ISO/IEC 14776-151:2010(E)

Full docu

ISO/IEC 14776-151

Edition 1.0 2010-07

INTERNATIONAL
STANDARD

Information technology — Small computer system interface (SCSI) —
Part 151: Serial attached SCSI-1.1 (SAS-1.1)



http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 ISO/IEC, Geneva, Switzerland

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
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about ISO/IEC copyright or have an enquiry about obtaining additional rights to this
publication, please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

® Catalogue of IEC publications: www.iec.ch/searchpub
The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,...).
It also gives information on projects, withdrawn and replaced publications.

® |EC Just Published: www.iec.ch/online_news/justpub
Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available
on-line and also by email.

" Electropedia: www.electropedia.org

The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical
Vocabulary online.

® Customer Service Centre: www.iec.ch/webstore/custserv

If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service
Centre FAQ or contact us:

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 03 00

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

AR
130 ISO/IEC 14776-151

Edition 1.0 2010-07

INTERNATIONAL
STANDARD

Information technology — Small computer system interface (SCSI) —
Part 151: Serial attached SCSI-1.1 (SAS-1.1)

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION PRICE CODE X L
ICS 35.200 ISBN 978-2-88912-092-5

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-2- 14776-151 © ISO/IEC:2010(E)

Contents
Page
FFOPBWOIA ..o ettt et e et e e e e e e e e e e e e et ee et et e eete e et bbb eeeseaaeaaaaeaeeaeeseaeaaaaeseeesereressresaasnsnnnnnnns 28
TaTugoTo [W o3 1 o] o [P N S S PPP TP OO P PP PRSP 29
S Tolo] o1 PP PR P TP TP TPPPPP 31
2 NOIMALIVE FTEFEIENCES......ceeiiietiit ettt et e e e e e e e e e e e e e e e eeeeee e e e et et e e era e aaeaeeeaaaaaans 33
3 Terms, definitions, symbols, abbreviations, keywords and CONVENLIONS.............cveriiiiiiee e 34
3.1 Terms and AefiNItIONS .........ooiiiiiiiiei ettt e s e e e s e e e e eaeeeeeeeeeeeaeababareeaessresssbaaannnanns 34
3.2 Symbols and @bBIreVIALIONS ..........ueiiiiiiiiiee et 54
TR AT o] o KT PP ORI 57
3.4 EditOrial CONVENTIONS ... ..ccoe it e e e e e e e e e e e e et e e e e e e e ettt a e s et eaeeaaaaeseeeeeeesseeseseessesssbarasnnanen 58
3.5 Class diagram and object diagram CONVENTIONS..........coiiiiiiiiiiiiii e 59
3.6 State MAChINE CONVENTIONS ......uiiiiiiiee it r e e e e e e s e e s s s e e rraeaeaeeeesaassaaeenneaeaeesenn 64
3.6.1 State machine CONVENTIONS OVEIVIEW...........oiiieiiiiieiie et e e e e et e e e e e e e e e s e ar e e e e e e e e e s e e snnrneeeees 64
BL6.2 TIANSITIONS ...t e et et e e et e e e e e e e e e e eeeeeee et e eae s e e e st et eesaeseaeeaaaaaaesesseseesssesssererssrasasnnanns 64
3.6.3 Messages, requests, indications, confirmations, responses and event notifications........................ 65
3.6.4 State machine counters, timers and VariablES ...........ouuueiiiiiiiiii e 65
3.6.5 State MAaChiNg ArgQUIMENTS .......oi ittt a e e e sttt e e e snbe e e e e s sbbe e e e e sbbeeeeeenneaeas 65
A =11 8= 1o (o l o) (3o {0 (=T 1o Vo PRSP PPTTPI 65
3.8 Notation for procedures and fUNCLIONS ..........oiiiiiiiiiiii e e ee s 66
R = U= - | AU URPPUPPPPUPRRTRPINt 67
Y (o] 11 (=) (U = PP PRTRT 67
4. 1.1 ArCRILECIUINE OVEIVIEW. ...t iuitiiie e et ee ettt e e ettt e e e sttt e e e e ettt e e e e e bb e e e e annbe e e e e s e bbee e e anbbeeeeeennbneas 67
4.1.2 Physical INKS @and PRYS......cccuiiiiiiii et e e e e e s e e e e e e e e e e e e a e es 68
4.1.3 Ports (narrow ports and WIde POIS).......cciiiiiiiiiiiiiieire et e e e e s e st ree e e e e e e e e e s s s st ae e e e e aeeesessenrrernneeees 71
. 1.4 SAS TEVICES ....eeeeiee ettt ettt e ettt e e e e e a et e e e oo b b et e e e ek b et e e e e an b bt e e e e et b ee e e e e e bre e e e e e bbee e e e e nnnnes 74
4.1.5 Expander devices (edge expander devices and fanout expander deviCes).........cccceevvvvevvrvrvenennnen. 75
4.1.6 Service deliVEry SUDSYSIEM ......uuiiiiiiiie i e e e e e e e e s e s e e e e e e e e e e enrrerarerees 77
O T A T T 1 1 = V1 £ PP RPN 78
4.1.8 EXpander deVICE tOPOIOGIES. .. .uuuuuriiiiieee e et e e i ies ettt e e e ee e e s e s see st ae e e e aeaeeeesssssntetaraereeaeeesesnntrnrnnnreees 80
4.1.8.1 Expander deviCe tOPOIOGY OVEIVIEW..........ceeieiieiieriirieeieeeeeeeeessesssaetesareereeaeeaesessssssnnsassneeeeeeaeeaes 80
4.1.8.2 EAQE eXPANUEr AEVICE SEL......icceeiiiiiieieeiee e e e e e ettt e e e e e e e e s s e s e e e eeeeeeesesasnntanaeaeraeaaaaaeesaaas 80
4.1.8.3 EXpander deViCe tOPOIOGIES .....uuururieiiiiieeeeeiieiie ittt e e e e e e e e e s s sssba e areeraaaeaessssaassnresaeneeaaaaeesanns 81
e - {111 £ S SO 84
I I O @ ] =T £ o] LSRR PSP 85
4.2 NAMES AN IHENTIIEIS . ..eeii ittt e et e e st b et e e s sttt et e e s anbtee e s snbbbeeeesannneeeens 87
4.2.1 Names and ideNTIfIEIrS OVEIVIEW .........iiuuiiiieiiiiiiee ettt et e e e et e e e e et e e e e s nte e e e e nnnaeas 87
S S To [0 £ T U PRSP 87
4.2.3 HAShEA SAS QUUIESS ...oiiiiiiiiiie ettt e e e ettt e e e sttt e e e e st b e e e e e e nbbe e e e e snnbeeeesannnes 88
4.2, DEVICE NAIMES ...eeeeeeiiuiiieeeeeattteeeeasteeeeessabeeeeesabteeeeeaasbeeeaeeaasbeeeeeaanbbeeeeeasbeeeeeeansbeeaeeannbaeeeeeanbbeeeesannneas 88
T o) A = 0 =S 88
4.2.6 PO IENEITIEIS ... .ottt e ettt s e e e e e eeeaeaeaaeeeeeeeeereseeseseaesssssraratannnnnan 88
N B o ) VA [0 1= 01 1) =T O TP PP PRPP 89
4.3 STALE MACKINES .. ..ttt et e e e e e e et et ettt e e e e seteaaeeeeaeaeeeeeeeaeaaabeeaeaeae et raararararananas 90
4.3.1 State MACKHINE OVEIVIEW..... .. e e et et e e e e e e e e e ettt e e e eeeeeeesasannss e taeeeeeeaeeeaannnnsnnrnneneeas 90
4.3.2 TranSMIt data PALN ........coiiiiii e e e et e e e araeas 92
4.3.3 RECEIVE dALA PALN ...ttt anaes 96
4.3.4 State machines and SAS device, SAS port and SAS phy ClaSSES .......cceeveiiiiiiiieiie e 99
e ST = £ 100
A 4.1 RESEE OVEIVIEW .....ooiiiiiiiiieeeeettet ettt et et e s e e et e e e eeeeeeee e e et e e e e aeae s e et et b e saeseaaaeeaeaseseseessessseesserssrarasanan 100
N o = (ol (=YY= PR UPPPPPPRRR 102
A.4.2.1 HArd rESEE OVEIVIEW ...vuvviiiiiiiiieieieieieeeeeeeie ettt et eeeetee bt e e e e aeeeeeeeeaaeseeseeseeessebsbabaar s aeseaeas 102
4.4.2.2 Additional hard reset processing DY SAS POIMS .....coccuuviiiiiiiiiiieiiiie e 102
4.4.2.3 Additional hard reset processing by expander ports ............cccocevvieieiiniis e, Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -3-

T T I 1 1= (U T30 [ 1 SRR RR 102
4.6 EXpander deViCe MOUEL ...........uuiiiiiiiiiiee ettt et e e e e e e e s e e e e bbb bbe e e e e eeaeaaannnenbeeeeeeas 102
4.6.1 Expander device MOAEI OVEIVIEW .........coiiuiiiiiiiiii et e ettt e e e e e e e e r e e e e e e e e e e e e e neneeees 102
I {0 = g Lo =Y gl oo 4 £ TR UUUUUPRRR 103
4.6.3 Expander connection manager (ECM)..........uiiiiiiiiieeiiiiiie ettt 104
4.6.4 Expander connection roUter (ECR).........uiiii ittt e e 104
4.6.5 Broadcast primitive ProCeSSOr (BPP) ......cccoiiiiiiieiiiiiiie ettt e e ee e 104
4.6.6 EXpander devViCe INLEITACES ..........uiiiiiiiiiiee ettt e et e e e st e e e e sebeeeeeeanes 104
4.6.6.1 Expander device iNtEIfACE OVEIVIEW...........ciiiiiiiieiiiiiie ettt 104
4.6.6.2 Expander device interfaces detalil ............oooiiiiiiiiiiiiii e 106
4.6.6.3 ECM INTEITACE. ....eiiiiutiiitie ittt e et e e et e e e bbbt e e e e st bt e e s e sab b et e e st be e e e e e nnneas 106
4.6.6.4 ECR INLEITACE .....eiiiiiiiiiee ettt ettt e et e e e et e e e bt e e e st b e e e e st e e e e e e nnne s 108
4.6.6.5 BPP INEEITACE .....eeiiiiiiiiiiiee ittt e et e st e e e e e e e e anre s 110
4.6.7 EXPANEr AEVICE FOULING ... vveeeeeiiiiiieee ittt e ettt e e e sttt e e e sttt e e e s st e e e e e e s skt b e e e e s abbb e e e e s abreeeesnbeneeeeaae 110
4.6.7.1 Routing attributes and routing MethodS ...........cooiiiiiiiii e 110
4.6.7.2 CONNECHION FEQUESE FOULING ...eeiiitiiiiie ittt ettt ettt ettt e et e e e e et e e e e nbbee e e anenes 111
4.6.7.3 EXPANCEr FOULE TADIE ....coi ittt e 111
4.7 DISCOVET PIOCESS .. uuteeteeiauitteee ettt et e e sttt et e e s s bt et e e e aa s bt et e o4 ek b e et e e 4o R b b e e e e 4 bbbt e e e e anb b bt e e e e anb e e e e e annbeeeeeeanneas 112
4.7.1 DiSCOVET PrOCESS OVEIVIEW ...ceeeiitiiieeeittieteeeatteeteeasatteteeeaaabbeeeeeaasbeeeeeeabbe et e e e aabbeeeeesabaeeeeesabbeeeeeaanes 112
A.7.2 AIOWE TOPOIOGIES .....eeeeeiieeee ettt ettt e e e skttt e e e s bbb e e e s aabb e e e e e s aabeeeeeaabbeeeeeaane 114
4.7.3 DiSCOVEr ProCeSS OPMIZALION ......ueviieiiiiiiiie ettt ettt e et e e et e e e e st e e e s aabeeeeeeaaes 115
4.7.4 EXpander roULe INAEX OFUET ........eeiiiiiiiiiee ettt ettt ettt e e e et e e e e s abb b e e e e s abbe e e e e s sanbbeeeeeane 116
4.8 PRY TESE TUNCHIONS ...ttt ettt e e st e e e s s bt e e s e et bt e e e sbbe e e e e annbn e e e e e e nnes 121
I o 01 A (o= U F= Y= S USSP PR POUPPRTPP 122
5.1 PRYSICAl [AYEF OVEIVIEW ......eiiieiiiiieiie ettt ettt e e sttt e e e skt e e s e bbbt e esbbe e e e e snnnneee s 122
5.2 PASSIVE INTEICONNECT ....ciittiiiie ettt e ettt e e sttt e e s bt e et e e s e et bttt e e s abb et e anbbbe e e e e annnnneee s 122
5.2.1 SATA connectors and cable assembIIEs ... 122
5.2.2 SAS cONNECLOrS @nd CADIES.........oeiiiiiiiiie et 122
SRl Ofo ] o] =T ot (o] £ TP PP PR TPPPPP 126
5.2.3.1 CONNECIOIS OVEIVIEW ....uiteiiie e ittt ettt ettt e ettt e e sttt e e sttt e e s bbb et e e s e bt e et e e snbbbeeeannnneee s 126
5.2.3.2 SAS INTEINAI CONNECLOIS......eiiiiiiiiiie ettt ettt e s st e e s aab bt e e e sbb b e e e e s aannaeeee s 127
5.2.3.2.1 SAS DIIVE CONMMECIOIS. ...uutiieiiiiiieee ettt e e e ettt e e e ettt e e e ettt e e e st be e e e e e e b be e e e e e abbee e e e e anbneeeeanbneas 127
5.2.3.2.1.1 SAS DriVe PlUQ CONNECION ... .uuiiiiiiiiiiiitie ittt st e e e e e nneaeeas 127
5.2.3.2.1.2 SAS Drive cable receptacle CONNECION...........coiuiiiiiiiiiiiiie e 127
5.2.3.2.1.3 SAS Drive backplane receptacle CONNECIOr...........cooiiiiiiiiiiiiiiiee e 128
5.2.3.2.1.4 SAS Drive connector Pin aSSIGNMENTS.........ciiiiiiiiiieiiiiiiie et 128
5.2.3.2.2 SAS i CONMNECTOIS ..ottt ettt ettt e ettt e e e e e bbbt e e e e et b et e e e e st e e e e e e nnbbe e e annneas 130
5.2.3.2.2.1 SAS 4i cable receptacle CONNECION .........uuiiiii it 130
5.2.3.2.2.2 SAS i PlUG CONMECTON. .....eiiiiiiiiiiieiitiiiee ettt ettt e e st e e e s sbbn e e e s aaneeas 130
5.2.3.2.2.3 SAS 4i conNNector PiN aSSIGNMENTS ......coiuuiiiiiiiiiiiie et e e sbrree e saaaeee s 131
5.2.3.2.3 MiNi SAS 4i CONMNECTIOIS. .. .uiiiiiiiititie ettt ettt e e st e e e et bt e e e st b e e e e e snbeeeeeennebes 132
5.2.3.2.3.1 Mini SAS 4i cable plug CONNECION .........cociiiiiiiiiiiiiit et 132
5.2.3.2.3.2 Mini SAS 4i receptacle CONNECION .......coiiiiii it 133
5.2.3.2.3.3 Mini SAS 4i connector Pin aSSIgNMENTS........oiiiiiiiiiiiiiiee e e e 134
5.2.3.3 SAS eXIEINAI CONMECIOIS ......eiiiiiiiiiiee ittt ettt e et e s st e e e e s abb e e e e e annnneee s 136
5.2.3.3.1 SAS 4X CONMNECIONS ...ceveiieeiiiiiiiiitttie ettt e e e ettt e e et e e e e e e s eer e e e e e e s saesaera e e e e e e e s 136
5.2.3.3.1.1 SAS 4X CabIe PIUG CONNECION .....cciiiiiiieeiteiet ettt 136
5.2.3.3.1.2 SAS 4X receptacCle CONNECION. .....ccoiuuiiiieiiiiie ettt e e 136
5.2.3.3.1.3 SAS 4X CONNECLOr PiN ASSIGNMENTS ....ccoiiiiiiiiiiiiiiie et e s e s aenneee e 138
5.2.3.3.2 MiNi SAS 4X COMNECIOIS. ....eiiiiiiititie ettt ettt e ettt e et e e e et et e e e e bbb e e e e e abb e e e e e e snbreeeeeannnees 138
5.2.3.3.2.1 Mini SAS 4x cable plug CONNECTON ..........oiiiiiiiiieiiiiete et 138
5.2.3.3.2.2 Mini SAS 4X receptacle CONNECION ..........ciiiiiiiiieiiiiete et 140
5.2.3.3.2.3 Mini SAS 4x conNNector PiN aSSIGNMENTS.........ciiiiiiiiiieiiiiiiee et 143
5.2.4 CabIe ASSEMDIIES .....oiiiiiiiiiii e e bbb e e 143
5.2.4.1 SAS internal cable aSSEMBIES.........ooiiiiii e 143
5.2.4.1.1 SAS Drive cable asSemMDbIIES. ......ccoiiiiiiiiiiiii s 143
5.2.4.1.2 SAS internal symmetric cable asSembBliES..........ccuviiiiiiiiiii 144
5.2.4.1.2.1 SAS internal symmetric cable assemblieS OVEIVIEW ............cooccviiiiiiiiiiiie e 144
5.2.4.1.2.2 SAS internal symmetric cable assembly - SAS 4i.......ccccoviiiiiiiiiiiiiiieenens Docu.m@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-4 - 14776-151 © ISO/IEC:2010(E)

5.2.4.1.2.3 SAS internal symmetric cable assembly - Mini SAS 4i........coooiiiiiii e 146
5.2.4.1.2.4 SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i........cccccoeiiiiiiiiiinnnen. 147
5.2.4.1.3 SAS internal fanout cable assembIIES .........c...uuiiiiiiiiii e 148
5.2.4.1.3.1 SAS internal fanout cable assemblie€S OVEIVIEW ..ot 148
5.2.4.1.3.2 SAS internal controller-based fanout cable assemblies.............ccccviiiiiiiniinieeen, 149
5.2.4.1.3.3 SAS internal backplane-based fanout cable assemblies ...........ccccociiiiiiiiennn, 151
5.2.4.2 SAS external cable aSSEMDIIES.........oouiiiiii e 152
5.2.4.2.1 SAS external cable assemblieS OVEIVIEW ..........cooiiiiiiiiiiiiie e 152
5.2.4.2.2 SAS external cable assembly - SAS 4X......ccuiiiiiiiii e 153
5.2.4.2.3 SAS external cable assembly - Mini SAS 4X .....cooouiiiiiiiiiie e 154
5.2.4.2.4 SAS external cable assembly - SAS 4X 10 MiNi SAS 4X ....cccooiiiiiiiiiiiiiieeeie e 156
5.2.5 BACKPIANES ... .ttt e et e e b e e e e e e e e e annees 156
5.2.6 Cable assembly and backplane SpecifiCations ............ccueeeeiiiiiiiiiii e 157
5.3 Transmitter and receiver device electrical CharaCteristiCS ............oooiiiiiiiiiiii e 161
5.3.1 COMPHANCE POINES ....eiiiiiiiiiee ettt e bt e e e s b e e e e ekt b e e e e e bbbt e e e s et be e e s anbr e e e e e nnees 161
IR A 1= B [ T= o OO PO PTP R PPPPPRPP 169
5.3.2.1 TESt I0AUS OVEIVIEW. ...cceiitiiiie ettt ettt ettt e skttt e e skttt e e s e b b et e e e nbb e e e e snnnne e s 169
5.3.2.2 Zer0-1ength TEST IO .........veeiiiiiiiieie et 170
R I I O I o (=21l (o =T [PPSO POTPPTTPPI 171
5.3.2.4 LOW-I0SS TCTF tESE IOAMA ....ceeeiiiiiiiieeiiiei ittt e s 173
5.3.3 General electrical CharaCteriSHICS .........vuiiii ittt e e 174
5.3.4 Transmitter and receiver deviCe traNSIENTS .........coiiiiiii i 177
B35 EYE MASKS ...ttt ettt ettt e e e et e e e e bbb e e e e e et e e e e et e e e e e e nrees 177
5.3.5.1 EYE MASKS OVEIVIEW....cciitiiiieeiittiet ettt ettt ettt e ettt e e skttt e e ekttt e e s e bbb e e e s nbb b e e e annnnneee s 177
5.3.5.2 Transmitter deVICE @YE MASK .......uiiiiiiiiiiieiiiii ittt ettt e st e e s ae e e e s snnneee s 178
5.3.5.3 RECEIVEr dVICE BYE MASK ...coiiiiiiiiiii ittt 178
5.3.5.4 Receiver device jitter tolerance eye MasK..........occuuiiiiiiiiiiiii i 179
5.3.6 Transmitter device CharaCteriStiCS ..........oiiiiiiiiiieii e e 180
5.3.6.1 Transmitter device CharaCteriStiCS OVEIVIEW. ........oouuuiiieiiiiiiiie ettt 180
5.3.6.2 Transmitter device signal output characteristics as measured with the zero-length test load...181
5.3.6.3 Transmitter device signal output characteristics as measured with each test load................... 181
5.3.6.4 Transmitter device MaxXimum JIEET .........oiiiiiiiiie et 183
5.3.6.5 Transmitter device signal output levels for OOB SIgNalS...........eueiiiiiiiaiiiiiiiiiiiiieeeeee e 183
5.3.7 Receiver deviCe CharaCteriSTICS ......ooii ittt ettt e e et e e e e e e e e e e e e nnreeeeaeeaeas 183
5.3.7.1 Receiver device CharaCteriStiCS OVEIVIEW. .........uuuriiiiiieeeai ittt e e e e e e et e e e e e e e e e e e 183
5.3.7.2 Delivered signal (receiver device signal tolerance) characteristiCs...........cccouuvieieeeiieeeenniniiiins 184
5.3.7.3 Maximum deliVEIEd JILLEE .........eeiiieiiiieeaei ettt ettt e e e e e e e s e et eeeeeaaeeaaaannnnnes 186
5.3.7.4 Receiver deviCe Jitter tOIEIaNCE .........c.uuiiii ittt 186
5.3.8 Spread SPECIIUM CIOCKING. .......uutiiieiiiit et e et e s s e e e s aab e e e e anees 187
5.3.9 Non-tracking ClOCK @rChitECIUIE. ..........c.uiiiiiiiiiie e 187
5.4 READY LED signal electrical CharaCteriStiCS. .........uuuieiiireiiieiiiiiie ettt 187
I o 01 A 1Y S OO T PP PR PP P PUPPPP PP 189
6.1 PRY JQYEI OVEIVIEW ...eeiiiiiiiiiee ettt ettt ettt e e e ekttt e e e sk b e et e e e e bbb e e e e e anbbe e e e bbb e e e e s aanbneeeeas 189
0] o 0] o I elo T[] 1o H PP PPPPPROPTPP 189
6.2.1 BDLOD COUING OVEIVIEW ......eiieiiiiiiie ettt ettt e e s et e e et e e e e an b e e e e e s be e e anbbeeeeeeneee 189
6.2.2 8D10D COAING INTTOTUCTION .....itieeeee ettt e e e e e e e s bb e e e e anbe e e e e e nnes 189
6.2.3 8b10b coding NOtAtION CONVENTIONS .......ciiiiiiiieiiitiet ettt e e e e e e 189
6.3 Character encoding and ECOMING .........uveiiiiiiiiitieiitie ittt e e e e e s nbr et e snneeee s 190
LI 20 A 191 (oo [ 1 Tox 1T o IO PPT PP PPP 190
6.3.2 TrANSMISSION OFUET ...ceiiiuiiiiitee ittt ettt ettt e s ettt e o4 ekt e e e e bbb et e e e ek b bt e e e e et e e e e e nnbbeeeeeenees 190
6.3.3 Data and CONIOI CRAIACTEIS. ... ....uiiiiiiiiie ettt e e e e s et e e e st bee e e e e neee 190
6.3.4 Encoding characters in the tranSMILLEY ............eiiiiiiiiiie e e 197
6.3.5 Decoding characters iN the FECEIVET .........iiuiiie it 197
6.4 Dwords, primitives, data dwords and invalid dWOIdS............cooiiiiiiiiiiiii e 197
SRl =TI o] o (=T ST PPPTPPP PP 198
6.6 Out Of DANA (OOB) SIGNAIS ....c..evieiieei ittt e et e e e ab bt e e e st b e e e e sabee e e s sabbeeeeenas 199
6.6.1 OOB SIGNAIS OVEIVIEW.......eiiiiiiiiiiie ettt e b e e e et e e e e e st et e e e e bb e e eanbe e e e e e nnreas 199
6.6.2 Transmitting OOB SIGNAIS .........uuuiiiiiiiiiiit et e e s s e e et e e e e eeeee 200
6.6.3 ReCeIVING OOB SIgNQAIS ......eetiiiiiiiiiiei ittt e e e DOCU'H%ntS

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -5-

6.6.4 Transmitting the SATA port Selection SIgNal...........ooi i 204
B.7 PRY FESEE SEOUEBNCES ...ttt ettt ettt e e e e e e e oot e ettt e e et aa e e e e e aa e s an b beeeeeeeaaaaaeeasasbennneaaaaaaaaeaean 204
6.7.1 Phy reSet SEQUENCES OVEIVIEW .....cceiiiiiiiitiiiee et ee e e e e e e ettt et et e e e e e e e s e e e nbbbbeaeeeeaaaaaeesaaaannnenneeeeeeas 204
6.7.2 SATA PhY FESEE SEOUEBINCE ....eeeeiiiiieiee ettt e e e e e e e ettt e et e e aaaa e e e e e s s nanbbbeaeeeaeaaaaaeeeaasreneeeeeeas 205
6.7.2.1 SATA OOB SEUUENCE ...ttt e et e e e e e e e e e e s r et e e ee e e e snrarnees 205
6.7.2.2 SATA speed Negotiation SEQUENCE ........coiiuuuriieeiitieeee ettt e sttt e e st e e st e e s snbr e e e e s snneneee s 205
6.7.3 SAS 10 SATA PRY rESEE SEUUENCE .......eiiiie ettt ettt e st e s e e e s e ab e e e s anreeas 206
6.7.4 SAS 10 SAS PIY rESET SEOUEINCE ....eeiiiiiiii ettt et e s et e e e e e 207
6.7.4.1 SAS OOB SEUUEINCE ...coieieiiiiiiiititie ittt e e e e e et e et e e e et e s ettt e e e e e e s ss st e e e e e e eeeeeeessannnns 207
6.7.4.2 SAS speed Negotiation SEQUENCE ..........eeiii ittt e ettt e et e e e s e e e e snbr e e e s snneeeee s 208
6.7.4.2.1 SAS speed negotiation SEQUENCE OVEIVIEW ..........ciiiiiiriiieiiiiiiiiee et e et e e enree e e s nnees 208
6.7.4.2.2 Speed Negotiation WINAOW. ...........oiiiiiiii et e s e naneeas 209
6.7.4.2.3 SAS speed Negotiation SEOUENCE. ........c.iiiiiii ettt ettt e et e e 210
6.7.5 Phy reset sequence after devices are attached.............ocveiiiiiiiiie i 212
6.8 SP (phy layer) State MACKINE ..........iiiiiiii e e e e s e s 213
6.8.1 SP State MACKING OVEIVIEW........ueiiiiiiiiiiie ettt e st e e s se e e e e e 213
6.8.2 SP tranSMItLEr QNG FECEIVET ......ueiiii ittt et e et e et e e s e nbe e e e e e e 215
6.8.3 OOB SEQUEINCE SEALES........uuuiiiiiiiiieiieee i ittt e e e e e e s e s e et r e e e e e et s e s s e e e e e e e e e eneeernnrenreees 216
6.8.3.1 OOB SEQUENCE SLALES OVEIVIEW ....c.uieiiiiieiiiiiiee e ettt ettt ettt e s e e st e e snbb e e e e sannnnee s 216
6.8.3.2 SPO:OOB_COMINIT SEALE. ....ccittiiiieiiiiieiee ettt ettt e et e st e e e s ssb e e e s anneeee s 216
6.8.3.2.1 StALE AESCHIPLION .. ..eiiieiiitiiee ettt e ekt e e et e e e sab e e e e abe e e e e e nnneas 216
6.8.3.2.2 Transition SPO:0O0B_COMINIT to SP1:00B_AWaCOMX......ccutiiiiieeeiiiiiiiiiiiiieeeeeeaee e 217
6.8.3.2.3 Transition SP0O:OOB_COMINIT to SP3:00B_AwaitCOMINIT_Sent.........cccccveevriiiiereennnnnn 217
6.8.3.2.4 Transition SPO:OOB_COMINIT to SP4:00B_COMSAS.......cccoiiiiiiiiiie e 217
6.8.3.3 SPL:OOB_AWAICOMX SEALE .....eeiiieiiiiiiiee ettt ettt e s e e e s aaanee s 217
6.8.3.3.1 StALE AESCHIPLION .....eeiiiiiiiiie ettt e e e e e et e e e s bbb e e e e anbe e e e e e neneas 217
6.8.3.3.2 Transition SP1:00B_AwaitCOMX to SPO:O0B_COMINIT.........cooiiiiiiiieiiiiiee e 217
6.8.3.3.3 Transition SP1:00B_AwaitCOMX to SP4:00B_COMSAS .......coooiiiiiiieeeiiiiee e 217
6.8.3.4 SP2:0O0B_NOCOMSASTIMEOUL STALE......cceiiiiiiieiiiiiiiee ittt e s re e e seeeeeee s 218
6.8.3.4.1 StALE ESCHIPLION .....eiiieiiiieii ettt e e e e e et e e e s bbb e e e e abe e e e e e nnneas 218
6.8.3.4.2 Transition SP2:00B_NoCOMSASTimeout to SPO:O0B_COMINIT .....ccccoviiiiiiriniiiieeeeen 218
6.8.3.4.3 Transition SP2:00B_NoCOMSASTimeout to SP4:00B_COMSAS........ccocciieeiniiieeeeen 218
6.8.3.5 SP3:00B_AWAItCOMINIT_SENE STALE ....ciuviiiiieiiiiiiie ettt 218
6.8.3.5.1 StALE ESCHIPLION .....eeeiieiiiiii ettt e e ettt e et e e s eab e e e e e eanes 218
6.8.3.5.2 Transition SP3:00B_AwaitCOMINIT_Sent to SP4:00B_COMSAS ........ccocveiiiiieeeenninn, 218
6.8.3.6 SPA:OOB_COMSAS SEALE ....cciuiiiiiieiiiiei ettt ettt e et e e s bbbt e e s asb et e e s aane e s 218
6.8.3.6.1 SEAE UESCHIPLION ....eeeeiieieee ettt e e e e e e e e et e e e e e e e e e e s e e e annbbsbeeaaaaaeaeaaan 218
6.8.3.6.2 Transition SP4:00B_COMSAS to SP5:00B_AwaitCOMSAS_Sent.........ccccvvveeiiiireeeennnnn 218
6.8.3.6.3 Transition SP4:00B_COMSAS to SP6:00B_AwaitNOCOMSAS..........ccoociiveeiiiiiieeeei 218
6.8.3.6.4 Transition SP4:00B_COMSAS to SP7:00B_AWaItCOMSAS ........cccoivieiiiiiiieeeiieee e 219
6.8.3.7 SP5:00B_AWAIICOMSAS_SENTt STALE .....cciiiiiiiieiiiiiiee ettt ettt e e sbrreee e 219
6.8.3.7.1 StALE AESCHIPLON .. ..eeiieiiiiiii ettt e et e e et e e e et b e e e e e e sre e e e e anrneas 219
6.8.3.7.2 Transition SP5:00B_AwaitCOMSAS_Sent to SP6:00B_AwaitNOCOMSAS..................... 219
6.8.3.8 SP6:00B_AWAIINOCOMSAS StALE......eeiiiiiiiiiiie ettt re e e e enneeeas 219
6.8.3.8.1 StALE AESCHIPLION .. ..eeiieiiiiiii ettt e et e e et e e et b e e e e are e e e e anrneas 219
6.8.3.8.2 Transition SP6:00B_AwaitNoOCOMSAS to SP0:O0OB_COMINIT ...cccooeiiiiiiiiiiiiiiiieeeeeee, 219
6.8.3.8.3 Transition SP6:00B_AwaitNOCOMSAS t0 SP8:SAS_Start.......ccccccevviieiiiiiiiiiiiieeeeee e, 219
6.8.3.9 SP7:00B_AWAIICOMSAS SEALE ....eeiiiiiiiie ittt e st e e e st e e e s anreeee e 219
6.8.3.9.1 StALE ESCHIPLON .. ..eeiiiiiitiii ettt e et e e e et e e e e e s bbb e e e e abe e e e e e nnneas 219
6.8.3.9.2 Transition SP7:00B_AwaitCOMSAS to SP2:00B_NoCOMSASTIMeOoUt.........cccccveeeeeennn. 219
6.8.3.9.3 Transition SP7:00B_AwaitCOMSAS to SP6:00B_AwaitNOCOMSAS ........cccccccvveeeeeennnne 219
6.8.3.9.4 Transition SP7:00B_AwaitCOMSAS to SP16:SATA COMWAKE..........cccccoiiiiiiiiiaeeeeene 219
6.8.3.9.5 Transition SP7:00B_AwaitCOMSAS to SP26:SATA _SpinupHoId...........ccccceiiiiiiieenninn, 220
6.8.4 SAS speed NEQOLIAtiON SALES........cciiiiiiiiie it 220
6.8.4.1 SAS speed Negotiation StALES OVEIVIEW ..........ueiiiiiiiiiiee ittt aeneee e 220
5.8.4.2 SPB:SAS  STAI STALE ....utututitiiiie ettt e e e e e e e e e e e e e e e e e e eeeeaeaeaerebrananaaaas 221
6.8.4.2.1 StAE UESCHIPLION ....eeeeiieieee ettt ettt e e e e e e e e s et e e e e e e e e e e e s e e e annbbstaeaaaaaaaaaaan 221
6.8.4.2.2 Transition SP8:SAS_Start to SPO:OOB_COMINIT .....cooiiiiiiiiiiiiieeiee e 222
6.8.4.2.3 Transition SP8:SAS_Start to SP9:SAS_RateNotSupported...........ccccceeeiiiiiiiiiiiieieieeeeeeenn, 222
6.8.4.2.4 Transition SP8:SAS_Start to SP10:SAS_AwaitALIGN...........oooeeeiiiiiii, Docu.m@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-6- 14776-151 © ISO/IEC:2010(E)

6.8.4.3 SPO:SAS_RateNOtSUPPOItEA StALE.......ceii ittt e e e e e e e e e e e e annenees 222
6.8.4.3.1 StAE UESCHIPLION ....eeeeeieiiee ettt et e e e e e e e e s ettt e e e e e e e e e e s e e e annbbsreeaaaaaeaeaanan 222
6.8.4.3.2 Transition SP9:SAS_RateNotSupported to SP14:SAS _Falil ......cooeeiiiiiiiiiiiiiiieee 222

6.8.4.4 SP10:SAS_AWAIALIGN STALE ....eeeiiiiiiee ittt e e et e e e e e e e e e e e e anneeees 222
6.8.4.4.1 SEALE AESCHIPLON .....eiiiiiiiiiie ettt e et e e et e e e ek b e e e e abe e e e e annneas 222
6.8.4.4.2 Transition SP10:SAS_AwaitALIGN to SPO:OOB_COMINIT ......ooeiiiiiiiiieiiiiee e 222
6.8.4.4.3 Transition SP10:SAS_AwaitALIGN to SP11:SAS_AWaItALIGNL........ccceeeviiiiiieeiiiiieee e 222
6.8.4.4.4 Transition SP10:SAS_AwaitALIGN to SP12:SAS_AWAItSNW .......ccoociiiiiiiiiiiieeiiieee e 222
6.8.4.4.5 Transition SP10:SAS_AwaitALIGN to SP14:SAS Fail........ccccvviiiiiiiiiiiiiiee e 222

6.8.4.5 SP11:SAS AWAIALIGNL STALE ....eiiiiiiiei ittt et e e e e e e s e s s e e e aeaaeaeesenenes 223
6.8.4.5.1 StAte ESCHIPLON .. ...eiiiiiiiiie ittt et e et e e e bbb e e e e are e e e e anrneas 223
6.8.4.5.2 Transition SP11:SAS_AwaitALIGN1 to SPO:OOB_COMINIT .....cccoviiiiiiiiiiiieeeeiieee e 223
6.8.4.5.3 Transition SP11:SAS_AwaitALIGNL to SP12:SAS_AWaItSNW ........cccceeeviiiiiiiiiiiieeeee, 223
6.8.4.5.4 Transition SP11:SAS_AwaitALIGN1 to SP14:SAS_Falil.......cccuvviiiiiiiiiiiiiiiieee e 223

6.8.4.6 SPL12:SAS_ AWAILSNW STALE .....uiiiiiiiiiieieii ittt e et et e e e e e e e s e s s s b e eeeeeaaeaeeseannes 223
6.8.4.6.1 StAtE ESCHIPLION .....eeiiiiiitiie ettt e et e et e e e e bbb e e e e abe e e e e e nnneas 223
6.8.4.6.2 Transition SP12:SAS_AwaitSNW to SPO:OO0B_COMINIT .......uuiiiiiiiiieiiiiiiiiieeeeee e 223
6.8.4.6.3 Transition SP12:SAS AwWaitSNW t0 SP13:SAS PasS.......cccccuiiiiiiiieieie e 223

6.8.4.7 SPL3:SAS_PASS SEALE .....ueuuututuniiiiie i e e e ettt e e e e e e e e e e e e e e e eeaetererbab i nann s 223
6.8.4.7.1 SEALE ESCHIPLION .....eeiieiiitiie ettt et e e et e e e ebb e e e e abe e e e e e nnneas 223
6.8.4.7.2 Transition SP13:SAS_Pass to SPO:OOB_COMINIT .....ccoiiiiiiiiieeeeeee e 223
6.8.4.7.3 Transition SP13:SAS Pass t0 SP8:SAS_Start ........ccccceiiiiiiiiiiiieiieee e 223
6.8.4.7.4 Transition SP13:SAS_Pass to SP15:SAS_PHY_Ready .......ccccocciiiiiiiiiiiiiiiiieeeeee e 224

6.8.4.8 SPLA:SAS _Fail STAE....coiiiiiiiiiiee ettt et e e e e e e e e e e e e e e e e e e e annnne 224
6.8.4.8.1 StAE UESCHIPLION .....eeeeiiieee ettt ettt et e e e e e e e et e e et eeeaae e e e s e s annnntbeeeeaaaeeeaeaanns 224
6.8.4.8.2 Transition SP14:SAS_Fail to SP1:00B_AWaItCOMX.......cccooiieiiiiiiiiiieeee e 224
6.8.4.8.3 Transition SP14:SAS_Fail to SP8:SAS_ Start.......ccccceeiiiiiiiiiiiieieceeeee 224

6.8.4.9 SP15:SAS _PHY _REAAY SEALE.....cciiiiiiiiiiiiiiiiiiiiii et e e e e e e e e e e e e e anneees 224
6.8.4.9.1 StALE AESCHIPLON .. ..eeiiiiiiiiie ettt et e e e e e e et b e e e e nbe e e e e anree s 224
6.8.4.9.2 Transition SP15:SAS _PHY_Ready to SPO:OOB_COMINIT .....oiiiiiiiaaiiiiiiiiiiiieeeee e 224

6.8.5 SATA hOSt €MUIALION STALES ....coiiiiiiiiiii et e e e e e e e e e e e e e e e aaeebeeeeeeas 225

6.8.5.1 SATA host emulation StAtES OVEIVIEW ..........uuiiiiiiiieeee ittt e e e e e e e e s e ereeaaeaeeeeesaeennes 225

6.8.5.2 SPL16:SATA COMWAKE SEALE .....ueiiiiiiieeieeiiiiitieeie e e e e e e ettt e e e e e e e e e s s s senbeeeeeeeaaaeeeeseaannnnnes 226
6.8.5.2.1 StALE ESCHIPLON .....eeiieiieiiii ettt e et e e et e e e e bb e e e e anbe e e e e e nnneas 226
6.8.5.2.2 Transition SP16:SATA_COMWAKE to SP17:SATA_AwWaitCOMWAKE..........ccccccviveernnnnn 227

6.8.5.3 SP17:SATA AWAItCOMWAKE SEALE........uuuiiiiiiiiiiiieee ettt er e e e e e e et eeeeeaeaeeeeaaeannns 227
6.8.5.3.1 StALE ESCHIPLON .....eeiiiiiiiiii ettt e et e e et e e e e e bb e e e e e abe e e e e e nrneas 227
6.8.5.3.2 Transition SP17:SATA_AwaitCOMWAKE to SPO:OOB_COMINIT .......cceeiiiiiiieiiiieeeeee 227
6.8.5.3.3 Transition SP17:SATA_AwaitCOMWAKE to SP18:SATA_ AwaitNoCOMWAKE ................ 227

6.8.5.4 SP18:SATA AWAItNOCOMWAKE State .......ccuuiiiiiiiiiieie e e e e e e e e e 227
6.8.5.4.1 StAtE ESCHIPLON .....eeiiiiiitiie ettt e st e et e e e e bbbt e e e e abe e e e e annneas 227
6.8.5.4.2 Transition SP18:SATA_AwaitNoCOMWAKE to SP0:OOB_COMINIT ..o, 227
6.8.5.4.3 Transition SP18:SATA_AwaitNoOCOMWAKE to SP19:SATA_AwaitALIGN........cccccceeeen. 227

6.8.5.5 SP19:SATA AWAIALIGN StAE....cciiiiiiiiiiiieiiieie ettt et e e e e e e e e e et eeeeeeaaeeeeeenenes 227
6.8.5.5.1 StAtE AESCHIPLON ......eiiiiiiiiii ettt et e e e e e et e e e e are e e e e annne s 227
6.8.5.5.2 Transition SP19:SATA_AwaitALIGN to SPO:OOB_COMINIT ....ooviiiiiieiiiiiiiiiiiiieeeeeee e 227
6.8.5.5.3 Transition SP19:SATA_AwaitALIGN to SP20:SATA_AdjustSpeed..........ccccvvvreeiniiineennnn. 227

6.8.5.6 SP20:SATA_AQJUSISPEEA STALE .......eeiiieeiiiiieee ettt e et e e ee e 227
6.8.5.6.1 StAte AESCHIPLON .. ..eeiiiiiiiiiii ettt et e e ettt e e e bbb e e e e b e e e e e e arne s 227
6.8.5.6.2 Transition SP20:SATA_AdjustSpeed to SPO:OOB_COMINIT .....cooiiiiiieiiiiiiee e 228
6.8.5.6.3 Transition SP20:SATA_AdjustSpeed to SP21:SATA_TransmitALIGN ...........ccoccviiveennnnnn 228

6.8.5.7 SP21:SATA _TranSMItALIGN State........uuuiiiiiiiiiiii i e e e e e e e e e e e e s 228
6.8.5.7.1 StAE UESCHIPLION ....eeeeeieiiee ettt e e e e e e e e s ettt e e e e e e e e e e e e e annbbsbaeeaaaaeaeeaan 228
6.8.5.7.2 Transition SP21:SATA_TransmitALIGN to SPO:OOB_COMINIT .....ccccooiiiiiiiiiiiiiiiieeeeeeen, 228
6.8.5.7.3 Transition SP21:SATA_TransmitALIGN to SP22:SATA PHY_Ready........cccccooeeeeiieennnnnn. 228

6.8.5.8 SP22:SATA PHY _REAAY STALO. ..cciiii ittt e et e e e e e e e e e e e e nnes 228
6.8.5.8.1 StALE ESCHIPLION .....ueiieiiitiie ettt et e et e e e bbb e e e e b e e e e e e nnneas 228
6.8.5.8.2 Transition SP22:SATA_PHY_Ready to SPO:OOB_COMINIT .....ccooiiiiiiiiiiiiiiiieeeeeee e 228
6.8.5.8.3 Transition SP22:SATA_PHY_Ready to SP23:SATA_PM_Partial ............coooviciiiiiiiieeenen. 228
6.8.5.8.4 Transition SP22:SATA_PHY_Ready to SP24:SATA_PM_Slumber................... Docu.nq@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -7-

6.8.5.9 SP23:SATA PM_PaArtial STAtE.......cccuiiiiiiieiiie ettt be e sabe e eane e 228
6.8.5.9.1 StAE UESCHIPLION .....eeeiieiiee ettt e e e e e e e e ettt e e e e e e e e e e s e e e annbbsbaeeaaaaaaeaaan 228
6.8.5.9.2 Transition SP23:SATA_PM_Partial to SPO:OOB_COMINIT .....ccceiiiiiiiiiieiiiee e 229
6.8.5.9.3 Transition SP23:SATA_PM_Partial to SP16:SATA_COMWAKE ........ccccoociiviiiiiiiieeeee, 229
6.8.5.9.4 Transition SP23:SATA_PM_Partial to SP18:SATA_AwaitNOCOMWAKE..........cccccceeeninne 229

6.8.5.10 SP24:SATA _PM_SIUMDEI STAL@....cccii i e e e e e 229
6.8.5.10.1 State TESCIIPLION ...eeeiiiitiiiee ittt ettt e et e e e st e e e e et bt e e e e st b et e e e e sne e e e e anrneas 229
6.8.5.10.2 Transition SP24:SATA_PM_Slumber to SPO:OOB_COMINIT ......cooveiiiiiiiieeiiiieeee e, 229
6.8.5.10.3 Transition SP24:SATA_PM_Slumber to SP16:SATA_COMWAKE.........ccocoveiiniiiieeenninn, 229
6.8.5.10.4 Transition SP24:SATA PM_Slumber to SP18:SATA AwaitNOCOMWAKE ..........cccccu..... 229

6.8.6 SATA POIt SEIECION SLALE .....cciiiiiiiee ettt e et e e e e et e e e s st e e e enbe e e e e e nnes 229
6.8.6.1 STAE AESCIIPLION ....eeiiieiiitii ittt e bbbt e e s bbb et e e st b e e e e sasr e e e e s annneneee s 229
6.8.6.2 Transition SP25:SATA_PortSel to SP1:00B_AWAItCOMX ......coiiiiiiiiiiiiiiiiiiiieeeeee e 229

6.8.7 SATA SPINUP DO SEALE .....eeiiiiiiiiii ittt e e st e e e b e e e e ennneas 230
6.8.7.1 STAE AESCIIPLION ....veiiieiiiiii ettt e e e st e e e e st b e et e e e sabb e e e e e s abbeeeesabreeeeeaas 230
6.8.7.2 Transition SP26:SATA_SpinupHold to SPO:OOB_COMINIT .......ccoiiiiiiiieiiiiiiee e 230

6.9 SP_DWS (phy layer dword synchronization) state machine ............ccccueiiiiii e 230

6.9.1 SP_DWS state MaChiNg OVEIVIEW ..........uuiiiiiiiiiieee e et e e e e et e e e e aa e e e e e e e nnnneenaeeeeeas 230

5.9.2 SP_DWVS MBCEIVET ...ceiiie ettt ettt e e e e e e e e e e et et te et e e eeeaeeeeseaannbaseeeeeaeaeeeaaannnbnteneeeeas 232

6.9.3 SP_DWSO:ACQUIFESYNC STALE .....eiiiiiiiiiiei ittt ettt e et e e et e e s e e e e e e e 233
6.9.3.1 STAE AESCIIPLION ....eeiiieiiitii ettt et e e s bbbt e e s bbb e e e e snnr e e e e s annnneeeean 233
6.9.3.2 Transition SP_DWSO0:AcquireSync to SP_DWSL:Validl.........ccccceviiiiiiiiiiiiiiiiee e 233

6.9.4 SP_DWSL:VAlIdL StALE ......uuueiieiiiiiiieeeeie it er e e e e e e e s s et e e e aee e e s e s s s s st b aeeeaeaeeeeesssseenaeeeeees 233

6.9.4.1 STAE AESCIIPLION ....ueiiieiiitii ittt ettt ettt e st e e s bbbt e e st b e e e e e sasr e e e e s annneeeee s 233

6.9.4.2 Transition SP_DWS1:Validl to SP_DWSO0:ACQUIFESYNC ....c.ccorurriiieiiiiiiee e e e siiriee e 233

6.9.4.3 Transition SP_DWS1:Validl to SP_DWS2:Valid2 .........ccccuviiiiiiiiiie e 233

6.9.5 SP_DWS2:VAlIU2 STALE .......eeiiiiiiiiieiiiti ettt et e et e e s rre e e e e e nneas 233

6.9.5.1 STAE AESCIIPLION ....eeiiiiiiiiii ittt e ettt e e s e bbb et e e st b e e e e e sasr e e e e s aanrneee s 233

6.9.5.2 Transition SP_DWS2:Valid2 to SP_DWSO0:ACQUIFESYNC ....ccccorurriiieiiiiiiee e it siiieee e 234

6.9.5.3 Transition SP_DWS2:Valid2 to SP_DWS3:SYNCACUIrE ..........uveieiiiiiiieiiiiieeee e 234

6.9.6 SP_DWS3:SYNCACOUIFEA STALE .....cceiiiiiiieeiiiiie ettt et e e e et e e 234
6.9.6.1 STAE AESCIIPLION «...eeiiiiiiitit ettt e e s bbbt e e sttt e e e sabr e e e e s nnnbaeee s 234
6.9.6.2 Transition SP_DWS3:SyncAcquired to SP_DWSZ:LOStL ........cuuvviiiiiiiiiieiiiiieee e 234

6.9.7 SP_DWSZILOSEL STALE .....eeieeiteeiie ettt e e et e e e e e e e s e e e e e e e e e e e 234

L RS = 1= o [T T 0 o] o PP RP TP 234

6.9.7.2 Transition SP_DWS4:Lostl to SP_DWS5:LOStIRECOVEIed .......ccovuiiieiiiiiiiiiee it 234

6.9.7.3 Transition SP_DWS4:L0St1 t0 SP_DWSB:LOSE2.......cccoiiuiiiiieiiiiiiie ittt 234

6.9.8 SP_DWS5:LOSIIRECOVEIEA STALE ... .eeeiiiiiiiiieie ettt e e s e e e e eeee 234

6.9.8.1 STAE AESCIIPLION ....eiiiieiiiti ettt ettt e e e e bbbt e e e st e et e e e sab b et e e e s abbeeeesanbbeeeeeas 234

6.9.8.2 Transition SP_DWS5:Lost1Recovered to SP_DWS3:SyNCACQUIred.........c.eeeeeriiieieeeiiiineeeenne 234

6.9.8.3 Transition SP_DWS5:Lost1Recovered to SP_DWSB:LOSI2 ........ccooviiiiiieiiiiiiie e 234

6.9.9 SP_DWSB:LOSE2 STALE .......eeiieeiieiieiie e ee ettt e et e e e e e e e s e s e e e et e e e e e e ee s 234

6.9.9.1 SHALE ESCIIPLION ....veiiieiiitiiie ettt e e e bbbt e e s s bbbt e e e e sabb et e e e s abbeeeesanbbeeeeeaas 234

6.9.9.2 Transition SP_DWS6:L0st2 to SP_DWS7:LOSt2RECOVEIed .......coovvviieiiiiiiiiie e 234

6.9.9.3 Transition SP_DWS6:L0St2 t0 SP_DWSS8:LOSE3.......cccoiiuiiiiieiiiiiiiee i 235

6.9.10 SP_DWS7:LOSt2RECOVEIEA STALE.....uuiiiiiiiiiiiieie i e s e e e e e e e e e e e eeeeeeeeeaeaaeeees 235

6.9.10.1 StAte AESCIIPLION .eeiiieiiiiiiet ettt ettt e e e e e e e e e e e e e bebee et eeaaaaaaesaaaannnsbeneeeeaeaeaaaannnnns 235

6.9.10.2 Transition SP_DWS7:Lost2Recovered to SP_ DWS4:LOStL .....cccoooeeiiiiiiiiiiiiiiiieeen, 235

6.9.10.3 Transition SP_DWS7:Lost2Recovered to SP_ DWS8:LOSt3 .....ccccceoeiiiiiiiiiiiiiiieeen, 235

5.9.11 SP_DWSB:LOSES STALE ..euvuuiiiiiiiiiieiee ettt e ettt e e e et s e e e e et e e e e e e aat e e e e e asta s aeeeeesaa s e eeeeestnnaaaaaes 235

6.9.11.1 SEALE AESCIIPLION ...eiiieiiitiiiie ettt s ettt e e e et e e s bbbt e e s kb b et e e s e bbb et e e s anne e e e e snnnneee s 235

6.9.11.2 Transition SP_DWS8:Lost3 to SP_DWS9:LOSt3RECOVered ..........ccoooiiiiiiiiiiiiiiieeee e 235

6.9.11.3 Transition SP_DWS8:L0st3 t0 SP_DWSO:ACQUIFESYNC .....ccovviiiieiiiiiiiee it 235

6.9.12 SP_DWSO:LOSt3RECOVEIEA SLALE......cei it ettt e e e e e e e e e e e e e e e s s nenreeeeeas 235

6.9.12.1 SEALE AESCHIPLION ....eiiiiiitiiiee ettt ettt e e e e e e sk bbb et e e s bbb et e e s e bbb et e e s anbe e e e s annnneee s 235

6.9.12.2 Transition SP_DWS9:Lost3Recovered to SP_DWSB:LOSI2 ........ccoveeiiiiiiiiiiiiiiiienieeee e 235

6.9.12.3 Transition SP_DWS9:Lost3Recovered to SP_DWSO0:ACQUINESYNC........ooovvveieeiiiiiiieeiiiiieeen 235

OIS o] U | o P PP PP U UPUPPPRPPTPPN 235
A 101 oY= OO PP PP PPRPPP Docu'ﬁ:ﬁnts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-8- 14776-151 © ISO/IEC:2010(E)

7.1 LINK QY OVEIVIEW ...ttt e ettt e e e oo 4o e ettt ettt e e e aaaeeae e e nbabbeee e e e e aaaaeeeennnnbenneeaeaaaaaaaaan 237
A S (1111101 TSP UPUPPPPPTPPN 237
7.2.0 PIIMITIVES OVEIVIEW ...eeiiiiitiiee ettt ettt ettt e e ettt e e e e ekt e e e skt et e e e e bbbt e e e e et e e e e ann e e e e e e nnneas 237
7.2.2 PrIMItIVE SUMIMAIY ...ttt e e ettt e et e e e e e e e e e s aabebbe et e e eeaaaaeasaaaanbasbbesaeeeeeaaannnnnsnbeeeeeeas 237
7.2.3 PrIMItIVE ENCOUINGS ...eeeiittiiee ettt ettt e ettt e e e et e e e e bt e e e e e a b e et e e e e b bt e e e anbbe e e e e annneas 241
7.2.4 PIIMITIVE SEOUEICES ....cciittiiee ettt e ettt e ettt e e o et e e e ek et e e e ek bt e e e e st b et e e e e anbbe e e e e e anbb e e e anbe e e e e e nnees 245
7.2.4.1 Primitive SEQUENCES OVEIVIEW ......ciiuuiiieeiiitiieeeeaattieeeesasttaeeeesabbee e e e s st bee e e e s abbe e e e e e sbbeeeeessneeeeenas 245
7.2.4.2 Single PrimitivVe SEOUEBICE ........vveiieiiiiieeee ettt ettt e e sttt e e s b e e s snb e e e e e e aanbb s e e annnneeeen s 245
7.2.4.3 Repeated PrimMitivVe SEOUENCE ......cciiiiiiieii ettt e ettt e ettt e ettt e e s bbb e e e e anbe e e e e e snbrreeeesaneneeens 245
7.2.4.4 Continued PrimitiVe SEQUENCE .......oiutiiieei ittt ettt ettt e st e e e st e e e st e e e e e e sabbe e e e e s sabeeeeenas 246
7.2.4.5 Triple PrimitivVe SEOUENCE ....ccciiiiiiiie ettt ettt e e st e e s bbb e e e snbb e e e e e aanb e e e e e annnene e s 246
7.2.4.6 Redundant primitivVe SEOUEINCE ..........uiiii ettt ettt ettt e ettt e e et e e e e s sib e e e e e s snbreee e 247
7.2.5 Primitives not specific to type of CONNECHIONS .........coooiiiiiiiiiiiiiie e 248
7.2.5.1 AIP (Arbitration N PrOGIESS) ... .ueeeeieiitiiiiiee ettt e ettt e ettt e ettt e e s e e e e e st e e e s sasb e et e s annreeee s 248
T.2.5.2 ALIGN .ottt e ettt e b et e e e b b e et e n b et e e e nnrne e s 249
T.2.5.3 BREAK ..ottt b bbbt e e ne e s 250
7.2.5.4 BROAD CAST ...ttt ettt ettt o4 ettt e o1ttt e oo s bbb et e e e e bbb et e e e e et e e e e b e e e ee e s 250
T.2.5.5 CLOSE ..ottt ettt e ot e et e et e et e e e ettt e b b e e e e ne e s 251
7.2.5.6 EOAF (End Of address frame) .......coouuiiiiiiiiiiii ettt rineee s 251
T.2.5.7 ERROR ...ttt ettt et e e 1 bbbttt e s e bbbttt e n b e e ea b e e e ne e s 251
T.2.5.8 HARD _RESET ...ttt ettt ettt e e skt e e e s ettt e e e bt e et e e s nbb e e e e e nnneneeean 251
A ST N[O 0 | TSP PPU PR OTUPRN 251
7.2.5.10 OPEN _AC CEPT ..ttt ettt e ettt e e e s bt e e e e ab b b et e e e s bbb e e e e enbbeeee e 252
7.2.5.11 OPEN_REJECT ..ottt ettt ettt ekttt e e e sttt e e e sa b b et e e e e shbb et e e e s bbb e e e e enbbeeeeeas 252
7.2.5.12 SOAF (Start of addreSSs frAmME).......ccuuiiiiiiiiiiiee et e e 254
7.2.6 Primitives used only inside SSP and SMP CONNECLIONS ........cooicuuiiiiiiiiiiie e 255
7.2.6.1 ACK (ACKNOWIEAGE) ...ttt ettt e et e e s e e e snennneee s 255
7.2.6.2 CREDIT_BLOGCKED........ctitiiiiitiiiee sttt ettt ettt e ettt e e e sttt e e e s aab bt e e e sabbbeeeeeaneeeeeaas 255
T.2.8.3 DONE ...ttt e ottt e s b et e ook bttt e e e bbbttt e e b et e e e bbb et e e n bt e e e nene e s 255
7.2.6.4 EOF (EN Of fIAIME) ..eeiiiiiiiiiii ittt ettt e ettt e e e e s e e s nnnnee e as 255
7.2.6.5 NAK (Negative acknOWIEAGEMENT) ......cooiiiiiiiiiiiiiiee et e s 255
7.2.6.6 RRDY (RECEIVEI TEAMY) ... eitiiiiuiiiiie ettt ettt ettt ettt e et e e e ettt e e e e abb bt e e e e s bbb e e e e enbbeeeeeaas 256
7.2.6.7 SOF (Start Of fTAME) ...ttt e e s e eee s 256
7.2.7 Primitives used only inside STP connections and on SATA physical links............cccccconiiinnnne 256
T7.2.7.1 SATA_ERROR ...ttt ettt et e e sttt e e s bbbt e e e s e bbb e s anebaeee s 256
7.2.7.2 SATA_PMACK, SATA_PMNAK, SATA_PMREQ_P and SATA_PMREQ_S
(Power management acknowledgements and reqUESES) ......cuvivveeeieriiiiiiiiiiieiee e 256
7.2.7.3 SATA_HOLD and SATA_HOLDA (Hold and hold acknowledge)...........ccccoocuuveieeiniiiieeeiniieeen. 257
7.2.7.4 SATA_R_RDY and SATA_X_RDY (Receiver ready and transmitter ready).........cccccccevvuvneeenn. 257
7.2.7.5 Other primitives used inside STP connections and on SATA physical liNkS ............ccccovvieeenn. 257
7.3 ClOCK SKEW MENAGEIMENT ....eiiiiiiiiiiei ittt ettt ettt ettt e st bt e e s ra bbb et e e s abb bt e e e s anbbbeeaesannbreeessnnaneeas 257
7.4 1d1E PRYSICAI TINKS ...ttt e sttt e e s sttt e e e s e abe e e e s ebbn e e e e snneaeee s 258
48 3 (TSP PPPSPTPI 258
T.5.1 CRC OVEIVIEW ...ceiiiiiiieee ettt ettt ettt e ettt e e e ekttt e e e et b et e e e e aa b bt e e e e e ahbb et e e e aabbe e e e e e anbbe e e anbbeeeeeenbees 258
P I 1 SO o =T o LT =1 (o] o PP RPPPUPPRR 259
ST O O ol o T=Tod ([T PO EP R PPTPPRRP 261
FALC IS Te =01 o] 1o To [PPSO PRSPPI 261
7.7 Bit order of CRC @nd SCramMDBIET ...........uiiiiiiiii et 263
7.8 AUAIESS TrAIMES ...ttt ettt e oo a bttt e e okttt e e e bbb e e e e s ok ettt e s eabb e e anbne e e e e annnneee s 266
7.8.1 AAAIreSS fTAIMES OVEIVIEW. ....ciiiiiiiie ettt e ettt e e ettt e e e et e e e ettt e e e e s b bt e e e e e bb et e e e e anreeeeeanrneas 266
7.8.2 IDENTIFY @dAreSS frAIME....ccci ittt ettt ettt e et e e e et e e s e sie e e e e anneeas 268
7.8.3 OPEN QAAIESS frAIME ... . .iiiiiiiiitiiee ettt e e ek e e e st e e e e st e e e e s abre e e e e anrneas 270
7.9 Identification and hard reSet SEQUENCE .........euuiiiiiiiie ittt e ettt e e e e e e e e e e anebee e eeaaaaeeeaan 272
7.9.1 Identification and hard reset SEQUENCE OVEIVIEW..........coiiuriiiaiiiiiiiee ettt 272
7.9.2 SAS INILIALON HEVICE TUIES .....eeiiiitiiiee ettt e e et e e et e e e e be e e e annneas 272
7.9.3 Fanout eXpander GEVICE TUIES ........oiuiiiieiiiiie ettt e et e e st e e e e 273
7.9.4 Edge eXpander GEVICE TUIES ........ooii ittt ettt e et e e s e s e e e e ane e e e e nnees 273
7.9.5 SL_IR (link layer identification and hard reset) state machines...........cccovciieeeiiniiiie e, 273
7.9.5.1 SL_IR state MacChin@S OVEIVIEW ........cciuiiiiiiiiie ittt e e e s et e e e e e e e e e e e e s enneeees 273
7.9.5.2 SL_IR transmitter and FECEIVET ........c.ceei ittt Docu-n%@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -9-

7.9.5.3 SL_IR_TIR (transmit IDENTIFY or HARD_RESET) state machine ............cccccccccveeeeeiiiniiinns 275
7.9.5.3.1 SL_IR_TIR state Maching OVEIVIEW ...........ccooiiiiiiiiieecrer e 275
7.9.5.3.2 SL_IR_TIRL:IAIE SALE .....eeeiiiiieieiiie ittt ettt e s e s e e e e eees 275

7.9.5.3.2.1 State AESCIIPIION ...eeeiieiiiiiiiee ettt ettt e e st e e e s et e e e sib e e e e e senneeee s 275
7.9.5.3.2.2 Transition SL_IR_TIR1:ldle to SL_IR_TIR2:Transmit_ldentify .............ccccciniiiiiiiinnnnen. 275
7.9.5.3.2.3 Transition SL_IR_TIR1:ldle to SL_IR_TIR3:Transmit_Hard_Reset..............ccccvvveeeeeen. 275
7.9.5.3.3 SL_IR_TIR2:Transmit_ldentify State..........ccoiiiiiiiiiiiiiiiie e 275
7.9.5.3.3.1 State AESCIIPIION ...eeeiieiiiiiiiie ettt ettt e ettt e e s e e e e aabn et e e snbn e e e e sanneeeeas 275
7.9.5.3.3.2 Transition SL_IR_TIR2:Transmit_Identify to SL_IR_TIR4:Completed.............couveeeeen. 275
7.9.5.3.4 SL_IR_TIR3:Transmit_Hard_ReSet State ............uueiiiiiiiiieiiiiiiiiieiieeeee e 276
7.9.5.3.4.1 State AESCHIPIION ....eeiiiiiiiiiiee ittt ettt ettt et e e e st e s st et e e e annbb e e e e s annneeeens 276
7.9.5.3.4.2 Transition SL_IR_TIR3:Transmit_Hard_Reset to SL_IR_TIR4:Completed .................. 276
7.9.5.3.5 SL_IR_TIRA:COMPIELEA SEALE......eeeiiiieeeeiiiiiiieite et e e e e e e e e e e reeeeaeeen s 276

7.9.5.4 SL_IR_RIF (receive IDENTIFY address frame) state maching...........ccccceeviiiieiiiiiiiiee e, 276
7.9.5.4.1 SL_IR_RIF state Maching OVEIVIEW .............ueeiiiiiiiiiiiiiiiiiiiieeee et e e e 276
7.9.5.4.2 SL_IR_RIFL:IAIE SLALE .....ceiiieiiiieeie ettt e e e e e e e ettt e e e e e e e e e e s s e ennebeeaeeeeaeeeeanns 276

7.9.5.4.2.1 State AESCIIPIION ....eeiieiiiiiiee ettt ettt et e e st e e st et e e e abbn e e e sanneeeeas 276
7.9.5.4.2.2 Transition SL_IR_RIF1:ldle to SL_IR_RIF2:Receive_ldentify Frame............cccccc........ 276
7.9.5.4.3 SL_IR_RIF2:Receive_ldentify Frame State ............cooocuiiiiiiiiiiieee e 276
7.9.5.4.3.1 State AESCIIPLION ....eeiieiiiiiiiee ettt ettt e e s bbb e e e st e e e aanbn e e e senneeeeas 276
7.9.5.4.3.2 Transition SL_IR_RIF2:Receive_ldentify_Frame to SL_IR_RIF3:Completed .............. 277
7.9.5.4.4 SL_IR_RIF3:COMPIELEA SEALE......eeiiiiieeeeeeiiiette ettt e e e e e e e e eeeeaaeee s 277

7.9.5.5 SL_IR_IRC (identification and hard reset control) state machine ...............cccccoeeivi e, 277
7.9.5.5.1 SL_IR_IRC State MacChing OVEIVIEW ..........uuiiiiiiiiiiiee ittt 277
7.9.5.5.2 SL_IR_IRCLIAIE STALE .....eeeiieiieiiiiiei ittt et e st e e s e anabee e e e e 277

7.9.5.5.2.1 State dESCHIPLION ....eeiieiiiieiiie ittt ettt et e e s bbb e e s e et e e saebn et e e sanneeee s 277
7.9.5.5.2.2 Transition SL_IR_IRC1:ldle to SL_IR_IRC2:Walt.........c.cevveiiiiiiiieiiiiiiiie e 277
7.9.5.5.3 SL_IR_TRC2IWaAIL STALE......eeiiiiiiiiei ettt et e e et e e 277
7.9.5.5.3.1 State AESCIIPLION ....eeiieiiiiiiiie ettt ettt e e s bbbt e e st e et e e e st e et e e sanneeee s 277
7.9.5.5.3.2 Transition SL_IR_IRC2:Wait to SL_IR_IRC3:Completed .........cceeevviiiiiieiiiiiiiee e, 278
7.9.5.5.4 SL_IR_IRC3:COMPIELEA SLALE ....oeeiiiiiiiiiiiiiiiie ettt e e 278
7.10 POWET MENAGEIMENT .....utiiieietietieee e ettt e e e e e e e e s e e ettt e e e e e e e as s bbb e e s e e et e e aeeeeeessannnnreeeeeeeeeeanns 278
7.11 SAS dOMAIN CRANGES ... .eeeiiiiiiie ettt e e et bbbt e e s s bbbt e e s anb b bt e e e s nne e e e e annnneeeeas 278
4% 2 @ ] =11 o 1P 279
7.12.1 CONNECHONS OVEIVIEW .....eiieiiuitiiee e ettt e e ettt e e e ettt e e e e sttt e e e e e bb et e e e e abb e e e e e e aabb e e e e e e aab bt e e e aabbeeeeeannbeeas 279
7.12.2 OPENING @ CONNECTION ....eeiiiiitiieee e ettt e ettt e ettt e e e ettt e e e et et e e e e st e et e e e e aabe e e e e e e aabbe e e e e sbbeeeeeannbneas 280
7.12.2.1 CONNECLION FEOUEST ... .eeeeiieiiiieee ettt etttk et e sttt e e e ettt e e s bbbt e e e s abb et e e e snbbbee e snnneneee s 280
7.12.2.2 Results of @ CONNECHION FEOUEST ........uueiiiiii ittt e e e e s 280
7.12.3 ArbItration fAINESS . oei i e et e et e e e e e st e e e e e e e e e e a e e e e ee e e e e nraraeneeees 281
7.12.4 Arbitration and resource management in an expander deVICE ..........uueveviriiiieiniiiree e 282

7.12.4.1 Arbitration and resource management in an expander device OVErvIieW............cceeeeevrineeeeenne 282

7.12.4.2 ArDItrAtION SEATUS .....veeiiiiiiiieeei ittt ettt e e bbbt e e s s bbbt e e e s bbb e e e s abeeee e anneneee s 283

7.12.4.3 EAQE EXPANUET HEVICES .....eiiiiiiitiiie ittt ettt ettt ettt et e et e e e e s bbbt e e s s bbb e e e ennbeneee s 283

7.12.4.4 FANOUL €XPANUET HEVICES ....ceeiiuiiiiiie ittt ettt ettt ettt ettt e ettt e e s bbbt e e s abb b e e e e saneaeee s 284

7.12.4.5 Partial Pathway TIMEOUL tIMEN .......oouuiiiiiiiiiiiie et s e 284

7. 12.4.6 PAtNWAY FECOVEIY ...ceiiiiiie ittt ettt e e e e e e ettt et e e ea e e e e e aaaaaaabeteeeeeaaaaaaseeaaannnbseneeeeeaeaaaannnnes 284

7.12.5 ADOrtiNg @ CONNECLION FEQUEST ....cii ittt e ettt e e e e e e e e et e e e e e ea e e s e e aaannneeeeaeeaeas 285
7.12.6 ClOSING @ CONNECHION .....eeeeiiiiiieee e ettt e e e e e e e e e e e et b et eeeeaeaaaaeasaaneabesaeeeeeaaaeaeeeaaaaannnnrnbeeeeeeas 287
7.12.7 Breaking @ CONNECLION ........u ittt e ettt et e e e e e e e e e s bbb ee e e e e eaaaeesesaabesbeeaeaaaaans 288
A R = 1 (= 4T (o o 1T o PSSO PPPEURPR 288
7.14 SL (link layer for SAS phys) state MAaChINES ........ccuiiiiiiii e 291
7.14.1 SL State MAChINES OVEIVIEW .....cooiiiieiiii ittt e ettt e e e e e e e s e et b e e e e e eaaaeeesasannneaeeaeaeas 291
7.14.2 SL tranSMIttEr QNG FECEIVET ......eeiiiii ettt ettt et e e e e e e e s e et e e e e e e e e e e e e sanneebeeeeeeas 293
7.14.3 SL_RA (receive OPEN address frame) state machine.............cccooooiiiiiiiii e, 294
7.14.4 SL_CC (connection control) state Maching ..............coooiiiiiiiiiii e 295

7.14.4.1 SL_CC state MacChing OVEIVIEW .........ooiiiiiiiiiiiiiiii ettt e e st e e e e e e e e e e e e nnees 295

T.14.4.2 SL_CCO:1AIE STALE ....eeeiitiieieeieit ettt ettt e et e e e sk b e e e s s bbb e e e e s et b et e e e anbeee s anbreeeeeas 296
7.14.4.2.1 State UESCHPIION .....eeieiiiiieie ettt ettt ettt et e e e e bbbt e s sk bt e e e enb b e e e e e abbeeeeeennes 296
7.14.4.2.2 Transition SL_CCO:ldle t0 SL_CCLIAIDSEl .....uuuiiiiiiiiaeii e 296
7.14.4.2.3 Transition SL_CCO:ldle to SL_CC2:Selected..........cceeviiiiiiiiiiiiiiiiiieeeee e Docu.nq%nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-10 - 14776-151 © ISO/IEC:2010(E)

N I e B I O O3 0 Y 1 o 1S 1= B = L (U 296
7.14.4.3.1 StAte AESCIIPLION ....eeeieiiie ettt et e e e e e e e e bbb ee e e e e e aaaeeeessannntbeeaaaaaaeaaan 296
7.14.4.3.2 Transition SL_CCL:ArbSel to SL_CCO:IdIE ......c.oevviiiiiiciiiiie e 297
7.14.4.3.3 Transition SL_CC1:ArbSel to SL_CC2:SeleCted...........coocuiiiiiiiiiiiiie e 297
7.14.4.3.4 Transition SL_CC1:ArbSel to SL_CC3:CONNECLEA.........c.uutiiiiiiiiiieaeae i 297
7.14.4.3.5 Transition SL_CC1:ArbSel to SL_CC5:BreakWait ..............ceveeiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeen 298
7.14.4.3.6 Transition SL_CC1:ArbSel to SL_CCB:Break........ccccceeviiiiiiiiiiiiiiiicieeee e 298

7. 14.4.4 SL_CC2:SElECLEA SEALE .......ceeiiieieieiieie et e e e e e et e e e e e e e e e e s s s s anbaebeeeeeeaeeeesannnnnnes 298
7.14.4.4.1 State UESCIIPUION ...eeeiieiitiieee ettt ettt e et e e e st bt e e e et bt e e e e st e e e e e e nie e e e e anrneas 298
7.14.4.4.2 Transition SL_CC2:Selected t0 SL_CCO:IAIE .......ccoeiiiiiiiiiiiieieeeee e 298
7.14.4.4.3 Transition SL_CC2:Selected to SL_CC3:CONNECLEM .......eviiiiieiieiiiiiiiiiiiiiiieeee e 299
7.14.4.4.4 Transition SL_CC2:Selected t0 SL_CCB:BIreak ........ccccuuuiiiiiiiiiieeeeeeieieiiiiieeeeeeee e 299

7.14.4.5 SL_CC3:CONNECLEA SLALE......eutiieiiiiieieee ettt e e e e e e e st e e e e e ae e e e s s s e nberbeeeeeeaaaeesennnnnnes 299
7.14.4.5.1 State UESCHIPIION ....eeiieiitiitie ettt e et e e e et e e e e et bt e e e e aab b e e e e e e abe e e e e annnneas 299
7.14.4.5.2 Transition SL_CC3:Connected to SL_CC4:DisconnectWalit ............cccoovviiiiiiiiiieeeeeeeeennnn, 299
7.14.4.5.3 Transition SL_CC3:Connected to SL_CC5:BreakWait.............ccceeevieieeiiiiiiiiiiiiiieeeeeeeeen 299
7.14.4.5.4 Transition SL_CC3:Connected t0 SL_CCB:Break ............covoiiuuiiiiiiiiiiee e 299
7.14.4.5.5 Transition SL_CC3:Connected t0 SL_CC7:CIOSESTP ......cccuuiiiiiiiiieiee e 299

7.14.4.6 SL_CCA4:DIiSCONNECIWAIL STALE ....eiiiiieiiiei it e e e e e e e e e e e e e aeee e e e e eeeees 299
7.14.4.6.1 State UESCIIPUION ....eiiieiiitiiee ettt e e e et e e e e bbbt e e e e st e e e e e nae e e e e anreeas 299
7.14.4.6.2 Transition SL_CC4:DisconnectWait to SL_CCO:IdIe .........ccuvriiiiiiiiieeiiiiiieeee e 300
7.14.4.6.3 Transition SL_CC4:DisconnectWait to SL_CC5:BreakWait ..............ooooiiiiiiiiiiiiiiineennnnns 300
7.14.4.6.4 Transition SL_CC4:DisconnectWait to SL_CCB:Break .........cccccccvvveeeiiiiiiiiiiiiiiecieeeeeeen, 300

7.14.4.7 SL_CCBH:BreakWal STALE .......oicuueiiiiiiiiiiie ettt ettt e e nanee e s 300
7. 14.4.7.1 State TESCHPUION ...eeiiieiitiieee ettt et e et e e e e bbbt e e e e st e e e s e nne e e e e anrneas 300
7.14.4.7.2 Transition SL_CC5:BreakWait to SL_CCO:IdIE ......cccoviiiiiiiiiiiiiieeie e 300

7.14.4.8 SL_CCBBIreak Stall.........eeiiiiiiiiiiie ittt et e et b e e s e e ee s 300
7.14.4.8.1 State UESCIIPUION ...eeiiieiittie ettt ettt e e et e e e e bbbt e e e e st e e e e e nbe e e e e anrneas 300
7.14.4.8.2 Transition SL_CCB:Break to SL_CCO:IdIE........cccuuiiiiiiiiiiee e 300

7.14.4.9 SL_CCT7:CIOSESTP SEALE....ceiittiiiie ittt ettt e e st b e e e s st et e e e st e e e e e e s areee e 300
7.14.4.9.1 State UESCHIPLION ....eeiieiiiiieie ettt e e e st e e e s e bbbt e e e e st b e e e e e nae e e e e aneneas 300
7.14.4.9.2 Transition SL_CC7:CloSeSTP t0 SL_CCO:IdIE....cccciiiiiiiieiiiiiie e 301

7.15 XL (link layer for expander phys) state Machine ..o 301
7.15.1 XL State MACHING OVEIVIEW .......cuiiiiieeeeeieeeiiteee et e e e e e e e s e et e e e ae e e e e e s s e s nnntne e eeeaaeeeeesansenneneeeees 301
7.15.2 XL tranSMItter QN0 FECEIVET ......eiiiiie e e e i e e ettt et e e e e e e e e e et e e e e e aee e e s s s anntetaaneeeeaeeeeeeannnrnneneeees 304
A ST I 0 o 1R = L= SR 306

7.15.3.1 StAte AESCHIPLION ....eeiiiiiiiiiiii ettt et e e s bbbt e e s bbbt e e s abe e e e e anneneee s 306

7.15.3.2 Transition XLO:Idle to XL1:ReqUESt Path .........ccueeiiiiiiiiiiiiice e 306

7.15.3.3 Transition XLO:Idle to XL5:FOrWard_OPEN ........cuuuiiiiiiiiiiiie i 306

7.15.4 XL1:ReQUESE Path State ..........oeiiiiiiiiiiiiiii et e e e e e e e e e e eeeeeas 306

7.15.4.1 StAte AESCHPLION ...eeiiiiiiieie ittt e oottt et e e e e e e e s e s ettt e eeeeaaeesaeaaannnnbaeeeeaeeeeaaaannnnes 306

7.15.4.2 Transition XL1:Request Path to XLO:IdIE ......cooiiiiiieeee e 307

7.15.4.3 Transition XL1:Request Path to XL2:ReqUeSt OPeN.....ccooiiiiaiiiiiiiiiiiiiiiie e 307

7.15.4.4 Transition XL1:Request_Path to XL4:0pen_ReEJECE.........uuuiiiiiiiiiiiiiiiiiiieeee e 307

7.15.4.5 Transition XL1:Request_Path to XL5:Forward_OpPen..........cccueeviiiiiiiiieiiiiiiiees e 308

7.15.4.6 Transition XL1:Request_Path t0 XLO:Break...........ccooiiiiiiiieiiiiiiiie e 308

7.15.5 XL2:REQUEST_OPEN STALE ....ceeeiiiiiiiiiiiieiee ettt er e e e e e e s n e reeeee s 308
7.15.5.1 StAte ESCHIPLION .....eiiiiiiieiiei ettt et e e sk e et e e s s bt e e s e e e e e e anbnneee s 308
7.15.5.2 Transition XL2:Request_Open to XL3:Open_Confirm_Walit............ccccevriiiiiiiiiiiieeeciiiiieeeee 308

7.15.6 XL3:0pen_Confirm_WaIt STAE .......cooiiiiiieeee et e e e e e e eee s 308

7.15.6.1 StAte ESCHIPLION ....eeiiiiiiiiiie ettt e et e et e e st e e e e s bbbt e e s e e e e e s anneneee s 308

7.15.6.2 Transition XL3:Open_Confirm_Wait to XLO:IdIE .........cooiiiiiiiiiiiieee e 309

7.15.6.3 Transition XL3:Open_Confirm_Wait to XL1:Request Path .........cccccciiiiiiiiiiiiiiiiieeeees 309

7.15.6.4 Transition XL3:Open_Confirm_Wait to XL5:Forward_Open ..........ccoooiiiiiiiiiiiiiiiieeeee e 309

7.15.6.5 Transition XL3:Open_Confirm_Wait to XL7:CONNECLEM..........uueeiiiiiiiiaiiiiiiiiiiieeeee e 309

7.15.6.6 Transition XL3:Open_Confirm_Wait to XLO:Break..........ccccouiiiiiiiiiieeiiie e 309

7.15.6.7 Transition XL3:Open_Confirm_Wait to XL10:Break Wait...........cccccceeeeiiiiiiiiiiiiiiiiiiieee s 309

7.15.7 XLA:OPEN_REJECT STALE....ceiiitiiiii ettt e et e e e s bbb e e e e st e e e e e e 309

7.15.7.1 StAte ESCHIPLION ....eeiiiiiiiiiie ettt ettt e e bbbt e e skttt e e s abe e e e s annnneee s 309

7.15.7.2 Transition XL4:0pen_Reject to XLO:IdIe ........ccooiiiiiiiiiiiiiiieiiie e DOCU'IﬁJéntS

Full document details: ISO IEC 14776-151-2010

Document Sharing Hub


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -11-

7.15.8 XL5:FOrWard_OPEIN SEALE......coiiiii ittt e e e e e ettt et et e e ae e e e e e s e e aannbbaeeeeeeaaaaaeeeeaasenneeeeeeas 310
7.15.8.1 StAte TESCHIPLION ...eeeiiiieiei ettt e oottt et e e e e e e e e e ettt e e e e eaaaaeseeaaannnebneeeeaeaeaaaannnnes 310
7.15.8.2 Transition XL5:Forward_Open to XL6:Open_Response_ Walit...........ccoooiiiiiiiiiiiiiinieeeeeeis 310

7.15.9 XL6:0pen_ResSpoNnSe Wt SLALE ..........euiiiiiiiiiaiii i e e e e e e e e e s e e eeeeeeeeeas 310
7.15.9.1 StAtE ESCHIPLION ....eeiiiiiiiiiie ettt e et e e skt e et e e s st e e s e e e e e s annnneee s 310
7.15.9.2 Transition XL6:Open_Response_Wait to XLO:IdIE...........cccoiiiiiiiiiiiiiiiieiiieeeee e 311
7.15.9.3 Transition XL6:Open_Response_Wait to XL1:Request_Path............ccccoviiiiiiiiiiiiiiiiiiieeeene 311
7.15.9.4 Transition XL6:Open_Response_Wait to XL2:RequesSt_OPEN .........cccevvuiveeeeiiiiieeee e 311
7.15.9.5 Transition XL6:Open_Response_Wait to XL7:CoNNected ..........coccuvveeeiiiiiieeeniiiiiee e 311
7.15.9.6 Transition XL6:Open_Response_Wait to XLI:Break ...........occueveiiiiiiiieiiiiiiiieee e 312
7.15.9.7 Transition XL6:Open_Response_Wait to XL10:Break Walit............cooovviiiiiiiiiiiiiiiiieeee s 312

7.15.10 XL7:CONNECTEU SEALE ....ceeeiiiiiiiieiiitit ettt ettt e et e e e et e e e e e aab et e e e e et e e e e e e nre e e e e anrneas 312
7.15.10.1 State TESCHPLION .eeiiiitieiieeiitti ettt ettt e ettt e e s bbb e e e e e s bbb e e e e ssbe e e e e e aanbreeeaaannnneeean 312
7.15.10.2 Transition XL7:Connected to XL8:CloSe_Walt............uueiiiiiiiiiieiieiiiiiiieeec e 312
7.15.10.3 Transition XL7:Connected t0 XLI:Break..........ooiiiiiiiiiiiiiiiiiiee e 312
7.15.10.4 Transition XL7:Connected to XL10:Break Walt............cooiiiiiiiiiiiiieie e 312

7.15.11 XL8B:ClOSE WAL STALE ....eeeteiieiiiieie ettt e e e ettt e e e e e e e e e e e e s be e et eeeaeaeeeesnnneeneeeeeeas 313
7.15.11.1 State TESCHPLION .oiiiiitieiiieiite ettt e ettt e e sttt e e s bbbt e e asbe e et e e aanbb e e e e annnneeee s 313
7.15.11.2 Transition XL8:Close_Walit t0 XLO:IAIE.........euiiiiiiieeiiiiiee e 313
7.15.11.3 Transition XL8:Close_Walit t0 XLO:Break ............ceuiiiiiiiiiiiiiiiiiiie e 313
7.15.11.4 Transition XL8:Close_Wait to XL10:Break Walt..........ccccuuuiiiiiiiiiiiie e 313

T.15.12 XLO:BIrEAK STALE ....ceeiiitiiiiee ittt et e e e ek e e e e ek bt e e e e e b et e s anb e e e e aneeas 313
7.15.12.1 State TESCHPLION .eeeiitieitieiiee ettt e sttt e e st bt e e e s bbb et e e saab b et e e s sasbre e e s annneeeee s 313
7.15.12.2 Transition XLI:Break to XLO:IAIE.........ccoiiiiiiiiiiiiiie e 313

7.15.13 XL10:Break WAt STALE .........eiiiiiiiiie ettt et e e st e et e s e b e e e e e aanneas 314
7.15.13.1 State UESCHPLION .eeeiitieitee ittt e ettt e e sttt e e s bbb e e e snb b e e e e e snsbb e e e sannneeeee s 314
7.15.13.2 Transition XL10:Break_Waiit t0 XLO:IAIE .....cccoiiiiiiiiiiiiiiiiie e 314

716 SSP IINK TAYET ..ttt e s a bttt e e sk bt e e s e bbbt e e s e be e e e e b e e e e a e ae e s 314

7.16.1 Opening &N SSP CONMNECTION........cciiiiiiiiie ettt ettt e et e et e e e e st e e e et b e e e s abb e e e e e aneneas 314

T.06.2 FUINAUPIEX .ttt ettt e ettt e e e ekt e e e s st bt e e e e aab b et e e e e abe e e e e e nnbneeeeeennnees 314

7.16.3 SSP frame transmisSioN and FECEPLION.........uiiiiiiiiiiee ittt e e 314

7.16.4 SSP FIOW CONLIOL ....eeiiiiiie ettt e e et e e e e et e s et e e e e e enees 315

7.16.5 INtErlOCKEA frAMES ...t e e e 315

7.16.6 Breaking an SSP CONNECLION ......ccoiiiiiiiiiei ittt e et e et e e s nab e e e e 317

7.16.7 ClOSING 8N SSP CONNECTION .....ciiiiiiiiiiiieiiiieie ettt ettt s st e e e e bt e e e e e nbbeeeaeeenees 317

7.16.8 SSP (link layer for SSP phys) state MachinesS..........ccooiiiiiiiiiiiiie e 318
7.16.8.1 SSP State MACKINES OVEIVIEW ......ccoiiiiiiiiiiiiiiie ettt ettt e e e nabb e e e snnnaeee s 318
7.16.8.2 SSP tranSMItter @NA FECEIVET ......eiii ittt e st e e s anreeee e 321
7.16.8.3 SSP_TIM (transmit interlocked frame monitor) state machine...............ocoooo s 322
7.16.8.4 SSP_TCM (transmit frame credit monitor) state Machine............ccccceiiiiiiiiiiiie s 323
7.16.8.5 SSP_D (DONE control) state MacChine..............ueeiiiiiiiiiiiiee e 323
7.16.8.6 SSP_TF (transmit frame control) state Machine ... 324

7.16.8.6.1 SSP_TF state Maching OVEIVIEW..........cciiiiiiiiiiiiieiiee et e e e e e e e e 324
7.16.8.6.2 SSP_TF1:Connected_Idle StAte ........ccoieiiiiiiiiiiiieiiie e e e e e e 324
7.16.8.6.2.1 StAte AESCIIPLION ....eeiiiiiiiiiee ittt ettt e st e e s ber e e e e seneeee s 324
7.16.8.6.2.2 Transition SSP_TF1:Connected_ldle to SSP_TF2:TX_Walit........ccccccveveeeiiiiiiiiiiiienen, 324
7.16.8.6.2.3 Transition SSP_TF1:Connected_ldle to SSP_TF4:Transmit DONE......................... 325
7.16.8.6.3 SSP_TF2:TX_ WAL STALE ....cceiiiiiiieiiitiiie ettt e s e e 325
7.16.8.6.3.1 StAte dESCIIPLION ....eeiiiiiiiiiieeiitie ettt e et e e et e e s abnr e e e e snnneeens 325
7.16.8.6.3.2 Transition SSP_TF2:Tx_Wait to SSP_TF3:Transmit_Frame..........cccccccceeeeiiniiiicnnnnns 325
7.16.8.6.3.3 Transition SSP_TF2:Tx_Wait to SSP_TF4:Transmit_ DONE...........cccccccciiiiiniiiiinnnns 325
7.16.8.6.4 SSP_TF3:Transmit_Frame STAte ........ccuoiiiiiiiiiiiiiiiiiieee e 325
7.16.8.6.4.1 State dESCIIPLION ....eeiiiiiiiiieeiiteei ettt e et e e s r e e s bnn e e e e snnneeens 325
7.16.8.6.4.2 Transition SSP_TF3:Transmit_Frame to SSP_TF1:Connected_Idle.......................... 326
7.16.8.6.5 SSP_TF4:Transmit_ DONE State ..........cooiiiiiiiiiiiiiiiiieie s 326
7.16.8.7 SSP_RF (receive frame control) state machine ... 326
7.16.8.8 SSP_RCM (receive frame credit monitor) state machine...........ccccccoooiiiiiiii 327
7.16.8.9 SSP_RIM (receive interlocked frame monitor) state machine...........cccoooiiiiiiiiiie s 327
7.16.8.10 SSP_TC (transmit credit control) state Machine ...........ccccuviiiiiiiii e 328
7.16.8.11 SSP_TAN (transmit ACK/NAK control) state machine..........ccccccoovivieeiiiiiineeenns Docu.m@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-12 - 14776-151 © ISO/IEC:2010(E)

A S I o 1101 F= Y] SO 328
7.17.1 STP frame transmiSSioN and FECEPLION .......uuuuiiieiiie ettt e e e e e e e e e eeeeeeeas 328
7.17.2 STP initiator PhY throttliNg ... ...cooei et e e e e e e e e e e e eeeeas 329
T.17.3 STP FIOW CONIOL. ...ttt e e oo e oottt ettt e e e e e e e e e e e neaabesbeeeeeaaaesaaannnnbnnaneeeeaas 329
7.17.4 Continued Primitive SEOUEICE. .......coiiuiiiie ettt e ettt e et e e et e e e s ab e e e e st e e e e nnes 332
A I i 1= LT 1SRRI 332
7.17.6 OpeNiNg an STP CONNECTION .......ciiuiiiiieiiiie ettt ettt e e e s e e e et bt e e s anbr e e e e e anees 333
7.17.7 ClOSING &N STP CONNECTION .....eiiiiiiiiiiieiiiiie ettt ettt ettt e s s b et e e e bbb e e e e aannbeeeeeeenees 334
7.17.8 STP connection management eXamMPIES .........ooo i e 334
7.17.9 STP (link layer for STP phys) State MacChinesS ..........ccooiiiiiiiiiiiii e 336
7.17.10 SMP target POIT SUPPOI . ... ..uiriiieeiiiiee e i ittt e et e e et e s et e e e e e e e s e e s r e e e ea e e e s s sesernrneneeees 337

T.18 SMP LINK TAYET ...ttt e e skttt e s e bbb et e e s s bbbt e e e s e ab bt e e e nbbe e e e e annnneee s 337
7.18.1 SMP frame transmisSion and rECEPLION .........uiiiiiiiiiiiie ettt 337
7.18.2 SMP FIOW CONTIOL..... ettt et e e e e e e e s e ettt e et e e e aeesaeannnnbeereeeees 337
7.18.3 ClOSING 8N SIMP CONMNECTION .....ciiiiiiiiiee ittt e et e e e et e e e s e sab e e e e e anreeas 337
7.18.4 SMP (link layer for SMP phys) state Machines...........coocuuiiiiiiiii e 337

7.18.4.1 SMP State MAaCNINES OVEIVIEW .....coiuviiiiiiiiiiiiie ettt e e e s bt e e e e e snreee e 337
7.18.4.2 SMP transSmitter ANd MECEIVET .........icuuiiiiii ittt e et e e e s areee e 337
7.18.4.3 SMP_IP (link layer for SMP initiator phys) state machine..........ccccooviiiiiiii e 338
7.18.4.3.1 SMP_IP state Maching OVEIVIEW ........ccoiiiiiiiiiieeie ettt e e e e e eeeeeeaae s 338
7.18.4.3.2 SMP_IPL:IAIE SEALE ...ceee e ettt ettt e e e e e e e e e e e e e e e e e rae e e e e e an 339
7.18.4.3.2.1 StAte AESCIIPLION ....eeiiiiiiiiie ettt ettt et e e st e e s bnr e e e e sanneee s 339
7.18.4.3.2.2 Transition SMP_IP1:Idle to SMP_IP2:Transmit_Frame..........ccccccccvvveeeiniiinncciiininennn. 339
7.18.4.3.3 SMP_IP2:Transmit_Frame St .........cccoiiiiiiiaiiiiiie ettt e e e sibreeeeeaee 339
7.18.4.3.3.1 StAte AESCIIPLION ...eeiiiiiiiiiie ettt e et e s b et e e aben e e e e seneeee s 339
7.18.4.3.3.2 Transition SMP_IP2:Transmit_Frame to SMP_IP3:Receive_Frame ...............cccuueeenn. 340
7.18.4.3.4 SMP_IP3:ReCEIVE_Frame SEAtE ........cccoiiiiiiiiiiiiiiee ettt et 340
7.18.4.4 SMP_TP (link layer for SMP target phys) state machine ............ccccoevveieiiiiiieic e 340
7.18.4.4.1 SMP_TP state Maching OVEIVIEW .........coouuiiiiiiiiiiie et 340
7.18.4.4.2 SMP_TPL:RECEIVE _Frame StAle .......cciiiiiiiiiiieiiiiiie ettt nibreeee e aee 341
7.18.4.4.2.1 State dESCIIPLION ....eiiiiiiiiiie ettt ettt e e st e e bnn e e e e seneeee s 341
7.18.4.4.2.2 Transition SMP_TP1:Receive_Frame to SMP_TP2:Transmit_Frame...............cc....... 342
7.18.4.4.3 SMP_TP2:Transmit_Frame SEAte ..........oocuiiiiiiiiiiiie et 342
S 0] B oY OO P PO PPRTP 343

8.1 PO YT OVEIVIEW ....ceiiiiitiieiee ittt ettt ettt e e sttt e ook b bt e e e s bbbt e e e e s bbb ee s anbbb e e e e s annnneee e s 343

8.2 PL (port layer) State MACKINES .......cooi ittt e e e e e e e e saabneee s 343
8.2.1 PL State MAChINES OVEIVIEW .......eiiiiiiiiiiee ettt st e e e sie e e s e 343
8.2.2 PL_OC (port layer overall control) state machine ... 345

8.2.2.1 PL_OC state MaChING OVEIVIEW .....uuuuiiiiiiii i i e e et e e e e e e e e e e e e e e e e eeeeeeaseseeeraanaaranes 345
8.2.2.2 PL_OCLIIAIE SEALE .....ceeiiitiiieee ittt ettt ettt e sttt e e s bbbt e e st e e e e e e rne e s 346
8.2.2.2.1 PL_OC12.:Idle State deSCHPLION .....eiiiieeieeiiietietee ettt r e e e e e e e e e s s nibe e e eeaeaaaeeeannn 346
8.2.2.2.2 Transition PL_OC1:Idle to PL_OC2:0verall_Control...............ceeeeeeiiiiiiiiiiiicce e, 347
8.2.2.3 PL_OC2:0Verall_CoNtrol SAE........ceiiiiiiitiiie ettt ee e e e e e e e e e e e e e e e e e e e e e e aneeeeees 347
8.2.2.3.1 PL_OC2:0verall_Control Stat@ OVEIVIEW ............uuueiiiiiiaieaaeiiiaiiiiiiiiee et e e e e e e e e aeeeeeeeeeeeeaaeeas 347
8.2.2.3.2 PL_OC2:Overall_Control state establishing conNections .............ccccevieiiiiiiiiiiiiiiiiieeeeeeen 347
8.2.2.3.3 PL_OC2:Overall_Control state connection established...............ccccoiiee, 350
8.2.2.3.4 PL_OC2:Overall_Control state unable to establish a connection................cocccvviiiieeennnn. 350
8.2.2.3.5 PL_OC2:Overall_Control state connection management...........cccuuvrireirireeeeeeniieiiiiiiiieeeeen 351
8.2.2.3.6 PL_OC2:Overall_Control state frame tranSmMiSSION .........ccceeieriiiniiiiiiiiiieieee e 352
8.2.2.3.7 PL_OC2:Overall_Control state frame transmission cancellations...........c.ccccevviiiivviinennn.n. 353
8.2.2.3.8 Transition PL_OC2:Overall_Control to PL_OCL:IdI€......cccoeeiiiiiiiiiiiiiiiieieieee e 353
8.2.3 PL_PM (port layer phy manager) state Machine .............ccoooiiiiiiiii e 354
8.2.3.1 PL_PM state MaChiNg OVEIVIEW .......ccoiiiiiiiiiiiiiii ettt e e e e e e e e e s s nebb e e e eeaeeeeannns 354
8.2.3.2 PL_PMIL:IAIE SEALE ....tteeiieiiee ettt ettt e e e e e e e s ettt et e e e e e e e e e e eeeaaaeae e s 356
8.2.3.2.1 PL_PMZI:Idle State deSCIIPLION .....ccciiiitiieeeiiitie ettt ettt e e e 356
8.2.3.2.2 Transition PL_PM1:ldle to PL_PM2:Req_Walit..........ccceeriiiiiiiiiiiiiiieeeeee e 357
8.2.3.2.3 Transition PL_PM1:ldle to PL_PM3:CONNECLEA .........cceeiiiiiiiiiiiiiiieeeee e 357
8.2.3.3 PL_PM2:ReQ_Walit StALE ......cci ittt et ee e e e e e e e e e s e et eeeaaeeee e s 357
8.2.3.3.1 PL_PM2:Req_Walit State OVEIVIEW .........ccceeiiiiiiiiiiiiieeeeee e e e et eaae e e Docu.nﬁnts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -13-

8.2.3.3.2 PL_PM2:Req_Wait establishing @ CONNECHION..............uuuiiiiiiiiiiaii e 357
8.2.3.3.3 PL_PM2:Req_Wait connection established...............cccouiiii e 357
8.2.3.3.4 PL_PM2:Req_Wait unable to establish a CONNECLION..........ccoviiiiiiiiiiiiiiii e 358
8.2.3.3.5 PL_PM2:Req_Wait connection ManagemMeNnt............cuuuuiiiiiiiiiaaaaa e aiiiieeeee e e e e e e e e e e e enneeees 358
8.2.3.3.6 Transition PL_PM2:Req_Wait t0 PL_PML:dIE........ccooiiiiiiiiieee e 358
8.2.3.3.7 Transition PL_PM2:Req_Wait to PL_PM3:CONNECted .........ccoeriiiiiiiiiiiiiiiiiiiieieeeee e 358
8.2.3.3.8 Transition PL_PM2:Req_Wait to PL_PM4:Wait_FOr_ClOSe.........cuuveeiiiieeiiiiiiiiiiiiiiieeeeeenn, 359
8.2.3.4 PL_PM3:CONNECIEA STALE .....utiiiiiiiieeeieiie ittt et e e e e e e e e e et e e e e e e e aeeeeeeeeneaees 359
8.2.3.4.1 PL_PM3:Connected state deSCrPLON ..........eiiiiiiiiiiee it 359
8.2.3.4.2 Transition PL_PM3:Connected to PL_PMZL:IdIE .......coooiiiiiiee e 361
8.2.3.5 PL_PMA4:Wait_FOr_ClOSE SALE ......ceiiiiiiiiiiit ittt et e e e e e e e s e s e e e e e e e e e e e e e e neenes 361
8.2.3.5.1 PL_PM4:Wait_For_Close state deSCHPLION .........ueiiiiiieeeii e 361
8.2.3.5.2 Transition PL_PM4:Wait_For_Close to PL_PMZL:ldle.........cccciiiiiiiiiiiiiieeeeeeee e, 361
S = L] oo g F= =T OO TSP PR P R POUPRP PP 362
9.1 TraNSPOIT [AYEI OVEIVIEW .....cceiiiiiiiie ittt ettt ettt e e ettt e e sk bbbt e e s abb et e e e aabe s et e e sbbne e e e s annnnneeean 362
9.2 SSP TANSPONT TAYET ....eeeeeeiieieie ettt ettt e skttt e e e e e bbbt e e ek bttt e e e b et e e e ab e e e e aannne e s 362
9.2.1 SSP frAME TOIMMAL ......eeiiii ittt e e et e e e ettt e e e aabb e e e e e anbe e e e e e nnees 362
9.2.2 INFOIMELION UNIS ... .eeiieeiiee ettt e ekt e e e e e bt e e e e et e e e e e e aab b e e e e aanbe e e e e annneas 364
9.2.2.1 COMMAND frame - Command information UNit.............cceeeiriiiiiiiiiiie e 364
9.2.2.2 TASK frame - Task Management Function information Unit .............ccccoviiiiiii e 366
9.2.2.3 XFER_RDY frame - Transfer Ready information Unit ...............cccceiiiiiieiniiie e 367
9.2.2.4 DATA frame - Data information UNIt...........oooueiiioiiiiiee e 368
9.2.2.5 RESPONSE frame - Response information UNIt............oocuveieiiiiiiieiieee e 369
9.2.2.5.1 RESPONSE frame - Response information Unit OVEIVIEW ...........ccccovcuviveeniiiieee e 369
9.2.2.5.2 Response information unit - NO_DATA fOrMaL........ccooiiiiiiiiiiiiiie e 371
9.2.2.5.3 Response information unit - RESPONSE_DATA format..........ccoceveiiiiiiieiiiiiiee e 371
9.2.2.5.4 Response information unit - SENSE_DATA fOrmat..........cccoocuviiiiiiiiiiieeiniiee e 372
9.2.3 SEqUENCES Of SSP frAMES ....cii ittt e et e s e e e e e 372
9.2.3.1 Sequences Of SSP fraAMES OVEIVIEW ..........uuiiiiiiiiiiie ettt et e e et e e e e sabeeeee e 372
9.2.3.2 Task management function sequence of SSP frames ... 372
9.2.3.3 Non-data command sequence Of SSP fraMES .......c.uueiiiiiiiii e 373
9.2.3.4 Write command sequence Of SSP fraAMES .......ccoo i 373
9.2.3.5 Read command sequence Of SSP fraMES ........c.uuiiiiiiiiiiie e 374
9.2.3.6 Bidirectional command sequence Of SSP fTamMES ........cc.uviiiiiiiiiiii e 374
9.2.4 SSP transport layer handling of liNK [ayer €rrOrS.........ooo i 375
9.2.4.1 SSP transport layer handling of link layer errors OVErVIEW...........ccoeeeiiiiiiiiiiiiieeieeee e 375
9.2.4.2 COMMAND frame - handling of link [ayer €rrors...........cooo i 375
9.2.4.3 TASK frame - handling of INK [QYEr EITOIS ........eiiiiiiiiiieei e 376
9.2.4.4 XFER_RDY frame - handling of link IaYer @Irors..........cc.uuiiiiiiiiiiiiiiee e 376
9.2.4.4.1 XFER_RDY fraM@ OVEIVIEW .......ueiiiiiiae ettt e e e e e e e e e ettt eeeaaaa e e e s s e s annbebbeeeeeeaaaaaeeanns 376
9.2.4.4.2 XFER_RDY frame with transport layer retries enabled ............cccccoiiiiieiiniiie e 376
9.2.4.4.3 XFER_RDY frame with transport layer retries disabled...............ccccoiiiiiiiiii i 377
9.2.4.5 DATA frame - handling Of lINK [aQYEr €ITOIS .......ccoi it 377
9.2.4.5.1 DATA fTAME OVEIVIEW......eiiiiiiieiiiee ettt ettt et e et e e s ek b et e e s e ab bt e e e e b b e e e e e anree e e eees 377
9.2.4.5.2 DATA frame with transport layer retries enabled............coceoiiiiiiiiice e 377
9.2.4.5.3 DATA frame with transport layer retries disabled ............ccccooviiiiiiiiie 378
9.2.4.6 RESPONSE frame - handling of liNK [aYer €rTOrS..........oocuiiiiiiiiiiece e 378
9.2.5 SSP transport layer error handling SUMMEAIY ..........cuueieeiiiriiee it e s 378
9.2.5.1 SSP transport layer error handling summary introduCtioN.............ccooiiiiiieiiiiieee e 378
9.2.5.2 SSP initiator port transport layer error handling SUMMATY ........c..ooeiiiiiiieeiiiiiiee e 378
9.2.5.3 SSP target port transport layer error handling SUMMAIY ..........ccueeiieiiiiireniiee e 379
9.2.6 ST (transport layer for SSP ports) state MaChiNeS ..........cccuiiiiiiiii e 380
9.2.6.1 ST State MACINES OVEIVIEW ......eiiiiiiiiiiiie ittt e et e e st et e e ssbrae e e e s aneeeee s 380
9.2.6.2 ST_|I (transport layer for SSP initiator ports) state Machines .........ccccccovvviiiiiiiiiieiiiee s 381
9.2.6.2.1 ST _| state MAChINES OVEIVIEW.........coeiiiiiiiiiiieeeieee ettt e e e e e e e s e e s eeeeeaeeennns 381
9.2.6.2.2 ST_IFR (initiator frame router) state Maching .............ccccceiiiiiiiiii e 383
9.2.6.2.2.1 ST_IFR state Maching OVEIVIEW ...........cooi i 383
9.2.6.2.2.2 Processing transport protocol SErviCe reqUESES .........ooocueiiiiiiiiiieie e 383
9.2.6.2.2.3 Processing Frame Received confirmations. .............cccccceeiiiiniiiiiiiiiieeeeeeeeeenn, Doeu.rﬁ%nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-14 - 14776-151 © ISO/IEC:2010(E)

9.2.6.2.2.4 Processing Transmission Complete and Reception Complete messages...........cce...... 385
9.2.6.2.2.5 Processing mMiSCellan@ous FEQUESTS.........ccuuuuriiiiiieiieae e e e e e e 386
9.2.6.2.3 ST_ITS (initiator transport server) state MachiNe .............oocciuiiiiiiiiiiie e 386
9.2.6.2.3.1 ST_ITS state MaChiNg OVEIVIEW .......ccceiiiiiiiiiiiiie e e e e e 386
9.2.6.2.3.2 ST_ITSL:INItiator_Start STALE.........uueeeiiiiiiaaie e 387
9.2.6.2.3.2.1 StAE HESCIIPLION ....eiieiiiiiiee ettt ettt e st e e s et e e e e b e e e 387
9.2.6.2.3.2.2 Transition ST_ITS1:Initiator_Start to ST_ITS3:Prepare_Command......................... 387
9.2.6.2.3.2.3 Transition ST_ITS1:Initiator_Start to ST_ITS4:Prepare_TasK ......ccccccceeeiiiiiiininnnnen. 387
9.2.6.2.3.3 ST_ITSZ:Initiator_Send_Frame State.........ccouiiiiiiiiiiiiiiieieeee e 388
9.2.6.2.3.3.3 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS1:Initiator_Start ..................... 391
9.2.6.2.3.3.4 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS5:Prepare_Data_Out............. 391
9.2.6.2.3.3.5 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS6:Process_Data_In ............... 391
9.2.6.2.3.4 ST_ITS3:Prepare_Command State..........ccceeuiiiiiiiiiiiiiiiieeiee e eee e e e e e e e e e eeeeees 392
9.2.6.2.3.4.1 StAte dESCIIPLON .....eiiiiiitiiee ettt e et e e e e et e e e e b e e e 392
9.2.6.2.3.4.2 Transition ST_ITS3:Prepare_Command to ST_ITS2:Initiator_Send_Frame ........... 392
9.2.6.2.3.5 ST_ITS4:Prepare_Task StAtE...........uuuiiiiiiieeaiiiiiiiiiieiiiie e e e e e e e e ae e e e e e e e ennnneees 392
9.2.6.2.3.5.1 StAtE HESCIIPLION .....eiieiiiiiiiee ittt e et e e e et e e 392
9.2.6.2.3.5.2 Transition ST_ITS4:Prepare_Task to ST_ITS2:Initiator_Send_Frame .................... 393
9.2.6.2.3.6 ST_ITS5:Prepare_Data_OUt STAE ......cc.uuuuuueiiaiie e 393
9.2.6.2.3.6.1 StAtE AESCIIPLION .....eiiiiiiiiieee ittt e et e e s et e e e 393
9.2.6.2.3.6.2 Transition ST_ITS5:Prepare_Data_Out to ST_ITS2:Intiator_Send_Frame ............. 393
9.2.6.2.3.7 ST_ITS6:Receive_Data_IN State........cceiiiiiiiiiiiiieieeeeee e 394
9.2.6.2.3.7.1 StAte dESCIIPLION ....eiieiiiiiiee ettt e st e e e st e e e 394
9.2.6.2.3.7.2 Transition ST_ITS6:Receive_Data_In to ST_ITS1:Initiator_Start ...........cccceeeennnnen. 395
9.2.6.2.3.7.3 Transition ST_ITS6:Receve_Data_In to ST_ITS2:Initiator_Send_Frame................. 395
9.2.6.3 ST_T (transport layer for SSP target ports) state machines ............ccccveieiiiiiiii i, 395
9.2.6.3.1 ST_T State MaChiNES OVEIVIEW. ......coiuuuiiiieiiiiiiiie ettt 395
9.2.6.3.2 ST_TFR (target frame router) state machine............ccccooiiiii i 397
9.2.6.3.2.1 ST_TFR state Maching OVEIVIEW .........ccciiuiiiiiiiiiiiiie et 397
9.2.6.3.2.2 Processing Frame Received confirmations. ..........c.uuvioiiiiiie i 397
9.2.6.3.2.3 Processing transport protocol service requests and reSPONSES..........cceevrvrreeeeriivneeens 399
9.2.6.3.2.4 Processing miscellaneous requests and confirmations .............cccccovviiiireeniiiien e, 401
9.2.6.3.3 ST_TTS (target transport server) state Maching ...........ccccooe v 402
9.2.6.3.3.1 ST_TTS state MacChing OVEIVIEW .........coouuiiiiiiiiiiiie et 402
9.2.6.3.3.2 ST_TTSL:Target_ Start ST ..........uueiiiiiiiiiiiiie e 402
9.2.6.3.3.2.1 StAte AESCIIPLION ....eeiiiiiiiie ettt e et e et e e 402
9.2.6.3.3.2.2 Transition ST_TTS1:Target_Start to ST_TTS3:Prepare_Data_In............cccceeeennnnne 403
9.2.6.3.3.2.3 Transition ST_TTS1:Target_Start to ST_TTS4:Prepare_Xfer Ry .........ccccceeevnene 403
9.2.6.3.3.2.4 Transition ST_TTS1:Target_Start to ST_TTS5:Receive_Data_Out................cc..... 403
9.2.6.3.3.2.5 Transition ST_TTS1:Target_Start to ST_TTS7:Prepare_Response............c..coc..... 403
9.2.6.3.3.3 ST_TTS2:Target_Send_Frame State..........cccoiiuiiiiiiiiiiiiieeiriieiee et sirneee e 403
9.2.6.3.3.3.1 Transition ST_TTS2:Target_Send_Frame to ST_TTS1:Target_Start...................... 406
9.2.6.3.3.3.2 Transition ST_TTS2:Target_Send_Frame to ST_TTS3:Prepare_Data_In .............. 406
9.2.6.3.3.3.3 Transition ST_TTS2:Target Send_Frame to ST_TTS5:Receive_Data Out............ 406
9.2.6.3.3.4 ST_TTS3:Prepare_Data_IN State..........ccceviiiiiiiiiiiiiiieie e 406
9.2.6.3.3.4.1 StAte AESCIIPLON ....eiieiiiiiie ettt s et e e et enneres 406
9.2.6.3.3.4.2 Transition ST_TTS3:Prepare_Data_In to ST_TTS2:Target_Send_Frame .............. 407
9.2.6.3.3.5 ST_TTS4:Prepare_Xfer_RAY STAte ..........coiiiiiiiiiiiiieiee e 407
9.2.6.3.3.5.1 State AESCIIPLION ... ..utteiiieiieie ettt e e e et et e e e e e e e e s e e e anaebbeeeeeeaaaaeaeennnne 407
9.2.6.3.3.5.2 Transition ST_TTS4:Prepare_Xfer_Rdy to ST_TTS2:Target_Send_Frame............ 408
9.2.6.3.3.6 ST_TTS5:Receive_Data OUL StAte..........uuuuuiuiiiiiiiiieieiee e 408
9.2.6.3.3.6.1 State AESCIIPLION ... ..uutiiiieiieiie ettt e e e et e et e e e e e e e s e e e anebbbeeeeeeaaaaeaeannnne 408
9.2.6.3.3.6.2 Transition ST_TTS5:Receive_Data_Out to ST_TTS1:Target_Start...........ccceuveeeeee. 409
9.2.6.3.3.6.3 Transition ST_TTS5:Receive_Data_Out to ST_TTS4:Prepare_Xfer_Rdy............... 409
9.2.6.3.3.7 ST_TTS6:Prepare_ReSPONSE State..........ccuuviiiiiiiiiiiiiiiiiiiiieeer e 409
9.2.6.3.3.7.1 StAE AESCIIPLION ....eeieiiiiiiee ettt e et e e e bt e e et e e 409
9.2.6.3.3.7.2 Transition ST_TTS6:Prepare_Response to ST_TTS2:Target_Send_Frame........... 410
9.3 STP trANSPOIT TAYET ...eeeeeitiiiiee ettt e et e e ekttt e e skt e e e e e e bbb et e e san b et e e s e nnnneees 410
.31 INILIAI FIS .ottt e e ettt e e e ekt e e e e h e e e e e bt e e e e e e e e e e e e 410
9.3.2 BIST ACHVALE FIS ...ttt et e e e e e e Documénts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -15-

9.3.3 TT (transport layer for STP ports) state MachiNeS...........cccuuiiiiiiiiiiia e 411
9.4 SMP trANSPOIT LAY I ...ttt ettt e e e oo oottt et e e e e e e e e e e e e ntbebbe et e et aaaeeannbbnsneaeaaaaaaaaan 411
9.4.1 SMP tranSPOIt [AYEI OVEIVIEW .......cciii ittt e ettt e e e e e e e e e e e aee et eeeeeaaaeeeeaeaanreeaeaaeaaas 411
9.4.2 SMP_REQUEST fTABMIE.....eiiiiiiiiiiiitee ittt e st e e et e e s e b e e e e e ae e e e e anees 412
9.4.3 SMP_RESPONSE fTaIME .....coiiiiiiiiiiiiittet ettt e e e e e e s et e e e e e annbee e e aeeee 412
9.4.4 SeqUENCE OF SMP fTAMES ....coiiiiiiie ettt e et e s e b e e e ebe e e e e e e 413
9.4.5 MT (transport layer for SMP ports) state Machines ............ccooiiiiiiiiiiiie e 413
9.4.5.1 SMP transport layer state MachiNneS OVEIVIEW ..........coiuiiiiiiiiiiiiee et 413
9.4.5.2 MT_IP (transport layer for SMP initiator ports) state machinge ............ccccooviiiieiiiiieeiieeeee 413
9.4.5.2.1 MT_IP state MacChing OVEIVIEW.........coiiiiiiiiiiiiiiiiee ettt e e e e e e et eeeeaeaeeeenans 413
9.4.5.2.2 MT_IPL:IAIE STALE. ....cceiiitiiie ettt ettt e et e e et e e et e e e e s e e e e e e annnes 414
9.4.5.2.2.1 State AESCIIPIION ....eeiieiiiiiiie ettt ettt e et e ettt e e s bbb e e e st e et e e e aaabe e e e e sanneeee s 414
9.4.5.2.2.2 Transition MT_IP21:ldle t0 MT _IP2:SENd........coiiiiiiiiiiiiiiieeee et 414
9.4.5.2.3 MT _IP2:SENA SEALE ...ceiii ettt e e e ettt e e e e e e e e e s annanbanreeaeeee e s 415
9.4.5.2.3.1 State AESCIIPLION ...eeeiieiiiiiieie ittt ettt et et e e s bbbt e e st e e e aaabn e e e snnneeee s 415
9.4.5.2.3.2 Transition MT_IP2:Send to MT_IPL:1dle .......ccccuuiiiiiieiieeiee e 415
9.4.5.2.3.3 Transition MT_IP2:Send to MT_IP3:RECEIVE.........uuuiiiiiiiieeieiiiiiiiiieee e 415
9.4.5.2.4 MT_IP3:RECEIVE STALE ... ..eeeiiiiiiiiiieie ettt e et e e e e e e e s e e nnnnbe e e e eeeaeeeeeeanns 415
9.4.5.2.4.1 State UESCIIPIION ....eeiiiiiiiieiie ettt ettt ettt e e s bbb et e e asbe et e e e abb b e e e e sanneeeens 415
9.4.5.2.4.2 Transition MT_IP3:Receive t0 MT_IPL:1dIEe .....ccuuiiiiiieiieeeeee e 415
9.4.5.3 MT_TP (transport layer for SMP target ports) state machine............ccccccevrviiieieiiiiieien e 415
9.4.5.3.1 MT_TP state MacChing OVEIVIEW .........coiuuiiiiiiieiiie ettt e e e e et e e e e e e e e e e e eeannnes 415
9.4.5.3.2 MT_TPL:AIE SEALE ..eeviiieee ettt e e e e e e et r e e e e e e e e e e s aesnsnrnbneaeeeeeeanns 416
9.4.5.3.2.1 State UESCHIPIION ....eeiiiiiiiiiiiee ittt ettt ettt e e s b e e e e sebe et e e s sabbn e e e e sanneeee s 416
9.4.5.3.2.2 Transition MT_TP1L:Idle to MT_TP2:RESPONG........cccuiiiiiiiiiiiiiiiieiiiiiee e 416
9.4.5.3.3 MT_TP2:RESPONG STALE .....eeiiiitiiiee ittt et e e e eb e e e naneeas 416
9.4.5.3.3.1 State AESCHPLION ....eeiiiiiiiiiiiee ittt bbbt e e st e e e e e sbe et e e s sabbn e e e e senneeeens 416
9.4.5.3.3.2 Transition MT_TP2:Respond to MT_TPL:IdIe..........coooiiiiiiiiiiiiiiiicece e 417
RO o] o] o= 4o ] 0 F= V= PO PPPPPPRPP 418
10.1 APPLICALION [AYEI OVEIVIEW .....iiiiieeeiiitiie ettt e ekt e e e s sttt e e e e ekt b et e e s abb et e e e s sabee e e s sbbreeeeeanes 418
10.2 SCSI APPICALION TAYET ...ceieiitiitee ettt ettt e e s s et b bt e e e s atb b et e e e sabeeeeeanbeeeeeeaaes 418
10.2.1 SCSI tranSPOrt ProtOCOI SEIVICES ......oiiiiuiiiiiieiiiitite ettt e ettt et e et e e s e e e s aabb e e e aeneeeas 418
10.2.1.1 SCSI transport ProtOCOl SEIVICES OVEIVIEW.........uuiiieiiiiiiieeeiiieee e et e e ettt e et e e e e e 418
10.2.1.2 Send SCSI Command transport ProtOCOI SEIVICE..........cceiiiiiiiiiiiiiiiee ettt 419
10.2.1.3 SCSI Command Received transport ProtoCOI SEIVICE ..........ueieiiiiiiiee et 420
10.2.1.4 Send Command Complete transport ProtoCOl SEIVICE. ........ovuviiiiiiiiiiieie it 421
10.2.1.5 Command Complete Received transport protoCol SEIVICE ..........uuvveeiiiiiiie e 421
10.2.1.6 Send Data-In transport ProtOCOI SEIVICE .......c.iuuiiiiieiiiiiie et 422
10.2.1.7 Data-In Delivered transport ProtOCOl SEIVICE ........coiiuuiiiiiiiiiiiee e 423
10.2.1.8 Receive Data-Out transport ProtOCOl SEIVICE .......cccoiiiiiiieeiiiiiiee et irree e 423
10.2.1.9 Data-Out Received transport ProtOCOI SEIVICE ........coiuuiiiiiiiiiiiee et 424
10.2.1.10 Terminate Data Transfer transport protoCol SEIVICE.........cuvvveiiiiiiie i 424
10.2.1.11 Data Transfer Terminated transport ProtoCol SEIVICE...........uvviiiiiiiiiiiiiiiiie e 424
10.2.1.12 Send Task Management Request transport ProtoCol SEIVICE ..........occvvveeriiiiireeiiiiiie e 425
10.2.1.13 Task Management Request Received transport protocol SErviCe..........cccccveeeieiiiiiciiiiiennenn. 425
10.2.1.14 Task Management Function Executed transport protoCol SErviCe ........cccccceeeeviiiiiiiinvnennenn. 426
10.2.1.15 Received Task Management Function Executed transport protocol service ........................ 427
10.2.2 Application client error NAaNAING ............ueieiii e e e e e e e e 428
10.2.3 Device server error NANAING.........oooi e ee e e e e e e e e e aaaaeae e an 429
10.2.4 Task router and task manager error NaNAliNg...........coocueiiiiiiiiii e 429
10.2.5 SCSI transport protocol event NOLIfICAIONS...........ueiieiiiiiiiie e 430
10.2.6 SCSI COMIMANTUS ....ceiiiiiiiiee ittt e st e e e e a bt e e s e bt e e e e s b b et e e s aanb b et e e s e annbe e e eabbe e e e e e nnnes 430
10.2.6.12 INQUIRY COMIMANG........uueieiiiiiiiiiaeeee ettt e e e e e e e e e s ettt e e e e e e e e e e s e s aantbbbeeeeeeeaaeeessaassbeeeeeeas 430
10.2.6.2 LOG SELECT and LOG SENSE COMMANTS .......ccceiiiiiiieiiiiiieeeiiiiee s siieeee e e e sinneeee e 430
10.2.6.3 MODE SELECT and MODE SENSE COMMANGS .........cceeiiiiiiiieriiiiiieeeiiiieee e siieeee e siineeee e 430
10.2.6.4 START STOP UNIT COMIMANG.......cutiiiiiiiiiieaiiiiiiee ettt et e e e e e b e e e anbr e e e e 430
10.2.7 SCSI MOUE PAFAMELELS ...oeeiiutiiieie ittt ettt ettt e st e e e s bae et e e s as b e e e e e e s nbb et e e e anbe et e e s aanbreesaannneeas 430
10.2.7.1 DiScONNECt-RECONNECE MOUE PAYE ....cuvriieeeiiititee ettt e et e et e e et et e e e s abre e e e e e abre e e e e 430
10.2.7.1.1 Disconnect-Reconnect mode pPage OVEIVIEW ..........c.ueeeeeiivreeeeeiniiireeessniieeeanas DOCU'H%ntS

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-16 - 14776-151 © ISO/IEC:2010(E)

10.2.7.1.2 BUS INACTIVITY TIME LIMIT i€l ...eeeiiiiiiiieieee e 431
10.2.7.1.3 MAXIMUM CONNECT TIME LIMIT fIEIT .....oeiiiiiiiiie e 432
10.2.7.1.4 MAXIMUM BURST SIZE fI@l0 ......eeeeiiiiiiieee ettt 432
10.2.7.1.5 FIRST BURST SIZE fIEI.....ceiiiiiiiiiie et 432
10.2.7.2 Protocol-Specific POrt MOAE PAGE. ... .. uueeiieiiaaeaeai et a e e e e 433
10.2.7.2.1 Protocol-Specific Port mode page OVEIVIEW ..........ooiuuiiiiiiiiieeee e e 433
10.2.7.2.2 Protocol-Specific Port mode page - short format..............cccviiiiiiiiiiiiiee e 433
10.2.7.2.3 Protocol-Specific Port mode page - Phy Control And Discover subpage.......c.cccccceeeeenneeee 434
10.2.7.3 Protocol-Specific Logical Unit MOAe PAge........couiiiiiiuiiiiiiiie et e e 437
10.2.7.3.1 Protocol-Specific Logical Unit mode page OVEIrVIEW ..............ueeiiiiiiaaiiiiiiiiiiiieeeeee e 437
10.2.7.3.2 Protocol-Specific Logical Unit mode page - short format............ccccvieiiiiiiieiiniieee 437
10.2.8 SCSI [0Q PAIAMELETS .....eeiieiiiiiiiee ettt ettt e et e e e s bt e e e bbb e e e e e ab b et e e e e aab et e e aanbeeee e e nnes 438
10.2.8.1 Protocol-SPeCific POIt 100 PAGE ... ..ueiiiiiiiiiieei ittt 438
10.2.9 SCSI diagNOSLIC PAIAMETETS .....ceiiiiitiiiie ettt ettt e e s e et e e s aab e e e e e e bb e e e e annb e e e annrneas 441
10.2.9.1 Protocol-Specific diagNOSHIC PAGE .. .vveeeiiiiiieee ittt e etttk e et e e e abe e e e e s aenreeesaaes 441
10.2.10 SCSI POWET CONAITIONS ..ciettiiteeiiitie ettt ettt a bt e e s st e e e e bbb e e e e anbe e e e e annneas 443
10.2.10.1 SCSI power CONAItIONS OVEIVIEW ......ccoiiuriiieeiiitiiie ettt tee e e ettt e e st e e e s sbbr e e e e s abneeeeesanreeeennes 443
10.2.10.2 SA_PC (SCSI application layer power condition) state machine .............ccccoveveeeeiiiiieeeennns 443
10.2.10.2.1 SA_PC state MacChing OVEIVIBW ...........uuiiiiiiiiieeaiiiiii e e e e e e e e e e e nnaees 443
10.2.10.2.2 SA PC_0:POWEIEd_ON STALE ...oeiiiieeiiiiiiiitiiiie ettt et e e e e e s e e eeaeaae e e e e e annns 444
10.2.10.2.2.1 State d@SCIIPLION .. .eveeiieiitiieie ettt et e e et e e e et b e e e s e sbbrreeesaanreeeeas 444
10.2.10.2.2.2 Transition SA_PC_0:Powered_On to SA_PC_4:Stopped ......ccceeeviviiiiiiiiiiiiieeneaeenn. 444
10.2.10.2.2.3 Transition SA_PC_0:Powered_On to SA_PC_5:Active_Walit.............ccoeeivivviieeennnnn. 444
10.2.10.2.3 SA PC_1:ACHVE SEALE ...eeiiiiiieeee ittt ettt e e e e e e e s e e ettt e e e e e eaeeeeeeaannnees 445
10.2.10.2.3.1 State dESCIIPLION .. .eeeeeiiiiiiiieee ettt e e e e e e e st e e e s s bbe e e e e s abnreeeeas 445
10.2.10.2.3.2 Transition SA_PC_1:Active to SA_ PC_2:1dI€ ......ooi oo 445
10.2.10.2.3.3 Transition SA_PC_1:Active to SA_PC_3:Standby.........ccccccoeiiiiiiiiiiiiieeee, 445
10.2.10.2.3.4 Transition SA_PC_1:Active to SA_PC_4:Stopped........cccoevveeeiiiiiiiiiiiiiiieeeeeeeeeeeen 445
10.2.10.2.4 SA PC_2:1A18 STALE ....uteiiiiiiiiiiee et e e e e et e e e e e e e e e e e e e e aaeaeeeeaeanns 445
10.2.10.2.4.1 State dESCIIPLION .. .eveeiieiiiiiiie ettt e et e e et b e e e s s bbb e e e s abbreeeesabbeaeee 445
10.2.10.2.4.2 Transition SA_PC_2:ldle t0 SA_PC_L1:ACHVE .........oeeeiiiiiiiei e 445
10.2.10.2.4.3 Transition SA_PC_2:ldle to SA_PC_3:Standby .........ccccoveieeiiiiiiieeniiiieee e 445
10.2.10.2.4.4 Transition SA_PC_2:ldle to SA_PC_4:StOPPed.........coovrrrieeiiiiiiiieeiiiiiieeesriiieee e 445
10.2.10.2.5 SA_PC_3:Standby STALE ........cciiiiiiiiiieiiiii ittt 445
10.2.10.2.5.1 State dE@SCIIPLION .. ..veeiieiiiiieie ettt e et e e et e e e s s sbb e e e s abbre e e e s abbeaeees 445
10.2.10.2.5.2 Transition SA_PC_3:Standby to SA_PC_4:Stopped .........cccevvirieeeiiiiiieeee e 446
10.2.10.2.5.3 Transition SA_PC_3:Standby to SA_PC_5:Active_Walt..........c.ccceevriiiieeeniniiieeenns 446
10.2.10.2.5.4 Transition SA_PC_3:Standby to SA_PC_6:ldle_Walit............cccoveeeiiiiiiieiiiiiiieeeene 446
10.2.10.2.6 SA_PC_4:StOPPEU SEALE ... ...eeiiiiiiiiiiie ittt et e e e e e e e e 446
10.2.10.2.6.1 State dESCIIPLION .. ..eeieieiiiiiiie ettt e et e e e s bbb e e e s abbbe e e e s abbeeeee 446
10.2.10.2.6.2 Transition SA_PC_4:Stopped to SA_PC_3:Standby ........cccooviiiiieiiiiiiiieeiiiieeeeee 446
10.2.10.2.6.3 Transition SA_PC_4:Stopped to SA_PC_5:Active_Walit ..........ccoeeviiiiieeiiiniiiiieeens 446
10.2.10.2.6.4 Transition SA_PC_4:Stopped to SA_PC_6:ldle_Walit ...........cccceeeeiiiiiiieiiiiiiiieeens 446
10.2.10.2.7 SA_PC_5:ACHVE_Walt SALE ... ..ueiiiiiiiiiiiie e 446
10.2.10.2.7.1 State deSCIPLION .. ..veeiieiiiiiiie ettt et e e et e e s bbb e e e s sbb b e e e e s anbbeaeaes 446
10.2.10.2.7.2 Transition SA_PC_5:Active_Wait to SA PC_L:ACHVE.....cccoeeeeiiiiiiiiiiiiieee, 447
10.2.10.2.7.3 Transition SA_PC_5:Active_Wait to SA_PC_3:Standby.............oooviiiiiiiiiiinnn. 447
10.2.10.2.7.4 Transition SA_PC_5:Active_Wait to SA_PC_4:Stopped .......ccooviiiiiiiiiiiiiieiieeeeeee, 447
10.2.10.2.7.5 Transition SA_PC_5:Active_Wait to SA_PC_6:ldle_ Wait..................ooovvrvrrirninnnnnnnn. 447
10.2.10.2.8 SA_PC_B:1dle_Wat SLALE ......cccuuiiiiiiieiiiie ettt be e nae e e snee s 447
10.2.10.2.8.1 State AESCIIPLION .. .eveeeieiitiiiiee ettt e ettt e e et e e e e sbb e e e e s s bbb e e e e s annreeeea 447
10.2.10.2.8.2 Transition SA_PC_6:ldle_Wait to SA PC_2:ldle.........coooiiiiiiiiiiie e 447
10.2.10.2.8.3 Transition SA_PC_6:ldle_Wait to SA PC_3:Standby..........cccueeeeiiiieiiiiiiiiiiiieeee. 447
10.2.10.2.8.4 Transition SA_PC_6:ldle_Wait to SA_PC_4:Stopped .........eeeeeveieeeeiiiiiiiiiiiieieeeeeenn 447
10.2.10.2.8.5 Transition SA_PC_6:ldle_Wait to SA_PC_5:Active_Walit.........cccccceeeriiiiiiiiiiiiiinnnnnn. 448
10.2.11 SCSI vital product data (VPD) ........oiiiiiiiiiieiiiiit ettt snb e e e e e e 448
10.3 ATA QPPLICALION TAYEF ...tttk e e st e e e s et b et e e e s bbb e e e e s sn e e e e e sabreeeeeeanes 449
10.4 Management apPliCALION TAYET ......c.iuiiiiiiiii ettt e e e e e e e e aae 449
10.4.1 READY LED Signal DENAVIOL .........veiiiiiiiiiie et 449
10.4.2 Management ProtOCOI SEIVICES .....couuiiiieiiiiiiie ettt e e sttt s e e e s ieneeas Doeu.nl"@nts

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -17 -

10.4.3 SIMP fUNCHIONS ...ttt et e et e e et e e e e ab et e e e e nab e e s enb e e e e e e nnneas 451
10.4.3.1 SMP function request frame fOrMaLt..............oooiii e 451
10.4.3.2 SMP function response frame fOrMaL...........coooiii i 453
10.4.3.3 REPORT GENERAL fUNCHON. ...ttt ettt 455
10.4.3.4 REPORT MANUFACTURER INFORMATION fUNCHON ......coiiiiiiiiiiiie e 458
10.4.3.5 DISCOVER fUNCHON .....eiiiiiiieiiit ettt ettt ettt sttt et e e bt e e smbae e e sbb e e e bbe e enbeeesneeas 460
10.4.3.6 REPORT PHY ERROR LOG fUNCHON ......ccciiiiiiiiiiiiiiie ettt e 467
10.4.3.7 REPORT PHY SATA fUNCHON ....coiutiiiiiit ittt sttt e e e 469
10.4.3.8 REPORT ROUTE INFORMATION fUNCHON .......uiiiiiiiiiiiiee ittt 471
10.4.3.9 CONFIGURE ROUTE INFORMATION fUNCHION ....cciitiiiiieiiiiiiie ettt 473
10.4.3.10 PHY CONTROL fUNCHON ...ttt ettt ettt sttt st e et e e sae e e sabe e e s nneesaees 474
10.4.3.11 PHY TEST FUNCTION fUNCLON.......coiiiiiiiiiiiiiiie ettt 478

Annex A (normative) Jitter tOlEranCe PAEIMS. .. ..coouuiiiii et e s 482
A.1 Jitter tolerance PAtterN (JTPAT) . i ittt e e e et e e e et e e e e e anb e e e e annnee 482
A.2 Compliant jitter tolerance pattern (CITPAT) ..ot 484

Annex B (normative) Signal performance MeasUr€mMENES ..........ccoiiiiiiieaiiiiieiee et e e s e e e abeeeee e 489
B.1 Signal performance Measur€mMENTS OVEIVIEW ..........iuuriieiiiiiiieeeaitieee e ettt e e ettt e e e st e e e e sbne e e e nanees 489
B.2 SIMPle PhYSICAI TINK....... ettt e et e e s st et et e e e e e anbeeeeeeaae 489

B.2.1 Simple phySiCal INK OVEIVIEW .......coiiiiiiiii ittt e e e e anee s 489

B.2.2 Assumptions for the structure of the transmitter device and the receiver device .............ccccoeuneee. 490

B.2.3 Definition of receiver sensitivity and receiver device SenSitivity .........ccccoocveereriiiieneniiee e, 491

B.3 Measurement architeCture reqUINEIMENTS ........coiiuiiiiaiiiiiie et e e s e e e e eees 492
SRR T R €T o T=T - | PSP P R PPPPPPPP 492
B.3.2 Relationship between signal compliance measurements at interoperability points and

OPETALION TN SYSTEIMS ...t eii ettt ettt et e e e ekttt e e e sk bt e e e s s bbb e e e et aab b et e e e s aabbe e e e e e et bbeeeannbneeeeeane 492

B.4 De-embedding coNNeCctors iN teSt fIXEUNES.......ccoiiiiiiieeiiiiee et 493

B.5 Measurement conditions for signal output at the transmitter deviCe ... 493

B.6 Measurement conditions for signal tolerance at the transmitter device ...........coocuvveiiiiiiiiieeeens 494

B.7 Measurement conditions for signal output at the receiver deViCe ...........ccccceiiiiiiiiiie e, 495

B.8 Measurement conditions for signal tolerance at the receiver deviCe ...........ccccovviieiiiiii s 496

B.9 S-parameter MEASUIEIMENTS .......coiiiiiiiriiiie ettt e e e e et e et e e e e e s sttt e e e e e e s e s s s b reeeeeessaesennnnes 496

B.O.1 S-PAr@MELEI OVEIVIEW ....ceiiiiieiiieeiitiiie ettt e ettt e ettt e e e ettt e e s e ettt e e s e ab bt e e e e aaabb e e e e e eanbeeeeeaannneas 496

B.9.2 S-parameter NaMiNg CONVENTIONS. .......ciiiiitiriiieeiiiiieee ettt e ettt e atb et ee s siba e e e s rbbeee e s abbbeeaesnneeeas 497

B.9.3 Use of single-ended instrumentation in differential applications.............ccccvvviiiiiiiiiiiniiiee e, 497

B.9.4 Measurement configurations for physical link elements ..o, 498
B.9.4.1 Measurement CONfiQUratioN OVEIVIEW ...........eeiiiiiiiiieeiiiiiiee sttt ettt et e et e e e e nnbeee e e 498
B.9.4.2 Transmitter deViCe FETUIM [OSS.........uiiiiiiiiiie ettt 499
B.9.4.3 RECEIVETN UEVICE FELUIM T0SS.....iiiiiiiiiiie ettt ettt e et e e e et e e e e e sabbeeeeeeaae 500
B.9.4.4 Return 10Ss (S11) @t IT OF CT...oiiiiiiiiiiiii i 500
B.9.4.5 Upstream return 10Ss (Sop) @t IR OF CRu....ooiiiiiiiii 501

B.9.5 Summary for S-parameter MEASUIEIMENTS ..........uuuuiiiiiiiiiaaa et e e e e e e e e s e e aeeeeaaaaaaaeas 502

Annex C (informative) SAS to SAS phy reset SEQUENCE EXAMPIES .....uueiiiiiiaiii i 503
ANNEX D (iNfOrmMatiVE) CRC ... ..ottt et e e e e e e e e e e e aan b et e et e e e e e e e e e e nnnsbnnbeeeeaeas 508
D.1 CRC generator and checker implementation examples ... 508
D.2 CRC impIemMENTALION N € ......eeiiiiei ittt e e st e e e st bt e e e s aab b e e e e e e sabb e e snnbeeeeeeaae 508
D.3 CRC implementation With XORS.........ciiiiiiiiiiee ittt e st e e st e e e s st e e e e s areeeeeane 509
D O S { O =3 =11 0] [ ST PP PP PPPUPPPPPPPPRN 511
Annex E (informative) SAS address hashing.............ooooiiiiiiiiiiii e 512
E.1 SAS address NashiNg OVEIVIEW ...........uuiiiiiiiiiieei ettt e st e e e snbeeeeeeaae 512
E.2 Hash colliSion probability ............oooeiiiiiiii ettt e e 512
E.3 HASH GENEIALION .....coiiiiiiii ettt e e e st e e e s s b et e e e s st b e et eabbe e e e e e anbreeeeeannes 512
E.4 Hash implementation iN C.........eeiii oottt e e et e e e s bbb e e e s abe e e e e snbneeeeeaae 513
E.5 Hash implementation With XORS .......ccoiiiiiiiiiiiiiie ettt e et e e e e s sabn e eeeeane 513
E.B HASH EXAMPIES ...ttt e e e st e e e s aa b bt e e e s aab bt e e ebb e e e e e aanbneeeeeaae 514
Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-18 - 14776-151 © ISO/IEC:2010(E)

Annex F (informative) SCrambliNgG........ oo it e et e e e e e e e e e e nnnen e eeeeas 518
F.1 Scrambler implementation EXAMPIE ....... .. i et e e e e e e e e e e e annees 518
F.2 Scrambler implementation N C ....... ... i it r et e e e e e e e e e e e e eeeeeae e e e annneees 518
F.3 Scrambler implementation With XORS...........uiiiiiiiiii e e e e e aee 519
F.4 SCrambIler @XAMPIES .......ooiiiiiiie ettt e e st bt e e e r b e e e st r e e e e e b e e e e e aae 520

Annex G (informative) ATA arChiteCtUral NOTES..........coiiiiiiiiie it 521
G.1 STP differences from Serial ATA (SATA) ittt e e e s sbeea e 521
G.2 STP differences from Serial ATA ... e ee e 521
G.3 AFfIlIALION PONICIES ....eeeeeeeite ettt e sttt e e s st et e e e s bn et e e s annbe e e e e s nnnneee s 521

G.3.1 Affiliation POIICIES OVEIVIEW ......eeiiiiiiiiiiie ettt et e e sib e e st e e e e annneas 521
G.3.2 Affiliation policy for static STP initiator port to STP target port mapping........ccccocccvvveeinivieeeennnnnn 522
G.3.3 Affiliation policy with SATA queued commands and multiple STP initiator ports...........cccccvvveeeee... 522
G.3.4 Applicability of affiliation for STP target POItS........c.uueiiiiiiiiieeei e 522
G.4 SATA pPOrt SElECIOr CONSIAETALIONS ......eeeiiiiiiiie ittt ettt et et e e s s st e e e e s s annneeee s 522
G.5 SATA device not transmitting initial Register Device-to-HOSt FIS ..., 522

Annex H (informative) ALIGN and/or NOTIFY insertion rate SUMMAIY...........cceeiiuureeieniiiiieeesiiiieeeessineeeens 523

Annex | (informative) Expander device handling of CONNECHIONS ..........oocuiiiiiiiiiiiiie e 524
[.1 Expander device handling 0f CONNECHIONS OVEIVIEW. .......cccoiiiiiiiiiiiiiie ettt 524
[.2 Connection request - OPEN_ACCEPT .....oiiiiiiiiiii ettt e b e e e e e e e 526
[.3 Connection request - OPEN_REJECT by end deViCe.........cueviiiiiiiiiiiiiiie e 527
[.4 Connection request - OPEN_REJECT by expander deVICE.........ccuuviieiiiiiiiieiiiiiee e 528
[.5 Connection request - arbitration 10ST ..........ooiiiiiiiii e 529
[.6 Connection request - backoff @Nd FEIIY ........ooiiiiiiiii e 530
[.7 Connection request - backoff and reverse path ... 531
1.8 CONNECHION ClOSE - SINGIE STEP .ttt e e st e e e e et e e e e e nnes 532
1.9 CoNNECLION ClOSE - SIMUITANEOUS ......ooiiiiiiiiiei ittt e s et e e e e b e e e e e nees 533
[.10 BREAK handling during path arbitration ... 534
[.11 BREAK handling during CONNECLION ........coiiiiiiiiieeiiitiee ettt e e e e e e 535
[.12 STP connection - originated by STP iNItiator POrt..........coooiiiiiiiiiiii e 536
[.13 STP connection - originated by STP target port in an STP/SATA bridge........ccocveeiviiiieeiiniiiee e, 537
[.14 STP connection close - originated by STP initiator POIt...........ovviiiiiiiiii e 538
1.15 STP connection close - originated by STP target port in an STP/SATA bridge .........ccoceeevviiiieeennnnn 539
1.16 Connection request - XL1:Request_Path to XL5:Forward_Open transition............cccccceeeiniiiieeennnen. 540
1.17 Pathway blocked and pathway reCovery eXample..........ooooiiiiiiiiiiiie e 541

Annex J (informative) Primitive @NCOTING ... ....cooiiiiiiiieiiiiiee et 542

Annex K (informative) Messages between state Machines ..o 545
K.1 Messages between phy layer and Other [aYErS..........coo i 545
K.2 Messages between link layer, port layer, and management application layer for all protocols............ 545
K.3 Messages between link layer, port layer, and transport layer for SSP.........ccccvcvieiiiiiiie e 547
K.4 Messages between link layer, port layer, and transport layer for SMP ... 549
K.5 Messages from transport layer to application layer for SSP ... 550
K.6 Messages from transport layer to application layer for SMP..........ccooeiiiiiiiii e 551

Annex (informative) L Discover process example implementation ... 552
L.1 Discover process example implementation OVEIVIEW...........cooi ittt e e e e e e e 552
[ o 1= o =T g ][ SO PP PP PUPPTOPPPPPRN 552
I IR Y010 (ol= N (][ ST PP PP PRPPTPPPPPPRN 568

ANNEX M SAS TCON ..ottt ettt e e 4ok ettt o4 oa bttt a4 ea bbb et e e e ea bbbt e e e s aae e e e e nbn e e e e e nnr e e e s 588

(=] o] [ToTe [ £=To] o |V AN U PP TP PPPPPPR PP 589

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -19-

Tables
Page

Table 1 — 1SO and American NUMDErNG CONVENLIONS ........uiiiiiiiiiiiie et aeas 59
Table 2 — Multiplicity notation in ClasS QIAGIAMS ......iiiieeiiiiiieeeee e e e e e e e e s e reeee e e e e s aanannne oeas 60
Table 3 — Data dword CONtAINING @ VAIUE .......ooiiiiiiiiieiiiie ettt e e bbb e e e e s nbnnree e eeas 66
Table 4 — Data dword containing four one-byte fIeldS ..o e 66
Table 5 — Names and IdENtIIEIS .....cooiii e e e e e e e e e e e e e s e e e e e e e ae e e e e s aann oeas 87
Table 6 — SAM-3 AttribUtE MEAPPING ..eeeiiiiiiiie et e et b e e e s rbe et e e s naanree e eeas 87
Table 7 —  SAS AddreSS FOIMMAL .......ooiiiiiiei ettt e e e e e e e s s et e e e e eeeeeesssansantraneeeaaaaeeeeesaaans oeas 87
Table 8 — Hashed SAS address COUE PArAMELET .........eiii ittt e s ee e aeas 88
Table 9 — Expander phy t0 ECM FEQUESES .....uuiiiiiiiiiiiie ittt et e e e s snbb e e e s sbbbee e s nbaes beee 106
Table 10 — Expander phy t0 ECM FESPONSES .....ccceiiiiiiieiiiiiiiiiiietteeeeeesssstentaeeeeeeeaeeeessessnssssssesseeereeeeeeesannans sees 107
Table 11 — ECM to expander phy CONfirMALIONS ..........ueiiiiiiiiiieiiiei et e 107
Table 12 — Expander phy to ECR to expander phy requests and indications ............ccccovvvieieeiiniiieee e e 108
Table 13 — Expander phy to ECR to expander phy responses and confirmations ..........ccccccccevveeeevisiiiicnnn oo 109
Table 14 — Expander phy t0 BPP FEQUESES .......uuiiiiiiiiiiie ittt sttt s e snbb e e e e e snnbee bees 110
Table 15 — BPP to expander phy iNAICALIONS ..........uuiiiiiiiiiie e e s sabee beee 110
Table 16 — Routing attributes and routing MEthods ............oiiiiiiiiii e e 111
Table 17 — Expander route table levels for edge expander device R or fanout expander device R ............ .... 119
Table 18 — Expander route table levels for edge expander device N ..o e 119
Table 19 — Expander route entries for edge expander EOQ Phy 1 ......ooccuviiiiiiiiiiiie i e 120
Table 20 — Expander route entries for fanout expander device F phy O ..o e, 121
LI o Lo T2 A @ ] =] o ] £ P 126
Table 22 — SAS Drive cONNECLOr PiN @SSIGNMIENTS ......uuiiiiiiiiiiee ittt e e e e s st e e e s anbbeeeeenbees bees 129
Table 23 — Controller SAS 4i connector pin assignments and physical link usage .........cccccoeceiiiiiiiinniines oo 131
Table 24 — Backplane SAS 4i connector pin assignments and physical link usage ..........cccoccevviiieenniines oo 132
Table 25 — Controller Mini SAS 4i connector pin assignments and physical link usage ............ccccceeeiviiines o 134
Table 26 — Backplane Mini SAS 4i connector pin assignments and physical link usage ........ccccccceevvvvviiennn oo 135
Table 27 — SAS 4x cable plug CONNECION ICONS .....ccuuiiiiiieiiiieee e e e e e s st rr e e e e e e e e s s s e e e e eaeeeeesan s anannnns oeas 136
Table 28 — SAS 4x receptacle CONNECIOr ICOMNS ......cccuuuiiiiiiiiieie e e e e crsrr e e e e e e e s e s s e e e e e aeeeeeesanannns oees 137
Table 29 — SAS 4x connector pin assignments and physical link Usage ............occcciiiiiiiiee s e 138
Table 30 — Mini SAS 4x cable plug connector icons and key Slot POSItIONS ......ovvveeeeiiiiiiciiieee e 139
Table 31 — Mini SAS 4x receptacle connector icons and Key POSItioNS ..........ceeveiieeeeiiiiiiiiiiieiie e eeeeee o 141
Table 32 — Mini SAS 4x connector pin assignments and physical link Usage ..........ccccccevviiiiiinie e e 143
Table 33 — Requirements for internal cable assemblies using SAS Drive connectors and backplanes ...... .... 157
Table 34 — Requirements for SAS internal cable assemblies using SAS 4i or Mini SAS 4i ........ccooceeviiine o 158
Table 35 — Additional requirements for cable assemblies USING SAS 4i .....cceeviiiiiiiiiiiii e e 159
Table 36 — Additional requirements for cable assemblies using Mini SAS 4i ..o e 159
Table 37 — Requirements for external cable assembIIES ..........ooi i 160
Table 38 — Additional requirements for external cable assemblies USING SAS 4X ... e 161
Table 39 — Additional requirements for external cable assemblies using Mini SAS 4X ......ccccccovvvieieiniiiees oo 161
Table 40 —  COMPLIANCE POINES ....ueiiiiiiiiieiie ettt e s et e e s e e bbbt e e s s e bt et e e e e annbeeesanbbbeeeeeannbne bees 162
Table 41 — General electrical CharaCteriStCS ........uuiiiiiiiiiii e e e e e rne oees 175
Table 42 — General transmitter device electrical CharacteriStiCs .........cuuvviiiiiiiiieiie e e 175
Table 43 — Receiver device general electrical CharaCteriStiCS ........oieeeiiiiiiiiiiiiiiirie e e 176
Table 44 — Transmitter device signal output characteristics as measured with the zero-length test load at

transmitter device compliance points IT and CT ...oooiiiiiiiiiiiii e e 181
Table 45 — Transmitter device signal output characteristics as measured with each test load at transmitter

device compliance POINtS IT AN CT ..oooiiiiiiiiiiiiiiiee et e e sb e e e e nes e 182
Table 46 — Transmitter device maximum jitter as measured with each test load at transmitter device

compliance POINES IT AN CT ....uviiiiiiiiiiie ettt e s e e s s eee e s annaeees oeas 183
Table 47 — Delivered signal characteristics as measured with the zero length test load at receiver device

compliance PointS IR @GN0 CR .....ooiiiiiiiiiie ettt e e e et e e e s snbrreees eeas 184
Table 48 — Maximum delivered jitter at receiver device compliance points IR and CR ..........cccooocieeiniine o 186
Table 49 — Receiver device jitter tolerance at receiver device compliance points IR and CR .........ccccoccveee oo 187
Table 50 — Output characteristics of the READY LED SIgnal .........coooiiiiiiiiiiiii e e 188
Table 51 —  Bit AESIGNALIONS ...coiiiiiiiiiee ittt s ettt e e s e bttt e e s e bbbt e e e s e e bb e e e e s anbbe e e e e annbeeaeeeannene bees 189
Table 52 — Conversion from byte notation to character name example ........ccccccviiiiiiiiiiie e e 190
LI (SR R B | - Wed g F= T = Tox 1= £ PO PRPR ST 191
Table 54 —  CONrOl CRAACLEIS ....c.ovieiiiiieiiieieii ettt e Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

- 20 - 14776-151 © ISO/IEC:2010(E)

Table 55 —  CONtrol CRArACLEr USAQE .....ciiiiiiieiiiiiiiee e ettt e e e e e e e e ettt e e e e e e e e e e e e annnbsbeeeeaaaaeeaaaaanns oeas 197
Table 56 — Delayed code violation @XamMPIE ..........oiiiiiiiiiiiie et ee e e e e s e aaee aeas 197
Table 57 — OOB signal timing SPECIfICAtIONS ... e e e ee e 200
Table 58 — OOB signal transmitter device reqUIFEMENTS ..........oiiiiiiii i e e e e e e e e e e aaee oeas 200
Table 59 — OOB signal receiver device burst time detection reqUIreMENtS ..........cocccveeeiiiiiiree e e 202
Table 60 — OOB signal receiver device idle time detection reqUIrEMENTS ..........ccooiiiiiiieiiiiiiee e e 202
Table 61 — OOB signal receiver device negation time detection requUIremMents ..........cccccevviiieieeriniiieeen e e 202
Table 62 — SATA port selection signal transmitter device reqUIremMents ........ccccccceviiiiiiiiiiiiiiiiieiee e e 204
Table 63 — Phy reset sequence timing SPECIfICAtIONS .........cooiiiiiiiiiiiiie e e 205
Table 64 — SATA speed negotiation sequence timing SPeCifiCatioNS .........cc.ceveiiiiiiiieiiiiiie e e 206
Table 65 — SAS speed negotiation sequence timing SPeCIfiCatioNS ...........cuvviieiiiiiiiie i e 209
Table 66 —  SP state MAChING LIMEIS ......eiiii it s st e e e e a e e e e eabbe e e e e e anneee bees 215
TabIE 67 —  SP_DWS LIMEIS ...eiiiiiiiiiieiie ittt e ettt et e e e e e e s s e st be b be e eeeeeeaaeeeaesaanbnbeaeaaaeeeeaaaannns oeas 231
Table 68 —  PriMItiVe TOIMAL .........eiiiiii it e e e bbbt e e st e e e s e nbbe e e e e nnnes oo 237
Table 69 — Primitives not specific to type Of CONNECHION .........oooiiiiiiiieiii e e 237
Table 70 — Primitives used only inside SSP and SMP CONNECLIONS ..........ueviiiiiiiiieiiiiiiieeee e e 239
Table 71 — Primitives used only inside STP connections and on SATA physical liINKS .........ccccooiiiiiiiniiiies oo 240
Table 72 — Primitive encoding for primitives not specific to type of CoNNection ...........cccocveiiiiiiiiee e e 241
Table 73 — Primitive encoding for primitives used only inside SSP and SMP connections ............ccccoeeecuee ... 243
Table 74 — Primitive encoding for primitives used only inside STP connections and on SATA physical

18] PP PP PPROPUPUPP 244
Table 75 —  PriMItIVE SEQUENCES ....cooi ittt e ettt e e s et e e e e s bbbt e e s e aa b b et e e s e ab b et e e e bbbe e e e e nnnes bees 245
Table 76 —  AIP PIIMITIVES ..ottt e et e e s bbbt e e e s e bbbt e e s e b e e e e e e nbbe e e e e nnnes bees 249
Table 77 —  ALIGN PIIMILIVES ..ottt e e s sttt e e s ek bt e e e e s e sbb et e e e asbbe e e e anbbn e e e e e annbne bees 249
Table 78 — BROADCAST PHIMILIVES ....eiiiiiiiiiiiiee ettt ettt e e s et e e e s aab e e e e abbe e e e e e nnnbee bees 250
Table 79 —  CLOSE PIIMILIVES .....eiiiiiiiiiie ittt ettt e et e e s ek bt e e s ekt et e e e eaab e e e e e nbbe e e e e nnnes bees 251
Table 80 —  NOTIFY PIIMILIVES ....eeiiiiiiiiiiiie ettt ettt e st bt e e s ettt e e s e s b b et e e e anbbe e e s anbbeeeeeeannbee bees 252
Table 81 — OPEN_REJECT abandon PrimitiVES .........coiuiiiioiiiiiie ettt e 253
Table 82 — OPEN_REJECT Fetry PrIMILIVES .....ccoiiuiiiieiiiieite sttt sttt e sttt e e et e e e s ssbne e e s asbne e e e s annnnes bees 254
Table 83 —  DONE PIIMILIVES .ottt e st e s skt e e s s b et e e e es b bee s e anbbe e e e e e annene bees 255
Table 84 —  NAK PIIMILIVES ...eiiiiiiiiiiii ittt ettt st e e e e bt e e e e e b b et e e s e st b et e e s aabbe e e e e nbbeeeeeannnes bees 256
Table 85 — RRDY PHIMILIVES ..ottt st e st e e e s e bbbt e e e s aa bbbt e e e e abb e e e s e anbbee e e e e anbbee bees 256
Table 86 — Clock skew management ALIGN insertion reqUIremMeNt ...........ooccveeieiiiiieeeiniiiee e e 257
Table 87 —  CRC POIYNOIMIAIS ... ..eeiiiiiiiiie ittt s bt e e s ekt e e e s s abb et e e e e a s be e e bbbe e e e e nnaee bees 259
Table 88 — Scrambling for different data dWOord tYPES .......eeeiiiiiiiie e e 262
Table 89 —  AdAress frame FOMMAL ........oueiiiiiiii e e s b e e ebb e e e e e s aebees bes 267
Table 90 —  ADDRESS FRAME TYPE fIEIU ....eiiiiiiiiiiiii et e e e e 267
Table 91 — IDENTIFY address frame fOMMAL .........cooouiiiioiiiiiie et bes 268
Table 92 —  DEVICE TYPE fIEIU ...eiiiiiiiiiiie ittt s et e e s e e e e e s b e e e e e anne seas 268
Table 93 — OPEN address frame fOMMAL ............oiiiiiiiiii et seneee e 270
Table 94 —  PROTOCOL FIEIU ...eeiiiiiiiiiii ettt e e s ekt e e s e bt e e s e a bt e e s e nbre e e e e aneee bes 270
Table 95 — CONNECTION RATE FIEIA ...ccoiiiiiiiiiiit ettt e s e e e s eeee 271
Table 96 —  ARBITRATION WAIT TIME fI€IA .....ooiiiiiiiiiie e e 272
Table 97 —  SL IR _TRC tIMEIS ..o et e e e e e e e et e e e et e bbb seseeeaaaaaeaaaeaeeeeeseaererens oes 273
Table 98 — Connection Results of @ CONNECION FEQUEST ......cooi it reaee e 280
Table 99 — Arbitration priority for OPEN address frames passing on a physical link ...........cccccccciiiiiiiiiiin o, 281
Table 100 — Arbitration priority for contending Request Path requests in the ECM when all requests

have Retry Priority Status arguments 0of NORMAL .......ooiiiiiiiiiiiiieeeeeee e e 282
Table 101 — Arbitration priority for contending Request Path requests in the ECM among requests

with Retry Priority Status arguments of IGNORE AWT ......coiiiiiiiiiiiiiiee e e 282
Table 102 —  Pathway rE€COVEIY PIIOFITY ...ocoiieiiiiiiiiiei ettt e e e e s e sb b a e e e nnnnee bees 285
Table 103 — Results of aborting @ CONNECHION FEQUEST ......ccciiiiiiiieiiiiiiie ettt e e e 285
Table 104 — Results Of ClOSING @ CONNECTION ......ciiuiiiiieiiiiii ettt e s e e e e e e bees 287
Table 105 — Results of breaking @ CONNECLION ..........iiiiiiiiiii e e e 288
Table 106 — Rate matching ALIGN and/or NOTIFY insertion reqUIremMents ..........occceveeeiiiieeeeenniiieeee i e 289
TaADIE 107 ——  SL_CC HIMEIS .eeeiiiiiiiiie e ettt e e e e e ettt e et e e ea e e e s e s e aba bt ittt e eeeaeaeeeeessaaannsbbeeeaaaeaeeesaaannnns oeas 295
TADIE 108 —— XL LIMIEBIS ittt ettt ettt et e e s e skt e e e ook bbbt e e 4 e a kb e et e e e e sb e et e e ea b bt e e e e annbbe e e e e annee bees 301
Table 109 — SSP frame interloCK reqUINEMENES .......oiiiiiiiiiiiit e e e oo 315
Table 110 —  SSP IINK [AYEF TIMEIS ....eiiiiiiiieiieiiie ettt e et e s e e e e anb et e e s e nbbe e e e e e nnnnes bees 319
Table 111 — STP link layer differences from SATA link layer during an STP connection ....... Documen’?g

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -21-

Table 112 — PL_OC state Maching tIMEIS ........oooiiiiiiiciiis e s e e e e e e e e e e e e e e e eeaeeaes aeas 345
Table 113 — Confirmations from Unable To Connect or Retry Open MEeSSAgeS .......cccccuvrrreireeiiaraeaeaaaaainnes oans 351
Table 114 — PL_PM state Maching tIMErS ........ooooiiiiiiiiciie e e e e e e e e e e e e e e e e eeaeraes aeas 354
Table 115 — Messages from Open Failed coONfirMationNS ...........cooiiiiiiiiiiiii e e e 358
Table 116 —  SSP frame fOMMAL ........ooiiiiiiiiii e e e e et e e e bbbe e e e e nbnes oo 362
Table 117 —  FRAME TYPE TIEIU .ttt e s et e e s e e e e s e nanne eas 363
Table 118 — COMMAND frame - Command information UNIT ...........cc.eeiiiiiiiiiiioi e e 365
Table 119 —  TASK ATTRIBUTE TIEIU ...ceeiiiiiiiee ettt e et e e e e e e bees 365
Table 120 — TASK frame - Task Management Function information unit .............cccccoiiiii e e 366
Table 121 — TASK MANAGEMENT FUNCTION FIEIA ....cciiiiiiiiiiiiiiie ettt e e 367
Table 122 — XFER_RDY frame - Transfer Ready information Unit ..............ccccooiiieiiiiiiiiie e e, 368
Table 123 — DATA frame - Data information UNIT ...........ooueiiioiiiiii e e 368
Table 124 — RESPONSE frame - Response information UNit ............c.uueiiiiiiiiii e e 370
Table 125 —  DATAPRES TIEIU ...eiiiiiiiiiii ittt e e st e s st e e s e a b e e e s ebbre e e e e annee beas 370
Table 126 —  RESPONSE DATA fIEI ....cooiiiiiiiiieie et e s e e annee e 371
Table 127 —  RESPONSE CODE fIEIU ....cciiiiiiiiieiiie ettt e s e e s b e e e e anneee eeee 371
Table 128 —  Sequences Of SSP fraMES ... ... it e e e e e e e e e nnee aas 372
Table 129 — Confirmations sent to the SCSI application layer if a frame transmission or reception error

Lo To] o0 £ T PP PU PP PRURR 386
Table 130 — ST _ITS state Maching VAriabIeS .........cociiiiiiiiiiiee e e e e e e e r e reraas e 387
Table 131 — ST_ITS state Machine argUMENTS ..........uuiiiiiiiiiaiee e e e et e e e e e e e e e e e e e e s enane oeas 387
Table 132 — Messages sent to the ST_IFR state Maching ... e 389
Table 133 — Transmission Complete messages for XFER_RDY frame verification failures ..............cccccoee ... 390
Table 134 — Reception Complete messages for read DATA frame verification failures ............ccccoeeeiiiinnn o 394
Table 135 — ST_T state MaChiNg tIMEIS ....cooiiiiiiiiiii et e e e st e e e e e e e e e e e e e e anaes oeas 395
Table 136 — Task Management Function Executed Service Response argument mapping to Service

RESPONSE AIUIMENT ..ottt ettt e e e e e e e e e et e e e e e s s s reeee e tes 400
Table 137 — Confirmations sent to the SCSI appliCation [aYer ...........oocuiiiiiiiiiiie e e 401
Table 138 — ST_TTS state machine variables .............uueeiiiiiiii e e 402
Table 139 — ST_TTS state Maching argUmMENTS .........coiiuiiiiiiiiiiiie e e e oo 402
Table 140 — Messages sent to the ST_TFR state Maching .........ccueviiiiiiiiiiii e e 405
Table 141 — Reception Complete message for write DATA frame verification failures ............ccccoeveeniiines oo 408
Table 142 — Request argument to RESPONSE frame RESPONSE DATA field mapping .......ccccccvvviveeeiniiines oo 410
Table 143 —  SMP frame fOFMEAL ......oooiiiiiiiie et e e et e bbb e e e e nnnes bees 411
Table 144 —  SMP FRAME TYPE fIEIU ...eoiiiiiieie et e e e 411
Table 145 — SMP_REQUEST frame fOrmMat ........coooiiiiiiiiiiiciic e e e e e e e e eeaaes e 412
Table 146 — SMP_RESPONSE frame fOrMaAL .......cccoooiiiiiiii s e e e e e e e e e e e e e e aeaeaaes oeas 412
LI o (oI I e |V W 1 1 41T PP RPOTPR 413
Table 148 —  SCSI architeCture MEPPING ...eeeeeeeeeeei ettt e et e e e e e e e e e e e e s e s nbeebeereeeaaaaaaaeeeeaaaannns oeas 419
Table 149 — Send SCSI Command transport protocol ServiCe argumeNtS ..........cooooiiiiiieiiiiiiieieeee e e eeies e 420
Table 150 — SCSI Command Received transport protocol service arguments ...........cooovivvereeniniiereesnieees wens 420
Table 151 — Send Command Complete transport protocol service arguments ..........cccoovevveeeeiiiiiiieeeenenines e 421
Table 152 — Command Complete Received transport protocol service arguments ..........ccccceeeeviveeeeeenniiines wee 422
Table 153 — Send Data-In transport protocol SErviCe argUMENLS ........c..eeveeiiiviiieeiiiiiiee e eiirre e eibree e e s eees oo 423
Table 154 — Data-In Delivered transport protocol Service argUmeNts ..........ccueeeeiiiiiireeiiiiiee e e 423
Table 155 — Receive Data-Out transport protocol Service argumeNS ..........cccuevveeriiiiiieeiniieiee e e e 424
Table 156 — Data-Out Received transport protocol SErvice arguUmMENtS ...........ceeoieeeieeriiiiieeeniiieeeessieeeees eeas 424
Table 157 — Terminate Data Transfer transport protocol Service arguments ...........cccceevriieeeeeiniineeeenniines oens 424
Table 158 — Data Transfer Terminated transport protocol Service arguments ..........ccccovecveeeeriniiieree s oo 425
Table 159 — Send Task Management Request transport protocol service arguments .........ccccooecvveeeeniiines e 425
Table 160 — Task Management Request Received transport protocol service arguments ...........cccccovecvvees v 426
Table 161 — Task Management Function Executed transport protocol service arguments ...........ccccoeevveees oo 427
Table 162 — Received Task Management Function Executed transport protocol service arguments ......... .... 428
Table 163 — Delivery Result to additional sense code MapPiNg .......coocvrriieiiiiiie e e 429
Table 164 —  SCSI transSport ProtOCOI EVENES .......coiuuiiiiiiiiiiiii et e e e e e oo 430
Table 165 — Disconnect-Reconnect mode page fOr SSP ... e 431
Table 166 — Protocol-Specific Port mode page SUDPAGES ......cooiuuiiiiiiiiiiiiie ettt e 433
Table 167 — Protocol-Specific Port mode page for SAS SSP - short format ...........cccccceviiiiineiiniee e e 433
Table 168 —  |_T NEXUS LOSS TIME fIEIA ..ottt e e a e e e e eeee 434

Table 169 — Protocol-Specific Port mode page for SAS SSP - Phy Control And Discover su%@:umenﬁ

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-22 - 14776-151 © ISO/IEC:2010(E)

Table 170 —  SAS phy MO ESCIIPLOF ...t e et e e e e e e e e st e e e e e e aaeaaeaaaanns oeas 436
Table 171 — Protocol-Specific Logical Unit mode page SUDPAGES ........cuuuiiiiiiiiiiiaaaaieiieeeee e e 437
Table 172 — Protocol-Specific Logical Unit mode page for SAS SSP - short format ...........ccccceeeeiiiiiiiiin oo, 437
Table 173 — Protocol-Specific POrt 10g page for SAS ... e 438
Table 174 — Protocol-Specific Port 10g parameter fOr SAS ......ooo i e 439
Table 175 — Parameter control byte in the Protocol-Specific Port log parameter for SAS .........cccoeveiiiiine oo 439
Table 176 —  SAS PRY 100 GESCHIPLON ...coieiiiiiei ittt e st e e s et e e e st e e e e enbbre e e e e anene beee 440
Table 177 — Protocol-Specific diagnostic page fOr SAS ... e 441
Table 178 —  PHY TEST FUNCTION fIEI .. ..eeiieiiiiiiie ettt s e e s e oeee 442
Table 179 —  PHY TEST PATTERN FIEIU ... e e s e 442
Table 180 — PHY TEST PATTERN PHYSICAL LINK RATE fi€ld ......coooiiiiiiiiiiic e e 443
Table 181 — Device Identification VPD page identification descriptors for the SAS target port ................... ... 448
Table 182 — Device Identification VPD page identification descriptors for the SAS target device ............... .... 449
Table 183 — READY LED Signal DENAVIOT ......cooiiiiie et e e e e e aaee aas 450
Table 184 — SMP request frame FOMMAL ..........ooo i a e e e e aaee aas 451
Table 185 — SMP functions (FUNCTION fIEIA) .....eeeiiiiiiii ittt e e s 452
Table 186 — SMP response frame fOIMAL ... ..ot e e e e e e enee aas 453
Table 187 —  FUNCTION RESULT fIEIA ...ccoiiiieeeeeieiee et e e eeee 454
Table 188 — REPORT GENERAL FEOUESL ....cciiiiiiiiiiiit ettt e e e e e e e e e e e e e e e e e e e e e annnnee oeas 456
Table 189 — REPORT GENERAL FESPOMNSE ....coeiiiiiiiiiiteiieeee e et e e e e e e ettt ettt e ea e e e e e e e e e s e neabbeeeeeeeaaaaaeeaeaaaannnes oeas 457
Table 190 — REPORT MANUFACTURER INFORMATION FEQUEST ....c.viieiiiieiiiieeiiee e e st eeas 458
Table 191 — REPORT MANUFACTURER INFORMATION FE€SPONSE ...cccuveieiiiieiiiieeiiieeetieeesieeesieeessneees ans 459
Table 192 —  DISCOVER FEOUESE ...ttt e e ettt ettt e e e e e e e e e e bbb ettt e eeeaaaaaaaasaaaannsbbsbeeeaaeeeeaaaannns oeas 461
Table 193 — DISCOVER FESPONSE .....uuuttiieiiiiiaaaaa ettt eeeataaa e e e s e s s aaebeeeeeeaaaaeaasaaaaansntbeseeeeaaaaaaaaaeaaaaanns oeas 461
Table 194 —  ATTACHED DEVICE TYPE FIEI ...eeiiiiiiieieiee et e e 462
Table 195 — NEGOTIATED PHYSICAL LINK RATE fI€I0 ....ooeiiiiiiiie e e 463
Table 196 — ATTACHED SATA PORT SELECTOR and ATTACHED SATA DEVICE DItS ........cccccveeiiiiiiiiee e e 464
Table 197 — PROGRAMMED MINIMUM PHYSICAL LINK RATE and PROGRAMMED MAXIMUM PHYSICAL LINK rate

111 (o PP PPPRPPP 466
Table 198 — HARDWARE MINIMUM PHYSICAL LINK RATE and HARDWARE MAXIMUM PHYSICAL LINK RATE fields .. .... 466
Table 199 —  ROUTING ATTRIBUTE fIEIA ......oeeiiiiiiiiiiie it e e eeee 467
Table 200 — REPORT PHY ERROR LOG FEOUEST ...cuviiiiitiieitiieiitieeesitie sttt stee e stee e site e stbeaesbeaesbeeassnnea e aan 467
Table 201 — REPORT PHY ERROR LOG ME8SPONSE ....uetiiiiiiiiaaaiiaiaiiiitieeeeeeeeaaaa e e e s e e ansssteeeeeeeaaaaaaasaaannnnnes oean 468
Table 202 — REPORT PHY SATA FEOUEST ...coiiiiiiiiiiiiit ettt ettt e e e e e e e e e s s s nnbeseeeeeaaaaaaaeasaaaannns oeas 469
Table 203 — REPORT PHY SATA FESPONSE ...eeeitiiiiiaiaaaiae ittt e et e e e e e e s e e s ateeteeeeeeaaaaaassaaannbasbeeeeaaaaaaaaaanns oeas 470
Table 204 — REPORT ROUTE INFORMATION FEOUESTE ....ceiiiiieiiiiieiitiee st eeite ettt e et e st e e snee e snbeeesnneees 2n 471
Table 205 — REPORT ROUTE INFORMATION FESPONSE .....uuviiiiiiiaiiiieeaitieeaiieeestteaesiteeesbeeesssseessnbeeesneaes 2on 472
Table 206 — CONFIGURE ROUTE INFORMATION FEQUESL ......uviiiiiiiiiiieeiiiiieee ettt e e oo 473
Table 207 — CONFIGURE ROUTE INFORMATION FESPONSE .....uviieiiiiiiieeeiiiiite e et e e et e et e e s e 474
Table 208 —  PHY CONTROL FEQUEST ....etiiiiiiiiiiieiiiieie ettt ettt ettt ettt e e e s st bb et e e s ab b e e e e s anbbe e e annnes bees 475
Table 209 —  PHY OPERATION FIEIU ...eeiiiiiiiiii ettt e st e e e s e e e e anneee oeee 476
Table 210 — PROGRAMMED MINIMUM PHYSICAL LINK RATE and PROGRAMMED MAXIMUM PHYSICAL LINK RATE

1111 (o TP PUPRURP 477
Table 211 — PHY CONTROL FBSPONSE ....utttiiiiiiiiiaaaaaaae ettt e et e e e e e e e et e e atabeeeeeeeeaaaaeaaasaaannbbeeeeeeaaaaaeaaaannnns oeas 478
Table 212 — PHY TEST FUNCTION FEQUEST ....ceeiitiiiitieiaitie et ettt ettt e sitee e st e e sbbe e sttt e s sabeeesnbseassnbeeaateaes 2n 479
Table 213 —  PHY TEST FUNCTION fIEI .. ..eeiieiiiiiiii ettt et s e e e e e 480
Table 214 —  PHY TEST PATTERN PHYSICAL LINK RATE fi€ld .....oooiiiiiiiiiiii e e 480
Table 215 — PHY TEST FUNCTION FESPONSE ..cciiiiiiiiiiiiiiiitet ittt et e e e e e e ettt et e e e e e e e e e s aaannnbsbeeeeeeeaaaeaaeanns oeas 481
Table AL —  JT P AT O R . oottt et e e e e oo e et et e eee oaaatestee et eeeaeeeaannnbbenaeeeaaaaaaaaans 482
Table A2 —  JTPAT fOr RD- . ittt ettt et ettt ke e e e ke e e e abe feeesbbeeaanbeeeaeeesabeeeanbeeesbeeeans 483
Table A.3— JTPAT fOr RD+ @Nnd RD- ......ooiiiiiiiiiiiie ittt e es eebee et e et e e e e e e e e e e s nneeneeeaaeaaaaaans 484
Table A.4 — CJTPAT scrambled in an SSP DATA fTAME .......uuuiiiiiiiiiaiiiiiiiiiiies ettt a e 485
TabIe D.1 —  CRC EXAMPIES ..ttt ceee ittt e e e e e et e ettt ettt e e aeaaeaaaaa e aabbaeeeee Sannbesteeeeeeeaeaeeannntbesaeeeeaeaaaaaans 511
Table E.1 — Monte-Carlo SIMUIAtION FESUILS ........... e e e e e ceeee e e e e e e e e e e eeaaaaaaeas 512
Table E.2 — Hash results for Simple SAS A0dreSSES ........cee it e 514
Table E.3 — Hash results for realiStic SAS addreSSES .........c. iviiiiiiiiiiiiiie s e 515
Table E.4 — Hash results for a walking 0Nes PAIEIN ........... cooiiiiiiiieiiii s e 516
Table E.5 — Hash results for a walking ZErosS Pattern ........... cooocuuieiieiiiiiiie e ceee e 517
Table F.1 —  Scrambler @XamPIES ..........e oo e e e s 520
Table H.1 — ALIGN and/or NOTIFY insertion rate eXxamples .........ccoovrieiiieeiiiies ceveeeiiiieneen Doeu.merﬁg

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -23-

Table 1.1 — Column descriptions for CONNECtioN eXaMPIES .......ccc. coiiiiiiiiiiiie e et a e 525
Table J.1 — Primitives with Hamming diStance Of 8 ........... oo e 542
Table K.1 — Requests from management application layer or link layer to phy layer ........... cccccciiiiiiiiiiiinns 545
Table K.2 — Confirmations from phy layer t0 INK [QYET ........... s e 545
Table K.3 — Requests between link layer and Port [AYEF ..........oooiiiiiiiiiiiiiiie e e 545
Table K.4 — Confirmations between link layer and Port IQYEr ...........oiiiiiiiiiiiiiiis et 546
Table K.5 — Requests from management application layer to link [ayer ...........ccc v 546
Table K.6 — Confirmations between link layer and port layer, link layer, or application layer ........... ...cccceee. 547
Table K.7 — Requests between link layer, port layer, and transport layer for SSP ........... ccccvveiiiiiiieiiiiiieeen, 547
Table K.8 — Confirmations from port layer to transport layer for SSP ........cc.oocciit i, 547
Table K.9 — Confirmations between SL link layer, port layer, and SSP transport layer ...........ccoccveiiiinienenn. 548
Table K.10 — Confirmations between SSP link layer, port layer, and SSP transport layer ........... cocccovvvvneeenn. 549
Table K.11 — Requests between SL/SMP link layer, port layer, and SMP transport layer ..........cccccccevvivvnenenn. 549
Table K.12 — Confirmations between link layer, port layer, and SMP transport layer ............cccccovviviviiiniiienen. 550
Table K.13 — Requests and responses from SCSI application layer to SSP transport layer ............ccccoceeeeene 550
Table K.14 — Confirmations and indications from SSP transport layer to SCSI application layer ................... 551
Table K.15 — Requests from management application layer to SMP transport layer ........... coccovviieviiiniinenen. 551
Table K.16 — Confirmations from SMP transport layer to management application layer ........... ccccccvcvieeeenne 551
Table L.1 — € Program filES ... oottt e e s ababe bbe e e e e e b e b e e e e e e e e e 552

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-24 - 14776-151 © ISO/IEC:2010(E)

Figures
Page
Figure 1 — SCSI document relatioNSNIPS .....oooiiiiiiiiiiii et 31
Figure 2 — ATA document relatioNShiPS ........ooiii ittt e e e anane s 32
Figure 3 — Classes iN ClaSS QIAOIAIMS ......oiuuiiiiiiiiiiie ettt ettt e e e bbb e e s e b ae e st e e e e e e annneeas 60
Figure 4 — Association relationships in Class diagrams ..........ooooiiiiiiiiiii e 61
Figure 5 — Aggregation relationships in Class diagrams ........c..eeiiiiiiiiieie e 61
Figure 6 — Generalization relationships in Class diagrams .........cooiiiiiiiiiiii e 62
Figure 7 — Dependency relationships in Class diagramsS ........cc.uuiiiiiiiiiiee e 62
Figure 8 — ODbJects in ODJECT QIAGIAIMS ...co.iiiiiiii ettt e et e e e et e e e e ennneas 63
Figure 9 — State Maching CONVENTIONS .......uuiiiiiiiiiiii ettt e e e et b e e st e e e s e anneas 64
Figure 10 — SAS domain ClasS iagram ........cooiiiiiiiiiiiiiiiee ettt e s e e s s bbb e e e s aabb e e e e s aanaeeeas 68
Figure 11 — Physical INKS @Nd PRYS ...eoiiiiiiiiiie ittt ettt e st e e s s bb e e e e e e ennneas 69
Figure 12 —  Phy ClaSS IAQIam ....ooiiiiiiiii ittt e st e e e sttt e e e esr e e e e e anebae e e e e annbeeas 70
Figure 13 —  Phy ODJECE dIagram .......eeeiiiiiiiiii et et e e s et e e e e e ba e e e e e e aneeas 71
Figure 14 — Ports (Narrow ports and WIdE POIS) .....oiuueiiiiiiiiiiiee ittt ettt e e et e e e nebbnbre e e e s snnaneeas 72
FIgure 15 —  POrt ClasSS IAQIaM ....o.eeeiiieiiiiiiie ettt e e s s b bt e e s e bbb e e e ettt e e e e anbbe e e e e annbeeas 73
Figure 16 —  POrt ODJECE dIAgram .......eeiiiiieiie ettt e e e st e e e e et e e e e e bb e e e e e e annres 74
FIGUIE 17 ——  SAS TEBVICES ..eiiiiiiiiiiiei ittt ettt ettt e sttt e e ookttt e e o aa bbbt e e s o ab b et e e e aa bbbt e e s e anb b bt e e e aabbbe e e e e annbbeeeeeanneeas 75
Lo U R R e o T= T g Lo [T o [T =PRI 76
Figure 19 — Expander deviCe Class QIAgram .........cou ittt s st e e e e e e s sbabe e e e e s snnnneeas 77
Lo U O R T T o 1 =T S SR PRRT 78
Figure 21 — SAS domain bridging to ATA dOMAINS .....coouuiiiiiiiiiiie et s b e e e eneeas 78
Figure 22 — SAS domains bridging to ATA domains with SATA port SEIECtOrS ........cccoovcieieeiiiiiiie e, 79
Figure 23 — Devices Spanning SAS GOMEAINS .....ocuuiiiiiiiiiiiee ittt et et e e s s b b e e e s snbe e e e s snnbbeeeesennneeas 80
Figure 24 — Edge eXpander QEVICE SEL .......iiiiiiiiiiiieiiiet ettt st e st e e s e nb e e e e e nnbbe e e e e e nnneeas 81
Figure 25 — Maximum expander device SEt tOPOIOGY ........cooiiiiiiiiiiiiiiiie et 82
Figure 26 — Fanout expander deViCe tOPOIOGY .....cccvrrrriiiiiiieeeie i it e e e e e e e s e s s s e e e e e e e e s s e s snnnnrrreaaaeeeaeen 83
Figure 27 — Edge expander device set to edge expander device set topology .......ccceeeveviviiiciiiiiiiiieieereeeeee e 84
Figure 28 —  Potential PATNWAYS ......coiiiiiiiiiiiiii e e e e e e e e e e e e e s s s e e e e e e e e e e e s e nn e e aaaaeaeaaen 85
Figure 29 — Multiple CONNECIONS ON WIAE POIS ......veuiiiiiiiiieiieeee s i r e e e e e e e s s s s e e e e e e e e e s e s ssnnrrereeaaeeeaeen 86
Figure 30 — State Machines fOr SAS TEVICES .......uuuiiiiiiiiiii ettt e e 90
Figure 31 — State machines for eXpander GEVICES ..........iiiiiiiiiiei ittt 91
Figure 32 — Transmit data path iN & SAS PRY ..ot 92
Figure 33 — SSP link, port, SSP transport and SCSI application layer state machines .............ccccoviieiinninen. 93
Figure 34 — SMP link, port, SMP transport and management application layer state machines ....................... 94
Figure 35 — STP link, port, STP transport and ATA application layer state machines ...........ccccccevviiiiieinnnnnn. 95
Figure 36 — Transmit data path and state machines in an expander Phy ..........cccccoiiiieie e 96
Figure 37 — Receive data path iN @ SAS PRY ..o 97
Figure 38 — Receive data path in an expander PRY ..........oooiiii e 98
Figure 39 — State machines and SAS device, SAS port and SAS phy ClaSSeS ......cccccvviiiiieiiiiiieie e, 99
Figure 40 — State machine and expander device, expander port and expander phy classes ..........cccccceeeneee. 100
Figure 41 —  RESELtEIMINOIOOY ....oiuiviiiieiiiiiee ettt e bbb e e s sttt e e e s et e e e e s sabb e e e e e e nnbeas 101
Figure 42 —  EXpander deViCe MOAEI .........ooiiiiiiiiiii ettt et e e st e e e e e enbeas 103
Figure 43 — EXpander devViCe INLEIMTACES .......coiuiiiiiiiiiie ettt e s e e e e eeees 105
Figure 44 — Expander device interface detall ...........ccoiiiiiiiiiiiiiiii e 106
Figure 45 — Expander route table @XampPle ..........ooooiiiiiiiiii e 112
Figure 46 — Level-order traversal @XAmMPIE ..........oooi it 113
Figure 47 — Examples of iNvalid tOPOIOGIES .....coiiiiiiiiiiiiiie e e 115
Figure 48 — Expander route index 1eVelS @Xample ..........ueiiiiiiiii e 117
Figure 49 — Expander route index levels example with fanout expander device ..........ccccccvviiiiiiiiiee e, 118
Figure 50 — Expander route index Order @XAMPIE .......c...eiiiiiiiiiieiiie e 120
Figure 51 — SATA coONNECtors and CADIES .........uoiiiiiiiiii e e 122
Figure 52 —  SAS Drive Cable ENVIFONMENTS .......iiiiiiiieiiiiie et e e et e e e s et e e s e nnbbee e e e e nnnees 123
Figure 53 — SAS Drive backplane enVIFONMENT .........coiiiiiiiiiiiiiie ettt e e e eeneeas 123
Figure 54 — SAS external cable enVIFONMENT ..........ooiiiiiiii e 124
Figure 55 — SAS internal symmetric cable environment - controller to backplane .............cccooooviiiiiiiininne 124
Figure 56 — SAS internal symmetric cable environment - controller to controller .........cccccceveeeiiiiiiiiiiiiienennenn. 124
Figure 57 — SAS internal controller-based fanout cable environment ... 125
Figure 58 — SAS internal backplane-based fanout cable environment ................cccccoovienes Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -25-

Figure 59 —  SAS DIV PIUQ CONNECIOL ....eiiiiiiiiieie ittt ettt e e e e e e e e e s e bbb e e e e e e e e e e e e s e e s nnranbeseeeeeeeas 127
Figure 60 — Single-port SAS Drive cable receptacle CONNECION .............ciiiiiiiiiiiiiiiiieeee e 127
Figure 61 — Dual-port SAS Drive cable receptacle CONNECION ...........coiiiiiiiiiiiiiiiiieieee e 128
Figure 62 — SAS Drive backplane receptacle CONNECION .........c..euiiiiiiiiiiiiiiiiie et 128
Figure 63 — SAS 4i cable receptacle CONNECION .........coiiiiiiiiiiiie e 130
Figure 64 —  SAS 4i PIUG CONNECIOT .....iiiiiiiiiiite etttk e ekt e e e e s bt e e e e b bt e e e et e e e e e e anbb e e e e e annneas 130
Figure 65 — Mini SAS 4i cable plug CONNECTON ........ooiiiiiiiieee ittt e e 133
Figure 66 — Mini SAS 4i reCeptacle CONNECION ........oiiiiiiiiiee ettt e s 133
Figure 67 — SAS 4X Cable PlUg CONNECIOT .....ccoiiiiiiiiieiiiite ettt e et e et e e s e e e e nrneas 136
Figure 68 —  SAS 4X reCEePLaCIE CONMNECION .....iiiiiiiiiiii ettt e ettt e e e et e e e s e b e e e e enneas 137
Figure 69 — Mini SAS 4x cable plug CONNECTION ........coiiiiiiiiiiiiiiii e 139
Figure 70 — Mini SAS 4x cable plug connector that attaches to an enclosure out Port ............cccccovvvieeeeniinnen. 140
Figure 71 — Mini SAS 4x cable plug connector that attaches to an enclosure in port .........ccccccceeiiiiieeeininnee. 140
Figure 72 —  Mini SAS 4X reCeptacle CONNECION ........oiiiiiiiiiie it e e anees 141
Figure 73 — Mini SAS 4x receptacle conNector - €Nd JEVICE .......cocoiiiiiiiiiiiiiie et 142
Figure 74 — Mini SAS 4x receptacle connector - eNClOSUre OUL POt ........ooiiiiaiiiiiiiiiiiiieee e e 142
Figure 75 — Mini SAS 4x receptacle connector - eNCIOSUIe iN POIT ........eeeiiiiiiiiiiiiiie e 142
Figure 76 — Single-port SAS Drive cable asSembBIY ..........ooiii e 144
Figure 77 — Dual-port SAS Drive cable asSemDIY .........ooo e 144
Figure 78 — SAS internal symmetric cable assembly - SAS 4i ... 145
Figure 79 — SAS internal symmetric cable assembly - Mini SAS 4i ..o 146
Figure 80 — SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i .....cccevviiiiiiiiiii e 147
Figure 81 — SAS internal controller-based fanout cable assembly - SAS 4i ........ccccceiiiiiiiiinii e 149
Figure 82 — SAS internal controller-based fanout cable assembly - Mini SAS 4i ........ccoociiiiiiiiiiiiiiee e, 150
Figure 83 — SAS internal backplane-based fanout cable assembly - SAS 4i ..., 151
Figure 84 — SAS internal backplane-based fanout cable assembly - Mini SAS 4i .......cccoociiiiiiiiiiiiinee e 152
Figure 85 — SAS external cable assembly - SAS 4X ..o 153
Figure 86 — SAS external cable assembly - MinNi SAS 4X ....cooiuiiiiiiiiii e 154
Figure 87 — SAS external cable assembly with Mini SAS 4x cable plug connectors ...........cccccveeiiiiineennnene 155
Figure 88 — SAS external cable assembly - SAS 4X 10 MiNi SAS 4X ....oooiiiiiiiiiiiiiiee e 156
Figure 89 — SAS 4x and Mini SAS 4x cable assembly CT and CR compliance points ...........cccceveeviiiieeennnnee 163
Figure 90 — Backplane IT and IR cOMPlianCe POINTS .......coiiiiiiiiiiiiiiiiie it 164
Figure 91 — Backplane compliance points with SATA phy attached ............cccooiiiiiiii e 165
Figure 92 — SAS 4i and Mini SAS 4i cable assembly IT and IR compliance points .........cccccccooeiiiiiiiiiiiiinennenn. 166
Figure 93 — SAS 4i and Mini SAS 4i cable and backplane IT and IR compliance points ..............ccccoeeereeenn. 167
Figure 94 — Internal cable and backplane IT and IR compliance points with SATA device attached .............. 168
Figure 95 — Internal cable IT and IR cOMPlIANCE POINS .....ooiiiiiiiiiiii e 169
Figure 96 — Zero-length test load for transmitter device compliance PoiNt ..........ccccooviiiiiieiiiiiee e 170
Figure 97 — Zero-length test load for receiver device compliance PoiNt .........cccooocveieiiiiiiiien e 170
FIQUIE 98 —  TCTR LESTIOAM ....eeeiiiiiiiiiii ettt et e e s et e e s e st bt e en b bt e e e e nnbr e e e e e annees 171
Figure 99 — TCTF test load Sppy; and ISI loss requirements at 3,0 GDit/s ..........cccoevviiiiiiii 172
Figure 100 — TCTF test load Sppy; and IS loss requirements at 1,5 GDit/s ..o, 173
Figure 101 — LOW-10SS TCTF tESE0AA ...t e e e e e e e e e s e e e e eeeeas 173
Figure 102 — Low-loss TCTF test load Spp,; and IS loss requirements at 3,0 Gbit/s ............cccooceeiiiineinenn, 174
Figure 103 — Transmitter device tranSient teSt CIFCUIL ..........oooiiiiiiiiiiiiie e 177
Figure 104 — Receiver device tranSient teSt CIFCUIL ...........ooiiiiii i e e e e e e e e e 177
Figure 105 — Transmitter deVIiCe @YE MASK ........coiiiiiiiiiiiiiie ettt e e e e e e e e e e s e stnabeeeeeeeeeas 178
Figure 106 — ReCeIVEr EVICE EYE MASK .....cooiiiiiiiiiiieeie ettt e ettt e e e e e e e e e e e e s anbeeeeeeaaaaaens 178
Figure 107 — Deriving a receiver device jitter tolerance eye mask ... 179
Figure 108 —  Applied SINUSOIAAI JIEET .....ccoiiiiiiie e e st e e 180
Figure 109 —  SAS Dit transSmMISSION IOGIC .....evviiiiiiiiiie et e e e e e 198
Figure 110 —  SAS Dit rECEPLION TOQIC ...eeiiiiiiiiiieiiitie et e e e ab e e e e e 199
Figure 111 — OOB SigNal trANSMISSION ......ciiiiiiiiiieei ittt ettt e e e e e e e st e e e e e asbb et e e e e snbbe e e e e e annreas 201
Figure 112 — OOB SigNal ELECTION ....cciiiiiiiieiiiiie ettt e e e et e e e e e e nb b e e e e e nnneas 203
Figure 113 —  SATA POrt SEIECHION SIGN@I ...ccoiiiiiiiiieiiiiee e e et e e e nnneas 204
FIgure 114 —  SATA OOB SEUUEICE ....coiuutiiiieiitiitee ettt e ettt e e e e st e e e e aab bt e e e e e s be et e e e e abe e e e e e anbe e e e e e e abbeeeeeaannnneas 205
Figure 115 — SATA speed Negotiation SEQUENCE ........cuuiiiiiiiiiiee ettt e e ettt e e s et e e st e e e s et e e e e s sbne e e enneas 205
Figure 116 — SAS 10 SATA OOB SEQUENCE ...ccoiiiiiiieiiiiite ettt ettt et e st e e e b e e e e e nnneeas 207
Figure 117 —  SAS 10 SAS OOB SEUUENCE ....ceeeiiitiiieeiitiitee ettt e ettt e e s sttt e e e s st et e e e abbe e e e e aanbbe e e e s anbreeeeaannrneas 208
Figure 118 — SAS speed negotiation WINAOW ............cooiiiiiiieiiiiiiie e Docu-men%‘?.

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

- 26 - 14776-151 © ISO/IEC:2010(E)

Figure 119 — SAS speed negotiation sequence (phy A: G1, G2, G3, phy B: G2 0Nly) ..ccoooeiiiiiiiiiiiiiiiiieiiieeenn. 211
Figure 120 — SAS speed negotiation sequence - phy reset problem ... 212
Figure 121 — Hot-plug and the phy reSet SEQUENCE ........oooiiiiiiiiiiiieie et e e e e e e e as 213
Figure 122 — SP (phy layer) state machine - OOB SEQUENCE SEALES ..........eevveiiiiriieeiiiiiiee e 216
Figure 123 — SP (phy layer) state machine - SAS speed negotiation States ..........ccccveveeeiiiiiieeeiiiiieee e, 221
Figure 124 — SP (phy layer) state machine - SATA host emulation States ...........cccoviiiieeiiiiiiee e, 226
Figure 125 — SP (phy layer) state machine — SATA port Selector State ..........cocccvereeiiiiiiiie e 229
Figure 126 — SP (phy layer) state machine - SATA spinup hold State ..........ccooccviiiiiiiiie e 230
Figure 127 — SP_DWS (phy layer dword synchronization) state machine ............ccccoviiiiiiiiiiie e 232
Figure 128 — Transmitting a repeated primitive SEQUENCE ........coiiuriiieiiiiiiiee ettt e et e s e e e 245
Figure 129 — Receiving a repeated Primitive SEQUENCE ........c.uuiiieiiiiiiiee ittt e e e 246
Figure 130 —  Triple Primitive SEQUEINCE ........uiiiiiiiiiiee ettt e et e e e st e e nb e e e e e nnneas 247
Figure 131 — Redundant primitiVe SEQUENCE ........coiitiiieeiiiiiieee ettt e e ettt e e sttt e e e bt e e e e st e e e e s e anbbe e e e e e aannnneas 248
Figure 132 —  EIASHCItYy DUTEIS ..o et e e e e e e 257
Figure 133 — Address frame, SSP frame and SMP frame CRC bit 0rdering ........ccccooevvvieeiniiiiie e 260
Figure 134 — STP frame CRC DIt OFUEING ...eeiiiiiiiiiiie ittt sb e e et e e e enbbe e e e e e ennees 261
Figure 135 — Transmit path Dit Ordering ..........ooi i 263
Figure 136 — Receive path DIt OFdEIING .........oooiiiiiiii e 264
Figure 137 — STP transmit path Dit OFAeriNG ........eeiiiiii e e 265
Figure 138 — STP receive path Dit OFdEING .......o.eviiiiiii e e 266
Figure 139 —  Address frame traNSMISSION ......coiuuiiiiiiiiiiie ettt e e e et e e sabb e e e e e e neees 266
Figure 140 — SL_IR (link layer identification and hard reset) state machines ...........ccccoceiiiiiiiii i 274
Figure 141 — Aborting a connection request With BREAK ..........oiiiiiiiiii et 286
Figure 142 — Connection request tiMeoUt EXaMPIE .........oi i e 287
Figure 143 — CloSing @ CONNECHION EXAMPIE ......uiiiiiiiiiiiieiiiei ettt e e e e s st e e s e b e e e e e neres 288
Figure 144 — Rate MatChing @XAMIPIE ....ooeeiiiiieii et e e s e e e e e e e s e neees 290
Figure 145 — SL (link layer for SAS phys) state machines (PArt 1) .......ccoooouiiieiiiiiiiie e 292
Figure 146 — SL (link layer for SAS phys) state machines (Part 2) ........cccooceeiiiiiiiiiiei e 293
Figure 147 — XL (link layer for expander phys) state machine (Part 1) .......ccccooocurireiiiiiiireee e 302
Figure 148 — XL (link layer for expander phys) state machine (Part 2) ........cccooocurireiiiiiiiie e 303
Figure 149 — XL (link layer for expander phys) state machine (Part 3) .......ccccoiiirireiiiiiie e 304
Figure 150 —  SSP frame tranSMISSION ....c.ouuiiiiiiiiiiiie ittt e e e bt e e s et b e e e e e anbbe e e e e e annees 314
Figure 151 —  INtErlOCKE frAMES . ....eiiiiiiiiiie e e e e et bt e e s e e e s et e e e e e nnneas 316
Figure 152 — Non-interlocked frames with the SAmMe tag ........cccuuiiiiiiiiiiii e 316
Figure 153 — Non-interlocked frames with different tags ........cccueeiiiiiiiiiie e 317
Figure 154 — Closing an SSP CONNECION EXAMPIE .......uiiiiiiiiiiaai i e e e e e e e s e eeeeeeas 318
Figure 155 — SSP (link layer for SSP phys) state machines (part 1 - frame transmission) ...........ccccccceeeeeenn. 320
Figure 156 — SSP (link layer for SSP phys) state machines (part 2 - frame reception) ..........cccccceevviiiveernnnne 321
Figure 157 —  STP frame tranSMISSION ......ocuuiiiiiiiiiiiee ettt e et e s e bbb e e e e ab e e e aab e e e e e e nnneas 328
Figure 158 —  STP FIOW CONIIOL ...ttt e ekt e e e e ek e e e e e br e e e e e aabb e e e e e e annneas 331
Figure 159 — Transmitting a continued primitive SEQUENCE .........cooiuiiiieiiiiiiiee et 332
Figure 160 — Receiving a continued primitive SEQUENCE ........cciiiiuiiiiiiiiiiie ettt e s e e 332
Figure 161 — STP initiator port opening an STP CONNECLION .........uviiiiiiiiiie et 335
Figure 162 — STP target port opening an STP CONNECTION .........eviiiiiiiiieiiiiiie e 336
Figure 163 —  SMP frame tranSIMISSION .......c.uuiieiiiiiiiee ettt ettt e s a e e e e e bbb e e e e s ab b et e e e anbbe e e e e e nnnneas 337
Figure 164 — SMP_IP (link layer for SMP initiator phys) state machine ............cccocceiiiiiiiinii e 339
Figure 165 — SMP_TP (link layer for SMP target phys) state machine ..........ccccociiiiiiiii e, 341
Figure 166 —  POrt Iayer @XAMPIES ........ooiiiiiiiie et e et e e e et ee e e e e e e e 344
Figure 167 — PL_OC (port layer overall control) state Maching ............coccoveiiiiiiiiiiee e 346
Figure 168 — PL_PM (port layer phy manager) state machine (Part 1) .........ccooiiirireeiiiiiinieiiiee e 355
Figure 169 — PL_PM (port layer phy manager) state machine (Part 2) .........cccoovouvireeiiiiieiee e 356
Figure 170 — Task management function sequence of SSP frames ..........cccooiiiiiiiiiiii e 372
Figure 171 — Non-data command sequence Of SSP frAMES .......cccuiiiiiiiiiiiie e 373
Figure 172 — Write command sequence Of SSP fraMeS .......oocuiiiiiiiiiii e 373
Figure 173 — Read command sequence Of SSP fraAmMES .........ooiiiiiiiiiiii e 374
Figure 174 — Bidirectional command sequence Of SSP frames ..........uviiiiiiiiiie e 374
Figure 175 — ST_I (transport layer for SSP initiator ports) state machines ...........ccccccviiinie e 382
Figure 176 — ST_T (transport layer for SSP target ports) state machines ..........ccccceeviiiiiiiiiii e, 396
Figure 177 —  Sequence Of SMP fTAIMES .......ooiiiiiiiii e e et e e e s nrb e e e e enaeas 413
Figure 178 — MT_IP (transport layer for SMP initiator ports) state machine ................ccceeenn. Doeu.merﬂ]g

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

14776-151 © ISO/IEC:2010(E) -27 -

Figure 179 — MT_TP (transport layer for SMP target ports) state machine ...........ccccccceiieiiiiiiiiiiiiiceee, 416
Figure 180 — SA_PC (SCSI application layer power condition) state machine for SAS ............ccccciiine. 444
Figure B.1 — A SIMple PhYSICAI IINK ......ooiii ettt e e e e e e e e e eeeeeaaaaeas 489
Figure B.2 — Transmitter deViCe TELAIIS .......ccoiiiiiiiiiiii ettt et e e e e e e e e e e ae e e eeeeaas 490
Figure B.3 — Receiver deViCe detallS ..........oooiiiiiiiiiiiiiii et 491
Figure B.4 — De-embedding of connectors in test fiXIUres ...........cccooiiiiiii i 493
Figure B.5 — Measurement conditions for signal output at the transmitter device ...........cccocvvieiiiiiiiieeenninnen. 494
Figure B.6 — Transmitter device signal output measurement test fixture details ............ccccooiiiiiiniiieennnnne, 494
Figure B.7 — Measurement conditions for signal tolerance at the transmitter device ..........cccccccovviiiiieeiniinnen. 495
Figure B.8 — Calibration of test fixture for signal tolerance at the transmitter device ...........cccccovieiiiineennnnne, 495
Figure B.9 — Measurement conditions for signal output at the receiver deviCe ..........cccccevviiiiieiiniiieee e, 495
Figure B.10 — Measurement conditions for signal tolerance at the receiver device ...........ccccoceeiiniiiieeenninnen. 496
Figure B.11 — Calibration of test fixture for signal tolerance at the receiver device ...........cccccooveiiniiiineiinnnnen. 496
Figure B.12 — S-parameter port NAmMIiNg CONVENTIONS .......ccoiiuiiiieiiiiiiiee et e ettt e et e e s e e nnneeas 497
Figure B.13 — Four single-ended port or two differential port element ...........ccoccoviieiiiiiii e 498
Figure B.14 — S-parameters for single-ended and differential Systems ..............cccocoiiiiii i 498
Figure B.15 — Measurement conditions for upstream return loss at the transmitter device connector ............ 499
Figure B.16 — Measurement conditions for downstream return loss at the receiver device connector ............ 500
Figure B.17 — Measurement conditions for downstream return 10Ss at IT or CT .....cooviiiiiiiiiiiiiii e 501
Figure B.18 — Measurement conditions for upstream return loss at IR or CR ..., 502
Figure C.1 — SAS speed negotiation sequence (phy A: G1 only, phy B: G1 0Nly) ...ccoviiiiiiiiiiiiiieeiiieee e 503
Figure C.2 — SAS speed negotiation sequence (phy A: G1, G2, phy B: G1, G2) ....ccooiiivviiiiiiiiiiiiiieee e, 504
Figure C.3 — SAS speed negotiation sequence (phy A: G1, G2, G3, phy B: G1, G2) ....cccceevvivvieiiiiiieeeeinnen. 505
Figure C.4 — SAS speed negotiation sequence (phy A: G2, G3, phy B: G1, G2) ....ccoviiiiviiiiiiiiiiiiiieee e, 506
Figure C.5 — SAS speed negotiation sequence (phy A: G1 only, phy B: G2 0Nly) ....cooviiiiieiiiiiiiieiniieee e 507
Figure D.1 — CRC generator EXAMPIE ........oooiiiiiii e e et e e et e e e e nnreas 508
Figure D.2 — CRC cheCker @XampPle ..........oooiiiiiiii e 508
Figure E.1 — BCH(69, 39, 9) COUE QENEIALON ......viiiiiiiiiiiie ettt ettt ettt e et e e e et e e e e s abe e e e e e nneeas 513
FIQUIE F.L —  SCIAMDIET ...ttt e e s et e e e e s e st bt e e ab e e e e e nbbe e e e e ennees 518
Figure L1 — EXampPle tOPOI0GY ...cooiiiiiiiiieiiiiiit ettt e et e s 524
Figure 1.2 — Connection request - OPEN_ACCEPT ...ttt 526
Figure 1.3 — Connection request - OPEN_REJECT by end deViCe ..o 527
Figure 1.4 — Connection request - OPEN_REJECT by expander deViCe .............cccciiiiaaiiiiiiiiiiiiiiiiieeeeeeaaeee e 528
Figure 1.5 — Connection request - arbitration [0St .............ooiii e 529
Figure 1.6 — Connection request - backoff and retry ... 530
Figure 1.7 — Connection request - backoff and reverse path ... 531
Figure 1.8 — CoNNEeCtion CIOSE - SINGIE STEP ...eiiiiiiiiiiie ittt bbb e e e eneeas 532
Figure 1.9 — Connection Close - SIMUITANEOUS ..........c.oooiiiiiiiii e 533
Figure 1.10 — BREAK handling during path arbitration ... 534
Figure 1.11 — BREAK handling during @ CONNECTION ..........eiiiiiiiiiieiiiiie et 535
Figure 1.12 — STP connection - originated by STP iNitiator POIT ..........ccooiiiiiiiiiiiiiiee e 536
Figure 1.13— STP connection - originated by STP target port in an STP/SATA bridge ........cccceeiviiiiieeiininnen. 537
Figure .14 — STP connection close - originated by STP initiator POt ...........ccooioiiiieeiiiiiieee e 538
Figure .15 — STP connection close - originated by STP target port in an STP/SATA bridge ..........cccccveeeennnee 539
Figure 1.16 — XL1:Request_Path to XL5:Forward_Open tranSition ............ccceeeriiiiieeeniiiieee e 540
Figure 1.L17 —  Partial PAthWaY FECOVETY .......uiiiiiiiiiiiie ettt e et e e e nnneas 541
FIQUIE IMLL —  SAS ICON ..o s e e ar e e s e e e e s b e e e s b e b e e e s e e e sare e e s snnee s 588

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-28 - 14776-151 © ISO/IEC:2010(E)

INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) —

Part 151: Serial attached SCSI-1.1 (SAS-1.1)

Foreword
1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards. Their preparation is entrusted to technical committees; any ISO and IEC
member body interested in the subject dealt with may participate in this preparatory work. International governmental
and non-governmental organizations liaising with ISO and IEC also participate in this preparation.

2) Inthe field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Dratft
International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

3) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC and ISO member bodies.

4) IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accepted by IEC
and ISO member bodies in that sense. While all reasonable efforts are made to ensure that the technical content of
IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held responsible for the way in which they are
used or for any misinterpretation by any end user.

5) In order to promote international uniformity, IEC and ISO member bodies undertake to apply IEC, ISO and ISO/IEC
publications transparently to the maximum extent possible in their national and regional publications. Any divergence
between any ISO/IECpublication and the corresponding national or regional publication should be clearly indicated in
the latter.

6) 1SO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible for any
equipment declared to be in conformity with an ISO/IEC publication.

7) All users should ensure that they have the latest edition of this publication.

8) No liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual experts and
members of their technical committees and IEC or ISO member bodies for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect or for costs (including legal fees) and expenses
arising out of the publication of, use of or reliance upon, this ISO/IEC publication or any other IEC, ISO or ISO/IEC
publications.

9) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

10) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 14776-151 was prepared by subcommittee 25: Interconnection of Information
technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information technology
— Small computer system interface (SCSI), can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may be
obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - the “colour inside” logo on the cover page of this publication indicates that it contains colours
which are considered to be useful for the correct understanding of its contents. Users should therefore print this
publication using a colour printer
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Introduction

This International Standard defines the Serial Attached SCSI (SAS) interconnect and three transport protocols that
use the SAS interconnect.

a) Serial SCSI Protocol (SSP): a mapping of SCSI supporting multiple initiators and targets.

b) Serial ATA Tunneled Protocol (STP): a mapping of Serial ATA expanded to support multiple initiators and
targets.

c) Serial Management Protocol (SMP): a management protocol.

The standard is organized as follows:

Clause 1 (Scope) describes the relationship of this standard to the SCSI and ATA families of standards.

Clause 2 (Normative references) provides references to other standards and documents.

Clause 3 (Terms, definitions, symbols, abbreviations, keywords and conventions) defines terms and
conventions used throughout this standard.

Clause 4 (General) describes architecture, names and identifiers, state machines, resets, |_T nexus loss and
provides an expander device model.

Clause 5 (Physical layer) describes the physical layer. It describes passive interconnect components
(connectors, cables and backplanes) and defines the transmitter and receiver electrical
characteristics.

Clause 6 (Phy layer) describes the phy layer. It describes 8b10b encoding, bit order, out of band (OOB)
signals, phy reset sequences, phy layer state machines, and spin-up.

Clause 7 (Link layer) describes the link layer. It describes primitives, clock skew management, idle physical
links, CRC, scrambling, address frames, the identification sequence and its state machine, power
management, SAS domain changes, connections, rate matching and SSP, STP and SMP
connection rules and link layer state machines.

Clause 8 (Port layer) describes the port layer, which sits between one or more link layers and one or more
transport layers. It includes port layer state machines.

Clause 9 (Transport layer) describes the transport layer. It includes SSP, STP and SMP frame definitions and
transport layer state machines.

Clause 10 (Application layer) describes the application layer. It describes SCSI protocol services, mode
parameters, log parameters and power conditions, ATA specifics and SMP functions.

Annex A (normative) (Jitter tolerance patterns) describes the jitter tolerance patterns.

Annex B (normative) (Signal performance measurements) describes signal measurement techniques.

Annex C (informative) (SAS to SAS phy reset sequence examples) provides additional phy reset sequence
examples.

Annex D (informative) (CRC) provides information and example implementations of the CRC algorithm.

Annex E (informative) (SAS address hashing) provides information and example implementations of the
hashing algorithm.

Annex F (informative) (Scrambling) provides information and example implementations of the scrambling
algorithm.

Annex G (informative) (ATA architectural notes) describes ATA architectural differences from Serial ATA and
Serial ATA Il

Annex H (informative) (ALIGN and/or NOTIFY insertion rate summary) describes the minimum ALIGN and/or
NOTIFY insertion rates for clock skew management, rate matching and STP initiator phy throttling.

Annex | (informative) (Expander device handling of connections) describes expander device behavior in a
variety of connection examples.

Annex J (informative) (Primitive encoding) lists the primitive encodings available for future versions of this
standard.

Annex K (informative) (Messages between state machines) contains a list of messages between state
machines.

Annex L (informative) (Discover process example implementation) provides an example implementation of
the discover process.

Annex M (informative) (SAS icon) defines the general SAS icon.
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The following figure shows the organization of the layers of this standard.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) —

Part 151: Serial attached SCSI-1.1 (SAS-1.1)

1 Scope

The SCSI family of standards provides for many different transport protocols that define the rules for exchanging
information between different SCSI devices. This part of ISO/IEC 14776 defines the rules for exchanging
information between SCSI devices using a serial interconnect. Other SCSI transport protocol standards define the
rules for exchanging information between SCSI devices using other interconnects.

Figure 1 shows the relationship of this International Standard to the other standards and related projects in the
SCSI family of standards.

Device-type specific command
sets (e.g., Primary command set
SBC-2 (ISO/IEC 14776-322), (shared for all device types)
SSC-2 (ISO/IEC 14776-332), (SPC-3 (ISO/IEC 14776-453))
MMC-4 (ISO/IEC 14776-364))

SCSi transport protocols (e.g.,
SPI-4 (ISO/IEC 14776-114),
FCP-2 (ISO/IEC 14776-222),

SSP in this standard)

SCSI Architecture Model
(SAM-3 (ISO/IEC 14776-413))

Interconnects (e.g.,
SPI-4 (ISO/IEC 14776-114),
Fibre Channel (ISO/IEC 14165),
this standard)

Figure 1 — SCSI document relationships
This standard also defines the rules for exchanging information between ATA hosts and ATA devices using the

same serial interconnect. Other ATA transport protocol standards define the rules for exchanging information
between ATA hosts and ATA devices using other interconnects.
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Figure 2 shows the relationship of this standard to other standards and related projects in the ATA family of

standards.

ATA register-
delivered
command set
(ATA/ATAPI-7
Volume 1)
(ISO/IEC 27439)

Device-type specific command

sets (e.g., (shared for all device types)
MMC-3 (ISO/IEC 14776-363)) (SPC-3 (ISO/IEC 14776-453))

Primary command set

ATAPI

(Packet-delivered command set)
(ATA/ATAPI-7 Volume 1 (ISO/IEC 27439))

ATA/ATAPI logical register set

(ATAJATAPI-7 Volume 1 (ISO/IEC 27439))

ATA transport protocols (e.g.,
STP in this standard,

ATA/ATAPI-7 Volume 2 (Parallel ATA)(ISO/IEC 27439),
ATA/ATAPI-7 Volume 3 (Serial ATA)(ISO/IEC 27439))

ATA physical interconnects (e.g.,

this standard,

ATA/ATAPI-7 Volume 2 (Parallel ATA)(ISO/IEC 27439),
ATA/ATAPI-7 Volume 3 (Serial ATA)(ISO/IEC 27439))

Figure 2 — ATA document relationships

Figure 1 and figure 2 show the general relationship of the documents to one another and they do not imply a
relationship such as a hierarchy, protocol stack or system architecture.

These standards specify the interfaces, functions and operations necessary to ensure interoperability between
conforming implementations. This standard is a functional description. Conforming implementations may employ

any design technique that does not violate interoperability.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document, including any
amendments, applies.

The provisions of the referenced specifications other than ISO/IEC, IEC, ISO and ITU documents, as identified in
this clause, are valid within the context of this International Standard. The reference to such a specification within
this International Standard does not give it any further status within ISO/IEC. In particular, it does not give the
referenced specification the status of an International Standard.

ISO/IEC TR 14165-117, Information technology — Fibre channel — Part 117: Methodologies for jitter and signal
quality (MJSQ) [ANSI INCITS TR-35-2004]

NOTE 1 - When MJSQ is referenced from this standard, the FC Port terminology used within MJSQ should be
substituted with SAS phy terminology.

ISO/IEC 14776-413, Information technology — Small computer system interface (SCSI) — Part 413: Architecture
model-3 (SAM-3) [ANSI INCITS 402-2005]

ISO/IEC 14776-322, Information technology — Small computer system interface (SCSI) — Part 322: Block
commands-2 (SBC-2) [ANSI INCITS 405-2005]

ISO/IEC 14776-372, Information technology — Small computer system interface (SCSI) — Part 372: Enclosure
services-2 (SES-2) (under consideration) [ANSI INCITS 448-2008]

ISO/IEC 14776-453, Information technology — Small computer system interface (SCSI) — Part 453: Primary
commands-3 (SPC-3) [ANSI INCITS 408-2005]

ISO/IEC 24739-1, Information technology — AT Attachment with Packet Interface — Part 1. Register delivered
command set, logical register set (ATA/ATAPI-7 V1) [ANSI INCITS 397-2005]

ISO/IEC 24739-3, Information technology — AT Attachment with Packet Interface-7 — Part 3: Serial Transport
Protocols and Physical Interconnect (ATA/ATAPI-7 V3) (under consideration) [ANSI INCITS 397-2005]

AT Attachment with Packet Interface-7 Amendment 1 [ANSI INCITS 397-2005/AMD1]

ISO/IEC 19501, Information technology -- Open Distributed Processing -- Unified Modeling Language (UML)
Version 1.4.2

SFF-8086, Compact Multilane Series: Common Elements
SFF-8087, Compact Multilane Series: Unshielded

SFF-8088, Compact Multilane Series: Shielded

SFF-8223, 2.5" Drive Form Factor with Serial Connector
SFF-8323, 3.5" Drive Form Factor with Serial Connector
SFF-8523, 5.25" Drive Form Factor with Serial Connector
SFF-8416, Measurement and Performance Requirements for HPEI Bulk Cable
SFF-8460, HSS Backplane Design Guidelines

SFF-8470, Shielded High Speed Multilane Copper Connector
SFF-8482, Unshielded Dual Port Serial Attachment Connector
SFF-8484, Multi-Lane Unshielded Serial Attachment Connectors
SFF-8485, Serial GPIO (SGPIO) Bus

NOTE 2 - For more information on the current status of SFF document, contact the SFF Committee at
408-867-6630 (phone) or 408-867-2115 (fax). To obtain copies of these documents, contact the SFF Committee at
14426 Black Walnut Court, Saratoga, CA 95070 at 408-867-6630 (phone) or 408-741-1600 (fax) or see
http://www.sffcommittee.org.
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3 Terms, definitions, symbols, abbreviations, keywords and conventions
3.1 Terms and definitions

3.1.1

8b10b coding

coding scheme that represents an 8-bit byte (i.e., a control byte or data byte) as a 10-bit character (i.e., a control
character or data character); see 6.2

3.1.2

8b10b encoding

encoding an 8-bit byte (i.e., a control byte or data byte) into a 10-bit character (i.e., a control character or data
character); see 6.2

3.1.3

10b8b decoding

decoding a 10-bit character (i.e., a control character or data character) into an 8-bit byte (i.e., a control byte or data
byte); see 6.2

3.14

affiliation

STP target port state of limiting acceptance of connection requests to those from a single STP initiator port; see
7.17.5

3.15

aggregation

when used in class diagrams, a form of association that defines a whole-part relationship between the whole (i.e.,
aggregate) class (see 3.1.22) and its parts; see 3.5

3.1.6

application client

an object that is the source of SCSI commands (see SAM-3), ATA commands (see ATA/ATAPI-7 V1) or
management function requests

3.1.7

association

when used in class diagrams, a relationship between two or more classes (see 3.1.22) that specifies connections
among their objects (see 3.1.126) (i.e., a relationship that specifies that objects of one class are connected to
objects of another class); see 3.5

3.1.8

attached SAS address

SAS address (see 3.1.165) of the attached phy (e.g., received by a physical phy in the incoming IDENTIFY
address frame during the initialization sequence (see 4.1.2)) or the SAS address of the STP target port in an
STP/SATA bridge (see 4.6.2)

3.1.9

attribute

in class diagrams (see 3.1.23) or object diagrams (see 3.1.127), a named property of a class (see 3.1.22) that
describes the range of values that its objects (see 3.1.126) may hold; see 3.5

3.1.10
AT attachment (ATA)
standard for the internal attachment of storage devices to hosts; see ATA/ATAPI-7 V1

3.1.11
ATA device
storage peripheral (analogous to a SCSI target device); see ATA/ATAPI-7 V1
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3.1.12

ATA domain

I/O system consisting of an ATA host and one or more ATA devices that communicate with one another by means
of a service delivery subsystem

3.1.13

ATA host

host device that originates requests to be processed by an ATA device (analogous to a SCSI initiator device); see
ATA/ATAPI-7 V1

3.1.14

baud:

unit of signaling speed, expressed as the maximum number of times per second the signal (see 3.1.200) may
change the state of the physical link (see 3.1.139)

NOTE The state change produces a transition (i.e., signal edge); units of baud are symbols/second and in this standard, a
symbol represents a single bit or single transition if the maximum transition rate (i.e., a 0101b pattern) is occurring.

3.1.15
big-endian
format for storage or transmission of binary data in which the most significant byte appears first

NOTE in a multi-byte value, the byte containing the most significant bit is stored in the lowest memory address and
transmitted first and the byte containing the least significant bit is stored in the highest memory address and transmitted last
(e.g., for the value 0080h, the byte containing 00h is stored in the lowest memory address and the byte containing 80h is stored
in the highest memory address)

3.1.16

bit error ratio (BER)

those logical bits output from a receiver circuit that differ from the correct transmitted logical bits, divided by the
number of transmitted logical bits

NOTE The BER is usually expressed as a coefficient and a power of 10 (e.g., 2 erroneous bits out of 100 000 bits transmitted
is expressed as 2 out of 10° or 2 x 10°); see MJSQ.

3.1.17
broadcast primitive processor (BPP)
object within an expander function that manages broadcast primitives; see 4.6.5

3.1.18
burst time
that part of an OOB signal (see 3.1.131) where the OOB burst (see 3.1.128) is transmitted; see 6.6

3.1.19
byte
sequence of eight contiguous bits considered as a unit

NOTE A byte is encoded as a character (see 3.1.21) using 8b10b coding (see 6.2).
3.1.20

cable assembly
bulk cable plus a separable connector at each end plus any retention, backshell or shielding features

3.1.21
character
sequence of ten contiguous bits considered as a unit

NOTE A byte (see 3.1.19) is encoded as a character using 8b10b coding (see 6.2)
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3.1.22

class

description of a set of objects (see 3.1.126) that share the same attributes (see 3.1.9), operations (see 3.1.132),
relationships and semantics

NOTE  Classes may have attributes and may support operations.

3.1.23
class diagram
diagram that shows a collection of classes (see 3.1.22) and their contents and relationships; see 3.5

3.1.24

clock data recovery (CDR)

function provided by the receiver circuit responsible for producing a regular clock signal (i.e., the recovered clock)
from the received signal and for aligning the recovered clock to the symbols (i.e., bits) being transmitted with the
signal; the CDR uses the recovered clock to recover the bits; see MJSQ

3.1.25
command descriptor block (CDB)
structure used to communicate a command from a SCSI application client to a SCSI device server; see SAM-3

3.1.26
compliance point
interoperability point where interoperability specifications are met; see 5.3.1

3.1.27
compliant jitter tolerance pattern (CJTPAT)
test pattern for jitter testing; see 5.3.5.4 and A.2

3.1.28
configurable expander device
an expander device that contains an expander route table that is configured with expander route entries; see 4.1.5

3.1.29

confirmation

information passed from a lower layer state machine to a higher layer state machine, usually responding to a
request (see 3.1.155) from that higher layer state machine, and sometimes relaying a response (see 3.1.157) from
a peer higher layer state machine; see 3.6

3.1.30
connection
temporary association between a SAS initiator port and a SAS target port; see 7.12

3.1.31

connection rate

effective rate of dwords through the pathway between a SAS initiator phy and a SAS target phy, established
through the connection request

3.1.32

connector

electro-mechanical components consisting of a receptacle and a plug that provide a separable interface between
two transmission segments

3.1.33

constraint

when used in class diagrams (see 3.1.23) and object diagrams (see 3.1.127), a mechanism for specifying
semantics or conditions that are maintained as true between entities (e.g., a required condition between associa-
tions); see 5.3.1
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3.1.34
control byte
byte containing control information defined in table 54 (see 6.2)

3.1.35
control character (Kxx.y)
character containing control information defined in table 54 (see 6.2)

3.1.36
cumulative distribution function (CDF)
probability that jitter is less than a given value; see MJSQ

3.1.37
cyclic redundancy check (CRC)
error checking mechanism that checks data integrity by computing a polynomial algorithm based checksum; see

7.5
3.1.38
D.C.idle

differential signal level that is nominally 0 V(P-P), used during the idle time (see 3.1.92) of an OOB signal (see
3.1.131); see 5.3.6

3.1.39
data byte
byte containing data information defined in table 53 (see 6.2)

3.1.40
data character (Dxx.y)
character containing data information defined in table 53 (see 6.2)

3.141
data dword
dword containing four data bytes or four data characters with correct disparity

3.1.42

deadlock

condition in which two or more processes (e.g., connection requests) are waiting on the others to complete,
resulting in none of the processes completing

3.1.43

decibel (dB)

one-tenth of the common logarithm (i.e., log,g) of the relative power ratio (i.e., dB = 10 log,q (P41 / P5)); equivalent
to one-twentieth of the common logarithm of the relative voltage ratio (i.e., dB = 20 logq (V1 / V5))

3.1.44

dependency

when used in class diagrams (see 3.1.23), a relationship between two classes (see 3.1.22) where a change to one
class (i.e., the independent class) may cause a change in the other class (i.e., the dependent class); see 5.3.1

3.1.45

device server

object within a SAS target device that processes SCSI tasks (see SAM-3), ATA commands (see ATA/ATAPI-7 V1)
or management functions

3.1.46
direct current (D.C.)
the non-A.C. component of a signal

NOTE In this standard, all frequency components below 100 kHz.
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3.1.47

direct routing attribute

attribute of an expander phy that indicates it may be used by the expander connection manager to route a
connection request to an end device; see 4.6.7.1

3.1.48
direct routing method
method the expander connection manager uses to establish a connection with an end device; see 4.6.7.1

3.1.49
discover process
algorithm used by a management application client to configure the SAS domain; see 4.7

3.1.50
disparity
difference between the number of ones and zeros in a character (see 6.2)

3.1.51
dispersion
signal pulse broadening and distortion from all causes

3.1.52
domain
a SAS domain, a SCSI domain or an ATA domain

3.1.53
dword
a sequence of four contiguous bytes or four contiguous characters considered as a unit

NOTE The meaning depends on the context (e.g., when discussing the bits being transmitted over a physical link, dword
represents four characters (i.e., 40 bits); when discussing the contents of a frame after 10b8b decoding (see 3.1.3), dword
represents four bytes (i.e., 32 bits)).

3.1.54
dword synchronization
detection of an incoming stream of dwords from a physical link by a phy; see 6.9

3.1.55
edge expander device
expander device that is part of a single edge expander device set (see 3.1.56); see 4.1.5

3.1.56

edge expander device set:

group of one or more edge expander devices (see 3.1.55) that may be attached to no more than one other edge
expander device set or one fanout expander device (see 3.1.74); see 4.1.8.2

3.1.57

enclosure

box, rack or set of boxes providing the powering, cooling, mechanical protection, EMI protection and external
electronic interfaces for one or more SAS device(s) and/or expander device(s)

NOTE The enclosure provides the outermost electromagnetic boundary and acts as an EMI barrier; an enclosure is not a
class (see 3.1.22) in this standard

3.1.58
enclosure in port
set of expander phys with subtractive routing attributes using the same external connector (see 5.2.3.3)\; see 4.6.2

3.1.59
enclosure out port
aset of expander phys with table routing attributes using the same external connector (see 5.2&3 ; see 4.6.2
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3.1.60
end device
AS device that is not contained within an expander device

3.1.61

event notification

information passed from the transport layer to the application layer notifying the application layer that a SCSI event
has occurred; see SAM-3

3.1.62
expander connection manager (ECM)
object within an expander function that manages routing; see 4.6.3

3.1.63
expander connection router (ECR)
portion of an expander function that routes messages between expander phys; see 4.6.4

3.1.64

expander device

device that is part of the service delivery subsystem and facilitates communication between SAS devices; see
4.1.5

3.1.65

expander function

object within an expander device that contains an expander connection manager, expander connection router and
broadcast primitive processor; see 4.6.1

3.1.66
expander phy
phy in an expander device that interfaces to a service delivery subsystem

3.1.67

expander port

expander device object that interfaces to the service delivery subsystem and to SAS ports in other devices; see
4.6.2

3.1.68
expander route entry
SAS address and an enable/disable bit in an expander route table (see 4.6.7.3)

3.1.69
expander route index

value used in combination with a phy identifier to select an expander route entry in an expander route table (see
4.6.7.3)

3.1.70
expander route table
table of expander route entries within an expander device

NOTE  The table is used by the expander function to resolve connection requests; see 4.6.7.3.

3.1.71

external connector

bulkhead connector (see 3.1.32), whose purpose is to carry signals into and out of an enclosure (see 3.1.57), that

exits the enclosure with only minor compromise to the shield effectiveness of the enclosure; see 5.2.3.3.1.1 and
5.2.3.3.1.2
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3.1.72

eye contour

the locus of points in a signal level versus time eye diagram where the CDF of 1012 in the actual signal population
exists

NOTE Comparison of the measured eye contour to the jitter eye mask determines whether a jitter eye mask violation has
occurred; see 5.3.5 and MJSQ.

3.1.73
fall time
time interval for the falling signal edge to transit between specified percentages of the signal amplitude

NOTE In this standard, the measurement points are the 80 % and 20 % voltage levels; also see rise time (see 3.1.161)

3.1.74
fanout expander device
expander device that is capable of being attached to two or more edge expander device sets; see 4.1.5

3.1.75

far-end crosstalk

crosstalk that is propagated in a disturbed channel in the same direction as the propagation of a signal in the
disturbing channel

NOTE The terminals of the disturbed channel, at which the far-end crosstalk is present, and the energized terminals of the
disturbing channel are usually remote from each other.

3.1.76
field
group of one or more contiguous bits

3.1.77

frame

sequence of data dwords between a start of frame primitive (i.e., SOF, SOAF or SATA_SOF) and an end of frame
primitive (i.e., EOF, EOAF or SATA_EOF)

3.1.78
frame information structure (FIS)
SATA frame format; see ATA/ATAPI-7 V3

3.1.79

generalization

when used in class diagrams (see 3.1.23), a relationship among classes (see 3.1.22) where one class (i.e., the
superclass) shares the attributes and operations of one or more other classes (i.e., the subclasses); see 5.3.1

3.1.80

golden phase lock loop (golden PLL)

function that conforms to the jitter timing reference frequency response requirements in MJSQ that extracts the
jitter timing reference from the data stream under test to be used as the timing reference for the instrument used for
measuring the jitter in the signal under test; see MJSQ

3.1.81

hard reset

SAS device or expander device action in response to a reset event in which the device performs the operations
described in 4.4

3.1.82
hard reset sequence
seguence that causes a hard reset (see 4.4)

3.1.83
hardware maximum physical link rate
maximum physical link rate capability of a phy Documents
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3.1.84
hardware minimum physical link rate
minimum physical link rate capability of a phy

3.1.85

hash function

mathematical function that maps values from a larger set of values into a smaller set of values, reducing a long
value into a shorter hashed value

3.1.86
|_T nexus
nexus that exists between a SCSI initiator port and a SCSI target port; see SAM-3

3.1.87
|_T nexus loss
condition where a SAS port determines that another SAS port is no longer available; see 4.5

3.1.88

|_ T L nexus

nexus that exists between a SCSI initiator port, a SCSI target port and a logical unit; this relationship extends the
prior I_T nexus; see SAM-3

3.1.89

| T L Qnexus

nexus between a SCSI initiator port, a SCSI target port, a logical unit and a task; this relationship extends the prior
|_T nexus or |_T_L nexus; see SAM-3

3.1.90
identification sequence
sequence where phys exchange IDENTIFY address frames; see 7.9

3.1.91
idle dword
vendor-specific data dword that is scrambled and is transmitted outside a frame; see 7.4

3.1.92
idle time
that part of an OOB signal (see 3.1.131) where D.C. idle (see 5.3.6) is being transmitted; see 6.6

3.1.93

indication

Information passed from a lower layer state machine to a higher layer state machine, usually relaying a request
(see 3.1.155) from a peer higher layer state machine; see 3.6

3.1.94

information unit (IU)

that portion of an SSP frame that carries command, task management function, data, response or transfer ready
information; see 9.2.2

3.1.95
insertion loss (Sy1)

ratio, usually expressed in dB, of delivered power to incident power; see B.9

3.1.96
insertion loss, differential (Sppy1)

differential insertion loss measured at port 1; see B.9
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3.1.97
insertion loss, upstream differential (Spp1»)

differential insertion loss measured at port 2; see B.9

3.1.98
intersymbol interference (ISI)
reduction in the distinction of a pulse caused by overlapping energy from neighboring pulses

NOTE Neighboring pulses are pulses that are close enough to have significant energy overlapping and does not imply or
exclude adjacent pulses (i.e., many bit times may separate the pulses, especially in the case of reflections); ISI may result in
DDJ and vertical eye closure; several mechanisms produce ISI (e.qg., dispersion, reflections and circuits that lead to baseline
wander); see MJSQ.

3.1.99
invalid character
character that is not a control character (see 3.1.35) or a data character (see 3.1.40)

3.1.100

invalid dword

dword that is not a data dword (see 3.1.41) or a primitive (see 3.1.144) (i.e., in the character context, a dword that
contains an invalid character, a control character in other than the first character position, a control character other
than K28.3 or K28.5 in the first character position or one or more characters with a running disparity error)

3.1.101

jitter

the collection of instantaneous deviations of signal edge times at a defined signal level of the signal from the
reference times (e.g., as defined by the jitter timing reference) for those events; see MJSQ

3.1.102

jitter, data dependent (DDJ)

jitter that is added when the transmission pattern is changed from a clock-like to a non-clock-like pattern; see
MJISQ

3.1.103
jitter, deterministic (DJ)
jitter with non-Gaussian distribution; see MJSQ

3.1.104
jitter, random (RJ)
jitter that is characterized by a Gaussian distribution and is unbounded; see MJSQ

3.1.105
jitter, sinusoidal (SJ)
single frequency jitter applied during signal tolerance testing; see MJSQ

3.1.106
jitter, total (TJ)
jitter from all sources; see MJSQ

3.1.107
jitter timing reference
signal used as the basis for calculating the jitter in the signal under test; see MJSQ

3.1.108

jitter tolerance

the ability of the receiver device to recover transmitted bits in an incoming data stream in the presence of specified
jitter in the signal applied to the receiver device compliance point; see MJSQ
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3.1.109
jitter tolerance pattern (JTPAT)
test pattern for jitter testing; see 5.3.5.4 and A.1

3.1.110

least significant bit (LSB)

in a binary code, the bit or bit position with the smallest numerical weighting in a group of bits that, when taken as a
whole, represent a numerical value (e.g., in the number 0001b, the bit that is set to one)

3.1.111
link reset
performing the link reset sequence (see 3.1.112)

3.1.112

link reset sequence

for SATA, a phy reset sequence (see 3.1.138); for SAS, a phy reset sequence followed by an identification
sequence (see 3.1.90) or a phy reset sequence followed by a hard reset sequence (see 3.1.82), another phy reset
sequence and an identification sequence; see 4.4

3.1.113
little-endian
format for storage or transmission of binary data in which the least significant byte appears first

NOTE In a multi-byte value, the byte containing the least significant bit is stored in the lowest memory address and
transmitted first and the byte containing the most significant bit is stored in the highest memory address and transmitted last
(e.g., for the value 0080h, the byte containing 80h is stored in the lowest memory address and the byte containing 00h is stored
in the highest memory address).

3.1.114

livelock

condition where two or more processes (e.g., connection requests) continually change their state in response to
changes in other processes, resulting in none of the processes completing

3.1.115
logical unit number (LUN)
identifier for a logical unit; see SAM-3

3.1.116
media
plural of medium (see 3.1.117)

3.1.117
medium
material on which data is stored (e.g., a magnetic disk)

3.1.118
message
information sent between state machines; see 3.6

3.1.119

most significant bit (MSB)

in a binary code, the bit or bit position with the largest numerical weighting in a group of bits that, when taken as a
whole, represent a numerical value (e.g., in the number 1000b, the bit that is set to one)

3.1.120

multiplicity

when used in class diagrams (see 3.1.23), an indication of the range of allowable instances of an object (see
3.1.126) or an attribute (see 3.1.9); see 3.5

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-151-2010


http://avadocuments2026.com/doc/iso-iec-14776-151-2010
http://avadocuments2026.com/doc/iso-iec-14776-151-2010

-44 - 14776-151 © ISO/IEC:2010(E)

3.1.121
narrow link
physical link that attaches a narrow port to another narrow port; see 4.1.3

3.1.122
narrow port
port that contains exactly one phy; see 4.1.3

3.1.123

near-end crosstalk (NEXT)

crosstalk that is propagated in a disturbed channel in the opposite direction as the propagation of a signal in the
disturbing channel

NOTE  The terminals of the disturbed channel, at which the near-end crosstalk is present, and the energized terminals of the
disturbing channel are usually near each other

3.1.124
negotiated physical link rate
current operational physical link rate established as a result of speed negotiation between two phys

3.1.125

nexus

relationship between a SCSI initiator port and a SCSI target port that may extend to a logical unit and a task; see
SAM-3

3.1.126

object

entity with a well-defined boundary and identity that encapsulates state and behavior; all objects are instances of
classes (see 3.1.22) (i.e., a concrete manifestation of a class is an object)

3.1.127
object diagram
diagram that encompasses objects and their relationships at a point in time; see 3.5

3.1.128
OOB burst
the transmission of signal transitions for a burst time (see 3.1.18); see 6.6.1

3.1.129

OOB interval

time basis for burst times (see 3.1.18) and idle times (see 3.1.92) used to create OOB signals (see 3.1.131); see
6.6.1

3.1.130
OOB sequence
sequence where two phys exchange OOB signals (see 3.1.131); see 6.7.2.1 and 6.7.4.1

3.1.131
OOB signal
pattern of idle time (see 3.1.92) and burst time (see 3.1.18) used during the link reset sequence; see 6.6

3.1.132

operation

when used in class diagrams (see 3.1.23), a service that may be requested from any object (see 3.1.126) of the
class (see 3.1.22) in order to effect behavior

NOTE  Operations describe what a class is allowed to do and may be a request or a query; a request may change the state
of the object but a query should not; see 3.5
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3.1.133

partial pathway

the set of physical links participating in a connection request that have not yet conveyed a connection response;
see 4.1.9

3.1.134
pathway
a set of physical links between a SAS initiator phy and a SAS target phy being used by a connection; see 4.1.9

3.1.135

pathway blocked count

number of times the port has retried this connection request due to receiving OPEN_REJECT (PATHWAY
BLOCKED)

3.1.136

phy

object in a device that is used to interface to other devices (e.g., an expander phy (see 3.1.66) or a SAS phy (see
3.1.171)); see 4.1.2

3.1.137
phy identifier
identifier for a phy that is unique within the device containing it; see 4.2.7

3.1.138
phy reset sequence
OOB sequence (see 3.1.130) followed by a speed negotiation sequence (see 3.1.212); see 4.4

3.1.139
physical link
two differential signal pairs, one pair in each direction, that connect two physical phys; see 4.1.2

3.1.140

physical phy

phy (see 3.1.136) that contains a transceiver (see 3.1.241) and electrically interfaces to a physical link to commu-
nicate with another physical phy; see 4.1.2

3.1.141
port
SAS port or an expander port; each port contains one or more phys; see 4.1.3

3.1.142
potential pathway
a set of physical links between a SAS initiator phy and a SAS target phy; see 4.1.9

3.1.143
power on
power being applied

3.1.144

primitive

a dword containing a 7Ch or BCh control byte followed by three data bytes or a K28.3 or K28.5 control character
with correct disparity followed by three data characters with correct disparity; see 7.2

3.1.145
primitive sequence
a set of primitives treated as a single entity; see 7.2.4

3.1.146
probe point
physical position in a test load where signal characteristics for compliance points are measure%ments
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3.1.147

programmed maximum physical link rate

maximum operational physical link rate of a phy (e.g., as programmed via the SMP PHY CONTROL function (see
10.4.3.10) or the Phy Control and Discover subpage (see 10.2.7.2.3))

3.1.148

programmed minimum physical link rate

minimum operational physical link rate of a phy (e.g., as programmed via the SMP PHY CONTROL function (see
10.4.3.10) or the Phy Control and Discover subpage (see 10.2.7.2.3))

3.1.149
rate
data transfer rate of a physical link (e.g., 1,5 Gbit/s or 3,0 Gbit/s)

3.1.150
rate change delay time (RCDT)
time between rates during the speed negotiation sequence (see 6.7.4.2)

3.1.151

read data

data transferred to the application client’s data-in buffer from the device server, as requested by the Send Data-In
transport protocol service (see 10.2.1.6)

3.1.152
receiver circuit
electronic circuit that converts an analog serial input signal to a logic signal

3.1.153

receiver device (Rx)

device downstream from an IR or CR compliance point containing a portion of the physical link and a receiver
circuit (see 3.1.152)

3.1.154
reflection coefficient (p)
the ratio of reflected voltage to incident voltage

3.1.155

request

information passed from a higher layer state machine to a lower layer state machine, usually to initiate some
action; see 3.6

3.1.156
reset event
event that triggers a hard reset (see 4.4.2) in a SAS device

3.1.157

response

information passed from a higher layer state machine to a lower layer state machine, usually in response to an
indication (see 3.1.93); see 3.6

3.1.158
return loss (Sq4)

ratio, usually expressed in dB, of incident power to reflected power; see B.9

3.1.159
return loss, differential (Sppp1)

differential return loss measured at port 1; see B.9
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3.1.160
return loss, upstream differential (Spp15o)

differential return loss measured at port 2; see B.9

3.1.161
rise time
time interval for the rising signal edge to transit between specified percentages of the signal amplitude

NOTE In this standard, the measurement points are the 20 % and 80 % voltage levels; also see fall time (see 3.1.73).

3.1.162

role

when used in class diagrams (see 3.1.23) and object diagrams (see 3.1.127), a label at the end of an association
or aggregation that defines a relationship to the class on the other side of the association or aggregation; see 3.5

3.1.163

run length

number of consecutive identical bits in the transmitted signal (e.g., the pattern 0011111010 includes the following
run lengths: five 1s, one 0, one 1 and indeterminate run lengths of Os at the start and end)

3.1.164

running disparity (RD)

a binary parameter with a negative (-) or positive (+) value indicating the cumulative encoded signal imbalance
between the one and zero signal state of all characters since dword synchronization has been achieved; see 6.2

3.1.165

SAS address

worldwide unique value assigned to a SAS initiator port, SAS target port, expander device, SAS initiator device or
SAS target device; see 4.2.2

3.1.166
SAS device
SAS initiator device, SAS target device or SAS target/initiator device

3.1.167
SAS domain
I/O system defined by this standard that may serve as a SCSI domain; see 4.1.7

3.1.168
SAS initiator device
device containing SSP, STP and/or SMP initiator ports in a SAS domain; see 4.1.4

3.1.169
SAS initiator phy
phy in a SAS initiator device

3.1.170
SAS initiator port
SSP initiator port, STP initiator port and/or SMP initiator port in a SAS domain

3.1.171
SAS phy
phy in a SAS device that interfaces to a service delivery subsystem

3.1.172

SAS port
SAS initiator port, SAS target port or SAS target/initiator port
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3.1.173
SAS target device
device containing SSP, STP and/or SMP target ports in a SAS domain; see 4.1.4

3.1.174
SAS target phy
phy in a SAS target device

3.1.175
SAS target port
SSP target port, STP target port and/or SMP target port in a SAS domain

3.1.176
SAS target/initiator device
device that has all the characteristics of a SAS target device and a SAS initiator device

3.1.177
SAS target/initiator port
port that has all the characteristics of a SAS target port and a SAS initiator port in a SAS domain

3.1.178
SATA device
ATA device that contains a SATA device port in an ATA domain (analogous to a SCSI target device)

3.1.179
SATA device port
ATA device object that interfaces to the service delivery subsystem with SATA (analogous to a SCSI target port)

3.1.180
SATA host
ATA host that contains a SATA host port in an ATA domain (analogous to a SCSI initiator device)

3.1.181
SATA host port
ATA host object that interfaces to the service delivery subsystem with SATA (analogous to a SCSI initiator port)

3.1.182

SATA phy

phy in a SATA device or SATA port selector that interfaces to a service delivery subsystem (analogous to a SAS
phy)

3.1.183

SATA port selector

device that attaches to two SATA host ports (i.e., two ATA domains) and one SATA device port, and provides the
means for one SATA host to access the device at any given time (see SATAII-PS)

3.1.184

scrambling

modifying data by XORing each bit with a pattern generated by a linear feedback shift register to minimize repet-
itive character patterns; see 7.6

3.1.185

SCSl device

device that contains one or more SCSI ports that are connected to a service delivery subsystem and supports a
SCSI application protocol; see SAM-3

3.1.186

SCSIdomain

I/O system consisting of a set of SCSI devices that communicate with one another by means of a service delivery
subsystem; see SAM-3 Documents
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