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Introduction i nt9I ®

1.1 Intel® E8501 Chipset North Bridge (NB) Feature List

The NB is the center of the Intel® E8501 Chipset architecture (refer to Figure 1-1). The NB
provides the interconnect to:

* 64-bit Intel® Xeon® processor MP or Dual-Core Intel® Xeon® processor 7000 sequence via
two 667 MHz or 800 MHz front side buses optimized for server applications

* XMBs via four Independent Memory Interfaces (IMI)

* [/O components via one x4 & three x8 PCI Express* links and Intel® 82801EB 1/0 Controller
Hub 5 (ICHS) via the HI 1.5

111 Processor Front Side Bus Support
* Supports up to 4 64-bit Intel® Xeon® processor MP or Dual-Core Intel® Xeon® processor
7000 sequence
* 667 MHz or 800 MHz operation
* Maintains coherency across both buses

* Double-pumped 40-bit address buses with ADS every other clock which provides a total
address bandwidth of 167 million addresses/second

* Quad-pumped, 64-bit data bus providing a bandwidth of 5.3 GB/s per bus at 667 MHz or
6.4 GB/s per bus at 800 MHz

* In-Order-Queue depth of 12
* Maintains coherency across both buses
* Return data by Enhanced Defer to allow out-of-order completion

* ECC protection on data signals and parity protection on address signals

1.1.2 Independent Memory Interface
* 4 Independent Memory Interface (IMI) ports, each with up to 5.33 GB/s inbound (read)
bandwidth and 2.67 GB/s outbound (write) bandwidth simultaneously

* 40-bit addressing support provides one terabyte (240 bytes) addressing capability (this is in
excess of maximum physical memory supported by the Intel® E8501 chipset platform)

* Memory technology independent
* Hot-plug support on each IMI

1.1.3 /0 Interfaces

The Intel® E8501 chipset relies primarily on PCI Express to provide the interconnect between the
NB and the I/O subsystem. The I/O subsystem is based on one x4 PCI Express link, three
x8 PCI Express links (each of which can be split into two x4 links), and one HI1.5 link.

18 Intel® E8501 Chipset North Bridge (NB) Datasheet
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PCI Express*

* One x4 and three x8 links. Each x8 link can be configured as two x4 links, making a total of
seven x4 links

* 1 GB/s bandwidth in each direction for x4 links and 2 GB/s for x8 links
* All ports support Hot-Plug

HI 1.5
* 8-bit wide, 4x data transfer, 66 MHz base clock
* 266 MB/s bandwidth

* Legacy I/O interconnection to the ICHS

1.1.4 Transaction Processing Capabilities

* 64 transactions processed concurrently

* 128-entry Common Data Cache (CDC) for write combining and write buffering

1.1.5 RASUM

* ECC on all internal data paths
* Error Detection and Logging Registers on all interfaces
* CRC32 and CRC16 on PCI Express links
* Packet level CRC on IMI’s
* IMI error recovery support via read or write retry
— Transient DRAM read error recovery
— Transient single IMI wire failure recovery
* Memory mirroring support
* Parity protection on Hub Interface 1.5 (address, control & data)
* Hot-Plug support on PCI Express and IMI ports
* SMBus and JTAG interfaces for system management
* Support for Mirroring of memory

* Parity protected Hub Interface (Address, Control & Data)

1.1.6 Package

* 1432 pin FC-BGA3 (42.5 x 42.5 mm) with a pin-pitch of 1.09 mm.

Intel® E8501 Chipset North Bridge (NB) Datasheet 19
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1.2 Intel® E8501 Chipset eXternal Memory Bridge (XMB)
Feature List

The Intel® E8501 chipset external memory bridge (XMB) is an intelligent memory controller that
bridges the IMI and DDR interfaces. Each XMB connects to one of the NB’s four IMI interfaces.
The Intel® E8501 chipset may operate with 1 to 4 XMBs.

1.2.1 DDR Memory Support

* Dual DDR memory channels operating in lockstep with four DIMM slots per channel
* DIMMS must be populated in pairs, and DIMMS within a pair must be identical

* Supports either DDR at 266 MHz or 333 MHz or DDR2 at 400 MHz

* Supports 256-Mb, 512-Mb, and 1-Gb technologies

* Registered ECC DIMMS required

* Integrated I2C* controller for reading DIMM SPD data

1.2.2 IMI Support

* High speed, point-to-point, differential, recovered clock interconnect

* 2.67 GB/s outbound (to the XMB) and 5.33 GB/s inbound (from the XMB) simultaneous
bandwidth

* Hot-Plug support

1.2.3 RASUM Features

* ECC on all internal data paths
* Error detection and logging registers on all interfaces
* Packet level CRC protection on IMI
* IMI error recovery support via read or write retry
— Transient single IMI wire failure recovery
* Intel® x8 Single Device Data Correction (x8 SDDC) technology
* DIMM demand and patrol scrubbing
* DIMM sparing
* Hardware memory initialization
* Performance counters
* SMBus and JTAG interfaces for system management

* Hot-plug capable IMI

20 Intel® E8501 Chipset North Bridge (NB) Datasheet
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® R29-pin FC-BGA3 (37.5 x 37.5 nun} with a pin-pitch of 1.27 mm

D
Agent A logical device connected to a bus or shared interconnect that can either
iniiiate accesses or be the target of accesses.
Assarted Signal is set o a level that represents fogical frue.
Asynchranous 1. An event that causes a change in state wilh no relationship to a clock

signal.
2. When appiled to transactions or a stream of transactions, a classiication
for those that do not require service within a fixed time inferval

Atomic operation

A senes of two or more ransactions to a device by the same Initiator which are
guaranteed to complete without intervening accesses by a different masier.
Most commonly required for a read-modify-write {(RMW) operation.

Bit interieave,
Address Bit Permuting

The way the bits in a cache line are mapped o DIMM rows, banks, and
columns {DDR SORAM) of memory.

Buffer 1. A random access memory structure.
2. The term IO buffer 15 aiso used o descrbe a low level input recerver and
output driver combination.
Cache Line The unit of memory that is copied to and individually tracked in a cache.

Specificalty, 64 bytes of dala or instructions aligned on a 64-byte physical
address boundary.

Cache Line Intericave

The way a senes of cache lines are mapped to DRAM devices.

Chg Used as a quatlifies for transactions thet target PCI configuration address
space.

Charecter The raw data Byte in an encoded system (2.g. the 8b value in a 8b/10b
encoding scheme). This is the meaningful guantum of information to be
ransmitled or that is received across an encoded transmission path.

Coherent Transaclions that ensure that the processor's view of mermory thmough the
cache is consistent with that obtained through the YO subsystem.

Command The distinct phases, cycies, or packets that make up a transaclion. Requesis
and Completions are referred to generically as Commands.

Completion A packet, phase, or cycle used fo terminate a Transaction on a interface, or
within a component. A Completion will always refer to a preceding Request
and mey or may not include data and/or cther information.

Core The intemei base logic in the NB.

CRC Cyclic Redundancy Check; A number derived from, and stored or transmitted

with, a biock of data in order to detect comuption. By recalcutaiing the CRC
end comparning it to the value originally fransmitled, the receiver can detect
some lypes of Tansmission emors.
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Critical Ward First

The Independent Memary Interface specification constrains the XMB o deiiver
the words of a cache line in a particular order such thal the waord addressed in
the request appears in the first dala transfer.

DDR Double Data-Rate memody.
One electrical interace 10 one or mare DIMMs, supporiing 8 bytes of data and
DOR Channel 1 byte of ECC.
Deasserled Signal is set to a levet lhat represents {ngical false.
DED Doubie-bit Etror Detect.

Deferred Transaction

A front side bus Split Transaction. The requesting agent receives a Deferred
Response which allows other transactions to occur on the bus. Later, the
response agent campletes the original request with a separate Deferred Reply
fransaction.

Delayed Transaction

A transactian where the larget retries an initial request, but unknown o the
initiator, forwards or services lhe request an behalf of the initiator and stores
the completion or the result of ihe requesi. The onginal initiator subsequently
re-issues the request and receives the stored completion.

DFEM Design for Manufaclurability.

DFT Diesign for Testability.

DIMM Dual-in-tine Memaory Medule. A packaging amrangement of memary devices
on a socketable substrate.

DIMM Rank That set of SORAMs on one DDR branch which provides the data packet.

BIMM Slat Receplacle (socket) far a DIMM. Also, the relative physical location of a
specrfic DIMM an a DDR channei

DIMM Stack A set of DiIMMs that share data fines.

Direct Memory Access

Methnd of accessing memory on a system wilhoul interrupting the processors
on that system.

DMA

See Direct Memory ACcess.

Cownstream

Describes commands or daia flowing away from the processor-memary
complex and loward /G The tenms Lipstream and Downstream are never
used ta descnhe transactions as a whole. {2.g. Downstream dala may be the
result of an Cutbound Wiite, ar an inbound Read. The Completion i an
inbound Read travels Downstream).

DRAM Page {Row)

The DRAM ceils selected by the Row Address.

DWW A reference to 32 bils of data on a naturally aligned four-byle boundary (i.e. the
least significant twa bilts of the address are 00b}.
ECC Etror Comecting Code.

Front Side Bus

Processar-to-NB interface. The front side bus in this document refers ta
operation at 166/333/667 MHz {Bus Clock/Addmess/Data) or 2000400/300 MHz
{Bus Clock/iAddress/Dala) . The front side bus is not compatible with the P&
frant stde bus.

Full Duplex

A connection or channei that allows data or messages to be transmitted n
opposite directions simuitanecusly.

intel® EB5Q1 Chipset North Bridge {(NB) Datasheet
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GB/is Gigabytes per second (109 byles per second).
Ghfs Gigahils per second {109 bits per second).
Half Dupiex A connection or channel that allows data or messages to be ransmitled in
either direction, but not simulianeously.
Hit5 The intel proprietery hub interface that connects the NB Lo the ICH5
Haost This barm is used synonymously with Processor.
el 1. InpulOutput.
2 When used as a qualifier to a transaction type, specifies that (ransaction
targets Intel architecture-specific (/O space. {e.g., ¥O read}.
intel® ICH5 The 1#C Controlier Hub component that contains the legacy I/O functions. It

communicates with the N8 over a propretary interconnect cailed Hub
interface.

imphicit Winteback

A snoop Initiated data transfer from Lhe bus agent with Lhe modified Cacha
Line to the memory controfler due to an access to that line.

Inbound A tiansaction where the request destination is the processor-memary complex
and is sourced from /0. The terms Inbound and Oulbound refer to
ransactions as a whole and never lo Reguesls or Complelions in isofation.
{e.9. An Inbound Read generates Downstream data, whereas an Inbound
Write has Upstream data. Even mare confusing, the Completion to an Inbound
Read travels Downstream.)

inbound {18 )/Outbound Up, North, or inkound 15 In the direction of the Independent Memory interface,

{OB) Down, South, or Outbound is in the direction of otber 10 (SDRAM, SMBus).

AKA Upstream/ orf

DownStream, . . )

Northbound/Southbound, inbound is towards the NB, Oulbound is away form ii.

Upbound/Downbound

Inttiator The source of requesis. {IBA) An agent sending a request packst on
PCI Express is referred to as the initiator for that Transaction The Mnitiator
may receive a completron for the Request. [FCI Express)

isachmnous A classification of fransactions or a siream of transactions ihat require service
within a fixed time iniervai.

Layer Alevel of abstraction commonly used in mierface specfications as a ool ta
group stements related to a basw: function of the interace within a layer and to
identify key interactions between layers.

Legacy Functional requirements handed down lrom previaus chipsels aor PC
compatibility reguirements fram the past.

Line Cacheline

Line-Atomically

Alonic operation on one cache lines. Operations on ather nes proceed
narmally during the line-atomic operation. Glher aperations to the same cache
line are suspended until the ine-alomic aperation is complete.

Link A full duplex transmission path batwaen any two PCI Express devices.
Lsb Least Significant Bit
LSB Least Significant Byte
intel® EB50 1 Chipset North Bridge (NB} Datasheet 23
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Masier A device or logical eniity that is capabie of initiating transactions A Master is
any potential Initiator.

Master Abort A response to an iiegal request. Reads receive all 15 data. Wnites have no
effect.

MB/s Megabytes per second {108 byles per second)

Mem Used as a guaiilier for lransactons that [arget memory space. {e.g. A Mem

read to 1/0)

Memory Issue

Committing a request to DDR or, in the case of a read, retuming the read
header.

Mesochronous Distmbuted or comman referenced ciock

Metastatnlity A charactenstic of fiip flops that describes the siate where the output becomes
non-deterministic. Most commonly caused by a setup or hold time violation.

MSb Most Significant Bit

MSE Most Significant Byle

MTBF Mean Time Between Failure

NB tntel® EB501 Chipsat Norlh Bridge (NB)

Non-Coherent

Transactions that may cause the processnor's view of memory through the
cache o be different with that obtained through the /O subsystem.

Qutbound

A lransachon where the request destination is /0 and is sousced from the
processar-memary compiex. The lerms Inbound and Ouwbound refer 1o
fransactions as a whole and never to Requeslts or Compietions in isafabion.
{e.qg. An Cutbound Read generates Upstream data, whereas an Qutbound
Wiz has Downstream data. Even more confusing, the Compleion ta an
Outbound Read travels Upstream j

PCI-PCI {P-P)

Peer-to-Peer Transactions that occur between two devices independant of
memary ar the processor.

Packet

The tndivisitle unit of data ransfer and routing, consisting of a header, dala,
end CRC.

Page Hit

An access to an open page, of DRAM row. The dala can be supplied from the
sense amps at low latency. The wo halves of the cache line are always piaced
on lhe same page, so that only ane row command is used. Ouiside of a cache
line the XMEB maps address bits 1o optimize random accesses, at the expensea
of page hils. Thus page hits oulside a cache line are rare.

Page Miss (Emply Page)

An access to e page that is not buffered in sense amps and must be fetched
from DRAM amay. Address Bit Permuting Address bits are distnbuted among
channel selects, DRAM selects, bank selects to so that a linear address
stream accesses thase resources in a cerldin sequence.

Page Replace Aka Page
Miss, Row Hil/Page Miss.

An access to a row that has another page open. The page musi be ransferred
back from the sense amps to the array, and the bank must be precharged.

PCI Bus

Penpheral Component Inierconnect Local Bus. A 32-bit or 64-bit bus wilh
multiplexed address and data lines that is primarily intended for use as an
intercannecd mechanism within a system between processor/memory and
pefipheral components or add-in cards.

PGl 2.3 compliant

Refers to compliance o the PCY Local Bus Speciicaiion. Revision 2.3

intel® EB5Q1 Chipset North Bridge (NB) Datasheet
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Plesiachronous Each end of alink uses an independent clock reference. Supporl of this
operational mode places reslrictions on the absolule frequency difference, as
specified by PCI Express, which can be inlerated belween the two
independent clock references.

Pasted A Transaclion that is considered complete by the initiating agent or source
befare it aclualty completes at ihe Target of the Request or destination. All
agents or devices handling Lthe Request on bahaif of the onginal inifiator must
lhen treat lhe Transaction as baing system visibie lrom the initiating inferdace
all the way to Lhe final destination. Commonly refers to memory writes.

Push Model Method of messaging or data fransfer lhat predommately uses writes instead
of reads.

Queue A first-in first-out structure {(FIFQ).

RASUM Reliability, Avaiiability, Serviceabiity, Usability, and Manageability

Recaiver 1. The Agent thvat receives a Packet actoss an interface regardiess of

whielher it is the uitimate destination of the packet.
2. More narrowly, the circuitry required to convenl incoming signals from the
physlcal medium to more percept ble forms.

Request A packet, phase, or cycle used to initiate a Transaction on a interface, or within
a compaonent.

Resarved The contents or undefined siates or information are not defined at this ime.
Using any reserved area is not pemmitled. Reserved register bils must haye
their values preserved .

RMWY Read-Modify-Write operation

SDRAM Synchronous Dynamic Random Access Memory

SEC Single-bit Error Comect

Serial Fresence Deted]
{aka [2C7 protocol}

A Z2-signal senal bus used 1o read and write montrol regisiers in the SORAMS.

Simplex A connection or channel thal aliows dala or massages D be transmitled in one
direction only.
Systern Management Bus. Mastered by a system management controtfer to

SMBus read and wnte configuration registers. Signating and protocol are loosely
based on 12C, imited to 100 KHz.

Snooping A means of ensuring cache coherency by monitonng all memory accessas on

a common multi-drop bus to determine If an access is to Information resident
within a cache.

Split Lock Sequence

A sequence of ransactions that occurs when the target of a lock operation is
split acrss a front side bus data alignment or Cache Line baundary, resulting
in hwo read transactions and wo wiite transactions to accomplish a read-
modify-wnte operation.

Split Transaction

A transaction that consfsts of distinct Request and Comptetion phases or
packets Ihat allow use of bus, or iterconned, by other lransactions while the
Target 1s servicing the Request.

S55TL

Stub-Series Terminated Lagic
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Symbod An expanded and encoded representation of @ data Byte in an encoded
system {e.g. the 10-bit value in a A-hit"10-bit encoding scheme}. This 1s the
value that is transmitted over the physical medium.

Symbol Time The amount of time required to ransmit  symbot.

Target A device that responds to bus Transactons. (FCI-X*) The agent receiving a
request packet is referred to as the Target for that Transaction. [PCI Express].

Tenured Transaclion A lransaction that holds the bus, or interconnect, until complete, effectively
blacking all other transaciions while the Target is servicing the Request.

TID Transaction Identifrer; A multi-bit firld used to uniguely identify a transaction.
Commonly used to retate a Completion with its originating Request in a Split
Transaction system.

Transaction An averioaded term Lhat represenls an gperation bebween two or more agents
that can be comprised of multiple phases, cycles, or packeis.

Transmitler 1. The Agent that sends a Packet across an interface regardless of whether it
was the anginal generator of the packet.

2. More narmowly, the circuitry nequired to drive signals onto the physical
medium.

psiream Describes commands or data flowing foward the processar-memory compiex
and away lrom /0. Tre terms Upstream and Downstream are never used o

descr be ransactions as a whole. {e_.g. Upsiream dafa may be lhe result of an
fnbound Write, or an Outbound Read. The Completion to an Osutbound Read

ravels Upsiream.)

XM8 intel® EAS01 Chipset eXternal Memory Bridge (XMB)

This revision of the Intel® E830] Chipset Norvth Bridge (NB) Datasheet is consisient with the
following docwmentations:

« Intel® E§501 Chipser eXiernal Memory Bridge (XMB) Daiasheet

* PCI Express Specification

* PCI Local Bus Specification

s Intel® 6700PXH 64-bit PCI Hub and Iniel® 6 702PXH 64-bit PCT Datasheet

e Intel® 82801 EB 1/0 Controfler Hubs (ICHS) and Intel® 82801 ER IO Controller Hubs R
(TCHSR) Darasheet

*  G4-bir Imel® Xeon™ Provessor MP with IMB L2 cache Datasheer
»  64-Dit Intel® Xean® Processor MP with up to 8MB L3 cache Datasheet

* Dual-Core Intel® Xeon® Processor 7000 Sequence Datasheet

§
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2 Overview

This chapter provides a general overview of the Intel® E8501 chipset North Bridge (NB) and its
properties. For functionality details on each interface, please refer to Section 6.

2.1 Logical Pin Grouping

Figure 2-1 provides a complete list of the NB signals. The signals are arranged in functional groups
according to their associated logical interfaces: FSB{A,B}, IMI{A/B/C/D}, PCI Express{A0/A1l/
B0/B1/C0/C1/D}, HIL.S, Clock, RAS and Debug. For the complete description of each signal,
please refer to Section 3.
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supporls Message Signalled Interrupts (MSI}. In this document, FO{x}APIC is an mterrupt
controller. This functionality will be einbedded into the Intel 6700PXH 64-bit PCT Hub and ICHS
companents af the chipset.

The legacy 8259 functionality is embedded in the ICHS component. The Intel® E8501 chipset will
support inband 8259 interrupt messages from PCI Express devices for boot. The chipset also
supporls the processor-generated “interrupt acknowledge™ (for legacy 8259 intermipts). and “end-
of-intermept™ ransactions (XAPIC).

The xAPIC interrupt architectures deliver interrupis to the target processor core via intetrupt
messages presented on the front side bus. Intemrupts can originate from O(x)APIC devices or
processors in the systemn. Interrupts generated by YO(x)APIC are in the form: of writes with a
specific address encoding, Intexrupts generated by the processor appear on the front side bus as
transactions with a similar address encoding, and a specific encoding on the REQa/REQb signals
(REQa=01001. REQb=11100).

The xAPIC architecture provides for lowest priority delivery through intermapt redirection by the
chipset. If the redirectable “hint bit” is set in the x APIC message. the chipset may redirect the
interrupt to another processor. Note that redirection of mterrupts can be to any processor on erther
Front Side Bus ID and can be applied to both I/O mterrupts and IPIs. The redirection can be
performed in logical {flat or clustered) and physical destination nrodes (these inodes are explained
in section 6.8.2.2). Figure 2-4 shows the address definition in an IA-32 system (xAPIC). For more

1.8.1. "XAPIC Dk 33
at 20 19 12 1 232 0
r
OXFEE DID EDID {not used] :‘ dm ﬁ
d

DID: B-bit destination 1D. Safiware may assign each 1D ta any value
EDID: Mot used. It 5 a reserved feld in the Processor EHS

th: Redireclional bit {O=direchonal, i=redirecibic)
dm: Destination mode (0-physical, 1=logical}
* PCIPCI Express ransacton encoding. Copied ta AbS an Systermn Bus
The data field of an intermupt wansaction is included in -1 for reference.
X Trigger Mode Defivery Status X delivery Mode Vaclor
3z intel® EB501 Chipset North Bridge (NB) Detasheet
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2.6 Intel® E8501 Chipset North Bridge (NB) RAS
Features

The NB provides a rich set of RAS (Reliability, Availability and Serviceability) features at all its
logical interfaces to assure high data integrity, system availability and manageability of the system.

2.6.1 Data Integrity (Error Detection)

The NB provides data integrity throughout the component by employing ECC (Error Correcting
Codes), CRC (Cyclic Redundancy Checks) and parity on its logical interfaces (Front Side Bus,
IMI, PCI Express and HI1.5) as well as ECC on its own internal data paths and buffers (Refer to
Figure 2-5).

2.6.1.1 Front Side Bus Interface

* Parity protection on the address lines.

* ECC protection on the data bus.

2.6.1.2 Independent Memory Interface (IMI)

* CRC on outbound control packets.
* CRC and x8 SDDC on inbound data packets.

* Re-issue capability on detected packets that contain a packet CRC errors (errors bad packet
will be discarded).

* Transaction ID contained in each packet.
* Transaction retry on time-out or uncorrectable errors.
* 3 virtual signals for errors: FATAL, Uncorrectable and Correctable.

* Hot-Pluggable

2.6.1.3 PCI Express Interface

* 8B/10B encoding at the physical layer.

* CRC on all packets for further data protection (The illegal codes can be detected since not all
8B/10B encoding is used).

* Additional link level mechanisms:

PCI Express Training

Synchronizes the two end of the interface without software intervention to ensure a robust
connection.

PCI Express Retry

If packets contain errors, the packet will be discarded and the sending end of the interface gets
signaled. The sending hardware will re-transmit the particular packet in question and all
following packets. Although this will cause a temporary interruption in the delivery of packets,
it does so in order to maintain the link integrity.

PCI Express Recovery

When enough errors occur, the PCI Express link may enter into a quick training sequence,
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2.6.3

2.6.4

Note:

2.6.5

Overview

Memory Mirroring

The Memory Mirroring enables redundancy by always keeping an exact duplicate of memory
accessible. The Memory Mirroring logic is located in the NB and is a user selectable feature. At
configuration time, the user can enable mirroring and select which IMI Ports are mirrored. The IMI
port mirroring options are as follows:

¢ IMI Port A and B are mirrored, IMI Port C and D are mirrored.
¢ IMI Port A and C are mirrored, IMI Port B and D are mirrored.

Mirroring control registers include REDUN (Section 4.19.9), IMIST (Section 4.13.9) and IMIHPC
(Section 4.13.10) registers.

For a detailed description of mirroring, including the Hot-Plug and re-silvering in mirroring mode,
refer to Section 6.3.

Memory RAID

The Memory RAID enables the data to be reconstructed upon failure behind the IMI ports. The
Memory RAID logic is located in the NB and is a user selectable feature. At configuration time, the
user can enable memory RAID.

The NB cannot be configured to be in Memory Mirroring Mode and RAID mode at the same time,
as these features are mutually exclusive. Also, in order to enable the Memory RAID, the platform
must be configured with four XMBs with matching memory configurations.

Raid control registers include REDUN (Section 4.19.9), IMIST (Section 4.13.9) and IMIHPC
registers (Section 4.13.10).

For a detailed description of RAID, including the Hot-Plug and re-silvering in RAID mode, refer to
Section 6.3.

Hot-Plug

PCI Express — All the PCI Express ports are Hot-Pluggable. For more information refer to
Section 6.4.8, “Hot-Plug” on page 314.

IMI - The NB provides the ability to add or remove each XMB and the memory behind it to or
from any IMI port interface from a running OS instance. The details of the support will be provided
in the future revision of this document. For more information refer to Section 6.3.8, “IMI Hot-
Plug” on page 287.

Note: 1In addition to the above Hot-Plug support on the NB, the Intel® E8501 chipset offers Hot-Plug
support at the Intel® 6700PXH 64-bit PCI Hub (PCI-X*) interface as well. For detail on
application and implication of this component, please refer to Intel® 6700PXH 64-bit PCI Hub and
Intel® 6702PXH 64-bit PCI Hub Datasheet.

§
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This section provides a detailed description of the Intel® E§501 chipset north bridge (NB) signals.
The signals are arranged in functional groups accordino tp their assgeiated interface, The sunmary
of all signals are also captwed on | e 2-1 ~Ir <01 : 2 (NB) Interface

(B
S

The terms assertion and de-assertion are used extensively when describing signals, to avoid
confision when working with a mix of acive-high and active-low signals. The rerm assert, or
assertion. indicates that the signal is active, independent of whether the active level is represented
by a high or low voltage. The tenm de-assert. or de-assertion, indicates that the sigiial is inactive.

Signal names may or may not have a “#” appended to them. The *#” symbol at the end of a signal
name indicates that the active. or asserted state ocours when the signal is at a low voltage tevel.
When “#" is not present after the signal name the signal is asserted when at the htgh voltage level.

Differential signal pairs adopi a ** {P/N}" suffix to indicate the “positive™ (P} or “nepative” (N)
signal 1n the pair. If a “#" is appended, it will be appended to both.

When discussing data values used inzide the component, the logical value is used (i.e. a data value
described as “1101b” would appear as “1101b” on an active-high bus, and as “0010b™ on an active-
low bus}. When discussing the assertion of a value on the actual signal. the physical value is used
{i-e. asserting an active-low signal produces a *“0™ value on the signal).

Some signals or groups of signais have multiple versions. These signal groups may represent
distinct but similar perts or interfaces, or may vepresent identical copies of the signaf used to reduce
loading effects. Table 3-1 shows the conventions used i this document.

Curly-bracketed. non-trailing ninnerical indices fe.g. *“{3/Y}""} represent replications of major
buses. Square-bracketed nunierical indices (e.g. “[n m}” represent functionally simalar but logically
distinct bus signals; each signal provides an independent control, and may or may not be asserted at
the same time as the other signals in the grouping}. In contrast, trailing curly-bracketed munmericat
indices, e.g.. “{xfy}™ typically represent identical duplicates of a signal that are provided for
electrical reasons.

RR{AB/CIX Expands to: RRAXX, RRBXX, and RRCXX. This dengtes simiar signals on replicated
buses.

RR[Z0] Expands to: RR[Z], RR{1], and RR{{j]. This denotes a bus.

RR{A/BICY Expands to: RRA, RRE, and RRC. This denotes electnical dupficaies.

RER# or RR[2:01# | Denotes an active low signal or bus.
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Signal Description

! lists the reference terminology used for signal types.

| Input Signal
0 Cutput Signai
A Analog
10 Bidirectional {Input/Outpul) Signal

£

38

H_{A/B} A[30:3j

e

Address Signals: Processor Address Bus. During processor
cycles these are inputs. Thae NB drives A[39:3}# for
fransaciions originating from PCi Express, other £58, and for
daeferred reply transaclions.

H_{A/B} ADS#

e

AddressfData Strobe: Indicates the first cycle of any
request phase. This signal is driven and sampled by the NB.

H_{A/B} ADSTB[101

G

Address Strobes: Used to transfer requesis at the x2 rate
The falling edge of the slrobe transfars the 1st subphase.
The rising edge of lhe strobe transfers he 2nd subphase.

H_{AB) AP[1 O

WO

Address Parity: Parity protection on the address and
request bus. The NB will generate AP[1:-01# for ils own
wansactions. The NB will also monitor AP] 1-0J# for ail

fransaclions and check party on the address bus.

H_{A/B]_BINITH

O

Bus Initialization: Processor assertions are logged as "F27
zrrofs. The NB does not assert this signal.

H_{A/B] BNR#

O

Block Next Request: The NB monitors processor assertions

of this signal to block any af the NB's transactions from being
issued on the bus.

H_{A/B}_BFPM[54}#

{184

Breakpoint / Debug Bus: This group of signatls is usad by
the system debug logic and by the NB for communicating
debug information. BPM[5:4] are used as breakpoint riggers.

H_{A/B} BPRI#

Priority Agent Bus Reguest: The NB asseris this signal io
drive reguesls ariginating from the PCI Express and Hl ports,
snoops from the other FSB. and to issue a deferred reply
fransaction in some special cases. The NB will also assert
this signal io block the processors from issuing transaclions.
Symmetnc agents do not assert (his signal. The NB does not
observe this signal.

H_{A/B} BREQjOJ#

e}

Physical Bus Request: The NB drives BREQ[0¥ during
POC and de-asserts it one clock after the NB samples reset
de-asserled.

H_{A/B}_BREC[1]#

Physical Bus Request: The NB does not drive BREQT1],
but rather observes active BREQ[1:0] from processors g
determine de-asserntion of BPRIE to transfer bus ownership to
he processor.
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H_{A/B} D[63.0]#

e

Signal Description

Data Bus: 54 bits of data driven by the ageni responsible for
dnving data during the Data phase.

H_{A/B} DBIf3 0

e

Data Bus Inversion: Each bit comesponds lo one of the FSB
data signal group and 8 bits of ECC.

H_{A/B} DBSY#

Data Bus Busy: Indicates that the data bus is owned by the
ageni responsible for driving the data durng the Data phase.
DBSY# assertion does not imply that data is being
transfermed duning that cycie.

H_{A/B} DEFER#

Defer: The NB asserls DEFER# for all processor-initieted
transactions with DEN# assened. The NB will also generate
defemed responses for lhese transactions except for the
case when an in-arder retry is forced.

H_{A/B} DEP[7:0}4

e

Data Bus Extended Parity: ECC coverage for 64 bits of
data (D). The NB generates thes ECC when It drives data
during the Data phase. The NB also checks lhe ECC
accompanying Incoming data.

H_{A/B)_DP[3.0}#

o]

Data Bus Parity

H_[A/B}_DRDY#

G

Data Ready: Indicates that data is vahd on the data bus
during any cycle DRDY# is asserled. The NB assers DROY#
for each valid daie transfer.

H_{A/B} HIT#

o]

Snoop Hit: The NB captures the value of HIT# for
transactions that are defemed and returns it using DHIT#
during the Deferred Phase.

The NB asserls HIT# to initiate & snoop stall {HIT# and
HIT Wt esserted together).

H_{A/B}_HITM#

8]

Snoop Hit with Modified: The NB observes HITM# and
when asserted dnves TRDY# for implicit wateback.

The NB assers HITM# io initate a snoop slall (HIT# end
HIT M# asserted together).

H_[A/B}_ID[7-0#

Transaction identifier: These are driven during the
Deferred Phase and indicate the transaction ID of the
defemred transaction. On the second clock of the defarred
phase {I0S4 + 1), IDb[1.0]# carres the parity for the 1D
signals. [Db[ZH renamed as DHIT# is asserled by NB if the
snoop phase of the onginal transaction resulted in HIT#

H_[A/B}_IDS#

Transaction kdentifier Strobhe: |IDS# is asserted by the NB
to indicate lhe first cycle of the deferred phase.

H_[A/B}_LOCK#

Bus Lock: indicates atomicity of transactions.

H_{A/B} MCERR#

o

Machine Check Ermmor: MCERR# indicates non-recoverahle
bus protocal vicletion.

H_{&/B} REQ[4:01

He

Request Command: The NB issues requesls by driving
REOQ[4:07# while assening ADS#. The NB lracks processor
requests on REQ[4:0]# upon observing asserlions on ADS4#.

H_{A/B}_OOD#

QOut Of Order Data: OOD# delivers the daia for the deferred
phase.

H_[A/B}_RS[20#

Response Statusg: indicates the type of response generated
by the NB. Valid responses are Hard Fail, imptlicit Wnteback,
Normal Data, No Data. Deferrad, and Reiry.

H_{A/B)_RSP#

Response Status Parity: Parity protection on RS[2:0}#%.
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Signal Description

40

INtl.

H_{AB} DSTBN[3 Of# e Nepgative Data Strobes: Used io transfer data at the x4 rate. |
OSTBN[3.0%t is the negalive phase data slrobe. Data
transfer for subphases 2 and 4 occur on the falling edges of
STBN#. The NB drives and sampies DSTBN[3 .01

H {AB} DSTBP[3.0)# [Be; Positive Data Strobes: Used to (ransfer dala at the x4 rate.
DSTBR[3:07# is the positive phase data strobe. Data transfer
for subphases ‘1 and 3 cceur on the falling edges of STBP#.
The NB drives and samples DSTBPR[3:0]#.

H_{AB} TROY# O Target Ready: The NB asserts TRDY# when it is ready to
accept data from the processor.

H {AB} VREF[2:0] A FSB AGTL+ Receiver Voltage References {0.733 V)

H CRES A F38B Compensation Resistor Commeon: Common {ground}
pin for connedlion to the H_ODTCRES and H_SIWCRES
compensation resistors.

H ODTCRES A FSB On-Die Termination Compensation Resistors:
Compensation resistor that determines the FSB on-die
termination.

H SIWCRES A F5B Slew Rate Compensation Resistor: Compensation
resistor that determines the FSB driver slew rate.

IMI_{AB/C/DY TXPIO:D] 0 Memory Port Qutbound: Signals used for command and
write operations.

IMi_[A/B/C/DY TXNI9.0] 0 Memory Port OQutbound Complement: The complement of
lhe signais used for command and write operations.

IMI_{ABICDY_RXP[17 0] ) Memory Port inbound Data: Signals used for returning data
from read opetations.

IMI_{ABCIDY RXN[17:0] | Memory Port Inbound Data Complement: The compiement
of the signals used for returning data from read operations.

IMi_{AB/C/DY LINKP[2:0] | Memory Port Inbound Link: Link signals used for command
Tomptetions.

IMi_{AB/C/DY LINKN[Z:0] | Memory Port Inbound Link Compiement: The complement
of the link signats used for command compietions.

IMi_{A/B/C/DY WCOMPI A Memory Porf Impedance Compensation

IMI_{ABICID)_ICOMPQ A Memory Port Impedance Compensation

IMI_{AB/CD}_FRAME O IM| Frame
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Signal Description

EXP_{ADATBOB1CH/CI/D_TAP[3O] 0 PCI Express Transmit Diata {Qutbound)

EXP_{AG/AT/BOB1/CO/C1/D)_TXN[3:0] O PCI Express Outbound Complement

EXP_{AGA1BOB1/COHIC/D)_RXP[3:.01 I PCI Express Receive Data {Inbound)

EXP_{AQ/A1/BO/B1/COHCIDY_RXN[3:0] | PC} Express Inbound Complement

EXP_ICOMP A PCI Express Impedance Compensatian

EXP_RCOMP A PCl Express Impedance Compensation

EXPO_SPEC10A | PCI Express Training State Machine Mcde for
EXP_{DICO/C1}:This signal is samptled at the
assertion of PWRGOOD.

0 Use 1.0 Specification
1 use 1.0 A Specification

EXP1_SPEC10A PCI Express Training State Machine Mode for
EXP_{BMB1ANA1}: This signal is sampled at the
asserlion of PWRGQOD.

[ 0 [ Use 1.0 Spedfication
1 use 1.0 A Specification

EXPO_WIOTH[1:0] | PCI Express Link Width Ferce for EXP_{D{C0/C1}:
These signats are sampled at the assertion of
PWRGOOD.

EXP1_WIDTHO | PCI Express Link Width Force for
EXP_{BO/B1/A0AT}: This signal is sampled at the
assertion of PWRGOOD.

EXP1_WIDTH1 /EXP_HPINT 18] PCI Express Link Width Force for

EXP_{Bd/B1/A0IA1T}: This signal is sampled at the
asserion of PWRGQOD.

PCl Express Hot-Plug Interrupt: The NB asserts
lhis signaf to signal a PC! Express hot-plug event.
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Signal Description I n ®

EXP1 WIDTH2 ¢ PME_OUT e PCl| Express Link Width Force for
EXP_{BO/B1/ADIA1}: This signal is sampled at the
assertion of PWRGOO0D.

Power Management Event Output: Each PCI {and
PCI Express) sioi supports a signal called Power
Management Event (PME}. This signal is used by an
110 device (e g. a LAN adapter) to wake up a system
that is in & sleep slaie. Tradifionally, these pins are
mouted direclly io the ICH. However, with PCI
Express, these messages will arrive inband through
an CN/OFF pair of messages.

To manage this fransition {since ICHS 1s not on PCI

[rrmmmnnt Hho MR imnmlamnndn dhe ARAE Do bt i

f r
&-ﬂl_.l LILV I B AR L0 B W I_J\l_ﬂ o33 J.Jl..l'l Lo, FHIGIS 1D WIS LI PGr
porl. The NB CR's ail the bits together and asserts
the PME_QOUT signai to the ICH5. When all the bits
are clear, the signal 15 de-asserled.

The PCI Express signal naming convention used by the NB is different from the standard naming
convention specified by PCISIG because the NB naming occwred before the PCISIG convention
was ratified.

Table 3-6 comelates the NB signal names to the ratified PCISIG naming convention. Consult this
table for help in attaching PCT Express devices to the NB using the standard PCISIG naming,
convention.
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Signal Description

HIf11:0j fie] Data pins: The data interface.

Hi_STBF (ta] First Packet Data Interface Strobe: {idle & default
votlage level = H_VCCA) together provide timing for
4X and 1X data transfer on the data interface. The
agent that 15 providing data dnives this signal.
HI_STBF and HI_STBS should be sensed pseudo-
differentially at the receiver.

HI_STBS HO Second Packet Data Interface Strobe: See
HI_STBF description above.

HIRCOMP A HI RCompensation: Connecls to the exlarnal
RCOMP resistor and used for impadance matching.

HIVREF A HI Voltage Reference: Receiver threshold (0 35V
reference voltage).

HIVSWING A Hi Voltape Swing: A voltage reference (38 v fo
0.7 v} used by the RCOMP cifcuits 1o adjust the KO
drivers' strength and maximum signal vollage to be
driven onio the board.

CLKBE Clock 66: 66 MHz clock for Hii.5. Synchronization
to EXP_CLK or HCLKIN not required. Bypass
clock in bypass mode.

EXP_CLKN | PCI EXPRESS Clock Complement: This is the
other differential reference dock input to the
PCl Express Phase Locked Loops.
Synchronization to H_CLK or CLKEG not required.

EXP_CLKP | PCI EXPRESS Clock: This is one of lhe two
differential reference clock inputs to the
PCt Express Phase Locked Loops.
Synchronization lo H_CLK or CLKGE not required.

EXP_VCCA A VCC: Anatog Voltage for the PCI Express PEL's.

EXP_VCCBG A VCC: Bandgap Voltage for the PCi Express.

EXP_V55A A V585 Analog voltage for Llhe PCI Express PLL's.

EXP_VSSBG A VS5: Bandgap Voltage for the PC1 Express.

H WVCCA A VCC: Analog Voltage ior the FSB PLL.

H V55A A VSS: Analog Voltage forthe FSB PLL.
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Signal Description I n

£

HCLKIMN | FSB Clock Complement: This is the other
differentiai reference clock input to Ihe Phase
Locked Loop in the NB core. Phase Locked Loops
in the NB will shift this o all frequencies required
by the core, FSB, and SMBIis poris.

HCLKINF | FSB Clock: This is one of the two differential
reference clock inpuls to the Phase Locked Loop
in Lhe NB core. Phase Locked Loops in the NB will
shifi this to all frequencies required by 1he core.
FSB, and SMBus poris.

HI VCCA A VCC: Analog Vaoltage for the Hub Interface PLL.
HI VaSA A V55: Analog Voliage for the Hub Interface PLL.
IMI_{A/BIC/IDY_CLEKN | Independent Memory Interface Clock

Complement: This is the olher diferential
refarence clock input to the Phase Locked Loop in
the NB IMI.

IMI_{ABIC/IDY CLKP | Independent Memory Interface Clock: Thisis
one of lhe two differential reference clock inpuls to
the Phase Locked Loop in the NB IMI

IMI_{ABIC/ID}_VCCA A VCC: Analog Voitage for he Independent Memary
Interface PLL's. One for each IM1.

IMI_{AB/C/D} VCCBG A VCC: Bandgap Voitage for the Independant
Memory Interfaces. One for each IMI.

IMI_{ABIC/D}_VSSA A VS535: Analog Valtage for lhe independent Memory
Interface PLL's. One for each IM1.

IMI_{ABIC/ID}_VSSBG A VS535: Bandgap Yoitage far lhe Independent
Memory Interfaces. One for each XML

VCCA A VCC: Analog Yoltage for the core PLL.

V354 A V58: Analog Voltage for the core PLL

V3IREF[1.0] A Voltage Reference: Reference Vollage for 3.3 V

signat tolerance.
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Signal Description

H_{A/B} RST#

O Host Reset: This signal is the F5B reset. Asserted
due ta RSTIN# ar writes to the SYRE register.
Reset on an unpopulated FSB will remain
asseried.

ICHRST#

Q ICH5 Reset: 66 MHz synchronized version of the
reset input signal to the ICH5.

IMI_{A/B/C/D) RST#

O IME Port Reset. Assertion resets the XMB.

PWRGOCD

i Power Good: Clears the NB. This signal is heid
low until all power supplies ere in specificatian.
This signal may be puised after power-up ta
compietely reset the NB.

RSTiN#

Reset Input: This is the hard reset input ta the NB.

ITP_TCK

| Test Clock: Cilock input used to drive Test Accaess
Porl {TAP) state machine during test and
debugging. This input may change asynchronous
to HCLK.

(TP_TDi

| Test Data In: Diala input for test mode. Used to
sefially shifl data and instnuctions into TAP.

TP_TDO

Q Test Data Out: Data cuiput for test mode. Used to
senally shifl data out of the device.

ITP_TEST

| Test Mode: An assertion of this signal piaces the
component into test mode. A leading-edge
trensition on this signal will also sampie slatic {est
mode functions from the “overloaded” signals.

ITP_TMS

| Test Made Select: This signal is used o confrol
lhe siate of the TAP controller.

ITF_TRET#

| Test Reset: This signal resets the TAF controller
logic. It should be pulied down unless ITP_TCK is
aclive. This input may change asynchronous to
BUSCLK.

XDP_CRES

| Debug Bus Compensation Resistor Common:
Common {ground) pin for connection to the
XDP_ODTCRES and XDP_SIWCRES
compensation resistivs.

XDP_D[15:0}#

[Ii#] Debug Bus Data: XDF debug control/data signals
and manufactuning tesi mode. Includes clock/PLL
debug signals.
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Signal Description

XDP_DSTBNE

Nl

110 MNegative Debug Bus Strobe: Used to transier
data at ihe 4x rate. XDP_DSTBP# is the pasitive
strobe. Transfer occurs on the rising edges of
XDP_DSTBN#. The NB drives and samples
XDP_DSTBHA

XDP_DSTBP#

{8} Positive Debug Bus Strobe: Used ta transfer
data at the 4x rate. XDP_DSTEN# is Llhe negative
strobe. Transfer occurs on the falling edges of
XDP_DSTBP#. The NB drives and samples
XDP_DSTBP#

XDP_ODTCRES

i Debug Bus On-Die Termination Compensation
Resistors: Compensation resistor that
determines lhe FSB on-die termination.

XOP_RDY#

Q0 Debug Bus Ready

XDP_SLWCRES

i Debug Bus Slew Rate Compensation Resistor:
Compensaiion resistor that detemmnes the FSB
driver slew rate.

IMI_HPINT

110 {MI Hot-Plug Interrupt: The NB asseris IMI_HPINT
to signal an IMI hot-plug event. Also used as
Processar Slrap.

0 64 -bit Inte!® Xeon® processar MP
with 1MB L2 cache or Dual-Care
Intel® Xeon® processor 7000
sequence

1 64-bit Intel® Xeon® pracessar MP
with up to 8MB L3 cache

GP_SMBCLK

(F 8] General Purpose VO Clock: ShBus master clock
for a bank of general-purpose VO which can be
cannecled to the hot-piug conlralles.

GP_SMBDATA

/O General Purpose 1O Data: SMBus data for a bank
of general-purpose /O which can be connected to
the hot-plug contraller

48
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I n ® Signal Description

SMBCLK 1 System Management Bus Clock: SMBus slave
clock for lhe system management bus. Provides
access lo configuration registers only. This input may
change asynchronously wilh respect to HCLK.

SMBDATA e} System Management Bus Address/Data: SMBus
data for the system management bus. Provides
access to configuration registers only. This input may
change asynchronously wilh respect to HCLK.

ERR[Z:01# O ERROR:

Assertion time s 18 cycles. Multiple errors on the
same signal occuming during an asserlion will not be
distinguishable as separate events.

TESTHI N/A High Test Pin: Should be pulled high to P1V5 {VCC}
on customer platforms. For the Incatinons nf these
signals on the NR narkang | 7-2"MBE
Fin List {by "ot

TESTLO WA Low Test Pin: Should be pulled low 1o V35S on
customer platfiorms. For the locations of these
signals o the NR narkang 7-2 "NB
Fin List . "

RESERVED NFA Reserved: All reserved pins must be left

unconnected. Conneclion of these pins to YCC,

Y55, or to any nther signal (including sach othar)

can result in component malfunction.

For the Inratinn of thaen cicnale antha AR narkgge

referto’ 7-2 ) on
Taia
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The Intel® E8501 chipset Narth Bridge (NB) configuration registers provide functionality,
tlexibility and setiings that can be used to optimize performance of the chipset.

The NB repisters can be accessed by a tnemory mapped register access mechanism, a PCI
configuration access mechanism {only PCT space registers), and register access mechanisms
through JTAG and SMBus, The memory mapped access mechanism is further broken down into
different ranges. The tnternal registers of this chipset can be accessed m Byte. Word (16-bit). or
Drword {32-bit) quantities, with the exception of CFGADR which can only be accessed as a Dword.
All multi-byte numernic fields use “little-endian™ ordering (i.e.. lower addresses contain the least
significant parts of the field}. The NB can also forward accesses to all IMI and PCL/PCI Express
device configuration registers through the same mechanisms.

This chapter describes how the configuration spaces in the NB are organized and accessed.
Repisters are described in the order of the layout by device and offset. For confignration spaces ou
the XMB, please refer to the fu/el® ES301 Chipser eXternal Memory Bridge (XMB) Datasheet.

Each of the bits in the configuration ragisters have specific atiributes. The following table defines
all the attribute types. With the exception of the Sticky bits. all bits will be set to their defanlt
vahtes by a hard reset.

RO

Read Only

The hit is set by the hardware only and sofiware can only read
the bii. Writes to the register have no effect.

WO

Write Qniy

The bit is not implemesnted as a bit. The write causes some
hardware event to take place.

RW

Read/\Wrile

The bit can be both read and/or written by saftware.

RWC

Read/Mynite Clear

The bit can be either read or cleared by software In order ta

clear this bit, the software must write a “1” fo it. Writing a "0 1o
this bit will have no effectl.

RWS

Read/VWnte Set

The bit can be either read ar set by software. In onder to set this
b, the software must write a 1" to it. Writing a “0” to Lhis bit will
have no effect. Hardware will clear this bit.

RWL

Readrite Lack

The bit can be read and writlen by software. Hardware ar a
configuration bit can iock this bit and prevent it from being
updated.

RWO

Read/¥¥nte Once

The bit can be read by softwarns. It can atso be written by
software, but the hardware prevents wrifing/setling it more than
ance withaut a prior hard reset. This protection apples on a bit-
by-bit basis. For example, if the RWO Tield is two bits and only
ane bit is written, then the writlen bit cannot be rewritten (unless
reset). However, the unwritlen byte can still be writlen once. This
15 a spacial farm of RWL.
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Register Description I n i
o
Any of the Sticky Tha bit is “sticky” or unchanged by a hard reset. These bits can
abave wilh "5T" only be cleared by a PWRGOOD reset.
appended tothe
and
RY Heserved This bit is resenved for future expansion and must not be written.

52

The PCllocal Bus Specification, Revision 2.2 requires that
reserved bits musl be preserved. Any software that modifies a
regisler that contains a reserved bit ts responsible for reading
the register. modifying Lhe desired bils, and writing back the
resuiL Intel highly recommends not changing the default value of
Reserved bils.

RRW Read Resincted Write This bif can be read and writien by sofiware. However, only
supported vaiues will be written. Writes of non-supparted values
will have no effeci.

Intel® ES5010 chipset registers are organized to adhere ta the PCI/ PCI Express configuration
organization. PCI/PCI Express confipuration space ragisters reside on the NB. XMB. ICHS5. and on
components attached ta the PCI Express poris. It can accomntodate PCI's 256 distinet buses.

32 devices per bus, 8 functions per device and 64 registers per function. In addition, it can also
acconunodate the PCI Express enhanced configuration space addressing. The PCI Express
enhanced configuration space tneludes an additional 4-bit extended register address which allows
for 16 PCI compatible ranges, The extended region provides addrassability of up to 4x16 M
configuration registers. Different levels of abstraction are provided by Buses, Devices, Functions,
and PCI Express extended register address. The extended PCT Express region can orly be accessed
through the memory mapped register mechanisim.

The Intel® E8501 chipset register set confonns to the minimum necessary subset of PCI to PCI
bridge standard registers to aid in software enumeration {required for the PCI Express ports/links).

The NB and ICHS are physically connected by a legacy Hub Interface port. From a configuration
standpoint. the Hub Interface port is the logical PCI/PCI Express bus #0. The NB, XMB. and ICHS
are hard coded to bus #0. The NB/XMB funchions and the NB/PCI Express ports on the NB will be
different devices on bus #0. The PCI Express devices conngcted to the NB/PCI Express ports will
have programmable bus numbers. The PCI bus connecied to the ICHS will also have a
programumable bus munber. For a list of all device oumbers please refer to -8,

The following asswmnptions are inade about the different types of configuratiou accesses and which
omnes can be concurrent. These are considered software constrainis.

* Only one PCI{legacy PCI Express) configuration access from all processors af a time.

In all cases. the NB can serialize all allowable concurrent configuration accesses.
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I n ® Register Description

Table 4-2 swmmarizes what configuration accesses can be atteinpted concurrently to the Inte]®
EB501 chipset registers. This table only applies to the NB and XMB registers. It does not apply to
registers that tmincates forwards such as a register on a downstream PCI Express device.

Yes Yes Yes Yes
Yas No Yes Yas
Yes Yes No?2 Yes
Yes Yes Yes No?

NOTES:

1. Includes all types of MMCFG accesses: PCI Express, and fixed bool

2. AJTAG access ko the NB can occur concurrently with a JTAG access to XMB if a system has 2 independent JTAG
comrollers, but accesses (o he same component will ococur one at a time.

3 An ?EMBUS access o the NB can oocur concumentty wilh an access to XMB if lhe syslem has 2 Independent SMBus
conlroller.

Each component in an Intel® E8501 chipset system can be uniquely identified. Based on the PCI
configuration convention, each component is assigned a Bus Numiber and Device Number. All the
NB registers will appear on Bus #0.

All the NB configuration resides in the configuration space defined by Bus. Device, Function, and
Register. Some registers do not appear in all portions of this space and some mechanisms do not
access all portions of this space. The following table defines where the varous fields of
configuration register addresses appear. Each row defines a different access mechanisin, register,
interface, or decoder. Each colunn defines a different field of the configuration address.

Al7-2) st DW BE ct
Both Bus[7-01 | Device[4: | Functon[ Extended Register 1st W BE Fmt,
0} 210) Register [5:0] [3:0] Type !
Addr{a:0]
i Saurce A[Z720) | Al19:15] | AD1412] Al11:8] Al7:3] NiA
BE{7:4]2 fiBE[7:0]} 2
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L4
Register Description I ntel

£

The PCI configuration access mechanisiz enables support of legacy/PCI code that utilizes the PCT
mechanism. The mechanism 1s defined 10 PCT Local Bus Specification. Revision 2.2. Two bus
cycles are defined to access PCI configuration space:

* (Configuration Read

* Configuration Write

These configurations access the registers through two I/O-space locations: CFGADR and
CFGDAT. The Tntel® E8501 chipset has reserved twa special /O locations (0xCF# / 0xCFC) for
direct configuration accesses. Accesses to canfiguration space throngh these registers are
comnmonly referred as CF8/CFC configuration accesses. The PCT configuration access seqnence is
described as follows:

1. The processor first performs a Dword /0 write to CONFIG ADDRESS to select the bus
number, device number, function number and the specific configuration address in the device.

2. A subsequent read or write of the CONFIG DATA location causes the data transfer to/from
the selected configuration register. Byte enables are valid during accesses to CONFIG _DATA
and are used to select the byte(s) within the configuration register.

If the access is targeted to a chipset register that does not reside in the NB, the NB will forward the
access to the appropriate interface. Intel® E3501 clipset supports both Type 0 and Type 1
configuration access mechanistn as described in the PCI Local Bus Specification., Revision 2.2 to
enable hierarchical PCI buses. Type O accesses are used for registers that reside on the secondary
bus. Type 1 accesses are used for registers that reside on subordinates buses. For more details,
please refer to the PCI Local Bus Specification Revision 2.2. Accesses to the memory port follows
the format of Memory Port Specification. Accesses to devices on the PCT Express link follows the
tormat of PCT Express Specification. Both memory poit and PCI Express preserves the address
mapping of PCI Lacal Bus Specification, Revision 2.2,

This 32-bit-wide register is writlen only when a processor I/Q transaction to CF8 is referenced as a
Dword, a Byte or Word reference will not access this register, but will generate an /O space access.

The CFGADR register contains the Bus Number. Device Number, Fuuction Number. and Register
Offset for which a subsequent CFGDAT access is intended. The mapping between fields in tlis
register and PCI Express or Hub Interface configuration transactions 1s defined by Table 2-3.

31| 30 |24] 23 16§15 f11]10y |&] 7] f2{1]0
Bus Device Function| Register
IEn| Reserved Number Number Number Number o]0
1 = Enable Bit
1 = Enabled
0 = Disabled
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I n ® Register Description

31 R Oh CFGE: Configuration Enabie

Unless this bitis set, accesses to lhe CFGDAT register will not produce a
configuration access, but will be treated as other /0 accesses. This bit is
sirictly an enable for lhe CFC/CFB access mechanism and 1s not forwarded to
Hl or PCI Express.

024 RY 00h Reserved

2316 RW 0oh Bus Number

[f 0, the NB examines device to deiermine where o mute. If non-zero, route as
per PEUSN and SBUSN registers.

151 RWY 0Oh Device Number
10:8 R Oh Function Number
This field is used to select the finction of a locally addressed register.
72 RwW 0oh Register Offset

[f this register specifies an access fo lhe NB registers, this field specifies a
group of four byles to be addressed. The byles accessed are defined by the
Byle enables of the CFGDAT reqgister access.

10 Rw* Oh Writes to these bits will have no effect, reads retum (1.

CFGDAT provides data for the 4 bytes of confipuration space defined by CFGADR. This register
iz only accessed if there is an aceess to /O address CFCh on the front side bus and
CFGADR.CFGE is set. The byte enables with the IO access define how many configuration bytes
are accessed.

31:0 R (0000h Configuration Data Window
The dala wntten or read to the configuration register {if any) spacified by
CFGADR.

These registers are mapped into the fixed chipset-specific range located from FE60_0000-

FEGF _FFFF. These appear at fixed addresses to support the boot process. These registers also
appear in the regular PCT Express configuration space. Table 4-6 defines the memory address of the
registers in this regiow.
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Register Description

72

Warning:

intel.

The Hub Interface 1.5 (HI1.5) registers are in device 0 (D0}, function O (F0), For quick reference
on the reqisier address map, please refer to -10.

Address locations that are not listed are considered reserved locations. Writes to “Reserved”
registers may cause unpredictable behavior Reads to “Reserved” registers may return a non-zero

value.

This register identifies Intel as the manufacturer of the Intel® E8501 chipset North Bridge (NB).
Writes to this register have no effect.

1510

RO

8086h

Vendor ldentification Number
The value assigned to Intel.

This register, combined with the Vendor Identification register uniquely. tdentifies the NB Function
in the event that a driver is required. Writes to this register have no effect.

De

150

RC

2600h

Device ldentification Number
ldentifies each function of the NB.
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Register Description

159

RY

0oh

Reserved

RO

51G_SYS_ERR: Signalled System Error.

The NB never initiates a system ermr special cycle (D00_SERR), so this bit will
always refum a 0 whan read.

RV

ob

Reserved

RWST

IERRE: Parity Ermmror Response {(IERRE).

Controls the NB response when a panty error (on function Q) or mulii-bit ECC eror
is detected on the Hub Interface. This bit only controls the detection in
PCISTS. DetintErr and PCISTS MstrDalaiE.

The NB reparls all parfity errors on the Hub Interface.

54

RY

oob

Reserved

RO

il

spec_cyc_en: Special Cycle Enable.

Controls the ability to forward PCl-type {legacy) special cycles. Devices an the Hub
interface are not capable of accepting legacy special cycles. This bit does not apply
o Hub Interface specific special cycies.

RO

BM_en: Bus Master Enable.

Controls the ability for the NB to iniiate Hub interface cydes. The NB can always
Issue Hub Interface bus cycles.

RO

MemAccEn: Memory Access Enable.

Controls the ability for the MB to respond to memoary transactions initiated on the
Hub Interface. The NB can always accept memory transaclions.

RO

b

I0AccEn: I/O Access Enable.

Controls the ability for the WB to respond to /O transactions initiated on the Hub
interface. This chipset does not support inbound O cycles.

De

15

RWC

DetintErr: Detected Integrity Error

This bit indicates that a parity error was observed on tha Hub interface. This bit is
not afiected by the state of PCICMD IERR.

14

RO

SSE: Signalled System Error

This bit indicates if a systemn emar special cycle (DO_SERH]} s initiated by the NB
compaonent. This bil shoutd never be asserfed since the NB never inttiates
DO_S5ERR.

13

RWC

RcvMsirAbSts: Received Master Abort Status

This bit indicates if lhe NB receives a Master Abont completion cycle or an un-
implemenied Special Cycle cammand.
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Register Description I n

2 RWC Q RevTgtAbSis: Received Target Abort Status

This bit indicates if the NB receives a Target Aborl completion cycle in response to a
MEB-inittated Hub Interface cycle.

" RWC o SigTgtAbSts: Signailed Targef Abort Status

The NB sels this bit when it issues & Target Abort completion cycle to the Hub
Interface agent.

109 Ry 0oh | Reserved

a RWC G MstrDatalE: Master Data integrity Emmor

This bit indicates that a data parity or multi-bit ECC error was detected on the Hub
Interface. This bit is set when all of the following condifions are met:

» The NB detected a dsta panty for an outbound read completion
* PCICMD.[ERR s setta 1

70 RY 00h Reserved

This register contains the revision oumber of the Intel® E&501 chipset North Bridge (NB).

Inte]® E8501 chipset North Bridge {(NB) implements the Revision Identification Registers with a
Compatibility Revision Id function in addition to standard revision identification functionality.
This Compatibility Revision Id functionality 1s present in order to allow vendors to replace
hardware while maintaining the software visible hardware revision identification registers the same
as in previous steppings of the NB.

In order to access the Compatibility Revision Id funcitonaliry, the RIT} regpsters as a whole can be
written to exactly one tune with a specific code value (key). This key. when written correctly as the
first write to any of the RID registers inside NB waill cause NB to return the compatibilify id value
for all future reads of any NB RID) register. Table 4-20 describes this comnpatibility revision
identification functionaliry.

0x79 0x0 Retum compatibility 1
Any other value Ox10 Return stepping ig
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Register Description

B
¥4 RO Oh Major_rev: Major Revision
Steppings which require all masks fo be regenemted.
1: B stepping
30 RO ah Minor_rev: Minor Revision

incremented for each stepping which does not modiy all masks. Reset for each
Majar revision.

{h - x0 stepping

1h : x1 stepping

2h : x2 stepping

This register contains the Class Code for the device.

23116 | RO 0th BaseClass: Base Class
This field indicates the general device categorny. For lhe NB, this field is hardwired to
06h, indiceting it is & “Bridge Device”.
i858 | RO 00h SubClass: Sub-Class
This field gualifies the Base Ciass, providing a more detmiled speciicabion of the
device function. For device 0, this field is hardwired to 00h, indicating it is a "Host
Bridge”
70 RO 00h RLPI: Register-Level Programming Interface

This field identifies a specific programming interface (if any), that device-
independent software can use to interact with the device. There are no such
interfaces defined for “Host Bridge” types, and lhis field is hardwired to OGh.
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Register Description I n o
This register identifies the header layout of the configuration space.
7 RO Oh Mfd: Multi-function Device.
Selects whelher this is a multi-function device, that may have alternative
configuration layouls.
6:0 RO 00h CfgLayout: Configuration Layout
This field identifies the format of the conhguration header layout for a PCl-to-PC1
bridge from bytes 10h through 3Fh.
Far this device the default is 00h, indicating a conveniional type 00h PCI header.
This register identifies the manufachurer of the systein. This 16-bit register. combined with the
Device Identification Register. uniquely identifies any PCI device.
150 |RWO | 8085h | Vin: Vendor ldentification Number
The default valus specifies Intel. Each byte of this regisler will be writable once.
Second and successive wriles to a byte will have no effect.
This register identiftes the system.
150 [RWO | 8086h | Sid: Subsystemn [dentification Number
The defaul value specifies Iniel. Each byle of this register will be wntabte once.
Second and successive wriles to a byte will have no effect.
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I n ® Register Description
For a description of the Errors (I0xx) refer to the g 6-39" n " on
7 RWCST 0 IOSBErr: Received STOP during SRC
Fatal Emar
G RWCST 0 IOSErT: Parity error on Address
Fatal Emar
5 RWCST 0 IOBEm: lllegal Access
Fatal Emrar
4 RWUCST 0 IO4Err: Qutbound poison
Non-fatal Error
3 RWCST [ 1O3Erm: Parity Error on outbound data
Nonfatal Error
2 RWCST 0 i02Err: Data Phase Parity Error
Non-fatal Error
1 RWCST 0 IO1Ermr: Cmd Parity Error
MNon-fataia Error
i} RWCST M} IOOErm: Target Abort
Non-fatal Error

NOTES:
a.  Transaclion is relried.

T RWCST 0 IOSBErr: Received STOP during SRC
Fatal Emar
4] RWCST 0 IQBEm: Parity errar on Address
Fatal Emar
5 RWCST 0 ICSErm: lllegal Acceas
Fatal Emrar
4 RWCST 0 IC4Ermr: Qutbound poison
Non-fatal Error
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Register Description I n
D

3 RWCST a IQ3Err: Parity Errar on outbound data
Non-fatal Emor

2 RWCST a i0O2Err: Data Phase Parity Ermmor
Non-fatal Error

1 RWCST o 101 Err: Cmd Parity Error
Non-fatalz Error

[ RWCST a IOOErT: Target Abort
Non-fatal Eror

NOTES:

78

a. Transaction is relried.

The contents of this register depends on whether the error is detected on a request or a response.
This is the bit mapping for Hub Interface Requesss (IF Bit 31 = 0.

Di
B 31 ROST Oh NRECHI31: RgiCp
Requesi/completion fiekd
30 ROST Oh NRECHI3D: RA'W
ReadWrite field
2% ROST Oh NRECHI29: CR
Comptetion required field
28 ROST Oh NRECHI28: AF
Address format
27 ROST Oh NRECHI2T: LK
Lock cycie
26:21% ROST Oh NRECHI26DT21: TD Routing
Transaction Description routing field
20 ROST Oh NRECHI20
Reserved Field on the packet
1916 ROST Oh NRECHI19DT16: TD Attribute
Transaction Descriptar Attr bute
1514 ROST 00 NRECHI5DT14: Spac
Address space
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I n - Register Description
®
13:8 ROST {h NRECHI13DT78: Data Length
Dword data length
70 ROST ah NRECHI7DTO: Byte Enables
74 15 the Last DWW Byte Enables and 3.0 is the First Byte Enables
Special Cycke Encoding when Space field indicales a Special Cycle

This is the bit mapping for Hub Interface Complerions (IF Bat 31 = 1).

Ky ROST O NRECHI31: Rg/Cp
Requesl/'completon field
30 ROST Ob NRECHI30: R/WY
Read/Write field
29 ROST Ob NRECHI29
Heserved 1b Field of lhe packet
28 ROST Oh NRECHIHI28
Reserved 1afiald of the packet
27 ROST Ob NRECHIZ27: LK
Lock cycle

26:21 ROST 00h | NRECHI26DT21: TD Routing
Transaction Description routing fiald
20 ROST Ohb NRECHI20

Heserved field on the packet

18916 ROST 00h | NRECHI1SDT16: W TD Attribute
Transaclion Descriptar Ar bule
1h14 ROST 00h | NRECHI15DT14: Space

Address space

138 ROST 00h | NRECHI13DTS8: Data Length
Dword data length

70 ROST 00h | NRECHI7DTO: Completion Status
Indicates the stalus of the request.
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Register Description I n o
The contents of this register depends on whether the error is detected on a request or a response.
This is the bit mapping for Hub Interface Requests (RECHI[31] =0):

D
31 ROST ab RECHI31: RgiCp
Requesticampletion field
30 ROST b RECHI30:R/W
Read/nite field
24 ROST Ob RECHI23:CR
Completion required field
28 ROST Gib RECHI28: AF
Address Format
27 ROST 0b RECHIZT:LK
Lock Cycle
2621 ROST ah RECHI26DT21:TD Routing
Trensaction Descrnption routing field
20 ROST Ob RECHI20
Reserved Field an the packet
18:18 ROST 00h | RECHHMA8DT16: TD Attribute
Transaction Descaptor Atir bute
15:14 ROST U0k | RECHI18DT14: Space
Address Space
138 ROST 10h | RECHH3DTS8:Data Length
Dwaord Data Length
70 ROST 00k | RECHI7ZDTO: Byte Enables
74 1Is the Last DW Byte Enables and 3:0 is the First Byte Enabies
Special Cycle Encading: when Space field indicates a Specal Cycfe
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I n Register Description

This is the bit mapping for Hub Interface Completions (RECHI[31] =1}

31 ROST Ob RECHI{31: Rg/Cp
Request/compietion fisld
30 ROST b RECHI30: RAW
Read/\Write field
29 ROST ok RECHi29
Reserved b Field of the packst
28 ROST Ob RECHI28
Reserved 1a Field of ihe packet
27 ROST Ok RECHI27: LK
Lock cycle
26:21 ROST (0h | RECHI26DT21: TD Routing
Transaction Descripiion routing field
20 ROST Oh RECHI20
Reserved Field on the packet
1916 ROST On RECHI19DT16: TD Attribute
Transaction Descrptor Attribute
1514 ROST G0b | RECHI15DT14: Space
Address Space
138 ROST 00h RECHI13DT8: Data Length
Dword Data Length
70 ROST D0h RECHI7DT0: Completion Status
Indicales the status of the request.

A 4 in any field enables that error.

7 RWY | I106bMsk: Received STOP during SRC
Suggested value: Dh

i) Rw 1 106Msk: Parity error on Address
Suggested value: Dh

i) R 1 105Msk: lll=gal Access
Suggested value: Dh
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Register Description I n o
Di

4 RWY IC4Msk: Cutbound palson
Suggested value: Oh

3 RW 103Msk: Parity Error on cutbound data
Suggested value: Oh

2 RW 102Msk: Data Phase Panty Error
Suggested valus: Oh

1 RW I1C1Msk: Cmd Parity Error
Suggested value: Oh

Y RW IO0Msk: Target Abort
Suggested value: Oh

82

This regisier enables the signaling of Err[0] when an ervor flag is set. Note that one and only one
error signal should be enabled at a time.

7 RWST 0 I06bEMm): Received STOP during SRC
4] RWST 0 IO6ETrD: Panty emor on Address

5 RWST 0 IOSET™0: lllegal Access

4 RWST 0] IQ4Err0: Cuthound poison

3 RWST 0 103Erm0: Parity Emar on oulbound data
2 RWST 0 I02ErrD: Data Phase Parity Erar

1 RWST 0 IO1ErmD: Cmd Parity Errar

0 RWST 0 IQ0ETrD: Target Abort
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Register Description

This register enables the signaling of Enf1] when am ervor flag is set. Note that one and only one
error signal should be enabled at a time.

D

RWST

IO6bErM : Recelved STOP during SRC

RWST

IOBErm1: Parity error on Address

RWST

I05Em1: lliegai Access

RWST

I04Ermr1: Outbound poison

RWST

IC3Em1: Parity Error on outbound data

PRI ] | oa| =

RWST

102Em1: Data Phase Parity Error

RWST

I01Em1: Cmd Parity Error

0 RWST

Dlo|lol o]l ol ol ol @

IOOErm1: Target Abort

This register enables the signaling of E11{2] when an error flag s set. Note that one and only one
error signal should be enabled at a tinze.

o

RWST

IO8bEr2: Receved STOP during SRC

RWST

ICGErr2: Parity emor on Address

RWST

I0OSEm2: lllegai Access

RWST

IG4Em2: Cuthbound poisan

RWST

IO3Em2: Partty Error on ovtbound data

PRIl ] | ) S| =

RWST

I0ZErmr2: Data Phase Parity Error

1 RWST

IO1Emr2: Cmd Parity Emor

0 RWST

D|lo|lo|l olo|l ool a

ICOET2: Target Abort
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Register Description I n

This register enables the signaling of MCERR when an ertor flag is set. Note that one and only one
error signal should be enabled at a time.

K RWST 0 IO6bMCErT: Recewed STQP during SRC

6 RWST 0 IOBMCETrT: Parity error on Address

5 RWST 0 IOSMCETT: lllegal Access

4 RWST 0 IOAMCErr: Outbound poison

3 RWST 0 I03MCErr: Parity Error on gutbound data

2 RWST 0 IO2MCETrr: Date Phase Parity Etror
Suggested vaiue: 1h

1 RWST 0 I01MCErr: Cmd Panty Error

o RWST 0 IO0OMCErr: Target Abort

31:29 | RQ Oh HUB_SUB_FIRST:

This fizld stores the lowest subordinate Hub interface hub number. This information
is compared with (he Hub 1D to determine whether a completion packet should be
forwarded furlther down the Hub Interface hisrerchy.

28 RY Oh Reserved

2725 | RO Oh HUB_SUB_LAST:

This field stores the highest subordinate Hub interface hub number. This
information is compared with the Hub 1D to determine whelher a complation packet
should be forwarded furlher down the Hub Interface hierarchy.

24 Ry 0h Reserved

2321 RO 0h HUB_ID:
This field identifies the Hub interface 1D number for the NB. The NB uses lhis fisld

to determine when to accept 2 Hub Interface request packet and send any
coresponding completion packets.

20 RY 0 Reserved

1916 | RW 0h HI_TIMESLICE:
This field sets the Hub Interface arbiter time-slice value with four base-clock
granufanty. A velue of zero means that the imer immediataly expires and the NB

will allow the agent interfacing Hub interface access to the bus every other
transaction.

1514 | RO Oh HI_WIDTH:
This field sets the Hub Interace data bus widih. A value of O indicates a 15-bit data
bus and 00 indicates an 8-bit data bus.
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I n @ Register Description

De

13 RO ih HI_RATE_VALID:

This bit 1s sampled by software and indicates when the Hub Interface bus rate is
valid.

12:10 | RO 0106 | HI_RATE:
This field indicates the Hub Interface data rate. Function 0 only supparls a 4x dala
rate encoded wilh 010

9:8 R oh RCOMP_INT:
Determines the bme interval for impedance compensation. Encodings are:

o0 28 ms
1. 250 ps
100 16ms
11:  2ms

75 4% Dh Reserved

4 RWO 1] DIS_INB_CFG: Disable Inbound Configs

This bil is used for conlrolling configuration accesses to the chipset reqgisiers
through the Hub Inierface.

0 Allows access 10 the NB or XMB regisiers.

1 Inbound accesses o the NB or XMB registers will be dropped and
tgged as an lllegal access.

This reqgister bit is Of type “write once” and is contolled by BICS/Aspecial initialization
firmware.

EN| RC 001 MAX_DATA:

This field is programmed wilh the longest dala stream the NB i1s pemmitted to send
on the Hub Interface. MAX DATA applies 1o both write request cycdes and read
completion cycles.

000: 32 byles
0e61: 8 byles
01 128 byles
XX 2506 bytes

0 RY 0 EN64: Enable 54 bit Addressing
The NB does not support 64-bit addressing on the Hub Interface
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Register Description I n o
0]

75 RY 0 Reserved

1.0 RwW 1] STOPGRANTACKCNT:
The NB will forward every (N+1)th StopGranlAck to Lhe Hub Interface. The
defauft provides for every StopGrantAck to be sent 1o the Hub Interface.
Sofiware is expected to set this 10 a value af THREADs-1 where THREAD is
the number of threads that will issue a SopGrantAck in response 1o a
StopClock request.

The PCI Express r=oictars are in Device 1 - 7 (D1-7). Function 0 (FO). For the register address map,
please refer to I1. The following registers define the standard PCT 2.3 compatible and
extended PCI Express configuration space for each of the PCI Express x4 links in the NB. Unless
otherwise specified, the registers are enwnerated as a vector {7:1] mapping to each of the seven
PCT Express ports uniquely.

Warning: Address locations that are not listed are considered reserved locations. Writes to “Reserved”
registers may cause unprediciable behavior. Reads to “Reserved™” registers may retum a non-zero
value.

The VID Register cantains Intel as the manufactiurer of the NB. Writes to this register have no
effect.

1540 RO 8086hH Vendor Identification Number
The value is assigned io Iniel’s standard notaticn.

This register combined with the Vendor Identification register uniquely identifies the NB function
in the event that a driver is required. Writes to this register have no effect.
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I n Register Description

150 RWO Sea Device identification Number
Description | |dentifies each funclion of the NB.

PCI Express D 1 26071h
PC! Express C Pl 2602h
PC! Express C1 3 2603n
PCi Express BO 4 2604h
PCI Express B1 5 2605h
PCI Express AD 6 2606h
PCI Express A1l ¥ 2607h

This register defines the PCI 2.3 compatible command register values applicable to PCI Express

space.
1511 Rv 00h Reserved {by PCI SiG}
10 RO 0 INTxDisable: Interrupt Disable
Contrals the abiiity of the PCI Express porl to generate INTx messages.
Mote that the NB does not have INTx pins and cannot generate interrupls
intemally. The default value s Oh {interrupt disabled). This bit does not affect
the ability of the NB to route interrupt messages received at the PCI Express
porl for operations such as hoi-plug, power management or MSI to eilher hub
inferface or the FSB's.
9 RO 0 FB2B: Fast Back-to-Back Enable
Not applicabie to PCI Express and (s hardwired to '0".
8 RW 0 SERRE: SERR Message Enable
This field handles the reporting of fatal and non-fatai errors by enabling the
emor pins ERR{Z.0].
G The NB is disabled from generating fatal/non-atal errofs.
i The NB is enabled to send fatal/non-fatal emrors.
The emars are also enabled by the EXP_DEVCTRL register (See
Section 4 11 40)
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Register Description I n o
De

Ki RO 0 IDSELWCC: IDSEL Stepping/Wait Cycle Control
Naot apphicable to PCI Express. Hardwired to 0.

¢ Rw 0 PERRE: Parity Error Enable
When set, this field enables parity checking.

5 RO 0 VGAPSE: VGA palette snoop Enable
Not appiicable to PCI Express. Hardwired to 0.

4 RO 0 MWIEN: Memory Write and invalidate Enable
Mot applicabte to PCI Express. Hardwired to 0.

3 RO 0 8CE: Special Cycle Enable
Mot applicable to PCI Express. Hardwired to 0.

2 W 0 BME: Bus Master Enable

Controls the ability of the PC! Express port to forward memory or /O
transactions:

1 Enahles the PCI Express porl to successfully complete lhe memaory
or VO readiwrile requesls.

Q: The Bus Master ts disabled. The NB will treat upsiream memory
writes/reads, |10 writes/reads, and MSIs as iHegal cycles and refum
Unsupparled Request Staius (equrvalent to Master aborl) in PCI
Express.

When ihe BME is disabied, the NB will treat upsilream memory writes/reads,
1O writes/reads, and MSIs &s illegal cycles and retum Unsupporled Request
Status (equivalent to Master aborl} in PCI Express.

Reaquests other than inbound rmemory or /0 (e g. configurstion, outbound) are
net controlied by this bit.

The BME is typically usad by the system software for operatians such as Haot-
plug device camfiguratian.

1 R 0 MSE: Memory Space Enabie

1: Enables the Memory and Pre-fetchable memory address ranges
{MMIC) defined in the MBASE/MLIMIT, PMBASE/PMLIMIT

reqgisters.

a: Disables the entire memory space seen by the PCI Express port on
the pnmary side {NB}. Requests will Lhen be subtractively claimed
by ICHS.

0 Rw 0 |OAE: Access Enable

1: Enahles the /0 address range defined in the IOBASE and IOLIMIT
registers.

Q. Disables the entire YO space seen by the PCI Express port an the
primary. Requests will be then be subiractively claimed by ICHS.
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I n Register Description

The EXP STS is a 16-bit status register that reports the ocemrence of error conditions associated
with the primary side of the “vifual™ PCI-PCI bridge embedded in the selecied PCI Express cluster
of the NB.

15 RWC g DPE: Detected Parity Error
This bit is set when the PCl Express porl gels an uncomectable dals efmor ar
Address/Control parity errors regardless of the Parily Error Enable bit
{PERRE). The detected parity error maps to T10 as defined in T 34

18 328 af this documeant.

14 RWC Gh SSE: Signaled System Error

1: The PC1 Express porl enables system erors ihrough ERR{2:0] pins
such as ERR_FATAL and ERR_NCNFATAL messages provided
SERRE is set. Software dears this bit by writing a 1 to if.

0: No system ermors are generated by the PC1 Express Port.

13 RWC Ch  |RMA: Received Master Abort
Master Abort does not exist on the primary side of lhe PCI Express porl. This
bit is hardwired o 0.

12 RWC Oh | RTA: Received Target Abort
Target Abori does not exist on the primary side of the PCI Express porl. This
bit is hardwired fo 0.

N RWC Oh | STA: Signaled Target Abort
Target Abort does not exist on the primary side of the PCI Express port. This
bit is hardwired io 0.

10:9 RO Oh DEVSELT: DEVSEL# Timing
Not applicable to PCI Express. This bitis hardwired fo ©.

8 RWC Oh | MDPERR: Master Data Parity Error

This bit is set by the PCI Express porl if the Parily Error Enable bit (PERRE)
is set and it receives ermor T10 {uncorrectabie data ermor or Address/Control

parrty efrors of aninternal failure). If the Parity Efror Enable bit is cleared, this
bit i1s never set. See Ta i-2% "Errors ad by on 16 of

this document.

7 RO 0 FB2B: Fast Back-to-Back

Not applicable to PCI Express. This bit 1s hardwired to 0.

i} RY 0 Reserved (by PCI S1G)
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Register Description I n o
r
Du
5 RO 0] 66MHZCAP: 66 MHz capable
Mot applicable to PCI Express. This bit is hardwired to 0.
4 RO 1 CAPL: Capabiiities List

This bit indicates the presence of PCI Express capahilities list structure inthe
PCI Express port. This bit is hardwired to 1{Mandatory).

3 RO 0 INTxSTAT: INTx Status

Indicates ihat an INTx interrupt message is pending internalty in the

PCI Express port This bit does not get seti for interrupts forwarded up from
downstream devices in the hierarchy o7 for messages converled to intermupts
by the root port.

2:0 RY ao Reserved (by PC| SIG}

This register contains the revision number of the Intel® F&501 chipset North Bridge (NB}.

74 RO ily Major_rev: Major Reviston
Steppings which require all masks to be regenerated.
Ih: B slepping

30 RO 0 Minor_rev: Minor Revision

Incremented far each stepping which does not modify all masks. Reset for
each major revision.

{dh;  x0 stepping
Ih: %1 stepping
2h:  x2 stepping
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B
Register Description I ntel ®

The I/O Base and I/O Limit (Section 4.11.16) registers define an address range that is used by the
PCI Express bridge 1o detennine when to forward I/0 transactions from one interface to the other
using the following formula:

I0_BASE <= Af15:12]<=10_LIMIT
Only Lhe upper 4 bits are programmable. For the purpose of address decode, address bits A[11:0]

are treated az 0. The bottown of the defined 1/0 address range will be aligned to a 4KB boundary
while the top of the region specified by IO _LIMIT will be one fess than a 4 KB multiple.

Noite: ITI0LIM < IOBASE, then the aperture is closed.

De
74 RW 00h IDBASE: /0 Base Address
Corresponds o A[15212] of the I/Q addresses passed by the PCI Express
device.
3.0 RO 00h IOCAP: IO Address Capability
Oh: 16-bit ' addressing (Supporled}

Others: Reserved

MOTE: The NB only supparts ‘16-bit 110 addressing. These bits are hardwired
o 00h.

The YO Base and IO Limit registers define an address range that is used by the PCI Express bridge
to determune when to forward I/O transactions frou one interface to the other using the following
fornla:

I0_BASE <= A[15:12] <=10_LIMIT

Only the upper 4 bits are programimable. For the purpose of address decode, address bits A[11:0] of
the 1/0 limit register is treated as FFFh.

74 RW 00h 1O Addreas Limit {IOLIMIT] - Corresponds io A[15:12) of the 1/0 addresses
passed by Ihe PC| Express device.
3:0 RO 00h I/O Address Limit Capability {JOLCAP)
ah: 16-bit I/O addressing {supporled)

Others:  Reserved

HNOTE: The NB only supporlts 16-bit It0 addressing. These bits are hardwised
o Oofy.
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Register Description

SECSTS is a 16-bit status register that reparts the occwrence of error conditions assaciated with
the secondary side {i.e. PCI Express side) of the *virtual” PCI-PCI bridge embedded within

the NB.

RWC

Ch

SDPE: Detected Parity Error

This bitis set by lhe NB whenever it receives a paisoned TLF in the

PCI Express porl regardless of the stata af thg Parhs Frenr Raennnca hit. This

romesponds ko 114 as defined ir 34 ¥ on
528 of this documenL

RWC

Ch

SRSE: Received System Error

This bit is set by the NB when it receives a ERR_FATAL or

FRR NONFATAlL mescane and the RCASFRRF hit i= sef in BCTRL register
1 1326 as defined in
¥ ihis document.

RWC

Ch

SRMAS: Received Master Abort Status

This bit is set when the PC1 Express potl recenves a Completion with
“‘Unsupported Requast Completion™ Slatus. This corresponds to 1012 as
defined in 338 "Emars Dete wihe NG o 128 af this
dacument.

12

RWC

Ch

SRTAS: Received Target Abort Status

This bit is set when the PC1 Express potl recenves 8 Completion with
“Completer Abnfl” Status This comesponds to 1017 as defined in Table §-50
"E 3 324 of this document.

RWC

Oh

SSTAS: Signaled Target Abort

This bit is set when the PCI Express porl comgletes a request with "Completer
Aborl” Status. The NB never generates compteter aborts internally, therefors
Lhis bit is never set.

10:9

RO

00h

SDEVT. DEVSEL# Timing
Mot applicable 1o PCI Express. Hardwired to 0OGh.

RWC

Oh

SMDPERR: Master Data Parity Error

This bit is set by lhe PCi Express porl on the secondary side {PCI Express
link} if the Farity Emor Response bit (FERRE} is set and either of the folfowing
two conditions occurs:

+ The PCI Express porl receives a completion marked poisoned
+ The PCI Express porl poisans a write request
if the Parity Emmor Response bit is cleared, this bit is never set.

RO

Oh

SFB2BTC: Fast Back-to-Back Transactions Capable
Not applicable to PCI Express. Hardwired to 00h.

RvY

Gh

Reserved {by PCI SIG}

RO

th

SGEMHCAP: 66 MHz Capability
Not applicable ic PCI Express. Hardwired to G0h.

40

RY

00h

Reserved (by PCI SIG}
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L4
Register Description I ntel

The Memory Base and Memory Limit registers define a memory mapped O non-prefetchable
address range (32-bit addresses) and the NB directs accesses in this range 1o the PCI Express port
based ou the following formula:

MEMORY BASE <= A[31:20] <= MEMORY LIMIT

The upper 12 bits of both the Memory Base and Meinory Linnit registers are read/write and
corresponds to the upper 12 address bits, A[31:20]. of 32-bit addresses. For the purpose of address
decoding, the bridge assumes that the lower 20 address bits. Aj19:0]. of the memory base address
are 00000h. Similarly, the bridge assumes that 1he lower 20 address bits, AJ19:0]. of the memory
limit address (oot implemented in the Memory Limit register) are FFFFFh. Thus, the bottom of the
defined memory address range wilt be aligned to a 1 MB boundary and 1he top of the defined
memwoiy address range will be one less than a 1 MB boundary.

Note: LTEMLIMIT < MBASE. then the aperture is closed.

De

154 RW ah MBASE: Memory Base Address
Corresponds to Aj31:20] of the memory address on the PCI Express porl

30 RO Oh Reserved (by PCI S1G)

This register controls he processor to PCT Express non-prefetchable memory access routing based
on the following formula as described above:

MEMORY BASE <= A[31:20]<= MEMORY LIMIT

The upper 12 bits of the register are read/write and cormrespond to the upper 12 address bits
A[31:20] of the 32-bit address. The bottonm 4 bits of this register are read-ouly and return 0Oh wlien
read. This repister must be mitialized by the configuration software. For the purpose of address
decode. address bits A[19:0] are assumed to be FFFFFh.

Memory range covered by MBASE and MLIMIT registers are used to map non-prefetchable
PCI Express address ranges (typically where control/starus memory-mapped /O data struchues
reside). PMBASE and PMLIMIT are used to wnap prefetchable address ranges.

Note also that configuration software is responsible for programming alt address range registers
(prefetchable and 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 inain memory). There is no
provision in the NB hardware to enforce prevention of overlap. Operations of the system m the
case of overlap are not guaranteed.
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a
I nU ® Register Description

15:4 RW Oh MLIMIT: Memary Limit Address

Corresponds ta A[3 1:2{] of the memory address that corresponds to the uppor
limit of Ihe range of memory accesses that will be passed by the PC| Express
bridge.

30 | RO 0h Reserved {by PCI SIG)

The Prefetchable Memory Base and Memory Limit registers define a memory mapped /'O
prefetchable address range {32-bit addresses) which is used by the PCI Express bridge to determine
when to forward meniory transactions from one interface to the other based on the following
formuda:

PREFETCH MEMORY BASE == A[31:20] <= PREFETCH_MEMORY LIMIT

The upper 12 bits of bath the Prefetchable Memory Base and Memory Linut registers are
read/write and corresponds to the upper 12 address bits, A[31:20]. of 32-bit addresses, For the
pupose of address decoding. the bridge assumes that the bower 20 address bits. A{19:0}. of the
memory base address are 0000045, Sunilarly, the bridge assumes that the lower 20 address biis,
A[19:0]. of the memory limit address (not implemented in the Memory Limit register) are FFFFFh
Thws, the bottomn af the defined memory address range will be aligned to a | MB boundary and the
top of the defined memory address mnge will e one less than a 1| MB boundary.

Note:  Tf PMLIMIT < PMBASE. then the apermre is closed.

£

154 Rw 00n PMBASE: Prefetchable Memory Base Address

Comesponds to A[31:20] of the prefetchable memory address on the
PCI Express por.

30 RO 01h PMBASE_CAP: Prefetchable Memory Base Address Capability

0oh: 32-bal Prefetchable Memory addressing
0h: G4-bit Prefetchabie Memory addressing

Others:  Reserved

The bottom 4 bits of both the Prefetchable Memory Base and Prefetchable Memory Limit registers
are read-only. contain the same value. and encode whether or not the bridge supports 64-bit
addresses. If these four bits have the value Oh, then the bridge supports only 32 bit addresses. If
these four bits have the value 01k then the bridge suppotts 64-bit addiesses and the Prefetchabie
Base Upper 32 Bits and Prefetchable Limit Upper 32 Bits registers hold the rest of the 64-bit
prefetchable base and linuit addresses respectively.
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