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About Hyper Transport™ Technol ogy

HyperTransport technology is a high-speed, high-performance, point-to-point link for integrated circuits, and is
designed to meet the bandwidth needs of tomorrow' s computing and communications platforms. HyperTransport
technology helps reduce the number of buses while providing a high-performance link for PCs, workstations, and
servers, as well as numerous embedded applications and highly scalable multiprocessing systems. It is designed to
allow chips inside of PCs, networking and communications devices to communicate with each other up to 48 times
faster than with some exigting bus technol ogies.

About the Hyper Transport Technology Consortium

The HyperTransport Technology Consortium is a membership-based non-profit organization in charge of managing
and promoting HyperTransport Technology. It has successfully managed the swift transition of HyperTransport
technology from a proprietary technology to a widely adopted and royalty-free industry standard /O technol ogy.
HyperTransport technology is now deployed in high performance personal computers, mobile computers, servers,
networ k equi pment, communication systems and embedded products.

The Hyper Transport Technology Consortium manages the Hyper Transport technology specification and it promotes
the bus ness interests of consortium member companies. Consortium members include leading providers of computing,
networ king, communications, embedded, software and IP products and services.

The Consortium was founded by Advanced Micro Devices, Alliance Semiconductor, Apple Computer, Broadcom
Corporation, Cisco Systems, NVIDIA, PMC-Serra, Sun Microsystems, and Transmeta. Membership classes are based
on member contribution and include four member classes with varying rights and services. Membership is open to any
company interested in leveraging the Hyper Transport technology. Membership is based on a minimal yearly fee and
includes the right to royalty-free access to the Hyper Transport Consoritum’s patent pool.

The Technical Working Groups, Technical Task Forces and a Marketing Working Groups are open to representatives
of Promoter and Contributor member class companies and these groups manage the Hyper Transport specification,
drive new devel opments and promote the consortium.

Consortium members have access to Hyper Transport technical documents database, may attend consortium meetings
and events and may benefit from a variety of technical and marketing services offered by the Consortium free of charge
to member companies. To learn more about member benefits and on how to become a Consortium member, visit the
Consortiumweb page at www.hypertransport.org/cons join.cfm.

Before joining, please review the bylaws of the Consortium.

HyperTransport is a licensed trademark of the HyperTransport Technology Consortium. All other trademarks belong
totheir respective owners.
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Revison History

REVISION | CHANGE SECTION DATE
1.03 Initial release All 10/10/01
1.04 Fixed errata and made clarifications All 5/30/02
Fully defined open-drain signal behavior 2,17,225
Document Isochronous V C limitations 4.4.3,4.4.4,
7.5.4.10,D.1
Allow RMW with count other than 1 or 3 445
Relaxed response UnitID for rejected packets 49.3
Updated upstream configuration requirements 494, F
Swapped Interrupt and Address chapters (5 and 9) 59
Added new x86 reserved address range 5
Tighten Config and |1/O space access requirements 5 B
Highlighted required registers 7.3-7.5
Expanded description of Address registers 7.3.5,7.4.6
ISA and VGA enable bits required and documented 7.4.9.3
Require arevision ID in every function 7.5
Extend HyperTransport Capability Type field to 5 bits | 7.5.3.1, 7.7.1
Documented behavior of multiple nonprefetchable 7.5.13
memory range register extensions
Added Isochronous, NonCoherent, and Compat bitsto | 7.7
Address Remapping Block
Created Revision ID Capability 7.8
Documented reset data corruption case 10.1
Documented behavior when all UnitIDs are consumed | 12.3
Combined Appendices B and C B
Relaxed PCI ordering, added HyperTransport to PCI B.2
command mapping
Added PCI-X ordering rules and command mapping B.4
Added Deadlock Appendix C C
Document legacy interrupt boot requirements F.1
Document legacy PIC multiple ExtInt requirements F.1.3
Document delay from STOP_ GRANT to LDTSTOP# | F.2
Document A20M ordering requirements F.2.1.1
Updated LDTREQ# requirements F.2.4
Updated differential signal input edge rate 22.10

requirements
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REVISION | CHANGE SECTION DATE
1.05 Added 64-bit addressing 3.21,5,7.35, 11/22/02

7.4.6, 7.5.4.13,
7.5.8, 7.5.10.5,
10.1.6

Changed Coherent bit from Ignored to Reserved and 3215441

set

Added Data Error to Responses and Posted Writes, 44.1,45,7.3,

Changed Error and NXA bits in Responses to Error0/1 | 7.4, 10.2.1,
B.2.2,B.4.2

Added Isoc bit to Flush and Fence 44.3,444,D.1

Added UnitID Clumping 42,45, 4.6, 4.9,
6.4, 7.5.10, 7.10,
12.3

Various clarifications 3.21,4.7,4.9,5,
6.1,7.1, 83,
12.2,B.2.2,
B.4.2,C1.2

Require peer-to-peer reflection of Atomic RMW 445

Added Extended Configuration Space and Device 44.1,4.9,5,7.1,

Messaging 7.2,7.515, 711,
13,B.4.2, F

Restricted ordering within the chain 6, 6.1

Added Interrupt Disable and Status bits 7.3.16,7.32.1

Removed VGA Palette Snoop 74.1

Added Upstream Configuration Enable bit 7.5.10.9

Added 64-bit Address Remapping 7.8

Added INTA/B/C/D Virtual Wires 8.1,84

Added No Snoop to HyperTransport-to-PCI-X B.4.2

Mapping

Added Message Signaled Interrupt Mapping B.5

Added x86 Thermal Management Messages F.2.1

Relaxed x86 SMI and SMIACK Requirements F.2.5

Added Switch Appendix 7531, 1

Combined First Two Electrical Chapters 17
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REVISION | CHANGE | SECTION DATE

1.10 Incorporated All 1.05c Errata | 3.2.3,4.4.1, 4.4.5,4.8.1,4.9.5.2, 5, 6, 8/25/03
6.1, 6.2, 7.3.1.4,7.3.2.3,7.3.28, 7.4.1,
749, 7531,754,755,756,7.5.7,
7.5.8.3, 7.5.10.6, 7.5.12, 7.5.13, 7.5.14,
7.10.2,7.12,8.1, 83, 8.5, 9.1, 10.1.1,
10.1.3, 10.1.6, 10.2.2, 10.2.4, 12.2, B.2.2,
B.4.2,B.5 F.11 F21,1.335, J 22.7

Added Retry Mode 2,31,48, 7531,
7.5.4.9,7.15, 10.1.3,
10.3, H

Added New Virtual Channel Sets 3.21,44.1,45,4.7,
4.8.2,4.9.7, 6.1,
7.5.3.1,7.14,10.1.6

Added DirectRoute Peer-to-Peer Routing 4.1,4.2, 4.9, 6,
7.5.3.1,753.24,7.13

Added Streaming Packets 14

Added End-to-End Flow Control K

Various Editorial and Typographical Corrections | All

2.00 Added PCI Express Ordering Rules and B.6 2/9/04

Command Mappings

Added 2, 2.4, and 2.8GT/s Electricals 7.5.7, 17, 21, 22, 23,
24, M, O

Added Fixed MSI Mapping Capability 7.12

Added Translation Permitted bit for PCI-X and 13,B.4.2

Express Message interoperability.

Errata 7.12,8.4,B.22,B.4.2,
C.l2

Relaxed Host and Bridge ordering requirements | 6.1

Relaxed End of Chain bit requirements 7.5.4.7

Various Editorial and Typographical Corrections | 4.7.1, 4.7.10, 4.8.2, 6,
7.5.4.7,7.14

2.00a Removed unnecessary 1us delay from LDTSTOP 10.3.12 7/8/04

disconnect in retry mode

Clarified per-packet CRC polarity and usage 10.1.3

Clarified scope of Interrupt Disable bit 7.3.1.6

Clarified INTx chain host gate requirements 8.4

Clarified Bridge Bit and UnitlD in DirectRoute 42,49 7.13.1.6

Clarified SYNC detection in Retry Mode 10.3.5

Clarified LDTSTOP sequence in Retry Mode 10.1.3

Corrected nonvectored interrupt addressing F.1.1

Clarified replay ordering/buffer issuesin Retry Mode | 10.3.4, 10.3.7
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REVISION | CHANGE SECTION DATE
2.00b Remove Interrupt Capability requirement 7.6,9 4/27/05
Clarify Disconnect NOP insertion for LDTSTOP 8.3
Allow protocol error logging in Retry Mode 10.3.3, 10.3.5
Clarify stomped packet behavior in Retry Mode 10.3.3,10.3.5
Clarify RxNextPktToAck behavior 10.3.4
Restrict control packet insertion 10.3.5
Allow new packets during history structure replay 10.3.7
Clarify transmitter disconnect and reconnect behavior | 10.3.12
in Retry Mode
Fix chain bit in PCI-X and PCI-Express Mappings B.4.2,B.6.2
Clarify Unsupported Request and Completer Abort B.6.2
mapping and No Snoop bit handling in PCI-Express
Correct Data Error handling in PCI-Express B.6.2
Fix formatting and typographical errors 3.2.15,7.12,
10.1.6, 13, F.2
2.00c Clarify SYNC packet recognition requirements 4.3,10.3.5 12/9/05
Correct typo 49.7.3
Clarify usage of Link Frequency register 7.5.7
Purge usage of HT abbreviation 71,1.21
Clarify timing of link width/frequency changes 8.3
Allow noncoherent traffic while host isin C3 8.5 F.24
Correct inconsistency in control packet insertion 10.3.3
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REVISION | CHANGE SECTION DATE
3.00 Incorporate known 2.00 errata and merge 3.0 proposed | All 12/23/05

protocol and electrical changes

Sourcel D enable bit, feature bit, and packet extension | 3.2.1.3, 7.5.4, 3/10/06
7.5.10.7, 7.5.15

Retry Mode required at Gen3 frequencies 48.1,4.82, 7.15

Correct required size of fairness window register 4.95.2

InitComplete holds state across LDTSTOP 7.5.4.6

Clarify reserved behavior/modes for Ganged, AC, 7.5.4.11,

8b10b, ScrEn, LSSel, DeempEn, RetryEn 7.15.2.1, 7.16.4,
7.16.5.6

Clarify retry counter behavior 7.15.4, 10.3.10;
12.3.2

Added Function-Level Extension Capability and 7.17

Function-Level Reset Extension

Clarify LDTSTOP reassertion requirement 8.3

Allow CTL[1] to be undefined in Genl protocol 12.2.1

ILM and BIST test modes 15

Add more detail to hot plug methods 16

Clarify NPW data error handling in PCI* bridges B.6.2

Clarify async reference clock sources for Gen3 31

Editorial cleanup 3.21,42,6.1,
10.3.5,12.3.4,J

More editorial cleanup 7.5.4.6, 8.3, 3/15/06
12.3.13,12.3.17,
15.1

Clarify UnitID Clumping Enable Software 7.10.2

Requirements

Add chipset-controlled power management extensions | 7.18, 8.2, 8.6,
F.2.1

Clarify minimum LDTSTOP# assertion times 2.1,8.3,12.3.19

Require Enumeration Scratchpad in devices that 7.5.11, 7.16.4.1,

support unganging 12.34

Correct Gen3 CRC calculation 10.1.3

Added appendix with table of 8b10b encodings L

Allow HW to report InitComplete=0 during BIST/ILM | 7.5.4.6 3/28/06

Clarify RxRetries behavior 10.3.7-423:2

Editorial cleanup 2.1.4,7.16.7,
18.3

Editorial cleanup, copyrights, headers, front matter 4/21/06

Clarify EndOfChain and TXOff Genl/3 behavior 75.4.7,754.8

Create LS3 Capability bit and expand LS2Ento LSSel | 2.1.2, 7.5.4.11,
7.16.2,7.16.4

Clarify use of LaneSel in BIST 7.16.4.10

Correct order of fieldsin CDLR config register 7.18.3
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REVISION | CHANGE SECTION DATE
Clarify INTx virtual wire handling 8.4
Allow CDLC, CDLD, CDLW, and CDLF in Genl 7.18.2,86.1,
8.6.9
Allow CILR to not refresh lanes above program width | 8.6.8
Clarify flow control handling for stomped packets 10.3.3
Limit Genl initialization time and clarify async 12.2.1,12.3.13
clocking mode behavior
Clarify PHY OFF behavior 12.3.2,12.3.9
Clarify RX DLL behavior 12.3.7, 12.3.19,
12.3.20
3.00a Add split In/Out control of InLnSt and L SSel 7.16.2, 7.16.2.5, 9/7/06
7.16.3.2

Allow flexibility in full training times

7.16.3.2, 7.16.3, 7.16.3.7,

with FullTOTime field

7.16.3.8, 7.16.3.11, 7.16.3.12,

7.16.3.13, 7.16.3.17, 7.16.3.19

Remove Tmrl timeout following resets | 12.3.11

Editorial Cleanup

Revision history, 3.2.1.3,3.2.1.5, 7.5, 7.5.4.11,

7.5.8,7.5.8.1,7.16.2.4, 7.16.3.3, 7.16.4.6, 9.1,

10.1.4, 10.2.4, 10.3.6, 10.3.3, 10.3.8, 11.1,

12.3.2,12.3.3,12.34, 12.3.9, F.2.1, 26.6, 29.1

Finish removing open-drain usage of sideband signals | 2, 2.5, 2.6, 4.1.2,

in Gen3 systems 12.2, F

Clarify CTL behavior 3,10.1.4

NOP reserved bit behavior 4.8.1

Clarify behavior of reserved memory spaces 5F1,F21

Clarify Sourcel D behavior 7.5.4.1

Clarify behavior of TXOff and EOC bits for Gen3 | 7.5.4.7, 7.5.4.8,
7.5.7,12.2,12.35.2,
12.3.8, 12.3.16

Clarify scope of InLnSt 7.5.4.11

Clarify short retry attempts 7.15.2, 17.15.2.7,
7.16.4.5, 10.3.8,
12.3.2

Add implementation flexibility to TmrO 7.16.3.1

Add vendor-defined virtual wire messages 8.2,8.7

Clarify INT _PENDING behavior 8.5

Reinsert P-gate change msgs missing from 3.0 rel F.2.18611

Clarify async mode requirements for Gen3 111

Remove compensation column 12.3.3

Clarify DLL locking requirements 12.3.3, 12.3.19,

12.3.20

Relax implementation requirements for LDTSTOP 12.3.18

assertion during training

Clarify RX FIFO sizing for Gen3 12.3.13
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REVISION | CHANGE SECTION DATE

Clarify RX phase recovery requirements 12.3.19

Clarify Cold Reset requirements for unganging, 12.3.5,12.3.5.1,

hotplug, and AC options 12.3.5.2

Clarify Genl behavior with InLnSt=10b 7.16.3.2

Clarify I nactive lane timer behavior 8.6.8,12.3.19

Allow I nactive lane alignment flexibility 12.3.7

Clarify LDTREQ# usage 8.5, F24

Add per-packet CRC implementation note 10.1.3

Correct electrical parameter definitions 22.2.3,22.8.2,
26.6, 27.5, 28.5,
29.2

Add LS1 Clock Divisionto Link Training register 7.16.4

Clarify CTL errors as protocol errors 10.1.4

Clarify LDTSTOP# assertion in Retry Disconnect 12.3.17

Add LSO to LSSdl 7.16.4.6

Make CDLRint encoding implementation-specific 7.18.3.1

Clarify TX behavior when RX saw Training 3 fail 12.3.13

after TX advanced to Operational

Allow Command Packet Insertion at Genl frequencies | 3.1.2.1, 7.16.2.3, | 10/13/06
7.16.4.13

Add Translated Address and Translation Request bits | 3.2.1.3,4.4,5

to Sourcel D packet; Flesh out Sourcel D format and

move it and address extension out of 4.4; Add new

packet descriptions in appendix B

Clarify behavior exiting warm reset or LDTSTOP 7.5.4.7,754.8

when EOC=1 and TXOff=0

Clarify LSSel register fields apply to software width, 7.16.4, 8.6.7

CLMC LSSel appliesto CDLW width

Extended P-state change message and added C-states | F.2.1

Clarify behavior exiting Disconnected when 12.3.19

transmitter is ready before receiver

Clarify behavior of inactive lanes around LDTSTOP 12.3.6, 12.3.13

Require warm reset signaling in Disconnected for 2.1.2,7.5.4.11,

Genl links to smplify high LDTSTOP# skew 7.16.4.6
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REVISION | CHANGE SECTION DATE
More editorial cleanup 1.1,2,43, 7,
75.4.4,7511,
7.5.12, 7.5.13,
7.5.14, 7.5.15,
7.16.3.2,
7.16.4.17,
7.18.3.2,8.6.7,
8.6.8,10.1.1,
10.3.3,10.3.8,
12.2,12.3.2,
12.3.4,12.3.11,
12.3.13, 12.6,
15.1, B.6.3.2,
26.6, 28.5, 29.2
Clarify CTL[1] sampled in DC Detect Phase 1 12.3.4.2 10/17/06
Document Refresh state for CILR 12.3.6, 12.3.7
Genl LDTSTOPto RESET delay is for narrowest 2.1.1 10/19/06
half of the link
CDLW width must not exceed software width 8.6.7
Clarify flow control zeroing at retry 10.3.6
Correct link state diagram figure 12.3
No exception to CILR for PHY OFF 12.3.7
Completion Count encoding of 0 means 8 completions | B.7.4
Allow AC-coupled 32-hit links 3.1.2 11/22/06
Allow /16 and /64 ratios for LS1D 7.16.4.17
Require retry for most protocol errorsin Gen3 10.1.4
Limit AC Detect observation to provide margin 12.35
Clarify sync flood entry requirements 12.3.16
Clarify LS1D TXCLK requirements 12.3.19
Clarify LDTSTOP skew reguirement for BIST 15
Clarify Isoc requirement for SMI and STPCLK F.25
More Editorial Cleanup 2.1.3,75.4.4,
10.1.3,12.3.2,
12.3.4,12.35,J
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