ISO/IEC 14776-154:2017-12(en)

IEC ISO/IEC 14776-154

Edition 1.0 2017-12

INTERNATIONAL
STANDARD

/\
N
P
Q)"\ °
/\
r\b/‘\ colqur
C) inside
O\\Q/
2

O\
Information technology — Small computer sys@%nterface (SCSI) -
Part 154: Serial Attached SCSI - 3 (SAS-3) o
N



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 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

IEC Central Office

3, rue de Varembé
CH. 1211 GCaneva 20

below or your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00

info@iec-ch

Switzerland 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 suré ‘that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online, @ictionary of electronic and
electrical terms containing, 20° 000 terms and definitions in
English and French, with ‘equivalent terms in 16 additional
languages. Also known'as the International Electrotechnical
Vocabulary (IEV) online’

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extfacted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR:

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

IEC ISO/IEC 14776-154

Edition 1.0 2017-12

INTERNATIONAL
STANDARD

X\
Q
v
<ob‘
&
b/‘\/\
N colqur
C) inside
¥
RS
, O
X
Information technology — Small computer sysQ% interface (SCSI) —
Part 154: Serial Attached SCSI - 3 (SAS-3) Q\S
\‘QQ
o
4\
xO
O
<
S
o
%\%
QO
Q.
&

e
S
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 35.200 ISBN 978-2-8322-5168-3

Warning! Make sure that you obtained this publication from an authorized distributor.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-2- ISO/IEC 14776-154:2017 © ISO/IEC 2017

CONTENTS

FOREWORD ...ttt ettt e ettt e e ettt e e e st e e e e e e nate e e e e e s s beeeeeanssseeee e nnteeeeeeansteeee e nsbeeaeeeannseneeeennnrees 14
L U 51 L@ 1 ] SR 16
LIS Telo] o 1= Y PP PUPPO 18
2 NOIMAtIVE FEFEIEINCES ... ..ttt e e e e oo ettt e e e e e e e e e e e abbsbeeeeeeeaeeeeeeaaannas 18
3 CITTS, dbﬁllitiul ISH byIIIIUUib, dbblUVidtiUl ISH Ir\UyVVUIUID, dlluI CUIvVCl ItiUllb ..................................................... 20
31 Terms and definitiONS ..........eeeiiii e ee e e e e e e e e e s snenneeeeeeeeeees fuce e 20
3.2 Symbols and abbreviations ... b e 33
3.2.1 ADDIEVIALIONS ...ttt e e e e e e e nnnaee e e e e e e s e Fenreaee s 33
3.2.2 SYMDOIS ...ttt e e e et e e e e e e e e e e e annnrnnneeeeeeeegn Wb nerereeeeeeas 36
g B U1 T SO T SRR 36
3.2.2.2 Mathematical OPErators........cccceieiiiiiiiiic e s D T e 36
3.2.2.3 Other SYMDOIS ......ueeiiiiiiieie e e e e e e e eemeeseeeeee e N e e e e e e e e 37
B TR (o VAo o U S RSOOSR 38
3.4 Editorial conventions ..........cuuiiiiiiiiee e e e 39
3.5 Numeric and character conventions .............cccccoiiiiiiiiniiiiiiieeeeee e NS e 40
3.5.1 NUMETrIC CONVENLIONS ..ot cee e eeeeieems e e 40
3.5.2 UNItS Of MEASUIE.....ooiiiiiii e ettt et e e e e e e e e e eeeeeeeas 40
3.5.3 Byte encoded character strings CONVENLIONS ........oooiiiiiiiiii b et 41
(1T 1= | SO RSP 42
4.1 Physical INKS @Nd PRYS ..o e et ettt e e e e e e e e e et e e e e e e e e e e e aaaennnnnnes 42
I e 1V (] O {1 o (o] T S ST 42
Sl 01 A (o= I F= 1= S PP PP PP PRPP O 43
G.1 PhySiCal [aYEr OVEIVIEW .......eiiiiiiiiiiii e ettt ettt e st e e e et e e e s st et e bbb et e e s aanneeeenan 43
8.2 Conventions for defining maximum limits forS-parameters...........cccoiiiiiii e 43
& IGO0 o 4] o [ =T g ToT T o Yo [ £ e RS 44
5.3.1 ComplianCe POINES OVEIVIEW ........ i et e e et et e e e e e e e e e e s neeeeeeeeeaaeeeaannnneeenees 44
5.3.2 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s"Compliance PoiNtS............oooiviiiiiiiiiiiiiiiiee e, 45
LoTRC IR Bt D2 €1 o] 4R o7 ] 1 4] 0] 1 =T ToZ TN oo 1 1 £ SSS 53
Lo L =T o] o 0= o1 £ USSR 55
5.4.1 SATA connectors and eable assembIli©s ... 55
5.4.2 SAS connectors and'CabIEs........ .. o i e e e e 56
L N @ 1= o2 (o) = TSSO 60
5.4.3.1 CONNECIONS OMEIVIEW ....iii e ittt e et e e e e e e ettt e e ee e e e e e e e e e e e naneeeaeeeeaeaeeeeseaannnennneeeeeaaaaaaeeaanan 60
S I 0o g =T (o) Nz (Yo [o] 4 =L TR TSP UPPPRURTR 62

5.4.3.3 Recommended electrical performance limits for mated connector pairs supporting rates of
23 €10 7 PSSR 63
5.4.3.4 SAS INTErNAI CONNECIOTS .......oiiiiiiiiiie et e e e e e e e s st e e s snneaeeeesnnsaeeeaannnaeeeean 64
5.4.3:471 SAS DriVe CONNECIOIS. ...ttt e e e e et e e et e e e e e e e e e eeeeaaaaeeas 64
974.3.4.1.1 SAS Drive Plug CONNECLON ........ueiiiiiiiiiiiei ettt 64
5.4.3.4.1.2 SAS Drive cable receptacle CONNECION.........cccoiiiiiiiiiii e, 65
54-3443-SASDrive-backplarereceptacteeconnectorm—m——— 66
5.4.3.4.1.4 SAS Drive connector pin assSignNMENtS.........cooiiiiiiiiiiiiiiieee e e e 67
5.4.3.4.1.5 SAS MultiLink Drive plug CONNECION........coiiiiiiiie e 69
5.4.3.4.1.6 SAS MultiLink Drive cable receptacle connector ...............ooovviiiiiiiii e, 69
5.4.3.4.1.7 SAS MultiLink Drive backplane receptacle connector.................ooevviiiiiiiiiiiiiiieeeeeeeee, 70
5.4.3.4.1.8 SAS MultiLink Drive connector pin assignments............cccooieiiiiiiiiiiiiiiieeee e 70
5.4.3.4.1.9 Micro SAS PIUG CONNECION......coii ettt e e e e e e e e e e e e enneeeeeeas 74
5.4.3.4.1.10 Micro SAS receptacle CONNECION...........uuuiiiiei i 74
5.4.3.4.1.11 Micro SAS connector pin assignmEeNts ... 75
5.4.3.4.2 SAS 4i CONNECLOTS ......oiiiiiiieiiiiii ettt ettt e et e e e e e e e e e ettt e eeeeeaaeeeeeaaaannreeneeeeaeas 76

5.4.3.4.2.1 SAS 4i cable receptacle CONNECION ...........uuuuiiiiiiii e 76


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -3-

5.4.3.4.2.2 SAS 4i PIUG CONMMECION.......eiiiiiiiiiiie ettt e ettt e e et e e e st e e s aneee e e e e anreeae s 76
5.4.3.4.2.3 SAS 4i connector pin @sSigNMENTS .........coiiiiiiiiiiiiii e 77
5.4.3.4.3 MiNi SAS 4i CONMNECIOTS. ... ..eiiiiiiiiiii ettt e e et e e e e e e e nreeas 79
5.4.3.4.3.1 Mini SAS 4i cable plug CONNECION ..........coiiiiiiiiiie e 79
5.4.3.4.3.2 Mini SAS 4i receptacle CONNECION ..........eeiiiiiiiii e 79
5.4.3.4.3.3 Mini SAS 4i connector pin @sSigNMEeNtS...........coiiiiiiiiiiiiii e 80
5.4.3.4.4 Mini SAS HD internal CONNECIOIS .........uuiiiiiiiiie e 82
5.4.3.4.4.1 Mini SAS HD 4i cable plug CONNECION .........ocuiiiiiiiiiiee e 82
5.4.3.4.4.2 Mini SAS HD 8i cable plug CONNECION ..........cuuiiiiiiiiiiie e 83
9.4.3.4.4.3 Mini SAS HD 41 receptacle CONNECION .........ccooori i 84
5.4.3.4.4.4 Mini SAS HD 8i receptacle CONNECION ..........c.eeeiiiiiiiiiiiiiiiie e N 85
5.4.3.4.4.5 Mini SAS HD 16i receptacle CONNECION............ccoiiiiiiiiiiiiiiiiie e C) 86
5.4.3.4.4.6 Mini SAS HD 4i connector pin assignments..........ccccccevviieeeninieeeeninieeeeseeee Nt 87
5.4.3.5 SAS external CONNECIOIS ........ouuiiiiiiiiiie et e e srree e e s s ek e eee e 90
5.4.3.5.1 Mini SAS 4X CONNECIOIS.......coiiiiiiiiiiiiiiiiie e e e eeneee e (e e e e e e 90
5.4.3.5.1.1 Mini SAS 4x cable plug CONNECION .........cccoiiiiiiiiiiiiiiee e A N 90
5.4.3.5.1.2 Mini SAS 4x receptacle CONNECION ............cveviiiiiiiiiiieeeenieee e e e 97
5.4.3.5.1.3 Mini SAS 4x connector pin @sSigNMeENtS...........ooeiiiiiiiie i e 103
5.4.3.5.1.4 Mini SAS 4x active connector pin assignments .........cccoooccee oS 104
5.4.3.5.1.5 Mini SAS 4x active cable power requirements...........cccc.... AN e 105
5.4.3.5.2 Mini SAS HD external CONNECLOrS ..........ccooiiiiiiiiiiiiiiee e S 106
5.4.3.5.2.1 Mini SAS HD 4x cable plug CONNECION .........coiuiiiieiis N e 106
5.4.3.5.2.2 Mini SAS HD 8x cable plug CONNECION ........ouuiiee e e 107
5.4.3.5.2.3 Mini SAS HD 4x receptacle CONNECION............ eS¢t 108
5.4.3.5.2.4 Mini SAS HD 8x receptacle CONNECION........ 50 ueiiii e 109
5.4.3.5.2.5 Mini SAS HD 16X receptacle CONNECION ..ad .. tuiii i 110
5.4.3.5.2.6 Mini SAS HD 4x connector pin assignmentS. .........ccuurie i 111
5.4.3.5.2.7 Mini SAS HD external connector management interface............ccccccoviiieiiiin e 112
5.4.3.5.2.8 Mini SAS HD external connector MEmMOrY Map......c..uueieeiuiireeeiiiiiee e eiieee e eeiee e e 113
5.4.3.5.3 QSFP+ CONNECLOIS ...coeiiiiiiiieiii s et e e e e e e 113
5.4.3.5.3.1 QSFP+ CabIE PIUG ....oiieie ettt e 113
5.4.3.5.3.2 QSFP+ reCEPIACIE......ce e fmh et 114
5.4.3.5.3.3 QSFP+ connector pin@sSSIGNMENTS ........cccoiiiiiiiiiiiiiiie e 115
5.4.3.5.3.4 QSFP+ MeMOIY M@ i e ittt e e e et e e e et e e e e nnbeeeeeeanneas 116
5.4.4 Cable assSemMDbIIES. ......coooi e 117
5.4.4.1 SAS internal cable assembIlIEs..........oocuuiiiii i s 117
5.4.4.1.1 SAS Drive CableassSembIi©S. .......cccoiiuiiiiiiiiie e e 117
5.4.4.1.2 SAS internalsymmetric cable assemblies.............ccoiiiiiii e 119
5.4.4.1.2.1 SAS internal symmetric cable assemblieS OVEIrVIEW ..............ccovviviiiiiiiiiiiiiieee e, 119
5.4.4.1.2.2 SAS.internal symmetric cable assembly - SAS 4i........coocoiiiiiiiiiiii i 120
5.4.4.1.2.3 SAS internal symmetric cable assembly - Mini SAS 4i........cccooiiiiiiiiiiiice e 121
5.4.4.1.2.4 SAS internal symmetric cable assembly - Mini SAS HD 4i.......cccccoeeviiiineiiniiiee e 122
5.4.4.1.2.5 SAS internal symmetric cable assembly - Mini SAS HD 8i........ccccceeviiiiiieiiiiiiinee e, 123
5.44412.6 SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-specific

ESTTo (=] o =1 o Lo L3 PSP RRR 124

8.4.4.1.2.7 SAS internal symmetric cable assembly - SAS 4i controller to Mini SAS 4i
backplane With SGPIO ........cooii e e e e e e e s e e st eeeeeaaeeeeaans 125

5.2 4T 2.8 SAS Internal symmetric cable assembly - Mini SAS 41 controller 10 SAS 41
backplane With SGPIO .........cooi i e e e e e e e s e e st eeeeaaaeeeeaans 126
5.4.4.1.2.9 SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i ................... 127
5.4.4.1.3 SAS internal fanout cable assemblies ...........cccooiiiiiiiiie e 128
5.4.4.1.3.1 SAS internal fanout cable assemblies OVErview ..........c..ccccceiiiiiiiiiiiiee e 128
5.4.4.1.3.2 SAS internal controller-based fanout cable assemblies..............cccccooiiiiiiiie e, 129
5.4.4.1.3.3 SAS internal backplane-based fanout cable assemblies ..............ccccccviiiiiiiiieeee e, 132
5.4.4.2 SAS external cable assemblies..........ocuuiiiiiiiiii s 135
5.4.4.2.1 SAS external cable assemblieS OVEIVIEW ...........cooiiiiiiiiiiiiiii e 135
5.4.4.2.2 SAS external cable assembly - Mini SAS 4X ......cooiuiiiiiiiiiiiie e 136

5.4.4.2.3 SAS external cable assembly - Mini SAS HD 4X ......ccoiiiiiiiiiiiiiiiie e 139


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-4 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.4.4.2.4 SAS external cable assembly - Mini SAS HD 8X ......ccoiiiiiiiiiiiiiiiiiie e 141
5.4.4.2.5 SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4X .......ccovciiveiiiiiinnennnee 143
5.4.4.2.6 SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4X ......cccccveiiiiiieiiiieee e 145
5.4.4.2.7 SAS external cable assembly - QSFP+..........ooiiiiii e 146
I Rl == Yot (o= = PRSP 146
5.5 TXRX connection CharaCteriStiCS.........oiiiiiiiii e e e e e e e e e e e e e e e e e e eeeeeeeenees 147
5.5.1 TXRx connection characteristiCs OVEIVIEW ............ooviiiiiiiiiiiiiieeee e 147
5.5.2 TxRx connection general CharacteristiCs ...........c.ooiiiiiiiiiiiiiie e e 148
5.5.3 Passive TxRx connection S-parameter limits ............oooiiiiiiiiiiiiii e 149
9.5.4 Passive [xRx connection characteristics for untrained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s ............a 51
5.5.5 Passive TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s .............x.. 152
5.5.6 Passive TxRx connection characteristics for trained 12 Gbit/s........cccccccoeeiivvicciiiiiieee N 153
5.5.7 TxRx connection characteristics for active cable assemblies........cccccccceevviiccciiiiiieeeneee o Nt 157
5.5.7.1 Active cable assembly electrical characteristics for trained 6 Gbit/s overview........"W............ 157
5.5.7.2 Active cable assembly output electrical characteristics for trained 6 Gbit/s.......cu4 .. 157
5.5.7.3 Active cable assembly S-parameter limits for trained 6 Gbit/s and trained 12'Gbit/s................ 158
5.5.7.4 Active cable assembly electrical characteristics overview for 12 Gbit/s...... 15 oo, 159
5.5.7.5 Active cable assembly electrical characteristics for 12 Gbit/s...........ccomee i 160
o T =TS 4 0 7= T £ i e O URRPROTRRUPPRNt 161
5.6.1 TeSt 10adS OVEIVIEW .........ccooiiiieieiieiieeeee e e e e N e e e e e e e e e e e e eeeeeeeeeeeeeeeeeeeserenes 161
5.6.2 Zero-length test 10ad ... B e e 162
NG T O I ol (Y] 4 (o 7= Lo O TSP PR SRR 163
5.6.4 LOW-10SS TCTF teSt 10ad ........uvviiiiiiiiieeieiiieciiieeiee e e ettt e e e e e e e e e tee e e e e e e e e nenreneeees 168
5.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmiitter test load.........ccccccevveeiviiiiicinnnneee. 169
5.7 End to end simulation for trained 12 GDit/S .........coiviiiiie i N e 173
5.7.1 End to end simulation for trained 12 Gbit/s OVErVIEW. ..o 173
5.7.2 Usage models for end to end simulation for traine@J12 Gbit/s.........cccccceeeiiiiiiiiiiiiiiieeee s 174
5.7.3 Reference transmitter equalization for trained 12°Gbit/s...........ccceeeeiiieei i 175
5.7.4 Crosstalk measurement for end to end simulations and 12 Gbit/s jitter tolerance.......................... 177
8.8 Transmitter device and receiver device electrical characteristiCs.............ccccouiiii, 178
5.8.1 General electrical CharaCteriStiCS .......... 8 e e e 178
5.8.2 Transmitter device and receiver deviee tranSieNtsS...........oooveiciiiiiiiiiii e 179
5.8.3 Eye Masks and the JTF ..... ..ot et e e e e b e e e e e e e 180
5.8.3.1 EYE MASKS OVEIVIEW....cooe o id it e s 180
IS TRC T I I o G D USROS 180
5.8.3.3 Transmitter device eye 'mask for untrained 1.5 Gbit/s and 3 Gbit/s ...........cccceeviiiiiiieen. 181
5.8.3.4 Receiver device eyeimask for untrained 1.5 Gbit/s and 3 Gbit/s .......cccccceeeeviiiicciiiiiiieeeeee 182
5.8.3.5 Receiver devicerijitter tolerance eye mask for untrained 1.5 Gbit/s and 3 Gbit/s....................... 182
5.8.4 Transmitter devieg CRAraCteriStiCS ........ooiiiiiiiiiie e e e e e e e e 184
5.8.4.1 Transmittef.deVice characteristiCsS OVEIVIEW..........uuuiiiiiieeiii e e e e e 184
5.8.4.2 Transmitter device coupling reqUIremMENtS ...........ooouuiiiiiiiiiiiie e 184
5.8.4.3 Transmitter device general electrical characteristiCs............ccocvviiiiiiiiiiie e 184
5.8.4.4 Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with the zero-length test 10ad ... 186
5.8.4:5"Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured With €aCh 1St 10ad ........... i 187
5,8.4.6 Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.. 189

2.6.4.0. 1T Transmitter device signal output characteristics 1or trained 1.9 GDIUS, 5 GDIUS, and

B GDIL/S OVEIVIEW ...ttt e e e ettt e e e e e e e e e e e e e ee e e e eeeaaeeeeesansnnsaneeaeaaaeeens 189
5.8.4.6.2 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device test procedure....................... 190
5.8.4.6.3 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter device S-parameter limits................ 191
5.8.4.6.4 Recommended trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device settings for

INEEIOPEIADIIILY ...t e e e e e e e e e s 192
5.8.4.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristics....... 193
5.8.4.6.6 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter equalization, VMA, and Vp_p

[ T=T= U =T 0 0 T=T o 194

5.8.4.7 Transmitter device signal output characteristics for trained 12 Gbit/s...........ccccccoviiiiiinen. 196

5.8.4.7.1 Transmitter device signal output characteristics for trained 12 Gbit/s overview.................. 196


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -5-

5.8.4.7.2 12 Gbit/s Transmitter device S-parameter limits..........cccoocieiiiii e 203
5.8.4.7.3 12 Gbit/s reference transmitter deViCe..........ocooiiiiiiiii e 205
5.8.4.7.4 Transmitter device end to end simulation characteristics for trained 12 Gbit/s ................... 207
5.8.4.7.5 Transmitter device signal output characteristics at CTS for 12 Gbit/s when an active
o7z ] (ST =T oo 1 =Y o2 (=0 SRR 208
5.8.4.8 Transmitter device signal output characteristics for OOB signalS.............cooocciiiiiiiiiiieeeee s 208
5.8.5 Receiver device CharaCteriStiCS .......uiiiiiiii i e e e e e e e eeee e 210
5.8.5.1 Receiver device characCteriStiCsS OVEIVIEW. ..........uuuiiiiiiiiiieee e it ee e e e e e s ee e e e e e e e e e eanes 210
5.8.5.2 Receiver device coupling reqQUINEMENTS ..........uiiiiiiiiiiiie e 210
5.8.5.3 Receiver device general electrical characteristiCs...........ccoooveii e 211
5.8.5.4 Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s............cccccon NG 413
5.8.5.5 Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s .......ccccccceeeeiiiiiicciii YN 414
5.8.5.6 Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s ...........ccccoevii Nl 215
5.8.5.7 Receiver device and delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

(S €017 T Ta Lo B D2 €1 o 17 416
5.8.5.7.1 Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, @nd 12 Gbit/s ..... 216
5.8.5.7.2 Receiver device S-parameter limits...........occoeviiiiiiieinniiee D 416
5.8.5.7.3 Reference receiver device characteristiCs ..........occcuvviiiiiiiieiii i e 218

5.8.5.7.3.1 Reference receiver deViCe OVEIVIEW ...........ccoeeviiiiciieiviiiieee e dan St citeeee e e e e e e e e aeenneees 218

5.8.5.7.3.2 Reference receiver device DFE ... WO e 219

5.8.5.7.3.3 Reference receiver device equalization for trained 12 Gbit/s.............ccccceeiiiiinernnnne 219
5.8.5.7.4 Reference receiver device termination characteristics for'trained 1.5 Gbit/s, 3 Gbit/s,

= Lo G € o] 3 PSPPSR 420
5.8.5.7.5 Reference receiver device termination characteristics for trained 12 Gbit/s........................ 420
5.8.5.7.6 Stressed receiver device jitter tolerance test.... o/ i 421

5.8.5.7.6.1 Stressed receiver device jitter tolerance test overview for trained 1.5 Gbit/s,

I €] o117 T= T g Lo I ST ] o1 /£ s R 421
5.8.5.7.6.2 Stressed receiver device jitter tolerance test procedure for trained 1.5 Gbit/s,

3 Gbit/s, @Nd 6 GDI/S ...cooiiiiiiiiiiie e S e e 423
5.8.5.7.6.3 Test equipment calibration and S| generator calibration for trained 1.5 Gbit/s,

K €1 o 17 L = 1 Lo I G ] o1 /S =R 424
5.8.5.7.6.4 Crosstalk source calibration for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s..................... 424
5.8.5.7.6.5 Stressed receiver devige jitter tolerance test procedure for trained 12 Gbit/s............... 425
5.8.5.7.6.6 ISI generator calibration for trained 12 Gbit/s ............cooiiiiii i 425
5.8.5.7.6.7 Crosstalk calibration for the trained 12 Gbit/s stressed receiver device jitter

100 (=1 = T T (=] S 428
5.8.5.7.6.8 Applied RJfortrained 12 Gbit/s stressed receiver device jitter tolerance test.............. 428
5.8.5.7.6.9 APPIIEA SUirt. oot e e e e e r e e e e nrees 428

5.8.5.8 Delivered signal Characteristics for OOB Signals ..........ccoocuiiiiiiiiiiiiii e 430
5.8.6 Spread spectrUMTCIOCKING (SSC)....cciiuiiiiieiiiiiie e e e e e e e e e eeeee 430
5.8.6.1 SSC OVERVIEW ......eeiiitieiiieiee e e ettt et e e e e e e e ettt eeeeaeaeeeeaansnttaeaeeeeaeaeeeaeaannsnseeeeeaaeaeeeenanns 430
5.8.6.2 Transmitter SSC MOAUIALION ..........uiiiiiiiiiie e e e e e e e e e ereeeaeseenanns 431
5.8.6.3 Receiver SSC modulation tOIEraNnCe ...........ccceiiiiiiiiiieiiee e e e e e e e e e e e e e eanes 432
5.8.6.4¢Expander device center-spreading tolerance buffer.............ccccooiiiiii 433
5.8.7 Non-tracking CloCK arChit@CIUre. ...........c.uoiii i 434
5.9 READY LED signal electrical CharaCteriStiCS. .........oiiuuuiiiiiiiiiiiie et 434
5.10-POWER DISABLE signal electrical characteristiCs ..........ccueviiiiiiiiiiii e 435
T IO V] o] il =T gLl (4 = I3 e =1 SRR 237
5.11.1 OOB SIGNQAIS OVEIVIEW. ......ceiiiiiiiiiie ettt ettt e ettt e e e e et e e e e st e e e e anabe e e e e eanbeeeeeannbeeeeeeannees 237
5.11.2 Transmitting OOB SIGNaAIS ..........ooiiiiiiiiie et e e et e e e e bt e e e e e nneees 238
5.11.3 ReCeIVING OOB SIGNAIS .....ciiiiiiiiiiie ittt et e ettt e e e et e e e e e anbee e e e enbbeeeeeennnees 240
5.11.4 Transmitting the SATA port selection signal.............coooiiiiiiii e 241
Annex A (normative) Jitter tolerance pattern (JTPAT) ..o 242
ANNEX B (NOrMAtivE) SASWVDP ..ottt et e e ettt e e e s ne et e e e aneeeeeeeaseeeeeeaanneeeeas 244
B.1 SASWDP iNTrOAUCHION ...ttt e e e e e e e e s e st ea et e e e e e aaeeeeesaaasnsnaeeeeaaaeseesannnnns 244

B2 SASWVUDP .M. ...ttt ettt e e e ettt e e ettt e e e e a bttt e e e an bt e ee e e e hbee e e e e e neeteeeeanbeeeeeaanteeeaeearaeeeeeans 244


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-6- ISO/IEC 14776-154:2017 © ISO/IEC 2017

B.3 SASWDP _teStCASE.M ...ttt e e ettt e e e e ea bttt e e e e be et e e e e nbe e e e e e anbee e e e anbeeeeeeans 251
Annex C (informative) STAtEY@.......cooo e e 253
C.1 StatEye iNtrOAUCTION .....ooi ettt e e et e e e e s s nnaeeeas 253
(O3 F= 1T L ) PO PPT 253
LG I oo | 1 o Y2 PR 254
O3y qi = Lo o111 (T o o) SRR 255
(Ol 1= a1 (o 1T o ) PO PPT 257
O Sl oTo] g 7=1 (oTed (= 8 o Y PRSPPI 259
A 1 323N <7 OO 262
LR (010 To g 1S3 (o] g L= o) R PPRSPRPPPY S 477
LR B (T (o= T o) USRI - 0 S 485
L L0 (T3 v= | o) PRSPPI NSRS 290
G.11 File StatEye_readme.pdf .........cueiiiiiiii e ee e g e 493
C.11.1 How to install and run the SAS-2.1 StatEye.........ccccveiiiiiiiiiiiceeeeeee e (e 493
Annex D (normative) End to end simulation for trained 12 Gbit/s...........ccccovieenin D e, 294
0.1 Detailed end to end simulation procedure description for trained 12 Gbit/s ... b 294
0.2 Trained 12 Gbit/s usage models, S-parameter files, and crosstalk amplitudes...........ccccccoeviiiennes 296
D.2.1 Transmitter device connected to a separable passive TxRx connection.segment......................... 496
D.2.2 Transmitter device connected to a non-separable passive TxRx connection segment ................. 498
D.2.3 TXRX CONNECLION SEGMENT.....cciiiiiiiiiiiiiiieiie e ST ettt et e e e e e e e e e e e e e e 301
D.2.4 Stressed Receiver device delivered signal calibration end to end simulation diagram................... 302
Annex E (informative) 12 Gbit/s S-parameters and end to end simulation ..............ccccciiiiii i, 304
H.1 S-parameters for 12 Gbit/s SIMUIATION..........c.ueiiiiii A e eeee e 304
E.1.1 Measurement ProCEAUIE ..........cceiiiiiiriiiiiiiiiiee e N ettt e e a e e 304
E.1.2 Multiple channel SEgmMents .........coooiiiiiiiiiii @i 305
H.2 End to end simulation using SAS3 EYEOPENING .........ouiiiiiiiiii e ee e e e 306
Annex F (informative) Signal performance measutEmMENtS...........cooiiiiiiiiiiiiie e 307
H.1 Signal performance MeasuUremMENtS OVEFVIEW ..........c.c.uuuuiiiieiieieeeeeeeieectrareeeeeeeaeeeeesssesaesrerereeeaaaeeeeeeasnes 307
L TP €] 01T T= T P TS PPPRURRN 3o7
H.3 Simple phySiCal MK .......ouveie e e e s ee e a 307
F.3.1 Simple physical lINK OVEIVIEW L 7.....coo e e e e 307
F.3.2 Assumptions for the structure of the transmitter device and the receiver device ...............cc.c........ 308
F.3.3 Definition of receiver sensitivity and receiver device sensitivity..........cccccciiiii i 309
H.4 Signal measurement arChiteCtUrE...........oooi i ee e 310
=T =T = | e RO PEPR 310
F.4.2 Relationship between signal compliance measurements at interoperability points and
OPEratioN IN SYBIEIMS ...t e e e e e e e e e e e e e e 310
H.5 De-embeddifng) Connectors in teSt fiXIUMES ........cooii i 311
H.6 De-embedding test fixture for 12 Gbit/s transmitter compliancCe ............cccooviiiiiiiiii s 311
H.7 Measurement conditions for signal output at the transmitter device ............ccccccoviiiiiiic e 312
H.8 Measurement conditions for signal tolerance at the transmitter device ...........ccccoooiiiiiiic e, 313
H.9 Measurement conditions for signal output at the receiver device ...........ccccooiiiiiiiini, 315
H.10yMeasurement conditions for signal tolerance at the receiver device.............ccccooviiiiiiii e 315
I I T o= T =T L] (o =T V=T =T PP 316
F.11.1 S-PaArameter OVEIVIEW. ......coiiiiiiiiiieiiiiiiee ettt e et e e et e e s et e e e e e s e e e e e annbeeeeeanbbeeeeeeannees 316
F.11.2 S-parameter Naming CONVENTIONS .........coiiiiiiiiie et e e e e 316
F.11.3 Use of single ended instrumentation in differential applications.............cccccocieiiiiiiiniiieee e 317
F.11.4 Measurement configurations for physical link elements ............ccccooiiiiiii e, 319
F.11.4.1 Measurement configuration OVEIVIEW .............coocuiiiiiiiiiiiii e eee e 319
F.11.4.2 Transmitter device Sop MEASUrEMENES ............coiiiiiiiiiii e 319
F.11.4.3 Receiver device S11 MeasUreMENtS ...........ccocoiiiiiiiiiiii e 320
F.11.4.4 TxRx connection S14 measurements at T or CT ... 320
F.11.4.5 TxRx connection Sy, measurements at IR or CR............coiiiiii e 321

F.12 CalibDration Of JIMDS .......coueiie e ettt e e e et e e e e e et e e e e e e e e e e aaaaeeeaas 322


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -7-

F.12.1 Calibration of JMDS OVEIVIEW ........cocuuiiiiiiiiiiiiee ettt e e e e e e eee e e e e eneees 322
F.12.1.1 Purpose of JMD Calibration ............c.uoieiiiiiiiiii e 322
F.12.1.2 Overview of low frequency calibration for SSC configurations...........ccccocoeiiiiiiiinieeene 322
F.12.1.3 Overview of low frequency calibration for non-SSC configurations .............cccccoeeiiiniiienen. 324
F.12.1.4 High frequency Calibration..............oouiiiiiiiiii e 324

F.12.2 JMD calibration ProCEAUIE..........cciiiiiiiiiie ettt e e et e e s e e e eanbe e e e e eneee 325
F.12.2.1 General characteristics and eqUIPMENT............ocuiiiiiiiiii e 325
F.12.2.2 Calibration of the JMD for testing SSC configurations ............cccccceiiiiiiiiiii e, 326
F.12.2.3 Calibration of the JMD for testing non-SSC configurations.............cccccciiiiiiiiniieen 327

Annex G (informative) Description of the included Touchstone models for trained 1.5 Gbit/s,

I €] o717 T= T o o I T €1 oY1 /£ R S SN 329
.1 Description of included Touchstone models for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s overview ... 329
3.2 Reference transmitter device termination model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Ghit/s............ 329
3.3 Reference receiver device termination model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s................ 330
3.4 Generic return loss circuit model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s....... .4\ e, 331
3.5 Reference transmitter test load for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s ....... 05 e, 332

Annex H (informative) Mini SAS 4x active cable assembly power supply and voltage detection circuitry.... 335
Annex | (iNfOrmative) SAS ICONS ......oiiiiiiiiie e 55 ettt e e et e e e e e e enneeeeas 336
Annex J (informative) Standards bodies contact information................ 3 e 338
BIllIOGrapRy .....cceeiiiieeie a3t e e e e et e e e e e e aa e 339



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-8- ISO/IEC 14776-154:2017 © ISO/IEC 2017

Figure 1 — SCSI document relationNShiPsS .......o.eeiiiiii e 16
Figure 2 — ATA document relationNShips .........ooueiiiiiii e 17
Figure 3 — Physical INKS @Nd PRYS ...cooiiiiiiie e e e e e e e e e e e eanees 42
Figure 4 — Maximum limits for S-parameters definitionNs .............oooiiii i 44
Figure 5 — 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s External cable assembly CT compliance points and CR

COMPIIANCE POINES ...t e e e ettt e e e e e e e e e e e e e e e e e e e e e e e e e neees 46
Figure 6 — Backplane with SAS Drive connector 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points

and IR COMPLIBNCE POINTS ...ttt e e e e e e s e s e e e e e e e e s e aannnrnnee s 47
Figure 7 — Backplane with SAS Drive connector 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s compliance points with

Y AN AN o) a3 2 Z= e A= 48
Figure 8 — SAS multilane internal cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points

and IR coMPliI@NCE POINTS ......eeiiiiiiiiiiiii e e e e e e e e e e s snnnrnnnneeeee e e s s a) ke 49
Figure 9 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/siiT

compliance points and IR compliance POINES ..........ccccuiiiiiiiiiiiiie e i Ve e 50
Figure 10 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6:Gbit/s IT

compliance points and IR compliance points with SATA device attached ..................o4” b, 51
Figure 11 — SAS Drive cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance peints and IR

COMPIIANCE POINTS ...ttt ettt e e e e e e e e s sab bbb e e e e e e e e e e e e e e e e e e e e e eassnnnnnee 52
Figure 12 — 12 Gbit/s TxRx connection and compliance points .........cccoocueerieiieeedln St 53
Figure 13 — Simulated 12 Gbit/s TxRx connection and compliance points ....... 5N e, 53
Figure 14 — 12 Gbit/s CTS and CR compliance points ..........ccoeiiiiiiirieiii i S 54
Figure 15 — SATA connectors and Cables ..........coooiiiiiiiiiiiiie e T e 55
Figure 16 — SAS Drive cable environmMeNtS ..........cooiiiiiiiiiiiiieec ) et et 56
Figure 17 — SAS Drive backplane environment ............ccccooviiiiee S 57
Figure 18 — SAS external cable environNmMENT ..........ooiiiiiiii N e e 57
Figure 19 — SAS internal symmetric cable environment - contreller to backplane ...........ccccccciiiiiiiiinnnen. 58
Figure 20 — SAS internal symmetric cable environment - controller to controller .............occccciiiiineiiiieennn, 58
Figure 21 — SAS internal controller-based fanout cable environment ............ccccceeeeiiiiiiciiieie e, 59
Figure 22 — SAS internal backplane-based fanout cable:environment ..............cccccooiiiiiiiiiiiiieee e 59
Figure 23 — Recommended |Spp21|, |Sceozl, [ISpp22li NEXT, and FEXT limits for connector mated pairs

sSUpPOrting rates Of 12 GDI/S .....o.veiiiee A T e e s e e e 64
Figure 24 — SAS Drive plug CONMNECIOT ....... ettt e ettt e e et e e e e e nbe e e e e nbte e e e e enneeas 65
Figure 25 — Single-port SAS Drive cable receptacle connector ... 65
Figure 26 — Dual-port SAS Drive cable reCeptacle CONNECIOr ...........cooiiiiiiiiiiiiiie e 66
Figure 27 — SAS Drive backplane receptacle CONNECLOr ...........cooiuiiiiiiiiiiiii e 66
Figure 28 — SAS MultLink Drive plug CONNECIOT .........uuiiiiiiiiiii et 69
Figure 29 — SAS MultiLink Drive.€able receptacle CONNECLON ...........coooiiiiiiiiiiiie e 69
Figure 30 — SAS MultiLink Drive‘backplane receptacle CONNECIOr .............coiiiiiiiiiiiiii e 70
Figure 31 — MiICro SAS Plg CONNECION ......ciiiiiiiiiiiei ittt e e e et e e e e aanb e e e e e snbe e e e e nbreeeeeenneeeas 74
Figure 32 — Micro SASTECEPaCle CONNECION .......coiiiiiiiiiie i st e e e naeeas 74
Figure 33 — SAS 4i cable receptacle CONNECION ..........c.uiiiiiiiii e et 76
Figure 34 — SAS 4i PIUG CONNECION .....oiiiiiiiiiiiiiiet ettt e sttt e e ettt e e s e aab b e e e s e nbbee e s e nbbeeeeeenneeas 76
Figure 35 — Mini"SAS 4i cable plug CONNECION ........coiiuiiiiieiieie et e e e e as 79
Figure 36 —dVini SAS 4i receptacle CONNECION .........oiiuiiiiiiiie e 79
Figure 37=-Mini SAS HD 4i cable plug CONNECION ..........coiiiiiiiiie e 82
Figure38 — Mini SAS HD 8i cable plug CONNECION ..........coiiiiiiiiii et 83
Figure)39 — Mini SAS HD 4i receptacle CONNECION ..........coiiiiiiiiiiiiiiii et 84
Figure 20— MiNi SAS HD Bi TECEPTACIE CONMECTOT -..roor--s-nwmmmmemeeeeeeeasaaaaeesssssmmmaeaeeeeaaaaaassessssieneaeeeeeaaaneanenees 85
Figure 41 — Mini SAS HD 16i receptacle CONNECION ..........oouiiiiiiiiiiie et 86
Figure 42 — Mini SAS 4x cable plug CONNECION .......coiuiiiiiiiiiie et e e e s 90
Figure 43 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches to

an enclosure out port Or @an €NCIOSUIE IN POIT ......oc.eeiiiiiiee i e e e e e 92
Figure 44 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches to

AN ENCIOSUIE QUL PO ...ttt e e e e e e e s et e e e e e et e e e ee e s s bbb er et e eeeeesaanannnnnnne 92
Figure 45 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches to

=TT el (o110 TN o T oo ] o PPN 93

Figure 46 — Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches
to an enclosure out port or an €NClOSUIE IN POIT ..........uiiiiiiiiiiiiie e 93


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -9-

Figure 47 — Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches

G E=Ta I =TaTei (o TN =Y 01U oo ] o SRR PPPPRRN
Figure 48 — Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches

o1 gl =TaTes (ot U4 = T o Lo o AP PPPPRP
Figure 49 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that

attaches to an enclosure out port or an enclosSure iN POIt .........ccooiiiiiiiiii e
Figure 50 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that

attaches t0 an eNCIOSUIE OUL POI ..........iiiiiiiiiiiie et e e e e e e e e e e s e aeannnee
Figure 51 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that

attaches to an eNnCIOSUIE IN PO ... e e e e e e e e e e e e e e e e e e e eeeennnnnnnennnnennee e
Figure 52 — Mini SAS 4x receptacle CONNECION .........oiuiiiiiiiiiee e I
Figure 53 — Mini SAS 4x receptacle connector - end device or enclosure universal port for untrained

1.5 Gbit/s @Nd 3 GDIt/S ..ot a e e e arreeaeaeeessenrnnnne e e breeeeeens
Figure 54 — Mini SAS 4x receptacle connector - enclosure out port for untrained 1.5 Gbit/s and;3'Gbit/s ......
Figure 55 — Mini SAS 4x receptacle connector - enclosure in port for untrained 1.5 Gbit/s and-3 Gbit/s ........
Figure 56 — Mini SAS 4x receptacle connector - end device or enclosure universal port for'trained

1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s ..............[3e e, 1
Figure 57 — Mini SAS 4x receptacle connector - enclosure out port for trained 1.5 Gbit/s, 3 Gbit/s, and

6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s ........ccooviiiiiiiiiiiiiie S e 1
Figure 58 — Mini SAS 4x receptacle connector - enclosure in port for trained 1.5 'Gbit/s, 3 Gbit/s, and

6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s ........ccccoiiiiiiiiiiiiiiie S e 1
Figure 59 — Mini SAS 4x active receptacle connector - end device or enclosure universal port ................... 1
Figure 60 — Mini SAS 4x active receptacle connector - enclosure out Part™............ccoccveeieiiiiiiee e 1
Figure 61 — Mini SAS 4x active receptacle connector - enclosure inPOrt ..........cccceevviieeiniiie e 1
Figure 62 — Mini SAS HD 4x cable plug CONNECION .........cooiii N et 1
Figure 63 — Mini SAS HD 8x cable plug CONNECION .........oooiiie i ittt 1
Figure 64 — Mini SAS HD 4x receptacle CONNECLOTN ............. i e 1
Figure 65 — Mini SAS HD 8x receptacle CONNECION ..........Zi.eeeeieeee e e 1
Figure 66 — Mini SAS HD 16X receptacle CONNECION ... 50 o e 1
Figure 67 — QSFP+ cable plug CONNECION ... e e 1
Figure 68 — QSFP+ receptacle CONNECION ... .. e e 1
Figure 69 — Single-port SAS Drive cable assembly ... 1
Figure 70 — Dual-port SAS Drive cable asS@mDIY ..........uuiiiiiii e 1
Figure 71 — MultiLink SAS Drive cable @asSemDbIy ...........oiiiiiii e 1
Figure 72 — SAS internal symmetric cable assembly - SAS 4i .........oooiiiiii 1
Figure 73 — SAS internal symmetric'cable assembly - Mini SAS 4i ........ccccoiiiiiiiiiiiii e 1
Figure 74 — SAS internal symmetric cable assembly - Mini SAS HD 4i .......cooiiiiiiiiiiiii e 1
Figure 75 — SAS internal symmetric cable assembly - Mini SAS HD 8i ........cooiiiiiiiiiiiiiie e, 1
Figure 76 — SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-specific

SIAEDANA SIGNAIS .. ettt e e e et e e e e e e e et e e e e a e e a e 1
Figure 77 — SAS intefnal symmetric cable assembly - SAS 4i controller to Mini SAS 4i backplane with

ST €] (@ 2ot o g =Yo7 (o L -SSP 1
Figure 78 — SAS<nternal symmetric cable assembly - Mini SAS 4i controller to SAS 4i backplane with

ST €] [ 2 o] 51 o T=Tox 1o o - SPS 1
Figure 79=-SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i ........cccccceeviiinennnne. 1
Figure®@ — SAS internal controller-based fanout cable assembly - SAS 4i .......cccooovviiiiiiiiiii e 1
Figure)81 — SAS internal controller-based fanout cable assembly - Mini SAS 4i ........ccccooviiiiiiiiiiiee. 1
Figtire 82— SAS internal controller-based fanout cable assembly - Mini SAS HD AT ...
Figure 83 — SAS internal backplane-based fanout cable assembly - SAS 4i .......ccoooiiiiiiiiiiiiiiie e, 1
Figure 84 — SAS internal backplane-based fanout cable assembly - Mini SAS 4i .........cccooviiiiiiiiiiie e, 1
Figure 85 — SAS internal backplane-based fanout cable assembly - Mini SAS HD 4i .........cccccoevviiiieennnen. 1
Figure 86 — Mini SAS 4x external cable assembly ..o 1
Figure 87 — Mini SAS 4x active external cable assembly ..o 1
Figure 88 — SAS external cable assembly with Mini SAS 4x cable plug connectors ............ccccceeeiieieenniee. 1
Figure 89 — SAS external cable assembly - Mini SAS HD 4X .....cooiiiiiiiiii e 1
Figure 90 — SAS external cable assembly with Mini SAS HD 4x cable plug connectors ............cccccceeeeenee 1
Figure 91 — SAS external cable assembly - Mini SAS HD 8X .....coiiiiiiiiiiiiie e 1

Figure 92 — SAS external cable assembly with Mini SAS HD 8x cable plug connectors ............ccccceeeeenee 1

96
97

98
99
99

00

00

01
01
02
02
06
07
08
09
10
13
14
17
18
19
20
21
22
23

24

25


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-10- ISO/IEC 14776-154:2017 © ISO/IEC 2017

Figure 93 — SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4X .......ccceiiiiiiiiii e 143
Figure 94 — SAS external cable assembly with a Mini SAS HD 8x cable plug connector and

two Mini SAS HD 4x cable plug CONNECIOTS .........coiiiiiiiiiiiiiiiie et e e e e e 144
Figure 95 — SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4X .....cccooiiiiiiiiiieicee e 145
Figure 96 — SAS external cable assembly with a Mini SAS HD 4x cable plug connector and a

Mini SAS 4x cable Plug CONNECIOT ......oiiiiiiiiiie e e e e e ee e e e 146
Figure 97 — Passive TxRx connection |Sppyol|, [Scpazl, [Scp21l, and NEXT limits ... 151
Figure 98 — Example of a passive TxRx connection compliance testing for trained 1.5 Gbit/s, 3 Gbit/s,

=T To G ] 1 7 RS 152
Figure 99 — Example passive TxRx connection compliance testing for trained 12 Gbit/s ....................eeea 54
Figure 100 — Passive TxRx connection segment between CTS and CR or ITS and IR end to end

simulation diagram for trained 12 GDIt/S ........c.ueiiiiiiii e () 155
Figure 101 — Active cable S-parameter limits ............cccoooiiiiiii e D 159
Figure 102 — Active cable eye mask for 12 Gbit/S ........c.cooviiiiiii e i eehe 160
Figure 103 — Zero-length test load for transmitter device compliance point ...........ccccociiiiecGuenriieee e 162
Figure 104 — Zero-length test load for receiver device compliance point ............ccccvviciicesA® M 162
Figure 105 — Zero-length test load [Sppa4(f)| requirements ...........cooceeeiiiicennci e e 163
Figure 106 — TCTF @St 10AA ....ccoi ittt e et e e s e e e e e 163
Figure 107 — TCTF test load [Spp21(f)| and I1SI loss requirements at IT for untrained-3 Gbit/s ..................... 164
Figure 108 — TCTF test load |Sppy1(f)] and IS loss requirements at CT for untrainéd 3 Gbit/s .................... 165
Figure 109 — TCTF test load [Spp21(f)| and I1SI loss requirements at IT for untrained 1.5 Gbit/s .................. 166
Figure 110 — TCTF test load |[Spp21(f)| and I1SI loss requirements at CT foruntrained 1.5 Gbit/s ................. 167
Figure 111 — Low-10SS TCTF test 10ad ..........ccoiiiiiiiiiiee e ) e 168
Figure 112 — Low-loss TCTF test load |Sppo1(f)] and ISl loss requiréments .............cccevcieiiieinciee e 169
Figure 113 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s referenceAransmitter with a test load |Spps1(f)|

8]0 I (o G I 1 o S PRSP SRP 170
Figure 114 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load pulse response ....... 171
Figure 115 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load

impulse response fOr 6 GDIt/S ... R e 172
Figure 116 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s‘'reference transmitter test load D24.3 response ...... 173
Figure 117 — NEXT and FEXT measurement definifion ... 174
Figure 118 — Reference sampling point and reference pulse reSpoNSe CUISOr ..........cccuevieviiiieeeeeiiiieee e 175
Figure 119 — Reference transmitter coefficient error computation ............cccoociiiriii i 176
Figure 120 — Convergence of reference:tfansmitter equalization .............cccccoiiiiiiiiiiic e, 177
Figure 121 — Transmitter device transient test CirCUIt ..........cocoeviiiii i 179
Figure 122 — Receiver device transient teSt CirCUIt ...........oooouiiiiiiiiii e 179
Figure 123 — Transmitter deviCEBYE MASK .........coiiiiiiiiii e 181
Figure 124 — ReCeIVEr deVICE YE MASK ....ccoiiiiiiiiiieiiiiiiii ettt e e et e e e et e e e enbbee e e e e nnees 182
Figure 125 — Deriving a receiver device jitter tolerance eye mask for untrained 1.5 Gbit/s and

K €T o] 7 eSS 183
Figure 126 — Transmiitter device common mode voltage limit ..........ccccviiiiinii i 190
Flg ure 127 — TranSmitter device |Scc22|, |SDD22|’ and |SCD22| MIES e 192
Figure 128 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device .............ccccoeviiiennne 193
Figure 129 <Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device termination

S-parameters MOTEI ... .. .o it e e e e e b e e e e s e e eeeeane 194
Figure130 — Transmitter equalization MeasuUremMeENt ...........c..ooiiiiiiiiii e 195
Figure)131 — Minimum and maximum coefficient ranges at maximum peak to peak voltage ....................... 198
Figure 132 — T2 GDhiUs transmitter device common mode VOItage NMMIT ... 99
Figure 133 — Transmitter circuit compliance test configuration ...........cccoooii i 201
Figure 134 — 12 Gbit/s transmitter circuit output waveform ... 202
Figure 135 — 12 Gbit/s transmitter device |Scc22|, |SDD22|’ and |SCD22| MItS v 204
Figure 136 — 12 Gbit/s reference transmitter deviCe ... 205
Figure 137 — 12 Gbit/s reference transSmitter ..o 205
Figure 138 — Simulation of the reference transmitter from a captured signal .............cccccciiiiiiiiiiiii 208
Figure 139 — Applied SJ for untrained 1.5 Gbit/s and 3 Gbit/S ..........ccccoiriiiiriii e 215
Figure 140 — Receiver device |SCC1 1 |, |SDD1 1 |, and |SCD1 1| MIES e 217
Figure 141 — Reference receiver device for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s ............ccccooieiirnnnn. 218

Figure 142 — Reference receiver device for trained 12 Gbit/s ..........coccoiiiiiinc e 218


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -1-

Figure 143 — Reference receiver device termination S-parameters for trained 1.5 Gbit/s, 3 Gbit/s, and

G307 SRR 220
Figure 144 — Stressed receiver device jitter tolerance test block diagram for trained 1.5 Gbit/s,

K€ o117 T=TaTo [ G I € o1/ 221
Figure 145 — Stressed receiver device jitter tolerance test D24.3 eye opening for trained 1.5 Gbit/s,

I €] o117 T= T o o I ST €1 o1 /£ 223
Figure 146 — Stressed receiver transmitter equalization adjustment for 12 Gbit/s ..........ccccooiiiiiiiinn. 225
Figure 147 — Simulation of the reference transmitter from a captured signal ............cccccciiiiiiiniii 226
Figure 148 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s without SSC support ......... 228
Figure 149 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s and 12 Gbit/s with SSC support .............4 229
Figure 150 — Center-spreading tolerance BUfer ... 434
Figure 151 — OOB signal tranSMISSION .........ccuviiiiiiieiiiireriee e o) Db 439
Figure 152 — SATA port selection SigNal ..o D £ e 441
Figure C.1 — Reference channel €ye OPENING ........ccccuuiiiiiiiiiiiiie e fesb e 493
Figure D.1 — Trained 12 Gbit/s die to die insertion 10ss Model ..........ccccociiriiiiiiii e G 294
Figure D.2 — Transmitter device end to end simulation diagram that includes a separablg " TxRx

CONNECLION SEOMENT ...ttt e e e e e e e e e e e e e e DK e e e e e e e e s 497
Figure D.3 — End to end simulation diagram from target device usage model for a transmitter

device connected to a non-separable TxRx connection segment ................. e 2499
Figure D.4 — End to end simulation diagram of the target device usage model for'a transmitter

device connected to a non-separable TxRx connection segment .........c5udeieee 300
Figure D.5 — Stressed receiver device delivered signal calibration end to 'end simulation diagram ............ 302
Figure E.1 — S-parameter measurement connections for a four port VNA® ... 304
Figure E.2 — Example of a SAS three TxRx connection segment .,.5¢ ..o 305
Figure F.1 — A simple phySiCal INK .........oeiiiiiiii e N e 307
Figure F.2 — Transmitter device detailS ...........cooiiiiiiii e e e 308
Figure F.3 — Receiver device details ... S e 309
Figure F.4 — De-embedding of connectors in test fiXtUreS@i.....coooeiviiiiiiiiiiiee e 311
Figure F.5 — De-embedding to ET for 12 Gbit/s transmitter complianCe ..............cooovciiiiiiieeiee e, 312
Figure F.6 — De-embedding calibration test StruCtUrE™...........vveeeee e 312
Figure F.7 — Measurement conditions for signal output at the transmitter device ........cccccccceeeiiiiiiiiiinnnnn. 313
Figure F.8 — Transmitter device signal outputmeasurement test fixture details .........ccccccveeiiiiiiiiiiiiinnnen, 313
Figure F.9 — Measurement conditions for signal tolerance at the transmitter device ................ccccvvvvvieeen..n. J14
Figure F.10 — Calibration of test fixture.for signal tolerance at the transmitter device ..............ccccooeinnnne 314
Figure F.11 — Measurement conditions for signal output at the receiver device ...........ccccocoviiiiiiiiinnn 315
Figure F.12 — Measurement conditions for signal tolerance at the receiver device ............ccccccoviiiinnnnnn. 315
Figure F.13 — Calibration of test fixture for signal tolerance at the receiver device ............ccccceviiiirennnne 316
Figure F.14 — S-parameter port-naming CONVENTIONS .........ocuuiiiiiiiiiiiie e e 317
Figure F.15 — Four single-ended port or two differential port element ... 318
Figure F.16 — S-parameters for single ended and differential Systems ...........cccccoiiiiiiiii i, 318
Figure F.17 — Measurement conditions for S,, at the transmitter device connector .......................coe 319
Figure F.18 — Measurement conditions for S¢4 at the receiver device connector ..................cccccceiviiinnnn. 320
Figure F.19 — Measurement conditions for Sqq at IT or CT ... 321
Figure F.20&Measurement conditions for Sy, at IRor CR ..., 322
Figure G.1t—= Reference transmitter device and reference receiver device termination circuit model .......... 329
Figure(G¢2 — Generic return 10Ss Circuit MOdel ............coooiiiiiiii e 331
Figure)G.3 — Generic return 108S MOdel [Sqq| ..ooiiiiiiiiii e e 332
Figure G4 — Reference transmitter test 10ad MEeaSUTEMENT SETUD <-.-ocovorooeorooeosormerooieesseimeessseosesemioieooes 333
Figure G.5 — Reference transmitter test load [Sppo4(f)l Up t0 20 GHZ ......oooiiiiiii e 334
Figure H.1 — Dual comparator design for active cable assembly detection ..............ccccciiiiiiiii . 335
Figure 1.1 — SAS PIIMEAIY ICOM ..coiiiiiiiiie ettt ettt e e et e e e e bt e e e e e nbe e e e e e e beeeeeennbeeeeeanneee 336
Figure 1.2 — SAS alternate iCON ..o e 336

Figure 1.3 — MUIILINK SAS ICON . ..ceiiiiie ittt et e et e e e et e e e e te e e e e anbee e e e eannees 337


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

Table 1 — NUMDEING CONVENTIONS ......coiiiiiiiiiie ittt e et e e e et e e e e ebb e e e e annbeeeeeennee 40
Table 2 — Comparison of decimal prefixes and binary prefixes ... 41
Table 3 — COMPlIANCE POINES......eiiiiiiiieiie ettt e e e ettt e e e e e bttt e e e s ambe e e e e sabbeeeeeeanbeeeaeeanns 45
LI o) Lo A 0o o T =Y o2 (o= SRR 60
Table 5 — CONNECIOr CAtEOOIIES ......uieiiie ittt e ettt e e e sttt e e e e sabbeee e e sabteeeesaanbeeeeeeanes 62
Table 6 — Recommended electrical performance limits for the mated connector pairs that support

= 1 (TS0 ) 2 €1 o T TSP 63
Table 7 — SAS Drive connector pin @SSIGNMENTS........ouiiiiiiiiiiee e 67
Table 8 — SAS MultiLink connector pin @SSIGNMENES .......cooiiiiiiiiiie e 71
Taple 9 — Micro SAS connector PIN @SSIGNMENTS ........ooiiiiiiiiiiie et e e e e e e e e 75
Taple 10 — Controller SAS 4i connector pin assignments and physical link usage...........ccccoven NN 77
Taple 11 — Backplane SAS 4i connector pin assignments and physical link usage ..........ccccoocveeee N, 78
Taple 12 — Controller Mini SAS 4i connector pin assignments and physical link usage.................bee o 80
Taple 13 — Backplane Mini SAS 4i connector pin assignments and physical link usage...........p. "o 81
Taple 14 — Controller Mini SAS HD 4i connector pin assignments and physical link usage..G.z........cc.cco..... 87
Taple 15 — Backplane Mini SAS HD 4i connector pin assignments and physical link usagé\,.."..................... 88
Taple 16 — Mini SAS 4x cable plug connector and Mini SAS 4x active cable plug connégtor icons, key

Slot positions, and KEY POSILIONS ..........uuiiiiiiiiiiiie e e e e e e e 91
Taple 17 — Mini SAS 4x receptacle connector icons, key positions, and key slot positions...............ccccceeene 98
Taple 18 — Mini SAS 4x connector pin assignments and physical link usage. ..\ "o 103
Taple 19 — Mini SAS 4x active connector pin assignments and physical link usage ..............cccccceeviiiiennnns 104
Taple 20 — Mini SAS 4x active cable supplied power requirements ......... 5 105
Taple 21 — Mini SAS HD 4x connector pin assignments and physical link'usage ..........ccccccovieeeiiiiennens 111
Taple 22 — Management interface connection requirements ......... .S e 112
Taple 23 — QSFP+ connector pin assignmENts .........coooiiiiiiie il N e eee e 115
Taple 24 — TxRx connection general CharaCteriStiCSs ...........o.ai s ureiiiiiieiee e e e eeeeeee e e e 148
Taple 25 — Maximum limits for S-parameters of the passive IxRx connection between ITS and IR or

L IS = 1 o N < ST 150
Taple 26 — Passive TxRx connection characteristics fortrained 6 Gbit/s ...........ccccoviiiiiiiiiieen 152
Taple 27 — Passive TxRx connection characteristicstfor trained 12 Gbit/s at ET and ER....................cc... 156
Taple 28 — Active cable assembly output electrical-characteristics for trained 6 Gbit/s.............ccccccceereen. 157
Taple 29 — Maximum limits for S-parameters for active cable assemblies ...........ccccccevveieeiiiiiiciiiiieeeeeeee. 158
Taple 30 — Active cable assembly electrical Characteristics for 12 Gbit/s...........ccccciiiiiiiiie e 160
Taple 31 — General electrical CharacteriStics ...........eiii i 178
Taple 32 — JTF Parameters. .. ... ket e e e sttt e e e st e e e e ennbeeeeeean 181
Taple 33 — Transmitter device general electrical characteristiCs ...........ccccveeiiiiiiiciii e 184
Taple 34 — Transmitter device termination characterisStiCS...........uviiiiiiiiiiii e 185
Taple 35 — Transmitter devige ;signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as

measured with the zero-length test load at IT and CT ... e 186
Taple 36 — Transmittercddevice signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as

measured with eachtest 10ad at IT and CT ....oooiiiiiii e 188
Taple 37 — Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and

LSRN o1 /LT T A = o X O PO PERRPPRR 189
Taple 38 — Transmitter device common mode voltage limit characteristics............ccccevviiiiii 190
Taple 39 =Maximum limits for S-parameters at ITsor CTg. . . ot

Table — lraine IS, IU/s, an IS reference transmitter aevice characteristicCs a

= oo IO I oo ] 0] o] 1F=T g ez YN oo o | SRR 193
Table 42 — Transmitter device signal output characteristics for trained 12 Gbit/s at ET, IT, and CT ............ 196
Table 43 — 12 Gbit/s transmitter device common mode voltage limit characteristics..........c..cococcciiie 199
Table 44 — Transmitter coefficient requests and corresponding transmitter circuit response....................... 200
Table 45 — Transmitter circuit coefficient presets at ET ... 203
Table 46 — 12 Gbit/s maximum limits for S-parameters at [Tgor CTg__ 204
Table 47 — 12 Gbit/s reference transmitter device characteristics at ET..........cccoccoiiiiii e 206
Table 48 — Transmitter device characteristics for trained 12 Gbit/s at ET and ER ...........ccco s 207

Table 49 — Transmitter device signal output characteristics for 12 Gbit/s at CTS when an active cable
1S3 eTo] a1 1= o1 (=Y o SRR 208


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -13 -

Table 50 — Transmitter device signal output characteristics for OOB signals.........ccccccvevieieeeeiniiinciiiieee, 209
Table 51 — Receiver device general electrical characteristics ...........ccoovveiiiiiiiiiii e, 211
Table 52 — Recommended receiver device common mode tolerance for 6 Gbit/s, and 12 Gbit/s................ 211
Table 53 — Receiver device termination characteristics. ... 212
Table 54 — Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as measured with the

zero-length test load at IR and CR....... ..o e e ee s b e e e 213
Table 55 — Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s at IRand CR ...........cccccceeeeeeen. 214
Table 56 — Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s at IRand CR.................... 215
Table 57 — fin, fe, @and fiax for untrained 1.5 Gbit/s and 3 Gbit/s.........cccoovciiiicii e 216
Taple 58 — Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s at TR

and CR compPlianCe POINT.......coiiiiiie e e e et e e e s rnee e e e e s reeeeesneeeeese e 416
Taple 59 — Maximum limits for S-parameters at IR or CR .........oiiiiiiiiiii e 17
Taple 60 — Reference receiver equalization stage characteristics for trained 12 Gbit/s ................. ool 219
Taple 61 — Stressed receiver device jitter tolerance test characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

= Lo G €1 o) USSR i ASPURPRRRRRRR 422
Taple 62 — Number of bits received per number of errors for desired BER ...........cccccccccea” N e, 424
Taple 63 — ISI generator characteristics for trained 12 Gbit/s at ET and ER ..........cccc.. e, 427
Taple 64 — RJ characteristics for trained 12 Gbit/s stressed receiver device tolerance test...........cccccee..... 428

Taple 65 — f.,in, fo, @and f,ax for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s'without SSC support... 429
Taple 66 — fiin, foo fmax» @nd SJj¢ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s,\and 12 Gbit/s with

ST R ¥ o] oo ] SRR S SRS 429
Taple 67 — Delivered signal characteristics for OOB Signals ..........coooeee N i 430
Taple 68 — SSC Modulation tYPES.........eeiiiiiiiieee e et e e ee e 430
Taple 69 — SAS phy transmitter SSC modulation types...........ccoce S 431
Taple 70 — Expander phy transmitter SSC modulation types ... 0 e 432
Taple 71 — Receiver SSC modulation types tolerance...........af .t 432
Taple 72 — Expander device center-spreading tolerance bUffer ... 433
Taple 73 — Output characteristics of the READY LED Sigial.........ccooouiiiiiiiiiiiei e 435
Taple 74 — Characteristics of the POWER DISABLE signal applied to the SAS target device.................... 436
Taple 75 — OOB signal timing SpecCifiCations..........s 8 e 437
Taple 76 — OOB signal transmitter device reqQUIFEMIENTS ............oiiiiiiiiiiii e 438
Taple 77 — OOB signal receiver device burst time detection requirements ............cccccooiiiii e, 440
Taple 78 — OOB signal receiver device idle time detection requirements.............ccccccovciiiiiiec e 240
Taple 79 — OOB signal receiver device negation time detection requirements ............ccccccevviiiiiiiieee s 440
Taple 80 — SATA port selection signal transmitter device requirements............cccccvveevieeee e, 441
Taple A1 — JTPAT fOr RD ... eiiee ettt sttt s et e e st e e st e e s tee e e saeeasteeesnteeesnseeesnseeanseeeannaeeeanneeans 42
TaPle A.2 — JTPAT fOr RD- ... rm it ee e ieie e et e sttt e st ee e stte e s et e e s teeesseeeanteeaasaeeansaeeeanseeesnseesanseeanseeeansaeeennsenans 243
Taple D.1 — Crosstalk transmitter CharacteriStiCS.........oouuuuiiiiiiiiiiie e 495

Taple D.2 — S-parameter files for transmitter devices connected to separable TxRx connection segment.. 296
Taple D.3 — The S-parameter files for a transmitter device connected to a non-separable TxRx

CONNECLION SEOIMEBAT.......eeiiiiii ittt ettt ettt et e e e et e e e bbbt e e e et e e e e e e e e s s abe b eeaeeeeeeeaeeannnrrneeees 498
Taple D.4 — S-parameter files for a TXRx connection segment ............ccooiiiiiiiiiiiii e 301
Taple D.5 — Ssparameter files for stressed receiver device delivered signal calibration.................cocccccee. 303
Taple F.1 —High frequency jitter source amplitudes............cooiiiiiiiiiiiie e 325
Taple F.2=-Low frequency jitter source calibration amplitudes ..........cccccceeiiiiiiiiii e 327
Taple F.3 — Low frequency jitter attenuation targets ..o 328

L= o] G R IR =T o F= 10 Fo3l oTo o [ 1< 338



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-14 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 154: Serial Attached SCSI - 3 (SAS-3)

FOREWORD

1) ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

International Standard ISO/IEC 14776-154 was prepared by subcommittee 25: Interconnection of informat
teghnology equipment, of ISO/IEC joint technical committee 1: Information technology.
Thispublication-contains—attached-fites-theformof-S-parameterfitesrequired-for-etectrical-performar

members of ISO or IEC participate in the development of International Standards through teghhi
committees established by the respective organization to deal with particular fields of-techni
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internatio
organizations, governmental and non-governmental, in liaison with ISO and IEC, also_take part in

work. In the field of information technology, ISO and IEC have established a joint technical committ
ISO/IEC JTC 1.

The formal decisions or agreements of IEC and ISO on technical matters iexpress, as nearly
possible, an international consensus of opinion on the relevant subjects. since each techni
committee has representation from all interested IEC National Committees and ISO member bodig
IEC, ISO and ISO/IEC publications have the form of recommendations‘for international use and

accepted by IEC National Committees and ISO member bodies in(that sense. While all reasona
efforts are made to ensure that the technical content of IEC4+1SO and ISO/IEC publications
accurate, IEC or ISO cannot be held responsible for the way in which they are used or for 3
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees and ISO member bod
undertake to apply IEC, ISO and ISO/IEC publications'fransparently to the maximum extent possi
in their national and regional publications. Any divergence between any ISO, IEC or ISO/I
publication and the corresponding national or regional publication should be clearly indicated in

latter.

ISO and IEC do not provide any attestation\of conformity. Independent certification bodies prov
conformity assessment services and, in;some areas, access to IEC marks of conformity. ISO or |
are not responsible for any services carried out by independent certification bodies.

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

No liability shall attach to IEC or1SO or its directors, employees, servants or agents includ
individual experts and mentbers of their technical committees and IEC National Committees
ISO member bodies for any personal injury, property damage or other damage of any naty
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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 IB
ISO or ISO/IEC publications.

Attention is drawn’ to the normative references cited in this publication. Use of the refereng
publications is\indispensable for the correct application of this publication.

Attentionds,drawn to the possibility that some of the elements of this ISO/IEC publication m
be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any|
all such patent rights.
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measurements and examples of scripts for running simulations.

ce

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.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2, except as described in
3.4 and 3.5..

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 document using a colour printer.
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INTRODUCTION

The SCSI family of standards provides for many different transport protocols that define the rules for
exchanging information between different SCSI devices. This document specifies the functional requirements
for the Serial Attached SCSI (SAS) physical interconnect, which is compatible with the Serial ATA physical

interconnect. The SAS Protocol Layer - 3 (SPL-3) standard documents the SAS protocol layer correspondi

ng

to the Serial Attached SCSI - 3 (SAS-3), defining the rules for exchanging information between SCSI devic
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 document to the other standards and related projects in the SCSI

farpily of standards.

ES

SCSI/ATA Translation
(SAT-3 (ISO/IEC 14776-923))

Direct-access block device
command set
SBC-3 (ISO/IEC 14776-323)

Other device-type specific
command sets (e.g.,
SSC-3
(ANSI INCITS 467-2011))

Primary command set
(shared for all device types
SPC-4 (ISO/IEC 14776-454

~

\\J’

SCSI transportprotocols (e.g.,

FCP-3 (ISO/NEC 14776-223),
SPL- /IEC 14776-263))

N\

SCSI Architecture Maodel

(SAM-5 (ISO/IEC 14776-415))

Interconnects (e.g.,

SPI-5 (ISO/IEC 14776-115),
SAS-3 (ISO/IEC 14776-154))

Figure 1 — SCSI document relationships
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Figure 2 shows the relationship of this document to other standards and related projects in the ATA family of
standards.

(Packet-delivered command sets)

ATA/ATAPI
Command set-2 Primary command set

ACS-2 (ISO/IEC sets (shared for all device types)
17760-102) (SPC-4 (ISO/IEC 14776-454))

A

Device-type specific command

ATA transport protocols (e.g., ™
Serial ATA, SPL-3 (ISO/IEC 14776-263)) \QD

ATA physical interconnects (e.g.,
SAS-3 (ISO/IEC 14776-154),
Serial ATA)

ATA/ATAPI-8 Architecturpe Model
(ATA8-AAM (INCITS 45[1-208))

Figure 2 — ATA document relationships

Figure 1 and figure 2 show the general relationship of the documents to one another, and 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
befween conforming implementations. This document is afunctional description. Conforming implementations
mgy employ any design technique that does not violatelinteroperability.
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s part of ISO/IEC 14776 defines the physical layer of the Serial Attached SCSI (SAS) interconnect.

Normative references

e following documents are referred to in the text in such a way that some or all of their contentyconstitutq
uirements of this document. For dated references, only the edition cited applies. For undated reference
latest edition of the referenced document (including any amendments) applies.

D/IEC TR 14165-117, Information technology — Fibre channel — Part 117: Methodologies for jitter and sigH
lity (MJSQ) ! 2

D/IEC 14776-151, Information technology - Small Computer System Interface (SCSI) — Part 151: Serial
ached SCS/ -1.1 (SAS-1.1)

D/IEC 14776-153, Information Technology - Small Computer Systeminterface (SCSI) — Part 153: Serial
ached SCSI - 2.1 (SAS-2.1)

CITS 457-2010, Information Technology - Serial Attached SCSI-)2 (SAS-2)
CITS 492-2015, SAS Protocol Layer-3 (SPL-3)

CITS 515-2016, SCSI Architecture Model - 5 (SAM-5)

ial ATA Revision 3.1 (SATA). 18 July 2011 3

F-8086, Compact Multilane Series: Common Eléments 4

F-8087, Compact Multilane Series: Unshiglded 4

F-8088, Compact Multilane Series: Shielded *

F-8147, 54mm x 71mm Form Facter w/micro SAS Connector 4

F-8223, 2.5" Drive Form Factorwith Serial Connector #

F-8323, 3.5" Drive Form Factor with Serial Connector #

F-8410, HSS Copper Testing and Performance Requirements 4

F-8416, Measurement and Performance Requirements for HPEI Bulk Cable 4
F-8449, Mini'‘Multilane Series Management Interface 4

F-8460,.HSS Backplane Design Guidelines 4

F-8484; Multi-Lane Unshielded Serial Attachment Connectors *

SH

S

.

al

F=8485, Serial GPIO (SGPIO) Bus *

SFF-8486, Serial Attachment Micro Connector 4

. INCITS TR-35-2004
. When MJSQ is referenced from this document, the FC Port terminology used within MJSQ is
substituted with SAS phy terminology.
3. Serial ATA specifications are available from the Serial ATA International Organization (see
http://www.sata-io.org).
4. SFF specifications are available from the SNIA SFF Technology Affiliate (see
http://www.snia.org/sff).

N —
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SFF-8523, 5.25" Drive Form Factor with Serial Connector

SFF-8630, Serial Attachment 12 Gbs 4X Unshielded Connector (Style B) 4
SFF-8636, Shielded Cables Common Management Interface 4

SFF-8639, Multifunction 12 Gb/s 6X Unshielded Connector *

SFF-8643, Mini Multilane Series: Unshielded HD Integrated Connector 4
SFF-8644, Mini Multilane Series: Shielded HD Integrated Connector 4

SHF-8680, Serial Attachment 72 Gb/s 2X Unshielded Connector *
SHF-8685, QSFP+ 14 Gb/s 4X Pluggable Transceiver Solution (QSFP14)
SHF-9639, Multifunction 12 Gb/s 6X Unshielded Connector Pinouts 4

Tolichstone® File Format Specification. Revision 1.1. IBIS Open Forum '

1. Touchstone® s a registered trademark of Agilent Corporation. This information is given for the con-
venience of users of this document and does not constitute an endorsement by IEC or ISO. For more
information on the Touchstone specification, contact the IBIS Open Forum (see
http://www.eigroup.org).
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3 Terms, definitions, symbols, abbreviations, keywords, and conventions

3.1 Terms and definitions
For the purposes of this document the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

"IEC Electropedia: available at http://www.electropedia.org/
"ISO Online browsing platform: available at http://www.iso.org/obp

7)

197
o

BUJ
part of DJ (see 3.1.24) not aligned in time with the signal being measured

Note 1 to entry: Specifically, BUJ excludes ISI (see 3.1.48) and duty cycle distortion.
Note 2 to entry: See MJSQ.
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31.7
burst time
part of an OOB signal (see 3.1.61) where the OOB burst (see 3.1.57) is transmitted

Note 1 to entry: See 5.11.
3.1.8

byte
sequence of eight contiguous bits considered as a unit

furjction provided by the receiver circuit responsible for producing a regular clockvsignal (i.e., the recovereq
clgck) from the received signal and for aligning the recovered clock to the symbols (i.e., bits) being transmitt
with the signal

Ngte 1 to entry: CDR uses the recovered clock to recover the bits.
Ngte 2 to entry: See MJSQ.

A1

common SSC transmit clock

implementation that employs a single transmit clock for;multiple transmitter devices and enables or disable

SYC (see 5.8.6) on the transmit clock signal to all transmitter devices in common rather than allowing each
trapsmitter device to independently control SSC

A2
compliance point
interoperability point where interoperability specifications are met

Ngte 1 to entry: See 5.3.

cohnector

D

elgctro-mechanical components consisting of a receptacle and a plug that provide a separable interface

between two transmission segments

Note 1 to entry: See 5.4.3.

3.1.15

consecutive identical digits

CID

serial bit stream with repeated data bits of the same binary value
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3.1.16

cumulative distribution function

CDF

probability that jitter (see 3.1.49) is less than a given value

Note 1 to entry: See MJSQ.

3.1.17
D.C. idle

differential eignal level that is nnminnlly Q \/(D_D), used r*luring the idle time. (enn 31 AR) and nngnfinn time.

(sge 3.1.56) of an OOB signal (see 3.1.61) when D.C. mode (see 3.1.18) is enabled
Ngte 1 to entry: See 5.8.4.

3.1.18

D.C. mode

mqgde in which D.C. idle (see 3.1.17) is used during the idle time (see 3.1.46) and negation, time (see 3.1.5p)
of an OOB signal (see 3.1.61)

3.1.19

dala dependent jitter

= Ry, then this ratio is equivalent to 20 times the common logarithm of the relative voltage ratio
.g., dBis 20 x log4q (V4 / V5)). A ratio of 1, results in a dB value of 0 (e.g., 20 x log4q (1) = 0 dB), a ratio

Nate 1 to entry: 20-mV(rms) is equal to 20 x log1o(20 mV / 1 mV) = 26 dBmV. This does not depend on th
impedance level.

14

.22
milliwatts

er value relative to 1 m\W

Note 1 to entry: 20 mW is equal to 10 x log1g(20 mW / 1 mW) = 13 dBm. If power is measured with a 50 Q
impedance level, then 20 mW is equivalent to (0.02 W x 50 Q){"2) = 1V or 60 dBmV. If power is measured
with a 25 Q impedance level (i.e., the reference impedance for common mode measurements), then

20 mW is equivalent to (0.02 W x 25 Q)("2) = 0.707 V or 57 dBmV.

3.1.23

decision feedback equalizer

DFE

nonlinear equalizer that uses a feedback loop based on previously decoded symbols
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3.1.24

deterministic jitter

DJ

jitter (see 3.1.49) with non-Gaussian distribution that is bounded in amplitude and has specific causes

Note 1 to entry: See MJSQ.

3.1.25
direct current

elgctronic.interfaces for one or more end device(s) (see 3.1.35) and/or expander device(s) (see SPL-3)

Ngte-) to entry: Provides the outermost electromagnetic boundary and acts as an EMI barrier.

3.1.32
enclosure in port
set of expander phys with subtractive routing attributes using the same external connector (see 5.4.3.5)

Note 1 to entry: See SPL-3.

al
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3.1.33

enclosure out port

set of expander phys with table routing attributes in an expander device that does not support table-to-table
attachment using the same external connector (see 5.4.3.5)

Note 1 to entry: See SPL-3.

3.1.34
enclosure universal port

set-of expanderphvs with table routing-attributes in-an-expander device that supports-table-to-table
Lol Lo 4 ~J L rr

attachment using the same external connector (see 5.4.3.5)
Ngte 1 to entry: See SPL-3.

simulation performed from a reference transmitter or from a captured signalio a reference receiver device
3.1.37
pripted circuit board copper conductor path

3.1.38

expander device

deyice that is part of a service delivery subsystem (see"SAM-5), facilitates communication between SAS
deyices (see 3.1.89) and SATA devices (see 3.1.93)

Ngte 1 to entry: See SPL-3.

3.1.39
expander phy
phy in an expander device that interfaces to a service delivery subsystem (see SAM-5)

Ngte 1 to entry: See SPL-3.

3.1.40

expander port
expander device object that interfaces to a service delivery subsystem (see SAM-5) and to SAS ports in othHer
deyices

Ngte 1 to entry: See SPL-3.

enclosure with only minor compromlse to the shield effectiveness of the enclosure (e. g a M|n| SAS 4x
receptacle or Mini SAS HD receptacle)

Note 1 to entry: See 5.4.3.5.
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3.1.42

eye contour

locus of points in a signal level versus time eye diagram where the CDF of 10712 in the actual signal
population exists

Note 1 to entry: Comparison of the measured eye contour to the jitter eye mask determines whether a jitter
eye mask violation has occurred.

Note 2 to entry: For simulations, a CDF of 10°1% is used.

Note-3 _to entny. See 583 and MJSQ

redquction in therdistinction of a pulse caused by overlapping energy from neighboring pulses

Nate 1 tosentry: Neighboring pulses are pulses that are close enough to have significant energy overlapping
thg affected pulse and does not imply or exclude adjacent pulses (i.e., many bit times (see 3.1.5) may
separate the pulses, especially in the case of reflections).

Note 2 to entry: May result in DDJ and vertical eye closure.

Note 3 to entry: Produced by several mechanisms (e.g., dispersion, reflections, and circuits that lead to
baseline wander).

Note 4 to entry: See MJSQ.
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3.1.49

jitter

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

Note 1 to entry: See MJSQ.

3.1.50
jitter timing reference

siqnalused-as-the basis for r\nlr\nlnfing the JiiHnr‘ inthe eignnl under test

3.1.55

nepr-end crosstalk

NEXT

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

Ngte 1 to entry.The terminals of the disturbed channel, at which the near-end crosstalk is present, and th¢
engrgized tefminals of the disturbing channel are usually near each other.

(see 3.1.57)
Note 1 to entry: See 5.11.

3.1.57
OOB burst
transmission of signal transitions or ALIGN3 primitives for a burst time (see 3.1.7)

Note 1 to entry: See 5.11.1.
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3.1.58

OOB idle

transmission of D.C. idle (see 3.1.17) when D.C. mode (see 3.1.18) is enabled or a defined sequence of
dwords when optical mode (see 3.1.62) is enabled

3.1.59

OOB interval

time basis for burst times (see 3.1.7), idle times (see 3.1.46), negation times (see 3.1.56), and signal times
(see 3.1.100) used to create OOB signals (see 3.1.61)

Ngte 1 to entry: See 5.11.1.

3.1.60
OQB sequence
sefluence where two phys exchange OOB signals (see 3.1.61)

Ngte 1 to entry: See SPL-3.

ical mode
de in which a defined sequence of dwords is used during the idle time (see 3.1.46) and negation time
e 3.1.56) of an OOB signal (see 3.1.61)

e 1 toentry: See 5.11.

sive cable assembly
cable assembly (see 3.1.9) that does not require external power for internal circuitry used in the transmissi
of the signal through the cable assembly

3.1.64

pagsive TxRx connection

coplete simplex signal path-between the transmitter circuit (see 3.1.109) and receiver circuit (see 3.1.75)
thgt does not include powered circuitry used in the transmission of the signal through the TxRx connection
(sqe 3.1.114)

Ngte 1 to entry: Se€5.5.1.

3.1.65

ph
oblect intaidevice that is used to interface to other devices

DN

EXIAMPLE - An expander phy (see 3.1.39) or a SAS phy (see 3.1.90).

Note 1 to entry: See 4.1.

3.1.66
physical interconnect TxRx connection segment
PICS

TxRx connection segment (see 3.1.115) used to model channel loss between the TDCS (see 3.1.113) and the

RDCS (see 3.1.79)
Note 1 to entry: See 5.3.3.


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

- 28— ISO/IEC 14776-154:2017 © ISO/IEC 2017

3.1.67
physical link
two differential signal pairs, one pair in each direction, that connect two physical phys (see 3.1.65)

Note 1 to entry: See 4.1.

3.1.68
physical link rate
link rate between two physical phys established as a result of speed negotiation between those phys

3.1.76

receiver circuit TXRx connection segment

RCCS

TxRx connection segment (see 3.1.115) used to model package loss within the simulated receiver circuit (see
3.1.75)
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3.1.77
reference clock
clock generated by the PLL

Note 1 to entry: This clock is filtered by the JTF (see 5.8.3.2) and aligned with the zero-crossing instants.
3.1.78

receiver device
Rx

deudice-downstream-from-a-receiver device compliance-point (see 3.1.12) containing-a-portion-of the physical
L Ll \ 7 =4 L L 4

link and a receiver circuit (see 3.1.75)

3.1.79

re¢eiver device TxRx connection segment

ROCS

TxRx connection segment (see 3.1.115) between the simulated receiver circuit (see 3.1.78)@nd a separab
connector

3.1.80

reference pulse response cursor

pepk to peak

cursor that is twice the amplitude of the response to a one Ul wide positivé-pulse of the same amplitude an
trapsmitter equalization as the data stream it represents (see 5.7.3), sampled at the reference sampling
ingtant (see 3.1.83)

3.1.81

reference receiver device

sef of parameters defining electrical performance characteristics that provide a set of minimum electrical
pefformance requirements for a receiver device and thatare also used in mathematical modeling to determi
copliance of a TxRx connection or transmitter device

Ngte 1 to entry: See 5.8.5.7.3.

3.1.82
reference sampling clock
reference clock (see 3.1.77) shifted by 0:5 Ul (see 3.1.116)

3.1.83

reference sampling instant

ingtant at which a referenee sampling clock (see 3.1.82) samples the maximum amplitude of the response
a positive pulse generated-using the reference sampling clock

Nagte 1 to entry: Seefigure 118.

3.1.84

reference transmitter device

sef of parameters defining electrical performance characteristics of a transmitter device that are used in
mgthématical modeling to determine compliance of a TxRx connection

to

Nofe T 1o entry: See 5.8.4.6.5 and 5.8.4.7.3.

3.1.85

reference transmitter test load

set of S-parameters defining the electrical characteristics of a TxRx connection used as the basis for
transmitter device and receiver device performance evaluation through mathematical modeling

Note 1 to entry: See 5.6.5.
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3.1.86
reflection coefficient

P
ratio of reflected voltage to incident voltage

3.1.87
return loss
ratio, usually expressed in dB, of incident power to reflected power

Note1_to nnfry- The dB mngnih 1de of S O Q“ isthe nngnfi\/n of return loss in dB

e 2 to entry: See clause F.11

.88
time
e interval for the rising signal edge to transit between specified percentages of the signat.amplitude

e 1 to entry: In this document, the measurement points are the 20 % and 80 % voltage'levels.
e 2 to entry: Also see fall time (see 3.1.43).
.1.89

S device
S initiator device (see SPL-3) and/or SAS target device (see SPL-3)

device that contains a SATA device port in an ATA domain
e 1 to entry: See SPL-3.

94

phy
phy in a SATA device (see SPL-3) or SATA port selector (see SPL-3) that interfaces to a service delivery
subsystem (see SAM-5)

Note 1 to entry: Analogous to a SAS phy (see 3.1.90).

3.1.95

Serial ATA

SATA

protocol defined by SATA (see clause 2)
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3.1.96

Serial Attached SCSI

SAS

set of protocols defined in SPL-3 and the interconnect defined by this document

3.1.97
signal
detectable transmitted energy that is used to carry information

teghpique of modulating the operating frequency of a transmitted signal (i.e., the physical link rate) to reduge
tha_measured peak amplitude of radiated emissions

Note 1 to entry: See SPL-3.

3.1.105
symbol
smallest unit of data transmission on a physical link (i.e., a bit)

Note 1 to entry: A symbol represents a single transition if the maximum transition rate (i.e., a 0101b pattern)
is occurring.
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3.1.106

total jitter

TJ

jitter (see 3.1.73) from all sources

Note 1 to entry: See MJSQ.

3.1.107

trained
ph\/cir\nl link rate nngnfinfnrl with Train Rx-SN\WL

Ngte 1 to entry: See SPL-3.

complete simplex signal path between the transmitter circuit (see 3.1.109) and receiver circuit (see 3.1.75)
Note 1 to entry: See 5.5.1.

3.1.115

TxRx connection segment

portion of a TxRx connection (see 3.1.114) delimited by separable connectors or changes in the conductive
material

Note 1 to entry: See 5.5.1.
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3.1.116

unit interval

ul

normalized, dimensionless, nominal duration of a symbol (see 3.1.105)

EXAMPLE - 666.6 ps at 1.5 Gbit/s, 333.3 ps at 3 Gbit/s, 166.6 ps at 6 Gbit/s, and 83.3 ps at 12 Gbit/s.

Note 1 to entry: The Ul is the reciprocal of the baud rate (i.e., Ul = 1/ f,,,4) (see 3.1.3).

3.7

unmanaged active connector category

cafegory of connectors that support power for Mini SAS 4x active external cable assemblies (see 5,4.4,2.2
buf do not support cable assemblies with a cable management interface

Ngte 1 to entry: See 5.4.3.2.

118

unmanaged passive connector category

cafegory of connectors that do not support power for Mini SAS 4x active external gable assemblies
(sge 5.4.4.2.2) and do not support cable assemblies with a cable management interface

Ngte 1 to entry: See 5.4.3.2.
119

unitrained
physical link rate not negotiated with Train_Rx-SNW

Ngte 1 to entry: See SPL-3.
120

uspge variable
SASWDP parameter set to a value that determinesif the stressor file is to be added to the simulation

Ngte 1 to entry: See Annex B.

trapsmitting a particular pattern and a particular test load with a reference receiver device
Ngte 1 to entry: See 5.8.4.6.1 and Annex B.

3.2 Symbols and abbreviations

[

3.2.1 Abbreviations
See Annex J for abbreviations of standards bodies (e.g., ISO).

Units and abbreviations used in this Document:

Abbreviation Meaning

A.C. alternating current (see 3.1.2)
ATA AT attachment
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Abbreviation  Meaning

AWG American wire gauge (see ASTM Standard B 258-02 ) (see Bibliography)
BER bit error ratio (see 3.1.4)

BUJ bounded uncorrelated jitter (see 3.1.6)

C1 coefficient 1 (see 5.8.4.7.3)

C2 coefficient 2 (see 5.8.4.7.3)

C3 coefficient 3 (see 5.8.4.7.3)

CDF cumulative distribution function (see 3.1.16)

CDR clock data recovery (see 3.1.10)

CIC compliance interconnect channel (see SATA)

CID consecutive identical digits (see 3.1.15)

CJTPAT compliant jitter tolerance pattern (see 3.1.13)

CR inter-enclosure (i.e., cabinet) receiver device compliance point (see*5.3)
CT inter-enclosure (i.e., cabinet) transmitter device compliance point (see 5.3)
D.C. direct current (see 3.1.25)

DCD duty cycle distortion (see 3.1.28)

DDJ data dependent jitter (see 3.1.19)

DFE decision feedback equalizer (see 3.1.23)

DJ deterministic jitter (see 3.1.24)

EMI electromagnetic interference (see 3.1.30)

ER end to end transmitter device compliance point (see 5.3)

ESD electrostatic discharge

ET end to end receiver device compliance point (see 5.3)

G1 generation 1 physical linkrate (i.e., 1.5 Gbit/s)

G2 generation 2 physicahlink rate (i.e., 3 Gbit/s)

G3 generation 3 physical link rate (i.e., 6 Gbit/s)

G4 generation 4 physical link rate (i.e., 12 Gbit/s)

Gbit/s gigabit pef'second (i.e., 109 bits per second)

Gen1i SATA generation 1 physical link rate (i.e., 1.5 Gbit/s) (see SATA)

Gen2i SATA-generation 2 physical link rate (i.e., 3 Gbit/s) (see SATA)

Gena3i SATA generation 3 physical link rate (i.e., 6 Gbit/s) (see SATA)

GPIO general purpose input/output

HD high-density

IR intra-enclosure (i.e., internal) receiver device compliance point (see 5.3)
1Sl intersymbol interference (see 3.1.48)

T iNtra-enclosure (i.€., internal) ransmitter device compliance point (SEe 5.3)

JMD jitter measurement device

JTF jitter transfer function (see 5.8.3.2)

JTPAT jitter tolerance pattern (see 3.1.52)

LED light-emitting diode

LMS least mean square (see 3.1.53)

MJSQ Methodologies for Jitter and Signal Quality Specification (see clause 2)

N/A not applicable
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Abbreviation
NEXT

Meaning
near-end crosstalk (see 3.1.55)

00B out-of-band

OOBI out-of-band interval (see 3.1.59)

PCB printed circuit board

PICS physical interconnect TxRx connection segment (see 3.1.66)

PJ periodic jitter

PLL phase lock loop

P-P peak to peak

RCCS receiver circuit TXRx connection segment (see 3.1.76)

RD running disparity (see SPL-3)

RDCS receiver device TxRx connection segment (see 3.1.79)

RJ random jitter (see 3.1.73)

RR receiver device die attachment point to RCCS

Rx receiver device (see 3.1.78)

RTTL reference transmitter test load (see 3.1.85)

SAM-5 SCSI Architecture Model - 5 standard (see clause,2)

SAS Serial Attached SCSI (see 3.1.96)

SAS-1.1 Serial Attached SCSI 1.1 (see clause 2)

SAS-2 Serial Attached SCSI 2 (see clause 2)

SAS-2.1 Serial Attached SCSI 2.1 (see clause’?)

SATA Serial ATA (see 3.1.95) or the Serial ATA 3.1 specification (see clause 2)

SCSI Small Computer System Interface

SGPIO serial GPIO (see clause 2)

SJ sinusoidal jitter (see 3/4.103)

SMA subminiature version A connector (see Bibliography)

SPC-4 SCSI Primary Commands - 4 standard (see Bibliography)

SPL-3 SAS Protocol Layer - 3 (see clause 2)

SSC spread spectrum clocking

STP Sefial"ATA Tunneled Protocol

TCCS transmitter circuit TxRx connection segment (see 3.1.110)

TCTF transmitter compliance transfer function (see 3.1.111)

TDCS transmitter device TxRx connection segment (see 3.1.113)

TDNA time domain network analyzer (i.e., TDR/TDT plus analysis software that performs a
VNA-style output)

TDR tirme-demainreflectometer

TDT time domain transmission

TJ total jitter (see 3.1.106)

TTIU transmitter training information unit (see SPL-3)

Tx transmitter device (see 3.1.112)

ul unit interval (see 3.1.116)

VMA voltage modulation amplitude (see 3.1.121)

VNA vector network analyzer
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Abbreviation  Meaning

WDP waveform dispersion penalty (see 3.1.122)
XCS crosstalk connection segment (see 5.5.6)
3.2.2 Symbols
3.2.2.1 Units
Units_used-in this document:
Units Meaning
1B decibel (see 3.1.20)
dBm decibel milliwatts (see 3.1.22)
HBmV decibel millivolts (see 3.1.21)
(GHZz gigahertz (i.e., 109 cycles per second)(i.e., 3'9)
Hz hertz (i.e., cycles per second)(i.e., s'1)
kHZz kilohertz (i.e., 108 cycles per second)(i.e., s'3)
kO kiloohm (i.e., 103 ohms)
LA microampere (i.e., 106 amperes)
s microsecond (i.e., 106 seconds)
m meter
mA milliampere (i.e., 103 amperes)
MBps megabytes per second (i.e., 108 bytes per second)
MHz megahertz (i.e., 108 cycles per second)(i.e., 3'6)
ms millisecond (i.e., 103 seconds)
mvV millivolt (i.e., 107 volts)
mwW milliwatt (i.e., 103 watts)
hF nanofarad (i.e., 10:%farads)
ns nanosecond (i.e.; 107 seconds)
bpm parts per mitlion (i.e., 10'6)
ps picosecond (i.e., 10~ seconds)
rms rogtimean square (i.e., quadratic mean)
5 second (i.e., unit of time)
v volt
W watt
3.2.2.2 Mathematical operators
M3athematical operators used in this document:
Mathematical Meaning
Operators
e 2.718 28..., the base of the natural (i.e., hyperbolic) system of logarithms
sgn signum function (i.e., sign function)
A exclusive logical OR
< less than
< less than or equal to
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Mathematical

Operators Meaning
> greater than
> greater than or equal to
+ plus or minus
x multiplication
division
v| the absolute value (i.e., magnitude) of v
~ approximately equal to
(2 convolution

3.2.2.3 Other symbols

Other symbols used in this document:

Symbols
PXxX.y

Ko

Rpost
Rpre

®
Sii

Sccij

Scij

Spcij

SDDij

A (delta)

o (phi)

r (pi)

b (rho)

r (tau)

[) (omega)

Meaning

data character (see 3.1.19)

output gain

post cursor equalization ratio (see 3.1.71)

precursor equalization ratio (see 3.1.72)

registered trademark

S-parameter for port j to port i (see clause F.11)

S-parameter for common mode to cemmon mode port j to port i (see clause F.11)
S-parameter for differential to common mode port j to port i (see clause F.11)
S-parameter for common madé to differential port j to port i (see clause F.11)
S-parameter for differential to differential port j to port i (see clause F.11)
difference operator

phase

3.141 59... , theratio of the circumference of a circle to its diameter
reflection(coefficient (see 3.1.86)

time constant

ohmy(i.e., unit of electrical resistance)



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-38 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

3.3 Keywords

3.31
invalid
keyword used to describe an illegal or unsupported bit, byte, word, field or code value

Note 1 to entry: Receipt of an invalid bit, byte, word, field or code value shall be reported as an error.
3.3.2

mandatory
keyword indicating an item that is required to be implemented as defined in this document

3.3.3
may
keyword that indicates flexibility of choice with no implied preference

3.34
may not
keyword that indicates flexibility of choice with no implied preference

3.35

obisolete

keyword indicating that an item was defined in prior SCSI standards but‘has been removed from this
dofument

3.3.6
option, optional
keywords that describe features that are not required to be implemented by this document

1%
o

Ngte 1 to entry: If any optional feature defined by this document is implemented, then it shall be implement
as|defined in this document.

3.3.7
prohibited
keyword used to describe a feature, fungction, or coded value that is defined in a a non-SCSI standard (i.e.,|a
stgndard that is not a member of the SCSI family of standards) to which this document makes a normative
reference where the use of said feature, function, or coded value is not allowed for implementations of this
stgndard

3.3.8
reserved
keyword referring to‘bits, bytes, words, fields, and code values that are set aside for future standardization

Ngte 1 to entryf{A-reserved bit, byte, word, or field shall be set to zero, or in accordance with a future
exfension to-this document.

Ngte 2 to'entry: Recipients are not required to check reserved bits, bytes, words, or fields for zero values.

Ngte=3 to entry: Receipt of reserved code values in defined fields shall be reported as error.

3.3.9

restricted

keyword referring to bits, bytes, words, and fields that are set aside for other identified standardization
purposes

Note 1 to entry: A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field in the
context where the restricted designation appears.
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3.3.10
shall
keyword indicating a mandatory requirement

Note 1 to entry: Designers are required to implement all such mandatory requirements to ensure
interoperability with other products that conform to this document.

3.3.11
should

keyvword-indicating-flexibilitvof choice with-a-strongly preferred alternative
=4 7 D= A

3.3.12
vendor specific
sopnething (e.g., a bit, field, code value) that is not defined by this document

Ngte 1 to entry: Specification of the referenced item is determined by the SCSI device vendor and may be
used differently in various implementations.

3.4 Editorial conventions

Certain words and terms used in this document have a specific meaning beyond'the normal English meanir|g.
These words and terms are defined either in the glossary or in the text where they first appear.

Uppercase is used when referring to the name of a numeric value definedhin this document or a formal
attfibute possessed by an entity. When necessary for clarity, names of©bjects, procedure calls, arguments|or
discrete states are capitalized or set in bold type. Names of fields.are identified using small capital letters
(e.p., NACA bit).

Quantities having a defined numeric value are identified by large capital letters (e.g., CHECK CONDITION}).
Quantities having a discrete but unspecified value are identified using small capital letters. (e.g., TASK
COMPLETE, indicates a quantity returned by the Execute ' Command procedure call). Such quantities are
as$ociated with an event or indication whose observable behavior or value is specific to a given
implementation standard.

Li

0

ts sequenced by lowercase or uppercase letters show no ordering relationship between the listed items
EXIAMPLE 1 - The following list shows no relationship between the named items:

a) red (i.e., one of the following colors):
A) crimson; or
B) amber;

b) blue; or

c) green.

Ligts sequenced by numbers show an ordering relationship between the listed items.

EXIAMPLE 2 - Thedollowing list shows an ordered relationship between the named items:

1) top;
2) , middle; and
3) “bottom.

Lists-are associated with an introductory paragraph or pnrase, and are numbered relative 1o that paragraph or
phrase (i.e., all lists begin with an a) or 1) entry).

If a conflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is text; then
tables; and finally figures. Not all tables or figures are fully described in the text. Tables show data format and
values.

Notes and examples do not constitute any requirements for implementors and notes are numbered
consecutively throughout this document.
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3.5 Numeric and character conventions

3.5.1 Numeric conventions

A binary number is represented in this document by any sequence of digits comprised of only the Arabic

nu

merals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or spaces may be

included in binary number representations to increase readability or delineate field boundaries (e.g.,

00

010101 11001110b, 00010101_11001110b, 0 0101 1010b, or 0_0101_1010b).

A hexadecimal number is represented in this document by any sequence of digits comprised of only the
Arabic numerals 0 to 9 and/or the upper-case English letters A to F immediately followed by a lower-case h

(e.

A decimal number is represented in this document by any sequence of digits comprised of only(the Arabic

nu

A range of numeric values is represented in this document in the form “a to z”, where a.is the first value
indluded in the range, all values between a and z are included in the range, and z is theylast value included
thg range (e.g., the representation “Oh to 3h” includes the values Oh, 1h, 2h, and 3h).

Va

regresented in the same San-serif font as other information is this document.

Th

Ta

3.5

Th
arg

=

merals 0 to 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

riables (i.e., alphanumeric names that represent values in computations and-other statements) are
s document uses the following conventions for representing decimalnumbers:

b) the thousands separator (i.e., separating groups of threedigits in a portion of the number) is a spa

d) the decimal representation for a year is 1999 not 1, 999.

ble 1 shows some examples of decimal numbers using/various conventions.

Table 1 — Numbering conventions

ISO/IEC United States | This document
0,6 0.6 0.6
3,141 592 65 3.14159265 3.141 592 65
1000 1,000 1 000
1.323 462,95 1,323,462.95 1323 462.95

.2 Units of measure

s document represents values using both decimal units of measure and binary units of measure. Valueg
representedby-the following formats:

a) for values based on decimal units of measure:
1)%—nUmerical value (e.g., 100);
2)" space;

b., FA23h). Underscores or spaces may be included in hexadecimal number representations to increasq
regdability or delineate field boundaries (e.g., B FD8C FA23h or B_FD8C_FA23h).

a) the decimal separator (i.e., separating the integer and fractional portions of the number) is a period;

c) the thousands separator is used in both the integer portion and the fraction portion of a number; and

n

Ce;

3) prefix symbol and unit:

t—decmatprefixsymbot(e-g-, M (see tabte2)amd
2) unit abbreviation;

and

b) for values based on binary units of measure:
1) numerical value (e.g., 1 024);
2) space;
3) prefix symbol and unit:
1) binary prefix symbol (e.g., Gi) (see table 2); and
2) unit abbreviation.
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Table 2 compares the prefix, symbols, and power of the binary and decimal units.

Table 2 — Comparison of decimal prefixes and binary prefixes

Decimal Binary
Prefix name Prefix symbol (b?;:ﬁrm Prefix name Prefix symbol (::sv:;)

kilo k 108 kibi Ki 210
mega M 10° mebi Mi 249
giga G 10° gibi Gi 230
tera T 1012 tebi Ti 240
peta P 1015 pebi Pi 250
exa E 1018 exbi Ei 260
zetta Z 102 zebi Zi 270
yotta Y 1024 yobi Yi 280

3.3.3 Byte encoded character strings conventions

When this document requires one or more bytes to contain specific encoeded characters, the specific

characters are enclosed in single quotation marks. The single quotation.marks identify the start and end of t
characters that are required to be encoded but are not themselves-te be encoded. The characters that are
belencoded are shown in the case that is to be encoded.

An| ASCII space character (i.e., 20h) may be represented in-aystring by the character ‘=’ (e.g., ‘SCSI~devic

The encoded characters and the single quotation marks-that enclose them are preceded by text that specifi

thg character encoding methodology and the number, of characters required to be encoded.

EXIAMPLE - Using the notation described in this subclause, stating that eleven ASCII characters ‘SCSI device’ are to b
en¢oded would be the same writing out the followingysequence of byte values: 53h 43h 53h 49h 20h 64h 65h 76h 69h 6

65M.

he
to

W
~

D

5

[©]
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4 General

4.1 Physical links and phys

A physical link is a set of four wires used as two differential signal pairs. One differential signal transmits in
one direction while the other differential signal transmits in the opposite direction. Data may be transmitted in
both directions simultaneously.

A physical phy contains a transceiver which electrically interfaces to a physical link, which attaches to another
physical phy

Phys are contained in ports (see SPL-3). Phys interface to a service delivery subsystem (see SAM-5).
Fi

dure 3 shows two phys attached with a physical link.

Phy Phy
Transceiver ) o Physical link Transceiver’|
Differential signal pair \ g‘\
transmitter hd m receiver
-Signal N\ / \ N
+Signal\/

Differential signal pair

receiver f‘/ transmitter
-Signal

]
Y

A

A

+Signal \/

Figure 3 — Physical links and phys

Anfattached phy is the phy to which a phy is"attached over a physical link.

The transceiver follows the electrical specifications defined in 5.8. Phys transmit and receive bits at physica
link rates defined in 5.8. The bits are parts of 10-bit characters (see SPL-3), which are parts of dwords
(sge SPL-3). The physical link ratés supported by a phy are specified or indicated by the following fields in the
SMP DISCOVER response (sge,SPL-3), the SMP PHY CONTROL request (see SPL-3), and the Phy Contfol
anfl Discover mode page (s€eySPL-3):

a) the NEGOTIATED-PHYSICAL LINK RATE field;

b) the HARDWAREWIINIMUM PHYSICAL LINK RATE field;

c) the HARDWARE MAXIMUM PHYSICAL LINK RATE field;

d) the PROGRAMMED MINIMUM PHYSICAL LINK RATE field; and
e) the PROGRAMMED MAXIMUM PHYSICAL LINK RATE field.

4.2 Phytest functions

Phly _test functions (e.q., transmission of test patterns) are used for phy and interconnect characterization ahd

diagnosis. The phy may be attached to test equipment while performing a phy test function. See SPL-3 for the
optional mechanisms for invoking phy test function.

Each phy test function is optional.

If the phy test function requires a specific phy test pattern and/or phy test function physical link rate, then the
mechanism for invoking the phy test function (see SPL-3) also specifies the phy test pattern and phy test
function physical link rate.
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5 Physical layer

5.1 Physical layer overview

The physical layer defines:

a) passive interconnect (e.g., connectors and cable assemblies); and
b) transmitter and receiver device electrical characteristics.

Within this document, references to connector gender use the terms plug and receptacle as equivalent to the

ter
fre|

5.]

Th
(e.
de

Th
fr

D

e terminology has no relationship to the application of the connector.

P Conventions for defining maximum limits for S-parameters

e following values are specified by this document to define the maximum limits for certain S-parameters
j., for cable assemblies and backplanes (see 5.5.3), transmitter devices (see 5.8.4.6.3),'and receiver
vices (see 5.8.5.7.2)):

a) L isthe maximum value in dB at the low frequency asymptote;
b) N is the maximum value in dB at 3 GHz;

c) His the maximum value in dB at the high frequency asymptote;
d) Sis the slope in dB/decade;

e) fin is the minimum frequency of interest; and

f)  fmax is the maximum frequency of interest.

e frequencies at which L and H intersect the slope S may or mayfiot be within the region of f.,i, t0 frax. T
fuency for N is based on the Nyquist at 6 Gbit/s.
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Figure 4 shows the values in a graph.
S-parameter
magnitude
0dB . .
Frequencies Frequencies
below f, are above f.care
informative informative
-0 db Freknee
may occur
above, at, or_|
below fiax
-10 dB \/ E - -
©_fo
-15dB Invalid N/
region / C|
-20dB / Valid region| €+
D - o o - -4 \
-25dB ’\ The knee
may occur</
above, aty or
below finin
-30 dB | —p f
0.1 GHz frmin 1\GHz 3GHz 6GHz 10 GHz
(e.g., 0.3 GHz)

Note: graph is not to scale
Figure 4— Maximum limits for S-parameters definitions

5.3 Compliance points

5.3.1 Compliance points overview
A

A TxRx connection segment is that portion of a TxRx connection delimited by separable connectors or
changes innconductive material.

TxRx connectiofi is the complete simplex signal path between the transmitter circuit and receiver circuit.

X

This document defines the electrical requirements of the signal at the following compliance points in a TxR
cofnegction (see table 3):

a) for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT, IR, CT, and CR; and
b) for 12 Gbit/s IT, IR, CT, CR, ET, and ER.

Each compliant phy shall be compatible with these electrical requirements to allow interoperability within a
SAS environment.

The TxRx connection characteristics are defined in 5.5.

Signal behavior at separable connectors requires compliance with signal characteristics defined by this
document only if the connectors are identified as compliance points by the supplier of the parts that contain
the candidate compliance point.


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017

— 45—

Signal characteristics for compliance points are measured at physical positions called probe points in a test
load (see 5.6). Measurements at the probe points in a test load approximate measurements at the compliance
point in the actual TxRx connection. Some components in the test load may be de-embedded as described in

F.5.
Table 3 — Compliance points
Compliance Type Description
point yp P
1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s compliance points
intra-enclosure The signal from a transmitter device, as measured at probe points in
IT L ) \
(i.e., internal) a test load attached with an internal connector.
The location of a transmitter device where S-parametersare
intra-enclosure measured and where the TxRx connection begins for1.5 Gbit/s,
ITg (i.e., internal) 3 Gbit/s, and 6 Gbit/s. This location is at the transmitter device side
U of the internal connector with a test load or a TxRx connection
attached with an internal connector.
intra-enclosure The signal going to a receiver device, as\measured at probe points in
IR L ) \
(i.e., internal) a test load attached with an internal-connector.
inter-enclosure The signal from a transmitter device, as measured at probe points in
CT . . )
(i.e., cabinet) a test load attached with an external connector.
The location of a transmitterdevice where S-parameters are
inter-enclosure measured and where the TxRx connection begins for 1.5 Gbit/s,
CTg (i.e., cabinet) 3 Gbit/s, and 6 Gbit/s>-This location is at the transmitter device side
o of the external connector with a test load or a TxRx connection
attached with an.external connector.
CR inter-enclosure The signal.going to a receiver device, as measured at probe points in
(i.e., cabinet) a test load*attached with an external connector.
|2 Gbit/s only compliance points
ET transmitter circuit The output signal from a transmitter circuit measured with the test
load, TDCS, and TCCS de-embedded.
ER receiver past A point defined at the output of the reference receiver device.
equalization

5.3

Th
bo
o]
o

= =

.2 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s compliance points

e 1.5 Gbit/s, 3 /Ghit/s, and 6 Gbit/s TxRx connection includes the characteristics of the mated connectors
h the transmitter device and receiver device ends. One end of a TxRx connection is a ITg compliance po

CTg compliance point, and the other end of the TxRx connection is the corresponding IR compliance po

CR campliance point.

at
nt
nt
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Figure 5 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s CT compliance points and CR
compliance points using an external cable assembly, and shows how two of the compliance points are tested
using test loads (see 5.6).

Enclosure Enclosure
T T e
| Transmitter device Receiver device :

Transmitter

. y
CITCUIt

Receiver \/
cireuit

o-———

1
____________ SAS external

r-——"—"—~">"~———— cable | | [T~~~ —"——"————7
Receiver device assembly

|

: Receiver
| circuit

|

Testing the top-left CT:

r—t——-—

Transmitter
circuit

Enclosure

- -~~~ "
| Transmitter device |

‘

circuit <
'I'_—_—_—_—_—_—_—_—_—_—_—_: Probe p%@
Receiver device as defi y

I

: < Receiver t\h$ oad
| circuit

' & Testload

I |

|
: Transmitter
|
|

Testing the top-right CR:

Enclosure
TS N
| Transmitter deviee
|
: Transmitter /\ L
I circuif [
! A |
'I:—_—_—_—_—_—_—_—_—_—_—_: S Scsé;tgrna Probe points
| Receiver device assembly as defined by
: iReceiver \ the test load
| circuit
! v Test load

Figure 5 — 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s External cable assembly CT compliance points and CR
compliance points
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Figure 6 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a backplane with a SAS Drive backplane receptacle (see 5.4.3.4.1.3) that is not using SATA and

shows how the compliance points are tested using test loads (see 5.6).

(e.g., a backplane)

(e.g., a disk drive)

—_———— = ——————

Receiver device :

|
I | Transmitter
: circuit

Receiver device

|

I .

| Receiver
: circuit

|

Testing IR:

(e.g., a backplane)

Transmitter

SAS Drive plug

circuit

Receiver device

|

: Receiver
l circuit

|

-

Probe points
as defined by
the test load

Test load

Testing IT:

(e.g., a disk drive)

Probe points
as defined by
the test load

Test load

| i_ ________________ -

|

Receiver :
circuit |

|

SAS Drive backplane receptacle SAS Drive plug

and IR compliance points
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If the backplane supports SATA, then there are no 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points or IR
compliance points. SATA defines the signal characteristics that the SATA phy delivers and that the SAS
backplane is required to deliver to the SATA device, as shown in figure 7.

SAS Drive backplane receptacle SATA device plug

1 |

(e.g., a backplane) SATA device
e Tttt T IR
| Transmitter device Receiver device |
| |
|__|Transmitter Receiver :
: circuit circuit I
- Lt - |
T T T T T A

Receiver device Transmitter device

Transmitter

circuit

No specifications inside
the transmitter or
receiver devices

igure 7 — Backplane with SAS Drive connector 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s compliance poinfs

A\
SATA host and SATA devjcg
characteristics are not defined
in this standard (see-SATA)

with SATA phy attached
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Figure 8 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS multilane internal cable assembly, and shows how two of the compliance points are tested
using test loads (see 5.6).

(e.g., a board) (e.g., a board)

SAS multilane | SAS rglu't"a”e '”:ema' SAS multilane
internal connector cable connector internal connector

_____________ L
rTransmitter device X/ \/ [ Receiver device |
|

Receiver I
circuit :

|
|
| | Transmitter m ( \
: circuit SAS
e N N N N SN SN S multilane —_—_—_—_—_—_—_—_—_—_—_—_—_J]
| Receiver device internal cable Transmitter device®
: Receiver . assembly Transmitter :
| circuit circuit :
|
o o e o ___ | _______________ I
Testing the top-left IT:
(e.g., a board) . SAS multilane internal
. Sl cable connector
m———— internal connector
| Transmitter device X/ | \/
|
| circuit \
R Probegs\
(e o'nt@s
| Receiver device d%&hed by
: Receiver &&est load
| circuit
| J Testl
R | S est load
Testing the top-right IR:
(e.g., a board) , SAS multilane internal SAS multilane
__SASRultiane cable connector internal connector
=== _internal-connector
| Transmitter device X/ | \Z
|
: Transmitter /\ _———
| circuit IS A\S
|
‘l:-_—_-_-_-_-_-_-_-_-_—_: multilane Ei::i:eas
| Receiver device internal cable dofinod by
: < Receiver as‘senﬂbly the test load
| circuit
| \/ Tacst laoad

Figure 8 — SAS multilane internal cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance
points and IR compliance points
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Figure 9 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS multilane internal cable assembly attached to a backplane with a SAS Drive backplane
receptacle (see 5.4.3.4.1.3), where the backplane is not attached to a SATA device, and shows how two of the
compliance points are tested using test loads (see 5.6).

(e.g., a board) (e
. .g.,a (e.g., a board)
SAS multilane | - gag myltilane internal backplane) SAS Drive plug
internal connector cable connector
(T -/
| Transmitter device / \ Receiver device |
: N7 VA AY] VA i
( | Transmitter Receiver I
| circuit circuit |
oo oo __ SAS multilane | [ | N\ | | |o________w ¥ _ _!
f———————— === TSR R T R SR I R ipnlpndntntnipnipnipntiond p: dpaipuipnl
| Receiver device internal cba:ble | Vend_(_)r Transmitter device |
| . assembly |1 specific - I
| Receiver Transmitter |
| circuit circuit :
|
e e _i /*T _______________ I
. 7
Testing the top-left IT: SAS multilane :
J P internal connector SAS Drive
(e.g., a board) . backplane
SAS multilane SAS multilane internal receptacle
internal connector cable connector
rTransmltter device | l/
|
: Transmitter .
| circuit
] Probe
T T~ oints as
| Receiver device d?aﬁln ed by
: < Receiver the test load
[ circuit R
|
T { I Tes @d
Testing the top-right IR: SAS multilane iASk[i“Ve
board internal connector ~ Packpiane
(e.g., a boar )SAS il receptacle
. multilane SAS multilane internal .
internal connector, cable connector SAS Drive plug
Y ¢
| Transmitter device X/ \Z (e.g.,a
: / \/ backplane) /] |Z
I Transmitter> /\ _
| circuit N
!_ SAS Probe
Fo———==———=—7 multilane points as
| Receiver, device internal cable defined by
| H— assembly
| eceiver N the test load
| circuit
: ' | I Test load

Figure 9 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT
compliance points and IR compliance points
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Figure 10 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS multilane internal cable assembly attached to a backplane with a SAS Drive backplane
receptacle (see 5.4.3.4.1.3) that supports being attached to a SATA device. There are no IT compliance points
and IR compliance points at the SAS Drive backplane receptacle connector when a SATA device is attached.
In that case, SATA defines the signal characteristics that the SATA device delivers and that the SAS
backplane is required to deliver to the SATA device. There are compliance points at the SAS multilane internal
connector.

(e.g., a board) (e.g., a SATA device

SAS mulfilane .

cable connector r—f ————————— == |

/ \/ / Receiver device

|
Transmitter o ( \ Receiver :
circuit ! q circuit > |
SAS multilane I

=

__________ d
internal cable Vend_fc_)r __________ "
specific I
assembly - p : |
Transmitter ||
circuit :
z N '
Testing IT: SAS multilane ! \\
’ internal connector ~ SAS Brive SATA host and SATA
(e.g.,a boardéAS multlane backplane device characteristics
internal connector SAS multilane internal receptacle are not defined in this
pm—————————— _ cable connector standard (see SATA)
| Transmitter device 4\/ | \/
|
: Transmitter .
| circuit
!_ ____________ Probe X
===~ ~77 pointsasA
| Receiver device defin e(@y
: Receiver the load
: circuit \r\ .
T ‘ - (U Test load SAS multilane SAS Drive backplane receptacle
internal connector
ATA i I
Testing IR: ' S/ device plug
. SAS multilane SAS multilane internal (e.g., a SATA device
internal conpiégtor cable connector backplane) /A

%\VJ \/ \/ \/ l Receiver device E
|
|
|

Q f\ Receiver
VQ‘Probe T\ circuit >
)

points as SASmultilane | | | | | | oo __ !
defined by internal cable S SECS S
the test load assembly Transmitter device |

_ﬂ | | Transmitter :
1 L H it :
Test load i \/ | | l — :

Figure 10 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT
compliance points and IR compliance points with SATA device attached
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Figure 11 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS Drive cable assembly, and shows how two of the compliance points are tested using test
loads (see 5.6).

(e.g.,aboard) SATA host SAS Drive (e.g., a board)
plug ) bl SAS Drive plug
SATA signal cable ¢a te I

____________ _ L4
:_Transmitter device A&/ J receptacle  feceplacie Receiver device |
| |
] [ ] N\ ] |
| | Transmitter E_ Receiver ]
| circuit circuit > |
S sAsDrive | | |e————_______ 1

________________________ =
:_Receiver device as(;ae?wily Transmitter deviece
: Receiver Transmitter :
l circuit circuit :
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I R DA (U0 S |
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SATA host
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Figure 11 — SAS Drive cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR
compliance points
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5.3.3 12 Gbit/s compliance points

Figure 12 shows an example TxRx connection for trained 12 Gbit/s where PICS is the physical interconnect
connection segment.

& 6

Fi

)

If t
re
co

Transmitter device Recelver device

channel

\ Separable /

interfaces

Figure 12 — 12 Gbit/s TxRx connection and compliance points

ure 13 shows an example of a simulated TxRx connection for trained 12 Gbit/S-where:

a) TDCS is the transmitter device TxRx connection segment;
b) TCCS is the transmitter circuit TXRx connection segment;
c) RDCS is the receiver device TxRx connection segment;

d) RCCS is the receiver circuit TXxRx connection segment; and
e) PICS is the physical interconnect connection segment.

imulations use a captured signal, then the TxRx connection'segments located between ET and the

a) at:
A) IT;
B) CT;
C) IR;or
D) CR;
or
b) between:
A) CTgandCR;or
B) ITgandIR.

he reference TxRx connection segment models provided for end to end simulations (see clause D.2)

nection segment models may be combined to simulate a single TxRx connection segment model.

mpliance point used to capture the signal should be modeled as a single TxRx connection segment. End
H simulations (see 5.7.1) compute characteristics of\the’signal at ET and ER, using measurements taken:

resent TxRx connection segments that are adjacent in the TxRx connection segment, then the TxRx

to

Simulated receiver device

PICS

Simulated transmitter device /

Simulated transmitter circuit / Simulated

Simulated receiver circuit

Reference TCCS TDCS N | ¥/ Passive |4 RDCS RCCS Reference
transmitter channel receiver

\\ Nl /

interfaces
Transmitter Ball Receiver Ball

Figure 13 — Simulated 12 Gbit/s TxRx connection and compliance points
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Figure 14 shows:

a) the locations of the CTg compliance points and CR compliance points of an enclosure using an
external cable connector; and

b) how the enclosure CTg compliance point and the SAS active cable assembly for 12 Gbit/s CR
compliance point are tested using test loads (see 5.6).

Enclosure Enclosure

| 0 q q q
| Transmitter device Receiver device :

[

Receiver {

T circuit > '
SAS active :

external cable —— 7 ———
assembly for
12 Gbit/s
\ |

\V

Transmitter /\
circuit

Transmitter
circuit

['esting the enclosure CTs:

Enclosure

| Transmitter device

| —-
| | &\}

| [Transmitt @

( | Transmitter ____\\'Q_

| circuit $

I -
‘l:—_—_::::—_—_:—_:: A\%robe points
| Receiver device as defined by
: Receiver the test load
| circuit

: | Test load

[esting the active cable assembly for 12 Gbit/s differential signal pair CR:

Test signal-source

[ AN
| Transmitter device |

|

: Transmitter /\ @ .
I circuit

|

‘

T 1
SAS active

‘l:::::—_:::::—_: external cable Probe points
Receiver device assembly for as defined by

12 GDIUS the test load
\ L

\V

0
3
c <z
[ ¢))
o)

Test load

Figure 14 — 12 Gbit/s CTgand CR compliance points
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5.4 Interconnects

5.4.1 SATA connectors and cable assemblies

Figure 15 shows a representation of the connectors and cables defined by SATA. A SATA host is analogous to
a SAS initiator device (see SPL-3) and a SATA device is analogous to a SAS target device (see SPL-3).

Internal cable

environment Power cable receptacle connector
Power 7
supply
SATA SATA
host device
' Serial ATA cable

Signal host plug  Signal cable receptacle

Device plug copnector
connector connectors

Internal backplane
environment

SATA SATA
host device

Host receptacle connector Device plug connector

Figure 15 — SATA connectors and cables
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5.4.2 SAS connectors and cables

This document defines SAS Drive cable, SAS Drive backplane, SAS internal cable, and SAS external cable
environments.

Figure 16 shows a representation of the SAS Drive cable environments.

Single-port SAS Drive cable environment
Power / READY LED / POWER DISABLE
cable connection

SATA signal cable
SAS receptacle i’—

dig\i;[iiio;r connector SAS target
Secondary port (not used device
expander ry port ( )
device Primary port

Single-port SAS Drive cable ‘

SAS Drive cable
SATA host plug receptacle connector SAS Drive plug connector

connector (1 physical link plus power) (2 physical links plus power)

Dual-port SAS Drive cable environment

SATA signal cable
receptacle connector Power / READY LEDY*POWER DISABLE

SAS cable‘connection
initiator
device or Dual-port SAS
expander Drive cable SAS target
device Secondary port device
SATA host plug
connector ) Primary port
SAS ) T
initiator SAS Drive cable  gAS Drive plug
device or receptacl_e co.nnector connector
expander (2 physical link plus (2 physical links

device SATA signal-Cable power) plus power)
recepiacle ‘connector

Figure 16 — SAS Drive cable environments
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Figure 17 shows a representation of the SAS Drive backplane environment.

Fig

SAS Drive backplane receptacle connector

(2 physical links plus power)

Backplane
Power /
READY LED / ||
POWER DISABLE
SAS target
device

1 to 2 SAS initiator
device(s) —T

or expander device(s)

SAS Drive plug connector
(2 physical links plus power)

Figure 17 — SAS Drive backplane environment

ure 18 shows a representation of the SAS external cable environment.

SAS external cable caonnector

SAS

(4 physical links shown)

L L

SAS

device(s) or

device(s) or

AAAA

expander

IVYY
AAAA

YVYY

expander

device(s)

!

SAS external connector
(4 physical links\shown)

YL

SAS external cable
(4 physical links shown)

device(s)

|

SAS external connector
(4 physical links shown)

Figure 18 — SAS external cable environment
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Figure 19 shows a representation of the SAS internal cable environment attaching a controller to a backplane
using a SAS internal symmetric cable (see 5.4.4.1.2).

A

SAS multilane internal cable connector

(4 physical links shown)

SAS multilane internal connector
(4 physical links shown)

Controller Backplane
SAS /\ SAS
device(s) [ device(s)
or-oxpander — or-expander
device(s) \\// device(s)

I

Symmetric SAS internal cable

(4 physical links shown)

Figure 19 — SAS internal symmetric cable environment - controller to backplane

BAS internal symmetric cable provides one to eight physical links, and may-be used as any combination

widle links and narrow links (see SPL-3) using those physical links.

Fig
us

ure 20 shows a representation of the SAS internal cable environmentattaching a controller to a controll
ng a SAS internal symmetric cable (see 5.4.4.1.2).

SAS multilane internal cable connector

(4 physical links shown)

SAS multilane internal) connector
(4 physical links‘'shown)

of

SAS multilane internal connector
(4 physical links shown)

Controller Controller
SAS A\ SAS
device(s) L\ device(s)
or expander (\ ll or expander
device(s) N4 device(s)

SAS internal symmetric cable

(4 physical links shown)

Figure 20 — SAS internal symmetric cable environment - controller to controller

SAS multilane internal connector
(4 physical links shown)
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Figure 21 shows a representation of the SAS internal cable environment using a SAS controller-based fanout
cable (see 5.4.4.1.3).

Fi
ca

SAS multilane internal cable

connector

SAS Drive cable receptacle connectors
(each only using primary physical link)

Power / READY LED

cable connection

SAS device or

(4 physical links shown)

Secondary physical link (not used)e==—

OATA deviCe

SAS device or
SATA device

internal connector
(4 physical links shown)

Controller Power / READY LED
|_ - T | cable connection

SAS I
| device(s) | N Secondary physical link (not used) =
| orexpander |
| device(s)
o Power / READY LED

cable connection
SAS multilane Secondary physical link (not used p=—

SAS device or

SATA device

SAS internal controller-based

fanout cable
(4 physical links shown)

Power / READY LEB

cable connection

Secondary physical =
link (not used)

SAS device or
SATA device

)

ure 22 shows a representation.of the SAS internal cable environment using a SAS backplane-based fang

ble (see 5.4.4.1.3).

SATA signal cable receptacle connectors

SAS

SAS Drive plug connectors

(each only using primary physical link)

or SATA device plug connectors

Figure 21 — SAS internal controller-based fanout cable environment
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/ :
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Figure 22 — SAS internal backplane-based fanout cable environment

ut
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Table 4 summarizes the connectors defined in this document.

Table 4 — Connectors (part 1 of 3)

ISO/IEC 14776-154:2017 © ISO/IEC 2017

Attaches to
Physical
T /pe. of connector Reference
links Type of connector YSICA| R eferente
links
SATA internal connectors used by SAS
SfATA signal cable 1 SATA | SATA host plug 1 SATA
rgceptacle
SATA host plug 1 SATA SATA signal cable receptacle 1 SATA
SAS Drive cable receptacle 1or2 |54.34.1]2
SAS Drive backplane 5 543413
receptacle
2?;2 I\t/;l,glt‘laLlnk Drive(cable 4 543416
SIATA device plug 1 SATA pace o
SAS MultiLink’Drive backplane 4 543417
receptacle
Multifunction 12 Gbit/s 6x
Unshielded receptacle 6 @ SFF-8639
connector
Micro SATA device plug 1 SATA Micro SAS receptacle 2 5.4.3.4.1(10
SAS internal connectors - SAS Drive connectors
SAS Drive cable receptacle 1or2 |54341]2
SAS Drive backplane 5 543413
receptacle
rseiz I\t/;li;lrlel_mk Drive cable 4 543416
S]AS Drive plug 2 |5434.141 pacte
SAS MultiLink Drive backplane 4 543417
receptacle
Multifunction 12 Gbit/s 6x
Unshielded receptacle 6 @ SFF-8639
connector
. SAS Drive plug 2 5.4.3.4 1|1
SPS Drive:cable 1or2 |5.4.3.4.1.2 | SAS MultiLink Drive plug 4 |5434.15
rgceptacle
SATA device plug 1 SATA
_ SAS Drive plug Z 5.4.34.T.1
SAS Drive backplane 2 5.4.3.4.1.3 | SAS MultiLink Drive plug 4 |5.434.15
receptacle
SATA device plug 1 SATA

a8 A maximum of four physical links support SAS applications.
b Not recommended for rates greater than 3 Gbit/s.
¢ Not recommended for rates greater than 6 Gbit/s.
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Table 4 — Connectors (part 2 of 3)

Attaches to
Physical
Type of connector links Reference Physical
Type of connector i Reference
inks
SAS Drive cable receptacle 1or2 543412
SAS Drive backplane > 543413
receptacle
22\2 l\t/;l:;lltleLmk Drive cable 4 543416
SIAS Multilink Drive plug 4 543415 P - :
SAS MultiLink Drive backplane 4 5.4 3.4 17
receptacle
Multifunction 12 Gbit/s 6x
Unshielded receptacle 6 @ SFF-8639
connector
- _ SAS Drive plug 2 5.4.3.4.1{1
SfAS MultiLink Drive cable 4 5.4.3.4.1.6 | SAS MultiLink Drive plug 4 |5434.15
rgceptacle
SATA device plug 1 SATA
- . SAS Drive plug 2 5.4.3.4.1{1
SPS MultiLink Drive 4 5.4.3.4.1.7 | SAS MultiLinkDrive plug 4 |543415
backplane receptacle
SATA deviceplug 1 SATA
Multifunction 12 Gbits 6x | ¢ & SAS Drive plug 2 |5434141
Unshielded receptacle SFF-8639 | SAS;MultiLink Drive plug 4 5.4.3.4.1]5
cpnnector SATA device plug 1 SATA
Micro SAS plug 2 5.4.3.4.1(9 | Micro SAS receptacle 2 5.4.3.4.1.(10
) Micro SAS plug 2 5.4.3.4.1]9
Micro SAS receptacle 2 54.34.1.10— -
Micro SATA device plug 1 SATA
S|AS internal connectors - other
SPAS 4i cable receptacle ® | 4 5.4.3.4.2.1 | SAS 4iplug ° 4 |54.34.22
SIS 4i plug P 4 5.4.3.4.2.2 | SAS 4i cable receptacle P 4 5.4.3.4.21
I\/|ini SAS 4i cable plug 4 5.4.3.4.3.1 | Mini SAS 4i receptacle 4 5.4.3.4.3|2
Mini SAS 4i receptacle 4 5.4.3.4.3.2 | Mini SAS 4i cable plug 4 5.4.3.4.3{1
o _ Mini SAS HD 4i receptacle 4 5.4.3.4.4{3
g’:‘é SAS HD 4xable 4 5.4.3.4.4.1 | Mini SAS HD 8i receptacle 8 |54.34.44
Mini SAS HD 16i receptacle 16 5.4.3.4.415
ini SAS HD 8i cable 8 5.4.3.4.4.2 Mini SAS HD 8i receptacle 8 5.4.3.4.4{4
’F\:IUQ """ Mini SAS HD 16i receptacle 16 5.4.3.4.4/5
Mini SAS HD 4 4 5.4.3.4.4.3 | Mini SAS HD 4i cable plug 4 |543441
receptacle
ini i Mini SAS HD 4i cable plu 4 5.4.3.4.4.1
Mini SAS HD 8i 8 543444 ! ! plug
receptacle Mini SAS HD 8i cable plug 8 543442

a8 A maximum of four physical links support SAS applications.
b Not recommended for rates greater than 3 Gbit/s.
¢ Not recommended for rates greater than 6 Gbit/s.
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Table 4 — Connectors (part 3 of 3)
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) Attaches to
Type of connector PI}?L Sk':al Reference Physical
Type of connector ; Reference
links
ini i Mini SAS HD 4i cable plu 4 54.3.4.4.1
Mini SAS HD 16i 16 543445 n ! plug
receptacle Mini SAS HD 8i cable plug 8 543442
Sﬁﬂm
L Mini SAS 4x receptacle °©
C
V\/||n| SAS 4x cable plug 4 54.35.1.1 Mini SAS 4x active receptacle © 4 5.4.3.5.1|2
Mini SAS 4x receptacle © 4 5.4.3.5.1.2 | Mini SAS 4x cable plug ° 4 5.4.3.5.11
Mini SAS 4x active cable 4 5.4.3.5.1.1 | Mini SAS 4x active receptacle ¢| 44 |5.4.3.5.1|2
agsembly plug
- . Mini SAS 4x cable plug ©
Mini SAS 4x active 4 5.4.3.5.1.2 | Mini SAS 4x active cable 4 |543511
rgceptacle c
assembly plug
o Mini SAS HD 4x receptacle 4 5.4.3.5.2(3
E’L”Q; SAS HD 4x cable 4 5.4.3.5.2.1 | Mini SAS HD 8x reteptacle 8 |54.3524
Mini SAS HD 16X%.receptacle 16 5.4.3.5.205
Mini SAS HD 8x cable 8 543522 Mini SAS HD)8x receptacle 8 5.4.3.5.214
pvg. T Mini SAS HD 16x receptacle 16 5.4.3.5.215
Mini SAS HD 4x 4 5.4.3.5.2.3 | MinjSAS HD 4x cable plug 4 |54.3521
rgceptacle
Mini SAS HD 8x 8 543504 Mini SAS HD 4x cable plug 4 5.4.3.5.2{1
rgceptace | | T Mini SAS HD 8x cable plug 8 5.4.3.5.2|12
ini Mini SAS HD 4x cable plu 4 5.4.3.5.2|1
Mini SAS HD 16x 16 543525 n plug
rgceptacle Mini SAS HD 8x cable plug 8 5.4.3.5.202
QSFP+ cable plug 4 5.4.3.5.3.1 | QSFP+ receptacle 4 5.4.3.5.3]12
QISFP+ receptacle 4 5.4.3.5.3.2 | QSFP+ cable plug 4 5.4.3.5.3{1
4 A maximum of four physicallinks support SAS applications.
% Not recommended for ratés greater than 3 Gbit/s.
9 Not recommended.for rates greater than 6 Gbit/s.
A $AS icon (see annex I) should be placed on or near each SAS connector.
5.4.3.2 Connector categories
The relationship between connector categories and connectors is shown in table 5.
Table 5 — Connector categories

Connector category Connectors in category

All connectors listed in table 4 (see 5.4.3.1) that are
not listed elsewhere in this table

Mini SAS 4x active connectors (see 5.4.3.5.1)

Mini SAS HD external connectors (see 5.4.3.5.2)
QSFP+ connectors (see 5.4.3.5.3)

Unmanaged passive

Unmanaged active

Managed
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5.4.3.3 Recommended electrical performance limits for mated connector pairs supporting rates of
12 Gbit/s

Recommended electrical performance limits for connector mated pairs supporting rates of 12 Gbit/s are
defined in Table 6 and shown in figure 23. The TxRx connection shall meet the requirements of 5.5.6 or 5.5.7
for 12 Gbit/s applications.

Table 6 — Recommended electrical performance limits for the mated connector pairs that support
rates of 12 Gbit/s

Characteristic 2 Units Value
Maximum near-end crosstalk (NEXT) for each signal pair ¢ ¢ dB -35
Maximum far-end crosstalk (FEXT) for each signal pair © d dB <35
Maximum Sppyo dB -12
Maximum Sgcoo dB -3.0
Minimum Sppo4 dB -1.0

a8 All measurements apply to connector mated pairs supporting rates of 42,Gbit/s and include the
mounting footprint or wire termination.

All characteristic values apply to the frequency range from 100 MHz to 6 000 MHz. The
measurement output should include results to a minimum of 20 GHz.

Determine all near-end and far-end significant crosstalk transfer modes. The sum of the
crosstalk transfer ratios is measured in the frequency dogmain. The following equation details
the summation process of the valid near-end crosstalksources:

b

A

TotalNEXT(f) = 10 x Iog10 Z1O<NEXT(f)/1o>

1

where:
f  frequency; and
n number of the near-end.grosstalk source.
All NEXT values expressed indBformat in a passive transfer network shall have negative
dB magnitude.
The following equation details the summation process of the valid far-end crosstalk sources:

n

TotalFEXT(f) = 10 x Iog1oz1
1

o¢FEXT(f)/10)

where:

f ~frequency; and

n>-—number of the far-end crosstalk source.
AIKFEXT values expressed in dB format in a passive transfer network shall have negative
dB*magnitude.
Total TxRx connection crosstalk should be at least 15 dB less than its total insertion loss. A
total TxRx connection crosstalk of -35 dB implies an acceptable TxRx connection total insertion
loss of 20 db.
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Figure 23 shows the recommended |Sppa1l, ISce22l, ISpp2ol, NEXT, and FEXT limits connector mated pairs
supporting rates of 12 Gbit/s.

S-parameter

magnitude
Minimum |SDD21| limit
0dB
-5 dB Maximum |Sdczo| limit
-10dB
T M
Maximum |Sppay| limit f '
_15 dB | DD22| , ()
-20 dB '
-25dB
"q
30 dB )
O
x O
-35dB 3
Maximum NEXT and FEXT limit
'40 dB 1 1 > f
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz
Figure 23 — Recommended |Spp21l; [Scc22ls [Spp22l; NEXT, and FEXT limits for connector mated pairs
supporting rates of 12 Gbit/s
5.4.3.4 SAS.internal connectors
5.4.3:4.1 SAS Drive connectors

5.4.3.4.1.1 SAS Drive plug connector
The SAS Drive plug connector is the Device Free (Plug) connector defined in SFF-8680.

See SFF-8223, SFF-8323, and SFF-8523 for the SAS Drive plug connector locations on common form
factors.
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Figure 24 shows the SAS Drive plug connector.

Ta

5.4

Th
SH

Th

Fi

I7a)

Th

Figure 24 — SAS Drive plug connector b/‘\
Dle 7 (see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive plug conr@to\r.
.3.4.1.2 SAS Drive cable receptacle connector \\

e SAS Drive cable receptacle connector is the Internal Cable Fixed (R\%ptacle) connector defined in
F-8680.
O

e single-port version attaches to: QQ

a) a SAS Drive plug connector, providing contact for th leer pins and only the primary physical link;

b) a SAS MultiLink Drive plug connector, providing cq&l for the power pins and only the primary
physical link; or

c) a SATA device plug connector, providing cont@%or the power pins and the primary physical link.

ure 25 shows the single-port version of the SA ive cable receptacle connector.

§ Figure 25 — Single-port SAS Drive cable receptacle connector

2] (dgql port version attaches to:

) a SAS Driveptugtonmector, providing comntact for thepower pirts—amnd-omty theprimary physicatfink;

b) a SAS Drive plug connector, providing contact for the power pins and both the primary and secondary
physical links;

c) a SAS MultiLink Drive plug connector, providing contact for the power pins and both the primary and
secondary physical links; or

d) a SATA device plug connector, providing contact for the power pins and the primary physical link.
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Figure 26 shows the dual-port version of the SAS Drive cable receptacle connector.

Figure 26 — Dual-port SAS Drive cable receptacle connector /\@’
Table 7 (see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive cable recept db/s\connector. The
segondary physical link (i.e., pins S8 through S14) is not supported by the single-port internal cable

regeptacle.
N

5.4.3.4.1.3 SAS Drive backplane receptacle connector %O

The SAS Drive backplane receptacle connector is the Backplane Fixe@»{%ceptacle) connector defined in
SHF-8680.

The SAS Drive backplane receptacle connector attaches to: QQ

a) a SAS Drive plug connector, providing contact for @ower pins and only the primary physical link;

b) a SAS Drive plug connector, providing contact fo®t power pins and both primary and secondary
physical links; \‘(\

c) a SAS MultiLink Drive plug connector, prov@ng contact for the power pins and both primary and
secondary physical links; or \Q)

d) a SATA device plug connector, provi ﬁ'é contact for the power pins and the primary physical link.

Fi

7

ure 27 shows the SAS Drive backplathL,e\CeptacIe connector.

Figure 27 — SAS Drive backplane receptacle connector

Table 7 (see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive backplane receptacle connector.
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5.4.3.4.1.4 SAS Drive connector pin assignments

Table 7 defines the SAS target device pin assignments for the SAS Drive plug connector (see 5.4.3.4.1.1), the
SAS Drive cable receptacle connector (see 5.4.3.4.1.2), and the SAS Drive backplane receptacle connector
(see 5.4.3.4.1.3). TP+, TP-, RP+, and RP- are used by the primary physical link. TS+, TS-, RS+, and RS- are
used by the secondary physical link, if any.

SAS Drive plug connector pin assignments, except for the addition of the secondary physical link when
present, are in the same locations as they are in a SATA device plug connector (see SATA).

Table 7 — SAS Drive connector pin assignments (part 1 of 2)

Segment Pin Backplane receptacle SAS Drl‘;ill: It'lgczr:tlaiﬁ;s Drive
S1 SIGNAL GROUND
S2 TP+ RP¥
S3 TP- RP-
Pfimary signal segment S4 SIGNAL GROUND
S5 RP- TP-
S6 RP+ TP+
S7 SIGNAL'GROUND
S8 SIGNAL GROUND
S9 TS+ RS+
S10 TS- RS-
Secondary signal S SIGNAL GROUND
segment
S12 RS- TS-
S13 RS+ TS+
S14 SIGNAL GROUND

S8 through S14 are not connected on single-port implementations.

SAS drive backplane receptacle.connectors and SAS Drive cable receptacle connectors provide V5 an
| V12. SAS Drive plug connettors receive Vs and V5.

¢ Behind a SAS Drive plug‘connector, P1 and P2 are only connected to each other.

I SAS devices (see SPL*3) with SAS Drive plug connectors compliant with SAS-1.1, SAS-2, or SAS-2.
connected P1, P2,-and P3 together. SAS Drive backplane connectors and SAS Drive cable receptaclé
connectors compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V3 5 to P1, P2, and P3.
Electrical characteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
receptacles,/SAS MultiLink Drive backplane connectors (see 5.4.3.4.1.7), and SAS MultiLink Drive
cable receptacle connectors (see 5.4.3.4.1.6) are beyond the scope of this specification.
Devices.supporting other interfaces have different electrical characteristics and functions. See
SFEF>9639 for a list of interface references and their respective pin assignments.

J _P3.is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is unsupportetf.
Electrical characteristics for the POWER DISABI E signal are defined in 510

Behind a SAS Drive plug connector, the precharge pin and each corresponding voltage pin shall be
connected together on the SAS target device (e.g., the V5, precharge pin P7 is connected to the two V5
~ pins P8 and P9).

' Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different electrical
characteristics (see SATA).

o
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Table 7 — SAS Drive connector pin assignments (part 2 of 2)

Segment Pin Backplane receptacle SAS Drl‘;iz Il:gczr;?aiﬁ;s Drive

P1 Vendor specific 9 © See ¢ df
P2 Vendor specific 9 © See ¢ df
P3 Vendor specific or POWER POWER DISABLE 9 9
P4 GROUND
P5 GROUND
P6 GROUND
P7 Vs, precharge "

Power segment ° P8 Ve h
P9 Vg
P10 GROUND
P11 READY-LED '
P12 GROUND
P13 \/1», precharge M
P14 Vi I
P15 Vi I

S8 through S14 are not connected on single-portiitnplementations.

SAS drive backplane receptacle connectors and"SAS Drive cable receptacle connectors provide V5 an
V42. SAS Drive plug connectors receive Vsand V.

F Behind a SAS Drive plug connector, P1 and P2 are only connected to each other.

SAS devices (see SPL-3) with SAS Drive plug connectors compliant with SAS-1.1, SAS-2, or SAS-2.
connected P1, P2, and P3 together.(SAS Drive backplane connectors and SAS Drive cable receptacle
connectors compliant with SAS-1.1; SAS-2, or SAS-2.1 may provide V3 5 to P1, P2, and P3.

P Electrical characteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
receptacles, SAS MultiLinksBrive backplane connectors (see 5.4.3.4.1.7), and SAS MultiLink Drive
cable receptacle connectors (see 5.4.3.4.1.6) are beyond the scope of this specification.

Devices supporting otherinterfaces have different electrical characteristics and functions. See
SFF-9639 for a list-of-interface references and their respective pin assignments.

P3 is not connected’behind a SAS Drive plug connector if the POWER DISABLE signal is unsupported.
Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SASDrive plug connector, the precharge pin and each corresponding voltage pin shall be
connected’together on the SAS target device (e.g., the Vs, precharge pin P7 is connected to the two {5
pins P8and P9).

Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different electrica
characteristics (see SATA)

o
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5.4.3.4.1.5 SAS MultiLink Drive plug connector

The SAS MultiLink Drive plug connector is the Device free (plug) connector defined in SFF-8630.

See SFF-8223, SFF-8323, and SFF-8523 for the SAS Drive plug connector locations on common form
factors.

Figure 28 shows the SAS MultiLink Drive plug connector

P15

Figure 28 — SAS MultLink Drive plug cci\ tor
Table 8 (see 5.4.3.4.1.8) defines the pin assignments for the SAS I@It%nk Drive plug connector.

5.4.3.4.1.6 SAS MultiLink Drive cable receptacle connect%Q

The SAS MultiLink Drive cable receptacle connector is the‘}h}ernal Cable Fixed (Receptacle) connector
defined in SFF-8630. \Q‘?J

The SAS MultiLink Drive cable receptacle attaches@
physical links;

c) a SATA device plug connector;providing contact for the power pins and the primary physical link.
Fi

I7a)

ure 29 shows the SAS Multil_i%({)rlve cable receptacle connector.

C)O

a) a SAS Drive plug connector, providing act for the power pins and both the primary and secondz

b) a SAS MultiLink Drive plug conn r, providing contact for the power pins and four physical links;

S

Figure 29 — SAS MultiLink Drive cable receptacle connector

or

Table 8 (see 5.4.3.4.1.4) defines the pin assignments for the SAS MultiLink Drive cable receptacle connector.
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5.4.3.4.1.7 SAS MultiLink Drive backplane receptacle connector

The SAS MultiLink Drive backplane receptacle connector is the Backplane Fixed (Receptacle) connector
defined in SFF-8630.

The SAS MultiLink Drive backplane receptacle connector attaches to:

a) a SAS Drive plug connector, providing contact for the power pins and both primary and secondary
physical links;
b) a SAS MultiLink Drive plug connector, providing contact for the power pins and four physical links; or

T
=)

igure 30 shows the SAS MultiLink Drive backplane receptacle connector. (\

Q) P1

S7
Q 1
NN
Figure 30 — SAS MultiLink Drive bad@ane receptacle connector

%7
Table 8 (see 5.4.3.4.1.8) defines the pin assignmer@’f@the SAS MultiLink Drive backplane receptacle
connector.
.\@

5.4.3.4.1.8 SAS MultiLink Drive connectokgn assignments

Table 8 defines the SAS target device piréSSignments for the SAS MultiLink Drive plug connector (see
5.4.3.4.1.5), the SAS MultiLink Drive ble receptacle connector (see 5.4.3.4.1.6), and the SAS MultiLink
Drive backplane receptacle connector(see 5.4.3.4.1.7). TX0+, TX0-, RX0+, and RX0- are used by the sigrjal
segment 0 physical link. TX1+, -, RX1+, and RX1- are used by the signal segment 1 physical link, if an
TX2+, TX2-, RX2+, and RX@@ used by the signal segment 2 physical link, if any. TX3+, TX3-, RX3+, an
RX3- are used by the signal'segment 3 physical link, if any.

<

-
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Table 8 — SAS MultiLink connector pin assignments (part 1 of 3)

- . SAS MultiLink Drive plug and
Segment pin | SAS MultiLink Drive backplane | g vyitiink Drive cable
receptacle
receptacle
S1 SIGNAL GROUND
S2 TXOF RXOF
S3 TX 0- RX 0-
Signal segment 0 S4 SIGNAL GROUND
S5 RX 0- TX0-
S6 RX 0+ TX'0+
S7 SIGNAL GROUND
S8 SIGNAL GROUND
S9 TX 1+ RX 1+
S10 ™>X1- RX 1-
Signal segment 1 2@ S11 SIGNAL GROUND
S12 RX 1- X 1-
S13 RX 1% TX 1+
S14 SIGNAL GROUND
S15 RESERVED
@ S8 through S28 are not connected an_single-port implementations.
b 515 through S28 are not connectéed-on dual-port implementations.
€ S22 through S28 are not connectéd on triple-port implementations.
d SAS MultiLink Drive backplane-receptacle connectors and SAS MultiLink Drive cable receptacle
connectors provide Vs and V45. SAS MultiLink Drive plug connectors receive Vs and V5.
€ Behind a SAS MultiLinK Drive plug connector, P1 and P2 are only connected to each other.
f SAS devices (see SPL-3) with SAS Drive plug connectors (see 5.4.3.4.1.1) compliant with SAS-1.1,
SAS-2, or SAS-2(d-connected P1, P2, and P3 together.
9 SAS Drive backplane connectors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (see
5.4.3.4.1.2) compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
N Electrical characteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
receptacles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptacle
~ connectors are beyond the scope of this specification.
|

Devices supporting other interfaces that intermate with SAS devices, backplanes, or cables may hav
different electrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of inter‘fac$

£ () H ' H H n
ITITITTILTS AdllU UITIT TCOPTULUVE PIIT ASSIYTITTICTILS.

P3 is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is
unsupported. Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SAS MultiLink Drive plug connector, the precharge pin and each corresponding voltage pin
shall be connected together on the SAS target device (e.g., the Vs, precharge pin P7 is connected to
the two V5 pins P8 and P9).

Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different
electrical characteristics (see SATA).
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Table 8 — SAS MultiLink connector pin assignments (part 2 of 3)

- . SAS MultiLink Drive plug and
Segment Pin SAS MultiLink Drive backplane SAS MultiLink Drive cable
receptacle
receptacle
S16 SIGNAL GROUND
S17 TX 2+ RX 2+
S18 X 2- RX 2-
Signal segment 2 2@ b S19 SIGNAL GROUND
S20 RX 2- TX 2-
S21 RX 2+ TX@+
S22 SIGNAL GROUND
S23 TX 3+ RX 3+
S24 TX 3- RX 3-
S25 SIGNAL GROUND
Bignal segment 3 2 P ¢©
S26 RX 3- TX 3-
S27 RX 3+ TX 3+
S28 SIGNAL GROUND
8 S8 through S28 are not connected on single-portimplementations.
b 515 through S28 are not connected on dual-port implementations.
¢ S22 through S28 are not connected on triple=port implementations.
d SAS MultiLink Drive backplane receptacle-connectors and SAS MultiLink Drive cable receptacle
connectors provide Vg and V4,. SAS MultiLink Drive plug connectors receive Vg and V4.
f Behind a SAS MultiLink Drive plug cannector, P1 and P2 are only connected to each other.

SAS devices (see SPL-3) with SAS Drive plug connectors (see 5.4.3.4.1.1) compliant with SAS-1.1,
SAS-2, or SAS-2.1 connected, P4, P2, and P3 together.

9 SAS Drive backplane connéctors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (see
5.4.3.4.1.2) compliant withySAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
Electrical characteristiCs;and functions behind SAS Drive backplane connectors, SAS Drive cable
receptacles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptacle
connectors are beyond the scope of this specification.

Devices suppgrting other interfaces that intermate with SAS devices, backplanes, or cables may haVI
different electrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of interfac

~ references‘and their respective pin assignments.

J" P3 is_Hot ‘connected behind a SAS Drive plug connector if the POWER DISABLE signal is
unstipported. Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SAS MultiLink Drive plug connector, the precharge pin and each corresponding voltage pin
shall be connected together on the SAS target device (e.g., the Vs, precharge pin P7 is connected to
the two V5 pins P8 and P9Y).

| Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different
electrical characteristics (see SATA).
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Table 8 — SAS MultiLink connector pin assignments (part 3 of 3)

- . SAS MultiLink Drive plug and
Segment Pin SAS MultiLink Drive backplane SAS MultiLink Drive cable
receptacle
receptacle
P1 Vendor specific f 9 ' See efohi
P2 Vendor specific f 9 N See e fohi
Vendor specific or POWER fghij
P3 DISABLE f 9 h i POWER DISABLE
P4 GROUND
P5 GROUND
P6 GROUND
P7 Vs, precharge k
d
Power segment P8 Vs K
P9 Vs K
P10 GROUND
P11 READY LED '
P12 GROUND
P13 V4o, precharge K
P14 Vi K
P15 Vig K
8 S8 through S28 are not connected on single-port implementations.
b 515 through S28 are not connected on dual-port implementations.
¢ S22 through S28 are not connected on triple-port implementations.
d SAS MultiLink Drive backplane receptacle connectors and SAS MultiLink Drive cable receptacle
connectors provide Vg andi\.y,. SAS MultiLink Drive plug connectors receive Vg and V4.
€ Behind a SAS MultiLink Drive plug connector, P1 and P2 are only connected to each other.
f SAS devices (see SPL-3) with SAS Drive plug connectors (see 5.4.3.4.1.1) compliant with SAS-1.1,
SAS-2, or SAS-2A ‘connected P1, P2, and P3 together.
9 SAS Drive backplane connectors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (see
5.4.3.4.1.2) eompliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
N Electrical ¢haracteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
receptacles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptacle
~connectors are beyond the scope of this specification.
]

Devices supporting other interfaces that intermate with SAS devices, backplanes, or cables may hav
different electrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of interfac%

references and their respective pin assignments

P3 is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is
unsupported. Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SAS MultiLink Drive plug connector, the precharge pin and each corresponding voltage pin
shall be connected together on the SAS target device (e.g., the V5, precharge pin P7 is connected to
the two V5 pins P8 and P9).

Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different
electrical characteristics (see SATA).



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

-74 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.4.3.4.1.9 Micro SAS plug connector

The Micro SAS plug connector is defined in SFF-8486. The Micro SAS plug mates with the Micro SAS
Receptacle (see 5.4.3.4.1.10), but not the Micro SATA receptacle (see SATA).

See SFF-8147 for the Micro SAS plug connector locations on common form factors. Figure 31 shows the
Micro SAS plug connector.

Figure 31 — Micro SAS plug é'nector
5.4.3.4.1.10 Micro SAS receptacle connector \§\

The Micro SAS receptacle connector is defined in SFF-8@$E}. The Micro SAS receptacle mates with the Midro
SAS plug connector (see 5.4.3.4.1.9) or the Micro SA‘x’@device plug (see SATA).

Fi

)

ure 32 shows the Micro SAS receptacle connegtor.
4\
xO
<
<

Figure 32 — Micro SAS receptacle connector
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5.4.3.4.1.11 Micro SAS connector pin assignments

Table 9 defines the SAS target device pin assignments for the Micro SAS plug connector (see 5.4.3.4.1.9) and

the Micro SAS receptacle connector (see 5.4.3.4.1.10). TP+, TP-, RP+, and RP- are used by the primary
physical link. TS+, TS-, RS+, and RS- are used by the secondary physical link, if any.

Micro SAS plug connector pin assignments, except for the addition of the secondary physical link when
present, are in the same locations as they are in a Micro SATA device plug connector (see SATA).

Table 9 — Micro SAS connector pin assignments

Segment Pin Micro SAS receptacle Micro SAS plug Mating level. @
S1 SIGNAL GROUND Second
S2 TP+ RP+ Third
. _ S3 TP- RP- Third
P”z"eagrxq:ﬁ”a' S4 SIGNAL GROUND Second
S5 RP- TP- Third
S6 RP+ TP+ Third
S7 SIGNAL GROUND Second
S8 SIGNAL GROUND Second
S9 TS+ RS+ Third
S10 TS- RS- Third
Secondary signal ™7 SIGNAL GROUND Second
segment
S12 RS- TS- Third
S13 RS+ TS+ Third
S14 SIGNAL GROUND Second
P1 Vi3 @ Third
P2 V33, precharge ¢ Second
P3 GROUND First
P4 GROUND First
Power segment °© P5 Vs, precharge d Second
P6 Vg @ Third
P7 Reserved Third
P8 Not connected Manufacturing diagnostic Third
P9 Not connected Manufacturing diagnostic Third
- A1 Vender specific Third
Auxiliary) contacts — -
A2 Vender specific Third

2 'The mating level assumes zero angular offset between connectors and indicates the physical
dimension of the contact (see SFF-8486 and SATA).

S8 through S14 are not connected on single-port implementations.
€ The Micro SAS receptacle connector (see 5.4.3.4.1.10) provides V33 and V. The Micro SATA
power receptacle connector (see SATA) provides V33 and optionally V5. The Micro SAS plug

connector (see 5.4.3.4.1.9) receives V33 and Vs.
d Behind a Micro SAS plug connector (see 5.4.3.4.1.9), the precharge pin and each

corresponding voltage pin shall be connected together on the SAS target device (e.g., the V33,

precharge pin P2 is connected to the V33 pin P1).
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5.4.3.4.2 SAS 4i connectors

5.4.3.4.2.1 SAS 4i cable receptacle connector

The SAS 4i cable receptacle connector is the 4 Lane Cable Receptacle (fixed) with Backshell connector
defined in SFF-8484. The SAS 4i cable receptacle connector should not be used for rates greater than
3 Gbit/s.

Figure 33 shows the SAS 4i cable receptacle connector.

Key slot

Figure 33 — SAS 4i cable receptacle connector
Table 10 and table 11 (see 5.4.3.4.2.3) define the pin assignmenits for the SAS 4i cable receptacle connecior.

5.4.3.4.2.2 SAS 4i plug connector

The SAS 4i plug connector is the 4 Lane Vertical Plug (free) or 4 Lane R/A Plug (free) connector defined in
SHF-8484. The SAS 4i plug connector should not be used for rates greater than 3 Gbit/s.

T
o

igure 34 shows the SAS 4i plug connector.

Figure 34 — SAS 4i plug connector

Table 10 and table 11 (see 5.4.3.4.2.3) define the pin assignments for the SAS 4i plug connector.
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5.4.3.4.2.3 SAS 4i connector pin assignments

Table 10 defines the pin assignments for SAS 4i cable receptacle connectors (see 5.4.3.4.2.1) and SAS 4i
plug connectors (see 5.4.3.4.2.2) for controller applications using one, two, three, or four of the physical links.

Table 10 — Controller SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly
One Two Three Four

RX 0+ 2 2 2 2
RX 0- 3 3 3 3
TX0- 5 5 5
TX 0+ 6 6 6 6
RX 1+ N/C 8 8 8
RX 1- N/C 9 9 9
TX1- N/C 1 1 1
TX 1+ N/C 12 12 12

SIDEBAND 0 14 14 14 14

SIDEBAND 1 15 15 15 15

SIDEBAND 2 16 16 16 16

SIDEBAND 3 17 17 17 17

SIDEBAND 4 18 18 18 18

SIDEBAND 5 19 19 19 19
RX 2+ N/C N/C 21 21
RX 2- N/C N/C 22 22
TX 2- N/C N/C 24 24
TX2+ N/C N/C 25 25
RX 3+ N/C N/C N/C 27
RX 3- N/C N/C N/C 28
TX 3- N/C N/C N/C 30
TX 3+ N/C N/C N/C 31

SIGNAL 1,4,7,10, 13,
GROUND 20, 23, 26, 29, 32
Key:
N/C = not connected

The use of the sideband signals by a controller is vendor specific. One implementation of the sideband signals
by a controller is an SGPIO initiator interface (see SFF-8485). Other implementations shall be compatible with
the signal levels defined in SFF-8485.
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Table 11 defines the pin assignments for SAS 4i plug connectors (see 5.4.3.4.2.1) and SAS 4i cable
receptacle connectors (see 5.4.3.4.2.1) for backplane applications using one, two, three, or four of the
physical links.

Table 11 — Backplane SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly
One Two Three Eour

RX 3+ N/C N/C N/C 2
RX 3- N/C N/C N/C 3
TX 3- N/C N/C N/C 5
TX 3+ N/C N/C N/C 6
RX 2+ N/C N/C 8 8
RX 2- N/C N/C 9 9
TX 2- N/C N/C 1 1
TX 2+ N/C N/C 12 12

SIDEBAND 5 14 14 14 14

SIDEBAND 4 15 15 15 15

SIDEBAND 3 16 16 16 16

SIDEBAND 2 17 17 17 17

SIDEBAND 1 18 18 18 18

SIDEBAND 0 19 19 19 19
RX 1+ N/C 21 21 21
RX 1- N/C 22 22 22
TX1- N/C 24 24 24
TX4x N/C 25 25 25
RX0+ 27 27 27 27
RX 0- 28 28 28 28
TX0- 30 30 30 30
TX 0+ 31 31 31 31

SIGNAL 1,4,7,10, 13,
GROUND 20, 23, 26, 29, 32
Key:
N/C = not connected

The use of the sideband signals by a backplane is vendor specific. One implementation of the sideband
signals by a backplane is an SGPIO target interface (see SFF-8485). Other implementations shall be
compatible with the signal levels defined in SFF-8485.
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5.4.3.4.3 Mini SAS 4i connectors

5.4.3.4.3.1 Mini SAS 4i cable plug connector

The Mini SAS 4i cable plug connector is the free (plug) 36-circuit unshielded compact multilane connector
defined in SFF-8087 and SFF-8086.

Figure 35 shows the Mini SAS 4i cable plug connector.

A18

Figure 35 — Mini SAS 4i cable plug connector

b

Table 12 and table 13 (see 5.4.3.4.3.3) define the pin assignmentsfor the Mini SAS 4i cable plug connecto

5.4.3.4.3.2 Mini SAS 4i receptacle connector

The Mini SAS 4i receptacle connector is the fixed (receptacle) 36-circuit unshielded compact multilane
copnector defined in SFF-8087 and SFF-8086.

igure 36 shows the Mini SAS 4i receptacle connector.

T
o

Figure 36 — Mini SAS 4i receptacle connector

Table 12 and table 13 (see 5.4.3.4.4.6) define the pin assignments for the Mini SAS 4i receptacle connector.
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5.4.3.4.3.3 Mini SAS 4i connector pin assignments

Table 12 defines the pin assignments for Mini SAS 4i plug connectors (see 5.4.3.4.3.1) and Mini SAS 4i cable
receptacle connectors (see 5.4.3.4.3.2) for controller applications using one, two, three, or four of the physical
links.

Table 12 — Controller Mini SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Si I links supported by the cable assembly Matinalevel2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3
Third
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 A6
SIDEBAND 7 A8 A8 A8 A8
SIDEBAND 3 A9 A9 A9 A9 First
irs
SIDEBAND 4 A10 A10 A10 A0
SIDEBAND 5 A11 A11 A11 A11
RX 2+ N/C N/C A13 A13
RX 2- N/C N/C Ad4 A14
Third
RX 3+ N/C N/C N/C A16
RX 3- N/C N/C N/C A17
TX 0+ B2 B2 B2 B2
TX 0- B3 B3 B3 B3
Third
X 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
SIDEBAND 0 B8 B8 B8 B8
SIDEBAND 1 B9 B9 B9 B9 First
irs
SIDEBAND.2 B10 B10 B10 B10
SIDEBAND 6 B11 B11 B11 B11
TX 2+ N/C N/C B13 B13
TX 2- N/C N/C B14 B14
Third
TX 3+ N/C N/C N/C B16
TX 3- N/C N/C N/C B17
SIGNAL A1, A4, A7, A12, A15, A18, First
GROUND B1, B4, B7, B12, B15, B18
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8086).
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The use of the sideband signals by controller applications is vendor specific. One implementation of the
sideband signals by a controller application is an SGPIO initiator interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

Table 13 defines the pin assignments for Mini SAS 4i plug connectors (see 5.4.3.4.3.1) and Mini SAS 4i cable
receptacle connectors (see 5.4.3.4.3.2) for backplane applications using one, two, three, or four of the
physical links.

Table 13 — Backplane Mini SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3 A
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 AB
SIDEBAND 0 A8 A8 A8 A8
SIDEBAND 1 A9 A9 A9 A9 First
SIDEBAND 2 A10 A10 A10 A10
SIDEBAND 6 A1 A11 A1 A11
RX 2+ N/C N/C A3 A13
RX 2- N/C N/C A14 A14 Third
RX 3+ N/C N/C N/C A16
RX 3- N/C N/C N/C A17
TX 0+ B2 B2 B2 B2
TX 0- B3 B3 B3 B3 Third
TX 1+ N/C B5 B5 B5
TX1- N/C B6 B6 B6
SIDEBAND 7 B8 B8 B8 B8
SIDEBAND 3 B9 B9 B9 B9 First
SIDEBAND 4 B10 B10 B10 B10
SIDEBAND 5 B11 B11 B11 B11
TX 2+ N/C N/C B13 B13
TX 2- N/C N/C B14 B14 Third
X3+ N/C N/C N/C B16
TX 3- N/C N/C N/C B17
SIGNAL A1, A4, A7, A12, A15, A18, First
GROUND B1, B4, B7, B12, B15, B18
Key:
N/C = not connected
8 The mating level indicates the physical dimension of the contact (see SFF-8086).
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The use of the sideband signals by backplane applications is vendor specific. One implementation of the
sideband signals by a backplane application is an SGPIO target interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

5.4.3.4.4 Mini SAS HD internal connectors

5.4.3.4.4.1 Mini SAS HD 4i cable plug connector

The Mini SAS HD 4i cable plug connector is the four lane cable (free) connector defined in SFF-8643.
Fi\-urn 37 shows the Mini SAS HD 4i cable plllg connector.

Figure 37 — Mini SAS HD 4i cable plug connector

Table 12 and table 13 (see 5.4.3.4.4.6) define the pin assignments for the Mini SAS HD 4i cable plug
connector.
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5.4.3.4.4.2 Mini SAS HD 8i cable plug connector

The Mini SAS HD 8i cable plug connector is the dual four lane cable plug (free) connector defined in
SFF-8643.

Figure 38 shows the Mini SAS HD 8i cable plug connector. This connector is a modular version of repeating
Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1). Module labeling is shown in figure 38. See figure 37
(see 5.4.3.4.4.1) for pin designations.

Ta
co
co

N
Figure 38 — Mini SAS HD 88‘5&%& plug connector

ble 12 and table 13 (see 5.4.3.4.4.6) define the pi ’a§;ignments for the Mini SAS HD 4i cable plug
hnector (see 5.4.3.4.4.1). The pin assignments are repeated for each module of the Mini SAS 8i cable pl
N
nector. 3
xO
O

o
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5.4.3.4.4.3 Mini SAS HD 4i receptacle connector

The Mini SAS HD 4i receptacle connector is the four lane receptacle (fixed) connector defined in SFF-8643.
Figure 39 shows the Mini SAS HD 4i receptacle connector.

N
\\0
Figure fﬁ)— Mini SAS HD 4i receptacle connector

Table 12 and table 13 (see 5.@1.6) define the pin assignments for the Mini SAS HD 4i receptacle
cohnector. Q
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5.4.3.4.4.4 Mini SAS HD 8i receptacle connector

The Mini SAS HD 8i receptacle connector is a dual four lane receptacle (fixed) connector defined in
SFF-8643. Figure 40 shows the Mini SAS HD 8i receptacle connector. This connector is a modular version of
the Mini SAS HD 4i receptacle connector (see 5.4.3.4.4.3). Module labeling is shown in figure 40. See

figure 39 (see 5.4.3.4.4.3) for pin designations.

Figure 40 — Mini SAS HD 8i recigacle connector

Table 14 and table 15 (see 5.4.3.4.4.6) define the pin as sFrments for the Mini SAS HD 8i receptacle
copnector. The connector is a modular design of repeating Mini SAS HD 4i receptacles (see 5.4.3.4.4.3). This
copnector accepts one Mini SAS HD 8i cable plug @nnector see 5.4.3.4.4.2) or two Mini SAS HD 4i cable
plug connectors (see 5.4.3.4.4.1).
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5.4.3.4.4.5 Mini SAS HD 16i receptacle connector

The Mini SAS HD 16i receptacle connector is a quad four lane receptacle (fixed) connector defined in
SFF-8643. Figure 41 shows the Mini SAS HD 16i receptacle connector. This connector is a modular version of
the Mini SAS HD 4i receptacle connector (see 5.4.3.4.4.3). Module labeling is shown in figure 41. See

figure 39 (see 5.4.3.4.4.3) for pin designations.

Figure 41 — Mini SAS HD 16i receQ@le connector

Table 14 and table 15 (see 5.4.3.4.4.6) define the pin assgslm nts for the Mini SAS HD 16i receptacle
copnector. The connector is a modular design of repeatlr@ ini SAS HD 4i receptacles (see 5.4.3.4.4.3). The
Mipi SAS HD 16i receptacle connector accepts:

a) one or two Mini SAS HD 8i cable plug cigﬁtors (see 5.4.3.4.4.2);

b) one, two, three, or four Mini SAS HD 4i le plug connectors (see 5.4.3.4.4.1); or

c) a combination of one Mini SAS HD SL@ble plug connector (see 5.4.3.4.4.2) and one or two Mini SAS
HD 4i cable plug connectors ( se \‘EA.3.4.4.1).

A Mini SAS HD 4i cable plug connec ee 5.4.3.4.4.1) may be plugged into module A, module B,
mgqdule C, or module D. A Mini Sg 8| cable plug connector (see 5.4.3.4.4.2) may be plugged into mody

e
A and module B, module B an uIe C, or module C and module D.
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5.4.3.4.4.6 Mini SAS HD 4i connector pin assignments

Table 14 defines the pin assignments for Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1) and Mini
SAS HD 4i receptacle connectors (see 5.4.3.4.4.3) for controller applications using one, two, three, or four of
the physical links.

Table 14 — Controller Mini SAS HD 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Matinglevel2
One Two Three Four
RX 0+ B4 B4 B4 B4
RX 0- B5 B5 B5 B5
Third
RX 1+ N/C A4 A4 A4
RX 1- N/C A5 A5 A5
SIDEBAND 7 A1 A1 A1 A1
SIDEBAND 3 B1 B1 B1 B1
Second
SIDEBAND 4 C1 C1 C1 €1
SIDEBAND 5 D1 D1 D1 D1
RX 2+ N/C N/C B7 B7
RX 2- N/C N/C B8 B8
Third
RX 3+ N/C N/C N/C A7
RX 3- N/C N/C N/C A8
TX 0+ D4 D4 D4 D4
TX 0- D5 D5 D5 D5
Third
X 1+ N/C C4 C4 C4
X 1- N/C C5 C5 C5
SIDEBAND 0 A2 A2 A2 A2
SIDEBAND 1 B2 B2 B2 B2
Second
SIDEBAND.2 Cc2 Cc2 Cc2 Cc2
SIDEBAND 6 D2 D2 D2 D2
TX 2+ N/C N/C D7 D7
TX 2- N/C N/C D8 D8
Third
TX 3+ N/C N/C N/C C7
TX 3- N/C N/C N/C C8
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, Ce6, C9, D3, D6, D9
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8643).
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The use of the sideband signals by controller applications is vendor specific. One implementation of the
sideband signals by a controller application is an SGPIO initiator interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

Table 15 defines the pin assignments for Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1) and Mini
SAS HD 4i receptacle connectors (see 5.4.3.4.4.3) for backplane applications using one, two, three, or four of
the physical links.

Table 15 — Backplane Mini SAS HD 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ B4 B4 B4 B4
RX 0- B5 B5 B5 B5 A
RX 1+ N/C A4 A4 A4
RX 1- N/C A5 A5 A5
SIDEBAND 0 A1 A1 A1 A1
SIDEBAND 1 B1 B1 B1 B1
SIDEBAND 2 C1 C1 C1 C1 Second
SIDEBAND 6 D1 D1 D1 D1
RX 2+ N/C N/C B7 B7
RX 2- N/C N/C B8 B8 Third
RX 3+ N/C N/C N/C A7
RX 3- N/C N/C N/C A8
TX 0+ D4 D4 D4 D4
TX 0- D5 D5 D5 D5 Third
TX 1+ N/C C4 C4 C4
TX1- N/C C5 C5 C5
SIDEBAND 7 A2 A2 A2 A2
SIDEBANDB3 B2 B2 B2 B2
SIDEBAND 4 C2 C2 C2 C2 Second
SIDEBAND 5 D2 D2 D2 D2
TX 2+ N/C N/C D7 D7
TX 2- N/C N/C D8 D8 Third
X3+ N/C N/C N/C e
TX 3- N/C N/C N/C C8
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, C6, C9, D3, D6, D9
Key:
N/C = not connected
8 The mating level indicates the physical dimension of the contact (see SFF-8643).
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The use of the sideband signals by backplane applications is vendor specific. One implementation of the
sideband signals by a backplane application is an SGPIO target interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.
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5.4.3.5 SAS external connectors
5.4.3.5.1 Mini SAS 4x connectors

5.4.3.5.1.1 Mini SAS 4x cable plug connector

The Mini SAS 4x cable plug connector and the MiniSAS 4x active plug connector are the free (plug) 26-circuit
shielded compact multilane connector defined in SFF-8088 and SFF-8086. The Mini SAS 4x cable plug
connector should not be used for rates greater than 6 Gbit/s.

Fi

gure 42 shows the Mini SAS 4x cable plug connector.

Figure 42 — Mini SAS 4x cable plug connector

If constructed with a pull tab as shown in figure 42, then the pull tab should use PANTONE 279 C (i.e., light
blue).

Table 18 (see 5.4.3.5.1.3) and table 19 (see 5.4.3.5.1.3) define the pin assignments for the Mini SAS 4x cable
plug connector.

Mini SAS 4x cable plug connectors shall include key slots to allow attachment to Mini SAS 4x receptacle
connectors (see 5.4.3.5.1.2) with matching keys and key slots.
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To ensure active cable assemblies are not intermateable with Mini SAS 4x receptacles that do not support
active cable assemblies, differentiating keying shall be provided by having a blocking key on the plug
connector in addition to the key slots. Table 16 defines the icons that shall be placed on or near Mini SAS 4x
cable plug connectors and the key slot and key positions (see SFF-8088) that shall be used by Mini SAS 4x

cable plug connectors.

Table 16 — Mini SAS 4x cable plug connector and Mini SAS 4x active cable plug connector icons, key
slot positions, and key positions

—End-ofaSAS-external-cable
Key slot Key
Icon iti iti Reference
Electrical compliance Attaches to positions | positions
Outorin ? D|ar2ic;(r:1|céand 2,4,6 none Figure 43
Untrained 1.5 Gbit/s and
3 Gbit/s @ Out © Diamond 2,4 none Figure 44
In d Circle 4,6 nohe Figure 45
Outorin ? Two diamonds 2,4,6 3 Figure 46
and two circles
Out © Two diamonds 274 3 Figure 47
In @ Two circles 4,6 Figure 48
Trained 1.5 Gbit/s, . Two triangles, }
3 Gbit/s, and 6 Gbit/s © Outorin diamond, and 2,4,6 5 Figure 49
circle
out © Two triangles 2,4 5 Figure 50 f
and(diamond ’ 9
In ¢ fwo triangles 4,6 5 Figure 51 '
and circle
a8 Complies with the TxRx connection characteristics for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.5.4).
b Attaches to an end device, an enclosre out port, an enclosure in port, or an enclosure universal port
¢ Attaches to an end device, an englosure out port, or an enclosure universal port.
d' Attaches to an end device, an ericlosure in port, or an enclosure universal port.
€ Complies with the TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
(see 5.5.5) and does not comply with the TxRx connection characteristics for untrained 1.5 Gbit/s and
3 Gbit/s (see 5.5.4).
f Mini SAS 4x active cable plug connector.
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Figure 43 shows the key slots on the Mini SAS 4x cable plug connector for a cable assembly supporting
untrained 1.5 Gbit/s and 3 Gbit/s that attaches to an end device or an enclosure universal port (see figure 53,
figure 56, and figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 54, figure 57, and figure 60 in
5.4.3.5.1.2), or an enclosure in port (see figure 55, figure 58, and figure 61 in 5.4.3.5.1.2).

Diamond icon

Key slot 2

Circle icon

Key slot 6
Key slot 4

Figure 43 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches tp
an enclosure out port or an enclosure-in port

Figure 44 shows the key slots on the Mini SAS 4x cable plug cornngctor for a cable assembly supporting
unjrained 1.5 Gbit/s and 3 Gbit/s that attaches to an end device 'or an enclosure universal port (see figure §3,
figlre 56, and figure 59 in 5.4.3.5.1.2) or an enclosure out port (see figure 54, figure 57, and figure 60 in

54.3.5.1.2).

Ita)

Diamond icon

Key slot 4

Figure44 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches tp
an enclosure out port
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Figure 45 shows the key slots on the Mini SAS 4x cable plug connector for a cable assembly supporting
untrained 1.5 Gbit/s and 3 Gbit/s that attaches to an end device or an enclosure universal port (see
figure 53, figure 56, and figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 55, figure 58, and figure 61

in 5.4.3.5.1.2).

Key slot 6

Figure 45 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s_and 3 Gbit/s that attaches fo

an enclosure in port

ure 46 shows the key slots on the Mini SAS 4x cable plug conneetor for a cable assembly supporting
trajned 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end-device or an enclosure universal port (see
figlire 56 and figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 57 and figure 60 in 5.4.3.5.1.2), or

englosure in port (figure 58 and figure 61 in 5.4.3.5.1.2).

Fig
AN

Diamond icons
Key 3

Key slot 2

Key slot 6

Key slot 4

14
(7]

Figure 46.=Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attach
to an enclosure out port or an enclosure in port
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Figure 47 shows the key and key slots on the Mini SAS 4x cable plug connector for a cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 56 and figure 59 in 5.4.3.5.1.2) or an enclosure out port (see figure 57 and figure 60 in
5.4.3.5.1.2).

Diamond icon

Key 3
Key slot 2

W
(7]

Figure 47 — Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3.Gbit/s, and 6 Gbit/s that attach
to an enclosure out port

Figure 48 shows the key and key slots on the Mini SAS 4x cable plug connector for a cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universa
poft (see figure 56 and figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 58 and figure 61 in
5.4.3.5.1.2).

7

Circle icon

Circle icon

Key slot 6

W
(7]

Figure 48— Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attach
to an enclosure in port
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Figure 49 shows the key slots on the Mini SAS 4x active cable plug connector for an active cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 60 in 5.4.3.5.1.2), or an enclosure in port
(see figure 61 in 5.4.3.5.1.2).

Diamond icon

Triangle icons

Key slot 2

Key slot 6 Key slot 4

Figure 49 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that
attaches to an enclosure out port or an enclosure in port

T
o

igure 50 shows the key slots on the Mini SAS 4x active cable'plug connector for an active cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universa
poft (see figure 59 in 5.4.3.5.1.2) or enclosure out port\(see figure 60 in 5.4.3.5.1.2).

Diameond icon

Triangle icons

Key slot 4

Figure 50 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that
attaches to an enclosure out port
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Figure 51 shows the key slots on the Mini SAS 4x active cable plug connector for an active cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 61 in 5.4.3.5.1.2).

Triangle icons

A

=

Key slot 4

Circle icon

Key 5

Key slot 6

Figure 51 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that
attaches to an enclosure/in‘port
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5.4.3.5.1.2 Mini SAS 4x receptacle connector

The Mini SAS 4x receptacle connector is the fixed (receptacle) 26-circuit shielded compact multilane
connector defined in SFF-8088 and SFF-8086. The Mini SAS 4x receptacle connector should not be used for
rates greater than 6 Gbit/s.

A Mini SAS 4x receptacle connector may be used by one or more SAS devices (e.g., one SAS device using
physical links 0 and 3, another using physical link 1, and a third using physical link 2).

A Mini SAS 4x receptacle connector shall be used by no more than one expander device at a time, and all

ph ssicallinks shall be used hy the same nvpnndnr port (i eallthe nvpnndnr Ir__\hye shall have the same rol |fiqg

attribute (e.g., subtractive or table) (see SPL-3)).
Fi

dure 52 shows the Mini SAS 4x receptacle connector.

Figure 52 — Mini SAS 4x receptacle connector

Table 18 (see 5.4.3.5.1.3)and table 19 (see 5.4.3.5.1.3) define the pin assignments for the Mini SAS 4x
reg¢eptacle connector.

Mipi SAS 4x receptacle connectors and Mini SAS 4x active receptacle connectors shall include keys and key
slats to prevent attachment to Mini SAS 4x cable plug connectors (see 5.4.3.5.1.1) without matching keys apd
key slots.
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Table 17 defines the icons that shall be placed on or near Mini SAS 4x receptacle connectors and the key and
key slot positions (see SFF-8088) that shall be used by Mini SAS 4x receptacle connectors.

Table 17 — Mini SAS 4x receptacle connector icons, key positions, and key slot positions

Electrical Key Key slot
. Use Icons e iy Reference
compliance position | position
. End de\{|ce or enclosure Diamond and circle 4 none Figure 53
Untrained universal port
1.5 Gbit/s and ; ;
3 Gbit/s 2 Enclosure out port Diamond 2 none Figure 54
Enclosure in port Circle 6 none Figure 55
End de\{lce or enclosure Two dlampnds and 4 3 Figure 56
universal port two circles
Enclosure out port Two diamonds 2 3 Figure 57
Enclosure in port Two circles 6 3 Figure 58
Trained —
1.5 Gbit/s, End device or enclosure Wwo triang'es, . .
3 Gbit/s, and universal port diamond, and 4 3,5 Figure 59 [
6 Gbit/s ° circle
Enclosure out port Two tr_langles and 2 3,5 Figure 60 F
diamond
Enclosure in port Two trlgngles and 6 3,5 Figure 61 F
circle
@ Complies with the TxRx connection characteristics for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.5.4).
b Complies with the TxRx connection characteristics. for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
(see 5.5.5) and does not comply with the TxRx:connection characteristics for untrained 1.5 Gbit/s and
3 Gbit/s (see 5.5.4).
C Mini SAS 4x active receptacle.

Figure 53 shows the key on a Mini SAS\4x-receptacle connector used by an end device or enclosure universal
poft that supports untrained 1.5 Gbit/s-and 3 Gbit/s. The Mini SAS 4x cable plug connectors shown in
fighre 43, figure 44, and figure 45%(see 5.4.3.5.1.1) may be attached to this connector.

Figure 53 — Mini SAS 4x receptacle connector - end device or enclosure universal port for untrained
1.5 Gbit/s and 3 Gbit/s
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Figure 54 shows the key on a Mini SAS 4x receptacle connector used by an enclosure out port that supports
untrained 1.5 Gbit/s and 3 Gbit/s. The Mini SAS 4x cable plug connectors shown in figure 43 and figure 44
(see 5.4.3.5.1.1) may be attached to this connector.

Figure 54 — Mini SAS 4x receptacle connector - enclosure out port for untrained 1.5 Gbit/s and 3 Gbit/s

Fi

(s

Fi

Fi

g
un

s

>

)

Key 2

ure 55 shows the key on a Mini SAS 4x receptacle connector used by an‘enclosure in port that supports
rained 1.5 Gbit/s and 3 Gbit/s. The Mini SAS 4x cable plug connectors(shown in figure 43 and figure 45
e 5.4.3.5.1.1) may be attached to this connector.

jure 55 — Mini SAS 4x receptacle connector - enclosure in port for untrained 1.5 Gbit/s and 3 Gbi

ure 56 shows the key“and key slot on a Mini SAS 4x receptacle connector used by an end device or
Closure universahpert that supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.
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The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 45, figure 46, figure 47, and
figure 48 (see 5.4.3.5.1.1) may be attached to this connector.

Figure 57 shows the key and key slot on a Mini SAS 4x receptacle connector-used by an enclosure out po
that supports:

(sge 5.4.3.5.1.1) may be attached to this connector.

Fi

Figure 56 — Mini SAS 4x receptacle connector - end device or enclosure universal port for trained
1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s and for untrained 1.5 Gbit/s’and 3 Gbit/s

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

e Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 46, and figure 47,

Key slot 3

jure 57 — Mini‘SAS 4x receptacle connector - enclosure out port for trained 1.5 Gbit/s, 3 Gbit/s, apd
6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s
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Figure 58 shows the key and key slot on a Mini SAS 4x receptacle connector used by an enclosure in port that
supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 45, figure 46, and figure 48 (see 5.4.3.5.1.1)
may be attached to this connector.

gure 58 — Mini SAS 4x receptacle connector - enclosure in port for'trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s and for untrained 1.5 Gbit/s/and 3 Gbit/s

-m

Figure 59 shows an Mini SAS 4x active receptacle connector used by end devices or an enclosure universal

poft that supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 45, figure 46, figure 47, figure 48,
figure 49, figure 50, and figure 51 (see 5.4.3.5.1:1) may be attached to this connector.

Key slot 3
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Figure 60 shows an Mini SAS 4x active receptacle connector used by an enclosure out port that supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 46, figure 47, figure 49, and figure
50 (see 5.4.3.5.1.1) may be attached to this connector.

Kn\/ slot-3

Key 2

Figure 60 — Mini SAS 4x active receptacle connector, - enclosure out port

Fi

)

ure 61 shows an Mini SAS 4x active receptacle connector used, by an enclosure in port that supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 45, figure 46, figure 48, figure 49, and
figure 51 (see 5.4.3.5.1.1) may be attached to this connector.

Key 6

Figure 61 — Mini SAS 4x active receptacle connector - enclosure in port
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5.4.3.5.1.3 Mini SAS 4x connector pin assignments

Table 18 defines the pin assignments for Mini SAS 4x cable plug connectors (see 5.4.3.5.1.1) and Mini SAS
4x receptacle connectors (see 5.4.3.5.1.2) for applications using one, two, three, or four of the physical links.

Table 18 — Mini SAS 4x connector pin assignments and physical link usage

Pin usage based on number of physical links
Signal supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 AB
RX 2+ N/C N/C A8 A8
RX 2- N/C N/C A9 A9
RX 3+ N/C N/C N/C A1
RX 3- N/C N/C N/C A12
TX 0+ B2 B2 B2 B2 Third
TX0- B3 B3 B3 B3
TX 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
TX 2+ N/C N/C B8 B8
TX 2- N/C N/C B9 B9
TX 3+ N/C N/E N/C B11
TX 3- N/C N/C N/C B12
SIGNAL A1, A4, A7, A10, A13 First
GROUND B1, B4, B7,B10, B13
(C;:g%ﬂg Housing N/A
Key:
N/C s'not connected.
8(The mating level indicates the physical dimension of the contact (see SFF-8086).
SIGNAL 'GROUND shall not be connected to CHASSIS GROUND in the connector when used in a cable
asgembly.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

—-104 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.4.3.5.1.4 Mini SAS 4x active connector pin assignments

Table 19 defines the pin assignments for Mini SAS 4x active cable plug connectors (see 5.4.3.5.1.1) and Mini
SAS 4x active receptacle connectors (see 5.4.3.5.1.2) for implementations using one, two, three, or four of the

physical links.
Table 19 — Mini SAS 4x active connector pin assignments and physical link usage
Pin usage based on number of physical links
Signal supported by the cable assembly Matinglevel2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 AB
RX 2+ N/C N/C A8 A8
RX 2- N/C N/C A9 A9
RX 3+ N/C N/C N/C A11
RX 3- N/C N/C N/C A2
TX 0+ B2 B2 B2 B2 Third
TX0- B3 B3 B3 B3
TX 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
TX 2+ N/C N/C B8 B8
TX 2- N/C N/C B9 B9
TX 3+ N/C N/C N/C B11
TX 3- N/C N/C N/C B12
SENSE P B1
Vee © B13
GSFIQ%TJ?\IITD A1, A4, A7, A10, A13, B4, B7, B10 .
CHASSIS Housi First
GROUND ousing
Key:
N/C = not connected
A—Fhe-matingtevetindicatesthe-physicatdimensionof the—contact{see-SFF=8686):
b Electrical characteristics are defined in 5.4.3.5.1.5.
€ Electrical characteristics are defined in 5.4.3.5.1.5.

SIGNAL GROUND shall not be connected to CHASSIS GROUND in the connector when used in a cable

assembly.
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5.4.3.5.1.5 Mini SAS 4x active cable power requirements

Mini SAS 4x active cable assemblies may contain integrated circuitry (e.g., drivers, repeaters, or equalizers).

To

enable the operation of circuitry inside the Mini SAS 4x active cable assemblies, Mini SAS 4x active

receptacle connectors provide power when connected to a Mini SAS 4x active cable assembly (see 5.4.4.2.2).
Mini SAS 4x active receptacle connectors shall be intermateable with Mini SAS 4x passive cable assemblies.

To

be intermateable, Mini SAS 4x active receptacle connectors define a pin (i.e., SENSE (see table 19)

(see 5.4.3.5.1.4)) to allow control of power. Power shall only be applied to the Mini SAS 4x active cable
receptacle when a Mini SAS 4x active cable assembly is present. Power shall not be applied to the

MiniSAS 4x active cable receptacle when a Mini SAS 4x passive cable assembly or no cable assemblv is
L L J J

pre

Th
en
thd

sent. An example of a power supply logic circuitry design is shown in Annex H.

e voltage and current requirements for the power supplied to the Mini SAS 4x active cable receptacle
bble support for Mini SAS 4x active cable assemblies with power consumption of up to 1 W perieach end
cable assembly. These requirements are defined in table 20.

Table 20 — Mini SAS 4x active cable supplied power requirements

of

Characteristic Units Minimum Nominal Maximum
Supply voltage Y% 3.135 @ 38 3.465 P
Supply current mA 3194 ¢
Qurrent consumption mA 288.6 ¢
FPower consumption mwW 1000 9 ©

P At the maximum supply current.

P The power supply shall not exceed this value at any curfent.
The power supply shall deliver this amount of current at'the minimum voltage of 3.135 V.
Maximum consumption for each end of the active.cable assembly at the maximum voltage of 3.465 V|

W Q0

This is a derived quantity obtained from: (maximum supply voltage) x (maximum current consumption).

Th
5K

Th
pre
Mi

Th
ex

To
ful

Th
pin
10
tra

e Mini SAS 4x active cable assembly shall provide a connection of the SENSE pin to ground through a
Q resistor with a relative tolerance of +5 %:

e active cable power circuitry shall enable power to the Mini SAS 4x receptacle connector only when thq
sence of the sense resistor is detected and power shall be disabled if the SENSE pin is open (i.e., no
Ni SAS 4x cable assembly plugged in) or shorted to ground (i.e., Mini SAS 4x passive cable plugged in).

e active cable power circuitryshall have protection against the connection of the V¢ pin to ground or
Cessive current loading.

support hot plugging;the active cable power circuitry shall be able to detect the sense resistor and provi
current within 50-ms of active cable assembly connection.

e active cablé@assembly and Mini SAS active cable receptacle power pins (i.e., the V¢ pin and SENSE
) shall be-eoupled to ground via bypass capacitors so that they possess low impedance to ground from
D MHz t0:175 times the fundamental frequency of the maximum baud rate supported by the attached
hsmitter device and the attached receiver device.

Th

e power planes of the printed circuit board on the receptacle side shall be coupled to ground.

In implementations where the circuitry in the Mini SAS 4x active cable assembly requires voltages other than
the provided 3.3 V, voltage regulators may be located within the Mini SAS 4x active cable assembly.
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5.4.3.5.2 Mini SAS HD external connectors

5.4.3.5.2.1 Mini SAS HD 4x cable plug connector
The Mini SAS HD 4x cable plug connector is the free (plug) 36-circuit connector defined in SFF-8644.
Figure 62 shows the Mini SAS HD 4x cable plug connector.

N

A1

Figure 62 — Mini SAS HD 4x cable plug connector

If constructed with a pull tab as shown in figure 62, then the pull tab should use PANTONE 279 C (i.e., light
blue).


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -107 -

Table 21 (see 5.4.3.5.2.6) define the pin assignments for the Mini SAS HD 4x cable plug connector.
The Mini SAS HD 4x cable plug connectors shall not include keying.

5.4.3.5.2.2 Mini SAS HD 8x cable plug connector

The Mini SAS HD 8i cable plug connector is the dual four lane cable plug (free) connector defined in
SFF-8644. Figure 63 shows the Mini SAS HD 8x cable plug connector. This connector is a modular version of
repeating Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1). Module labeling is shown in figure 63. See
figure 62 (see 5.4.3.5.2.1) for pin designations. Mini SAS HD 8x cable plug connectors shall not include
keYing.

Figure 63 — Mini SAS’HD 8x cable plug connector

Table 21 (see 5.4.3.5.2.6) define the pin assignments for the Mini SAS HD 4x cable plug connector
(sge 5.4.3.5.2.1). The pin assignments are,repeated for each module of the Mini SAS 8x cable plug connecior.
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5.4.3.5.2.3 Mini SAS HD 4x receptacle connector

The Mini SAS HD 4x receptacle connector is the four-lane receptacle (fixed) connector defined in SFF-8644.
Figure 64 shows the Mini SAS HD 4x receptacle connector.

Ta

\C rd
i \\ 11/
B1 \\ ‘ B /
A1 // \\

Eigure 64 — Mini SAS HD 4x receptacle connector

ble 21 (see 5.4.3.5.2:6).defines the pin assignments for the Mini SAS HD 4x receptacle connector.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -109 -

5.4.3.5.2.4 Mini SAS HD 8x receptacle connector

The Mini SAS HD 8x receptacle connector is a dual four-lane receptacle (fixed) connector defined in
SFF-8644. Figure 65 shows the Mini SAS HD 8x receptacle connector. This connector is a modular version of

the

Mini SAS HD 4x receptacle connector (see 5.4.3.5.2.3). Module labeling is shown in figure 65. See

figure 64 (see 5.4.3.5.2.3) for pin designations.

Ta
co
8x
HLO

Figure 65 — Mini SAS HD 8x receptacle connector

ble 21 (see 5.4.3.5.2.6) defines the pin assignments for the Mini~<SAS HD 8x receptacle connector. The

nector is a modular design of repeating Mini SAS HD 4x recéptacles (see 5.4.3.5.2.3). The Mini SAS H
receptacle connector accepts one Mini SAS HD 8x plug connector (see 5.4.3.5.2.2) or one or two Mini SA
4x plug connectors (see 5.4.3.5.2.1).
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5.4.3.5.2.5 Mini SAS HD 16x receptacle connector

The Mini SAS HD 16x receptacle connector is a quad four-lane receptacle (fixed) connector defined in
SFF-8644. Figure 66 shows the Mini SAS HD 16x receptacle connector. This connector is a modular version
of the Mini SAS HD 4x receptacle connector (see 5.4.3.5.2.3). Module labeling is shown in figure 66. See
figure 64 (see 5.4.3.5.2.3) for pin designations.

Figure 66 — Mini SAS HD.16x receptacle connector

Table 21 (see 5.4.3.5.2.6) defines the pin assignments for the Mini SAS HD 16x receptacle connector. The
copnector is a modular design of repeating Mini.SAS HD 4x receptacles (see 5.4.3.5.2.3). The Mini SAS HD
16k receptacle connector accepts:

a) one or two Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2);

b) one, two, three, or four Mini $AS'HD 4x cable plug connectors (see 5.4.3.5.2.1); or

c) acombination of one Minj SAS HD 8x cable plug connector (see 5.4.3.5.2.2) and one or two Mini SAS
HD 4x cable plug connectors (see 5.4.3.5.2.1).

A Mini SAS HD 4x cable plug connector (see 5.4.3.5.2.1) may be plugged into module A, module B,
mqdule C, or module D. A Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2) may be plugged into
madule A and module. B;)module B and module C, or module C and module D.
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5.4.3.5.2.6 Mini SAS HD 4x connector pin assignments

Table 21 defines the pin assignments for Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1) and
Mini SAS HD 4x receptacle connectors (see 5.4.3.5.2.3) for controller applications using one, two, three, or
four of the physical links.

Table 21 — Mini SAS HD 4x connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Matinglevel-2
One Two Three Four
RX 0- B5 B5 B5 B5
RX 0+ B4 B4 B4 B4
Third
RX 1- N/C A5 A5 A5
RX 1+ N/C A4 A4 A4
IntL P A2 A2 A2 A2
Reserved ° A1 A1 A1 A1
B Second
ModPrsL B2 B2 B2 B2
Vact P B1 B1 B1 B1
RX 2- N/C N/C B8 B8
RX 2+ N/C N/C B7 B7
Third
RX 3- N/C N/C N/C A8
RX 3+ N/C N/C N/C A7
TX 0- D5 D5 D5 D5
TX 0+ D4 D4 D4 D4
Third
TX 1- N/C C5 C5 C5
TX 1+ N/O C4 C4 C4
SDA P C2 c2 c2 c2
scL C1 C1 C1 C1
B Second
Vman D2 D2 D2 D2
Vaet, P D1 D1 D1 D1
TX 2- N/C N/C D8 D8
TX 2+ N/C N/C D7 D7
Third
TX 3- N/C N/C N/C Cc8
TX 3+ N/C N/C N/C Cc7
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, C6, C9, D3, D6, D9
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8644).
b Table 22 (see 5.4.3.5.2.7) defines the connection requirements of this signal.
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5.4.3.5.2.7 Mini SAS HD external connector management interface
Each 4x module shall include a two-wire serial management interface to:

a) monitor circuitry residing in the cable assembly;

b) control circuitry residing in the cable assembly; and

c) obtain physical characteristics of the cable encoded in a non-volatile storage device located in the
cable assembly.

Table 22 defines the connection requirements of the management interface signals. The following connectors
shallsupport the signals-intable 22 in each 4x module.

) Mini SAS HD 4x receptacle connectors (see 5.4.3.5.2.3);

) Mini SAS HD 8x receptacle connectors (see 5.4.3.5.2.4);

) Mini SAS HD 16x receptacle connectors (see 5.4.3.5.2.5);

) Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1); and
e) Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2).

a
b
c
d

See SFF-8449 and SFF-8636 for a complete signal definition, management interface memory map, and
timling diagrams for the two-wire interface.

Table 22 — Management interface connection requirements

Signal Connection requirements 2

Active Low Module Interrupt: This pin shall be connected to Vman (see SFF-8449) on
the receptacle side of the management interface{The source of the interrupt may be
identified using the two-wire serial management interface. If the cable assembly supportg
interrupts, then the cable assembly shall assert this pin to indicate an interrupt bit has
IntL been set to one in the management interfface memory map. If a cable assembly does not
support interrupts, then all interrupt bits in the cable management interface memory
map shall be set to zero and the cable*assembly shall negate this pin (e.g., all interrupt
bits of a passive cable assembly may be programmed to a clear state and the IntL pin no
connected on the cable plug side of the management interface).

Active Low Module Present: On the cable plug side of the management interface,
ModPrsL shall be connected directly to the signal ground pins specified in table 21
ModPrsL (see 5.4.3.5.2.6). ModPrsL shall be connected to Vman (see SFF-8449) on the
receptacle side of the management interface to negate this signal when the plug is not
fully mated to_the receptacle.

This pin shall.be not connected on the receptacle side and cable plug side of the

Reserved .

management interface.

scL Two-wire interface clock: The receptacle side of the management interface shall
connect this signal to Vman (see SFF-8449).

SDA Two-wire interface data: The receptacle side of the management interface shall connec
this signal to Vman (see SFF-8449).
Active cable power: If the receptacle side of the management interface supports active
cable assemblies, then it shall provide all non-management interface power to the cable

, . assembly on the Vact pins. To support equal loading, both Vact pins shall be connected

vall

together on the receptacle side of the management interface. If the receptacle side of the
management interface does not support active cable assemblies, then the Vact pins
should be not connected.

Management interface power: The receptacle side of the management interface shall
Vman provide power on the Vman pin to enable the management interface circuitry of the
cable. Power may be removed to reset the management circuitry in the cable assembly.

@ Electrical characteristics are defined in SFF-8449.
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5.4.3.5.2.8 Mini SAS HD external connector memory map
SFF-8636 defines the Mini SAS HD external connector management interface memory map. The Mini SAS

HD external cable assembly shall support the following management interface memory map registers:

a)
b)
c)
d)
e)

supported SAS baud rate;
vendor name;

vendor part number;
vendor revision;

copper cable attenuation;

5.4

5.4

Th
thd

f
9)
h)
i)
)

power class;

minimum operating voltage;
transmitter technology;
cable width; and
propagation delay.

.3.5.3 QSFP+ connectors

.3.5.3.1 QSFP+ cable plug

e QSFP+ cable plug connector is the free (plug) 38-circuit connector defined.in’SFF-8685. Figure 67 sho
QSFP+ cable plug connector.

Optionalputl tab

Figure 67 — QSFP+ cable plug connector
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Table 23 (see 5.4.3.5.3.3) defines the pin assignments for the QSFP+ cable plug connector.

The QSFP+ cable plug connectors shall not include keying.

5.4.3.5.3.2 QSFP+ receptacle

The QSFP+ receptacle connector is the fixed (receptacle) 38-circuit connector defined in SFF-8685. Figure 68
shows the QSFP+ receptacle connector.

Optional gasket configuration

Figure 68 — QSFP+ receptacle connector

Table 23 (see 5.4.3.5.3.3) defines the pin assignments for the QSFP+ receptacle connector.

The QSFP+ receptacle connectors shall not nclude Keying.
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5.4.3.5.3.3 QSFP+ connector pin assignments

Table 23 defines the pin assignments for QSFP+ connectors (see 5.4.3.5.3.1 and 5.4.3.5.3.2). Specific pins
are used to provide managed cable communication and power to the cable assembly.

Table 23 — QSFP+ connector pin assignments (part 1 of 2)

Pin Signal Description Mating level 2
1 GND P Ground First
2 Tx2n Transmitter inverted data input Third
3 Tx2p Transmitter non-inverted data input Third
4 GND P Ground First
5 Tx4n Transmitter inverted data input Third
6 Tx4p Transmitter non-inverted data input Third
7 GND P Ground First
8 ModSelL Module select Third
9 ResetlL Module reset Third
10 Veec Rx © +3.3 V power supply receiver Second
11 SCL two-wire serial interfacedclock Third
12 SDA two-wire serial interface data Third
13 GND P Ground First
14 Rx3p Receiver non-invérted data output Third
15 Rx3n Receiverinverted data output Third
16 GND P Ground First
17 Rx1p Receiver non-inverted data output Third
18 Rx1n Receiver inverted data output Third
19 GND P Ground First

20 GND P Ground First

21 Rx2n Receiver inverted data output Third

22 Rx2p Receiver non-inverted data output Third

23 GND P Ground First

24 Rx4n Receiver inverted data output Third

25 Rx4p Receiver non-inverted data output Third
26 GND P Ground First
2F odPrst iodutepresent Third
28 IntL Interrupt Third

@ The mating level indicates the physical dimension of the contact. See SFF-8685.

b GND is the symbol for signal ground and power ground for QSFP+. Signal ground
and power ground are common within the QSFP+ cable connector and all voltages
are referenced to this ground unless otherwise specified. Signal ground and
power ground shall be connected directly to the host board signal ground.

¢ Power shall be applied concurrently to Vcc Rx, Vee1, and Vee Tx. Within the QSFP+
cable connector, Vcc Rx, Vce1, and Vee Tx may be connected in any combination.
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Table 23 — QSFP+ connector pin assignments (part 2 of 2)

Pin Signal Description Mating level 2
29 Vee Tx © +3.3 V power supply transmitter Second
30 Veel © +3.3 V power supply Second
31 LPMode Low power mode Third
32 GND P Ground First
33 Tx3p Transmitter non-inverted data input Third
34 Tx3n Transmitter inverted data input Third
35 GND P Ground First
36 Tx1p Transmitter non-inverted data input Third
37 Tx1n Transmitter inverted data input Third
38 GND P Ground First

@ The mating level indicates the physical dimension of the contact:See SFF-8685.

b GND is the symbol for signal ground and power ground for QSFP+. Signal ground
and power ground are common within the QSFP+ cable cafnector and all voltages
are referenced to this ground unless otherwise specified.*Signal ground and
power ground shall be connected directly to the hostboard signal ground.

¢ Power shall be applied concurrently to Vcc Rx, VeeTyand Vee Tx. Within the QSFP+
cable connector, Vcc Rx, Vce1, and Vee Tx may be connected in any combination.

5.4.3.5.3.4 QSFP+ memory map

The memory map for QSFP+ is used for identification,information, cable characteristics, control functions, and
didital monitoring. The two-wire serial interface is réquired for all QSFP+ devices. SFF-8636 defines the
supported SAS baud rate codes. See SFF-8636.for register map details and the operation of the two-wire
sefial interface.
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5.4.4 Cable assemblies
5.4.4.1 SAS internal cable assemblies

5.4.4.1.1 SAS Drive cable assemblies
A SAS Drive cable assembly is either:

a) a single-port SAS Drive cable assembly;
b) a dual-port SAS Drive cable assembly; or
c) a MultLink SAS Drive cable assembly.

A $AS single-port Drive cable assembly or SAS dual-port Drive cable assembly has:

a) a SAS Drive cable receptacle connector (see 5.4.3.4.1.2) on the SAS target device end; and
b) a SATA signal cable receptacle connector (see SATA) on the SAS initiator device or expander devige
end (see SPL-3).

A $AS MultiLink Drive cable assembly has:

a) a SAS MultiLink Drive cable receptacle connector (see 5.4.3.4.1.2) on the SAS target device end; gnd
b) a SATA signal cable receptacle connector (see SATA) on the SAS initiatordevice or expander devige
end (see SPL-3).

The power, READY LED, and POWER DISABLE signal connection is vendor specific.

A $AS initiator device shall use a SATA host plug connector (see SATA) for connection to a SAS Drive cabje
assembly. The signal assignment for the SAS initiator device or expander device (see SPL-3) with this
copnector shall be the same as that defined for a SATA host (seeSATA).

Fi

)

ure 69 shows the Single-port SAS Drive cable assembly.

Power/READY LED/POWER DISABLE
SATA signal cable connection

cable receptacle D—/—P®§‘P1 5
connector : 3\
Secondary physical
link (not used) 7 58 -514 i

J, | SAS Drive cable

L — — — — — — — (== S7 receptacle connector

g : (A) gg Legend:

v High-speed serial

- —— —— N ———— gg :O:: ::O: differential pairs

g U : s 00 T ———= Signal return

1 - Q—_t - — S ——F—— Multiple signals
[ Key

Figure 69 — Single-port SAS Drive cable assembly
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Figure 70 shows the Dual-port SAS Drive cable assembly.

SATA signal cable

ISO/IEC 14776-154:2017 © ISO/IEC 2017

receptacle
conn%ctor Power/READY LED/POWER DISABLE
cable connection
! | —+—P1-P15
/I m—————————— S14
6 |- A S13
5 |- U S12
p4s [y S1 1
3 |"| : S10
2 v S9
1 == —— S8
[ ¥ Key #—— SAS Drive cable
receptacle connector
=== s7
g : [A] S6 Legend:
o S5 :@:: High-speed serial
4~ T T T T T T T - S4 ::D: differential pairs
3 { > 83| & Signal return
2 —v > s2 o
1 e e e e e = = S1 —#+—— Multiple signals
[ k— Key

Figure 70 — Dual-port SAS Drive cable assembly



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 19—

Figure 71 shows the MultiLink SAS Drive cable assembly.
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5.4.4.1.2 SAS internal symmetric cable assemblies

5.4.41.2.1 SAS internal symmetric cable assemblies overview
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Figure 71 — MultiLink SAS Drive cable assembly

A SAS internal symmetric cable assembly has:

a)
b)
c)
d)
e)

f)

a SAS 4i cable receptacle connector (see 5.4.3.4.2.1) on each end (see 5.4.4.1.2.2);

a Mini SAS 4i cable plug connector (see 5.4.3.4.3.1) on each end (see 5.4.4.1.2.3);

a Mini SAS HD 4i cable plug connector on each end (see 5.4.4.1.2.4);

a Mini SAS HD 8i cable plug connector on each end (see 5.4.4.1.2.5);

a SAS 4i cable receptacle connector on one end and a Mini SAS 4i cable plug connector on the other
end, with vendor-specific sidebands (see 5.4.4.1.2.5);

a SAS 4i cable receptacle connector on the controller end and a Mini SAS 4i cable plug connector on
the backplane end, with sidebands supporting SGPIO (see 5.4.4.1.2.7);
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g) a Mini SAS 4i cable plug connector on the controller end and a SAS 4i cable receptacle connector on
the backplane end, with sidebands supporting SGPIO (see 5.4.4.1.2.8); or

h) a Mini SAS 4i cable plug connector on one end and a Mini SAS HD 4i cable plug connector on the
other end (see 5.4.4.1.2.9).

In a SAS internal symmetric cable assembly, the TX signals on one end shall be connected to RX signals on
the other end (e.g., a TX+ of one connector shall connect to an RX+ of the other connector). SAS internal

symmetric cable assemblies should be labeled to indicate how many physical links are included (e.g., 1X, 2X,
3X, and 4X on each connector's housing). A SAS internal cable with a SAS 4i cable receptacle on either end

should-not be used for rates grnnfnr than 3 Gbit/s
5.4.4.1.2.2 SAS internal symmetric cable assembly - SAS 4i
Figure 72 shows the SAS internal symmetric cable assembly with SAS 4i cable receptacle connectors at eafch
engd.
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Figure 72 — SAS internal symmetric cable assembly - SAS 4i

In addition to the signal return connections shown in figure 72, one or more of the signal returns may be
connected together in this cable assembly.

For controller-to-backplane applications, this cable assembly may support one to four physical links.
SIDEBAND signals on the controller are attached to the corresponding SIDEBAND signals on the backplane
(e.g., SIDEBANDO of the controller is attached to SIDEBANDO of the backplane).
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For controller-to-controller applications, this cable assembly shall support all four physical links and the

controllers should use all four physical links, because one controller’s physical links 0 and 1 are attached the
other controller’s physical links 3 and 2, respectively. If both controllers use one or two physical links starting
with physical links 0, communication is not possible. If both controllers use physical links 0, 1, and 2, then only
communication over physical links 1 and 2 is possible. SIDEBAND signals on one controller are not attached

to their corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is
attached to SIDEBANDS of the other controller).

5.4.4.1.2.3 SAS internal symmetric cable assembly - Mini SAS 4i
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dure 73 shows the SAS internal cable assembly with Mini SAS 4i cable plug connectors at each end,

Legend:
:@:: ::O: ngh—spe;ed s<_aria|
differential pairs
————— Signal return
-@— - — - 9 Sideband signal

Figure 73 — SAS internal symmetric cable assembly - Mini SAS 4i

In addition to the signal return connections shown in figure 73, one or more of the signal returns may be
connected together in this cable assembly.

This cable assembly may support one to four physical links.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).
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For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).

5.4.4.1.2.4 SAS internal symmetric cable assembly - Mini SAS HD 4i

Figure 74 shows the SAS internal cable assembly with Mini SAS HD 4i cable plug connectors at each end.
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bddition to the signal return connections shown in figure 74, one or more of the signal returns may be

Mini SAS HD 4i cable plug connectors

Figure 74 — SAS internal symmetric cable assembly - Mini SAS HD 4i

<@— - — - P Sideband signal

connected together in this cable assembly.

This cable assembly may support one to four physical links.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).
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5.4.4.1.2.5 SAS internal symmetric cable assembly - Mini SAS HD 8i

Figure 75 shows the SAS internal cable assembly with Mini SAS HD 8i cable plug connectors at each end.
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Figure 75 — SAS internal symmetric cable assembly - Mini SAS HD 8i

In pddition to.tRe-signal return connections shown in figure 75, one or more of the signal returns may be
cohnected together in this cable assembly.
Thjs cable assembly may support one to eight physical links. If less than eight physical links are supported
thgnimodule A shall be populated first, followed by module B (e.g., if six physical links are supported, then
module A has four physical TNKS connected and module B has two physical INKs connected). See 5.4.3.4.4.6
for connector module pin assignments.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).
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5.4.4.1.2.6 SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-specific
sidebands

Figure 76 shows the SAS internal symmetric cable assembly with a SAS 4i cable receptacle connector at one
end and a Mini SAS 4i cable plug connector at the other end, with vendor-specific sidebands.
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Figure-76"— SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-specific
sideband signals

controller or backplane is using the SAS 4i connector.

Each signal return on one end of this cable assembly shall be connected to at least one signal return on the
other end of the cable assembly. One or more of the signal returns may be connected together in this cable
assembly.

For controller-to-backplane applications with the SAS 4i cable receptacle connector on the controller end, this
cable assembly may support one to four physical links.

For controller-to-controller applications, this cable assembly may support one to four physical links.
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For controller-to-backplane applications with the Mini SAS 4i cable receptacle connector on the controller end,
this cable assembly shall support all four physical links and the controller should use all four physical links,
because the controller’s physical links 0, 1, 2, and 3 are attached to the backplane’s physical links 3, 2, 1, and
0, respectively. If both the controller and the backplane use one or two physical links starting with physical
links 0, communication is not possible. If both the controller and the backplane use physical links 0, 1, and 2,
then only communication over physical links 1 and 2 is possible.

5.4.4.1.2.7 SAS internal symmetric cable assembly - SAS 4i controller to Mini SAS 4i
backplane with SGPIO

Figure 77 shows the SAS internal symmetric cable assembly with a SAS 4i cable receptacle connector, at the
coptroller end and a Mini SAS 4i cable plug connector at the backplane end, with sidebands connected to
support SGPIO (see SFF-8485).
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Figure 77 — SAS internal symmetric cable assembly - SAS 4i controller to Mini SAS 4i backplane with
SGPIO connections
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Each signal return on one end of the cable assembly shown in figure 77 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.

This cable assembly may support one to four physical links.
5.4.4.1.2.8 SAS internal symmetric cable assembly - Mini SAS 4i controller to SAS 4i
backplane with SGPIO

Figure 78 shows the SAS internal symmetric cable assembly with a Mini SAS 4i cable receptacle connector at
thg controller end and a SAS 4i cable plug connector at the backplane end, with sidebands connected to
support SGPIO (see SFF-8485).
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Figure 78 — SAS internal symmetric cable assembly - Mini SAS 4i controller to SAS 4i backplane with
SGPIO connections
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Each signal return on one end of the cable assembly shown in figure 78 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.

This cable assembly may support one to four physical links.

5.4.4.1.2.9 SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i

Figure 79 shows the SAS internal symmetric cable assembly with a Mini SAS 4i cable plug connector at one
end and a Mini SAS HD 4i cable plug connector at the other end.
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Figure 79 — SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i

In addition to the signal return connections shown in figure 79, one or more of the signal returns may be
connected together in this cable assembly.

This cable assembly may support one to four physical links.
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For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).

5.4.4.1.3 SAS internal fanout cable assemblies

5.4.4.1.3.1 SAS internal fanout cable assemblies overview
A $AS internal fanout cable assembly is either:

a) a SAS internal controller-based fanout cable assembly (see 5.4.4.1.3.2) with:
A) a SAS 4i cable receptacle connector on one end (i.e., the controller end) and four SAS Drive
cable receptacle connectors on the other end;
B) a Mini SAS 4i cable plug connector on one end (i.e., the controller end) and’four SAS Drive cah
receptacle connectors on the other end; or
C) a Mini SAS HD 4i cable plug connector on one end (i.e., the controller end) and four SAS Driv¢
cable receptacle connectors on the other end;

e

174

or

b) a SAS internal backplane-based fanout cable assembly (see 54.4.1.3.3) with:
A) four SATA signal cable receptacle connectors on one end (i.e., the controller end) and a SAS 4
cable receptacle connector on the other end (i.e., the’backplane end);

B) four SATA signal cable receptacle connectors on one end (i.e., the controller end) and a Mini SAS

4i cable plug connector on the other end (i.e., the\backplane end); or

C) four SATA signal cable receptacle connectors on'one end (i.e., the controller end) and a Mini SAS

HD 4i cable plug connector on the other end.(i.e., the backplane end).

In B SAS internal fanout symmetric cable assembly,the TX signals on one end shall be connected to RX
signals on the other end (e.g., a TX+ of one connector shall connect to an RX+ of the other connector).
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5.4.4.1.3.2 SAS internal controller-based fanout cable assemblies

Figure 80 shows the SAS internal controller-based fanout cable assembly with a SAS 4i cable receptacle
connector at the controller end.
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Figure 80 — SAS internal controller-based fanout cable assembly - SAS 4i

Each signal return on one end of the cable assembly shown in figure 80 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 81 shows the SAS internal controller-based fanout cable assembly with a Mini SAS 4i cable plug

connector at the controller end.
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Figure 81 — SAS internal controller-based fanout cable assembly - Mini SAS 4i

Each signal return on one end of the cable assembly shown in figure 81 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected

together in this cable assembly.
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Figure 82 shows the SAS internal controller-based fanout cable assembly with a Mini SAS HD 4i cable plug
connector at the controller end.
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Figure 82 — SAS internal controller-based fanout cable assembly - Mini SAS HD 4i

Each signal return on one end of the cable assembly shown in figure 82 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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5.4.4.1.3.3 SAS internal backplane-based fanout cable assemblies

Figure 83 shows the SAS internal backplane-based fanout cable assembly with the SAS 4i cable receptacle
connector.
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) [*+—Key Keyslot — | —— ——— Signal return
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Figure 83 — SAS internal backplane-based fanout cable assembly - SAS 4i
Each'signal return on one end of the cable assembly shown in figure 83 shall be connected to at least one

signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -133 -

Figure 84 shows the SAS internal backplane-based fanout cable assembly with the Mini SAS 4i cable
receptacle connector.
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Figure 84 — SAS internal backplane-based fanout cable assembly - Mini SAS 4i

Eactrsignatreturm o one end-of the tabte assembty StowrT i figure 84 shattbe conmected to at feastone
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 85 shows the SAS internal backplane-based fanout cable assembly with the Mini SAS HD 4i cable

receptacle connector.
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Figure 85 — SAS internal backplane-based fanout cable assembly - Mini SAS HD 4i

~@— - — - —» Sideband signal

Eactrsignatreturmorm one end-of the tabte assembty StowrT i figure 85 Sshattbe conmected to at teastone

signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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5.4.4.2 SAS external cable assemblies

5.4.4.2.1 SAS external cable assemblies overview

A SAS external cable assembly has:

a) a Mini SAS 4x cable plug connector (see 5.4.3.5.1.1) at each end (see 5.4.4.2.2);

b) a Mini SAS HD 4x cable plug connector (see 5.4.3.5.2.1) at each end (see 5.4.4.2.3);
) a Mini SAS HD 8x cable plug connector (see 5.4.3.5.2.2) at each end (see 5.4.4.2.4);
)

c
d) a Mini SAS HD 8x cable plug connector (see 5.4.3.5.2.2) at one end and two Mini SAS HD 4x cabl
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plug connectors (see 5.4.3.5.2.71) at the other end (see 5.4.4.2.5);

e) a Mini SAS HD 4x cable plug connector at one end and a Mini SAS 4x cable plug connector atthe
other end (see 5.4.4.2.6); or

f) a QSFP+ cable plug connector (see 5.4.3.5.3.1) at each end (see 5.4.4.2.7).

S external cable assemblies do not include power, the READY LED signal, or the POWER'DISABLE
nal.

hough the connector always supports four or eight physical links, a SAS external cable assembly may
bport one to eight physical links. SAS external cable assemblies should be labeled to indicate how many
ysical links are included (i.e., 1X, 2X, 3X, 4X, 5X, 6X, 7X, or 8X on each connector's housing).

e TX signals on one end shall be connected to the corresponding RX signals 'of the other end (e.g., TX0+
e connector shall be connected to RX0+ of the other connector).

nal returns shall not be connected to CHASSIS GROUND in the cable assembly.

hddition to the SAS icon (see Annex I), additional icons are defined for external connectors to guide use
b making compatible attachments (i.e., not attaching expanderdevice table routing phys to expander devi
le routing phys in externally configurable expander devices(see SPL-3), which is not allowed (see SPL-3
nnectors that have one or more matching icons are intended to be attached together. Connectors that d
have a matching icon should not be attached together:

e end of the SAS external cable assembly shall support being attached to an end device, an enclosure d
t, or an enclosure universal port. The other end-of the SAS external cable assembly shall support being
hched to an end device, an enclosure in port, or an enclosure universal port. If a Mini SAS 4x cable plug
nector is used, then it shall include icons and key slots as defined in 5.4.3.5.1.1.
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5.4.4.2.2 SAS external cable assembly - Mini SAS 4x

Figure 86 shows the SAS external cable assembly with Mini SAS 4x cable plug connectors at each end. This
cable assembly should not be used for rates greater than 6 Gbit/s.
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Figure 86 — Mini' SAS 4x external cable assembly

In Addition to the signal return conne¢tiohs shown in figure 86, one or more of the signal returns may be
comnected together in this cable assembly.
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Figure 87 shows the SAS external cable assembly with Mini SAS 4x active cable assembly plug connectors at
each end.
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Figure 87 — Mini SAS 4x active external cable assembly

In gddition to the signal return connections shown in figure 87, one or more of the signal returns may be
connected together in this cable assembly.
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Figure 88 shows the an example cable with icons and key slots in the SAS external cable assembly with Mini
SAS 4x cable plug connectors at each end. Depending on the cable configuration, the Mini SAS 4x cable
connectors may also include different icon, key slot, and key combinations than shown in figure 88

(see 5.4.3.5.1.1).

Figure 88 — SAS -external cable assembly with Mini SAS 4x cable plug connectors

Although the topologyiis supported by this document and SPL-3, a SAS external cable assembly with Mini
SAS 4x cable plug.connectors on each end that attaches an enclosure in port to another enclosure in port |s
nof defined bysthis document and SPL-3.
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5.4.4.2.3 SAS external cable assembly - Mini SAS HD 4x

Figure 89 shows the SAS external cable assembly with Mini SAS HD 4x cable plug connectors at each end.
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Figure 89 — SAS external cable assembly - Mini SAS HD 4x
In Addition to the signal return connections shown in figure 89, one or more of the signal returns may be
connected togethervin this cable assembly.
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Figure 90 shows an example SAS external cable assembly with Mini SAS HD 4x cable plug connectors at
each end.

Figure 90 — SAS exte@’eable assembly with Mini SAS HD 4x cable plug connectors
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5.4.4.2.4 SAS external cable assembly - Mini SAS HD 8x

Figure 91 shows the SAS external cable assembly with Mini SAS HD 8x cable plug connectors at each end.
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Figure 91 — SAS external cable assembly - Mini SAS HD 8x

In Addition to thedsignal return connections shown in figure 91, one or more of the signal returns may be
comnected together in this cable assembly.
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Figure 92 shows an example SAS external cable assembly with Mini SAS HD 8x cable plug connectors at
each end.

Figure 92 — SAS ex@ cable assembly with Mini SAS HD 8x cable plug connectors
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5.4.4.2.5 SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4x

Figure 93 shows the SAS external cable assembly with a Mini SAS HD 8x cable plug connector at one end
and two Mini SAS HD 4x cable plug connectors at the other end.
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Figure)93 — SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4x
In gddition to the signal return connections shown in figure 93, one or more of the signal returns may be
connected:tegether in this cable assembly.
Th s than eight physical lin
ared ix physi in e

See 5.4.3.5.2.6 for connector module pin assignments.

supported, then module A has four physical links connected and module B has two physical links connected).
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Figure 94 shows an example SAS external cable assembly with a Mini SAS HD 8x cable plug connector at
one end and two Mini SAS HD 4x cable plug connectors at the other end.

Figure 94 — SAS exter@lble assembly with a Mini SAS HD 8x cable plug connector and
C) o Mini SAS HD 4x cable plug connectors
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5.4.4.2.6 SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4x

Figure 95 shows the SAS external cable assembly with a Mini SAS HD 4x cable plug connector at one end
and a Mini SAS 4x cable plug connector at the other end. This cable assembly should not be used for rates
greater than 6 Gbit/s.
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Figure 95 — SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4x
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Figure 94 shows a example SAS external cable assembly with a Mini SAS HD 4x cable plug connector at one
end and a Mini SAS 4x cable plug connector at the other end.

-

Figure 96 — SAS externeb%ble assembly with a Mini SAS HD 4x cable plug connector and a

Mini SAS 4x cable plug connector
Each signal return on Oend of the cable assembly shown in figure 96 shall be connected to at least one
signal return on th 6'9 r end of the cable assembly. One or more of the signal returns may be connected
together in this @ assembly.

5.4.4.2.7 Z;(ternal cable assembly - QSFP+

QS FF%,'-I le assemblies are defined in SFF-8685. QSFP+ cable assemblies for SAS shall comply with th
Tx?@ nection characteristics specified in this document (see 5.5).

Y%

5.4.5 Backplanes

SAS backplane designs should follow the recommendations in SFF-8460.
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5.5 TxRx connection characteristics

5.5.1 TxRx connection characteristics overview

Each TxRx connection shall support a bit error ratio (BER) that is less than 10712 (i.e., fewer than one bit error
per 1012 bits). The parameters specified in this document support meeting this requirement under all
conditions including the minimum input and output amplitude levels.

A TxRx connection may be constructed from multiple TxRx connection segments (e.g., backplanes and cable

as
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co

pa
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en

Ca

EEmbties) tisthe Tesponsibitity of thetmptementer toensure that the TXRX CONMECHon 1S constructed frg
ividual TXRx connection segments such that the overall TxRx connection requirements are met. Loss
bracteristics for individual TxRx connection segments are beyond the scope of this document.

ch TxRx connection segment shall comply with the impedance requirements detailed in 5.5.2 for the

t of the TxRx connection.

Rx connections shall be applied only to homogeneous ground applications (e.g., between devices within
Closure or rack, or between enclosures interconnected by a common ground return*or ground plane).

mpliance points referenced in the electrical requirement tables are shown in 5.3 Unless otherwise specifi

hductive material from which they are formed. A passive equalizer network, if present, shall'be’consider¢d

m
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5.5.2 TxRx connection general characteristics

Table 24 defines the TxRx connection general characteristics.
Table 24 — TxRx connection general characteristics

Characteristic 2 Units Value
Differential impedance (nominal) ‘ Q ‘ 100
Bulk cable or backplane:

Differential characteristic impedance de ‘ Q ‘ 100
Mated connectors:

Differential characteristic impedancef ‘ Q ‘ 100
Rassive cable assembly and backplane:

Maximum propagation delay © ns 53
Winimum |Spp»4| for internal cable assemblies from 10 MHz to 4 500 MHz 9 dB -6
Minimum |Sppy4| for internal cable assemblies from 4 500 MHz to 9 000 MHz&" dB -1
Minimum |Spp24| for external cable assemblies and backplanes See 5.5

Mini SAS 4x active cable assembly:

Maximum propagation delay ' ns 133

Differential characteristic impedance‘c Q 100

Managed cable assembly:

Maximum propagation delayj ns 510

Differential characteristic impedance f Q 100

All measurements are made through mated.¢onnector pairs.

The equivalent maximum TDR rise time from 20 % to 80 % shall be 70 ps. Filtering may be used to
obtain the equivalent rise time. The filteér.consists of the two-way launch/return path of the test fixture,
the two-way launch/return path of the test cable, and the software or hardware filtering of the TDR
scope. The equivalent rise time is the rise time of the TDR scope output after application of all filter
components. When configuring software or hardware filters of the TDR scope to obtain the equivalent
rise time, filtering effects ofitest cables and test fixtures shall be included.

> This is based on propagation delay for a 10 m Mini SAS 4x passive cable assembly. See SPL-3 for STP
flow control details.

The impedance measurement identifies the impedance mismatches present in the bulk cable or
backplane when‘terminated in its characteristic impedance. This measurement excludes mated
connectors at'both ends of the bulk cable or backplane, when present, but includes any intermediate
connectors orsplices.

Where the'bulk cable or backplane has an electrical length of > 4 ns the procedure detailed in
SFF=8410, or an equivalent procedure, shall be used to determine the impedance.

Thé eharacteristic impedance is a measurement reference impedance for the test environment.

J -Anvinternal cable assembly may be a TxRx connection segment or a full TxRx connection. The full TxR
connection-isroguired-to-comphwith-the-requirements-atintra-enclosure-compliance-points-defined-in
5.3 and 5.3.3.

This requirement applies only for 12 Gbit/s passive cable assemblies.

This is based on propagation delay for a 25 m Mini SAS 4x active cable assembly. TxRx connections
with propagation delay > 53 ns may not support STP unless the necessary STP flow control buffer size
~ is implemented. See SPL-3 for STP flow control details.

I This is based on propagation delay for a 100 m optical cable. Managed cables shall report the
propagation delay through the cable management interface (see 5.4.3.5.2.7). TxRx connections with
propagation delay > 53 ns may not support STP unless the necessary STP flow control buffer size is
implemented. See SPL-3 for STP flow control details.

1

x
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5.5.3 Passive TxRx connection S-parameter limits

S-parameters limits are calculated per the following formula:
Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:
L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;
max [A, B] is the maximum of A and B; and

min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.

Table 25 defines the maximum limits for S-parameter of the passive TxRx connectionssegment between IT|
anp IR or CTg and CR.

192
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Table 25 — Maximum limits for S-parameters of the passive TxRx connection between ITg and IR or
CTs and CR

L® N ¢ H* s° fmin € fmax € fmax €9
Characteristic 2 ¢4

dB | dB dB |dB/decade| MHz GHz GHz

[20 % Tog1o(IScpz1l) 1- [ 20 % 10g10(ISppa1]) ] 10 0 100 | 6.0 9.0

I’\/Ina’\)ﬂnjum:‘rieaﬁr;en’\c? Si(:)'ssﬁalk (NEXT) for 26 0 100 6.0

GQAUUIT TUULUUITVO OIHI Al '.JUII

20 x logo(ISpp22l) -10|-79|-39| 133 100 6.0 9.0
40 x log1o(IScp22l) -26 |-12.7| -10 13.3 100 6.0 9.0
40 x log10(IScp24l) -18 0 100 6.0 9.0
Insertion loss to crosstalk ratio (ICR(f)) 9 " ' -15 0 100 6.0

P All measurements are made through mated connector pairs.

p Specifications apply to any combination of cable assemblies and backplanes that'are used to form a
passive TxRx connection.

|Sccoz] and |Speao| are not specified.

For 12 Gbit/s, these characteristics only apply to cable assemblies between CTg and CR compliance
points. 12 Gbit/s passive cable assemblies shall also comply with passive TxRx connection
characteristics for trained 12 Gbit/s (see 5.5.6).

See figure 4 in 5.2 for definitions of L, N, H, S, fin, and -

Only applies for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

Only applies for 12 Gbit/s.

Determine all near-end and far-end significant crosstalkisoeurces. The sum of the crosstalk transfer
ratios is measured in the frequency domain. The following equation details the summation process of
the valid near-end crosstalk sources:

- Q " D

n

TotalNEXT(f) = 10 Iog10 Z10<NEXT(f)/1o>

1
where:

f is frequency; and

n is the number of the near-end crosstalk source.
All NEXT values expressed in dB format in a passive transfer network shall have negative
dB magnitude.

The following equation(details the summation process of the valid far-end crosstalk sources:
n

TotalFEXT(f) = 10 x |0910 Z1O<FEXT(f)/1o>

1
where:

f (is'frequency; and

n-x'is the number of the far-end crosstalk source.
All FEXT values expressed in dB format in a passive transfer network shall have negative
dB'magnitude.

THefottowingequatiomdefimesthe imsertiomtosstocrosstatk ratio:

|CR(f) - [10 X Iog10(10T0ta|NEXT(f)/10 + 10TotaIFEXT(f)/1O) ] _ [ 20 x |091o(|SDD21|) ]
where:

f is frequency;

TotalNEXT(f) is near-end crosstalk;

TotalFEXT(f) is far-end crosstalk; and

Spp21 is insertion loss.
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Figure 97 shows the passive TxRx connection |Sppas|, IScp2al, [Scpz4l, and NEXT limits defined in table 25.

S-parameter
magnitude

0dB

—
i

|Spp2z| /
-10dB J/

|Scoea| |
-15 dB |SCD21| | 1
-20 dB -0
-25dB .

/I\ \
Maximum NEXT
-30 dB | —
0.1 GHz 1+GHz 3 GHz 6 GHz 10 GHz

Note: graph is not to scale
Figure 97 — Passive TxRx connection [Spp2sl, [Scp22ls [Scp21]; and NEXT limits

5.9.4 Passive TxRx connection characteristics for untrained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

Fof untrained 1.5 Gbit/s and 3 Gbit/s, each external passive TxRx connection shall be designed such that jts
logs characteristics are less than the loss of the TCTF test load plus ISl at CT at 3 Gbit/s (see figure 108 in
5.4.3) over the frequency range of 50 MHz to 3 000 MHz.

Fof untrained 1.5 Gbit/s-and 3 Gbit/s, each internal passive TxRx connection shall be designed such that its
logs characteristics.are less than:

a) the lossiof-the TCTF test load plus ISI at IT at 3 Gbit/s (see figure 107 in 5.6.3) over the frequency
range,of 50 MHz to 3 000 MHz; or

b) thedoss of the low-loss TCTF test load plus ISI (see figure 112 in 5.6.4) over the frequency range (¢
50-MHz to 3 000 MHz if the system supports SATA devices using Gen2i levels (see SATA) and the
receiver device does not support SATA GenZ2i levels through the TCTF test load (see table 54 in

5. O L A\
JUTIT)

=

For untrained 1.5 Gbit/s and 3 Gbit/s, each passive TxRx connection shall meet the delivered signal
specifications in table 54 (see 5.8.5.4).

For untrained 6 Gbit/s (i.e., SATA devices using Gena3i levels (see SATA)), then the internal passive TxRx
connection should be less than the CIC (see SATA). See SATA for delivered signal specifications.

For external cable assemblies, these electrical requirements are consistent with using good quality passive
cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 6 m long, provided
that no other TxRx connection segments are included in the TxRx connection.
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5.5.5 Passive TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s, the passive TxRx connection shall support a bit error ratio (BER)
that is less than 107"° (i.e., fewer than one bit error per 10° bits) based on simulation results using:

a) S-parameter measurements of the passive TxRx connection;
b) the reference transmitter device (see 5.8.4.6.5); and
c) the reference receiver device (see 5.8.5.7.3).

The simulation shall not include sources of crosstalk. Since simulations do not include all aspects of noise that
mgy degrade the received signal quality, a BER that is less than 10" is expected to yield an actual BER,tHat
is less than 10712,

The S-parameter measurements shall:

a) have a maximum step size of 10 MHz;

b) have a maximum frequency of at least 20 GHz;

c) be passive (i.e., the output power is less than or equal to the input power); and
d) be causal (i.e., the output depends only on past inputs).

Figure 98 shows an example circuit for simulation. The specific simulation program used is not specified b
this document. Annex C includes the StatEye program from http://www.stateye.org, which is one such

simulation program.

Probe point

/
ro--——7-—= S ~ " Reference rdceiver device |
| Reference transmitter device ererence regceiver device :
| Receivey circuit |
I Transmitter N\ I
: circuit 1 DFE I
| Cable I
fm———————————————— assembly ::—_:::::::—_:::—_:::‘]
i Reference receiver device and/or Reference transmitter device |

- I

: back\pla'ne(s) Transmitter |
I DFE WV circuit :
|
e _____4 ' ____________________ |

Rrobe point

TxRx connection under test
(S-parameters used in simulation)

Figure 98 — Example of a passive TxRx connection compliance testing for trained 1.5 Gbit/s, 3 Gbit|s,
and 6 Gbit/s

Table 26 defingsthe required passive TxRx connection characteristics.

Table 26 — Passive TxRx connection characteristics for trained 6 Gbit/s

Characteristic Units 6 Gbit/s
Minimum voltage @ mV(P-P) 84
Maximum TJ @ ul 0.64

@ As reported by simulation of the passive TxRx connection S-parameters with the
reference transmitter device and the reference receiver device. Values are reported at a
BER of 10"'% inside the reference receiver device after equalization at 6 Gbit/s. This
document does not define values for trained 3 Gbit/s and 1.5 Gbit/s. Passive TxRx
connections that comply with the 6 Gbit/s characteristics are expected to operate correctly
at slower physical link rates.
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For external cable assemblies, these electrical requirements are consistent with using good quality passive
cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 10 m long, provided
that no other TxRx connection segments are included in the TxRx connection.

A passive TxRx connection supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s may not support untrained
1.5 Gbit/s and 3 Gbit/s and may not support SATA. Trained transceiver devices incorporate features to allow
them to operate over the following passive TxRx connections:

a) passive TxRx connections with higher loss than TxRx connections;

b) passive TxRx connections defined in this document for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.5.4);
and

c) passive TxRx connections supporting SATA.

5.5.6 Passive TxRx connection characteristics for trained 12 Gbit/s

For trained 12 Gbit/s, the passive TxRx connection shall support a BER that is less than 10712 (i.e., fewer than
ong bit error per 1015 bits) based on end to end simulation results (see 5.7.1) using:

>

a) S-parameter measurements or model of the passive TxRx connection segment from CTg to CRor I[Tg
to IR (see figure 13);

b) S-parameter measurements of the passive connection, S-parameter nmiedels of the passive
connection, or reference S-parameter models (see clause D.2) from. all' significant crosstalk
aggressors;

c) reference transmitter devices (see 5.8.4.7.3) providing signalso.the through channel and crosstal
channels:

A) using the reference transmitter device peak to peak-oltage defined in table 47;
B) using reference equalization coefficients (see 5.7.4); and
C) generating no RJ or TJ;

d) the reference receiver device with optimal DFE weights (see 5.8.5.7.3 and table 27); and

e) reference S-parameter models to complete the'simulation diagram (see figure 99), according to th
appropriate usage model (see D.2.3).

D

The simulation shall include all significant crosstalk sources. The crosstalk sources shall be modeled as
asynchronous to the TxRx connection segment under test (see clause D.1).

Simulations do not include all aspects of noise that may degrade the received signal quality, a BER that is Igss
thgn 10" "% is expected to yield an acttal'BER that is less than 10712,

The S-parameter measurements shall:

a) have a maximum step.size of 10 MHz;

b) have a maximum.frequency of at least 20 GHz;

c) be passive (i.es the output power is less than or equal to the input power); and
d) be causal (i.e.;\the output depends only on past inputs).
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Figure 99 shows an example TxRx connection for trained 12 Gbit/s.The TxRx connection segment under test
is the segment between CTg and CR or ITg and IR. XCS,, represents the crosstalk connection segments,
where n is a numerical index identifying multiple crosstalk aggressors.

The specific simulation program used is not specified by this document. See Annex D and Annex E.

TxRx connection
I<— segment under —|

: test :
! Separable |

o \ /_interfaces \ 7 ot

da s rar-cdad
L13~2 A= \"A'81 "2~ 7 N A=A LN L"11 1 A"A" B ASA A~ A1 B A"A A A"A~F

St te
oot —tran ST

Simulated transmitter circuit PICS Simulated receiver circuit

Reference Passive RR Reference
transmitter rees npes channel /4 RDCS RCCS M

Simulated crosstalk devices\

Crosstalk M
transmitters XCSn

Figure 99 — Example passive TxRx connection compliance testing for trained 12 Gbit/s

The following reference through S-parameter files shall'be used for this simulation, according to the
appropriate usage model:

a) <usage>_ET_ITs.s4p: through between\ET and CTg or between ET and ITg; and
b) <usage>_CR_RR.s4p: through between CR and RR or between IR and RR.

Lapels beginning by <usage> indicate reference S-parameter files. <usage> represents a prefix that is set
acgording to the selected usage model (see D.2.3). RR is the receiver die attachment point to RCCS.

Symmetrical models have the same through transfer function between ET and CTg or between ET and ITg ps
befween CR and RR or between)IR and RR. Symmetrical models shall use the same transfer function for bqth
directions (i.e., <usage>_ET_ITs.s4p).

Asymmetrical models do-not have the same through transfer function between ET and CTg or between ET]|
anfl ITg as betweenCR"and RR or between IR and RR. For asymmetrical models, the reverse transfer
funjction between ET'and CTg or between ET and ITg shall also be used (i.e., <usage>_ET_ITs_rev.s4p).

For each usage'model, four types of crosstalk aggressor reference S-parameter files are defined for this

simulation:
a) , <usage>_ET_ITs_FEXT.s4p: crosstalk caused by elements between ET and CTg or between ET apd

ITS;

RR;

c) <usage>_ CR_RR_NEXT.s4p: crosstalk caused by elements between CR and RR or between IR and
RR; and

d) <usage>_ET_ITs_NEXT.s4p: crosstalk caused by elements between ET and CTg or between ET
and ITg.
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Figure 100 shows the usage of the crosstalk and through files defined for the end to end simulation of TxRx

connection segments between CTg and CR or ITg and IR. The boxes labeled PICS FEXT, PICS NEXT,
PICS rev, and PICS indicate measured transfer functions (e.g., S-parameters). The boxes with a dashed
boundary indicate reference S-parameter files. <usage> represents a prefix that is set according to the
selected usage model (see D.2.3).

—_—— i —

Crosstak \ 727 " — N IT. R £

abany <usage> ETITs IT
. <usage> ET_ITs
transmitter __ _— — — _ CTs

Receiver Device
Cosstak \ £ > oo Package Bu
e Bups
transmitter Slszges DL A2 Package
.~ 4 Balls
Transmitter
Package Model
\\ / / / /
Reference / Passive RDCS Y ROCS Reference o
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: [/ \usager
\/ \
Receiver Package RR
Package Separable Model
Balls interfaces/ /
Pafkage f — N
Blimps <usage> CR RR NEXT tc'rOSSt"."t't"
Transmitter Device \ - ransmitter
_____
Te (o T = = Crosstalk
PICS NEXT cr. ﬂsage>:El';ITs__ rel ransmitter
_____ — S
MTs ( = Crosstalk
11100 &GS
N~ —_— — — —
Figure 100 — Passive TxRx connection segment between CTg and CR or ITg and IR end to end
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Table 27 defines the required passive TxRx connection characteristics. Refer to the reference transmitter
device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2 (i.e., C2), and coefficient 3 (i.e., C3)
used in table 27.

Table 27 — Passive TxRx connection characteristics for trained 12 Gbit/s at ET and ER

Characteristic Units Minimum | Maximum Comp!lance
point

Coefficient 1 (i.e.. C1)3P°¢ VIV -0.15 0 ET
VMA de mV(P-P) 80 ET
Cefficient 3 (i.e., C3)2@Pf VIV 0.3 0 ET
Reference pulse response cursor peak to peak mV(P-P) 135 ER
amplitude 9
Vertical eye opening to reference pulse response cursor

T CYe opening g P % 45 ER
rgtio
DFE coefﬁmjent amplitude to reference pulse response o 50 50 ER
curlrsor ratio

B If C1 or C3 exceeds its maximum (positive) limit, then that coefficienti§'forced to its maximum limit and

the other coefficients are recalculated.
P C2=1-|C1|-]|C3]|.

C If C1 exceeds its minimum (negative) limit, then that coefficient is forced to its minimum limit and C3 i$
recalculated.

' VMA = 2K, (C1 + C2 + C3)

where:

Ky is the output gain;

C1 is coefficient 1 (see 5.8.4.7.3);

C2 is coefficient 2 (see 5.8.4.7.3); and

C3 is coefficient 3 (see 5.8.4.7.3).

If VMA exceeds its minimum limit, then“C1 and C3 are forced to values that have the smallest distanc
to a point compliant to the VMA specification in the C1/C3 plane. The distance is defined as:

[
()

((CT-C1)% +(C3 - C3%))0°

where:

C1’ and C3’ are values‘that satisfy the minimum VMA criterion.

If C3 exceeds its minimum limit, then it is forced to its minimum limit and C1 is recalculated. If C1 had
already reached or-exceeded its minimum limit, then both C1 and C3 are forced to their minimum limif.
' The averageamplitude of the eye for a random pattern digital input at the compliance point may be
used for this-measurement. See figure 118.

The vertical eye opening includes the effects of crosstalk (see clause D.1).

The ehd/to end simulation removes any remaining RJ and TJ (i.e., non-ISI) of the transmitter device.
This’is the maximum of the absolute value of the reference DFE coefficients (i.e., max(abs(di)) divideg
by'the reference pulse response cursor) (see 5.8.5.7.3).

For external cable assemblies, these electrical requirements are consistent with using good quality passive
Mini SAS HD cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 6 m
long, provided that no other TxRx connection segments are included between CTg and CR in the TxRx
connection and the total ICR is below the limit specified in table 25.
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5.5.7 TxRx connection characteristics for active cable assemblies

5.5.7.1 Active cable assembly electrical characteristics for trained 6 Gbit/s overview

Active cable assemblies shall support a bit error ratio (BER) that is less than 1072 when used with transmitter
devices and trained receiver devices defined in 5.8.

In addition to complying with electrical characteristics necessary for the required BER performance, active
cable assemblies shall comply with the OOB signaling defined in 5.11. The circuitry incorporated in

un

6 (
in
reg
5.5

Ta

manaaed cable assemblies shall operate inthe D C_mode. Manaaed active cable assemblies cnppnrﬁ
J Ll ~J

bbit/s operation may operate in the D.C. mode or in the optical mode (see 5.11). The circuitry incorpofat
hctive cable assemblies shall preserve OOB signals with response times that support the OOB signal
eiver device detection requirements in table 78 (see 5.11.3).

.7.2 Active cable assembly output electrical characteristics for trained 6 Gbit/s

ble 28 defines active cable assembly output electrical characteristics for trained 6 Gbit/s.

Table 28 — Active cable assembly output electrical characteristics for trained 6 Gbit/s

$ignal characteristic Units Minimum Nominal Maximun
Peak to peak voltage mV (P-P) 400 1200
RJabd ul 0.22
TJacd ul 0.56

F Based on TX input per table 37 (see 5.8.4.6.1) and recommended TX interoperability settings per
table 40 (see 5.8.4.6.4).
P The RJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,

RJ is 14 times the RJ 1 sigma value, based @n a BER of 10712,
C The TJ measurement shall be performed with at least 58 dwords (i.e., 2 320 bits on the physical link) g
the SCRAMBLED_0 pattern (see the phy-test patterns in the Protocol Specific diagnostic page in
SPL-3) with SSC enabled.
0 The measurement shall include the &ffects of the JTF (see 5.8.3.2).

D24 .3)(see the phy test patterns in the Protocol\Specific diagnostic page in SPL-3) with SSC disabled.

=

Fo
cir

with 24 AWG solid wire upt0.25 m long, provided that no other TxRx connection segments are included in t

Tx

Ac
Ac
slg

[ active cable assemblies, these characteristics are consistent with good quality half-active (i.e., with
cuitry only on the receive end‘of the assembly) cable assemblies constructed with shielded twinaxial cal

RX connection.

live cable assembly’ output electrical characteristics are not defined for untrained 1.5 Gbit/s and 3 Gbit/s
live cables that.comply with trained 6 Gbit/s characteristics should operate within the specified error rate
wer physicallink rates.

le

at
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5.5.7.3 Active cable assembly S-parameter limits for trained 6 Gbit/s and trained 12 Gbit/s

S-parameter limits are calculated per the following formula:
Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:
L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;

max [A, B] is the maximum of A and B; and
min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.

Table 29 defines the maximum limits for S-parameters of the active cable assembly.

Table 29 — Maximum limits for S-parameters for active cable@ssemblies

LS N© HE¢ s¢c f/ . C f cd f cle |
min max max
Characteristic 2 ©
dB dB dB dB / decadé MHz GHz GHz
1Sceool f -6.0 -5.0 -1.0 13.3 100 6.0 9.0
|$oD011] |SpD22] f -10 -7.9 -3.9 13.3 100 6.0 9.0
1Scp11ls 1Scp22l f -20 -12.7 -10 13.3 100 6.0 9.0

Power shall be applied to the active cable assembly during these measurements.

ISce11ls ISpet1l @and |Speasl are not specifiede

See figure 4 in 5.2 for definitions of L, N, HyS; fiin, and 4«

Applies for 1.5 Gbit/s, 3 Gbit/s, and 6 Ghit/s.

Applies for 12 Gbit/s.

For |Sceool, [Sppazl and [Scpog| peasurements, the transmitter device attached to the active cable
assembly under test shall transmita repeating 0011b pattern or 1100b pattern (e.g., D24.3)(see the ply
test patterns in the Protocol Specific diagnostic page in SPL-3). The amplitude applied by the test
equipment shall be less thian*-4.4 dBm (190 mV zero to peak) per port. See F.11.4.4 and F.11.4.5

S~ O O O oo q
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Figure 101 shows the active cable assembly |Scc2ol, 1ISpp11ls ISpp22ls 1Scp4] @nd [S¢paol limits defined in
table 29.

S-parameter
magnitude

0dB

|SCCZZ|

5dB ! ///
|SDD11|= |SDD22|
L /

-15dB I
|Scorl, [Scozl
20 dB \ «\
-25 dB N
-30 dB ; —p f
0.1 GHz 1'GHz 3 GHz 6 GHz 10 GHz

Note: graph is not to scale

Figure 101,- Active cable S-parameter limits
5.9.7.4 Active cable assembly electrical characteristics overview for 12 Gbit/s

Active cable assemblies supporting 12 Gbit/s operation shall comply with OOB in the optical mode (see 5.1
anfl shall support pass through of SSC. The optical mode does not support transmitter training. The circuitry
indorporated in these cable’assemblies preserves OOB signals with response times that support the OOB
signal receiver devige detection requirements in table 78 (see 5.11.3).

>

[N
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5.5.7.5 Active cable assembly electrical characteristics for 12 Gbit/s

Figure 102 describes the eye mask used to calibrate the input in an active cable assembly at CTg
(see figure 14) to test the output of an active cable assembly at CR (see figure 14) for 12 Gbit/s.

Absolute 4
amplitude
(inV)
z2

Z1

: : : >
0 X1 X2 1-X1 1

1-X2

Normalized time (in Ul)

Figure 102 — Active cable eye mask for-12 Gbit/s

Table 30 defines the signal input and output characteristics for an active cable assembly for 12 Gbif/s.

Table 30 — Active cable assembly electrical characteristics for 12 Gbit/s

Signal characteristic Units CTg? CR
]Ic\i/;alﬁlernr(;nz)psgléto peak voltage (i.e., 2 x Z2\n mV(P-P) 1200 1200
Minimum eye opening (i.e., 2 x Z1 jn'figure 102) P ¢ & mV(P-P) 200 360
Maximum half of TJ (i.e., X1 in figure 102) P c e f ul 0.175 0.35
Maximum RJ P 49 ul 0.15 0.45
Center of bit time (i.e.X2-in figure 102) Ul 0.5 0.5

This column represents signal input characteristics to a cable assembly under test.

All crosstalk-soudrces shall be active with representative traffic during the measurement.
MaximumTd/at CTg and maximum RJ at CTg shall be applied during this measurement.
The maximum peak to peak voltage measurement and RJ measurement shall be performed
with-agarepeating 0011b pattern or 1100b pattern (e.g., D24.3)(see the phy test patterns in the
Pretecol Specific diagnostic page in SPL-3) with SSC disabled. RJ is 14 times the RJ 1 sigma
value, based on a BER of 10712,

The minimum eye opening measurement and TJ measurement shall be performed with the
SCRAMBLED—O-pattern{see-the-phy-testpatierns-inthe-Protocel-Specific-diaghostic-page-in
SPL-3) with SSC enabled for a period of at least 33.3 ys (i.e., a full SSC cycle).

The measurement shall include the effects of the JTF (see 5.8.3.2).

9 The maximum RJ at CTg shall be applied during this measurement.

o O T o

f

For active cable assemblies, these characteristics are consistent with good quality full-active cable
assemblies (i.e., with circuitry on both ends of each differential signal pair of the cable assembly) constructed
with shielded twinaxial cable with 26 AWG solid wire up to 15 m or optical cable assemblies up to 100 m,
provided that no other TxRx connection segments are included in the TxRx connection.
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Active cable assembly output electrical characteristics are not defined for untrained 1.5 Gbit/s and 3 Gbit/s.
Active cable assemblies that comply with active cable assembly electrical characteristics for 12 Gbit/s
characteristics should also comply with active cable assembly electrical characteristics for 6 Gbit/s

(see 5.5.7) with optical mode enabled and should operate within the specified bit error ratio at slower physical
link rates.

5.6 Test loads

5.6.1 Test loads overview

Thjs document uses a test load methodology to specify transmitter device signal output characteristies
(sge 5.8.4.4 and 5.8.4.5) and delivered signal characteristics (see 5.8.5.4). This methodology specifies the,
signal as measured at specified probe points in specified test loads.

For untrained 1.5 Gbit/s and 3 Gbit/s (e.g., the physical link rate is negotiated in Final-SNW\(see SPL-3) or the
physical link is SATA), the test loads used by the methodology are:

a) zero-length test load (see 5.6.2): used for testing transmitter device compliance points and receiver
device compliance points;

b) transmitter compliance transfer function (TCTF) test load (see 5.6.3): used for testing transmitter
device compliance points;

c) low-loss TCTF test load (see 5.6.4): used for testing transmitter‘device compliance points if SATA
devices using Gen2i levels (see SATA) are supported and the SAS receiver device does not suppagrt
the signal levels received through a full TCTF test load (see 5.6.3); and

d) CIC (see SATA): used for testing transmitter device compliance points if SATA devices using GenJi
levels (see SATA) are supported.

For trained (e.g., the physical link rate is negotiated in Train_Rx-SNW (see SPL-3)) 1.5 Gbit/s, 3 Gbit/s, anfl
6 Gbit/s, the test loads used by the methodology are;

a) zero-length test load (see 5.6.2) used for;
A) testing transmitter device compliance points;
B) testing receiver device compliance’ points; and
C) used with a reference receiverdevice (see 5.8.5.7.3) in simulation to determine the delivered
signal;
and
b) reference transmitter testload (see 5.6.5): used with a reference receiver device (see 5.8.5.7.3) in
simulation to determine the delivered signal.

For 12 Gbit/s, the zero-length test load (see 5.6.2) test load is used for:

a) testing transmitter device compliance points;
b) testing receiver device compliance points;
c) measuring-crosstalk; and

d) capturing signals for use in simulation.

In pdditionto measurement with the zero-length test load, 12 Gbit/s may end use to end simulation and,
depending on the usage model, use reference transfer functions to determine the delivered signal. See 5.7
anf‘Annex D.

Physical positions denoted as probe points identify the position in the test load where the signal properties are
measured, but do not imply that physical probing is used for the measurement. Physical probing may be
disruptive to the signal and should not be used unless verified to be non-disruptive.
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5.6.2 Zero-length test load

Figure 103 shows the zero-length test load as used for testing a transmitter device compliance point.

Transmitter device J_ Test load

DC 50Q

TX+ e Y
block

I reriEr Prc_;be .points (g.g., SMA connector., with
R termination provided by the test equipment)

D.C. 500 —

- block

—|_ 4

Transmitter device
compliance point equivalent
Using the connector appropriate for

the compliance point being tested

Using D.C. blocks if transmitter
device requires isolation

Figure 103 — Zero-length test load for transmitter device compliance point

Figure 104 shows the zero-length test load as used for testing a receiver device compliance point.
; , o Test load
Transmitter device J_ — T 500
u <D.C.
Tx+ == \ block
Transmitter [\ Probe poi ., SMA connector, with
circuit termlnatlo owded by the test equipment)
D.C. —
T - p— \a
X Q) block
-/ LAS
TxRx connection, if any E;ﬁ?iggasz\l/;? compliance Using D.C. blocks if transmitter
Using the connector appropriate for device requires isolation
the compliance point being tested
Figure 104 —Zero-length test load for receiver device compliance point
Figure 103 and figure 104 show ideal designs. Implementations may include:

a) insertion loss between the compliance and probe points; and
b) return lossdue one or more impedance mismatches between the compliance point and 50 Q
termination"points.

Ngt shown.are non-ideal effects of the test equipment raw measurements (e.g., additional insertion loss and
return loss). For de-embedding methods to remove non-ideal effects, see Annex F.

Uspge, of fixturing and test equipment shall comply with the requirements defined in this subclause. The

redt wamantain thic crbaolaiicn tnali Ao tha Ao oA AFE $o oftha fi b min sy At Ao i At
G CTHCT IS S SO tIao STToroU e SOOI U CTTC TS Ut ATOT g~ antU—tC ST O OTPTTICTIe

The zero-length test load is defined by a set of S-parameters (see clause F.11). Only the magnitude of
Spp21(f) and the magnitude of Spp4(f) are specified by this document.
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The zero-length test load, including all fixturing and instrumentation required for the measurement, shall
comply with the following equations:
For 50 MHz < f < 6.0 GHz:
ISpp2+ ()] < -20 x logyg(e) x ((1.0 x 1078 x 199) + (2.8 x 1071 x f) + (5.3 x 102! x %)) - 0.2 dB
ISpp11(f)l <-15 dB

where:
ISpp21(f)l  magnitude of Sppy4(f);
1S ()l maanitiide of S £\ and
I=UDTTVT J pDoDTI\
f signal frequency in Hz.

Figure 105 shows the allowable |Sppo4(f)| of a zero-length test load and the |Spps4(f)| of a sample, zere-leng
tegt load.

)

|Sop21(f)l
(i.e., no loss) 0 dB |

I Valid region

-1 dB—1'— I Sample valid zero-
| rd | length test load
| |

-2 dB—JI- :
I I
| |

-3dBqt  Invalid region !
: . Maximum loss

-4dB--:—--—-——1 —————— |
| | |
: ! : P f

50 MHz 3 GHz 6 GHz

Note: graph is not to scale
Figure 105— Zero-length test load |Spp,4(f)| requirements
5.4.3 TCTF test load

Figure 106 shows the FCTF test load. This test load is used for untrained 1.5 Gbit/s and 3 Gbit/s
characterization.

Transmitter-device J_ 500 Test load

Tx+ ==
TCTF
(includes D.C. blocks
if transmitter device
requires jsolation)

Transmitter
circuit

oU §2 —

TX- e

14
Probe points (e.g., SMA connector, with
termination provided by the test equipment)

Transmitter device
compliance point equivalent

Using the connector appropriate for
the compliance point being tested

Figure 106 — TCTF test load
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The TCTF test load shall meet the requirements in 5.5.2. The nominal impedance shall be the target

impedance.

The TCTF test load is defined by a set of S-parameters (see clause F.11). Only the magnitude of Spps(f) is

specified by this document.

For testing an untrained 3 Gbit/s transmitter device at IT, the TCTF test load shall comply with the following

equations:

For 50 MHz < f < 3.0 GHz:
6

tSppzTtht==26=togTte) ({6516~
and for 3.0 GHz < f< 5.0 GHz:
|Spp24(f)] <-10.9 dB

and, specifying a minimum ISl loss:

where:

ISpp21(f)l
f

magnitude of Sppy4(f); and
signal frequency in Hz.

Fi

)

|SDD21(f =300 MHZ)l - |SDD21(f =1 500 MHZ)l >3.9dB

ure 107 shows the allowable |Spp»4(f)] and minimum ISI loss of a TCTF testdoad and the |Spp»4(f)| of

£0 5\ VZaWa 4.0-
I )] T (&£ U X TU

sample TCTF test load at IT for untrained 3 Gbit/s.
|Sop21(f)|
(i.e., noloss) 0 dB -
Invalid region
-2 dB \/
-4 dB >N
ISI loss > 3.9 dB between
-6dB 0.3 GHz and 1.5 GHz
— Minimum loss
8dB_jYy _ ____
[ I
[ I
10.dB : : Sample valid TCTF test load
[ I
409 dB-F——————— T=—————
[ I
-12dB [ I I
[ I [
: : Valid region :
- [ I [
14 dB i i i
[ I [
I I |
[ I |
T T ! P f
03GHz 1.5GHz 3 GHz 5 GHz

Note: graph is not to scale

Figure 107 — TCTF test load |Spp,4(f)| and ISl loss requirements at IT for untrained 3 Gbit/s

ISO/IEC 14776-154:2017 © ISO/IEC 2017
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For testing an untrained 3 Gbit/s transmitter device at CT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 3.0 GHz:
ISop21() < -20 x logsg(e) x (1.7 x 108 x 19-5) + (1.0 x 10710 x f)) dB

and for 3.0 GHz < f < 5.0 GHz:
|Spp21(f)] <-10.7 dB

and, specifying a minimum ISl loss:
|SDD21(f =300 MHZ)l - |SDD21(f =1 500 MHZ)l >3.9dB

where:
|Spp21(f)]  magnitude of Sppy4(f); and
f signal frequency in Hz.
Figure 108 shows the allowable |Spp»4(f)| and minimum ISI loss of a TCTF test load and the [Spp,(f)| of 2
sample TCTF test load at CT for untrained 3 Gbit/s.
|Sop21(f)l
(i.e., noloss) 0 dB A ()N
Invaliq region
-2 dB
-4dB |
ISI loss > 3.9 dB between
-6dB 0,3'GHz and 1.5 GHz
| ———  Minimum loss
8dB_| v _____ ™~
l |
! |
-10dB : ( : —— Sample valid TCTF test load
-10.7 dBB—f=————— b——- =
' | |
-12d8+} ! |
: | |
| : Valid region :
4dB || I I
[ I
! | |
! | |
! [ | >
! | I
0.3GHz 1.5GHz 3 GHz 5 GHz
Note: graph is not to scale

Figure 108 — TCTF test load |Spp,4(f)| and ISl loss requirements at CT for untrained 3 Gbit/s
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For testing an untrained 1.5 Gbit/s transmitter device at IT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 1.5 GHz:
ISpp21 ()l < -20 x logyg(e) x ((6.5 x 107 x 199) + (2.0 x 10710 x f) + (3.3 x 1020 x f2)) dB
and for 1.5 GHz < f< 5.0 GHz:
ISpp21(f)l <-5.4 dB

and, specifying a minimum ISl loss:
|SDD21(f =150 MHZ)l - |SDD21(f =750 MHZ)l >2.0dB

where:
|Spp21(f)]  magnitude of Sppy4(f); and

f signal frequency in Hz.

Figure 109 shows the allowable |Spp»4(f)| and minimum ISI loss of a TCTF test load and the [Spp»(f)| of 2
sample TCTF test load at IT for untrained 1.5 Gbit/s.

)

1Sop21(f)l

(i.e., noloss) 0 dB A 2

Sample valid TCTF test load |
Invalid-region
-2dB ]| Minimum loss |
ISl loss > 2.0 dB: bétween
-4 dB 150 MHz and\750 MHz
5.4 dB—| ===
-6dB | | |
| |
| |
| |
-8 dB : :
| | |
| | |
| | |
| | |
| | |
| | |
-12.dB-| | | [
| | |
| | |
| | ( Valid region
-14dB }! I |
| | |
| | |
| | |
| | |
T T T P f
150 MHz 1.5 GHz 5 GHz
750 MHz Note: graph is not to scale

Figure 109 — TCTF test load |Spp,4(f)] and ISI loss requirements at IT for untrained 1.5 Gbit/s
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For testing an untrained 1.5 Gbit/s transmitter device at CT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 1.5 GHz:
1Spp21(f)] < -20 x logqg(e) x (1.7 x 10 x %) + (1.0 x 10710 x f)) dB
and for 1.5 GHz < f< 5.0 GHz:
ISpp21(f)l <-7.0 dB

and, specifying a minimum ISl loss:
|SDD21(f =150 MHZ)l - |SDD21(f =750 MHZ)l >2.0dB

where:
|Spp21(f)]  magnitude of Sppy4(f); and
f signal frequency in Hz.
Figure 110 shows the allowable [Spp24(f)] and minimum ISI loss of a TCTF test load and the |Sgpo(f)| of &
sample TCTF test load at CT for untrained 1.5 Gbit/s.
|Sop21(f)l
(i.e., noloss) 0 dB A P e
Invalid region
-2dB , N7
Sample valid TCTF test¢gad
-4 dB ISl loss > 240 dB between
150 MHz.and 750 MHz
6dB—F--- o a—— Minimum loss
[ I ‘
-7dB——:———:—— —'
-8dB ]! | |
[ I
[ I [
[ I [
“10dB | N :
[ I [
[ I [
[ I [
-12dB-/] | I [
[ I [
[ I [
[ I | Valid region
-14dB | ! ' '
[ I [
[ I [
[ I [
I I [
T T T P f
150 MHz 1.5 GHz 5.0 GHz
750 MHz Note: graph is not to scale

Figure 110 — TCTF test load [Spp,(f)| and ISI loss requirements at CT for untrained 1.5 Gbit/s
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5.6.4 Low-loss TCTF test load

Figure 111 shows the low-loss TCTF test load. This test load is used for untrained 1.5 Gbit/s and 3 Gbit/s

characterization.

Transmitter device J_

Tx+ ==

Transmitter

500 Test load

Low-loss TCTF
(includes D.C. blocks

circuit

TX- e

I transmitter aevice

requires isolation) 500 _%C

The low-loss TCTF test load shall meet the requirements defined in 5.5.2:The nominal impedance shall be

thg target impedance.

The low-loss TCTF test load is defined by a set of S-parameters (see clause F.11). Only the magnitude of
Sp21(f) is specified by this document.

The low-loss TCTF test load shall comply with the following equations:

For 50 MHz < f < 3.0 GHz:

1Spp21(fl < -20 x logqg(e) x ((2.2 x 108 x f49) + (6.9 x 1071 x f) + (1.1 x 1020 x 2)) dB
for 3.0 GHz < f< 5.0 GHz:

ISpp21(f)l <-3.7 dB

where:

Using the connector appropriate for
the compliance point being tested

and, specifying a minimum ISI loss:
|Spp24(f = 300 MHZz)| - [Sppa4(f='1 500 MHz)| > 1.3 dB

|Spp24(f)l  magnitude of Spp,4(f); and
f signalfrequency in Hz.

%)
4
Probe points (e.g., SMA connéctor, with
termination provided by the’test equipment)

Transmitter device
compliance point equivalent

Figure 111 — Low-loss TCTF test load
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Figure 112 shows the allowable |Spp24(f)] and minimum 1S1 loss of a low-loss TCTF test load and the
|Spp21(f)| of a sample low-loss TCTF test load.

ISop21(f)l
(i.e., noloss) 0 dB A

Sample valid low- , ,
loss TCTF test load Invalid region
2 dB ISl loss > 1.3 dB between
B 0.3 GHzand 1.5 GHz
iy __ Minimum loss
37dB_|_| \‘f
-4 dB | | |
| |
| |
| I |
-6 dB | | |
| [ |
| I |
| I |
- I | |
8 dB | | |
| I |
] | | ‘
| | ] \
| I |
| | |
| [ |
-12 dB | | 4
| I ]
: : Valid region :
- I | |
14 dB I i i
| | |
| [ |
| [ ]
T T ] P f
0.3 GHz 1.5°GHz 3 GHz 5 GHz

Note: graph is not to scale
Figure 112 — Low-loss’TCTF test load |[Spp»4(f)| and ISI loss requirements

5.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load
The reference transmittef test load for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s is a set of parameters defini
thq electrical performance characteristics of a 10 m Mini SAS 4x cable assembly, used:

a) in simulationto determine compliance of a transmitter device (see 5.8.4.6); and
b) as a representative component of an ISI generator used to determine compliance of a receiver devi
(see5.8.5.7.6).

The following Touchstone model of the reference transmitter test load is included in this document:
a)y, SAS2_transmittertestload.s4p.

See Annex G for a description of how the Touchstone model was created.
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Figure 113 shows the reference transmitter test load |Spp24(f)| up to 6 GHz.

[Sop21(f)l

A

0dB ! ! ! ! !

-10dB

-20 dB

0 GHz 2 GHz 4 GHz 6 GHz

Flgure 113 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter with a test load |Spp24(f)|
up;to 6 GHz
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Figure 114 shows the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load pulse response.

A

030 Looomeeo . ﬂ _______ S S S [ _
0.25 Lo N llMlll... _
020 oo, o I S . S S S _

-m

gure 114 — Trained 1.5 Gbit/s, 3 Gbit/s, and.6_Gbit/s reference transmitter test load pulse responge
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The following impulse response model of the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter
test load is included with this document:

a) sas2_stressor_6g0_16x.txt.

Figure 115 shows the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load impulse
response found in the sas2_stressor_6g0_16x.txt.

A

0.030 | ” 4 : — | -

0.020 | | | | .

0.010 }

0.005 }

0.000

-5 0 5 10 15 20 25
ul

Figure 115 — Trained 1.5-Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load
impulse response for 6 Gbit/s
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Figure 116 shows the trained 1.5 Gbit/s, 3 Gbit/s, an 6 Gbit/s reference transmitter test load repeating 0011b
pattern or 1100b pattern (e.g., D24.3) response.

0.15

5.7
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.Y End to end simulation for.trained 12 Gbit/s
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0.05

céielivered ey:e

0.00
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-0.05

-0.10

-0.15

gure 116 — Trained 1.5 Gbit/s, 3 Gbit/s, and'6 Gbit/s reference transmitter test load D24.3 responge

.1 End to end simulation for'trained 12 Gbit/s overview

d to end simulation shall)be used to verify characteristics of:

b) transmitter deviCes connected to passive TxRx connections (see 5.8.4.7.4);

c) passive TxRx connections (see 5.5.6); and

d) ISl genérators providing the stressed receiver signal input for receiver devices connected to passiye
TxRx connections (see 5.8.5.7.6.6).

e spegific end to end simulation procedures defined in 5.8.4.7.4, 5.5.6, and 5.8.5.7.6.6 follow this
Juence:

—Capturethesigmat fromma transmitter device withmo equatizatiomand without- SSCimtoazero-tength
test load or model the transmitter using the reference transmitter (see 5.8.4.7.3);

2) connect passive TxRx connection segments, crosstalk, reference transmitter, and reference receiver
according to the reference end to end simulation diagram (see 5.7.2 and D.2);

3) in the simulator, set the transmitter reference equalization (see 5.7.3 and figure 147) and set the
receiver reference DFE equalization (see 5.8.5.7.3); and

4) perform a linear simulation, including the effects of edge rates, ISI, and crosstalk (see clause D.1).

The end to end simulation uses a reference transmitter with RJ and TJ set to zero. RJ and TJ and non-linear
behavior present in the captured signal used for simulation are removed by the simulation process. Margins
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these effects are provided in the required simulation characteristics. The simulation characteristics are

processed at a BER of 107"°.

Crosstalk transmitters are simulated using reference transmitters. These reference transmitters shall be set to
the characteristics of table D.1. The crosstalk transmitters shall be asynchronous to the data sent to the
channel under test.

Characteristics are measured from the simulation at specified measurement points for the usage model and
characterization type (see table 27, table 48, and table 63).

5.1

A s
an
us
Ea
ap
Th
S-

Tn

—

I

Se
for|

.2 Usage models for end to end simulation for trained 12 Gbit/s

et of transfer functions is required to complement the measured S-parameter or captured signal to*provi
end to end simulation model. D.2 describes the different S-parameter files that shall be used, for €ach
hge model, with their associated measurement points.

ch transmitter device, receiver device, or passive TxRx connection segment shall be simalated with the
pbropriate usage model (see clause D.2).

e S-parameter files provided in ISO/IEC 14776-154_2017.zip use the port mapping‘of F.11.3. The FEXT|
parameters and NEXT S-parameters are extracted as shown in figure 117.
[ )
100 Q diff 100 & diff

. Near-end

Receiver port .
r‘: :’T transmitter por]
NEXT

ansmitter port 100 @ diff — ——— 100 2 diff Receiver port
under test Through under test

Far-end
ansmitter port

Receiver port

FEXT
100  diff r 100 Q diff

\\ J
Figure 117 — NEXT and FEXT measurement definition

additional information regarding the S-parameter for 12 Gbit/s simulations.

e Annex D for a description of the procedure that shall be used for end to end simulations. See clause H.
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5.7.3 Reference transmitter equalization for trained 12 Gbit/s

The reference transmitter equalization shall be calculated using the procedure described in this subclause,
which requires the unequalized pulse response of the TxRx connection between ET and the input of the
reference receiver (i.e., RR) (see clause D.2). Extraction of pulse responses from captured signals or transfer
functions is beyond the scope of this document, however, an example is provided in SAS3_EYEOPENING
(see ISO/IEC 14776-154_2017.zip).

The reference transmitter equalization procedure is as follows:

1) compute the reference sampling instant from the un-equalized pulse response between E 1 and R
(see figure 118);

2) set coefficient 2 (i.e., C2) of a reference transmitter to one and K to one;

3) provide the un-equalized pulse response between ET and RR as the input of the reference
transmitter, and compute the coefficient 1 (i.e., C1) and coefficient 3 (i.e., C3) that resultin a pulse
response with the smallest sum of squared error to an ideal pulse, at instants separated from the
reference sampling instant by integer multiples of a one Ul period (see figure 119);

4) calculate an equalized pulse response by convolving the coefficients obtained'in steps 2) and 3) wjth
the un-equalized pulse response between ET and RR;

5) calculate the reference sampling instant from the equalized pulse response;

6) repeat steps 2) through 5) until the coefficients and sampling point converge (see figure 120); and

7) normalize the final coefficients found in steps 3) and 4) by dividing-them by (|C1| + |C3]| + 1).

Amplitude 8b10b data stream Same amplitude
(V) used to synchrenize the
b reference sampling clock One Ul wid
ne Ul wide
pulse
Ideal data
stream input,
before | | 1 Uy | | I
trinsmitter Time
equalization (un
Squelch period sufficiently
long for 8b10b data Ref |
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vs. input to remove
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1 05Ul channel delay
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Figure 118 — Reference sampling point and reference pulse response cursor
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Figure 119 shows the computations of step 3). A one Ul spaced filter of coefficients [C1, C2 =1, C3]is
convolved with the extracted end to end pulse response. Coefficient 1 and coefficient 3 are computed to
produce an equalized pulse response that has the smallest sum of squared errors at the sampling instants

defined by a reference sampling clock.

Amplitude
(V)

A Extracted pulse

//\ response
-~

4

Reference Time
sampling instant

C2

Reference
transmitter
response

Amplitude
V) Ideal pulse
i response

Equalized
pulse response

rror Error
— E / \ /j'L .
\j \;/Errorﬁ Time

| ke

Reference
sampling instant

Figure 719 — Reference fransmitter coefficient error computation

The reference sampling instant is computed from:

1) the un-equalized pulse response from ET to RR, for the first iteration; and
2) the equalized pulse response using transmitter coefficients from the previous iteration, for other

iterations.
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The reference sampling instant changes when the coefficients from the current iteration are used to compute
the equalized pulse response. As shown in figure 120, the process of calculating C1 and C3 is repeated with
the reference sampling instant computed from the last equalized pulse response, until the coefficients and
reference sampling instant converge to stable values.

Amplitude Updated C1 and C3 (computed from Amp\l/itude
(Y) original extracted pulse response, but (‘)
using updated reference sampling instant) Updated pulse response
/ AC2 ,ﬁ\
/ S / LTT N

\/ Time e 0 Time \(/ Time
Updated —|—Previous
feference reference 1
>amp|ing sampling C3

instant instant

Repeat until convergence

Figure 120 — Convergence of reference transmitter.equalization

If gither coefficient 1 (i.e., C1) or coefficient 3 (i.e., C3) takes a positive “alue during this procedure, its valugis

forced to zero and only the other coefficient is computed. The proeedure stops if both coefficients need to be
forged to zero.

5.7.4 Crosstalk measurement for end to end simulations-and 12 Gbit/s jitter tolerance

End to end channel simulation shall include crosstalk. €rosstalk shall be measured using:

a)
b)

ThE following procedure shall be used to measure total peak to peak crosstalk:

1)
2)
3)
4)
5)

crosstalk transfer functions (e.g., S-paranieters, see clause F.11); or
total peak to peak crosstalk measurement.

calculate the reference transmitter equalization for the TxRx connection segment under test (see
5.7.3);

terminate the TxRx connection segment under test on the transmitter end;

connect 12 Gbit/s transmitters to the source of all or a subset of crosstalk channels;

set the crosstalk transmitters to transmit asynchronous IDLE dwords (see SPL-3) using the
characteristics in\table D.1;

measure the-asynhchronous amplitude histogram at the end of the TxRx connection segment unde
test, into azero-length test load, with an acquisition bandwidth of at least 9 GHz, and a capture of pt
least 2 X407 UL;

repeat'steps 2) through 4) until all crosstalk sources have been measured;

when’/multiple measurements are made, convolve the histograms to obtain the total crosstalk
histogram; and

from the total crosstalk hlstogram evaluate the crosstalk amplitude that is met or exceeded at a

[ H W tha foallonaiino oo

datin araba .
cumtrative PTOUaoTity"UT— 1O TSty e lulluvvllly pI\JUUquU

1) separate positive samples from negative samples, ensuring at least 107 samples are collected for
each type;

2) calculate the vertical histogram for the positive samples;

3) from the histogram, compute the crosstalk voltage that is met or exceeded at a probability of 10'6;

4) calculate the vertical histogram for the opposite of the negative samples (i.e., zero minus the
samples);

5) from the histogram, calculate the crosstalk voltage that is met or exceeded at a probability of 10';
and

6) sum the peak crosstalk voltages calculated in steps 3) and 5).
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To provide a variety of pattern combinations for the crosstalk measurement, the digital IDLE dwords should be
aligned differently one crosstalk channel to another and the transmission frequencies of the crosstalk
transmitters should be different one from another.

The channel under test shall be terminated with the characteristics of the transmitter device termination (see
table 34) on the transmitter end. The termination should be implemented using:

a) a high-bandwidth termination having impedance close to the nominal differential impedance (see
table 24), for TxRx connection segments; or

b) a transmitter device set to transmit D.C. idle while maintaining the characteristics of table 34 for
transmitter circuits and [SI generators.

Active circuits create noise when transmitting signals, including D.C. idle. By measuring the crosstalk with
acfive circuits connected, the crosstalk value reported includes this noise. This is representative of.the noige
geherated when the active circuit is transmitting data. When multiple crosstalk measurements afeperformgd,
this noise may however be overestimated in the final crosstalk amplitude calculation. Appropriate
mgasurement techniques should be used to minimize these effects.

Q

Fof transmitter device characterization, the crosstalk transmitters shall set coefficient 1\(i-e., C1) to zero, s¢t
coefficient 3 (i.e., C3) to zero, and set maximum peak to peak voltage.

Fof receiver ISI stress generators, the crosstalk is measured into a zero-length festload, and shall not inclugle
crgsstalk from the receiver under test. A crosstalk generator channel should/be selected to provide signal
chéracteristics as close as possible to the required crosstalk signal charagcteristics (see table D.5), with the
crgsstalk generator characteristics defined by table D.1. Peak to peak veltage should then be adjusted to
meet the required crosstalk characteristics.

5.8 Transmitter device and receiver device electrical characteristics

5.8.1 General electrical characteristics

Table 31 defines the general electrical characteristics, which apply to both transmitter devices and receiver
deyices.

Table 31.%General electrical characteristics

Characteristic Units 1.5 Gbit/ls | 3 Gbit/s 6 Gbit/s | 12 Gbit/$
f (i.e., G1) | (i.e.,G2) | (i.e., G3) | (i.e., G4
FPhysical link rate (nominal) MBps 150 300 600 1200
Wnit interval (UIl) (nominal) 2 ps 666.6 333.3 166.6 83.3
Baud rate (fp5,9)-(Oominal) Gigasymbols/s 1.5 3 6 12
Maximum A.C<coupling capacitor b nF 12

I‘/Iamznéjm noise during OOB idle mV(P-P) 120

fime

PC666.6 (i.e., 2 000 / 3), 333.3 (i.e., 1 000 / 3), 166.6 (i.e., 500 / 3), and 83.3 (i.e., 250 / 3).

The coupling capacitor value for A.C. coupled transmit and receive pairs. See 5.8.4.2 for coupling

requirements for transmitter devices. See 5.8.5.2 for coupling requirements for receiver devices. The
equivalent series resistance at 3 GHz should be less than 1 Q.

¢ With a measurement bandwidth of 1.5 x f,, 4 (€.9., 18 GHz for 12 Gbit/s), no signal level during the idle
time shall exceed the specified maximum differential amplitude.

d' This is not applicable when optical mode is enabled.
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5.8.2 Transmitter device and receiver device transients

Transients may occur at transmitter devices or receiver devices as a result of changes in supply power

conditions or mode transitions.

A mode transition is an event that may result in a measurable transient due to the response of the transmitter
device or receiver device. The following conditions constitute a mode transition:

a) enabling or disabling driver circuitry;

b) enabling or disabling receiver common mode circuitry;

c) hot plug event;

d) adjusting driver amplitude;

e) enabling or disabling de-emphasis; and
f) adjusting terminator impedance.

Transmitter device transients are measured at nodes Vp and Vy with respect to GROUND on'the test circyi
shpwn in figure 121 during all power state and mode transitions. Receiver device transients(are measured
nofles Vp and Vy with respect to GROUND on the test circuit shown in figure 122 during\all power state arn
mqde transitions. Test conditions shall include power supply power on and power officonditions, voltage

sequencing, and mode transitions.
Fi

dure 121 shows the test circuit attached to IT or CT to test transmitter devicé transients.

Transmitter device lJ_

Tx+ —
12 nF
Transmitter Probe points Q
circuit \§\
12 nF b

Ve 56 Q)

4
\% ransient test circuit

S

// L
@

Fi

)

Figure 121~ Transmitter device transient test circuit

ure 122 shows the test circuit'attached to IR or CR to test receiver device transients.

S
Transient @t‘circuit

Receiver device

56 VP

Probe points

|

Rx+

Receiver
circuit

56 Vi

at

Figure 122 — Receiver device transient test circuit
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5.8.3 Eye masks and the JTF
5.8.3.1 Eye masks overview

The eye masks shown in 5.8.3 shall be interpreted as graphical representations of the voltage and time limits
of the signal. The eye mask boundaries define the eye contour of:

a) the 10'12jitter population for untrained 1.5 Gbit/s and 3 Gbit/s measured eyes; and
b) the 10'15jitter population for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s simulated eyes.

Fof untrained 1.5 Gbit/s and 3 Gbit/s, equivalent time sampling oscilloscope technology is not practical for
measuring compliance to the eye masks. See MJSQ for methods that are suitable for verifying compliance|to
thgse eye masks.

CJTPAT (see Annex A) shall be used for all jitter testing unless otherwise specified. Annex A defines the
required pattern on the physical link and provides information regarding special considerationsfor running
digparity (see SPL-3) and scrambling (see SPL-3).

deyice jitter. To differentiate between allowable timing variation due to SSC'and jitter, the frequency-weighting
JTF shall be applied to the signal at the compliance point when determining the eye mask.

The jitter measurement device shall comply with the JTF. The reference clock characteristics are controlled py
thg resulting JTF characteristics obtained by taking the time difference between the PLL output (i.e., the
reference clock) and the data stream sourced to the PLL. The PLL’s closed loop transfer function’s -3 dB
cofner frequency and other adjustable parameters (e.g., peaking) are determined by the value required to
mget the requirements of the JTF.

JTF shall have the characteristics specified initable 32 for a repeating 0011b pattern or 1100b pattern
.., D24.3). See the phy test patterns in the Protocol Specific diagnostic page in SPL-3.

JTF -3 dB corner frequency and the magnitude peaking requirements shall be measured with SJ appligd,
a peak to peak amplitude of 0.3 Ul; with a relative tolerance of + 10 %. The relative attenuation at 30 kiHz
Il be measured with sinusoidal phase (i.e., time) modulation applied, with a peak to peak amplitude of
20|8 ns with a relative tolerance of £.10 %. See Annex F for the calibration procedure.

roportional decrease of the JTF -3 dB corner frequency should be observed for a decrease in pattern
trapsition density compared'to’a 0.5 transition density. If a JMD shifts the JTF -3 dB corner frequency in a
mgnner that does not match this characteristic, or does not shift at all, then measurements of jitter with
pajterns with transition. densities different than 0.5 may lead to discrepancies in reported jitter levels. In the
case of reported jittef.discrepancies between JMDs, the JMD with the shift of the -3 dB corner frequency that
is ¢losest to theroportional characteristic of the reference transmitter test load (see 5.6.5) shall be
cofsidered correct. This characteristic may be measured with the conditions defined above for measuring the
-3 @B cornenrfrequency but substituting other patterns with different transition densities.
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Table 32 — JTF parameters

Without SSC support With SSC support
Characteristic 1.5 3 6 12 15 3 6 12
Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s
JTF -3 dB point 900 1800+ | 3600+ | 3600+ | 1300% 1838+ | 2600+ | 2600+
(kHz) @ b + 500 500 500 500 500 500 500 500
JTF Stope
(dB/decade) 20 20 20 20 40 40 40 40
Attenuation at
30 kHz + 1 % N/A N/A N/A N/A 61.5+ 67.5+ 735+ 735+
c 1.5 1.5 1.5 1.5
(dB)
Maximum
Peaking (dB) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Key:

N/A = not applicable
foaud = Hz (i.e., 1.5 GHz for 1.5 Gbit/s, 3.0 GHz for 3 Gbit/s, 6.0 GHz for 6 _Gbit/s). 12 Gbit/s uses the
value for 6 Gbit/s.

@ For untrained or trained without SSC support this value equals fi,4/1 667 + 500 kHz for
1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s. 12 Gbit/s uses the valuefor'6 Gbit/s.

® For untrained or trained with SSC support this value equals (f,4uq)°> X 33.566 x Hz® + 500 kHz for
1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s. 12 Gbit/s uses the valiie for 6 Gbit/s.

€ For untrained or trained with SSC support this value equals 73.5 dB + [20 x l0g1g(fpguq / 6 X 10° Hz)]
dB £ 1.5 dB for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s12 Gbit/s uses the value for 6 Gbit/s.

5.8.3.3 Transmitter device eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

Figure 123 describes the eye mask used for testing the signal output of the transmitter device at IT and CT for
unfrained 1.5 Gbit/s and 3 Gbit/s (see table 36 in 5.8.4.5) and OOB signals (see table 50 in 5.8.4.8). This eye
mgsk applies to jitter after the application of the JTF (see 5.8.3.2).

S =

Absolute A
amplitude
(inV)
z2

Z1

: : : >
0 X1 X2 1-X1 1
1-X2

Normalized time (in Ul)

Figure 123 — Transmitter device eye mask
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Verifying compliance with the limits represented by the transmitter device eye mask should be done with
reverse channel traffic present on the channel under test and with forward and reverse traffic present on all

ot

her channels, in order that the effects of crosstalk are taken into account.

5.8.3.4 Receiver device eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

Figure 124 describes the eye mask used for testing the signal delivered to the receiver device at IR and CR
for untrained 1.5 Gbit/s and 3 Gbit/s (see table 54 in 5.8.5.4). This eye mask applies to jitter after the
application of the JTF (see 5.8.3.2). This requirement accounts for the low frequency tracking properties and

regponse time of the CDR circuitry in receiver devices.

Verifying compliance with the limits represented-by the receiver device eye mask should be done with rever

ch
ch

5.8.3.5 Receiver device jitter tolerance eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

Fi
un
tol

(sge 5.8.5.7.6).

Th

Ita)

Absolute 4
amplitude
(inV)

Z2

Z1

: g 2 s >
0 X1 X2 1-X1 1

1-X2

Normalized time (in Ul)

Figure 124 — Receiver device eye mask

hnnel traffic present on the channel underdtest and with forward and reverse traffic present on all other
bnnels, in order that the effects of crosstalk are taken into account.

ure 125 describes the eye mask used to test the jitter tolerance of the receiver device at IR and CR for
rained 1.5 Gbit/s and 3 Gbit/s (see table 54 in 5.8.5.4). For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s, jitte
brance is included in the)delivered signal specifications for stressed receiver device jitter tolerance testir

e eye mask shall'be constructed as follows:

a) X2 and»Z22 shall be the values for the delivered signal listed in table 54 (see 5.8.5.4);

b) X1ggshall be half the value of TJ for maximum delivered jitter listed in table 55 (see 5.8.5.5); and

c)  XlIyoL shall be half the value of TJ for receiver device jitter tolerance listed in table 56 (see 5.8.5.6
for applied SJ frequencies above (fy5,q / 1 667).

=
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Figure 125 — Deriving a receiver device jitter tolerance eye mask-for untrained 1.5 Gbit/s and
3 Gbit/s

b |leading and trailing edge slopes of the receiver device eyemask in figure 124 (see 5.8.3.4) shall be
served. As a result, the amplitude value of Z1 is less than that given for the delivered signal in table 54
e 5.8.5.4), and Z11g. and Z1p shall be defined from those slopes by the following equation:
ASJ
5 5 x2- (829 x16p
= X
TOL oP X2 — X1 op

ere:

Z11oL is the value for Z1 to"be'used for the receiver device jitter tolerance eye mask;

Z10p is the Z1 value for the delivered signal in table 54;

X1op is the X1 valdeyfor the delivered signal in table 54;

X2 is the X2.value for the delivered signal in table 54; and

is the@dditional SJ for applied SJ frequencies above (f5,q / 1 667)

ASJ (see-figure 139 in 5.8.5.6).

e X1 points inthe receiver device jitter tolerance eye mask (see figure 125) are greater than the X1 poin

in the receiver,'dévice eye mask (see figure 124) due to the addition of SJ.

ts
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5.8.4 Transmitter device characteristics

5.8.4.1 Transmitter device characteristics overview

Transmitter devices operating at 1.5 Gbit/s, 3 Gbit/s, or 6 Gbit/s may or may not incorporate de-emphasis (i.e.,
pre-emphasis) and other forms of compensation. The transmitter device operating at 1.5 Gbit/s,

3 Gbit/s, or 6 Gbit/s shall use the same settings (e.g., de-emphasis and voltage swing) with both the
zero- Iength test load and the approprlate TCTF test load or reference transmltter test load (see 5. 6)

If t
req

Se

5.8

Ta

nsmltter devices operating at 12 Gbit/s shall support transm|tter training (see SPL-3) unless the transmitter
vice is operating in the optical mode.

mpliance points referenced in the electrical requirement tables are shown in 5.3 unless otherwise 'specified.

e clause F.7 for a methodology for measuring transmitter device signal output.
.4.2 Transmitter device coupling requirements

upling requirements for transmitter devices are as follows:

a) transmitter devices using inter-enclosure TxRx connections (i.e., attached to CT compliance points
should be D.C. coupled, however, may be A.C. coupled to the intercennect through a transmission
network; or

b) transmitter devices using intra-enclosure TxRx connections (i.€), attached to IT compliance points
should be D.C. coupled, however, may be A.C. coupled.

~

he transmitter device is attached to an IT compliance point.supporting SATA, then the coupling
uirements of Gen1i devices (see SATA) should be considered regarding its impact to the implementatiop.

e table 31 (see 5.8.1) for the coupling capacitor value,
.4.3 Transmitter device general electrical characteristics

ble 33 defines the transmitter device general electrical characteristics.

Table 33 — Transmitter device general electrical characteristics

(

Characteristic Units | 1.5 Gbit/s | 3 Gbit/s | 6 Gbit/s | 12 Gbit/s

R

Physical link rate accuracy-2at IT and CT ppm +100

R

Physical link rate SSC imodulation at IT and CT | ppm See table 68, table 69, and table 70 in 5.8.6

)

laximum transmitter device transients P Vv +1.2

P Physical linkrate accuracy shall be measured over a minimum of 1 x 108 Ul and should be measured
using a-minimum resolution of 100 Hz.
P Seeb:8:2 for transient test circuits and conditions.
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Table 34 defines the transmitter device termination characteristics.

Table 34 — Transmitter device termination characteristics

Trained
Untrained 1.5 Gbit/s, Trained
Characteristic Units 1.5 Gbit/s 3 Gbit/s, 12 Gbit/s
and 3 Gbit/s and
6 Gbit/s
. - 60 minimum See See
a
Differential impedance 2 1 115 maximum | 5.8.4.6.1 5.8.4.74
. . - . ab See See
Maximum differential impedance imbalance Q 5 5846.3° 58472°¢
. b 15 minimum See See
Common mode impedance | 40 maximum | 5.8.4.6 5.8.4.7.1

terminals.

a All transmitter device termination measurements are made through mated connector pairs.
b The difference in measured impedance to SIGNAL GROUND on the plus and-minus terminals on the
interconnect, transmitter device, or receiver device, with a differential test.signal applied to those

¢ Measurement replaced by Scp», specifications (i.e., differential to'eemmon mode conversion).
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5.8.4.4 Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with the zero-length test load

Table 35 specifies the signal output characteristics for the transmitter device for untrained 1.5 Gbit/s and

3 Gbit/s as measured with the zero-length test load (see 5.6.2) attached at a transmitter device compliance
point (i.e., IT or CT). All specifications are based on differential measurements. See 5.8.4.6 for trained

1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device signal output characteristics. See SATA for untrained

6 Gbit/s (i.e., SATA Geng3i) transmitter device signal output characteristics.

Tabte 35— Transmitter device sigmaloutput characteristics for untrained 1.5 Gbit/sand 3 Gbit’s a3
measured with the zero-length test load at IT and CT

Untrained

Signal characteristic @ Units

1.5 Gbit/s 3 Gbit/s
Mlaximum intra-pair skew b ps 20 15
Naximum transmitter device off voltage © d mV(P-P) 50
Maximum (i.e., slowest) rise/fall time © ps 273 137
Minimum (i.e., fastest) rise/fall time © ps 41.6
Nlaximum transmitter output imbalance f % 10

P All tests in this table shall be performed with zero-length test load (see 5.6.2).

P The intra-pair skew measurement shall be made at the midpoint of the transition with a repeating
01b pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific
diagnostic page in SPL-3) on the physical link. The same ‘stable trigger, coherent to the data stream,

the means of the midpoint crossing times of the TX+ signal and the TX- signal.
F The transmitter device off voltage is the maximum A.C. voltage measured at compliance points IT ang
CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an OOB signg
This is not applicable when optical mode-is enabled.

Rise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or 10b
pattern (e.g., D10.2 or D21.5) (see.the phy test patterns in the Protocol Specific diagnostic page in
SPL-3) on the physical link.

CJTPAT (see Annex A) intathe zero-length test load shown in figure 103 (see 5.6.2), as a percentage
the average of the V+ and-V- A.C. rms amplitudes.

shall be used for both the TX+ and TX- signals. Intrapair skew is defined as the time difference betwegn

The maximum difference betwéen the V+ and V- A.C. rms transmitter device amplitudes measured wif

=y

f
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5.8.4.5 Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with each test load

Table 36 specifies the signal output characteristics for the transmitter device for untrained 1.5 Gbit/s and

3 Gbit/s as measured with each test load (i.e., the zero-length test load (see 5.6.2) and either the TCTF test
load (see 5.6.3) or the low-loss TCTF test load (see 5.6.4)) attached at a transmitter device compliance point
(i.e., IT or CT). All specifications are based on differential measurements. See 5.8.4.6 for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s transmitter device signal output characteristics. See SATA for untrained 6 Gbit/s

(i.e., SATA Gen3i) transmitter device signal output characteristics.
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Table 36 — Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with each test load at IT and CT

IT, untrained CT, untrained

Signal characteristic Units 15 3 15 3
Gbit/s Gbit/s Gbit/s Gbit/s

Maximum voltage (non-operational) mV(P-P) 2 000

(W : 1ot 1 1o L o 20
IVMIAATTIUTTT PCARN 1U PCARN VUILAYC (I.C., £ X L2111

gure 123) if SATA is not supported mV(P-P) 1600
igixr'énf g)pi?%l(AtT()Apiiasku;glctaart%z(i'e" 2xz2m mV(P-P)|  see SATA? N/A
:r/lglAr?ng?get gssg(i)nr?eg.e., 2 x Z1 in figure 123), mVP-P) | 325 075 575
il rmsn/ianq/liTsesﬁ;gggijng (e, 2x21infigure 123). | vipp)|  see SATA® N/A

Maximum DJ P ¢cd ul 0.35

[Maximum half of TJ

(i.e., X1 in figure 123)bcdefgh ul 0.275
Center of bit time (i.e., X2 in figure 123) Ul 0.50
Maximum intra-pair skew ps 80 75 80 75

@ Amplitude measurement methodologies of SATA and this document differ. Under conditions of
maximum rise/fall time and jitter, eye diagram methodologies used in this document may indicate lesg
signal amplitude than the technique specified by SATA. Implementers of designs supporting SATA ar¢
required to ensure interoperability and should pefform additional system characterization with an eye
diagram methodology using SATA devices.

All DJ and TJ values are level 1 (see MJSQ).

The values for jitter in this table are measured at the average signal amplitude point.

The DJ and TJ values in this table apply to jitter measured as described in 5.8.3.3. Values for DJ and
TJ shall be calculated from the CDFE_for the jitter population using the calculation of level 1 jitter
compliance levels method in MJSQ.

€ TJis specified at a CDF level of 10712,

If TJ received at any pointis:iess than the maximum allowed, then the jitter distribution of the signal is
allowed to be asymmetric-"The TJ plus the magnitude of the asymmetry shall not exceed the allowed
maximum TJ. The numerical difference between the average of the peaks with a BER that is less than
10712 and the average of the individual events is the measure of the asymmetry.

Jitter peak\to' peak measured < (maximum TJ - |asymmetry|).

9 The value.for X1 applies at a TJ probability of 10712, At this level of probability, direct visual compariso
betweenythe mask and actual signals is not a valid method for determining compliance with the jitter
requirements.

The value for X1 is also half the value of TJ for maximum delivered jitter listed in table 55 (see 5.8.5.5).

CThe test or analysis shall include the effects of the JTF (see 5.8.3.2).

" The infra-pair skew measurement shall be made at the midpoint of the Transition with a repeating
01b pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific
diagnostic page in SPL-3) on the physical link. The same stable trigger, coherent to the data stream,
shall be used for both the TX+ and TX- signals. Intra-pair skew is defined as the time difference
between the means of the midpoint crossing times of the TX+ signal and the TX- signal at the probe
points.

>
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5.8.4.6 Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

5.8.4.6.1 Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s overview

Table 37 specifies the signal output characteristics for the transmitter device for trained 1.5 Gbit/s, 3 Gbit/s,
and 6 Gbit/s as measured with the zero-length test load (see 5.6.2), unless otherwise specified, attached at a
transmitter device compliance point (i.e., IT or CT). All specifications are based on differential measurements
except for common mode measurements.

Table 37 — Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and

6 Gbit/s at ITand CT

Signal characteristic Units Minimum Nominal Maximum
Reak to peak voltage (Vp_p) 2 mV(P-P) 850 1200
Transmitter device off voltage ° © mV(P-P) 50
Withstanding voltage (non-operational) mV(P-P) 2000

Rise/fall time ¢ ps 41.6

Reference differential impedance © Q 100

Reference common mode impedance © Q 25

Gommon mode voltage limit (rms) ' mV 30
RJON ul 0.15!
Mo M ul 0.25%
WDP at 6 Gbit/s' dB 13
WDP at 3 Gbit/s ' dB 7
WDP at 1.5 Gbit/s ' dB 45

A
D

F This is not applicable when.optical mode is enabled.

See 5.8.4.6.6 for the Vp_p measurement method.
The transmitter device off voltage is\the maximum A.C. voltage measured at compliance points IT ang
CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an OOB signg|).

~

Rise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or
10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page ip
SPL-3) on the physical link.

See 5.8.4.6.3 for{ransmitter device S-parameters characteristics.

This is a broadband limit. For additional limits on spectral content, see figure 126 and table 38.
The RJ meagsurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g., D24.3
(see the_phytest patterns in the Protocol Specific diagnostic page in SPL-3) with SSC disabled. RJ is 1
times the’RJ 1 sigma value, based on a BER of 10712 For simulations based on a BER of 10-'°, the R
spegified is 16 times the RJ 1 sigma value.

The'measurement shall include the effects of the JTF (see 5.8.3.2).

o h—

015 Ul is 25 ps at 6 Ghit/s, 50 ps at 3 Ghit/s, and 100 ps at 1.5 Ghit/s
The TJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g., D24.3)
(see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If the transmitter device
supports SSC, then this test shall be performed with both SSC enabled and SSC disabled. TJ is
equivalent to BUJ + RJ. ISl is minimized by the test pattern.

0.25 Ul is 41.6 ps at 6 Gbit/s, 83.3 ps at 3 Gbit/s, and 166.6 ps at 1.5 Gbit/s.

See 5.8.4.6.2 for the transmitter device test procedure.
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Table 38 defines the transmitter device common mode voltage limit characteristics.

Table 38 — Transmitter device common mode voltage limit characteristics

Characteristic Reference

L? N s? fmin a fmax a

dBmvV P dBmv P ¢ dBmV/decade MHz GHz

Spectral limit of
common mode Figure 126 12.7 26.0 13.3 100 6.0

Voltage ¢

! See figure 4 in 5.2 for definitions of L, N, S, fin, @and fr,a,. For this parameter, units of dBmV is_gsed i
place of dB.
P For dBmV, the reference level of 0 dBmV is 1 mV (rms). Hence, 0 dBm is 1 mW which is 158 mV (rmg
across 25 Q (i.e., the reference impedance for common mode voltage) which is 20 x log40(158) =
+44 dBmV. +26 dBmV is therefore -18 dBm.

F Maximum value at the Nyquist frequency (i.e., 3 GHz) (see figure 126).

The transmitter device common mode voltage shall be measured with a 1 MHz resolution bandwidth
through the range of 100 MHz to 6 GHz with the transmitter device output of (CJTPAT (see Annex A).
The end points of the range shall be at the center of the measurement bandwidth.

~

5.8.4.6.2 Trained 1'5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device test procedure

The transmitter device test procedure is as follows:

1)

3)
4)

5)

Figure 126 shows the transmitter device common mode voltage limit defined in table 38.

—2)configure the transmitter device to transmit the SCRAMBLED O patterm(See the phy test patterns-in

Vewm

A

30 dBmV

20 dBmV WY

12.7 dBmV S Valid region
10 dBmV X

0dBmV | —P f
0.1 GHz 0.3 GHz 1 GHz 6 GHz 10 GHz
Note: graph is not to scale

Figure 126 — Transmitter device common mode voltage limit

attach the transmitter device to a zero-length test load, where its signal output is captured by an
oscilloscope;

the Protocol Specific diagnostic page in SPL-3);

configure the transmitter device to minimize DCD and BUJ;

capture multiple sets of the first 58 data dwords (i.e., 2 320 bits on the physical link) of the
SCRAMBLED_0 pattern. Use averaging to minimize RJ; and

input the captured pattern into SASWDP simulation (see Annex B) with the usage variable set to
‘SAS2_TWDP'.

The WDP value is a characterization of the signal output within the reference receiver device (see 5.8.5.7.3)
after equalization. WDP values computed by SASWDP are influenced by all sources of eye closure including
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DCD, BUJ, and ISI, and increased variability in results may occur due to increases in those sources other
than ISI.

5.8.4.6.3 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter device S-parameter limits

S-parameter limits are calculated per the following formula:
Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:
L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;

max [A, B] is the maximum of A and B; and
min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.

Table 39 defines the maximum limits for S-parameters of the transmitter device:

Table 39 — Maximum limits for S-parameters:at ITg or CTg

L¢ N ¢ H® s¢ fnin © | fmax ©
Characteristic 2 °

dB dB dB dB / decade MHz GHz
ISce22l 6.0 -5.0 -10 13.3 100 6.0
ISpp22l -10 -7.9 3.9 13.3 100 6.0
IScp22l -26 -12.7 -10 13.3 100 6.0

8 For S-parameter measurements,‘the transmitter device under test shall transmit a repeating
0011b pattern or 1100b pattern'(e.g., D24.3) (see the phy test patterns in the Protocol
Specific diagnostic page in"SPL-3). The amplitude applied by the test equipment shall be
less than -4.4 dBm (i.e., 190 mV zero to peak) per port (see F.11.4.2).

b |Spc2ol| is not specified.

¢ See figure 4 for definitions of L, N, H, S, fin, and fax.
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Figure 127 shows the transmitter device [Sccosl, [Sppasl, and [Scpasl limits defined in table 39.

S-parameter
magnitude

0dB

[Scezl d = -
.

=-50B T /
|Spp22|

-10dB ) /

-15dB '
,: f
-20 dB !
|SCD22|
-25dB \]/ .
-30 dB | —
0.1 GHz 1.GHz 3 GHz 6 GHz 10 GHz

Note: graph is not to scale
Figure 127 — Transmitterdevice |Sccaal, |Spp2zl, and |Scpaal limits

5.8.4.6.4 Recommended trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device settings for
interoperability

Table 40 defines recommended-values for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter devices to
prgvide interoperability with a’broad range of implementations utilizing compliant TxRx connections and
compliant receiver devices: The values are based on the evaluation of simulations with a variety of
characterized physicalhardware. Use of the recommended values does not guarantee that an implementatipn
is ¢apable of achiéving a specific BER.

Spkcific implementations may obtain increased margin by deviating from the recommended values, however,
such implementations are beyond the scope of this document.

-1

Table 40 — Recommended trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device settings at I
and CT compliance point

Characteristic Units | Minimum Nominal Maximum
Differential voltage swing (mode) (VMA) @ mV 600 707

Transmitter equalization @ dB 2 3 4

@ See 5.8.4.6.6 for measurement method.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -193 -

5.8.4.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristics

The trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device is a set of parameters defining the
electrical performance characteristics of a transmitter device used in simulation to determine compliance of a
TxRx connection (see 5.5.5).

Figure 128 shows a trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device.

\- - - T T T T T T oo 77
Reference transmitter device :

|

: Tramsmitter circuit
: De-emphasis

|

Figure 128 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter.device

Table 41 defines the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristics.

Table 41 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristics at |T
and CT compliance point

CGharacteristic Units Value
Heak to peak voltage (Vp_p) @ mV(P-P) 850
Transmitter equalization @ dB 2
Nlaximum (i.e., slowest) rise/fall time b Ul 041°¢
RJ ul 0.1549
BUJ Ul 0.10°¢

 See 5.8.4.6.6 for measurement method.

P Rise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or
10b pattern (e.g., D10.2 or D21.5) (see'the phy test patterns in the Protocol Specific diagnostic page ip
SPL-3). _ . _

F 0.41 Ul is 68.3 ps at 6 Gbit/s, 136.6'ps at 3 Gbit/s, and 273.3 ps at 1.5 Gbit/s.
! 0.15 Ulis 25 ps at 6 Gbit/s, 50-ps at 3 Gbit/s, and 100 ps at 1.5 Gbit/s.

F 0.10 Ul is 16.6 ps at 6 Gbit/s,;,33.3 ps at 3 Gbit/s, and 66.6 ps at 1.5 Gbit/s.

The following Touchstone model of the reference transmitter device termination is included in this document:
f) SAS2_TxRefTerm.s4p.
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Figure 129 shows the S-parameters of the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter
device termination model.

S-parameter
magnitude

0dB g

-5dB

-10 dB

-15dB

-20 dB

-25dB

— f
0.1 GHz 1\GHz 3GHz 6 GHz 10 GHz

Note: graph is not to scale

Figure 129 — Trained 1.5 Gbit/s, 3 Ghit/s, and 6 Gbit/s reference transmitter device termination
S-parameters model

The Touchstone model does not.exactly match the |Sccosl, [Sppaol, and [Scpasl limits defined in 5.8.4.6.3 jat
allffrequencies, however, it is @ reasonable approximation for use in simulations. See Annex G for a
degcription of how the Touchstone model was created.

5.8.4.6.6 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter equalization, VMA, and Vp_p
measurement

The trained 1.5/Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter equalization measurement shall be based on the
following values:

a)X VMA: a mode (i.e., the most frequent value of a set of data) measurement; and
b)) Vp_p: a peak to peak measurement with a repeating 7Eh (i.e., D30.3) pattern (see the phy test
patterns in the Protocol Specitic diagnostic page in SPL-3).

The VMA and Vp_p measurements shall be made with the transmitter device terminated through the
interoperability point into a zero-length test load (see 5.6.2).
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The VMA and Vp_p measurements shall be made using an equivalent time sampling scope with a histogram
function with the following or an equivalent procedure:

1) calibrate the sampling scope for measurement of a 3 GHz signal; and

2) determine VMA and Vp_p as shown in figure 130. A sample size of 1 000 minimum to 2 000 maximum
histogram hits for VMA shall be used to determine the values. The histogram is a combination of two
histograms (i.e., an upper histogram for TX+ and a lower histogram for TX-). The histograms on the
left represent the test pattern signal displayed on the right. VMA and Vp_p are determined by adding
the values measured for TX+ and TX-.

* \

0.6

0.4

0.2

Differential Voltage
o
o

Differential Voltage

> ul

Occurrences . . . 2.0

Figure 130 — Transmitter equalization measurement

The following formula shall be used to calculate the transmitter equalization value:

Transmitter equalization = 20 x log4q (Vpp'/ VMA) dB
where:

Vp_p is the peak to peak value; and
VMA is the mode vatue.
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5.8.4.7 Transmitter device signal output characteristics for trained 12 Gbit/s
5.8.4.7.1 Transmitter device signal output characteristics for trained 12 Gbit/s overview

Table 42 specifies the signal output characteristics for the transmitter device for trained 12 Gbit/s.

Table 42 — Transmitter device signal output characteristics for trained 12 Gbit/s at ET, IT, and CT

(part 1 of 2)
Signal characteristic Units Minimum | Nominal | Maximum
Peak to peak voltage (Vp_p) @ mV(P-P) 850 1200
Transmitter device off voltage at IT or CT ° © mV(P-P) 50
Withstanding voltage (non-operational) at IT or CT mV(P-P) 2000
Rise/fall time at IT or CT ¢ ps 20.8
Reference differential impedance at IT or CT © Q 100
Reference common mode impedance at IT or CT © Q 25

@ The Vp_p measurement shall be made with the transmitter device set t6 no equalization (see table 45
and amplitude set to maximum. The minimum value applies at ET (s€e 5.3.3) and the maximum
value applies at IT (see 5.3.3) or CT (see 5.3.3). The measurement is made with a repeating 7Eh
(i.e., D30.3) pattern (see the phy test patterns in the Protocol/'Specific diagnostic page in SPL-3). If
using SAS3_EYEOPENING or equivalent tool for the measurement at ET, then IDLE dwords

(see SPL-3) may be used for the test pattern.

The transmitter device off voltage is the maximum A,C:voltage measured at compliance points IT
and CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an OOB|
signal).

If optical mode is enabled the transmitter device off voltage is not applicable.

Rise/fall times are measured from 20 % t0.80 % of the transition with a repeating 01b pattern or
10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page
in SPL-3) on the physical link.

See 5.8.4.7.2 for transmitter device  S=parameters characteristics.

Ratio measured with post curser equalization disabled and peak to peak voltage set to maximum with
a repeating TRAIN_DONE primitive (see SPL-3 and figure 134). When both precursor and post
cursor equalization are active the maximum observed R, may be as high as 3.8 at the VMA limit.

9 If a simulation tool (e.g.,.SAS3_EYEOPENING) is used, then this measurement may be performed
with IDLE dwords (see-SPL-3) as the test pattern.

Ratio measured with/precursor equalization disabled and peak to peak voltage set to maximum with
a repeating TRAIN__DONE primitive (see SPL-3 and figure 134). When both precursor and post
cursor equalization are active the maximum observed R, may be as high as 5.5 at the VMA limit.
Measured.as’v, - v5 (see figure 134) with a repeating TRAIN_DONE primitive (see SPL-3).

J" This is-aroadband limit. For additional limits on spectral content, see figure 132 and table 43.
The.R¥measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
D24:3) (see the phy test patterns in the Protocol Specific diagnostic pa e in SPL-3) with SSC

disabled. RJ is 14 times the RJ 1 sigma value, based on a BER of 107"2. For simulations based on 4
RER o£40-15 s D1 crnani ifiad ic 16 timac tHha R 14 cicoaa ol

DTy O T 7 o Ty opPC oMo Ot T o thiC Yo orgha e

The measurement shall include the effects of the JTF (see 5.8.3.2).

RJ and TJ are measured at IT (see 5.3.3) or CT (see 5.3.3).

0.15 Ul is 12.5 ps at 12 Gbit/s.

The TJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
D24.3) (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If the transmitter
device supports SSC, then this test shall be performed with both SSC enabled and SSC disabled. TJ
is equivalent to BUJ + RJ. ISI is minimized by the test pattern.

P 0.25 Ul is 20.8 ps at 12 Gbit/s.

© 5 3 —
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Table 42 — Transmitter device signal output characteristics for trained 12 Gbit/s at ET, IT, and CT

(part 2 of 2)
Signal characteristic Units Minimum | Nominal | Maximum
Precursor equalization ratio Ry fg VIV 1 1.66
Post cursor equalization ratio Ryost 9 " VIV 1 3.33
VMA 91 mV(P-P) 80
Common mode voltage limit (rms) ! mV 30
RJKIM ul 015"
Tylmo ul 0.25P

a

o S5 3 —

The Vp_p measurement shall be made with the transmitter device set to no equalization.(see table 45
and amplitude set to maximum. The minimum value applies at ET (see 5.3.3) andithe maximum
value applies at IT (see 5.3.3) or CT (see 5.3.3). The measurement is made wijthsa‘repeating 7Eh
(i.e., D30.3) pattern (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If
using SAS3_EYEOPENING or equivalent tool for the measurement at ET; then IDLE dwords

(see SPL-3) may be used for the test pattern.

The transmitter device off voltage is the maximum A.C. voltage measured at compliance points IT
and CT when the transmitter is unpowered or transmitting D.C. idle\(e.g., during idle time of an OOB|
signal).

If optical mode is enabled the transmitter device off voltage iS¢ot applicable.

Rise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or

10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page
in SPL-3) on the physical link.

See 5.8.4.7.2 for transmitter device S-parameters Characteristics.

Ratio measured with post cursor equalization disabled and peak to peak voltage set to maximum with
a repeating TRAIN_DONE primitive (see SPL:3 and figure 134). When both precursor and post
cursor equalization are active the maximumobserved R, may be as high as 3.8 at the VMA limit.
If a simulation tool (e.g., SAS3_EYEORENING) is used, then this measurement may be performed
with IDLE dwords (see SPL-3) as the test pattern.

Ratio measured with precursor equalization disabled and peak to peak voltage set to maximum with
a repeating TRAIN_DONE primitive (see SPL-3 and figure 134). When both precursor and post
cursor equalization are active the maximum observed Ryt may be as high as 5.5 at the VMA limit.
Measured as v5 - v (see-figure 134) with a repeating TRAIN_DONE primitive (see SPL-3).

This is a broadband limit-For additional limits on spectral content, see figure 132 and table 43.

The RJ measurement.shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
D24.3) (see the phy-test patterns in the Protocol Specific diagnostic page in SPL-3) with SSC
disabled. RJ is“14 times the RJ 1 sigma value, based on a BER of 10712, For simulations based on 4
BER of 10:¥®)the RJ specified is 16 times the RJ 1 sigma value.

The measudrement shall include the effects of the JTF (see 5.8.3.2).

RJ andI'J are measured at IT (see 5.3.3) or CT (see 5.3.3).

0.15:Ul'is 12.5 ps at 12 Gbit/s.

Theé TJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
D24.3) (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If the transmitter

device supports oSoC, then this test shall be performed with both 5SSC enabled and SSC disabled. |
is equivalent to BUJ + RJ. ISI is minimized by the test pattern.
0.25 Ul is 20.8 ps at 12 Gbit/s.
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In addition to table 42, figure 131 specifies the transmitter coefficient ranges when the transmitter peak to
peak voltage is maximum. The coefficients are defined according to the reference transmitter (see 5.8.4.7.3).
The bottom left area of the minimum and maximum ranges in figure 131 are limited by VMA and vary
according to Vp_p noeq- Vp-P noeq is the amplitude at ET measured with the no_equalization setting as
specified in table 45.

0
-0.05
-0.1
-0.15 = Minimum range
s Maximum range,
Vp-p_noeq = 1200 m
R -0.2
== == Maximum range,
Vp-p_noeq = 850 mV
-0.25
b Y
by
Y
“
-0.3 \\
by
\
~
-0.35 =
-0.4
-0.25 -0.2 -0.15 -0.1 -0.05 0

C1

Figure 131°— Minimum and maximum coefficient ranges at maximum peak to peak voltage
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Table 43 defines the transmitter device common mode voltage limit characteristics.

Table 43 — 12 Gbit/s transmitter device common mode voltage limit characteristics

L2 N 2@ sa H? frin 2 | fmax 2
Characteristic | Reference
dBmV P dBmv P ¢ dBmV/decade? | dBmV® | MHz | GHz

Spectral limit of
common mode | Figure 132 12.7 26.0 13.3 30.0 100 9.0
Voltage ¥

P See figure 4 in 5.2 for definitions of L, N, S, fin, and f,ax. FOr this parameter, units of dBmV is.Gsed ip
place of dB.
P For dBmV, the reference level of 0 dBmV is 1 mV (rms). Hence, 0 dBm is 1 mW which is 158 mV (rmg
across 25 Q (i.e., the reference impedance for common mode voltage) which is 20 x log;¢(158) =
+44 dBmV. +26 dBmV is therefore -18 dBm.

Maximum value at 3 GHz (see figure 132).

0 The transmitter device common mode voltage shall be measured with a 1 MHz resolution bandwidth
through the range of 100 MHz to 6 GHz with the transmitter device output of (CJTPAT (see Annex A).
The end points of the range shall be at the center of the measurement bandwidth.

Fi

Transmitter equalization coefficient adjustments are controlled using the protocol defined in SPL-3.
Transmitter circuits that support 12 Gbit/s, if not operating in optical mode, shall:

ure 132 shows the transmitter device common mode voltage limit defined in table 43.

7

Vewm
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30 dBmV

20 dBmV N !

12.7 dBmV : Valid region
10 dBmV X

0 dBmV | P f
0.1 GHz 0.3 GHz 1 GHz 6 GHz 9 GHz
Note: graph is not to scale

Figure 132 — 12 Gbit/s transmitter device common mode voltage limit

a) support the coefficient requests shown in table 44; and
b)¢ provide equalization equivalent to the reference transmitter device (see 5.8.4.7.3).
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The algorithm for optimizing the transmitter coefficient is beyond the scope of this Document.

Table 44 — Transmitter coefficient requests and corresponding transmitter circuit response

Coeffi- | Coeffi- | Coeffi- R I A IS
cient1 | cient2 | cient3 Description HL 1 2 3
request | request | request mV(P-P) mv mv mv
Hold peak to peak
hold hold hold |voltage and hold -20t0+202 |-10to +102 | -10to +10 @ | -10 to +10[@
equalization
Increase precursor
dec dec hold |and hold -20 to +20 -40 to -10 -40 to -10 +10 to +10
peak to peak voltage
Decrease precursor
inc inc hold |and hold -20to +20 | +40to +10 | +40uo +10 | -10to +10
peak to peak voltage
Increase post cursor
hold dec dec |and hold -20to +20 | -10to.£10 -40 to -10 -40 to -1(
peak to peak voltage
Decrease post cursor
hold inc inc and hold -20 to +20~{~-10to +10 | +40to +10 | +40to +1Pp
peak to peak voltage
Decrease
hold dec hold |peak to peak voltage | -40 10 -10 -20to -5 -20to -5 -20 to -5
and hold equalization
Increase
hold inc hold |peak to peak voltage | +40to +10 | +20to +5 +20 to +5 +20 to +5
and hold equalization
Increase precursor
dec hold hold |and inCrease +40 to +10 -20to -5 -20to -5 +20 to +4
peak'to peak voltage
Decrease precursor
inc hold hold ( jand decrease -40 to -10 +20 to +5 +20 to +5 -20to -5
peak to peak voltage
Increase post cursor
hold hold dec |and increase +40to +10 | +20to +5 -20to -5 -20to -5
peak to peak voltage
Decrease post cursor
hold hold inc and decrease -40 to -10 -20to -5 +20 to +5 +20 to +4
amplitude
Key:
hold = Requests no change be made to the coefficient. Equivalent to hold in SPL-3.
dec = Request to make the coefficient more negative. Equivalent to decrement in SPL-3.
inc = Request to make the coefficient more positive. Equivalent to increment in SPL-3.
@ The peak to peak voltage and equalization voltage differences between the initial condition and
following any single or consecutive hold/hold/hold command shall not be greater than the specified
range.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 201 -

The transmitter circuit responses specified in table 44 shall be measured with a zero-length test load as
shown in figure 133. The test fixture is de-embedded back to output of the transmitter circuit ET. D.C. losses
are not de-embedded. For de-embedding methods see clause F.5.

Test board
Test fixture F(s)
Transmitter device under test | _
.| D.C.
block
[ Fiter (o
D(s)=1/ Emb'g?ded
H(s)*F(s :
DC. (H(s)*F(s))
| || 7] block
Appropriate
test cables
and connectors Physical /\
/ measurement\point
/ :
Transmitter circuit Q/C) Probe point
compliance point \\

Figure 133 — Transmitter circuit compliance test\@'nfiguration
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All response specifications are based on differential measurements.The output waveform for a TRAIN_DONE
primitive (see SPL-3) is shown in figure 134 where:

a) T is the symbol period;

b) t4is the zero-crossing point of the rising edge of the positive 5 Ul CID;
c) t,is the zero-crossing point of the falling edge of the positive 5 Ul CID;
d) tsis the zero-crossing point of the falling edge of the negative 5 Ul CID;
e) tyis the zero-crossing point of the rising edge of the negative 5 Ul CID;
f)  vqis the maximum voltage measured in the interval t; to t4 + T,

g) o, isthe average \lnlfngn measured-inthe interval fl + 2T to fl + ’RT;

h) vjis the maximum voltage measured in the interval t; - T to t,;

i) vgis the minimum voltage measured in the interval tz to t3 + T;

j) vsis the average voltage measured in the interval t3 + 2T to t3 + 3T;
k) vgis the maximum voltage measured in the interval t4 - T to ty;

) VMAis v, -vs; and

m) vy is the peak to peak voltage measured in the interval t4 to t{ + 80T.

R Epeatir;?i anrtal/\?é I;I_DONE HWMWMMMUM
Il

'\ f‘{ I

Tx-equalized signal

_ =
%‘\
Aj\_;

|

y
|

Alternating-bit portipn
Positive 5-Ul portion

v Negative 5-Ul portion [ _"F\_ 'y [‘T__
1
|m\ v )
v /) r |
4
A ’ . o5 ‘
. N N R
/ Ve |
| |
| | Va | l |
S L A 2] '
3 ! VHL
4 t+2T  t-T t3 t3+2T 44T
t+T t+3T t t3+T  3+3T 4

Figure 134 — 12 Gbit/s transmitter circuit output waveform

Equalization ratios are defined based on these voltages,

R V1
Vo

post™
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Transmitter coefficient presets may be requested using a protocol that is defined in the SPL-3 standard.
Transmitter circuits that support 12 Gbit/s shall:

a) support the coefficient settings shown in table 45; and
b) provide equalization equivalent to the reference transmitter device (see 5.8.4.7.3).

Table 45 — Transmitter circuit coefficient presets at ET

Rpre (VN ) b Rpost (VN ) b

Coefficient settings @

Min Nom Max Min Nom Max
normal ©
reference_1 de 2.10 2.52 2.97 2.94 3.52 4.16
reference_2 © f 1.05 1.26 1.49 1.19 1.48 1.68
no_equalization € 9 0.84 1.00 1.19 0.84 1.00 1.19
Key:

Max = Maximum
Min = Minimum
Nom = Nominal

8 The coefficient setting field in the TTIU (see SPL=3).

b All measurements are performed with a repeating TRAIN_DONE primitive
(see SPL-3 and figure 133). If a simulation+tool (e.g., SAS3_EYEOPENING) is used
then this measurement may be performgd with IDLE dwords (see SPL-3) as the test
pattern.

¢ See SPL-3.

Equivalent to the reference transmitter setting transmitter circuit coefficient 1

(i.e., C1) set to -0.15, coefficient’2 (i.e., C2) set to 0.6, and coefficient 3 (i.e., C3) set

to -0.25 with a + 1.5 dB toletance on R and Ryogt-

The reference_1, reference 2, and no_equalization presets shall set the transmitter

to its maximum peakto peak voltage (Vp_p).

Equivalent to the reference transmitter setting transmitter circuit C1 set to -0.075, C2

set to 0.8, and.C3/set to -0.125 with a + 1.5 dB tolerance on R and Rpgst-

9 Equivalent to the reference transmitter setting transmitter circuit C1 set to zero, C2
set to one,.and C3 set to zero with a + 1.5 dB tolerance on R and Ryt

5.8.4.7.2 12 Gbit/s. Transmitter device S-parameter limits

S-parameter. limits are calculated per the following formula:
Measutred value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]
where:
L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;

max [A, B] s the maximum of A and B; and
min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.
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Table 46 defines the maximum limits for S-parameters of the 12 Gbit/s transmitter device.

Fid

Table 46 — 12 Gbit/s maximum limits for S-parameters at ITg or CTg

L ¢ N ¢ HC s¢ frin © | fmax ©
Characteristic 2 °

dB dB dB dB / decade MHz GHz
ISce22l -6.0 -5.0 -1.0 13.3 100 9.0
{Spooot 46 79 39 43-3 466 9-8
IScp22l -26 -12.7 -10 13.3 100 9.0

b 1Spcagl is not specified.

@ For S-parameter measurements, the transmitter device under test shall transmit a repeating
0011b pattern or 1100b pattern (e.g., D24.3)(see the phy test patterns in the Protocol‘Specific
diagnostic page in SPL-3). The amplitude applied by the test equipment shall be Jess than
-4.4 dBm (i.e., 190 mV zero to peak) per port (see F.11.4.2).

¢ See figure 4 for definitions of L, N, H, S, fin, and fiax-

ure 135 shows the 12 Gbit/s transmitter device |Sceosl, [Sppo2l, and [Scpogl limits defined in table 46.

S-parameter
magnitude

0dB

-5dB

[Sccozl L0

Rl

\

-10dB

Sppzz] | 3

L.

-15dB

-20dB &+

|SCD22|

\

25 dB

-30dB

= S

0.1 GHz

1 GHz

3 GHz

6 GHz 10 GHz
Note: graph is not to scale

Figure 135 — 12 Gbit/s transmitter device |Scc22l, ISpp22l, and [Scpay| limits
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5.8

.4.7.3 12 Gbit/s reference transmitter device

The 12 Gbit/s reference transmitter device is a set of parameters and equalization filters defining the electrical
performance characteristics of a transmitter circuit used in simulation. Figure 136 illustrates the reference
transmitter device.

Reference transmitter device

Reference transmitter circuit

Fig
TG
cla

Reference Tccs TDCS
transmitter

Figure 136 — 12 Gbit/s reference transmitter device

ure 137 shows the reference transmitter generating the signal at ET. Passive TXRx connection segments
CS and TDCS simulate the reference TxRx connection segment between ET.and CTg or ET and ITg. Sge
use D.2 for the description of the reference TxRx connection segments.

x(n+1) x(n) x(n-1)

1UI 1UI
Delay )| Delay

Input
+1

Coefficient 1 Coefficient 2 Coefficient 3

Ko
ET

Figure 137 — 12 Gbit/s reference transmitter
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During 12 Gbit/s end to end simulations (see 5.7), the reference transmitter device parameters are optimized
to maximize the eye opening at the output of the reference receiver device (5.8.5.7.3) using the procedure
defined in 5.7.3. Table 47 defines the reference transmitter device characteristics. The reference transmitter
device shall use the minimum peak to peak voltage and minimum rise/fall time. The input is a unitless stream
of pulses representing transmitted data. The amplitude of these pulses reach +1 or -1. The stream of pulses
contain the jitter and rise/fall time characteristics defined in table 47.

Table 47 — 12 Gbit/s reference transmitter device characteristics at ET

Signat-characteristic Ynits Minimtm———Nominal—Maximum-
Dutput gain (Kg) VIV 0.425

Peak to peak voltage (Vp.p) 2 mV(P-P) 850

Precursor coefficient (i.e., coefficient 1) @ VIV -0.15 0

/MA b mV(P-P) 80

Post cursor coefficient (i.e., coefficient 3) 2 VIV -0.3 0
Rise/fall time © ps 25

RJ 9 € ul 0.15

DJ | ul 0.1

@ Vp_p is constrained in the reference transmitter device by
C2=1-|C1]-]|C3|
where:
C1 = coefficient 1;
C2 = coefficient 2; and
C3 = coefficient 3.
b VMA = 2K, (C1 + C2 + C3) V.
¢ Riseffall times are measured from 20 % to 80% of the transition with a repeating 01b pattern or
10b pattern (e.g., D10.2 or D21.5) (see thé 'phy test patterns in the Protocol Specific diagnostic page
in SPL-3).
4 0.15 Ulis 12.5 ps at 12 Gbit/s.
€ RJis 14 times the RJ 1 sigma value, based on a BER of 10712,
f 0.1 Ulis 8.3 ps at 12 Gbit/s.
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5.8.4.7.4 Transmitter device end to end simulation characteristics for trained 12 Gbit/s

The end to end simulation procedure for transmitter devices connected to passive TxRx connections is as

foll

ows:
1) set the transmitter to output IDLE dwords (see SPL-3);
2) set the transmitter to the no_equalization coefficient setting (see SPL-3);
3) capture the signal at IT (see 5.3.3) or CT (see 5.3.3) into a zero-length test load (see 5.6.2);
4) measure the total crosstalk amplitude (see 5.7.4) or extract crosstalk transfer functions
(e.g., S-parameters);

Th
tra
co

5) connect TxRx connection segments, crosstalk segments, reference transmitter and reference
receiver according to the reference end to end simulation diagram (see 5.7.2, D.2.1 and D.2.2);

6) set the reference transmitter equalization (see 5.7.3) and reference receiver DFE equalization
(see 5.8.5.7.3); and

7) perform a linear simulation, including the effects of edge rates, I1SI and crosstalk (see iclause D.1).

e characteristics of the signal at specified points in the simulation are defined in table 48\ See the referen
hsmitter device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2 (i.e., C2), and
efficient 3 (i.e., C3).

Table 48 — Transmitter device characteristics for trained 12 Ghit/s at ET and ER

Characteristic Units | Minimum | Maximum | COMPliange
point

Cpefficient 1 (i.e., C1)a@P ¢ VIV -0.15 0 ET
VMA d e mV(®-P) 80 ET
Cefficient 3 (i.e., C3)@Pf VIV 0.3 0 ET
Referencegpulse response cursor peak to peak mV(P-P) 135 ER
amplitude
Vertical eye opening to reference pulse response.cursor

ricel ye opening P P % 45 ER
rgtio
DFE coefflm.ent amplitude to reference pulSe response o 50 50 ER
clirsor ratio !

P If C1 or C3 exceeds its maximum (positive) limit, then it is forced to its maximum limit and the other
coefficients are recalculateq:

P C2=1-|C1|-]|C3|.

f VMA = 2K, (C1 +C2 + C3) V. See 5.8.4.7.3.

to a point compliant to the VMA specification in the C1/C3 plane. The distance is defined as:

(C1)- C1)% + (C3' - C3)7)°0°

Where:

If C1 exceeds its minimum (negative) limit, then it is forced to its minimum limit and C3 is recalculated.

If VMA exceedsZts minimum limit, then C1 and C3 are forced to values that have the smallest distanc

[

C1’ and C3’ are values that satisfy the minimum VMA criterion.

If C3 exceeds its minimum limit, then it is forced to its minimum limit and C1 is recalculated. If C1 had

already reached or exceeded its minimum limit, then both C1 and C3 are forced to their minimum limit.

may be used for this measurement. See figure 118.
The vertical eye opening includes the effects of crosstalk (see clause D.1).
' The end to end simulation removes any remaining RJ and TJ (i.e., non-ISI) of the transmitter device.

reference pulse response cursor (see 5.8.5.7.3).

The average amplitude of the eye for an IDLE pattern (see SPL-3) digital input at the compliance point

The maximum of the absolute value of the reference DFE coefficients (i.e., max(abs(d;)) divided by the



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

- 208 — ISO/IEC 14776-154:2017 © ISO/IEC 2017

The transmitter coefficients are simulated by replacing the test transmitter by the reference transmitter
generating no jitter (i.e., no RJ or TJ). This is equivalent to inserting a jitter-free reference transmitter with K
set to one (i.e., unit-less value) at the output of the transmitter device (see 5.8.4.7.3), using the transmitter
device output as the input of the reference transmitter instead of the +1/-1 digitized stream (see figure 138).
For non-separable TxRx connection segments, the reference simulation channel (i.e., <usage>_IR_RR) does
not include the reference PICS.

Simulated receiver device and PICS
(except separable interface)

xok) o] X0 g Xee) =
Input Delay Delay
Captured . - ; RR| Reference
Naveform> Coefficient 1 Coefficient 2 Coefficient 3 H- <usage> IT_RR —] rersive
+
KO ;é
Output

Figure 138 — Simulation of the reference transmitter from a captured signal

5.8.4.7.5 Transmitter device signal output characteristics at CTg for 12 Gbit/s when an active
caple is connected

Transmitter devices supporting trained 12 Gbit/s that are connected to an external cable connector shall
support the signal characteristics specified in table 49 at.€Tg when an active cable is connected.

Table 49 — Transmitter device signal output characteristics for 12 Gbit/s at CTg when an active cabje
is‘connected

Signal characteristic Units CTg
Maximum peak to peak voltage (i.e., 2 x Z2 in figure 102) 2 P mV(P-P) 1200
Minimum eye opening (i.&:, 2 x Z1 in figure 102) 2 © mV(P-P) 200
Maximum half of TJ«ire/, X1 in figure 102) @ ¢ d Ul 0.175
Maximum RJ @ b(@ ul 0.15
Center of bittime (i.e., X2 in figure 102) ul 0.5

@ All crosstalk sources shall be active with representative traffic during the measurement.

b Thermaximum peak to peak voltage measurement and RJ measurement shall be
performed with a repeating 0011b pattern or 1100b pattern (e.g., D24.3) (see the phy test
patterns in the Protocol Specific diagnostic page in SPL-3) with SSC disabled. RJ is 14
times the RJ 1 sigma value, based on a BER of 10712,

¢ The minimum eye nlnnning measurement and TJ measurement shall be Iht:\r'l’nr'mt:ri with
the SCRAMBLED_O pattern (see the phy test patterns in the Protocol Specific diagnostic
page in SPL-3) with SSC enabled for a period of at least 33.3 s (i.e., a full SSC cycle).

4 The measurement shall include the effects of the JTF (see 5.8.3.2).

5.8.4.8 Transmitter device signal output characteristics for OOB signals

Transmitter devices supporting SATA shall use SATA Gen1i, Gen2i, or Gen3i signal output levels (see SATA)
during the first OOB sequence (see SPL-3) after a power on or hard reset. If the phy does not receive
COMINIT within a hot-plug timeout (see SPL-3), then the transmitter device shall increase its transmit levels
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to the OOB signal output levels specified in table 50 and perform the OOB sequence again. If no COMINIT is
received within a hot-plug timeout of the second OOB sequence, then the transmitter device shall initiate
another OOB sequence using SATA Gen1i, Gen2i, or Gen3i signal output levels. The transmitter device shall
continue alternating between transmitting COMINIT using SATA Gen1i, Gen2i, or Gen3i signal output levels
and transmitting COMINIT with SAS signal output levels until the phy receives COMINIT.

If the phy both transmits and receives COMSAS (i.e., a SAS phy or expander phy is attached), then the
transmitter device shall set its transmit levels to the SAS signal output levels (see 5.8.4.4, 5.8.4.5, and 5.8.4.6)
prior to beginning the SAS speed negotiation sequence (see SPL-3). If transmitter device had been using

S

It

in

If
ph
sig
Trd
us

sp
Du
Be

Ta

TA Geni i1 Gnn?i, or Gen3i eignnl ol |flr_\| it In\/nlc, this mode transition (i .0l |fp| it \/nlfngn r‘hnngn) may-res

h transient (see 5.8.2) during the idle time between COMSAS and the SAS speed negotiation sequence

ne transmitter device is using SAS signal output levels and the phy does not receive COMSAS (i.e3 a SA]
y is attached), then the transmitter device shall set its transmit levels to the SATA Gen1i, GenZ2j,.or Gen3
nal output levels and restart the OOB sequence.

nsmitter devices that do not support SATA or that have optical mode enabled shall transmit OOB signal
ng SAS signal output levels. In phy low power conditions (see SPL-3) the output common mode
pcification OOB common mode delta (see table 50) is relaxed to enable transmitter device power saving

fore exiting a phy low power condition the transmitter device shall wait for its‘e0mmon mode to settle.

ble 50 defines the transmitter device signal output characteristics for OOB.signals.

Table 50 — Transmitter device signal output characteristics for OOB signals

ring phy low power conditions, the transmitter device should reduce its output swing level to save power.

[A

(2]

Gharacteristic Units IT CT
Maximum peak to peak voltage (i.e., 2 x Z2 in figure 123) 2 mV(P-P) 1600
QOB offset delta ° © mvV +25
QOB common mode delta ¢ @ mV +50
Nlinimum OOB burst amplitude ©, if SATA is not.Supported mV(P-P) 240
Nlinimum OOB burst amplitude ©, if SATA is(Supported mV(P-P) 24079 N/A

F The recommended maximum peak.to peak voltage is 1 200 mV(P-P).

P The maximum difference in the average differential voltage (D.C. offset) component between the burs

times and the idle times of an OOB signal.

F This is not applicable whenoptical mode is enabled or in phy low power conditions.

! The maximum difference in'the average of the common mode voltage between the burst times and th

idle times of an OOB-signal.

With a measurement-bandwidth of 4.5 GHz, each signal level during the OOB burst shall exceed the

specified minimum differential amplitude before transitioning to the opposite bit value or before

termination of the OOB burst as measured with each test load at IT and CT.

The OOB.burst contains either 1.5 Gbit/s repeating 0011b pattern or 1100b pattern (e.g., D24.3),

1.5 Gbit/s'ALIGN (0) primitives, or 3 Gbit/s ALIGN (0) primitives (see SPL-3 and SATA).

J Amplitude measurement methodologies of SATA and this document differ. Under conditions of
maximum rise/fall time and jitter, eye diagram methodologies used in this document may indicate less

D

sighal amplitude than the technique specified by SATA. Implementers of designs supporting SATA arg

required to ensure interoperability and should perform additional system characterization with an eye
diagram methodology using SATA devices.
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5.8.5 Receiver device characteristics
5.8.5.1 Receiver device characteristics overview

The receiver device shall operate within the required BER (see 5.5.1) when a signal with valid voltage and

timing characteristics is delivered to the receiver device compliance point from a nominal 100 Q source. The

received signal shall be considered valid if it meets the voltage and timing limits specified in table 54

(see 5.8.5.4) for untrained 1.5 Gbit/s and 3 Gbit/s and table 58 (see 5.8.5.7.1) for trained 1.5 Gbit/s, 3 Gbit/s,

6 Gbit/s, and 12 Gbit/s. See SATA for untrained 6 Gbit/s (i.e., SATA Gen3i) receiver device requirements.

Additionally, for untrained 1.5 Gbit/s and 3 Gbit/s the receiver device shall operate within the required BER
when the signal has additional SJ present as specified in table 56 (see 5.8.5.6) with the common mode,sig
Vv as specified in table 51 (see 5.8.1). Jitter tolerance for receiver device compliance points is shown in
figlire 125 (see 5.8.3.5). Figure 125 assumes that any external interference occurs prior to the point at whi
thq test is applied. When testing the jitter tolerance capability of a receiver device, the additional 0.1 Ul of
mgy be reduced by an amount proportional to the actual externally induced interference between the
application point of the test and the input to the receiver device. The additional jitter redlices the eye openi
in both voltage and time. For trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s the additional jitter is includ
in the stressed receiver device jitter tolerance test (see 5.8.5.7.6).

Campliance points referenced in the electrical requirement tables are shown in\5.3 unless otherwise specifi
Seg clause F.10 for a methodology for measuring receiver device signal télerance.

A neceiver device shall provide equivalent performance to the referenceyreceiver device (see 5.8.5.7.3) ang
shall operate within the required BER when attached to:

a) any transmitter device compliant with this document (see 5.8.4); and
b) any TxRx connection compliant with this document (see 5.5).

5.8.5.2 Receiver device coupling requirements

Cqaupling requirements for receiver devices are asfollows:

a) all receiver devices (i.e., attached to IR (see 5.3) or CR (see 5.3) compliance points) shall be A.C.
coupled to the interconnect through areceive network.

Seg table 31 (see 5.8.1) for the coupling:capacitor value.

al

ch
bJ

"9
bd

bd.
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5.8.5.3 Receiver device general electrical characteristics

Table 51 defines the receiver device general electrical characteristics.

Table 51 — Receiver device general electrical characteristics

Characteristic Units 1.5 Gbit/s 3 Gbit/s 6 Gbit/s 12 Gbhit/s
. . 2
:‘hyjlsacl‘ !\I_I"l_|,(\ r'ate a‘ccurac& :[Jolerance opm +100
CITN I OANTAVTO TTUL OUVFUI Cyu
Physical link rate accuracy ? tolerance
At IR if SATA is supported ppm +350
Physical link rate SSC modulation .
Iolgrance at IR and CR ppm See table 71in 5.8.6.3
Maximum receiver device transients ° \Y +1.2
Minimum receiver A.C. common mode
oltage tolerance Vg ¢ @ mV(P-P) 150
Receiver A.C. common mode
frequency tolerance range Fgy, © MHz 210200

a

Physical link rate accuracy shall be measured over a minimumi,of1 x 108 Ul and should be measureq

using a minimum resolution of 100 Hz.

load (see figure 105) (see 5.6.2).

b See 5.8.2 for transient test circuits and conditions.
Receiver devices shall tolerate sinusoidal common maode noise components within the peak to peak
amplitude (V¢)) and the frequency range (Fcoum)-

The measurement shall be made with a channel.gquivalent to the channel used in the zero-length tes

—

The common mode frequency tolerance rangeyfor 6 Gbit/s and 12 Gbit/s is extended to include the effects jof
duty cycle distortion. Measurement methods for testing the extended frequency ranges for A.C. common
maqde tolerance are not defined by thissxdocument; therefore the common mode signal characteristics defin
in fable 52 are recommended design‘guidelines for receiver devices supporting 6 Gbit/s and 12 Gbit/s.

Table 52 — Recommended receiver device common mode tolerance for 6 Gbit/s, and 12 Gbit/s

frequency tolerance range Fgpy b

Characteristic Units 6 Gbit/s 12 Gbit/s
MinimuUm receiver A.C. common

modé/voltage tolerance Vg 2 ° mV(P-P) 150

Réceiver A.C. common mode MHz 2103000 | 2to 6000

frequency range (FCM)

8 Receiver devices should be designed to tolerate sinusoidal common
mode noise components within the peak to peak amplitude (V) and the

D
o

b The value represents the signal characteristic at IR or CR when the
channel between the transmitter device and IR or CR is equivalent to the
channel used in the zero-length test load (see figure 105) (see 5.6.2).
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Table 53 defines the receiver device termination characteristics.

Table 53 — Receiver device termination characteristics

Untrained Trained
1.5 Gbit/s,
Characteristic Units 3 Gbit/s,
1.5 Gbit/s | 3 Gbit/s 6 Gbit/s, and
12 Gbit/s
Differential impedance 20 ¢ Q 100 + 15 See 5.8.5.7°1
I‘Ylaximum differential impedance imbalance 20 ¢4 Q 5 See 5.85.7.2 ¢
Maximum receiver termination time constant 2P © ps 150 100 N/A
Common mode impedance @ b Q 20 minimum See 5.8.5.7.1
40 maximum

P All receiver device termination measurements are made through mated connector pairs.

P The receiver device termination impedance specification applies to all receiver devices in a TxRx
connection and covers all time points between the connector nearest the receiver device, the receive
device, and the transmission line terminator. This measurement shalllbe’'made from that connector.
At the time point corresponding to the connection of the receiver device to the transmission line, the
input capacitance of the receiver device and its connection to the'transmission line may cause the
measured impedance to fall below the minimum impedances-specified in this table. With impedance
measured using amplitude in units of p (i.e., the reflectionoefficient, a dimensionless unit) and
duration in units of time, the area of the impedance dip caused by this capacitance is the receiver
termination time constant. The receiver termination time’constant shall not be greater than the values
shown in this table.

An approximate value for the receiver termination time constant is given by the following equation:
RTTC = amp x width
where:
RTTC receiver termination time-constant in seconds;
amp amplitude of the dip.in.uhits of p (i.e., the difference between the reflection coefficient at
the nominal impedance and the reflection coefficient at the minimum impedance point);
and
width  width of the dip.in units of time, as measured at the half amplitude point.

The value of the recgeiver device excess input capacitance is given by the following equation:

o RTTIE
(RGHRR)
where
C receiver device excess input capacitance in farads;
RTTC receiver termination time constant in seconds;
Ro transmission line characteristic impedance in Q;
Rr termination resistance at the receiver device in Q; and

(RO ii RR) pala“b‘i combirmationof RO ard RR.
The difference in measured impedance to SIGNAL GROUND on the plus and minus terminals on the
interconnect, transmitter device, or receiver device, with a differential test signal applied to those
terminals.
¢ Measurement replaced by Scp1¢ specifications (i.e., differential to common mode conversion).
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5.8.5.4 Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s

Table 54 specifies the requirements of the signal delivered by the system with the zero-length test load
(see 5.6.2) at the receiver device compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained
1.5 Gbit/s and 3 Gbit/s. These also serve as the required signal tolerance characteristics of the receiver

device. For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s, see 5.8.5.7.

Table 54 — Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as measured with the
zero-length test load at IR and CR

CR, untraineLi

IR, untrained
Signal characteristic Units 1.5 3 15 3
Gbit/s | Gbit/s | Gbit/s | Gbit/s

Maximum voltage (non-operational) mV(P-P) 2000

Miaximum peak to peak voltage (i.e., 2 x Z2 in figure 124) if a )

JATA phy is not attached mV(P-P) 1600 1600

Miaximum peak to peak voltage (i.e., 2 x Z2 in figure 124) if a ) a

JATA phy is attached MV(P-P) | SEESATA N/A

M|n|mum eye opening (i.e., 2 x Z1 in figure 124), if a SATA mV(P-P) [0 325 275 275

phy is not attached

Minimum eye opening (i.e., 2 x Z1 in figure 124), if a SATA

phy using Gen1i levels is attached and the TxRx connection |[-mV(P-P)| 2252 N/A N/A

ig characterized with the TCTF test load (see 5.6.3)

Minimum eye opening (i.e., 2 x Z1 in figure 124), if a SATA

phy using Gen2i levels is attached and the TxRx connection | mV(P-P) | N/A | 1752 N/A

ig characterized with the TCTF test load (see 5.6.3)

Minimum eye opening (i.e., 2 x Z1 in figure 124){if a SATA

phy is attached and the TxRx connection is characterized mV(P-P) 2752 N/A

with the low-loss TCTF test load (see 5.6.4)

Jjtter tolerance (see figure 125 in 5.8.3.5) oc N/A See table 56 in 5.8.5.6

Miaximum half of TJ (i.e., X1 in figure-124) d ul 0.275

(enter of bit time (i.e., X2 in figure 124) ul 0.50

Maximum intra-pair skew ¢ ps 80 | 75 ‘ 80 ‘ 75

' Amplitude measurement methodologies of SATA and this document differ. Under conditions of

maximum rise/fallMime and jitter, eye diagram methodologies used in this document may indicate less
signal amplityde-than the technique specified by SATA. Implementers of designs supporting SATA arg
required to‘ensure interoperability and should perform additional system characterization with an eye
diagram-methodology using SATA devices.
The value for X1 applies at a TJ probability of 10712, At this level of probability direct visual comparison
between the mask and actual signals is not a valid method for determining compliance with the jitter
requirements.
(el aYal hall kb nabladif th X nar-casa Hoaaktiae-balna achad t OATA Litar o oball b
VUV OTTdIT VO UTIAVTOUU TT UTTUC TUUUTVOT UL VIVGY OUF'JUI o UGIIIH ALAUTITOU U UMTAL JiLtleld OULU'J LTNIAdIT Vo

performed prior to application of SSC.

d' The value for X1 shall be half the value given for TJ in table 55. When SSC is disabled, the test or

analysis shall include the effects of a single pole high-pass frequency-weighting function that
progressively attenuates jitter at 20 dB/decade below a frequency of (f,5,q / 1 667).

€ The intra-pair skew measurement shall be made at the midpoint of the transition with a repeating

01b pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific
diagnostic page in SPL-3) on the physical link. The same stable trigger, coherent to the data stream,
shall be used for both the Rx+ and Rx- signals. Intra-pair skew is defined as the time difference between
the means of the midpoint crossing times of the Rx+ signal and the Rx- signal at the probe points.
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5.8.5.5 Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s

Table 55 defines the maximum jitter the system shall deliver to the receiver device at the receiver device
compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained 1.5 Gbit/s and 3 Gbit/s. For trained
1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s see 5.8.5.7.6.

Table 55 — Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s at IR and CR

Untrained
Stgmatcharacteristic®> tnits
1.5 Gbit/s 3 Gbit/s
Deterministic jitter (DJ) © ul 0.35
Total jitter (TJ) €9 € ] 0.55

P All DJ and TJ values are level 1 (see MJSQ).
P The values for jitter in this table are measured at the average signal amplitude point:
F The DJ and TJ values in this table apply to jitter measured as described in 5.8.3.3: Values for DJ and ]
shall be calculated from the CDF for the jitter population using the calculation‘of level 1 jitter compliande
levels method in MJSQ.
! TJ is specified at a CDF level of 10712,
If TJ received at any point is less than the maximum allowed, then, the-jitter distribution of the signal is
allowed to be asymmetric. The TJ plus the magnitude of the asymmetry shall not exceed the allowed
maximum TJ. The numerical difference between the average 6fthe peaks with a BER that is less than
10712 and the average of the individual events is the measure.of the asymmetry.
Jitter peak to peak measured < (maximum TJ - |Asymmetry|)

[



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -215-

5.8.5.6 Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s

Table 56 defines the amount of jitter the receiver device shall tolerate at the receiver device compliance point
(i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained 1.5 Gbit/s and 3 Gbit/s. Receiver device jitter testing shall
be performed with the maximum (i.e., slowest) rise/fall times, minimum signal amplitude, and maximum TJ,
and should be performed with normal activity in the receiver device (e.g., with other transmitter circuits and
receiver circuits on the same board as the receiver device performing normal activity) with SSC enabled if
SSC is supported by the receiver device. Jitter setup shall be performed prior to application of SSC. For
trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s see 5.8.5.7.6.

Table 56 — Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s at IR and CR

Untrained
Signal characteristic Units
1.5 Gbit/s 3 Gbit/s
Applied sinusoidal jitter (SJ) from f; to fy,5y 2 ul 0.10¢ 0.10f
Deterministic jitter (DJ) P © ul 0:359 0.35"
Total jitter (TJ)cd ul 0.65

f The jitter values given are normative for a combination of applied SJ.“DJ, and TJ that receiver deviceg
shall be able to tolerate without exceeding the required BER (see 5:5.1). Receiver devices shall tolerale

applied SJ of progressively greater amplitude at lower frequenciesthan f;, according to figure 139, wi

the same DJ and RJ levels as were used from f; to f, -

P All DJ and TJ values are level 1 (see MJSQ).

F The DJ and TJ values in this table apply to jitter measured'as described in 5.8.3.4. Values for DJ and ]

shall be calculated from the CDF for the jitter population using the calculation of level 1 jitter compliande

levels method in MJSQ.

No value is given for RJ. For compliance with this document, the actual RJ amplitude shall be the valy

that brings TJ to the stated value at a probability of 10712, The additional 0.1 Ul of applied SJ is added {

ensure the receiver device has sufficient operating margin in the presence of external interference.

Applied sinusoidal swept frequency for*1;5 Gbit/s: 900 kHz to 5 MHz.

Applied sinusoidal swept frequency for'3 Gbit/s: 1 800 kHz to 7.5 MHz.

’ The measurement bandwidth for1;5 Gbit/s shall be 900 kHz to 750 MHz.

' The measurement bandwidth for'3 Gbit/s shall be 1 800 kHz to 1 500 MHz.

[

o O

Figure 139 defines the applied SJ for table 56.
Peak-to-peak 4 logse/logso plot
applied SJ (log1o/logio )
(in UI)

1.5 :

1.0
0.1 ]eceeeee . ............ L

0 f >
frmin = foaua / 25 000 P fmax

fc = fbaud /1667
Applied SJ frequency (in Hz)

Figure 139 — Applied SJ for untrained 1.5 Gbit/s and 3 Gbit/s
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Table 57 defines f.ip, fe, and fiax for figure 139. f, 5,4 is defined in table 31 (see 5.8.1).

Table 57 — f,in, fc, and f,,,ox for untrained 1.5 Gbit/s and 3 Gbit/s

Physical link rate | fi, f. frnax
1.5 Gbit/s 60 kHz 900 kHz 5 MHz
3 Gbit/s 120 kHz 1 800 kHz 7.5 MHz

5.8

6 Gbit/s, and 12 Gbit/s

5.8

Table 58 specifies the requirements of the signal delivered by the system with the zero-length test load

(s€
CH

.5.7 Receiver device and delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

.5.7.1 Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s

e 5.6.2), unless otherwise specified, attached at the receiver device compliance poinf\(i‘e., IR (see 5.3)
(see 5.3)) for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s. These also spegify‘the required signal

tolerance characteristics of the receiver device. All specifications are based on differential measurements
unless otherwise stated.
Table 58 — Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s at IR
and CR compliance point
Characteristic Units Minimum | Nominal | Maximum
Reak to peak voltage for trained 1.5 Gbit/s, 3 Gbit/s,
d Gbit/s, and 12 Gbit/s 2 b © mV(P-P) 1200
Non-operational input voltage mV(P-P) 2000
Reference differential impedance d Q 100
Reference common mode impedance d Q 25

f See 5.8.4.6.6 for the measurement method for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

P See table 42 for the measurement.method for 12 Gbit/s.

F During OOB, SNW-1, SNW-2, and,SNW-3 (see SPL-3), the untrained 1.5 Gbit/s and 3 Gbit/s
specifications in 5.8.5.4 apply.

! For receiver device S-parameter characteristics, see 5.8.5.7.2.

5.8

@

wh

.5.7.2 Receiver device'S-parameter limits

parameter limits, are)calculated per the following formula:

Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

Th

ere:
K is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote):
N is the value at 3 GHz;
f is the frequency of the signal in Hz;
max [A, B] is the maximum of A and B; and
min [A, B] is the minimum of A and B.

e frequency for N is based on the Nyquist at 6 Gbit/s.
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Table 59 defines the maximum limits for S-parameters of the receiver device.

Table 59 — Maximum limits for S-parameters at IR or CR

L NP HP S ° fmin fmax °e fmax d
Characteristic 2
dB dB dB dB / decade MHz GHz GHz
IScel -6.0 -5.0 -1.0 13.3 100 6.0 9.0
no1el -10 79 -390 13.3 100 8.0 a0
Scol -26 -12.7 -10 13.3 100 6.0 910
8 |Spc14l is not specified.
b See figure 4 in 5.2 for definitions of L, N, H, S, frin, and frax.
¢ Applies only for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.
4 Applies only for 12 Gbit/s.
Figure 140 shows the receiver device |Sccq4l, ISpp11l, and [Scp44] limits defined jn table 59.
S-parameter
magnitude
0dB
|Scel N\ -
-5dB Y
|SDD11| /
N /
: /
-15dB f /
-20 dB //
) |Scoil /
-25'dB
-30 dB — f
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz

Figure 140 — Receiver device [Sccq4l, ISpp11l, and [S¢pq4] limits
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5.8.5.7.3 Reference receiver device characteristics
5.8.5.7.3.1 Reference receiver device overview

The reference receiver device is a set of parameters defining the electrical performance characteristics of a
receiver device used in simulation to:

a) determine compliance of a transmitter device (see 5.8.4.6 and 5.8.4.7); and
b) determine compliance of a TxRx connection (see 5.5.5 and 5.5.6).

Fi

)

ure 141 shows the reterence recelver device for trained 1.5 Gbit/s, 3 Gbit/s, and b6 Gbit/s.

Reference receiver device

i |
[

. I
| Reference receiver |
: circuit |
i :
! I
' |
! I

QO—=

Probe point

Figure 141 — Reference receiver device for trained 1.5 Ghit/s,’3 Gbit/s, and 6 Gbit/s

Figure 142 shows the reference receiver device for trained 12 Gbit/s: Passive TxRx connection segments
ROCS and RCCS simulate the reference TxRx connection segment between IR and RR or CR and RR.
Seg clause D.2 for the description of the reference TxRx connettion segments.

Reference receiver'device
Referenee feceiver circuit

®<RDCS RCCS / RR Reference receiver

Figure 142\~ Reference receiver device for trained 12 Gbit/s

For trained 1.5 Gbit/s, 3 Ghit/s and 6 Gbit/s, the reference receiver circuit performs the reference DFE
eqlalization at the center-of the eye.

For trained 12 Gbit/s;the reference receiver device:

1) applies ‘the reference receiver equalization (see 5.8.5.7.3.3);
2) samples the incoming data according to a reference sampling clock (see 3.1.82); and
3) performs the reference DFE equalization.

The signal at the probe point or at ER is an analog signal.
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5.8.5.7.3.2 Reference receiver device DFE

The reference receiver device includes a multiple tap DFE with infinite precision taps and unit interval tap
spacing. The reference coefficient adaptation algorithm is the LMS algorithm. The DFE may be modeled at
the reference sampling instants as:

Ndfe

Yk = Xk~ Zdi x sgn(Yy _;)

where:

is the equalizer differential output voltage;
is the equalizer differential input voltage;
is the equalizer feedback coefficient;

~ o X <

is the sample index in Ul; and

is the number of equalizer DFE taps.
Ngse = 3 for the trained 1.5 Gbit/s,

Nafe 3 Gbit/s, and 6 Gbit/s reference receiver
device. Ny¢e = 5 for the 12 Gbit/s reference
receiver device.

The trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s referencereceiver device feedback coefficients (i.e
d;)|have absolute magnitudes that are less than 0.5 times the peak’of the equivalent pulse response of the
reference receiver device.

NOTE 1 - For more information on DFE and LMS, see_John R. Barry, Edward A. Lee, and David G.
Messerschmitt. Digital Communication - Third Edition*Kluwer Academic Publishing, 2003.

5.8.5.7.3.3 Reference receiver device equalization for trained 12 Gbit/s

The reference receiver applies a filter composed of three cascaded identical equalization stages. Each of
thgse stages has the characteristics des¢ribed in table 60. The frequency response of each stage is of the
form:

H(s) = (1.%s/(2n x fzg)) / [(1 + /(27 x fpg)) x (1 + s/(2  fpq))]

wHere:
s represents 2m x f x (-1)°-2;
fzg is the zero corner frequency;
fPo is the first pole corner frequency; and
fp4 is the second pole corner frequency.

Table 60 — Reference receiver equalization stage characteristics for trained 12 Gbit/s

Characteristic Units | Value
Zero corner frequency (fz) GHz 2.5
First pole corner frequency (fpg) GHz 4
Second pole corner frequency (fpq) GHz 10
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5.8.5.7.4 Reference receiver device termination characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

and 6 Gbit/s

The following Touchstone model of the reference receiver device termination is included with this document:

a) SAS2_RxRefTerm.s4p.

Figure 143 shows the S-parameters of the reference receiver device termination model for trained 1.5 Gbit/s,

3 Gbit/s, and 6 Gbit/s.

S-parameter

6 Gbit/s

The Touchstone‘model does not exactly match the [Sccq4l, ISpp11l, and |Scpq4] limits defined in 5.8.5.7.2 at
all ffrequencies,however, it is a reasonable approximation for use in simulations. See Annex G for a

degcription of how the Touchstone model was created.

5.8.5.7.5'Reference receiver device termination characteristics for trained 12 Gbit/s

magnitude
0dB /,. _,—_
1 7
Scor >
-5 dB limit ’/ .
|Soo+| s :
limit A (-1
o .
-15dB )
-20 dB
|Scorl
limit
-25dB
-30 dB —» f
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz

Figure 143 — Reference receiver device termination S-parameters for trained 1.5 Gbit/s, 3 Gbit/s, and

Note: graph is not to scale

The termination characteristics of the reference receiver device for trained 12 Gbit/s are determined by the
reference TxRx connection segments used in the simulations (see clause D.2). The reference transmitter

presents an ideal termination at RR.
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5.8.5.7.6 Stressed receiver device jitter tolerance test

5.8.5.7.6.1 Stressed receiver device jitter tolerance test overview for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s

Ar

eceiver device shall pass the stressed receiver device jitter tolerance test described in this subclause.

The stressed receiver device jitter tolerance test for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s shall be applied
at the receiver device compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) as a means to perform physical

al

validation-of prnriir\fnr*l pnrfnrmnnr\n of the receiver device Any implnmnnfm‘inn of the stressed cignnl
geperation hardware is permitted for the stressed receiver signal as long as it provides the I1SI-stressed sigr
with jitter and noise as defined in this subclause.
Figure 144 shows the block diagram of the stressed receiver device jitter tolerance test.
ol ~¢—  Clock source
source
Test equipment .
: Receiver-device
Pattern De-emphasis Error
generator ™ generator i g 2 G ! under test > detector
A : 5
i “-®  Oscilloscope
Clock source e O »| (for calibration)
R
J Noise source
SJ
Variable SJ
source
Figure 144 — Stressed receiver device jitter tolerance test block diagram for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s

The ISI generator shall be representative of, and at least as stressful as, the reference transmitter test loag

(s€
be

Th
(19
crg

e 5.6.5). The reference transmitter test load (see 5.6.5), with a nominal |Sppy4| of -15 dB at (fya,q / 2), M
used as a componentof, the ISI generator.

b receiver device under test demonstrates its ability to compensate for channel intersymbol interference
I) representative ofthe reference transmitter test load (see 5.6.5) while subjected to the budgeted jitter a
sstalk sources:

j V)

y
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Table 61 defines the stressed receiver device jitter tolerance test characteristics for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s. Unless otherwise noted, characteristics are measured at IR (see 5.3.2) or CR (see

5.3.2) in figure 144.

Table 61 — Stressed receiver device jitter tolerance test characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

and 6 Gbit/s
Characteristic Units Minimum Nominal | Maximum | Reference
'I;X peak to peak voltage @ mV(P-P) 850 58.4.6
Transmitter equalization @ dB 2 5.8.4.6:\6
TXRJPCd ul 0.135¢ 0.150 f 0.1659 5.84.6.1
TX SJ° Ul See figure 148 and figure 149 5.8.5.7.619
WDP at 6 Gbit/s P " dB 13 14,5
WDP at 3 Gbit/s P " dB 7 8\5
WDP at 1.5 Gbit/s P I dB 4.5 6
[)24.3 eye opening P mV(P-P) 200 215 230 5.8.3.4
NEXT offset frequency ik ppm 2500
Total crosstalk amplitude ' ¥ MVyms 4
Receiver device configuration '

P For a characteristic with only a nominal value, the test setup shall be configured to be as close to that
value as possible while still complying with other charaeteristics in this table.

P For characteristics with minimum and maximum valges, the test setup shall be configured to be within
the range specified by the minimum and maximumyalues. The range shall not be used to define corngr
test conditions required for compliance.

F Measured at point A in figure 144.

Measured after application of the JTF (see 5.8.3.2).

F 0.135 Ul is 22.5 ps at 6 Gbit/s, 45 ps.at 3 Gbit/s, and 90 ps at 1.5 Gbit/s.

0.150 Ul is 25 ps at 6 Gbit/s, 50 ps.ab3 Gbit/s, and 100 ps at 1.5 Gbit/s.

P 0.165 Ul is 27.5 ps at 6 Gbit/s, 55 ps at 3 Gbit/s, and 110 ps at 1.5 Gbit/s.

' This value is obtained by simulation with SASWDP (see Annex B). BUJ and RJ shall be minimized fo
WDP simulations. The WDR:value is a characterization of the signal output within the reference receiver
device (see 5.8.5.7.3) afterequalization.
The repeating 0011b-pattern or 1100b pattern (e.g., D24.3) eye opening pertains to the delivered signa
at IR or CR. Figure-145 defines this value in an eye diagram.

The NEXT source'may use SSC modulation rather than have a fixed offset frequency.

Observed with a histogram of at least 1 000 samples. Additional pseudo-random crosstalk shall be
added, if needed, to meet the total crosstalk amplitude specification.

All transmitter devices and receiver devices adjacent to the receiver device under test shall be active
with representative traffic with their maximum amplitude and maximum frequency of operation.
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Figure 145 shows the stressed receiver device jitter tolerance test repeating 0011b pattern or 1100b pattern
(e.g., D24.3) eye opening for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

0.15

5.8

3 (

Th
fol

1)
2)
3)

4)
5)
6)

)

Figure 145 — Stressed receiver device jitter-tolerance test D24.3 eye opening for trained 1.5 Gbit/s,

.5.7.6.2 Stressed receiver device-jitter tolerance test procedure for trained 1.5 Gbit/s,
6bit/s, and 6 Gbit/s

b stressed receiver device jitter tolerance test procedure for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s is gs
OWS:

0.10

0.05

0.00 : .L.opening.;...........

Differential Voltage (V)

-0.05

-0.10

-0.15

3. Gbhit/s, and 6 Gbit/s

calibrate the testiequipment and ISI generator as specified in 5.8.5.7.6.3;

calibrate the“erosstalk source as specified in 5.8.5.7.6.4;

attach thetest equipment and ISI generator and the crosstalk source to the receiver device under
test;

configure the pattern generator to transmit a Train_Rx-SNW pattern (see SPL-3);

altow the receiver device to complete the Train_Rx-SNW;

configure the applied SJ as specified in 5.8.5.7.6.9;

configure the pattern generator to transmit CJTPAT (see Annex A); and

)

ensure that the receiver device under test has a bER that is less than 1U 2 with a coniidence 1ever of
95 %.

This procedure requires the receiver under test to train during Train_Rx-SNW as specified in SPL-3. This
training may be performed by:

a)
b)

using the mechanisms defined in SPL-3; or
using an equivalent procedure.

The use of an equivalent procedure is outside the scope of this document.
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Table 62 defines the number of bits that shall be received with a certain number of errors to have a confidence
level of 95 % that the BER is less than 10712,

Table 62 — Number of bits received per number of errors for desired BER

5.8
3 (

Th
fol

WI
an

5.8

Th

Number of errors Number of bits
0 3.00 x 1012
1 4.74 x 10'?
2 6.30 x 1012
3 7.75 x 1012
4 9.15 x 10'?
5 1.05 x 103

.5.7.6.3 Test equipment calibration and ISI generator calibration for trained 1.5 Gbit/s,
5bit/s, and 6 Gbit/s

e test equipment and ISI generator calibration procedure for trained 1.5Gbit/s, 3 Gbit/s, and 6 Gbit/s is @s
OWS:

1) ensure that the ISI generator has an |Spp,4| comparable tolthat of the reference transmitter test lopd
(see 5.6.5). |Spp24| delivered by the I1SI generator shall be measured by observing the D24.3 eye
opening at IR or CR as defined in table 61;

2) attach the test equipment and ISI generator to a zergslength test load, where its signal output is
captured by an oscilloscope;

3) disable the crosstalk source;

4) disable the variable SJ source and the randem noise source;

5) configure the pattern generator to transmit'the SCRAMBLED_0 pattern (see the phy test patterns i
the Protocol Specific diagnostic page,in SPL-3);

6) capture multiple sets of the first 58 data dwords (i.e., 2 320 bits on the physical link) of the
SCRAMBLED_0 pattern. Wavefarm averaging shall be used to minimize the impact of measuremgnt
noise and jitter on the WDP calculations;

7) input the captured pattern into SASWDP simulation (see Annex B) with the usage variable set to
‘SAS2_LDP’; and

8) adjust the ISI generatoruntil the WDP is within the range defined in table 61 (see 5.8.5.7.6.1).

DP values computed by SASWDP are influenced by all sources of eye closure including DCD, BUJ, and 1B
H increased variability’in results may occur due to increases in those sources other than ISI.

=

.5.7.6.4 Crosstalk source calibration for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

e crosstalk source calibration procedure for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s is as follows:

1)¢ attach the test equipment and ISI generator and the crosstalk source to a zero-length test load, where
its signal output is captured by an oscilloscope;

<) d;bdbic ti 1< pdttclll yUIIUIatUI y

3) enable the crosstalk source;

4) set the center frequency of the crosstalk source to be frequency offset from the pattern generator to
sweep all potential relative phase alignments between the crosstalk source and the signal from the ISI
generator;

5) generate a histograph of the signal delivered to the test equipment; and

6) adjust the crosstalk source until the crosstalk amplitude complies with table 61 (see 5.8.5.7.6.1).


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 225 -

5.8.5.7.6.5 Stressed receiver device jitter tolerance test procedure for trained 12 Gbit/s

The stressed receiver device jitter tolerance test procedure for 12 Gbit/s is as follows:

1) calibrate the test equipment and ISI generator as specified in 5.8.5.7.6.6;
2) calibrate the crosstalk source as specified in 5.8.5.7.6.7;

3) attach the test equipment and ISI| generator and the crosstalk generator to the receiver device under

test;
4) configure the devices on the receiver device board to transmit and receive representative traffic,

inclt |r'|ing the transmitter device associated with the receiver device under fnef;
5) configure the pattern generator to transmit a Train_Tx-SNW pattern (see SPL-3);
6) allow the receiver to complete the Train_Tx-SNW;
7) configure the pattern generator to transmit a Train_Rx-SNW pattern (see SPL-3);
8) allow the receiver to complete the Train_Rx-SNW;
9) configure the applied RJ as specified in 5.8.5.7.6.8;
10) configure the applied SJ as specified in 5.8.5.7.6.9;
11) configure the pattern generator to transmit CJTPAT (see Annex A); and

95 %.

The configuration of the transmitter device associated with the receiver device\under test may be performe

after the receiver training completes.

Thjs procedure requires the receiver under test to train during Train_Tx-SNW and Train_Rx-SNW as specifi

in BPL-3 (see figure 146). This training may be performed by:

a) using the mechanisms defined in SPL-3; or
b) using an equivalent procedure.

The test equipment shall be capable of adjusting its transmitter coefficients as requested by the receiver
unfder test. The use of an equivalent procedure is outside“the scope of this document.

Crosstalk generator

Crosstalk
Crosstalk
- generator
transmitter
channel

\
. \ISI generator

12) ensure that the receiver device under test has a BER that is less than 10712 with“a confidence level

|

I

[T
Jest ISI generator channel l Receiver devi der test
transmitter g eceiver device under tes

N ]

X \ |
/®\ Transmitter equalization adjustment
i

DJ RJ SJ
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Figure 146 — Stressed receiver transmitter equalization adjustment for 12 Gbit/s

5.8.5.7.6.6 ISI generator calibration for trained 12 Gbit/s

The delivered signal for stressed receiver device jitter tolerance test for 12 Gbit/s (see 5.8.5.7.6) shall provide

ISI characteristics defined in table 63.

The characteristics at ER shall be measured using end to end simulations (see 5.7.1 and Annex D).
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To simplify de-embedding to ET, the peak to peak voltage may be measured from the output of the ISI
generator’s transmitter, if the ISI channel has insertion loss less than 1.5 dB at 10 MHz (e.g.,10 MHz
represents effective D.C., excluding A.C. coupling). Using this method, the peak to peak voltage is computed
by scaling down the measured amplitude by the loss of the ISI channel at 10 MHz. This simplified
de-embedding method requires verification of the ISI channel insertion loss.

The effective ISI| generator’s transmitter output may include attenuators or power combiners. The
characteristics of the IS| generator’s transmitter, including transmitter circuit response to coefficient steps and
coefficient preset settings, are measured including the attenuators or power combiners.

The transmitter coefficients are simulated by replacing the test tfransmitter by the reference transmitter
geperating no jitter (i.e., no RJ or TJ). This is equivalent to inserting a jitter free reference transmitter with*Kg
sef to 1 (unit-less value) at the output of the ISI generator, using the ISI generator’s output as the inpubof the
reference transmitter, instead of the +1/-1 digitized stream (see figure 147).

x(n+1) x(n) x(n-1) _ _ i
1 Ul 1 Ul Simulated(receiver device
/_ Input Delay Delay
+/-1
e ~TRR
Captured Coefficient 1 +(x) Coefficient 2 Coeficient Reference

!

1
A
=
@
QO
Q
@
\'

waveform receiver

+
Kovgé
Output

Figure 147 — Simulation of the reference transmitter from a captured signal

~

The I1SI generator’s transmitter device shall have the trained 12 Gbit/s transmitter characteristics (see 5.8.4.F).
The ISI generator shall be capable of changing its equalization in response to the attached receiver device[s
bagk channel requests (see SPL-3). This may be performed using a duplex link as defined in SPL-3, or
thrpugh the use of an equivalent procedure. The'use of an equivalent procedure is outside the scope of thi
dofument.

L'y

The ISI generator calibration procedure i§_as follows:

1) set the transmitter of the I1S| geherator to output no equalization (i.e. coefficient 1 set to zero,
coefficient 2 set to one, caefficient 3 set to zero);
2) attach the test equipment and ISI generator to a zero-length test load;
3) disable:
A) the crosstalkisource;
B) the RJ source;
C) the DJ-source;
D) the&SS€ source; and
E) thevariable SJ source;
4) configure the pattern generator to transmit a repeating 7Eh (i.e., D30.3) pattern (see the phy test
patterns in the Protocol Specific diagnostic page in SPL-3);
5) “set the transmitter peak to peak voltage to the characteristics of table 63;
6 configure the pattern generator to transmit ID| F dwords (see SP| -3):
7) capture the signal at IR or CR;
8) simulate signal characteristics and reference transmitter characteristics (see clause D.1), using
reference <usage> CR_RR channel models of the appropriate usage model (see clause D.2); and
9) adjust the ISI generator channel for end to end simulation characteristics defined in table 63.

Table 63 defines the characteristics measured in end to end simulation of the delivered signal for trained
12 Gbit/s stressed receiver device jitter tolerance test.


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 227 —

See the reference transmitter device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2
(i.e., C2), and coefficient 3 (i.e., C3) used in table 63.

Table 63 — ISI generator characteristics for trained 12 Gbit/s at ET and ER

Characteristic Units Minimum | Maximum Comp!lance
point

Peak to peak voltage @ b mV(P-P) 850 1 000 ET (see 5.3.3)
Coefficient 1 (i.e., C1) 9 ¢ VIV -0.15 0 ET
Coefficient 3(i.e., C3) ¢4 f VIV -0.3 0 EF

MA9h mV(P-P) 80 ET

D
F\efe_rencei pulse response cursor peak to peak mV/(P-P) 125 145 ER (see 5.3.9)
gmplitude '

ertical eye _ciplening to reference pulse response % 65 80 ER
dursor ratio !
DFE coefficient magm:nude to reference pulse % 5 50 ER
response cursor ratio

8 The measurement shall be made with the ISI generator transmitter set to no equalization and a
repeating 7Eh (i.e., D30.3) pattern (see the phy test patterns‘in the Protocol Specific diagnostic page,

in SPL-3).

b The peak to peak voltage is adjusted as close as possible to the minimum limit.

© If C1 or C3 exceeds its maximum (positive) limit, then\it is forced to its maximum limit and the other

coefficients are recalculated.

dc2=1-|C

1]-|C3|.

If C1 exceeds its minimum (negative) limit, then it is forced to its minimum limit and C3 is recalculated.
If C3 exceeds its minimum limit, then it is forced to its minimum limit and C1 is recalculated. If C1 hag
already reached or exceeded its minimum limit, then both C1 and C3 are forced to their minimum limif.
VMA = 2K, (C1 + C2 + C3) V. See 5:8.4.7.3.
If VMA exceeds its minimum limit,;then C1 and C3 are forced to values that have the smallest distancg
to a point compliant to the VMA specification in the C1/C3 plane. The distance is defined as:

((C1"- C1)2 + (C3 -(C3)?)%°

where:

C1’ and C3 are values that satisfy the minimum VMA criterion.
The average-amplitude of the eye for a random pattern digital input at the compliance point may be
used for this_;measurement. See figure 118.
The end\to-end simulation removes any remaining RJ and TJ (i.e., non-ISI) of the ISI generator’s
transmitter.
The.vertical eye opening does not include crosstalk. Crosstalk representing FEXT is calibrated as
specified in 5.8.5.7.6.7, while representative traffic is present during the test to provide NEXT
crosstalk (see 58 5.7.6.5)

The ISI generator is adjusted as close as possible to the maximum reference pulse response cursor
and vertical eye opening to reference pulse response cursor ratio limits.

M This is the maximum of the absolute value of the reference DFE coefficients (i.e., max(abs(d;)) divided

by the reference pulse response cursor (see 5.8.5.7.3)).
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5.8.5.7.6.7 Crosstalk calibration for the trained 12 Gbit/s stressed receiver device jitter
tolerance test

Total peak to peak crosstalk noise shall be measured as defined in 5.7.4 at IR (see 5.3.3) or CR (see 5.3.3).
The crosstalk is added to the simulation as a measured peak to peak amplitude at a cumulative probability of
106 (see 5.7.4). The characteristics of the crosstalk amplitude are defined in table D.5. The crosstalk shall be
generated by a single transmitter with:

a) a minimum fixed offset frequency of 1 000 ppm; or

h) ||cing SSC modulation rather than the fixed offset frnqnnnr\y

5.8.5.7.6.8 Applied RJ for trained 12 Gbit/s stressed receiver device jitter tolerance test

The delivered signal for stressed receiver device jitter tolerance test (see 5.8.5.7.6.5) shall provide‘RJ
characteristics defined in table 64.

Table 64 — RJ characteristics for trained 12 Gbit/s stressed receiver device-tolerance test

Characteristic Units Minimum Nominal Maximum

RJabed ul 0.135°¢ 0.150 f 0.1659

@ For characteristics with minimum and maximum values, the test'setup shall be configured
to be within the range specified by the minimum and maximum values. The range shall not
be used to define corner test conditions required for compliance.

b Measured at ER, IR, or CR as shown in figure 147.

¢ The RJ measurement shall be performed with a repéating 0011b pattern or 1100b pattern

(e.g., D24.3) with SSC disabled. RJ is 14 times:the RJ 1 sigma value, based on a

BER of 1072,

Measured after application of the JTF (se&.5.8.3.2).

0.135 Ul is 11.25 ps at 12 Gbit/s.

0.150 Ul is 12.5 ps at 12 Gbit/s.

0.165 Ul is 13.75 ps at 12 Gbit/s.

Q ™ o0 a

5.8.5.7.6.9 Applied SJ

Figure 148 defines the applied SJ\for trained receiver devices that do not support SSC.
Peak-to-peak 4 lod+a/lo lot
applied SJ (log+o/logio plot)
(in UI)

S — F— S—

>

fmin = fbaud /25000 fmax
fo = foaua / 1 667
(equations do not apply to 12 Gbit/s)

Applied SJ frequency (in Hz)

Figure 148 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s without SSC support
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Table 65 defines f.ip, fe, and fiax for figure 148. f, 5,4 is defined in table 31 (see 5.8.1).

Table 65 — f,,i, fc, and f,,,,x for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s without SSC support

Physical link rate frnin f. fax
1.5 Gbit/s 60 kHz 900 kHz 5 MHz
3 Gbit/s 120 kHz 1 800 kHz 7.5 MHz
6_Ghit/s 240 kHz 3600 kHz 15 MHz
12 Gbit/s 240 kHz 3 600 kHz 15 MHz
Figure 149 defines the applied SJ for trained receiver devices that support SSC.
applied SJ " °
(in Ul)
SJr
1.0
0.1
0 >

1:min fc
Applied-SJ frequency (in Hz)

Figure 149 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s and 12 Gbit/s with SSC support

Table 66 defines fip, fe, fmax, @nd SJjs for-figure 149.
Table 66 — i, fo, fmax @and SJdyg for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s with

SSC support
Physical link rate frnin fc frnax SJjs
1.5(Gbit/s 97 kHz 1.03 MHz 5 MHz 11.3 Ul
3/Gbit/s 97 kHz 1.46 MHz 7.5 MHz 22.6 Ul
6 Gbit/s 97 kHz 2.06 MHz 15 MHz 45.3 Ul
12 Gbit/s 111 kHz 2.06 MHz 15 MHz 34.6 Ul



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

- 230 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.8.5.8 Delivered signal characteristics for OOB signals

Table 67 defines the amplitude requirements of the OOB signal delivered by the system with the zero-length
test load (see 5.6.2) at the receiver device compliance point (i.e., IR (see 5.3) or CR (see 5.3)). These also
serve as the required signal tolerance characteristics of the receiver device.

Table 67 — Delivered signal characteristics for OOB signals

Characteristic Units IR CR
Nlinimum OOB burst amplitude @, if SATA is not supported mV(P-P) 240°
Nlinimum OOB burst amplitude 2, if SATA is supported mV(P-P) 225¢d N/A

P With a measurement bandwidth of 4.5 GHz, each signal level during the OOB burst shalleXceed the
specified minimum differential amplitude before transitioning to the opposite bit value or.before
termination of the OOB burst.

P The OOB burst contains either 1.5 Gbit/s repeating 0011b pattern or 1100b pattern.(e.g., D24.3),

1.5 Gbit/s ALIGN (0) primitives, or 3 Gbit/s ALIGN (0) primitives (see SPL-3).

F The OOB burst contains either 1.5 Gbit/s repeating 0011b pattern or 1100b-pattern (e.g., D24.3) or
1.5 Gbit/s ALIGN (0) primitives (see SPL-3 and SATA).

Amplitude measurement methodologies of SATA and this document differ. Under conditions of
maximum rise/fall time and jitter, eye diagram methodologies used in.this document may indicate less
signal amplitude than the technique specified by SATA. Implementers of designs supporting SATA arg
required to ensure interoperability and should perform additional system characterization with an eye
diagram methodology using SATA devices.

5.8
5.8

Sp
sig
Ph
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.6 Spread spectrum clocking (SSC)
.6.1 SSC overview

read spectrum clocking (SSC) is the technique of modulating the operating frequency of a transmitted
nal to reduce the measured peak amplitude’of radiated emissions.

ys transmit with SSC as defined in 5:8.6:2 and receive with SSC as defined in 5.8.6.3.
ble 68 defines the SSC modulation'types.

Table 68 — SSC modulation types

Maximum SSC frequency deviation (SSC,,) 2
SSC modulation type
1.5 Gbit/s 3 Gbit/s 6 Gbit/s 12 Gbit/s
Center-spteading +2 300/ -2 300 ppm +1 000 /-1 000 ppm
No-spreading +0 /-0 ppm +0/-0 ppm
Down-spreading +0 /-2 300 ppm +0 /-1 000 ppm
SATA down-spreading b +0/-5000 ppm N/A

@ This is in addition to the physical link rate accuracy and tolerance defined in table 33 (see 5.8.4.3) and
table 51 (see 5.8.5.3).
b This is only used as a receiver parameter.

A phy may transmit with a different SSC modulation type than it receives (e.g., a phy may transmit with
center-spreading while it receives with down-spreading).

If the SSC modulation type is not no-spreading, then the phy shall transmit within the specified maximum SSC

frequency deviation with an SSC modulation frequency that is a minimum of 30 kHz and a maximum of

33

kHz.
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The SSC modulation profile (e.g., triangular) is vendor specific, but should provide the maximum amount of
EMI reduction. For center-spreading, the average amount of up-spreading (i.e., > 0 ppm) in the SSC

modulation profile shall be the same as the average amount of down-spreading (i.e., < 0 ppm). The amount of
asymmetry in the SSC modulation profile shall be less than 288 ppm.

NOTE 2 - 288 ppm is the rate of deletable primitives (see SPL-3) that are left over after accounting for the
physical link rate accuracy. It is calculated as the deletable primitive rate defined in the SAS standard of
1/2 048 (i.e., 488 ppm) minus the width between the extremes of the physical link rate accuracy of

+100 ppm to -100 ppm (i.e., 200 ppm).

The slope of the frequency deviation should not exceed 850 ppm/us when computed over any
.47 us + 0.01 us interval of the SSC modulation profile, after filtering of the transmitter device jitter output

The slope is computed from the difference equation:

where:

A £ 2 300 ppm triangular SSC modulation profile has a slope of approximately 310 ppm/ps and meets the
informative slope specification. Other SSC modulation profiles (e.g., exponential) may not meet the slope

reg

approximately 16.7 ps (i.e., 0.10 Ul at 6 Gbit/s) after filtering by the UTF. This consumes the total BUJ budg

of

Activation or deactivation of SSC on a physical link that is not OOB idle or negotiation idle (see SPL-3) sha

be

5.8

9C induced jitter is included in TJ at the transmitter output.

econd order Butterworth low pass filter with a cutoff frequency of 3.7 MHz + 0.2 MHz.

slope = (f(t) - f(t - 0.27 us)) / 0.27 us

f(t) is the SSC frequency deviation expressed in ppm.

uirement. A modulation profile that has a slope of £ 850 ppm/usdover 0.27 ys creates a residual jitter of

he transmitter device, which does not allow the transmitter.dévice to contribute any other type of BUJ.

done without violating TJ at the transmitter device autput after application of the JTF.
.6.2 Transmitter SSC modulation

BAS phy transmits with the SSC modulatiofi‘types defined in table 69.

Table 69 — SAS phy transmitter SSC modulation types

SSC modulation type(s) @

Condition
Mandatory Optional

While attached fo a'phy that does not support SSC | No-spreading

While attached to a phy that supports SSC No-spreading Down-spreading

a8 SAS phys compliant with SAS-1.1 only transmitted with an SSC modulation type of
noxSpreading.

et
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An expander phy transmits with the SSC modulation types defined in table 70.

Table 70 — Expander phy transmitter SSC modulation types

SSC modaulation type(s) 2
Condition

Mandatory Optional

While attached to a SAS phy or expander phy that

does not support SSC No-spreading

While attached to a SAS phy or expander phy that

supports SSC No-spreading Center-spreading

While attached to a SATA phy No-spreading Down-spreading

a8 Expander phys compliant with SAS-1.1 only transmitted with an SSC modulation type of
no-spreading.

A $AS device (see SPL-3) or expander device (see SPL-3) should provide independent control of SSC on
eath transmitter device. However, a SAS device or expander device may implement a common SSC transm
clgck in which multiple transmitter devices do not have independent controls-to.enable and disable SSC. Ir
such implementations, SSC may be disabled on a transmitter device that iS-alfeady transmitting with SSC
enpbled if another transmitter device sharing the same common SSC transmit clock is required to perform
SNW-1, SNW-2, SNW-3, or Final-SNW (see SPL-3) or SAS speed pegotiation (see SPL-3).

If gny transmitter device sharing a common SSC transmit clock enters a non-SSC transmission state (e.g.,
SNW-1, SNW-2, Final-SNW, Train_Tx-SNW, or Train_Rx-SNW With SSC disabled (see SPL-3)), then any
trapsmitter device sharing that common SSC transmit clock.may disable SSC. These transmitter devices dre
compliant with the SSC requirements even if the transmitter device has negotiated SSC enabled but its
trapsmit clock has SSC disabled, provided that the transmitted signal does not exceed the maximum SSC
freguency deviation limits specified in table 68.

it

The disabling and enabling of SSC may occur af\any time (see 5.8.6.1) except during SNW-1, SNW-2, ang
Final-SNW (see SPL-3).

5.4.6.3 Receiver SSC modulation tolerance

SAS phys and expander phys support (i.e., tolerate) receiving with SSC modulation types defined in table 1.

Table 71 — Receiver SSC modulation types tolerance

SSC modulation type(s) 2 P
Type of phys

Mandatory Optional ©

No-spreading and Center-spreading and
SATA down-spreading | down-spreading

mul

hys that support being attached to SATA phys

mul

hys(that do not support being attached to SATA
Ahys

@ This is in addition to the physical link rate accuracy tolerance defined in table 51 (see 5.8.5.3).

b Phys compliant with SAS-1.1 that do not support being attached to SATA devices were only required to
tolerate an SSC modulation type of no-spreading. Phys compliant with SAS-1.1 that support being
attached to SATA devices were only required to tolerate SSC modulation types of no-spreading and
SATA down-spreading.

€ If either the SSC modulation type of center-spreading or down-spreading is supported, then both shall
be supported.

Center-spreading and

No-spreading down-spreading
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5.8.6.4 Expander device center-spreading tolerance buffer

Expander devices supporting the SSC modulation type of center-spreading shall support a center-spreading
tolerance buffer for each connection with the buffer size defined in table 72. The expander device uses this
buffer to hold any dwords that it receives during the up-spreading portions of the SSC modulation period that
expander device is unable to forward as a result of:

a) the ECR (see SPL-3) and/or the transmitting expander phy is slower than the receiving expander phy;
and

h) the dword stream does not include enot |gh deletable primiﬁ\/nc (cnn SP| -Q)

The expander device unloads the center-spreading tolerance buffer during the down-spreading portions of‘the
SYC modulation period when the receiving expander phy is slower than the ECR and the transmitting
expander phy.

Table 72 — Expander device center-spreading tolerance buffer

Physical link rate | Minimum buffer size
12 Gbit/s 14 dwords
6 Gbit/s 14 dwords
3 Gbit/s 8 dwords
1.5 Gbit/s 4 dwords

NOTE 3 - The minimum buffer size is based on the number of dwords that may be transmitted during half of
the longest allowed SSC modulation period (i.e., half of the period indicated by 30 kHz) at the maximum
physical link rate (i.e., +2 400 ppm for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s or +1 100 ppm for 12 Gbit/s) minus the
number that may be transmitted at the minimum physicallink rate (i.e., -2 400 ppm for 1.5 Gbit/s, 3 Gbit/s,
and 6 Gbit/s or -1 100 ppm for 12 Gbit/s). This accounts for forwarding dwords in a connection (see SPL-3)
that originated from a phy compliant with SAS-1.1 (i.e., a phy with an SSC modulation type of no-spreading
and inserting deletable primitives at a rate suppofiing only the frequency accuracy).
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Figure 150 shows an example of center-spreading tolerance buffer usage.
SSC modulation SSC modulation
sSSC profile ssc profile
freqqer_mcy frequency
This phy has no deviation® ;30 kHz—s deviationt 4 / 30 kHz—>
SSC, 1/2 048 +2 300 ppm +2 300 ppm
deletable primitive
insertion rate 0 ppm fime 0 ppm fime
-2 300 ppm -2 300 ppm '<\
S
Expander device A Expander device B
Center- Center-
Phy s Phy [ SPreading 1 i pp, w| Phy [ SPrEACNg | oy Ly

tolerance

tolerance

5.8.7 Non-tracking clock architecture

Trd

bit[stream received by the recéiver device shall not be used as the transmit clock by the transmitter device).

Phys compatible with this

standard insert enough While transmitting < 0 While transmitting < 0
extra deletable primitives ppm, center-spreading ppm, center-spreading
tolerance buffer fills tolerance buffer fills

account for the worst case

T/ n/

N/ \ o/

that the expander device

is able to delete them to ) ) " )
Worst case is expander device A transmitting with an SSC frequency

deviation of +2 300 ppm‘while expander device B is transmitting with an
SSC frequency deviation of -2 300 ppm. This is in addition to the long-
term frequency accuracy of +100/-100 ppm.

SSC modulation profile
interactions.

Figure 150 — Center-spreading tolerance buffer

nsceivers shall be designed with a non-tracking clock architecture (i.e., the receive clock derived from the

Receiver devices that support’SATA shall tolerate clock tracking by the SATA device. Receiver devices that flo

no

5.9 READYLED signal electrical characteristics

support SATA are notrequired to tolerate clock tracking by the SATA device.

A $AS target device uses the READY LED signal to activate an externally visible LED that indicates the stdte

of feadiness and activity of the SAS target device.

All

SAS target devices (see SPL-3) using the SAS Drive plug connector (see 5.4.3.4.1.1) or SAS MultiLink

Drive plug connector (see 5.4.3.4.1.5) shall support the READY LED signal.

The READY LED signal is designed to pull down the cathode of an LED using an open collector or open drain
transmitter circuit. The LED and the current limiting circuitry shall be external to the SAS target device.
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Table 73 describes the output characteristics of the READY LED signal.

Table 73 — Output characteristics of the READY LED signal

State Test condition Requirement
Negated (LED off) 0V<Vpu<36V -100 pA < lpy < 100 pA
Asserted (LED on) loL =15 mA 0<Vp £0.225V

Th

Th
cir
If t
5.4

.10 POWER DISABLE signal electrical characteristics

e READY LED signal behavior is defined in SPL-3.

NOTE 4 - SATA devices use the pin used by the READY LED signal (i.e., P11) for activity indication and
disable staggered spin-up (see SATA). The output characteristics differ from those in table 73.

e POWER DISABLE signal, if implemented, may be used to disable power to the)SAS target device
Cuitry.

.3.4.1.1) or SAS MultiLink Drive plug connector (see 5.4.3.4.1.5), then‘the SAS target device shall:

nhe POWER DISABLE signal is supported by a SAS target device with the.SAS Drive plug connector (se¢

a)

b)

f)

indicate that the POWER DISABLE signal is supported on the Protocol Specific Port Information VH
page and the IDENTFY address frame (see SPL-3);

allow power to be applied to the SAS target device circuitry if the POWER DISABLE signal is not
connected on the SAS Drive backplane receptacle (see 5.4.3.4.1.3), SAS Drive cable receptacle (s
5.4.3.4.1.2), SAS MultiLink Drive backplane receptacle (see 5.4.3.4.1.7), or SAS MultiLink Drive
cable receptacle (see 5.4.3.4.1.6);

allow power to be applied to the SAS target device circuitry if the POWER DISABLE signal is negat
as defined in table 74;

disable power applied to the SAS target-device circuitry if:

1) the minimum negated hold time*ip-table 74 is met; and

2) the POWER DISABLE signalis-asserted as defined in table 74;

perform the actions defined for'power on (see SPL-3) if:

1) the minimum negated hold’time in table 74 is met;

2) the POWER DISABLE: signal is asserted as defined in table 74; and

3) the POWER DISABLE signal transitions from asserted to negated;

and

not respond to a'change of the POWER DISABLE signal from negated to asserted or asserted to
negated until. the’POWER DISABLE signal is held at the asserted or negated level for a minimum
1 ys.
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Table 74 describes the characteristics of the POWER DISABLE signal applied to the SAS target device.

Table 74 — Characteristics of the POWER DISABLE signal applied to the SAS target device

Characteristic Units Minimum | Typical | Maximum
Absolute maximum input voltage range \Y, -0.5 3.6
Negated voltage (power enabled) 2 b \Y -0.5 0.7
Asserted voltage (power disabled) © Vv 2.1 3.6
Driver sink/source current capability be MA 100
POWER DISABLE asserted hold time 9 s 5.0
POWER DISABLE negated hold time 9 s 30.0

8 The SAS target device shall allow power to be applied to the SAS target device\Circuitry if
P3 is not connected on the SAS Drive backplane receptacle (see 5.4.3.4.1.3), SAS Drive
cable receptacle (see 5.4.3.4.1.2), SAS MultiLink Drive backplane receptacle (see
5.4.3.4.1.7), or SAS MultiLink Drive cable receptacle (see 5.4.3.4.1.6).

b The POWER DISABLE signal should be actively negated. If the POWER DISABLE signal
is not actively negated (e.g., open), then the specified values for POWER DISABLE signal
negated voltage and driver sink current capability applied to the-SAS target device do not
apply.

¢ The POWER DISABLE signal shall be actively asserted-

4 The hold time is the length of time the POWER DISABLE signal is asserted or negated.

The length of time after the POWER DISABLE signal is asserted or negated until the

disabling or allowing of power application to the SAS target device circuitry is vendor

specific.

The POWER DISABLE signal should not transition from negated to asserted or asserted

to negated for the negated hold time:

a) after power is applied to the SAS Drive backplane receptacle (see 5.4.3.4.1.3), SAS
Drive cable receptacle (see 5.4:3.4.1.2), SAS MultiLink Drive backplane receptacle
(see 5.4.3.4.1.7), or SAS MultiLink Drive cable receptacle (see 5.4.3.4.1.6); or

b) after the detection of a hotiplug event.



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 237 -

5.11 Out of band (OOB) signals

5.1

If D.C. mode is enabled, then OOB signals are low-speed signal patterns that do not appear in normal data

1.1 OOB signals overview

streams. If optical mode is enabled, then OOB signals consist of a defined series of dwords. OOB signals
consist of defined amounts of idle time followed by defined amounts of burst time. During the idle time, the
physical link carries OOB idle. During the burst time, the physical link carries dwords. The signals are

differentiate

d by the length of idle time between the burst times. OOB signals are not decoded unless dword

SYREAFOHZato aso © —O 6 peet-aata-tra are-thaerway; aatapa
anjplitude may fall to levels that are falsely detected as OOB signals. A phy shall either have D.C. modé
enpbled or optical mode enabled. The method to enable D.C. mode or optical mode is outside the scope of
this Document.
SATA defines two OOB signals (i.e., COMINIT/COMRESET and COMWAKE). COMINIT and COMRESET 4gre
used in this document interchangeably. Phys compliant with this document identify themselyes with an
adflitional SAS specific OOB signal called COMSAS.
Table 75 defines the timing specifications for OOB signals.
Table 75 — OOB signal timing specifications
Rarameter Minimum Nominal Maximum Comments
QOB Interval =~ b = . c = __ d | Thetime basis for burst times and idle
(pos.l) @ 665.06 ps 666.6 ps 668.26 ps times used to create OOB signals.
The minimum time a receiver device
(cjcgt)g/cl;ts'toi\nsﬂneout 13.686 us © shall allow to detect COMSAS after
transmitting COMSAS.
? OOBI is different than UI(OOB) defined in SATA (e.g., SAS has tighter physical link rate accuracy and
different SSC frequency deviation). OOBI is based on:
A) 1.5 Gbit/s Ul (see table 31 in 5.8.1);
B) physical link rate accuracy (see table)33 in 5.8.4.3); and
C) center-spreading SSC (see table 68 in 5.8.6.1).
P 665.06 ps equals 666.6 ps x (1 - 0.002 4).
* 666.6 ps equals 2 000 ps / 3.
! 668.26 ps equals 666.6 ps x11.002 4.
P 13.686 ps is 512 x 40 x Maximum OOBI.
Tolinteroperate with interconnects compliant with SAS-1.1, phys should create OOB burst times and idle times

ba

sed on the Ul for 1.5 Gbit/s without SSC modulation.

NOTE 5 - SAS*1.1 defined OOBI based on the nominal Ul for 1.5 Gbit/s (see table 31 in 5.8.1) with physical
link rate_aceuracy (see table 33 in 5.8.4.3) but not with SSC modulation (see table 68 in 5.8.6.1).
Interconnects compliant with SAS-1.1 may have assumed phys had that characteristic.
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5.11.2 Transmitting OOB signals

Table 76 describes the OOB signal transmitter requirements for the burst time, idle time, negation times, and
signal times that are used to form each OOB signal.

Table 76 — OOB signal transmitter device requirements

Signal Burst time Idle time Negation time | Signal time 2
COMWAKE 160 OOBI ® | 160 OOBI ® | 280 OOBI ¢ | 2200 OOBI 9
COMINIT/COMRESET | 160 OOBI ® | 480 00BI ¢ | 800 OOBI ¢ | 4640 OOBI '
COMSAS 160 OOBI ° | 1440 00BI f | 2400 00BI M | 12 000 OOBI}

A signal time is six burst times plus six idle times plus one negation time.
160 OOBI is nominally 106.6 ns (see table 75 in 5.11.1).

280 OOBI is nominally 186.6 ns.

480 OOBI is nominally 320 ns.

800 OOBI is nominally 533.3 ns.

1 440 OOBI is nominally 960 ns. _

2 200 OOBI (e.g., COMWAKE) is nominally 1 466.6 ns.

2 400 OOBI is nominally 1 600 ns. _

4 640 OOBI (e.g., COMINIT/COMRESET) is nominally 3 093.3ns.

12 000 OOBI (e.g., COMSAS) is nominally 8 000 ns.

= T T Q@ 0o O 0 T 9o

If .C. mode is enabled, then an OOB idle consists of the transmission of D.C. idle.
If gptical mode is enabled, then an OOB idle consists of repetitions of the following steps:

1) transmission of six OOB_IDLE primitives with either starting disparity at 3 Gbit/s; and

2) transmission of up to 512 data dwords (e.g., two data dwords for COMWAKE idle time, 18 data
dwords for COMINIT/COMRESET idle timejand 66 data dwords for COMSAS idle time) set to
0000_0000h that are 8b10b encoded, scrambled, and transmitted at 3 Gbit/s.

An| OOB burst consists of:

a) if D.C. mode is enabled, then trafismission of a repeating 0011b pattern or 1100b pattern
(e.g., D24.3) or ALIGN (0) primitives with either starting disparity. The OOB burst should consist of a
repeating 0011b pattern or'1100b pattern (e.g., D24.3) at 1.5 Gbit/s; or

b) if optical mode is enabled; then transmission of ALIGN (3) primitives with either starting disparity a
3 Gbit/s.

Toltransmit an OOB signal,ithe transmitter device shall:

1) transmit OOB-dle for an idle time;
2) transmit.an OOB burst for a burst time; and
3) repeat.steps 1) and 2) five additional times.

The transmitter device shall then transmit OOB idle for an OOB signal negation time.
The transmitter device shall use signal output levels during burst time and idle time as described in 5.8.4.8

If D.CZmaode is enabled, then the repeating 0011b pattern or 1100b pattern (e.g., D24.3) or Al IGN (Q)
primitives (see SPL-3) used in OOB signals shall be transmitted and the OOB burst is only required to
generate an envelope for the detection circuitry, as required for any signaling that may be A.C. coupled. A
burst of a repeating 0011b pattern or 1100b pattern (e.g., D24.3) at 1.5 Gbit/s is equivalent to a square wave
pattern that has a one for two OOBI and a zero for two OOBI. A transmitter may use this square wave pattern
for the OOB burst. The start of the pattern may be one or zero. The signal rise and fall times:

a) shall be greater than (i.e., slower) or equal to the minimum (i.e., fastest) rise and fall times allowed by
the fastest supported physical link rate of the transmitter device (see table 35in 5.8.4.4); and

b) shall be less than (i.e., faster) or equal to the maximum (i.e., slowest) rise and fall times allowed at
1.5 Gbit/s.


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 239 -

Figure 151 describes OOB signal transmission.

TEEE

1

COMWAKE??????W

idle negation

COMWAKE Time (not to scale)}——»

OOB burst

COMRESET/COMINIT

EEEERER:

===
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idle negation

COMSAS
OOB burst

{ R }

i i
Il ll

T*fWATWJ =

d OMSAS idlg

Key:

W Zero or more OOB nth OOB idle/OOB
idle/OOB burst pairs UJ—J burst pair

OOB idle m OOB burst = e=bfm

Note: OOB idle is shown here as a neutral signal for visual clarity only.

Figure 151 — OOB signal transmission
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5.11.3 Receiving OOB signals

Table 77 describes the OOB signal receiver device requirements for detecting burst times, assuming Tyt iS
the length of the detected burst time. The burst time is not used to distinguish between signals.

Table 77 — OOB signal receiver device burst time detection requirements

Signal 2 may detect shall detect
COMWAKE Tourst < 100 ns or Tyt > 112 ns 100 ns < Tyt < 112 ns
COMINIT/COMRESET | Tpyrst <100 ns or Tyyst > 112 ns 100 ns < Tpyst < 112 ns
COMSAS Tourst < 100 ns or Tyt > 112 ns 100 ns < Tyt < 112 ns
a Eaﬁhzt;urst time is transmitted as 160 OOBI, which is nominally 106.6 ns (see table/Z6%%n
5.11.2).

Table 78 describes the OOB signal receiver device requirements for detecting idle times, assuming Tjqe is t
lerjgth of the detected idle time.

-

e

Table 78 — OOB signal receiver device idle time detection requirements

Signal may detect shall detect shall not detect
COMWAKE 2 35ns < Tige < 175 ns 101.3 ns < Tige £ 112 ns TTi?JT::f%Sn‘;"
COCMOFg/lElg:ETT/ b 175 ns < Tigie < 525 ns 304 ng < Tigie < 336 ns TIWq:Zk:S gg;i Sor

COMSAS © | 525ns < Tige<1575ns | 97 ns < Tige < 1 008 ns TT'?d'?e; 520 s or

a COMWAKE idle time is transmitted as 160.80BI, which is nominally 106.6 ns (see table 76 in
5.11.2).

b COMINIT/COMRESET idle time is trahsmitted as 480 OOBI, which is nominally 320 ns.
¢ COMSAS idle time is transmitted as,7 440 OOBI, which is nominally 960 ns.

Table 79 describes the OOB signal receiver device requirements for detecting negation times, assuming T;
is fhe length of the detected idle\time.

=3

e

Table 79 — OOB signal receiver device negation time detection requirements

Signal shall detect
COMWAKE 2 Tige> 175 ns
COMINIT/COMRESET ° Tigie > 525 ns
COMSAS °© Tige > 1575 ns

@ COMWAKE negation time is transmitted as 280 OOBI, which is nominally 186.6 ns (see
table 76 in 5.11.2).

b COMINIT/COMRESET negation time is transmitted as 800 OOBI, which is nominally 533.3 ns.
¢ COMSAS negation time, which is transmitted as 2 400 OOBI, which is nominally 1 600 ns.

If D.C. mode is enabled, then a SAS receiver device shall detect OOB bursts formed from any of the following:

a) D24.3 characters (see SPL-3) at 1.5 Gbit/s;
b) ALIGN (0) primitives (see SPL-3) at 1.5 Gbit/s; or
c) ALIGN (0) primitives at 3 Gbit/s.
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NOTE 6 - Detection of ALIGN (0) primitives at 3 Gbit/s provides interoperability with transmitter devices
compliant with SAS-1.1.

If D.C. mode is enabled, then a SAS receiver device shall not qualify the OOB burst based on the characters
received.

If optical mode is enabled, then a SAS receiver device shall detect OOB bursts formed from ALIGN (3)
primitives at 3 Gbit/s.

5.11.4 Transmitting the SATA port selection signal

The SATA port selection signal shown in figure 152 causes the attached SATA port selector (see SPL-3) to
select the attached phy (i.e., one of the SATA port selector’s host phys) as the active phy (see SATA).

SATA port selection signal ——Time (not to scale)—»
A
(
COMINIT COMINIT COMINIT COMINIT COMINIT
A A A A

Any transitions Ul

) Note\D.C. idle is shown here as a
D.C.idle .l' OOB burst neutral signal for visual clarity only.
Il

Key:

Figure 152 — SATA port selection signal

The SATA port selection signal shall be composed of five COMINIT signals, each starting a specified time
interval, T1 or T2, as shown in figure 152, afterthe start of the OOB burst portion of the previous COMINIT]
signal. The values of T1 and T2 shall be as-shown in table 80.

Table 80 — SATA port'selection signal transmitter device requirements

Parameter Time

T1 3x10%00B| 2
T2 12 x 108 0oBI P

a 3 x10% OOBI is nominally 2 ms (see table 75 in 5.11.1).
b 12 x 10® OOBI is nominally 8 ms.

Sege SPL<3 for information on usage of the SATA port selection signal.
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Jitter tolerance pattern (JTPAT)

The jitter tolerance pattern (JTPAT) consists of:

1)
2)

a long run of low transition density pattern;
a long run of high transition density pattern; and

Th
ph
ph

Ta

3)

another short run of low transition density pattern.

Table A.1 — JTPAT for RD+

e transitions between the pattern segments stress the receiver. The JTPAT is designed to contain,the
hse shift in both polarities, from zero to one and from one to zero. The critical pattern sections with'the
hse shifts are underlined in table A.1 and table A.2.

ble A.1 shows the JTPAT when there is positive running disparity (RD+) (see SPL-3) at the"beginning of t
tern. The 8b and 10b values of each character (see SPL-3) are shown.

Dword(s) Beginning First Second Third Fourth Ending
RD character character character character RD
D30.3 (7Eh) | D30.3 (7Eh) | D30.3 (fEh) | D30.3 (7Eh)
RD+ RD+
0to40 10 0001 1100b|01 1110 0011b|10,6001 1100b| 01 1110 0011b
The above dword of low transition density pattern is sent a total of forty-one times
RD D30.3 (7Eh) | D30.3 (7ER) D30.3 (7Eh) | D20.3 (74h) RD
+ -
41 10 0001 1100b|01 1110:0011b |10 0001 1100b| 00 1011 1100b
The above dword containing phase shift 111 0000 1011b is sent one time
RD D30.3 (7Eh) | 'D11.5(ABh) | D21.5 (B5h) | D21.5 (B5h) RD
- +
42 01 1110.0044b(11 0100 1010b{10 1010 1010b|10 1010 1010b
The above dword containing phase shift 000 1111 0100b is sent one time
D21.5 (B5h) | D21.5(B5h) | D21.5 (B5h) | D21.5 (B5h)
RD+ RD+
43 to 54 10 1010 1010b(10 1010 1010b|10 1010 1010b|10 1010 1010b
Theabove dword of high transition density pattern is sent a total of twelve times
D21.5 (B5h) | D30.2 (5Eh) | D10.2 (4Ah) | D30.3 (7Eh)
RD+ RD+
55 10 1010 1010b(10 0001 0101b|01 0101 0101b| 01 1110 0011b
The above dword containing phase shift 0101 0000b and 1010 1111b is sent one time
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If the same 8b characters specified in table A.1 are used when there is negative running disparity (RD-) at the

— 243 -

beginning of the pattern, then the resulting 10b pattern is different than the positive running disparity for the

same 8b character and does not provide the critical phase shifts. To achieve the same phase shift effects with

RD-, a different 8b pattern is required. Table A.2 shows the JTPAT when there is negative running disparity
(RD-) at the beginning of the pattern. The 8b and 10b values of each character are shown.

Table A.2 — JTPAT for RD-

Dword(s) Beglnring I‘First Second Third Fourtrl _ Enl;jlng
RB character———character——character———charaetet RB
RD. D30.3 (7Eh) | D30.3 (7Eh) | D30.3 (7Eh) | D30.3 (7Eh) RpS
0 to 40 01 1110 0011b |10 0001 1100b|01 1110 0011b |10 0001 1100b
The above dword of low transition density pattern is sent a total of forty-one-times
RD. D30.3 (7Eh) | D30.3 (7Eh) | D30.3 (7Eh) | D11.3 (6Bh) RO+
41 01 1110 0011b |10 0001 1100b|01 1110 0011b |11 0100 0011b
The above dword containing phase shift 000 1111 0100b ‘is’sent one time
D30.3 (7Eh) | D20.2 (54h) | D10.2 (4Ah)~,\D10.2 (4Ah)
42 Rb* 10 0001 1100b|00 1011 0101b|01 0101 01031b|01 0101 0101b RO
The above dword containing phase shift 111 0000 1011b is sent one time
D10.2 (4Ah) | D10.2 (4Ah) | DB10.2 (4Ah) | D10.2 (4Ah)
43 to 54 RO 01 0101 0101b|01 0101 0101b{01 0101 0101b|01 0101 0101b RO
The above dword of high transition density pattern is sent a total of twelve times
D10.2 (4Ah) | D30.5(BEh) | D21.5 (B5h) | D30.3 (7Eh)
55 RO 010101 0101b|{01.9110 1010b|10 1010 1010b({10 0001 1100b RO
The above dword containing phase shift 10101111b and 01010000b is sent one time

The compliant jitter tolerance pattern((CJTPAT) is the JTPAT for RD+ (see table A.1) and RD- (see table A

indluded as the payload in an SSP DATA frame or an SMP frame. A phy or test equipment transmitting
CJ|TPAT outside connections may transmit it with fixed content. See SPL-3.
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Annex B
(normative)

SASWDP

B.1 SASWDP introduction

SASWDP is a MATLAB program used for transmitter device compliance for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbhitls (cnn 5846 1) and for receiver device r\nmplinnr‘n for trained 1.5 (-‘.hif/c1 3 (-‘.hif/e, and 6 Ghit/s

(sge 5.8.5.7.6). Equivalent simulation programs may be used if they lead to the same results.

vy)

2 SASWDP.m

MATLAB (R) script to compute TWDP, WDP, and NC-DDJ %$%%%%%%%%%%%%%%%%%%%%%%5%%%%

Version: 1.9
Date: September 11, 2009

D 2004, 2005, 2006, 2007, 2008, 2009 ClariPhy Communications, Ind. )and

ST Corporation. All rights reserved.

Permission is hereby granted to the ANSI INCITS standards body'‘to copy and
listribute this code in source and binary form, as necessaky)to publish the
Etandard, namely the ANSI INCITS SAS-2.1 standard, to wh&%ch this source or
binary code applies provided that the following conditions are met:
Redistribution of source code must retain the above e8pyright notice, this
list of conditions and the following disclaimer.

Redistributions in binary form must retain the above copyright notice, this
[ ist of conditions and the following disclaimer in the documentation and/or
bther materials provided with the distributien.

'he names of ClariPhy Communications, Inc.%\LSI Corporation and the names of
i ndividual authors or contributors may NI be used to endorse or promote
broducts derived from this software without specific prior written permission.
[HIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS”
AND ANY EXPRESS OR IMPLIED WARRANTMES, INCLUDING, BUT NOT LIMITED TO, THE
[MPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. NO WARRANTY OFR\WON-INFRINGEMENT OF ANY PATENT IS PROVIDED.
[N NO EVENT SHALL THE COPYRIGHT OWNER (S) OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMEATED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
[L[OSS OF USE, DATA, OR“PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
DN ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS, NEGLIGENCE OR
DTHERWISE) ARISING” IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
NDVISED OF THENPOSSIBILITY OF SUCH DAMAGE. THE LICENSE GRANTED HEREIN IS TO
'HE COPYRIGHT.ON THE SOURCE AND BINARY FORMS OF THIS CODE ONLY AND DOES NOT
[NCLUDE A \WFCENSE TO ANY PATENT RIGHTS, OWNED BY THE COPYRIGHT HOLDERS,
CONTRIBUTORS OR OTHERS, WHICH MAY BE IMPLICATED BY THE MAKING, USING,
BELLING, OFFERING FOR SALE OR IMPORTING OF THE SOFTWARE OR PRODUCTS MAKING
USENOF THE SOFTWARE.

Based on original TWDP methodology described in IEEE Std 802.3aqg(TM)-2006

Reference: N. L. Swenson, P. Voois, T. Lindsay, and S. Zeng, "Standards
compliance testing of optical transmitters using a software-based equalizing
reference receiver", paper NWC3, Optical Fiber Communication Conference and
Exposition and The National Fiber Optic Engineers Conference on CD-ROM
(Optical Society of America, Washington, DC), Feb. 2007

Syntax:
[xWDP, ncDDJ, MeasuredxMA, yout] = SASWDP( WaveformFile, TxDataFile,
SymbolRate, OverSampleRate, Usage, ShowEye )

A0 o O° A0 O A° A0 A O A A A A O A A AN O AN A A A A A A A A A A AN AN A AN N A A AN A AN O A A I A O° O o° o
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WaveformFile: The waveform consists of exactly N samples per unit interval
T, where N is the oversampling rate. The waveform must be circularly
shifted to align with the transmit data sequence. The file format is ASCII
with a single column of chronological numerical samples, in signal level,
with no headers or footers. Enter as a string.

This may also be entered as a row or column vector of values.

TxDataFile: The transmit data sequence should be one of standard test

patterns The file format is ASCII with a single column of chronological
ones and zeros with no headers or footers. Enter as a string.

This may also be entered as a row or column vector of values.

EymbolRate: The reciprocal of the unit interval in GBd. Enter as a double.
DverSampleRate: Number of samples, N, per unit interval. Enter as a double,
Usage: Defines the parameter set specific to the requirement to be verified.
In this version, the only permissible values are 'SAS2 TWDP' and

'SAS2 LDP'. Enter as a string.

bhowEye: Controls the graphical display of the slicer input eye. Ang Walue
hreater than zero enables the display (and is the figure number f0xr the
fFirst figure generated). Enter as a double.

o0 o dC A o0 O A A O A O A O O A O° O A o° o o°

KWDP: Waveform Dispersion Penalty (dBe)

hcDDJ: non-compensable DDJ. This is computed from twige the worst-case eye
closure and should be improved.

MeasuredxMA: Approximative magnitude of the wavefotm (from 40-60% amplitude
of a 5-zeros/5-ones pattern)

yout is the result of the convolution with the ‘channel response

(for debugging purposes).

(his script requires the file 'sas2 stressor 6g0 1l6x.txt' in
Fhe same directory

00 o o0 A0 O° O° O o° O oP

o\
oe

Function: SASWDP $%%%%%%%%%%5%%%%55%5%%%%5%5%%%5%%%%%%%%5%%5%%%%%%%%5%%%%%%%%%%%5%%%%%%
hction [xWDP,ncDDJ,MeasuredxMAs,yout]=...

SASWDP (WaveformFile, TxDataFile, SymbolRate,OverSampleRate,Usage, ShowEye)
Program constants

h
=

oo
o

SylbolPeriod=1/SymbolRate;

Q0F7.94; % BER = 10" (-15)

%%| Load input waveform ‘and data sequence, generate filter and other matrices
% Pccept vectors

|_4
[

ischar (Waveformiile)
youtO=1load (WaueformFile) ;
elke

youtO0=WaveformFile (:);

en
if| ischar{TxDataFile)
KmitrData=load (TxDataFile) ;
elgé

= R i lad
T

o : P | q : 1 .
T e oo cIreTw TS Moy —CIiTTIiTK Tt C to ToOgrCTT . -«

aqr
e

h

H

XmitData=double (TxDataFile(:));
end
$youtO=load (WaveformFile) ;
$XmitData=load (TxDataFile) ;

PtrnLength=length (XmitData) ;
TotLen=PtrnLength*OverSampleRate;
Fgrid=(-TotLen/2:TotLen/2-1) .'/ (PtrnLength*SymbolPeriod) ;

% MG as a first thing, convolve with channel. MeasuredxMA is unused in GetParams
[EQNf, EqNb,H chan,AAfilter,H r,PAlloc,dBscale, xMAGain,UseLAMP]=. ..
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GetParams (Usage, Fgrid, SymbolPeriod, 1) ;
youtO=real (ifft (fft (youtO) .*fftshift (H chan)));

%% Enforce column vectors

yout0 = youtO(:);

XmitData = XmitData(:);

Normalize the received OMA or VMA to 1. Estimate the xMA of the captured
waveform by using a linear fit to estimate a pulse response, synthesize a
square wave, and calculate the xMA of the synthesized square wave per IEEE
802.3, clause 52.9.5.

o0 o° o0 oe
o0 o° o° oo

o)

ang=4; mem=40; % Anticipation and memory parameters for linear fit
X=feros (ant+mem+1l, PtrnLength); % Size data matrix for linear fit
Y=feros (OverSampleRate, PtrnLength); % Size observation matrix for linear fit
fofr ind=l:ant+mem+l % Wrap appropriately for linear fit

X (ind, :)=XmitData (mod ( (0:PtrnLength-1)-ind+ant+1, PtrnLength)+1)."';
en
X=[X;ones (1,PtrnlLength)]; % The all-ones row is included to compute the’'hias
fofr ind=1:0OverSampleRate

Y (ind, :)=youtO ( (0:PtrnLength-1) *OverSampleRate+ind)'; % 1 bit p€xr column
engl
Qmpt=Y*X'* (X*X')"(-1); % Coefficient matrix resulting from lineaxr“fit. Each
%%| column (except the last) is one bit period of the pulse respense. The last
%%| column is the bias.

SqfivPer=10; % Even number; sets the period of the sqg wave(used to compute xMA
Sgfv=[zeros (SqWvPer/2,1) ;ones (SqWvPer/2,1)]; % One period of sgq wave (column)
X=fFeros (ant+mem+l, SgWvPer); % Size data matrix for synthesis

)

for ind=1l:ant+mem+l % Wrap appropriately for synthesis

X (ind, :)=SgWv (mod ( (0:SgWvPer-1)-ind+ant+1l, SgWwPer)+1)."';
en
X=[X;ones (1,SgWvPer)]; % Include the bias
Y=Pmat*X;Y=Y(:); % Synthesize the modulated, square wave, put into one column

Y=RAlignY (Y, SqWvPer,OverSampleRate) ;
avggpos=(0.4*SgWvPer/2*0OverSampleRate:0.6*SqWvPer/2*0OverSampleRate) ;

ZekoLevel=mean (Y (round (avgpos), :)); S(Average over middle 20% of "zero" run
%%| Average over middle 20% of "one!| rtn, compute xMA
MefpsuredxMA=mean (Y (round (SqWvPer/2*%0OverSampleRate+avgpos), :)) -ZeroLevel;

oo
o

Subtract zero level and normalize xMA
tn=(youtO-ZeroLevel) /MeaguredxMA;
Get usage parameters fowrlthe application

oo kg
O

o

MG] Removing the second call to GetParams
QNf, EqNb, H chan,AAfilter,H r,PAlloc,dBscale, xMAGain, UseLAMP]=. ..
GetParams (Usage,/Fgrid, SymbolPeriod,MeasuredxMA) ;

o o° oo

O
Z

F=ones (Ptrnkength, 1) ;

Set search wrange for equalizer delay, specified in symbol periods. Lower end
of rangelis minimum channel delay less 5 for a guardband. Upper end of range
accounts for the FFE. Round up and add 5 to guardband for the channel and
antidliasing filter.

o0 o0 do o
o o oo o

Egp€lMin=-5;
EqbetiMe e R —Es

%% Compute the minimum slicer MSE and corresponding xWDP and ncDDJ
X=toeplitz (XmitData, [XmitData (1) ;XmitData (end:-1:end+1-EgNb)]);
Xtil=toeplitz (XmitData (mod((0:PtrnLength-1)-EgDelMin, PtrnLength )+1),...
XmitData (mod (-EgDelMin:-1:- (EgqDelMax+EgNb) , PtrnLength) +1)) ;
Rxx=X'"'*X; % Used in MSE calculation
for ii=l:size(H chan,2) % index for stressor
Compute the noise autocorrelation sequence at the output of the front-end
antialiasing filter and rate-2/T sampler.
NO=SymbolPeriod/2/ (Q0*10” (PAlloc (ii) /dBscale))"2;
Snn=NO/2*fftshift(abs(H_r).AZ)*l/SymbolPeriod*OverSampleRate;
Rnn=real (ifft (Snn));
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oo

end

oo
0 °

Corr=Rnn (1:0verSampleRate/2:end) ;
C=toeplitz (Corr (1:EgNf));

% [MG] Removing convolution at this point

yout=youtn;

yout=real (1fft (fft (youtn) .*fftshift (H chan(:,1ii))));
if AAfilter > 0

%% Process signal through front-end antialiasing filter
yout=real (ifft (fft (yout).*fftshift(H r)));

0]
ol
Q.

% Compute the sampling function and sample the processed waveform

— |oe

k, tk, indexl]=CDRSample (yout, OverSampleRate, PtrnLength, UseLAMP) ;
Compute MMSE-DFE $%%%%%%%5%%%%%%%5%%%%5%%%%5%%%%5%%%%5%%%5%5%%%5%5%%%%5%%%%5%5%%%%%%%%
The MMSE-DFE filter coefficients computed below minimize mean-squared
error at the slicer input. The derivation follows from the fact that the
slicer input over the period of the data sequence can be expressed as
Z = (R+N)*W - X*[0 B]', where R and N are Toeplitz matrices constructed
from the signal and noise components, respectively, at the sampled
output of the antialiasing filter, W is the feedforward filter, X\is a
Toeplitz matrix constructed from the input data sequence, and B s the
feedback filter. The computed W and B minimize the mean squa¥e error
between the input to the slicer and the transmitted sequence, due to
residual ISI and Gaussian noise. Minimize MSE over FFE delay and
determine BER.
Rout=toeplitz (yk, [yk(1l);yk(end:-1l:end-EgqNf+2)]);
R=Rout (indexl:2:end, :);
RINV=inv ([R'*R+PtrnLength*C,R'*ONE; ONE'*R, PtrnLength]) ;
R=[R,ONE]; % Add all-ones column to compute optimal’ offset
Rxr=Xtil'*R; Px r=RxXr*RINV*Rxr';
%% Minimize MSE over equalizer delay
MseOpt=Inf;
for kk=1:EgDelMax-EgDelMin+1
SubRange= (kk:kk+EgNDb) ;
SubRange=mod (SubRange-1, PtrnLength)+1;
P=Rxx-Px r (SubRange, SubRange) ;
PO0O=P(1,1); PO1=P(1l,2:end); PI1=P(2:end,2:end);
Mse=P00-P01*inv (P11) *P0O1"';
if (Mse < MseOpt)
MseOpt=Mse;
B=-inv (P11) *P01l';* % Feedback filter
XSel=Xtil (:, SubRange) ;
W=RINV*R'*XSel*[1;B]; % Feedforward filter
Z=R*W-XSel*™0;B]; % Input to slicer
%% Compute)BER using semi-analytic method
MseGaussilan=W(l:end-1) '*C*W(l:end-1) ;
Ber=mé€an (0.5*erfc ((abs (Z-0.5) /sqrt (MseGaussian))/sqrt(2)));

0 o0 00 o0 o0 0 O° O d° d° od° o
A A 0 A OO A O OO A J° o° o K

end

0]
ol
Q.

[3Ee)

Compute equivalent SNR $%%5%%%%5%5%5%%5%5%5%%5%5%5%%5%5%5%%5%5%%%5%5%%5%5%5%%%5%5%%%5%5%%5%5%%%%5%5%%
This function computes the inverse of the Gaussian error probability
function. The built-in function erfcinv () is not sensitive enough for

low probability of error cases.

09 J° o0 oo
h=0° 4o o° o°

= 1048 ( 10 LN & =i VTS TS N
T OoCTY>T T—TZ77 STtz e s s s 2 v e DT

elseif Ber>10"(-323),0=2.1143*(-1.0658-10g10(Ber)) .”0.5024;
else Q=min (abs(Z-0.5))/sqrt (MseGaussian) ;
end
%% Compute penalty and ncDDJ $%$%%%%%%5%%%%5%5%5%5%5%%%5%5%%5%5%5%5%5%5%%%%5%%%5%%5%5%5%5%5%%%%%%%
RefSNR=dBscale*1logl0 (Q0)+PAlloc (ii);
XWDP (11) =RefSNR-dBscale*1ogl0 (Q) ;
XWDP (11) =xWDP (11) -xMAGain (ii); % Offset xWDP by the eligible xMA gain
ncDDJ (ii)=AnalyzeEye (yout, tk, indexl,W,B,XSel,MseGaussian, ...
ShowEye, Usage, ii,MeasuredxMA,Q,Q0,xWDP (ii) ,dBscale) ;

End of SASWDP %$%3%%23%2323%%23%2323%%2322323%223%223%322323%223%5%23222325%232322333%2323%233%5%%%
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oo ] . 2990900000000000000000000000000000000000000000000000000
%% Subfunction: GetParams $%%%%%%%%%%%%%% 5000 550 C000000000000000000000

function [EgNf,EqNb,H chan,AAfilter,H r,PAlloc,dBscale,xMAGain,UselLAMP]=...

GetParams (Usage, Fgrid, SymbolPeriod, MeasuredxMA)
switch upper (Usage)

case 'SAS2 TWDP'

EqgNf=1;
EgNb=3;

Import stressor response from file $%%%%%5%5%5%%%5%5%%5%%%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%%%
stressorFile : Contains the stressor impulse response(s) sampled
at an interval of "stressorStep". The file format is ASCII with a
column of chronological numerical samples for each stressor with
no headers or footers.
stressorFile='sas2 stressor 6g0 l6x.txt';
stressorStep=1/(16*6.0) ;
%% Resample the stressor at an interval of "SymbolPeriod/OverSampleRate"
OverSampleRate=round (length (Fgrid) *mean (diff (Fgrid) ) *SymbolPeriod) ;
stressorO=load(stressorFile);
stressor0Time=(0:1length (stressor0)-1) *stressorStep;
stressorTime= (0:1length (Fgrid)-1) *SymbolPeriod/OverSampleRate;
stressor=interpl (stressor0Time, stressor0.',stressorTime, '"dinear’',0);
stressor=stressor*SymbolPeriod/ (OverSampleRate*stressozrStep) ;
H chan=fftshift (fft(stressor.'),1);
AAFilter disables anti-aliasing filter processing\of the signal
under test (noise is still shaped). This paramegter is used by
Fibre Channel but recommended to be set to X/ /for other
applications.

AAfilter=1;

%% Denominator coefficients for 7.5 GHz A4-port Butterworth filter

a=[1,123.140658357,7581.81087032,273453..656327,4931335.23359];

AABW=0.75/SymbolPeriod; % Scale coefficients for different bandwidth

sc=(AABW/7.5).7[0:4]; a=a.*sc;

H r=a(end)./polyval (a, J*2*pi*Fgrid)¥;

PAlloc=15.4;

dBscale=20;

xMAGain=0;

UseLAMP=0;

% UseLAMP=1;
case 'SAS2 LDP'

EgNf=1;

EgNb=3;

00 o0 o o oe
o o° o |oe o

o° o° o° o°
o de o o°
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oy
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AAFilter_disables anti-aliasing filter processing of the signal
under te€sf (noise is still shaped). This parameter is used by
Fibre*Channel but recommended to be set to 1 for other
appilications.
AAfidter=1;
%% Denominator coefficients for 7.5 GHz 4-port Butterworth filter
a={1,123.140658357,7581.81087032,273453.656327,4931335.23359];
AABW=0.75/SymbolPeriod; % Scale coefficients for different bandwidth
sc=(AABW/7.5).72[0:4]; a=a.*sc;
H—e=atera—Fpotyrattar i 2ipifagrid

PAlloc=15.4;

dBscale=20;

xMAGain=0;

UseLAMP=0;

% UseLAMP=1;
otherwise

o0 de oo oe
o° e o° o°

error ('Usage not recognized.');
end

) ©00000000000000000000000000000000000000000000000000000000
%% End Of GetParamS 333 S S S 5555555555 55555555%55%55%5%5%5%5%5%5%%%%

oo : . : ©00000000000000000000000000000000000000000000000000000000
%% Subfunction: AllgnY 5000000000006 00000000000006000606000000000600060006000606000006060600
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function Y = AlignY (Y0, SgWvPer,OverSampleRate)
%% Aligns the mid crossing of the xMA square waveform to its ideal position.
Y=Y0-mean (Y0); % AC-couple so crossings are at 0.
Look only for the crossing in the middle by ignoring any within ~2 UI from
its beginning. Due to possible misalignment of the captured waveform, this
is the only crossing that is certain.
x=find (sign (Y (2*OverSampleRate:end-1))~=...
sign (Y (2*OverSampleRate+l:end)),1)+2*OverSampleRate-1;
min (find(sign (Y (2*OverSampleRate:end-1))~=...
sign (Y (2*OverSampleRate+l:end)))) +2*OverSampleRate-1;

o0 o0 oo oo oP
d° o° o° ode oo

X
I

oe
oe

Find a more exact crossing point.
xipterp=interpl ([Y(x),Y (x+1)], [x,x+1],0);

%%| Shift to create the aligned square waveform.
SgfivLen=SgWvPer*OverSampleRate;

=0 (mod ( (0:SgWvLen-1) -SgWvLen/2+x, SqWvLen)
=[(1:1length(Y)) ';Y¥=interpl(X,Y, (1:length(Y) , ;
3| End of AllgnY 2235353553535 3533535335255 %%52%23%5%5%53%23%523%5%53%523%55%5%52%5%59%25%9%%5%%
%%| Subfunction: CDRSample $%8%%%%%%%%5%%55%%%5%%5%5%%%%5%%5%5%%%%5%5%%%%%%5%5%%%RhI5%%%%%5%5%%
fuphction [vyk,tk,indexl] =

CDRSample (yout, OverSampleRate, PtrnLength, UseLAMP)

%%| Derive normalized frequency grid from the input arguments
TofLen=OverSampleRate*PtrnLength;

Fgkidn=(-TotLen/2:TotLen/2-1)."'/PtrnLength;

%%| Compute the frequency response for spectral line bandpass filter

wlF2*pi* (1-1/3000); % Define the pass band (normalized &0 signaling speed)
W2F2*pi* (1+1/3000) ;

wOFsqgrt (wl*w2) ;

BwEw2-wl;

% DPenominator and numerator coefficients for a prototype low pass filter
apfl1,2,1]1;

bpf(0,2,11;

% ppply frequency transformation to realige the desired bandpass filter
s=[*2*pi*Fgridn (find (Fgridn ~= 0));

spkime=(s.”2+w0"2) ./ (Bw*s) ;

Hpfzeros (1, TotLen) ;

Hp|(find (Fgridn ~= 0))=polyval (bpnéprime) ./polyval (ap,sprime) ;

%%| Compute the sampling functidnjyand sample the waveform

kmll=mod ( (0:TotLen-1)-1, TotLen) +1;

kpl=mod ( (0:TotLen-1)+1, Tothern) +1;

if| UselLAMP > 0

ylim=tanh (10* (yout-mean (yout)));

yclk=real (ifft (fftlabs (ylim(kpl)-ylim(kml))) .*fftshift(Hp(:))));

elke

yclk=real (1£FEAfft (abs (yout (kpl)-yout (kml))) .*fftshift (Hp(:)))):;

engl
yclk=yclk (kpl)+-yclk (kml) ;
tipe=(0:Tethen) .'/OverSampleRate;
yopt=[youty yout (1) ];
yelk={yeTlk;yclk(1)];
yclkK=yclk/ (max (yclk) -mi

Wrap waveforms to ensure all edges are
are detected

o
°
o
o

0.5; % Normalize clock waveform

L 11 Jal

I i s el
Y e

Eye crossing index

k r e yets =
kf=find(diff (yclk > 0.5) < 0);
k=sort ([kr;kf]):;
indexl=double (kr (1) > kf(l))+1l; % Index of the first eye center
tk=time (k) - (1/OverSampleRate) * (yclk (k) -0.5) ./ (yclk (k+1)-yclk(k)) ;
yk=interpl (time, yout, tk);
%% End of CDRSample $%%%%%%%5%5%5%5%5%5%%55%5%5%%55%5%5%5%5%%5%5%5%5%55%5%%5%5%5%%5%5%%%5%5%%%5%5%%%5%5%%%5%5%%%5%%
%% Subfunction: AnalyzeEye $%%%5%5%5%%%5%5%5%5%5%5%5%5%5%5%55%5%5%55%5%5%55%5%%5%5%%%5%5%%5%5%5%%%5%5%%5%5%5%%5%5%%
function ncDDJ=AnalyzeEye (yout, tk, indexl,W,B, XSel,MseGaussian,

showEye,usage, ii,MeasuredxMA, Q,Q0, xWDP, dBscale)
%% Extract required equalizer parameters from the input arguments.
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EgNf=length (W)-1; % Number of T/2-spaced feed-forward taps
EgNb=length(B); % Number of T-spaced feedback taps

xr=XSel (:, 1); % Error-free decisions

%% Define the axes of the bit error ratio map

dphi=1/100; % Phase step (unit interval)

dvee=1/200; % Eye diagram amplitude step (unit amplitude)
phiList=linspace (-0.5,0.5,round(1/dphi)+1);
veeList=linspace (-0.5,0.5, round(1/dvee) +1) ;

if ~(showEye > 0),veelList = 0;end

%% Compute the bit error ratio at each point in the time-amplitude grid.
PtknLength=length (xr) ;
OvgrSampleRate=round (length (yout) /PtrnLength) ;
tipe=(0:0verSampleRate*PtrnLength) .'/OverSampleRate;
yopt=[yout;yout (1)];

foF jj=1l:length(philList)

phi=philList (jJ);

vk=interpl (time, yout,mod (tk+phi, time (end))) ;

Y=toeplitz (yk, [yk(1l);yk(end:-1:end-EgNf+2)]);

Y=Y (indexl:2:end, :);

Y=[Y,ones (PtrnLength,1)];

zk=Y*W-XSel*[0; B];

Compute the minimum distance from the noiseless, equalized“samples
to the decision threshold.

eyelLid0 (jj)=max (zk (find(xr == 0)));

eyelidl (7jj)=min(zk (find(xr == 1)));

% Compute the bit error ratio as a function of offiset from the nominal
% sampling time and decision threshold.

dk=ones (length (veelList),1) *zk.'-veelist (:) *ones (1, PtrnLength) ;
dk (:, find(xr == 0))=0.5-dk(:,find(xxr == 0));

dk (:, find(xr == 1))=dk(:, find(xr == 1))-0.5;

berMap (:, jj)=mean (erfc (dk/sqgrt (2*MseGausgian))/2,2);

o° oe

engl
eyeList=2*min ([0.5-eyelLid0;eyelLidl1-0.5]) ;

%| Compute the non-compensable jitter.

kDpJ=find (abs (diff (eyeList > 0)) > 0)¢
phfiDDJ=philList (kDDJ) -dphi*eyeList (kDDJ) ./ (eyeList (kDDJ+1) —eyeList (kDDJ)) ;
if| length (phiDDJ) == 0
phiDDJ=[0,0];
engl
if]| length (phiDDJ) == 1
phiDDJ=sort ([phiDDJ,4sign (phiDDJ) /21) ;

ncpDI=1-2*max (min ([-phiDDJ (1) ,phiDDJ(2)]1),0);

%%| Display the bit\€r¥ror ratio map, if requested.
if| showEye > 0

figure (sheowkye-1+ii) ;

clf;

imagesc{philist, veelList+0.5,10gl0 (berMap)) ;
holdgen

plLot (philist,eyelidO, '--"', 'Color', 'white');
plot (philist,eyelidl, '--', 'Color', 'white');

jetColors=jet;
colormap (jet) ;
caxis ([round (logl0 (erfc(Q0/sqrt(2))/2)),01);

colorbar;

set (gca, 'YDir', 'normal') ;

set (gca, 'Color',jetColors(end, :));
if dBscale == 10,units={'W', 'dBo'};

else units={'V', 'dBe'};end

tapStr=sprintf ('\nxMA = %.3e %s',MeasuredxMA,units{l});
tapStr=[tapStr, sprintf ('\nW = [$.3f', W(l))];

for jj=2:EqgNf
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tapStr=[tapStr,sprintf (', %.3f',W(3j))]1;
end
tapStr=[tapStr, '1'l;
if EgqNb > 0
tapStr=[tapStr, sprintf ('\nB
for jj=2:EgNb
tapStr=[tapStr,sprintf (', %.3f',B(3j))]1;

[5.3£',B(1))];

end
tapStr=[tapStr,']"'];
else
tapStr=[tapStr, sprintf('\nB = []")];

end

eyeStr=sprintf ('SNR = %$.1f %s\n',dBscale*1logl0(Q),units{2});
eyeStr=[eyeStr, sprintf ('xWDP = %.1f %s\n',xWDP,units{2})];
eyeStr=[eyeStr, sprintf ('NC-DDJ = %.3f UI\n',ncDDJ)];
titleStr=sprintf (' [SASWDP] %s',usage);
titleStr=[titleStr,sprintf (' (%d): Bit error ratio map',ii)];
text (-0.45,0.90, tapStr, 'Color', 'white');

text (-0.45,0.10,eyeStr, 'Color', 'white');

title(titleStr, 'Interpreter',6 'none');

ylabel ('Normalized amplitude');

xlabel ('Time (UI)"');

oe
oe

o 000000000000000000000000NLH000000000000000000
End of AnalyzeEye 33%3%%5%5555%5%%3%%5%55555555%3%5%5%5%5555000000580%30000055%65555%558%%%

B.3 SASWDP_testcase.m
The following MATLAB program runs SASWDP with a variety.ofdnput files.

% PASWDP testcase.m

clegar all,close all

fofrmat compact
x1§'SCRAMBLED ORDP10m symbols.txt';
x2f'SCRAMBLED ORDN10m symbols.txt';
x3f 'SCRAMBLED ORDP_symbols.txt';
x4F'SCRAMBLED ORDN symbols.txt';
y1lf'SCRAMBLED ORDP10m samples.txt 7
y2f'SCRAMBLED ORDN10Om samples.txE'7
y3f 'SCRAMBLED ORDP samples.txt™

y4f 'SCRAMBLED ORDN samples.fxt”;

if| 1==0 % to check oversampile rate
z=lload ('WaveformFile Om-prbsl0.txt")
plpt (mod([l:length(z)yN12),2z,"'.")
clf,plot(mod([l:1length(z)],16),z,"'.")

engl

fok i=1:2

evpl (['Wavefdpmbile = y',num2str(i),';"'])
evhl (['TxDateFile = x',num2str(i),';"'])

SyhbolRateNs 6;
OverSampleRate = 16;
Uspge€ s ''SAS2_LDP';
ShpwEye = 1;

[WDP, ncDDJ, MeasuredxMA]=SASWDP (WaveformFile, TxDataFile, SymbolRate,OverSampleRate, Usage, Sh

owEye)
end
for i=3:4
eval (['WaveformFile = y',num2str(i),"';"'])
eval (['TxDataFile = x',num2str (i), "';"'])

SymbolRate = 6;

OverSampleRate = 16;

Usage = 'SAS2 TWDP';

ShowEye = 1;

[WDP, ncDDJ, MeasuredxMA]=SASWDP (WaveformFile, TxDataFile, SymbolRate,OverSampleRate, Usage, Sh
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Annex C
(informative)

StatEye

C.1 StatEye introduction

StatEye1 is a Python program that may be used for simulating TxRx connection compliance for trained
1.5-Gbit/s, -3 Ghit/s,-and 6 Gbit/s (enn 55 R)

C.2 analysis.py

The following Python file loads pattern measurement files, and is not used for TxRx connection compliance

S

ulations.

from string import rstrip
from re import split, search

version = “071210.a”

def loadcsv(filename, startline,endline,timecol,sigcdl)
time = []

signal = []

~line =0

flag = 0

for line in file(‘'%s.csv’%filename)

if flag ==
if search('*[0-9,]1’,1line)
flag =1
if flag ==
_line +=1
if (_line > endline) and (endline>0)
break
if 1line > startline
line = rstrip(line)
a)= split(',’,line)
' time = eval (altimecoll])
_signal = eval(a[sigcol])
time += [ time]
signal += [ signal]

retura(ltime, signall)

def~loadtxt (filename, startline,endline, timecol, sigcol)
time = []

ool 1]
oot T T

_line =0
flag = 0

for line in file(‘'%$s.txt’%filename)
if flag ==
if search('*[0-9,]1’,1line)

1.This information is given for the convenience of users of this document and does not constitute an
endorsement by IEC or ISO. See http://www.stateye.org for more information on StatEye. Equivalent
simulation programs may be used if they lead to the same results.
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flag = 1

if flag ==
_line +=1
if (_line > endline) and (endline>0)
break
if line > startline
line = rstrip(line)
a = split (' ',1line)

_time = eval(altimecol])
_signal = eval(al[sigcol])
time += [ time]

signal += [ _signal]

return([time, signall)

def polar2rect(r, w, deg=0):# radian if deg=0; degree if.deg=1
from math import cos, sin, pi
if deg:

w=pi*w / 180.0
return [r * cos(w), ¥ * sin(w) ]

def rect2polar(x, y, deg=0):# radian if deg=0% degree if deg=1
from math import hypot, atan2, pi
if deg:

return hypot(x, y), 180.0 * atan2(y, x)& pi
else:

return [hypot (x, y), atan2(y, x)]

B cdr.py

mpliance simulations.

from numpy import &
from pylab import

# version 071210.a
def cdr Aedges, k,m,name)

peridd®’ = min(diff (edges[10:2000]))

b following Python file extracts theclock from a pattern measurement and is not used for TxRx connecti

period = [period0]
phase = [edges[0]]
phaseError = []
nperiod = []

phaseInOld = edges[0]-period[-1]

for phaseIn in edges

nperiod += [ floor( (phaseIn+0.5*period[-1] - phaseInOld) /
period[-1]) 1

phaseInOld = phaseln

_phaseError = phaseIn - phase[-1] + period[-1]/2
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phaseError += [ mod( phaseError , period[-1]) - period[-1]/2 ]
period += [period[-1] + phaseError[-1] * k]
phase += [phase[-1] + phaseError[-1] * m + nperiod[-1]*period[-1]]

figure ()

subplot (3,1,1)

hold(0)

plot (phase/mean (period))
hold (1)

plot (edges/mean (period))
grid(1)

xlabel (‘time [UI]’)

ylabel (‘Absolute Phase[UI]’)
title (name)

subplot (3,1,2)

plot (diff (edges))

hold (1)

plot (array (period))

grid(1l)

xlabel (‘time [UI]’)

ylabel (‘Period\nDeviation [%$mean]’)

subplot (3,1, 3)

plot (array (phaseError) / mean (period) )
grid (1)

xlabel (‘time ([UI]’)

ylabel (YPhase Error[UI]’)

savefig(‘cdrExtraction.png’)

return ([phaseError, period])

C.4 extractJitter.py

Th
co

e following Python file extracts jitter from a pattern measurement and is not used for TxRx connection
mpliance simulations.

from numpy impoert *
from pylab Gemport *

# versiton 071210.a

def\éxtractJitter (inputT, outputsignalF, signalF, offset, RJ, timestep,
mylength)

# the offset parameter will eventually be automatically calculated

from scipy.special import erfinv

from penrose import

extractApproxEdge, extractAccurateEdge, extractAccurateEdge
from cdr import cdr

import pdb

_inputT = extractApproxEdge (inputT)
_outputsignalF = extractAccurateEdge (outputsignalF)
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_signalF = extractAccurateEdge (signalF)

J = array(_inputT) [offset:len( outputsignalF)+offset] - (

array (_outputsignalF)

# extract the noise inbetween two edges
# this could be improved!!

ISO/IEC 14776-154:2017 © ISO/IEC 2017

- array(_ signalF) [offset:len( outputsignalF)+offset]

noise = []
for i in range(len( outputsignalF)-1)
noise += [ signalF[ int( ( signalF[offset+i]+ signalF[offset+i+1l]) /2.
) 1 - outputsignalF[ int( ( outputsignalF[i]+ outputsignalF[i+1])/2.0 )N]
figure ()
hold (0)
plot (noise)
grid (1)

xlabel (‘time [sample #]7)
ylabel (Yamplitude [V]')
title(‘Transmitter Noise’)
savefig(‘noise.png’)

outtime = arange (len(noise)) * timestep

outfile = open(‘noise.csv’,’w’)

for index in range (len (outtime))
outfile.writelines (‘%e, %$e\n’% (outtime{index],noise[index]))

outfile.close ()

if 0:
figure ()
hold(0)
plot (_inputT,’'x’)
hold (1)
plot ( outputsignalF,Ux’)
plot( signalF,’x’()
plot "o’)
grid

~ o~ o~~~ —~

3,
1)
[pe,perl=cdr (j#6.005,0.005,"CDR Jitter Extraction’)

_per = meanl(per[1000:7])
[pdf, t]=h99togram(array(pe[1000:])/ per,100)

# pdld.set trace()

Edf[find (pdf<5)] = 0
= pdf*1.0 / sum(pdf)

pdf

mid = min (find(t>0))

left = max(find (pdf[:mid] 0)) + 1

rght = min(find(pdf[mid:] == 0)) - 1 + mid
leftcdf = cumsum(pdf[left:mid])
leftcdf[find(leftcdf==1)] = 1-1e-15

rghtcdf =

flipud (cumsum (flipud (pdf[mid:rght])))

rghtcdf[find (rghtcdf==1)] = 1-1e-15
leftt = t[left:mid]
rghtt = t[mid:rght]
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Qleft = -sqrt(2) * erfinv( 2.0 * (1 - leftcdf) -1 )
Qrght = -sqrt(2) * erfinv( 2.0 * (1 - rghtcdf) -1 )
npoints = 4

# Pleft = polyfit(leftt[O:npoints],Qleft[0:npoints],1)
# Prght = polyfit(rghtt[-npoints:],Qrght[-npoints:],1)

_Qleft concatenate (( [-7] , Qleft ))

_Qrght = concatenate(( Qrght , [-7] ))

# RJI = (1.0 / abs(Pleft[0]) + 1.0 / abs(Prght[0]) ) / 2.0
DJ = -Qrght[-1] * RJ - Qleft[0] * RJ
_leftt = concatenate(( [ leftt[0] - (Qleft[0]+7)*RJ ] , leftt ))

_rghtt = concatenate(( rghtt , [ rghtt[-1] + (Qrght[-1]1+7)*Rd | ))
print ‘Extracted RJ = %0.4f, DJ = %$0.4f’%$(RJ, DJ)

figure ()

hold (0)

plot( leftt, Qleft)

hold (1)

plot (_rghtt, Qrght)

grid (1)

xlabel (‘Time [UI]’)

ylabel (Q")

title (‘Extracted Transmit Jitter, RJ £4%0.4f, DJ = %0.4f’%$(RJ, DJ) )
savefig (‘ExtractedJitter.png’)

return ([RJ,DJ])

C.5 penrose.py

ThE following Python file extracts.the step response from a pattern measurement and is not used for TxRx
copnection compliance simulations.

from analysis dmport *

from numpy import *

import numpsy

from pylabk/import *

importetime

from&string import rsplit, rstrip
from scipy import linalg, interp
from re import *

Import pdb

# version 080110.a

def extractApproxEdge (x)
y = find( abs(diff( (array(x)>0)*1.0 )) == 1.0 )
return (y)

def extractAccurateEdge (x)
from scipy import interp



https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

— 258 — ISO/IEC 14776-154:2017 © ISO/IEC 2017

y = []
for i in range(len(x)-1) :

if ( ((x[1i] < 0.0) and (x[i+1] > 0.0)) or ((x[i] > 0.0) and (x[i+1l] <
0.0)) ) :

_y = interp([0], [x[i],x[i+1]], [i,1i+1]) [O]

y += [_vy]
return (y)

def filter (x,k)

y = [x[0]]
for x in x:

y += [ ((x-y[-1])*k + y[-1] ]
return (y)

def buildM(x,1)

M = T[]

for i in range(len(x)-1)
M += [ x[i:i+1] ]

return (M)

def penrose(filename, mylength,start,finish,timegcdly sigcol)
#mylength = 800

#start = 37000

#finish = 41000

signalFilter= 0.90

stimFilter= 0.90

outputFilter= 0.90

[time, signal]l=loadcsv (filename, start, finish, timecol, sigcol)
start = (array(signal)<0) .nongero () [0][0]
end = (array(signal)>0) .nongzero () [0][-1]

print ‘Signal analysis fpom %d to %d’%(start,end)

signalF = filter (sigial,signalFilter)
signalF = signalF{start:end+1]

inputT = garray(signalF)>0)*2.0-1.0
inputF Z f11lter (inputT, stimFilter)

M inputF =@®uildM (inputF, mylength)

IM inputE\= linalg.pinv(transpose (M inputkF))

taps =

matrixmultiply (transpose (IM inputF), (signalF[mylength/2:mylength/2 +
len<(FM inputF)]))

dutputsignal= matrixmultiply (M inputF, taps)

outputsignalF = filter (outputsignal,outputFilter)

testT = ones (mylength*10)*-1.0
testT[mylength*5:]= 1.0

testF = filter (testT,stimFilter)
M testF = buildM(testF,mylength)

outputtest = matrixmultiply(M testF, taps)
outputtestF filter (outputtest,outputFilter)

#figure ()
#hold (0)
#plot (taps)
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#grid (1)

#xlabel (‘time [sample #]1')
#ylabel (‘amplitude [V]')
#savefig(‘taps.png’)

figure ()

llength = 10000

hold(0)

plot (signalF[mylength/2-1:11length])
hold(1)

plot (inputF[mylength/2-1:11length])
plot (outputsignalF[:1length])

grid (1)

xlabel (‘time [sample #]')

(
ylabel (Yamplitude [V]')
legend ([ ‘Measured Signal’, ‘Fundamental Transmitter’, ‘Reconstructed’])
title('Signal Reconstruction’)
axis([axis () [1]1/2,axis () [1]1/2+41000,axis () [2],axis()[311)
savefig (‘'inAndOutSignal.png’)

figure ()

hold(0)

plot (outputtestF)

grid (1)

xlabel (‘time [sample #]')

(
ylabel (‘amplitude [V]')
#axis ([4900,5100,axis () [2],axis () [3]1])
title (‘Extracted Step Response’)
savefig(‘step.png’)

outtime = arange (len (outputtestdE)) * (time[l]l-time[0])

outfile = open(‘extractedStepscsv’,’ w’)

for index in range (len (outtime))
outfile.writelines(X%e, %e\n’% (outtime[index], outputtestF[index]))

outfile.close ()

return ([inputT, outpltsignalF, signalF, time[l]-time[0]])

C.6 portalocker:py

The following Python file locks files for exclusive access.

NOTE\%~ See the ActiveState Code web site at
https/faspn.activestate.com/ASPN/Cookbook/Python/Recipe/65203 for information about the portalocker
Code recipe.

# portalocker.py - Cross-platform (posix/nt) API for flock-style file
locking.

# Requires python 1.5.2 or better.

# The MIT License

#

# Copyright (c) 2008 Jonathan Feinberg

#

# Permission is hereby granted, free of charge, to any person obtaining a

copy
# of this software and associated documentation files (the “Software”),
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deal
# in the Software without restriction, including without limitation the
rights

# to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

all copies or substantial portions of the Software.

The above copyright notice and this permission notice shall be included in

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT |SHALL T
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OQR_OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISEs ARISING
FROM,

# OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS I
# THE SOFTWARE.

e B

““W“Cross-platform (posix/nt) API for flock-style file\16cking.
Synopsis:
import portalocker
file = open(“somefile”, “r+”)
portalocker.lock(file, portalocker.LOGCK EX)
file.seek (12)
file.write (“foo”)
file.close()
If you know what you’re doing, you may choose to
portalocker.unlock(file)
before closing the filel| jbut why?

Methods:

lock( file,flags )
unlock ( file™)

Constantst
LQCK EX

LOCK_SH
LOCK_NB

DR

HE

Lxceptions:
LockException
Notes:
For the '‘nt’ platform, this module requires the Python Extensions for
Windows.

Be aware that this may not work as expected on Windows 95/98/ME.

History:
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I learned the win32 technique for locking files from sample code
provided by John Nielsen <nielsenjf@my-deja.com> in the documentation
that accompanies the win32 modules.

Author: Jonathan Feinberg <jdf@pobox.com>,
Lowell Alleman <lalleman@mfps.com>
Version: $Id: portalocker.py 5474 2008-05-16 20:53:50Z lowell $

N

_all = |
“lock”,
“unlock”,
“LOCK_EX”,
“LOCK_SH”,
“LOCK_NB”,
“LockException”,

import os

class LockException (Exception) :
# Error codes:
LOCK _FAILED = 1

if os.name == ‘nt’:
import win32con
import win32file
import pywintypes
LOCK EX = win32con.LOCKFIEE EXCLUSIVE LOCK
LOCK_SH 0 # the default
LOCK NB = win32con.LQCKFILE FAIL IMMEDIATELY
# is there any reasbbn'not to reuse the following structure?
__overlapped = pywintypes.OVERLAPPED ()
elif os.name == ‘posix’:
import fcntl
LOCK_EX = fentl.LOCK EX
LOCK_SH #-f¢ntl.LOCK SH
LOCK_NBZs> fcntl.LOCK NB
else:

1l

if ©s».name == ‘nt’:
def lock(file, flags):
hfile = win32file. get osfhandle(file.fileno())

raisé RuntimeError, “PortalLocker only defined for nt and posix platform

Try:
win32file.LockFileEx (hfile, flags, 0, -0x10000, _ overlapped)
except pywintypes.error, exc value:

# error: (33, ‘LockFileEx’, ‘The process cannot access the file

because another process has locked a portion of the file.’)
if exc valuel[0] == 33:

raise LockException (LockException.LOCK FAILED, exc valuel[2])

else:

# Q: Are there exceptions/codes we should be dealing with

here?
raise
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def unlock(file):

hfile = win32file. get osfhandle(file.fileno())
try:

win32file.UnlockFileEx (hfile, 0, -0x10000, _ overlapped)
except pywintypes.error, exc value:

if exc value[0] == 158:

# error: (158, ‘UnlockFileEx’, ‘The segment is already
unlocked.’)

# To match the ‘posix’ implementation, silently ignore thip
error
pass
else:
# Q: Are there exceptions/codes we should be dealinhg with
here?
raise

elif os.name == ‘posix’:
def lock(file, flags):
try:
fentl.flock(file.fileno (), flags)
except IOError, exc value:
# IOError: [Errno 11] Resource tempararily unavailable

if exc valuel[0] == 11:

raise LockException (LockExeeption.LOCK FAILED, exc_valuellf])
else:

raise

def unlock(file):
fentl.flock(file.fileno () ;8fcntl.LOCK_UN)

if name == ' main_ [i
from time import time, strftime, localtime
import sys
import portalogker

log = openf\Llog.txt’, “at”)
portalockerTlock(log, portalocker.LOCK EX)

timestamp = strftime (“%m/%d/%Y %$H:%M:%S\n”, localtime (time()))
log.Write( timestamp )

print “Wrote lines. Hit enter to release lock.”
dummy = sys.stdin.readline ()

log.close()

C.7 stateye.py
The following Python file computes the statistical eye.

from numpy import *
import pdb
import time
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from matplotlib import *

FHEFFAF AR A R A R R R A R S

# stateye class
class stateye

FHEFFAF AR A A R R R A R R S

# constructor

def init (self)
self.version='080110.a’

# debug file
self.debug = open(‘stateye.debug’,’'w’)

# transitionState[currentState] = [<possible next state>]
self.transitionState= []

# edge[currentState] [<edge index correspomding to transitionState

self.edge = []

# step[<edge index>] = [<time vs. ampli%tde>]
# where @t=0;a=0, @t=inf;a=final

self.step = []

# length of each step must be thie same and equal to rxLength
self.UImax = 0

# number of states.
self.nStates= 0

# bins construction

# bins is a Markov jpdf; bin[<state>] [<amplitude index>]
self.bins = {

# see binIndexivand binValue for explanation of bin coefficients
self.noBing” =/4001

self.midBin = 2001

self.kBin = 2000

self dBinMax = 2.0

sel€ Jbinaxis= (arange (self.noBins) - self.midBin) * self.binMax /
self.kBin

# parameters for cursor to step time conversion
# are loaded when generating step responses
# see cursor2index for details

selr.nomUl = 1 # number of time 1ndexes 1n Step response Ior
UI

self.nomOffset= 0 # simple offset for peak centring

# amplitude of pulse width shrinkage

self.pws =0 # in UI

def del (self)
self.debug.flush()
self.debug.close()

B A AR R A R R A R R R R S
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# simple routine to index into pdf bins given a value
def binIndex(self, x)
return( round(x / self.binMax * self.kBin) + self.midBin )

FHAFHHF SR S S
# simple route to find value for pdf bin given a index
def binValue (self, 1):
return( 1.0 * (i-self.midBin) / self.kBin * self.binMax )

s s s e EEEEEEEEEE LT LS LS EEERERESESELELELELEEEEEEEEEE S

# simple routine to convert cursor index and sweep offset into time index df

step response

def cursor2index (self, cursor, sweep)
return( int ( round( (cursor+sweep) * self.nomUI + self.nomQffset ) )|)

FHAHHHF SRR S S
# simple routine to convert index to cursor
def index2cursor (self, index)

return( (index - self.nomOffset) * 1.0 / self.nomUL/)

SR i i
# shift a pdf bin description as convolution
def binShift(self, bin, x)

i = self.midBin - self.binIndex (x)
if 1 <0

return( concatenate(( bin[-i:N," zeros(-1) )) )
if 1 >0

return( concatenate(( zerdés (i), bin[0:-1i] )) )
if i==

return (bin)

# perform stateye algorithm for single sample phase
# clearly includes pws but.not mid band jitter
def calcpdf (self, sweepdeltia)y, startCursor, lastCursor,dj,rj,noise x,noise_y)
from pylab import find
import pdb
self.cdf=[]
self.sweep=~arange (-0.75,0.75, sweepdelta)
#self.sweep = [0.0]
self.pdfsZeros (( len(self.sweep), len(self.binaxis) ))

# denerate a pre-indexed step response for acceleration of the pdf

calculation
¥ should consider this for other variable as well, e.g. dfecoef

self.stepK = []
for step in self.step
_stepK = []
for  step 1n _step
_stepK += [self.midBin - self.binlIndex(__step)]
self.stepK += [ stepK ]

print ‘folding %d steps’%len(self.sweep)
binstore = [ 1.0*zeros((self.nStates,self.noBins)),
1.0*zeros ((self.nStates,self.noBins)) |
for i sweep in range(len(self.sweep))
#self.debug.writelines (‘at sweep %d from
%d\n’%(i_sweep,len(self.sweep)))
#delta = time.time () - tag
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print ‘%d’%(i_sweep+l),

#tag = time.time ()

# scan from last cursor to first cursor
# i.e. back cursor tracing

# for debug

bintag = 0

_bins = binstore[bintag]

bins = binstore[l-bintag]

bins = self.start bins

_bins[:] = 0.0

# the value of the step for the given cursor and sweep
_sweep = self.sweep[i sweep]

for cursor in flipud(range (startCursor,lastCursor))
# self.debug.writelines (‘at cursor %d\n’%cursomn)
#print ‘at cursor %d’S%cursor

# where am I on the time axis
currentIndex = self.cursorZindex(cursox, sweep)

# next Markov pdf contents

# perform Markov convolution

# scan through each state

for state in range(self.nState€s)

# enable for trackimg/ speed of exection
# print ‘at state\%d’%state

# scan each pessible transition from this state
for transit¥on in
range (len(self.transitionState[state]))
#\sweep the pws assuming a simple dirac

distribution
# for debug
# for pws in [-self.pws,self.pws]
for pws in [0]
# calculate the next state for the givdgn
state

_nextState =
self.transitiomState[state] [transition]

# the edge needed to get to this state
_edge =
self.edge[state] [transition]

# when pws is enabled then currentIndel
dlearly needs to be correctly modulated

_delta = -self.stepK[ _edge ][

currentlndex + pws]

# perform a convoltion using a simple
shift and addition for the state given

if delta==
_bins[ nextState]+= bins[state]

else
if (_delta<O0)
_t = bins[state] [-_delta:]
_bins[ nextState][:len( t)]
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else
_t = bins[state] [:- delta]
_bins[ nextState][-len(_t)

# enable for dumping the pdfs as they are built up
#for state in range(self.nStates)
# if len(pylab.find(bins[ state]>0) > 0)

# print ‘%s =

4

)

%s
)

(@)

)

bintag = 1l-bintag

_bins = binstorelbintag]
bins = binstore[l-bintag]
_bins[:] = 0.0

# dfe condition
# this is also taking a second
if cursor==
for dfeCoef in self.dfeCpef
for state in range€y(self.nStates)

# goingyto make a big assumption here!|!
That the threshold for greater than and less than is the same

# ddso going to make a bug assumption
that the gt and 1t results index are d@kso inverse

% (self.states[ state],array2Zstring(self.binValue (pylab.find(bins[_ sthtef>
)

]

N 1

_threshold =
self.binIndex (self.gt hO[state])

_shift = self.binShift( \

concatenate ( (

zeros (_threshold), bins[state][ threshold:] )), \
-self.gt true[statg] * dfeCoef )

_bins[state] = add(_bins[state],
_shift)

_shift = self.binShift( \

concatenate ( (

binmsPstate] [: threshold], zeros (self.noBins - threshold) )), \
5self.gt false[state] * dfeCoef )

_bins[state] = add( _bins[state],
_shift)

else
for binIndex in range (self.noBins)
if self.binValue (binIndex) >
self.gt hO[state]
_binvalue =

self.binValue (binIndex) + self.gt true[state] * dfeCoef

else

_binvalue
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self.binValue (binIndex) + self.gt false[state] * dfeCoef
_bins[state] [self.binIndex( binValue)] += bins[state] [binIndex]

bintag = 1l-bintag

_bins = binstore[bintag]
bins = binstore[l-bintag]
_bins[:] = 0.0

# enable for dumping the pdfs as they are built up|
#for state in range(self.nStates)
# if len(pylab.find(bins[ state]>0) > 0)
# print ‘%s =
% (self.states[ state],arrayZstring(self.binValue (pylab.find(bins) state
))

4

)

%s
)

(@)

_pdf = zeros(self.noBins)

# typical good place to break for debugging
# pdb.set trace()
# firstly what if sum = 0; secondly the,sum for difference stats
may be different???
# this scaling of the pdf is still got quite workig correctly
bins = bins / bins.sum()
for state in range(self.nStategs)
_pdf = add(_pdf, bins[state])
# this additional of ‘he fliped array is mainly for 8bl0
support. As we only run one set of theé’codes
# we need to add ¥ the other half. I believe this is
correct, but am checking it again
_pdf = add(_pdf; flipud(bins[state]))
_pdf = pdf / pdfsum()
self.pdf[i sweep]¥= pdf
self.debug.wriltelines (‘'final =
$s\n’ % (array2string (selff Jpinvalue (find(_pdf>0)))))

print ‘\nfolding noise’
# convolve/the noise into
if 0:
gedf.pdf n = zeros(( len(self.sweep), len(self.binaxis) ))
for i sweep in range(len(self.sweep))
for noise in range(len(noise x))
if noise_y[ noise] >0
_shift = self.binShift(self.pdf[i sweep],
noise x[ noise] ) * noise_ y[ noise]
self.pdf n[i sweep] =

add (self.pdf n[i sweep], _shift)

self.pdf nl1 sweep] = self.pdf nl[l sweep]
(self.pdf n[i sweep]) .sum()
else
self.pdf n = self.pdf

print ‘folding jitter’
# final pdf containing the jittered version
if 1:

self.p = []

sigma = rj;

mean = dj/2;
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for sweep in self.sweep

g = 1/ (sigma*sqrt (2*pi)) * exp (- ((_sweep-mean)**2)/(2*sigma**2))
+ 0\
1/ (sigma*sqrt (2*pi)) *
exp (- ((_sweep+mean) **2) / (2*sigma**2)) + \

1/ (sigma*sqrt (2*pi)) * exp(-(( _sweep)**2)/(2*sigma**2));
if p>1l.0e-12

self.p += [p]
else

self.p += [0.0]
self.p = self.p / sum(self.p);

self.pdf pj=zeros(( len(self.sweep), len(self.binaxis) ))
_jmid = len(self.sweep)/2
for 1 in range(len(self.sweep))
#print ‘at sweep %d’% 1
for J in range(len(self.sweep))
k= 1+ 3 - Jmid
if (_k > 0) and (_k<len¥(self.sweep))
self.pdf pj[ i] +=self.p[ j] * selfipdf n[ k]
self.pdf pj[ i] = self.pdf pj[ N~/ self.pdf pj[ i].sum()

def loadStep(self, inputStep, ui, pws)
from pylab import find
# define pulse response
self.inputStep = inputStep
self.converge= max (inputStep)
self.pulse = add(-inputStep[:=_ui], +inputStep[ ui:])
self.nomOffset = find(self.pulse==max (self.pulse)) [0]

# load the step response,parameters for
self.nomUI= ui
self.pws= pws

# start and last .cursor must allow for some margin
self.startCursor =

(range (self.nomOffset,0,- ui) [-2]-self.nomOffset)/ ui
self.lasg€ursor=

(range (self.nomOffset, len (inputStep), ui) [-2]-self.nomOffset)/ ui
self dindex =

arange (sglfi.cursor2index (self.startCursor,0),self.cursor2index (self.lastCufs

or,0))

#print ‘start cursor %d, finish cursor
Zd¥% (self.startCursor,self.lastCursor)

derf createZTapFlR(self, ¢, noDFEtaps)

from pylab import find

# input step is the fundamental step response of the system to a 1V
step, and is assumed to be 00@t=0

# ¢ is a 1x2 array containing the FIR coefficients

# this function defines the transitionStates, edge transitions and
generates the necessary steps

self.nStates = 4

# for each state x
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# 0 1 2 3
X = (0,01, (0,11, (1,01, (1,11 ]
X = array(x)*2.0 - 1.0
self.states = [ ‘00", ‘017, ‘107, ‘117 ]
# load the possible state transition
self.transitionState = [ [O0,1]1, [2,3], [0,1], [2,3] ]
# define the edge used to move from state to state
self.edge = [ [0,11, [2,31, [4,571, [6,71 1
# load empty steps
self.step = (1,01, (1,01, 01,01, 01,07 1

states,
# leave the other state empty
self.start bins =

simple example it doesn’t matter

# copy the inputStep into each step array,
needed to move states

for state in range(self.nStates)

k =

sum(x[_state]*flipud(c)))

# this is the post equalised step response

self.pulse =~add( add ( \
self.step[ self.edge[0][1]
self.step[ self.edge[1][0]
self.step[ self.edge[2][0]
self (pulse = self.pulse/2.0

self JnomOffset =

self.dfeCoef = []
self.pulse[self.cursor2index (0 , 0)]

# preload the Markov pdf with the converged values for the tworstabl

zeros ((self.nStates, self moBins))
self.start bins[0] [self.binIndex( sum(x[0]*c)*self.conyerge )]
self.start bins[3] [self.binIndex( sum(x[3]*c)*self.converge )] =

# this could be more efficient in storage of the/indexes,

# for each state and transitions an edge is defined

for transition in range(len(sglfiedge[ state]))
(sum(x[self.transitionState[ state] [ trawmsition]]*flipud(c)) -

self.debug.writelines (‘'in state %d, transitioning to statfe

%d, using %0.3f\n’\

% (_state,self.transitionStatgdy state] [ transition],k))
self.step(self.edge[ state][ transition]] = self.inputStgp

* k

] [self.nomUI*2:] , \
] [self.nomUIl:-self.nomUI] ) ,| \
][l:-self.nomUI*2] )

find(self.pulse==max (self.pulse)) [0]

[()

=1
1
but for a

given the correct factor

h0 =

print ‘found h0=%0.3f’%h0

# 00 01 10 11
Self.gt_h0 = [-h0, *h0, -h0, +hO]J
self.gt true = [-1.0, -1.0,-1.0,-1.0]
self.gt false = [+1.0, +1.0,+1.0,+1.0]
self.lt hO = [-h0,+h0, -hO, +hO]
self.lt true = [+1.0,+1.0,+1.0, +1.0]
self.lt false = [-1.0,-1.0,-1.0, -1.0]

# clearly we need to include here the proper algorithm for finding the

optimum sampling point!!
for cursor in range (noDFEtaps)
self.dfeCoef +=

[ abs( self.pulse[self.cursor2index (cursor+l,
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0)1 ) 1
print ‘Extracting cursor %d, found %$0.3f’%(cursor+l,
self.dfeCoef[-11])

def create8blOb 2TapFIR(self, c,noDFEtaps)
from pylab import find
import pdb

wordlOb p = def8bl0b ()
words = sort (wordlOb_ p)
states = [‘x’,’'x']

# scan through all possible 8bl0b codes, truncating to a giw€n length 1
# collect all possible codes
for 1 in range(1,11)
for words in words
short = words[:1]
if not (any(array(states)==short))
states += [short]
# initialise the transition state matrix
transitionState = []
for i in range(len(states))
transitionState += [[]]
# fill transition state matrx
for i in range(len(states))
# as we search for wheréithis code could have come from, we only
start searching when the
# code would be a min¥mum of 2 characters long. e.g. if the code
word is 1001, we search for
# 100 as the source of this code word
if len(statesfw])>1
# find )the index into the state matrix, for the source off
the current word
source = find(states[i][:-1]==array(states)) [0]
#add this code word index to the transition matrix entrfy
for the sourcesef this code wor
# clearly we will only find one single source per code wdrd
transitionState[source] += [i]
# if we are at the final word, then also add the transitions tp
this ent¥y in the transition
# matrix for getting back to 0 & 1. However, as we are
implementing a 2 tap FIR, we must maintain
# also the second entry, hence the starting states are 00,01,10|[&
h1
1T len(states|[1])==10
if states[i][-1]1=='0’
transitionState[i] += [0]
transitionState[i] += [1]
if states[i][-1]=="1"'
transitionState[i] += [2]
transitionState[i] += [3]

# as stated above we must over write the first four states to be
correct
states[0:4] = [‘00’,701",710","11"]
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transitionState[0] = transitionState[2]
transitionState[1l] = transitionState[3]

# generate all possible transitions

k=[]
transitionLookUp = []
step = []
for 1 in range(2**3)
if 1 >0
transitionLookUp += [binary repr( 1i)]
else
transitionLookUp += ['']
while (len (transitionLookUp[-1])<3)
transitionLookUp[-1] = ‘0’ + transitionLookUp[+l]
k=0
for J in range(2)
# the polarity here needs to be checked
_k -= (eval(transitionLookUp[-1][ j])*2.0~1.0) ~*
flipud(c) [ _Jj] - (eval(transitionLookUp[-1][ j+1])*2.0-¥,0) * flipud(c)[ 7]
k += [ k]

step += [self.inputStep * k]
self.debug.writelines (‘edge %s/%d is
$0.3f\n’ % (transitionLookUp[-1], i, k))

# scan through actual transitions andyenter edge index into array

edgeText = []
edge = []
for state in range(len(states))
_edgeText=[]
_edge=1[]
for transition in xd¥nge(len(transitionState[ state]))
_nextstate g transitionState[ state][ transition]
__edgeText = states[ state][-2:] + states[ nextstate][-1
_edgeTexb ' += [ edgeText]
__eddge )= find( _ edgeText == array(transitionLookUp) )
_edge += [ edge]

self.debug.writelines (‘from %s to %s using
%s/%d\n’%(states[_state],states[_nextstate],__edgeText,__edge))

edge .= [ edge]
gdgeText += [ edgeText]
self Jstates = states
self.transitionState = transitionState
self.edge = edge
self.step = step
self.nStates = len(self.states)
self.start bins = zeros((self.nStates,self.noBins))

# this is the current initialisation matrix which need extending
# see the commented conditional statements below
if 0
self.start bins[0] [self.binIndex( self.converge *
sum(array([-1,-1])*c) )] =1
self.start bins]|
sum (array ([+1,+1])*c) )] =1
else

3] [self.binIndex( self.converge *

for states in range(len(states))
if (states[ states][-2:]=='00")
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[ states] [self.binIndex(

self.converge * sum(array([-1,-1])*c) )] =1

#if (states[ states][-2:]=='01")

# self.start bins[ states] [self.binIndex (
self.converge * sum(array([-1,+1])*c) )] =1

#if (states[ states][-2:]=="10")

# self.start bins[ states] [self.binIndex (
self.converge * sum(array([+1,-1])*c) )] =1

if (states[ states][-2:]=="11")

self.start bins[ states] [self.binIndex (

self.converge * sum(array([+1,+1])*c) )] =1

# this is the post equalised step response

self.pulse = add( add ( \
self.step[ 1 ][self.nomUI*2:] , \
self.step[ 2 ][self.nomUI:-self.nomUI] ) ,A\
self.step[ 4 ][:-self.nomUI*2] )
self.pulse = self.pulse/2.0
self.nomOffset = find(self.pulse==max(self.pulse))\0]
self.dfeCoef = []
hO = self.pulse[self.cursor2index(0 , 0)]

# clearly we need to include here the prop€r algorithm for finding th
optimum sampling point!!
for cursor in range (noDFEtaps)
self.dfeCoef += [ abs( self.pulse[self.cursor2index (cursor+1l,
0)1 ) 1
print
self.dfeCoef[-11])

‘Extracting cursor %d, found %0.3f’%(cursor+l,

# setup the DFE correctiom\matrix

self.gt hO = []

self.gt true = []

self.gt false= []

self.lt hO = []

self.1lt true =[]

self.1lt falsesUY]

#pdb.set trage ()

for stages in states

IE( states[-2:]1=="00") or ( states[-2:]=="10")
self.gt hO += [-hO0]
self.gt true+= [-1.0]
self.gt false+= [+1.0]
self.lt hO += [-hO]
self.lt true+= [+1.0]
self.1lt false+= [-1.0]
if (_states[-2:]=='01") or ( states[-2:]=="11")

selt.gt _nh0 += [+h0]
self.gt true+= [-1.0]
self.gt false+= [+1.0]
self.lt hO += [+hO]
self.lt true+= [+1.0]
self.lt false+= [-1.0]

# simple example based on step.py in steptheory
# probably doesn’t work anymore since extending the code to support more
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def bist(self)
# states are
#0=00
#1 =01
#2=10
# 3 =11
self.transitionState = [[0,1],12,3],10,1],12,3]]
self.edge = [[0,1],12,3],14,5],106,7]]
self.step =1(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 040
0.0, 0.0, 0.0, 0.0], \

(.o, 6.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.044
1.3600000000000001, 1.5200000000000002, 1.6000000000000001,
1.6000000000000001, 1.60000000000000017, \

(.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0¢4
-1.1700000000000002, -1.53, -1.7100000000000002, -1.8, -1.8,4-1.8]1, [0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -0.12999999999999998y
-0.16999999999999996, -0.18999999999999997, -0.1999999999999999%¢,
-0.19999999999999996, -0.199999999999999967], \

(.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,\Q¥Y0, 0.0,
0.12999999999999998, 0.16999999999999996, 0.1899998938959999997,
0.19999999999999996, 0.19999999999999996, 0.19999999999999996], \

(.0, 0.0, 0.0, 0.0, 0.0, 0.04y0.0, 0.0, 0.0,
1.1700000000000002, 1.53, 1.7100000000000002,84.8, 1.8, 1.81, [0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -1.04, 1INnB6000O0O0O0O0O0O0QOO0OOO0O1,
-1.5200000000000002, -1.6000000000000001,;5-1.6000000000000001,
-1.60000000000000017, \

(0.0, 0.0, 0.0, 0.0440.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0]1

self.steplLength= 15

self.nStates= 4

self.start bins= 1.0*zgros((self.nStates,self.noBins))
self.start bins[0] [self binIndex(-0.7)] = 1.0
self.start bins[3]{gelf.binIndex(+0.7)] = 1.0
self.calcpdf ()

FHAEH AR A R
# simple functiens to load all the possible 8bl0b words

FHAEH A A A R
def def8bl@byM

word8b=[

“0000000Q7,
“000Q0100"7,
N0 0QO1L0007,
X0@0011007,
»000100007,

“000000017,
“000001017,
“00001001"7,
“00001101"7,
“00010001"7,

“00000010",
“00000110",
“00001010",
“00001110"7,
*000100107,

“00000011",
“00000111",
“00001011",
“00001111",
“00010011",

“000TI0TI007,
*00011000"7,
“000111007,
*001000007,
*001001007,
*001010007,
“001011007,
*00110000"7,
“001101007,
“00111000",
“00111100"7,

“000TI0IO0T™,
“00011001"7,
“00011101"7,
“00100001"7,
“*00100101",
“00101001",
“*00101101",
“*00110001"7,
“*00110101",
“00111001",
“00111101",

~0001I01I107,
“000110107,
“000111107,
*001000107,
*00100110",
*001010107,
“00101110",
*00110010",
*00110110",
“001110107,
“001111107,

~000I0IIT7,
“00011011",
“00011111”",
“001000117,
“00100111"7,
“00101011",
“00101111”",
“001100117,
“00110111”~,
“00111011”7,
“001l1l1111”",


https://standardsiso.com/api/?name=c29a3feae6728e54a53e33852c418930

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols, abbreviations, keywords, and conventions
	3.1 Terms and definitions
	3.2 Symbols and abbreviations
	3.2.1 Abbreviations
	3.2.2 Symbols

	3.3 Keywords
	3.4 Editorial conventions
	3.5 Numeric and character conventions
	3.5.1 Numeric conventions
	3.5.2 Units of measure
	3.5.3 Byte encoded character strings conventions


	4 General
	4.1 Physical links and phys
	4.2 Phy test functions

	5 Physical layer
	5.1 Physical layer overview
	5.2 Conventions for defining maximum limits for S-parameters
	5.3 Compliance points
	5.3.1 Compliance points overview
	5.3.2 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s compliance points
	5.3.3 12 Gbit/s compliance points

	5.4 Interconnects
	5.4.1 SATA connectors and cable assemblies
	5.4.2 SAS connectors and cables
	5.4.3 Connectors
	5.4.4 Cable assemblies
	5.4.5 Backplanes

	5.5 TxRx connection characteristics
	5.5.1 TxRx connection characteristics overview
	5.5.2 TxRx connection general characteristics
	5.5.3 Passive TxRx connection S-parameter limits
	5.5.4 Passive TxRx connection characteristics for untrained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	5.5.5 Passive TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	5.5.6 Passive TxRx connection characteristics for trained 12 Gbit/s
	5.5.7 TxRx connection characteristics for active cable assemblies

	5.6 Test loads
	5.6.1 Test loads overview
	5.6.2 Zero-length test load
	5.6.3 TCTF test load
	5.6.4 Low-loss TCTF test load
	5.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load

	5.7 End to end simulation for trained 12 Gbit/s
	5.7.1 End to end simulation for trained 12 Gbit/s overview
	5.7.2 Usage models for end to end simulation for trained 12 Gbit/s
	5.7.3 Reference transmitter equalization for trained 12 Gbit/s
	5.7.4 Crosstalk measurement for end to end simulations and 12 Gbit/s jitter tolerance

	5.8 Transmitter device and receiver device electrical characteristics
	5.8.1 General electrical characteristics
	5.8.2 Transmitter device and receiver device transients
	5.8.3 Eye masks and the JTF
	5.8.4 Transmitter device characteristics
	5.8.5 Receiver device characteristics
	5.8.6 Spread spectrum clocking (SSC)
	5.8.7 Non-tracking clock architecture

	5.9 READY LED signal electrical characteristics
	5.10 POWER DISABLE signal electrical characteristics
	5.11 Out of band (OOB) signals
	5.11.1 OOB signals overview
	5.11.2 Transmitting OOB signals
	5.11.3 Receiving OOB signals
	5.11.4 Transmitting the SATA port selection signal


	Annex A Jitter tolerance pattern (JTPAT)
	Annex B SASWDP
	B.1 SASWDP introduction
	B.2 SASWDP.m
	B.3 SASWDP_testcase.m

	Annex C StatEye
	C.1 StatEye introduction
	C.2 analysis.py
	C.3 cdr.py
	C.4 extractJitter.py
	C.5 penrose.py
	C.6 portalocker.py
	C.7 stateye.py
	C.8 touchstone.py
	C.9 testcase.py
	C.10 testall.py
	C.11 File StatEye_readme.pdf

	Annex D End to end simulation for trained 12 Gbit/s
	D.1 Detailed end to end simulation procedure description for trained 12 Gbit/s
	D.2 Trained 12 Gbit/s usage models, S-parameter files, and crosstalk amplitude

	Annex E 12 Gbit/s S-parameters and end to end simulation
	E.1 S-parameters for 12 Gbit/s simulation
	E.2 End to end simulation using SAS3_EYEOPENING

	Annex F Signal performance measurements
	F.1 Signal performance measurements overview
	F.2 Glossary
	F.3 Simple physical link
	F.4 Signal measurement architecture
	F.5 De-embedding connectors in test fixtures
	F.6 De-embedding test fixture for 12 Gbit/s transmitter compliance
	F.7 Measurement conditions for signal output at the transmitter device
	F.8 Measurement conditions for signal tolerance at the transmitter device
	F.9 Measurement conditions for signal output at the receiver device
	F.10 Measurement conditions for signal tolerance at the receiver device
	F.11 S-parameter measurements
	F.12 Calibration of JMDs

	Annex G Description of the included Touchstone models for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	G.1 Description of included Touchstone models for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s overview
	G.2 Reference transmitter device termination model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	G.3 Reference receiver device termination model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	G.4 Generic return loss circuit model for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
	G.5 Reference transmitter test load for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

	Annex H Mini SAS 4x active cable assembly power supply and voltage detection circuitry
	Annex I SAS icons
	Annex J Standards bodies contact information
	Bibliography



