INTERNATIONAL ISO/IEC
STANDARD 18372

First edition
2004-12

Information technology —

RapidlOTM interconnect specification

Reference number
ISO/IEC 18372:2004(E)




iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO/IEC 183722004
https://standards.iteh.ai/catalog/standards/sist/33b07ba0-0d94-40b1-ae33-
a45a5042ectd/iso-iec-18372-2004



INTERNATIONAL ISO/IEC
STANDARD 18372

First edition
2004-12

Information technology —

RapidlOTM interconnect specification

© ISO/IEC 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any
means, electronic or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

ISO/IEC Copyright Office ¢ Case postale 56 ¢ CH-1211 Geneve 20 ¢ Switzerland

PRICE CODE XJ

For price, see current catalogue




iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO/IEC 183722004
https://standards.iteh.ai/catalog/standards/sist/33b07ba0-0d94-40b1-ae33-
a45a5042ectd/iso-iec-18372-2004



ISO/IEC © 18372:2004(E) -3-

Table of Contents

0 T =TT o T o 27
8 08 Yo U o o P 28
SUMIMIA Y . e e 33
INtrOdUCTION. . . . 33

I Partition | - Input/Output Logical Specification. ... .......... .. . i 38
0 T V1 38
12 CONIENTS . .. 38
1.3 NOrmative RefereNCeS. . . .. oot 38
1 Chapter 1 - System Models . .. ... .o e e 38
1.1 Processing Element Models . . ... 38
1.1.1 Processor-Memory Processing ElementModel. .................. ... ... .. .. ..... 39
1.1.2 Integrated Processor-Memory Processing ElementModel . ......................... 39
1.1.3 Memory-Only Processing Element Model ........ ... .. ... i, 40
1.1.4 Processor-Only Processing Element .. ............ . i 40
1.1.5 1/OProcessing Element . ... ... i 40
1.1.6 Switch Processing Element . .. ... 41

1.2 SYStEM ISSUBS . . o e 41
1.2.1 Operation Ordering . rp A mi s me A Fh o TR E DI b A FE i e e v ettt 41
1.2.2 Transaction Delivery © .. . 42
1.2.3 Deadlock Considerations.. & I (e e LS @ i@l 43

2 Chapter 2 - Operation DesCriptions . . L0/l 183720004 « v v v v v v e et e et e e 43
2.1 1/O Operations Cross Reference .aialos sandards/ st 2300 ha-0do-dblacion Lo o oo oo 44
2.2 1O Operations. . .......... 0000 s e 44
2.2.1Read OPEratioNS . . . . oottt e e 45
2.2.2  Write and Streaming-Write Operations. . .. ...ttt e 45
2.2.3  Write-With-Response Operations . . . ...ttt e e 45
2.2.4 Atomic (Read-Modify-Write) Operations. . . ...t 46

2.3 SYSteM OPEratiONS . . ..ottt 46
2.3.1 Maintenance OPerations . . .. ..ottt e 46

2.4 Endian, Byte Ordering, and Alignment . . ... 46
3 Chapter 3 - Packet Format Descriptions . . .. ... ..ottt 48
3.1 Request PaCket FOMALS . . . ... oot e e 48
3.1.1 Addressingand AlIgnment . .......... . 48
3.1.2 Field Definitions for All Request Packet Formats. .. ............ .. ..., 48
3.1.3 Type 0 Packet Format (Implementation-Defined). .. ............ .. ... ... .. .. ..... 51
3.1.4 Type 1 Packet Format (Reserved) . ...... ... e 51
3.1.5 Type 2 Packet Format (Request Class) .. ...t 51
3.1.6 Type 3—4 Packet Formats (Reserved) . ... 52
3.1.7 Type5Packet Format (Write Class) .. ... e 52
3.1.8 Type 6 Packet Format (Streaming-Write Class) .. ..., 53
3.1.9 Type 7 Packet Format (ReServed) . . ... ..ottt 53
3.1.10 Type 8 Packet Format (Maintenance Class) ... 53

3.1.11 Type 9-11 Packet Formats (Reserved) .. ... 55



-4- ISO/IEC © 18372:2004(E)

Table of Contentss

3.2 Response Packet FOrmMats . . . ... ..ot 55
3.2.1 Field Definitions for All Response Packet Formats ............................... 56
3.2.2 Type 12 Packet Format (Reserved) . .. ... 56
3.2.3 Type 13 Packet Format (Response Class) .. ......ov vt e 56
3.2.4 Type 14 Packet Format (Reserved) . ...t e 56

Chapter 4 - Input/Output RegISterS . . . ..o\t 57

4.1 ReQISIEr SUMIMAIY. . . . vttt ettt et e e et et e e e e 57

4.2 Reserved Register and Bit Behavior. . . ... .. 57

4.3 Extended Features Data StrUCTUIE. . . . .. ..ot 58

4.4  Capability Registers (CARS) . ..ot e e e 59
4.4.1 Device Identity CAR (Offset OXOWord 0). .. .. ... e 59
4.4.2 Device Information CAR (Offset OXOWord 1) ... 59
4.4.3 Assembly Identity CAR (Offset OX8 Word 0). .. ... e 59
4.4.4 Assembly Information CAR (OffsetOX8 Word 1) . ..., 60
4.4.5 Processing Element Features CAR (Offset OXIOWord 0) ..., 60
4.4.6 Switch Port Information CAR (Offset OXIOWord 1) ............ .o, 61
4.4.7 Source Operations CAR (Offset OX18 Word 0). . . ... ..o 61
4.4.8 Destination'Opeérations CAR (Offset Ox18 Word ) V.0 Voo 61

4.5 Command and Status RegiSters (CSRS). . . ok v it B v S0 e e ettt ettt e 62
45.1 Write Port CSR (Offset OX40 Word 1) ... . . e 62
4.5.2 Processing Element Logical Layer Control CSR (Offset Ox48 Word 1). .. ............. 63
4.5.3 Local Configuration Space Base Address 0.CSR (Offset 0x58 Word 0)............... 63
4.5.4 Local Configuration Space Base Address 1 CSR)(Offset 0OxX58 Word 1) ............... 64

Partition 11 - Message Passing Logical Specification .............. ... ... .. ..., 66

ILL OV BIVIBW. .« oottt e e e e 66
I 2 CONENtS .. 66

Chapter 1 - System Models . . .. ... 66

1.1 Processing Element Models . . ... 66
1.1.1 Processor-Memory Processing ElementModel. ................ .. ... ... .. ... .... 67
1.1.2 Integrated Processor-Memory Processing ElementModel . ......................... 67
1.1.3 Memory-Only Processing Element Model . . .......... .. ... ... . L. 68
1.1.4 Processor-Only Processing Element .. ... ... ... .. 68
1.1.5 1/OProcessing Element . .. ... ... 68
1.1.6 Switch Processing Element . .. ... . 69

1.2 Message Passing System Model. . ... . 69
1.2.1 DataMessage Operations . . ... ...ttt e 69
1.2.2 Doorbell Message Operations . . ... ...ttt e e 70

1.3 SYSIEM ISSUBS . . oot 70
1.3.1 Operation Ordering . .. ...ou it 70
1.3.2 Transaction Delivery . . ... . 70

1.3.3 Deadlock ConsSiderations. . . . . ..ottt 71



ISO/IEC © 18372:2004(E) -5-

Table of Contents

Chapter 2 - Operation DesCriptionsS . . .. ..ot e 71
2.1 Message Passing Operations Cross Reference . . ..., 72
2.2 Message Passing Operations. . . ... ..ottt 72
2.2.1 Doorbell Operations. . . . ...t 72
2.2.2 Data Message Operations . .. .. .o.uu ittt 72
2.3 Endian, Byte Ordering, and Alignment . . ... .. . 73
Chapter 3 - Packet Format DesCriptions . ... ...ttt e e e 74
3.1 Request Packet FOrmats . ... ... 74
3.1.1 Field Definitions for All Request Packet Formats. .. ............ ... ..., 74
3.1.2 Type 0 Packet Format (Implementation-Defined). .. ............ ... ... ... .. ..... 75
3.1.3 Type 1-9 Packet Formats (Reserved) . ... 75
3.1.4 Type 10 Packet Formats (Doorbell Class). . ... s 75
3.1.5 Type 11 Packet Format (Message Class). .. ... 75
3.2 Response Packet FOrmats . .. ... .ot 76
3.2.1 Field Definitions for All Response Packet Formats ............... ... ..., 77
3.2.2 Type 12 Packet Format (Reserved) . .. ...t e 77
3.2.3 Type 13 Packet Format (Response Class) . . . ... u v vttt 77
3.2.4 Type 14 Packet Eormat (Reserved) .. L0, b ca L VL L Vo 78
3.2.5 Type 15 Packet Format (Implementation-Defined)s............. ... ... ... .. .. ... 78
Chapter 4 - Message Passing REGISTEIS . . . v\ s e ettt et e et 78
4.1 ReQISTEr SUMIMAIY. 1 oo« iv vie txie e ne el e sn el s mes s ia (1 n (4 PRIy % (e i = o e e e e e e e e e e e e e 78
4.2 Reserved Register and Bit BENAVIOI o . .is s w s 10077 086 « v v v et e e e et et 79
4.3 Capability Registers (CARS) . . ..o 80
4.3.1 Processing Element Features CAR (Offset OX1IOWord 0) .............. ... 80
4.3.2 Source Operations CAR (Offset OXI8 Word 0). . .. ...ttt 80
4.3.3 Destination Operations CAR (Offset OXI8 Word 1) .. ... 81
4.4 Command and Status Registers (CSRS) . ... ..ottt e e 81
4.4.1 Mailbox CSR (Offset OX40 Word 0) . .. ... oottt 81
4.4.2 Doorbell CSR (Offset OX40 Word 1). . . ..ot e e 83
Annex A (informative) Interface Management . .. ............ . 84
A.1l Link Initialization and Maintenance Mechanism . ........... ... ... i, 84
A.1.1 Inputporttraining state machine. ......... .. ... . 84
A.1.2 Output port training state machine. . . ... ... . 86
A.2 Packet Retry Mechanism .. ....... .. 89
A.2.1 Input port retry recovery state machine. .. .......... .. . . 89
A.2.2 Output port retry recovery state machine .............. ... 90
A3 EITOr RECOVEIY . . oo e e e e 92
A.3.1 Input port error recovery state machine. .. ........ ... .. . 92
A.3.2 Output port error recovery statemachine ............... .. i 94
Partition 111 - Common Transport Specification . .............. i 98
HHLL OVEIVIBW. .ottt e e e e e e e e e 98

LI 2 CON NS . . oottt e e e e 98



-6- ISO/IEC © 18372:2004(E)

Table of Contentss

Chapter 1 - Transport Format Description. . . ........ . 98
1.1 System TOPOIOgY . ..ottt 98
1.1.1 Switch-Based SysStems. . .. .. ot 98
1.1.2 RING-Based SYstems . . . ..ot e 99
1.2 System Packet ROULING . . . .. ..ot 99
1.3 Field Alignment and Definition .. ... ... i 100
1.3.1 Routing Maintenance Packets . ... ... 100
Chapter 2 - Common Transport RegiSters . . ... i e 101
2.1 RegISIEr SUMMAIY. . . o .ttt e e e e e e e e e e 101
2.2 Reserved Register and Bit BEhavior. . . ... e 102
2.3 Capability Registers (CARS) . ...t 103
2.3.1 Processing Element Features CAR (Offset OX1I0 Word 0) .................i... 103
2.4 Command and Status Registers (CSRS) . .. ...t e e 103
2.4.1 Base Device ID CSR (Offset OX60 Word 0) . . ....coo it 103
2.4.2 Host Base Device ID Lock CSR (Offset Ox68 Word Q) ..., 103
2.4.3 Component Tag CSR (Offset OX68 Word 1) . . ... ..o e 104
Partition IV - Physical' Layer 8/16 LR-LVDS'Specification . V. L0 v oo 106
IV.1 OVEIVIEW. . . oo vt e e foedoim i B omemmr B e et B i S0 e e e e e e e e e et e e e 106
IV.2 Contents . ... 106
Chapter 1 - Physical Layer ProtOCOL . .. i s e iy on s st (sl e gt e o e e e e e e e e e e 106
1.1 Packet Exchange ProtoCol . . .i5.50:0 o ie docs 12720004 « v vttt n et et e e e e 106
1.1.1 Packetand Control Alignment. . .. ... 107
1.1.2 Acknowledge Identification. .. ........ ... i 107
1.2 Field Placement and Definition . .......... ... 108
1.2.1 Flow Control Fields Format. . . ... e e 108
1.2.2 Packet Priority and Transaction Request Flows ............. ... ... .. ... ....... 109
1.2.3 Transaction and Packet Delivery. . ... 110
1.2.4 Resource ANlOCation. . . ... .o i 112
1.2.5 Flow Control Mode Negotiation . ............ e 117
1.3 Error Detection and RECOVEIY . .. ..ot e 117
1.3.1 Control Symbol Protection .. ... 117
1.3.2 Packet Protection . . ...t 117
1.3.3 Lost Packet Detection . .. ...t 118
1.3.4 Implementation Note: Transactional Boundaries .............. .. ... i, 118
1.3.5 Link Behavior Under Error . .. ..ot e e 119
1.3.6  CRC Operation . ..ottt e e e e e 120
137 CRC COUE . .ottt e 122
1.3.8 Maximum Packet Size. ... ...t 123
1.4 Link Maintenance Protocol. . . ... ... o 123
1.4.1 Command DesCriptions . . . ..ottt e 123

1.4.2  Status DesCriptions . ... .ot e e 124



ISO/IEC © 18372:2004(E) -7-

Table of Contents

2 Chapter 2 - Packet and Control Symbol Transmission .............. ... ... 125
2.1 Packet Start and Control Symbol Delineation ........... ... .. ... . ... 125

2.2 Packet Termination. . .. ... ot 127

2.3 PaCKet PaCing . .. ..ot 128

2.4 Embedded Control Symbols. .. ... 129

2.5 Packetto Port Alignment .. ... ... 129

2.6 SYStem MaintenanCe . . . . . ..ottt 133

2.6.1 Portand Link Initialization .. ......... 133

2.6.2 MUILICASE-EVENT . . . ..o 136

2.7 Power Management . ... ... 136

3 Chapter 3 - Control Symbol Formats. . ......... .. e 137
3.1 Acknowledgment Control Symbol Formats. . ............. .. i 137

3.1.1 Packet-Accepted Control Symbol .. ........ ... ... . 137

3.1.2 Packet-Retry Control Symbol. ...... ... ... . 137

3.1.3 Packet-Not-Accepted Control Symbol . ........ ... ... .. 138

3.1.4 Canceling PacKets .. ....o i 139

3.2 Packet Control Symbol FOrmats. . ... ...t 139

3.3 Link Maintenance! Control.Symbol Farmats . Lo, & ba i Vo Ll Vo 140

3.4 Reserved SYMDOI FOMMALS .. i o o v oon s e 5l e Br on £5e e e e et e e e ettt e e 142

3.5 Control Symbol to Port Alignment. ... . 142

4 Chapter 4 - 8/16 LP-LVDS REGISTEES . /. v e e wiieoe i irrton iy pisico e s rsiale s e o e e e e e e e e e e e 143
4.1 Generic ENd POINt DEVICES. . 150100 s i 175 0804 « v v e vt e et e e e e e e n e e 143

411 ReQISIEr Map . . oo 144

4.1.2 Command and Status Registers (CSRS). . . . ..ot 145

4.2 Generic End Point Devices, software assisted error recovery option. . .................... 149

421 ReQISIEr Map . . ..o 149

4.2.2 Command and Status Registers (CSRS). . . . ..ottt 150

4.3 Generic End PoiNt Free DeVICES. . . ..ottt 155

431 ReQISIEr Map . . ..o 155

4.3.2 Command and Status Registers (CSRS). . . . ..ot e 155

5 Chapter 5 - System Clocking Considerations .. ..., 160
5.1 Example Clock Distribution. . . ... ... e 160

5.2 Elasticity MeChanism . . ... ... e 161

6 Chapter 6 - Board Routing Guidelines. . . ... 161
6.1  IMPEUANCE. . . .ottt e 161

8.2 SKEW . o 162

6.3 PCB StaCKUP . . . . ot 162

6.4 TermMINALION. . . ..ottt e 163

6.5 Additional Considerations . ... ... ...ttt 163

6.5.1 Single Board ENVIrONMENTS. . . .. .. oo 163

6.5.2 Single Connector ENVIFONMENTS . . . ..ottt e e e e 163

6.5.3 Backplane ENVIironments. . .. ... e 163

6.6 Recommended pin escape Ordering . .. ... ...ttt 163



-8- ISO/IEC © 18372:2004(E)

Table of Contentss

Chapter 7 - Signal DesCriptions . . ...t 166
7.1 Signal Definitions . . .. ..o e 166
7.2 RapidlO Interface Diagrams. . . .. ..ottt e 168
Chapter 8 - Electrical Specifications . .............. . i e e 170
B L OVBIVIBW. .ottt e 170
8.2 DC SPeCIfiCatiONS . . . . . oottt 170
8.3 AC SPeCITICAtiONS . . ..ottt e 171
8.3.1 Concepts and Definitions. . . ... ..ot 172
8.3.2 Driver SPeCifiCations . . . .. ..ot 173
8.3.3 Receiver SPecCifications . . ... ...t 178
Annex A (informative) Message Passing Interface .............. i 185
Al Definitions and Goals . .. ... .. 185
A2 MeSSage OPerations . ... .. v it 185
A.3 Inbound Mailbox StruCtUre. . . .. .. o 186
A3L SIMPle INDOX . .. 186
A3.2 EXtended INDOX . . ..o 187
A.3.3 RECEIVEA MEBSSATES . . . o v ittt ettt e e e e e e e e e 188
A.4 Outbound Message Queue:Structure: &7/ 0 i Lr i L YV L v 189
A4L SIMPle OULDOX. . . o\ veaheie o s B eim e vt B im S ohe e e e e e e et 189
A.4.2 Extended OUtbOX . .. ... 189
Partition V - Globally Shared Memory Logical SPecifiCation . «imcs e e enenenenennena.. 192
Chapter 1 - Globally Shared Memory. . ... e 192
I R O 1Y 1= VT 192
111 MeMOrY SYSteM. . ot e e e e 192
1.2 Features of the Globally Shared Memory Specification. . ................ .. ... ... ...... 193
1.2.1 Functional FEAtUIES . . . ..ttt e 194
1.2.2 Physical FEatUIES . . . . ..o 194
1.2.3 Performance Features . ...t 194
1.3 oML .. 194
14 Terminology ... ..ot 195
15 CONVENTIONS .. .ottt 195
Chapter 2 - System Models . . .. ... 195
2.1 Processing Element Models . . ... .. 195
2.1.1 Processor-Memory Processing Element Model. . ........... ... ... .. .. ... ... ... 196
2.1.2 Integrated Processor-Memory Processing Element Model .. ....................... 196
2.1.3 Memory-Only Processing ElementModel ............. ... .. i i, 197
2.1.4 Processor-Only Processing Element . . ............ . i 197
2.1.5 1/OProcessing Element. . ... ... 197
2.1.6 Switch Processing Element . .. ... 198
2.2 Programming Models . . . ... .. 198
2.2.1 Globally Shared Memory System Model ............ ... . .. i 198

2.2.2 Software-Managed Cache Coherence Programming Model . . ...................... 199



ISO/IEC © 18372:2004(E) -9-

Table of Contents

2.3 SYSIEM ISSUEBS . . . ottt 199
2.3.1  Operation Ordering . ... ..ottt 199
2.3.2 Transaction DeliVery . . ... . . e 200
2.3.3 Deadlock Considerations. . .. ...t 200

3 Chapter 3 - Operation DesCriptions . . ... ... e e e 200

3.1 GSM Operations Cross Reference . . ... e 201

3.2 GSM OPeratiONS . . v ot ottt e 202
3.2.1 Read Operations. . .. ..ot e e 202
3.2.2 Instruction Read Operations . . ...ttt 203
3.2.3 Read-for-Ownership Operations . .. ...t e e e e 205
3.2.4 Data Cache Invalidate Operations. . ...ttt 206
3.2.5 Castout OpPerations. . . ... oottt 207
3.2.6 TLB Invalidate-Entry Operations . ... .........uuuuirit et 207
3.2.7 TLB Invalidate-Entry Synchronization Operations. . .. ............ .. ...ccciuuiu... 207
3.2.8 Instruction Cache Invalidate Operations . .. ... 208
3.2.9 Data Cache Flush Operations . ...........o i 208
3.2.10 1/O Read Operations . . .. ..ot ittt et ettt et e et e 210

3.3 Endian, Byte Ordéring, andAlighment” /. L8 L0 L ia L VL Vo 211

4 Chapter 4 - Packet Format Descriptions . ... .. 212

4.1 Request PaCKet FOMALS . . . . ..o it e e et et e e e 212
4.1.1  Addressing and ANGNMENT . . o o o ot ve ons v o0 (311 e e« e n e e e e e 213
4.1.2 Data Payloads . . ... . ... s(i00eeis/sm o 10075 0865 « e e e e 213
4.1.3 Field Definitions for All Request Packet Formats. . ............ ... .. ... ... ... .... 214
4.1.4 Type 0 Packet Format (Implementation-Defined). . ............... ... ... ....... 217
4.1.5 Type 1 Packet Format (Intervention-Request Class). . ............. ..., 217
416 Type 2 Packet Format (Request Class) . ... 217
4.1.7 Type 3-4 Packet Formats (Reserved) ... 218
4.1.8 Type 5 Packet Format (Write Class) . .. ... e 218
419 Type 6-11 Packet Formats (Reserved) . ..........c. i 219

4.2 Response Packet FOrmats . . .. ... 219
4.2.1 Field Definitions for All Response Packet Formats .............................. 219
4.2.2 Type 12 Packet Format (Reserved) . ... 220
4.2.3 Type 13 Packet Format (Response Class) . . ... 220
4.2.4 Type 14 Packet Format (Reserved) . . ... ..ot e e 221
4.2.5 Type 15 Packet Format (Implementation-Defined). .. .......... ... ... .. ... ... .... 221

5 Chapter 5 - Globally Shared Memory Registers. .. ... 221

5.1 RegISIEr SUMMAIY. . . o .ottt e e e e e e e e e 221

5.2 Reserved Registerand Bit BEhavior. . ........... i e 221

5.3 Capability Registers (CARS) . ...t e e e e 222
5.3.1 Source Operations CAR (Offset OX18 Word 0). . ... ... 223

5.3.2 Destination Operations CAR (OffsetOx18 Word 1) . .. ...t 223



-10- ISO/IEC © 18372:2004(E)

Table of Contentss

Chapter 6 - Communication Protocols. . . ... 224
B.1  DefiNitiONS . . ... 224
6.1.1 General Definitions . . ... ... 224
6.1.2 Request and Response Definitions .. ... 225
6.2 Operation to Protocol Cross Reference ............o e 226
6.3 Read Operations . . ... ...ttt e 227
6.3.1 Internal Request State Machine. . ... 227
6.3.2 Response State Machine . ........... .. . i 227
6.3.3 External Request State Machine . .......... ... 229
6.4 Instruction Read Operations . . . .. ...ttt 230
6.4.1 Internal Request State Machine. ........... ... . . i 230
6.4.2 Response State Machine . ......... .. 231
6.4.3 External Request State Machine . .......... ... i 232
6.5 Read for Ownership Operations . . ...ttt e e e e 232
6.5.1 Internal Request State Machine. .......... ... . . 233
6.5.2 Response State Machine . ... . 233
6.5.3 External Request State Machine . .......... ... .. . i 236
6.6 Data Cache and Instruction Cache Invalidate Operations . .................. ... .. ..... 237
6.6.1 Internal Request.StateXMachine ./ /0 L Ly L in i VL L Vo 237
6.6.2 Response State MaChiNg 4 . v v creiesBe codem T eim e e e ettt e e ettt 238
6.6.3 External Request State Machine ... ... . . . . 239
6.7  CaStOUL OPEIALIONS . . . . o ottt e et et e e i e e e e e e e e e 239
6.7.1 Internal Request State MaChiNe . . . . v v oai v rton (s s e A siel e r s e e e e e e e n et e e e e e 239
6.7.2 Response State MacChing 15,5110 o e s 12720004 « « v vttt e e e e e e et 240
6.7.3 External Request State Machine . ............ . i 240
6.8 TLB Invalidate Entry, TLB Invalidate Entry Synchronize Operations .................... 240
6.8.1 Internal Request State Machine. .......... ... . . 240
6.8.2 Response State Machine . ... .. 240
6.8.3 External Request State Machine ........... ... .. i 241
6.9 Data Cache FIush Operations . . .. ... e e 241
6.9.1 Internal Request State Machine. . ... 241
6.9.2 Response State Machine . ............ . . i 241
6.9.3 External Request State Machine . ... ... ... 244
6.10 1/O Read Operations . . . ... oottt e e e e 244
6.10.1 Internal Request State Machine. ........... ... . . i 245
6.10.2 Response State Machine . ... 245
6.10.3 External Request State Machine ........... ... i 246
Chapter 7 - Address Collision Resolution Tables . ........... ... ... ... . . 248
7.1 Resolving an Outstanding READ_HOME Transaction. . ..., 248
7.2 Resolving an Outstanding IREAD_HOME Transaction ............... ..., 249
7.3 Resolving an Outstanding READ_OWNER Transaction ................. ... ivn... 249
7.4 Resolving an Outstanding READ_TO_OWN_HOME Transaction ...................... 250
7.5 Resolving an Outstanding READ_TO_OWN_OWNER Transaction..................... 252
7.6 Resolving an Outstanding DKILL_HOME Transaction ..................ccciiuienon... 253
7.7 Resolving an Outstanding DKILL_SHARER Transaction ................. .. ....o..... 254

7.8 Resolving an Outstanding IKILL_HOME Transaction .. ................. ... .. ....... 255



ISO/IEC © 18372:2004(E) -11-

Vi

Table of Contents

7.9 Resolving an Outstanding IKILL_SHARER Transaction .. .................ccoiviin... 256
7.10 Resolving an Outstanding CASTOUT Transaction . ...t nnnnnnn.n. 257
7.11 Resolving an Outstanding TLBIE or TLBSYNC Transaction. . ......................... 258
7.12 Resolving an Outstanding FLUSH Transaction . . ... 258
7.13 Resolving an Outstanding IO_READ _HOME Transaction. .................covuvn... 260
7.14 Resolving an Outstanding I0O_READ_OWNER Transaction ........................... 262
Glossary of Terms and Abbreviations . . . ... ... 265
Partition VI - Physical Layer 1x/4x LP-Serial Specification .............................. 270
Chapter 1 - OVeIVIBW . . . ottt e 270
Ll PaCKEES . oot 270
1.2 Control Symbols. . . ..o 270
1.3 PCS and PMA LayerS. . oot ittt et e e e e e 271
1.4 LP-Serial Protocol. . . .. ..o 271
1.5 LP-Serial RegiSters . . . ..ot 271
1.6 Signal DesCripliONS. . .. oot 271
1.7 AC Electrical Specifications. . .. ...t e 271
1.8 Interface Management' (0 .. L AL LN LF A Ly L VL Y 271
Chapter 2-Packets ......... 00 271
2.1 Packet Field Definitions . . . . ..ottt e it e e e e e e 271
2.2 PACKEE FOIMAL o . v ih e bt el e e est s e ot e (1 6m £ A A4 i+ e e e e e e e e e e e 272
2.3 PacKet ProteCtion ... ... .. ... 5000 el oo b7 5 0805 « o v v vt e e e e e 272
2.3.1 Packet CRC Operation. . . .. ..ottt e e 273
2.3.2 16-Bit Packet CRC COde. . . ..\t 275
2.4 Maximum Packet Size . ... ..ot 276
Chapter 3-Control Symbols. . ... ... 277
3.1 Control Symbol Field Definitions. . . ....... ... i e 277
3.2 Control Symbol Format .. ... .o 277
3.3 Stype0 Control Symbols. . .. ... 278
3.3.1 Packet-Accepted Control Symbol .. ........ ... ... . . 279
3.3.2 Packet-Retry Control Symbol . ........ ... . 279
3.3.3 Packet-Not-Accepted Control Symbol .......... ... .. ... 279
3.3.4 Status Control Symbol. . ... ... . 280
3.3.5 Link-Response Control Symbol. . ......... ... . 280
3.4 Stypel Control SymbolS. . .. ..o 282
3.4.1 Start-of-Packet Control Symbol. . ... ... ... ... .. . . 282
3.4.2 Stomp Control Symbol . ... ... 283
3.4.3 End-of-Packet Control Symbol . ......... ... . e 283
3.4.4 Restart-From-Retry Control Symbol . . ........ ... ... . . . . 283
3.4.5 Link-Request Control Symbol. .. ... ... ... . 283
3.4.6 Multicast-Event Control Symbol. ........ ... .. ... . 284
3.5 Control Symbol Protection . . ... . 284
35,1 CRC-5 00, . .ot 284

3.5.2 CRC-5Parallel Code Generation. . . . ... e 284



-12 - ISO/IEC © 18372:2004(E)

Table of Contentss

Chapter 4 - PCS and PMA Layers . . . ..ot e et 285
4.1 PCS Layer FUNCHIONS .. ... e e e e e e 286
4.2 PMA Layer FUNCLIONS. . . .. ot e e 286
4.3 DEfiNItIONS ..o 286
4.4 8B/10B TransmissSion COUE . . . ..ottt e e e 287
4.4.1 Character and Code-Group Notation. .. .......... i 287
442 RUNNING DISParity . . ...t 288
4.4.3 Running Disparity RUIES . . . ... ... 288
4.4.4 8B/10B ENCOAING. . . ..ottt 288
445 Transmission Order . . ... ot e 288
4.4.6 8B/10B DeCOUING ...\ttt 289
4.4.8 Effect of Single Bit Code-Group Errors . ... 300
4.4.9 1dle SEQUENCE. . . . oottt 301
4.4.10 1x Link Transmission RUIES . . .. ... 302
4.4.11 4x Link Striping and TransmissionRules . . .......... ... ... i i 305
4.5 Retimers and Repeaters . ... ..ot 306
4.5, L REUMEIS. . ottt 306
A.5.2 RO PBALEIS . . o ittt e e e e e 307
4.6 Port Initialization ®. 0 L0 20 L A LN L A S L L L VL Y 307
4.6.1 1X Mode INIANZAtION .+l v wr B anese B ot m B wim S0+ e et e et e e e e e e 307
4.6.2 1x/Ax Mode Initialization. . . ... . . 307
4.6.3  State MaChINeS. . . . . oot e e s i e e e e 308
Chapter 5 - LP-Serial ProtoCol . . .. 500000 ke voce M03720004 « o v v v v v e e et et e e en e eee e 316
5.1 Packet Exchange Protocol ... ... ... 316
5.2 Control SYmbOIS . . ... o 317
5.2.1 Control Symbol Delimiting . . .. ... 317
5.2.2 Control Symbol Transmission. .. ... 318
5.2.3 Embedded Control Symbols ........ ... . 318
5.2.4 Multicast-Event Control Symbols. . ... ... . 318
5.3 PACKELS . .ot 319
5.3.1 Packet Delimiting . ........ i e 319
5.3.2 Acknowledgment Identifier. . ... ... 319
5.3.3 Packet Priority and Transaction Request Flows . ........ ... .. ... .. ... oo, 319
5.4 Link Maintenance Protocol. . .. ... .. o 320
5.5 Packet Transmission Protocol. . . ... ... 321
56 Flow Control. .. ... o 322
5.6.1 Receiver-Controlled Flow Control ......... ... ... i, 322
5.6.2 Transmitter-Controlled Flow Control . ......... ... .. .. i 323
5.6.3 Flow Control Mode Negotiation . .. ...t e 326
5.7 Cancelling Packets . . ... . e 326
5.8 Transaction and Packet Delivery OrderingRules. .. ........ ... ... i . 327
5.9 Deadlock AVOIOANCE. . . ..ot 327
5.10 Error Detection and RECOVEIY . .. ..ottt e e e 329
5.10.1 Lost Packet DeteCtion . . ... ...ttt 329
5.10.2 Link Behavior Under Error . ... o 330

5.11 Power Management . ... .o 332



ISO/IEC © 18372:2004(E) -13-

Table of Contents

6 Chapter 6 - LP-Serial RegiSters . . ... 332
6.1 Generic ENd POINt DeVICES. . . . .ot 333
B.1.1 RegiSter Map . . ..o e 333
6.1.2 Command and Status Registers (CSRS). . .. .. ..ot e 334
6.2 Generic End Point Devices, software assisted error recovery option. .. ................... 338
6.2.1 RegiSter Map . ... oo e e 338
6.2.2 Command and Status Registers (CSRS). . .. .. ..ot e 339
6.3 Generic ENd Point Free DeVICES. . . ..ottt e 344
6.3.1 RegiSter Map . ... oo e 344
6.3.2 Command and Status Registers (CSRS). . .. ...t e 345

7 Chapter 7 - Signal DesCriptions . . ... i e e 349
7.1 Signal Definitions . . . .. .o 349
7.2 Serial RapidlO Interface Diagrams. . . .. .. ..ottt 350
8 Chapter 8 - AC Electrical Specifications . . ........... e 350
B L OV BIVIBW. . ottt 350
8.2 Signal Definition. . . .. ... e e 351
8.3 Equalization ... L0 QL 0. 0 AL LN L A Ly L LV L 351
8.4 Explanatory Note on Transmitter and;Receiver-Specifications . ......................... 352
8.5 Transmitter Specifications .. .. . . L 352
8.6 Receiver SPeCIfiCatiONS. . . . . ..ot it e e e e 356
8.7 ReCEIVEr EYE DIAGTAMS i ¢ i v ineie n e wtn sl wes mom v £l (31 e e+ e x e e e e e e e e e s 357
8.8 Measurement and TeSt REQUITEMENTS . s s s sixs 10375 0816 « + v v v et et e e ettt e e e 359
8.8.1 Eyetemplate Measurements. . . ... ...t 359
8.8.2  Jitter teSt MeaSUIEIMENTS. . . . .o\ttt e e 359
8.8.3  Transmit Jitter ... .. e 359
8.8.4 JItter toleranCe . .. .. ..o 359
Annex A (informative) Interface Management. . ............ .. . i 360
A.l Packet Retry Mechanism . ... . i e 360
A.1.1 Input port retry recovery state machine. .. .......... .. . . 360
A.1.2 Output port retry recovery state machine .............. ... ... 361
A2 EITOr RECOVEIY . . it 363
A.2.1 Input port error recovery state machine. .. ........... i 363
A.2.2 Output port error recovery statemachine .............. ... ... . i i 365
Annex B (informative) Critical Resource Performance Limits. . ............... ... .. ... ..... 367

Glossary of Terms and Abbreviations . . . ... 370



	ı���¹«Š`–ë|ZB¡UèµFÙ…�qA¡Í½øÌ“��ð�ı×õ)ƒ.guyL�™÷�ÍﬁçÓëÚ¤‘gtà^ûÍ
�	ãm¦¶8�VfUjúŠ£æò˝

