAIL A

27.00±0.04

2
7
.0

0
±
0

.0
4

REF (8 PLACES)

(0.8128 x 9 = 7.3152)

Center Array

(0.8628 x 10 = 8.6280)

(0.8628 x 10 = 8.6280)

Center ball array is offset from the center of the package by (X: -1.60um, 
Y: 1.60um)
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§

Figure 4 1 . Mobile I ntel 9 4 5 GMS Express Chipset  Package FCBGA SRO Details

998 Places

X10SCALE  
BGA LAND

DETAIL "A"

SOLDER RESIST OPENING

0.430±0.02
SOLDER RESIST OPENING (SRO)
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