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SFF Committee
SFF- 8429 Specification for
Signal Specification Architecture for HSS Links

Rev 1.1 June 27, 2005

Secretariat: SFF Conmmittee

Abstract: This specification defines the architectural requirenents for specifying
the performance of the signals and signal tolerance in |inks where the conponents
are intended to be interoperable and interchangeable. This subject is inportant to
nost encl osure to enclosure and intra-building wiring applications. Specifically
the follow ng transport technol ogi es nay be affected: Fi bre Channel, Ethernet,

I nfiniband, SAS, and others. Qher applications such as power and tel ecomfor these
gener al - pur pose consi derations are al so possi bl e.

Thi s specification provides a conmon specification for systens nanufacturers, system
integrators, and suppliers of interconnect conmponents. This is an internal working
specification of the SFF Conmittee, an industry ad hoc group

This specification is nade available for public review, and witten comments are
solicited fromreaders. Conments received by the nenbers will be considered for
inclusion in future revisions of this specification

The description of a nethodology in this specification does not assure that the
nmet hodol ogy is actually used in published or draft standards. Methodol ogi es nust
conply with this specification to achieve interoperability and interchangeablity
bet ween suppliers of Iink conponents.

Support: This specification is supported by the identified nenber conpanies of the
SFF Commi tt ee.

PO NTS OF CONTACT:

Bill Ham I. Dal Alan

Hewl ett Packard Chai rman SFF Comm tt ee
165 Dasconb Road 14426 Bl ack Wal nut Court
Andover, MA 01810 Saratoga CA 95070

978 828-9102 408- 867- 6630
Bill.Ham@HP. com endl com@cm org
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If you are not a nmenber of the SFF Conmittee, but you are interested in
participating, the follow ng principles have been reprinted here for your
i nformation.

PRI NCI PLES OF THE SFF COW TTEE

The SFF Committee is an ad hoc group forned to address storage industry needs in a
pronpt nmanner. Wen forned in 1990, the original goals were linmted to defining de
facto nmechani cal envel opes w thin which disk drives can be devel oped to fit conpact
conputer and other small products.

Adopting a conmon industry size sinplifies the integration of small drives (2 1/2"
or less) into such systens. Board-board connectors carrying power and signals, and
their position relative to the envelope are critical paranmeters in a product that
has no cables to provide packaging | eeway for the integrator

In Novenber 1992, the SFF Committee objectives were broadened to enconpass ot her
areas whi ch needed simlar attention, such as pinouts for interface applications,
and formfactor issues on larger disk drives. SFF is a forumfor resolving industry
i ssues that are either not addressed by the standards process or need an i medi ate
sol uti on.

Specifications created by the SFF Conmittee are expected to be submitted to bodies
such as EIA (Electronic Industries Association) or an ASC (Accredited Standards
Conmittee). They nay be accepted for separate standards, or incorporated into other
standards activities.

The principles of operation for the SFF Conmittee are not unlike those of an
accredited standards conmmittee. There are 3 | evels of participation:

- Attending the nmeetings is open to all, but taking part in discussions is
limted to nmenber conpanies, or those invited by nenber conpanies

- The minutes and copies of nmaterial which are discussed during neetings
are distributed only to those who sign up to receive docunentation.

- The individual s who represent nenber conpanies of the SFF Committee
recei ve docunentation and vote on issues that arise. Votes are not taken
during neetings, only guidance on directions. All voting is by letter
bal |l ot, which ensures all nenbers an equal opportunity to be heard.

Material presented at SFF Conmittee neetings becones public domain. There are no
restrictions on the open mailing of naterial presented at conmittee neetings. In
order to reduce disagreenments and m sunderstandi ngs, copies nust be provided for al
agenda itens that are discussed. Copies of the material presented, or revisions if
conpleted in tinme, are included in the docunentation mailings.

The sites for SFF Committee neetings rotate based on whi ch nmenber conpanies
vol unteer to host the neetings. Meetings have typically been held during the ASC T10
weeks.

The funds received fromthe annual nenbership fees are placed in escrow, and are
used to reinburse ENDL for the services to manage the SFF Conmittee.

Si gnal Specification Architecture for HSS Links Page 3



Publ i shed SFF-8429 Rev 1.1

If you are not receiving the docunentation of SFF Conmittee activities or are
interested in beconing a nenber, the follow ng signup information is reprinted here
for your information

Menber shi p i ncludes voting privil eges on SFF Specs under devel opnent.

CD Access El ectroni c docunentati on contains:
- Mnutes for the year-to-date plus all of |ast year
- Email traffic for the year-to-date plus all of |ast year
- The current revision of all the SFF Specifications, as well as any
previous revisions distributed during the current year

Meet i ng docunentation contai ns:
- Mnutes for the current neeting cycle.
- Copi es of Specifications revised during the current neeting cycle.

Each el ectronic nailing obsoletes the previous nailing of that year e.g. July
repl aces May. To build a conplete set of archives of all SFF docunentation, retain
the I ast SFF CD Access mmiling of each year

Name: Title:
Conpany:
Addr ess:
Phone: Fax:
Enai | :

Pl ease register me with the SFF Conmittee for one year

____Voting Menbership w El ectroni ¢ docunentation $ 2,160
____Voting Menbership w Meeting docunentation $ 1,800
____Non-voting Cbserver w El ectronic docunentation $ 660 U.S.
$ 760 Overseas
____Non-voting Cbserver w Meeting docunentation $ 300 U S
$ 400 Overseas
Check Payable to SFF Conmttee for $ i s Encl osed
Pl ease invoice ne for $ on PO #:
MZ Vi sal AmX Expi res
SFF Committee 408- 867- 6630
14426 Bl ack Wl nut C 408- 867- 2115Fx
Saratoga CA 95070 endl com@cm org
For ewor d

VWhen 2 1/2" dianeter disk drives were introduced, there was no conmonality on
external dinmensions e.g. physical size, nounting | ocations, connector type,
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connector | ocation, between vendors.

The first use of these disk drives was in specific applications such as |aptop
portabl e conmputers in which space was at a premumand tine to market with the

| at est nmachi ne was an inportant factor. Systemintegrators worked individually with
vendors to devel op the packaging. The result was wi de diversity, and with space
bei ng such a nmaj or consideration in packaging, it was not possible to replace one
vendor's drive with a conpetitive product.

The desire to reduce disk drive sizes to even smaller dinmensions such as 1.8" and
1.3" nade it likely that devices woul d beconme even nore constrained in di nmensions
because of a possibility that such snall devices could be inserted into a socket,
not unli ke the nethod of retaining sem conductor devices.

The problens faced by integrators, device suppliers, and conponent suppliers led to
the formation of an industry ad hoc group to address the marketing and engi neering
consi derati ons of the enmergi ng new technology in disk drives. After two inforna

gat herings on the subject in the sunmer of 1990, the SFF Conmittee held its first
nmeeting in August.

During the devel opnent of the formfactor definitions, other activities were
suggest ed because participants in the SFF Comm ttee faced probl ens other than the
physical formfactors of disk drives. In Novenber 1992, the nenbers approved an
expansion in charter to address any issues of general interest and concern to the
storage industry. The SFF Committee becane a forumfor resolving i ndustry issues
that are either not addressed by the standards process or need an i nmedi ate

sol uti on.

At the sanme tinme, the principle was adopted of restricting the scope of an SFF
project to a narrow area, so that the majority of specifications would be snall and
the projects could be conpleted in a rapid tinefrane. |f proposals are nade by a
nunber of contributors, the participating nenbers select the best concepts and uses
themto devel op specifications which address specific issues in emerging storage
mar ket s.

Those conpani es whi ch have agreed to support a specification are identified in the
first pages of each SFF Specification. Industry consensus is not an essenti al

requi renent to publish an SFF Specification because it is recognized that in an
energi ng product area, there is roomfor nore than one approach. By making the
docunent ati on on conpeting proposals available, an integrator can exam ne the
alternatives avail abl e and sel ect the product that is felt to be npbst suitable.

Suggestions for inprovenent of this specification will be wel come. They shoul d be
sent to the SFF Comm ttee, 14426 Bl ack WAl nut &, Saratoga, CA 95070

The devel opnent work on this specification was done by the SFF Committee, an

i ndustry group. The nenbership of the commttee since its formation in 1990 has
i ncluded a m x of conpanies which are | eaders across the industry.

Si gnal Specification Architecture for HSS Links Page 5
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SFF Commttee --

Si gnal Specification Architecture for HSS Links

1. Scope

Connections between end points in high speed serial data and conmuni cation systens,
sonetines called links, are often nade from several conponents |ike connectors, bulk
cable, optical fiber, cable assenblies, transmitters, receivers. This docunent
explores the issues and architectures that apply when it is desirable to formthe
connection fromconponents that are specified i ndependently of other conponents in

t he sane connection. This independence allows construction of a physical connection
by assenbling the conponents w thout needing to consider the actual properties of

t he other conponents (as |ong as the other conponents also conply with their

i ndependent specifications).

| ndependent specification of connection conponents allows suppliers of the
conponents to design products that may be used in a variety of applications and nmay
be ‘field assenbled’ to other conpliant conponents to formthe conpl ete connection
These properties not only facilitate higher volunmes and conpetition for the
conponents thensel ves but also allow significant reduction in the qualification and
verification time required for the final connections.

The properties of conponents that produce the desired interoperability and

i nterchangeability are several including nmechanical, overall size, electrica
properties, optical properties, environnental stability, safety, power consunption,
reliability, color, cost, thermal properties, installability, serviceability,
robustness and others. Many of the ideas brought forward in this docunent apply to
several of these properties. However, the electrical properties and the optica
properties are the main focus for this docunent.

Thi s sinpl e soundi ng goal of independent specification is far nmore conplicated than
it may first appear. Interactions between the conponents and the direction of
signal flow provide first order inpact to the independence desired.

One of the first things to address in realizing the stated goals is identifying the
points in the connection that define the boundaries of the conponents. These points
should map directly to the points where the |ink conmponents may be assenbl ed and

di sassenbl ed. For purposes of this docunent attention is confined to points where
separabl e connectors (electrical or optical) exist within the connection. In this
context the requirenents for specification of signal performance at these connectors
are consi dered.

Mich of the material in this docunent is derived froma presentation devel oped by

t he Fi bre Channel physical group and is available on the T11l web site (www T11. org)
as docunent 04-024v6 and fromthe recently conpl eted Methodol ogies for Jitter and
Signal Quality Specification (MISQ that is also available on the T11l web site.
Bill Ham HP, is the editor for both of these documents.

The SFF Committee was formed in August, 1990 to broaden the applications for storage
devices, and is an ad hoc industry group of conpani es representing system
i ntegrators, peripheral suppliers, and conponent suppliers.

Si gnal Specification Architecture for HSS Links Page 6
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2. SFF Specifications

There are several projects active within the SFF Conmittee.

speci fication nunbers had been assigned to the follow ng projects.

Specifications is dependent on conmittee activities.

SFF-8429 Rev 1.1

At the date of printing
The status of

F = Forwar ded The speci fication has been approved by the nenbers for
forwarding to a fornmal standards body.

P = Publi shed The specification has been balloted by nmenbers and is
avai | abl e as a published SFF Specification

A = Approved The speci fication has been approved by ballot of the nenbers
and is in preparation as an SFF Specification

C = Cancel ed The project was cancel ed, and no Specification was
Publ i shed.

D = Devel opnent The specification is under devel opnent at SFF

E = Expired The specification has been published as an SFF
Speci fication, and the nmenbers voted agai nst re-
publishing it when it canme up for annual review.

e = electronic Used as a suffix to indicate an SFF Specification which
has Expired but is still available in electronic form
fromSFF e.g. a specification has been incorporated
into a draft or published standard which is only
avai l abl e in hard copy.

i = Information The specification has no SFF project activity in progress,
but it defines features in devel opi ng industry
standards. The specification was provided by a conpany,
editor of an accredited standard in devel opnent, or an
individual. It is provided for broad review (conments
to the author are encouraged).

s = submtted The docunent is a proposal to the nenbers for
consi deration to beconme an SFF Specification

Spec # Rev List of Specifications as of June 28, 2005

SFF- 8000 SFF Committee Information

I NF-8001i E  44-pin ATA (AT Attachnent) Pinouts for SFF Drives

I NF-8002i E  68-pin ATA (AT Attachnent) for SFF Drives

SFF- 8003 E SCSI Pinouts for SFF Drives

SFF- 8004 E Small Form Factor 2.5" Drives

SFF- 8005 E Small Form Factor 1.8" Drives

SFF- 8006 E Small Form Factor 1.3" Drives

SFF- 8007 E 2mm Connector Alternatives

SFF- 8008 E 68-pin Enbedded Interface for SFF Drives

SFF-8009 4.1 Unitized Connector for Cabled Drives

SFF- 8010 E Small Form Factor 15mm 1.8" Drives

I NF-8011i E ATA Tinming Extensions for Local Bus

SFF-8012 3.0 4-Pin Power Connector D nensions

SFF- 8013 E ATA Downl oad M crocode Conmmand

SFF- 8014 C Unitized Connector for Rack Mounted Drives

SFF- 8015 E  SCA Connector for Rack Munted SFF SCSI Drives

SFF- 8016 C Small Form Factor 10mm 2.5" Drives

SFF- 8017 E SCSI Wring Rules for Mxed Cable Plants

SFF- 8018 E ATA Low Power Mbdes

SFF- 8019 E Identify Drive Data for ATA Disks up to 8 GB

I NF-8020i E  ATA Packet Interface for CD ROVs

SFF-8025 0.7 SFF Committee Specification Categories

INF-8028i E - Errata to SFF-8020 Rev 2.5

SFF- 8029 E - Errata to SFF-8020 Rev 1.2

Si gna
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SFF- 8030
SFF- 8031
SFF- 8032
| NF- 8033i
| NF- 8034
| NF- 8035i
| NF- 8036i
| NF- 8037i
| NF- 8038i
| NF- 8039i

SFF- 8040
SFF- 8041
SFF- 8042
SFF- 8043
SFF- 8045
SFF- 8046
SFF- 8047
SFF- 8048
SFF- 8049

| NF- 8050i
| NF- 8051
| NF- 8052i
SFF- 8053
SFF- 8054
| NF- 8055i
SFF- 8056
SFF- 8057
SFF- 8058
SFF- 8059

SFF- 8060
SFF- 8061
SFF- 8062
SFF- 8064
SFF- 8065
SFF- 8066
SFF- 8067
| NF- 8068i
SFF- 8069

| NF- 8070i
SFF- 8072
SFF- 8073
| NF- 8074i
SFF- 8075
SFF- 8076
| NF- 8077i
SFF- 8078
SFF- 8079
SFF- 8080
SFF- 8082
SFF- 8084
SFF- 8085
SFF- 8086
SFF- 8087
SFF- 8088
SFF- 8089
| NF- 8090i

SFF- 8101
SFF- 8110
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SFF Committee Charter

Naned Representatives of SFF Conmittee Menbers
SFF Committee Principles of Operation

| nproved ATA Timing Extensions to 16.6 Ms

H gh Speed Local Bus ATA Line Term nation |ssues
Self-Mnitoring, Analysis & Reporting Technol ogy

ATA Signal Integrity Issues
Intel Small PC SIG
Intel Bus Master |DE ATA Specification

Phoeni x EDD ( Enhanced Di sk Drive) Specification

25-pi n Asynchronous SCSI Pi nout

SCA- 2 Connector Backend Confi gurations
VHDClI Connect or Backend Configurations
40-pin M croSCSl Pi nout
40- pi n SCA-2 Connect or
80- pi n SCA-2 Connect or
40-pi n SCA-2 Connector w Serial Selection
80- pi n SCA-2 Connector w Parallel ESI

80- conduct or ATA Cabl e Assenbly

w Paral |l el Selection
for SCSI D sk Drives

Boot abl e CD- ROM

Smal |l Form Factor 3" Drives

ATA Interface for 3" Renpvabl e Devi ces
@BIC (Ggabit Interface Converter)
Automation Drive |Interface Connect or
SMART Application Quide for ATA Interface
50- pi n 2mm Connect or

Unitized ATA 2-plus Connector

Unitized ATA 3-in-1 Connector

40- pi n ATA Connect or

SFF Conmmittee Patent Policy

Emai | i ng drawi ngs over the SFF Refl ector

Rol i ng Cal endar of SSWss and Pl enari es
Unshi el ded HD Cabl e/ Board Connect or System
40- pi n SCA-2 Connector w H gh Vol tage

80- pi n SCA-2 Connector w Hi gh Voltage

40- pi n SCA-2 Connector w Bidirectional ESI
Quidelines to Inport Drawi ngs into SFF Specs
Fax- Access Instructions

ATAPI for Rewitable Renovabl e Medi a

80-pin SCA-2 for Fibre Channel Tape Applications
20-pin SCA-2 for GBIC Applications

SFP (Smal | Fornfactor Pluggable) Transceiver

PCl Card Version of SFP Cage

SFP Additional 1Ds
XFP (10 Gbs Snal |
XFP-E

SFP Rate and Application Sel ection

ATAPI for CD Recordable Media

Label i ng of Ports and Cabl e Assenblies

0. 8mm SFP Card Edge Connector D nensi oni ng

Form Fact or Pl uggabl e Modul e)

100 Mbs Smal | Fornfactor Transceivers
Conpact Multilane Series: Conmon El enents
Conpact Multilane Series: Unshi el ded
Conpact Multilane Series: Shielded

SFP Rate and Application Codes
ATAPI for Miltinedia Devices (M Fujib)

3 Gbs and 4 Gbs Signal Characteristics
5V Parallel 1.8" drive formfactor

Specification Architecture for HSS Links
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SFF- 8111
SFF- 8122
SFF- 8120
SFF- 8123
SFF- 8124

SFF- 8131

SFF- 8200e
SFF- 8201
SFF-8212e
SFF- 8221
SFF- 8222
SFF- 8223
SFF- 8225

SFF- 8300
SFF- 8301
SFF- 8302e
SFF- 8323
SFF- 8332e
SFF- 8337e
SFF- 8342e
| NF- 8350i

SFF- 8400
SFF- 8401
SFF- 8410
I NF- 8411
SFF- 8412
SFF- 8415
SFF- 8416

SFF- 8420
SFF- 8421
SFF- 8422
SFF- 8423
SFF- 8424
SFF- 8425
SFF- 8426
SFF- 8429

SFF- 8430
SFF- 8431
SFF- 8441
SFF- 8448
SFF- 8451
SFF- 8452
SFF- 8453
SFF- 8454

SFF- 8460
SFF- 8464
SFF- 8470
SFF- 8471
SFF- 8472
| NF- 8475i
SFF- 8480
SFF- 8482
SFF- 8483
SFF- 8484
SFF- 8485
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1.8" drive formfactor (60x70mm

1.8" (60x70mm w SCA-2 Connect or

1.8" drive formfactor (78x54nmm

1.8" (60x70mm w Serial Attachment Connector
Menory Form Factor Di sk Drive Connections

40mmx50mm For m Fact or

2 1/2" drive formfactors (all of 82xx famly)
2 1/2" drive formfactor dinensions

2 1/2" drive w SFF-8001 44-pi n ATA Connect or
Pre-Aligned 2.5" Drive >10mm For m Fact or

2.5" Drive w SCA-2 Connect or

2.5" Drive w Serial Attachnment Connect or

2.5" Single Voltage Drive

1/2" drive formfactors (all of 83xx famly)
1/ 2" drive formfactor dinensions

1/ 2" Cabl ed Connector | ocations

1/2" drive w Serial Attachment Connector
1/2" drive w 80-pin SFF-8015 SCA Connect or
1/ 2" drive w SCA-2 Connect or

1/2" drive w Serial Unitized Connector

1/ 2" Packaged Drives

WWWWwWwwww

VHDCl (Very High Density Cable Interconnect)
Optical Transceiver for Short-Reach Appcns

H gh Speed Serial Testing for Copper Links

H gh Speed Serial Testing for Backpl anes

HSO (H gh Speed Optical Interconnect) Testing
HPElI (H gh Performance El ectrical |nterconnect)
HPElI Bul k Cabl e Measur enent/ Perfornmance Regmts

HSSDC- 1 Shi el ded Connecti ons

HSSDC- 2 Shi el ded Connecti ons

FCl Shi el ded Connecti ons

Mbl ex Shi el ded Connecti ons

Dual Row HSSDC- 2 Shi el ded Connecti ons

Single Voltage 12V Drives

HSSDC Doubl e W dt h

Si gnal Specification Architecture for HSS Links

MI- RJ Dupl ex Optical Connections

SFP+

VHDCI Shi el ded Confi gurations

SAS Sideband Utilization

SCA- 2 Unshi el ded Connecti ons

ditch Free Mating Connections for Miltidrop Aps
Shi el ded H gh Speed Serial connectors

SCA- 2 Enhanced HSS

HSS Backpl ane Desi gn Qui del i nes

| mproved MM HSS Opti cal Link Performance

Mul ti | ane Copper Connect or

ZFP Mul til ane Copper Connect or

Di agnostic Mnitoring Interface for Optical Xcvrs
XPAK Snal | Fornfactor Pluggabl e Receiver

HSS (H gh Speed Serial) DB9 Connections

Unshi el ded Dual Port Serial Attachment Connect or
External Serial Attachment Connect or

Mul til ane Unshi el ded Serial Attachment Connect or
Serial GPI O (CGeneral Purpose |nput/Qutput) Bus

Signal Specification Architecture for HSS Links
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SFF-8500e 1.1 5 1/4" drive formfactors (all of 85xx famly)
SFF-8501e 1.1 5 1/4" drive formfactor dinensions

SFF-8508e 1.1 5 1/4" ATAPI CD- ROM w audi o connectors
SFF-8523 1.4 5 1/4" drive w Serial Attachnment Connector
SFF-8551 3.2 5 1/4" CD Drives form factor

SFF-8552 1.1 5 1/4" 9.5m 12. 7mm Optical Drive Form Factor
SFF- 8572 C 5 1/4" Tape formfactor

SFF- 8610 C SDX (Storage Device Architecture)

SFF- 8617 SAS Transition cables

3. Sources

Copi es of ANSI standards or proposed ANSI standards may be purchased from d oba
Engi neeri ng.

15 I nverness Way East 800-854- 7179 or 303-792-2181
Engl ewood 303- 792- 2192Fx
CO 80112-5704

Copi es of SFF Specifications are available by joining the SFF Conmittee as an
oserver or Menber or by downl oad at ftp://ftp.seagate.coni sff

14426 Bl ack Val nut O 408- 867- 6630x303
Sar at oga 408- 867- 2115Fx
CA 95070
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Signal Specification Architecture for Interoperable H gh Speed Serial Links

1. Introduction

Connecti ons between end points in high speed serial data and comuni cation systens,
sonmetines called links, are often nade from several conponents |ike connectors, bul k
cable, optical fiber, cable assenblies, transmitters, receivers. This docunent

expl ores the issues and architectures that apply when it is desirable to formthe
connection from conponents that are specified i ndependently of other conponents in

t he sane connection. This independence allows construction of a physical connection
by assenbling the conponents w thout needing to consider the actual properties of
the ot her conponents (as long as the other conponents also conply with their

i ndependent specifications).

I ndependent specification of connection conponents all ows suppliers of the
conponents to design products that nay be used in a variety of applications and nmay
be ‘field assenbled’ to other conpliant conponents to formthe conpl ete connection
These properties not only facilitate higher volunes and conpetition for the
conmponents thensel ves but al so allow significant reduction in the qualification and
verification tinme required for the final connections.

The properties of conmponents that produce the desired interoperability and

i nterchangeability are several including nechanical, overall size, electrica
properties, optical properties, environnental stability, safety, power consunption
reliability, color, cost, thermal properties, installability, serviceability,

robust ness and others. Many of the ideas brought forward in this docunent apply to
several of these properties. However, the electrical properties and the optica
properties are the main focus for this docunent.

Thi s sinple soundi ng goal of independent specification is far nore conplicated than
it may first appear. Interactions between the conponents and the direction of
signal flow provide first order inpact to the independence desired.

One of the first things to address in realizing the stated goals is identifying the
points in the connection that define the boundaries of the conponents. These points
should map directly to the points where conponents nmay be assenbl ed and

di sassenbl ed. For purposes of this docunent attention is confined to points where
separ abl e connectors (electrical or optical) exist within the connection. 1In this
context the requirenents for specification of signal perfornmance at these connectors
are consi dered.

Much of the material in this docunent is derived froma presentation devel oped by
the Fi bre Channel physical group and is available on the T11l web site (wwv. T11. org)
as docunent 04-024v6 and fromthe recently conpl eted Methodol ogies for Jitter and
Signal Quality Specification (MISQ that is available from
http://ww.techstreet.conicgi-bin/newresults search for ‘MISQ. Bill Ham HP, is
the editor for both of these docunments. Both FG-PI-2 and SAS 1.1 have adopted key
portions of the methodol ogy defined in this docunent.

2. A sinple connection

2.1 Overview

In a sinple exanple, that becones |ess sinple soon enough, the connection, or
physical |ink, consists of three conponent parts: the transmitter device, the

i nterconnect, and the receiver device each joined together by a separabl e connector
Each conponent part needs its own performance specification that is independent of
the properties of any other specific conponent in the connection. Signals travel in
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opposite directions down the sanme nominal path if a duplex connection is used. For
sone applications Iike Ggabit Ethernet the sane wire is used sinmultaneously for
both directions (the received signal is detected by subtracting the known | aunched
signal fromthe total). This document is optimzed for the nore common case where
each direction of signal travel has its own dedicated wires. The general approach
is useful in both cases.

Figure 1 shows a sinple duplex link and the [ocation of the connectors.

Transmit Receive
interoperability interoperability
point point

Transmitter Interconnect Receiver
device device

Separable Separable
connector connector

Receive Transmit
interoperability interoperability
point \ point

Receiver Interconnect Transmitter
device <= device

Separable Separable
connector connector

Bl connector used on the component in service

Figure 1 -A sinple duplex link physical connection

Si nce connectors are always used in the nmated condition the only access to the
signals is before the signal enters the mated connector (i.e. upstrean) or after the
signal exits the connector (i.e. downstrean). Even if signals could be practically
accessed at the point of mating within the connector such access would disturb the
connector to the point that the nmeasurenent of the signal would be conproni sed.
Attenpting to access the unmated connector with probes, for exanple, is also not
accept abl e because the connector is not the sane when unmated as when nated and the
probe contact points will not be at the sane |ocation as the connector contact

poi nts. Wen using probes the contacts are not deflected and the shields are not
connected in unmated el ectrical connectors. For optical connectors the only
practical access nmethod to an unmated connector is by adding the mating half and
that makes it a mated connect or

In this docunent the signal outputs are always neasured downstream of the mated
connector (as shown in Figure 1) so that the contribution of the connector to the
signal properties is included in the neasurenent. This approach assigns a portion
of the connector |osses to the upstream conponent but it al so nakes the signa

nmeasur enent conservative. |f the connectors on both ends of the interconnect are
the sane, the additional |oss at the downstream connector is bal anced by the reduced
| oss at the upstreamconnector. For transmitter devices a slightly stronger
transmitter is required to pass the signal through the downstreamhalf of the
connector that does not belong to the transnmtter device. The signal comng into
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receiver devices is specified after the signal has passed through the connector

Exam nation of the details of the neasurenent nethods described | ater shows that the
mat ed connector issue is not a severe as it nay appear

Each part intrinsically has sone properties that nmay be expressed via i npedance
and/ or S paraneter methodol ogi es

The TxRx connection has an assuned ‘reference inpedance’ e.g. 100 ohns.

2.2 Under the hood for the transmtter device and the recei ver device

Transmitter Chip package pin signal
device properties apply here and
boundary are measured into a specified
termination
; Signal output
\ Coupling compont/ants applies here
/ (measured out of
specified load
Chip \ p )

¥

Transmitter

circuit \
/

Chip package containing the SCA-2 connector

. o FC disk drive (typ)
transmitter circuit and the source
termination function Link source termination components (on-chip)

o - Package balls/pins All sighals measured with full activity present

Figure 2 - Transmitter device details for an HDD type interoperability point

Figure 2 shows the details of a transmtter device. Notice that there are at | east
three internal parts of this transmtter device that could be called a
‘“transmitter’:

1. the transmitter circuit in the chip

2. the chip itself

3. the chip and its associ ated chi p package

The term‘transmtter’ is therefore not well defined and is not used in the
term nol ogy without a nodifier

The transnmitter device contains a connector (half a mated pair), optional coupling
circuits, the source termnation, the transmtter circuit, PCB traces and vias, the
chi p package, and possibly ESD devices. It is assuned that the source term nation
is contained within the chip package.
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Interoperability specifications are defined at the connector of the transnmtter
device for storage standards (FC, SAS, SSA etc.)

Interoperability points mght be defined at the chip package pins in sone network
standards (e. g., Ethernet XAU).

The practice of defining interoperability points at the chip pins optimzes the
specification froma chip point of view but may | eave the rest of the
interoperability problemin the Iink unspecified. This docunent assumes that the
nore inportant interoperability points are at the separabl e connectors where the
user interfaces exist rather than at the chip interfaces that are usually

per manent | y enbedded i nside sone device. Qher problens with specifying signals at
chip pins include practical neasurenent difficulties and the inpact of getting the
signal to and through the transmtter device connector

Figure 3 shows the details of a receiver device. It is simlar to the transmtter
devi ce.

Chip package pin signal
properties apply here and
are measured into a specified

Signal output applies here termination Receiver
g put app Coupling device
(measured into " boundary
specified termination \ comp?nen S
+/ / Chip
Receiver
/ circuit
SCA-2 connector . L
FC disk drive (typ) Chip package containing the
receiver circuit and the link
Link termination components (on chip) termination function
All signals measured with full activity present | @ = Package balls/pins

Figure 3 - Receiver device details for an HDD type interoperability point

Notice that there are at least three internal parts of this receiver device that
could be called a ‘receiver’

1. the receiver circuit in the chip
2. the chip itself
3. the chip and its associ ated chi p package

The term ‘receiver’ is therefore not well defined and is not used in the term nol ogy
wi t hout a nodifier.

The receiver device contains a connector (half a nated pair), optional coupling
circuits, the link termnation, the receiver circuit, PCB traces and vias, the chip
package, and possibly ESD devices. It is assuned that the link termnation is
contai ned within the chip package.
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2.3 Definition of receiver sensitivity and receiver device sensitivity

The term ‘receiver sensitivity' is problematic in common usage. This termis not
used for interoperability specifications but it has proven inpossible to purge the
term Avrelated termapplicable to the receiver device input signal is the
‘receiver device sensitivity’. Wile these two terns are related they are
significantly different because of the noise environment assuned. The follow ng
description is used to uniquely define these terms with the understanding that this
docunent di scourages usage of either term

Recei ver sensitivity:
The receiver in the receiver sensitivity refers to signal properties at the chip
package pin for the chip package that contains the receiver circuit.
Recei ver sensitivity is defined as the mninumvertical inner eye opening at
whi ch the receiver chip delivers the required BER — the horizontal eye opening
shal | be mininum (maxinumjitter present) and all activity is gquiesced except for
the receiver itself.
Recei ver sensitivity is not defined where there are no chip pin specifications

Recei ver device sensitivity:

The term ‘receiver device sensitivity' is defined as the mninumvertical inner eye
openi ng at which the receiver chip (the chip in the chip package on the board

contai ning the receive device interoperability point) delivers the required BER with
all activity expected in the application for the receiver circuit present (not

qui esced as for the receiver sensitivity definition), with the CITPAT (see MISQ,
and the m ni mum hori zontal eye opening in the signal at the receive device

i nteroperability point.

Special test conditions are required to neasure these sensitivities as described
later. The terminology used is ‘signal tolerance instead of ‘receiver
sensitivity’.

3. Basic signal performance properties

3.1 Introduction

At any given interoperability point a set of signal or |ink performance requirenents
are used to define the interoperability requirenments. |f these requirenents are all
met then, within the Iimtations of specific systeminpl enentation noise properties
and damage that may have occurred during shipping and installation, the conplete
link should deliver the require BER without further testing and qualification

For both optical and electrical links the follow ng signal properties require
specification at every interoperability point:

Si gnal output (eye type neasurenent of the signal output at the interoperability
poi nt)

Downst ream si gnal tol erance (BER neasurenent using mninmumquality signal as

i nput at the interoperability point)

Upstreamreturn | oss (S paraneter 22 | ooking upstreamat the interoperability

poi nt)

Downstreamreturn loss (S paraneter 11 | ooking downstreamat the interoperability
poi nt)
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The details of these neasurenents depend strongly on the details of the electrica
or optical connection

In this docunent only the differential electrical type is described since that is

the nost conplex. Single ended electrical and optical types essentially use the
differential signal nmeasurenent in a single ended node.
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At a differentia
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el ectrical |inks

electrical interoperability point both the differential and comon

node performance requirenents are specified. The conplete |ist of the eight
requi red properties is in Table 1

Tabl

e 1 - List of specifications required at differential electrica

interoperability points

(Note 4)

downstream return | oss

Nanme Symbol Descri ption
Di f ferential signal DSO Jitter eye nmeasurenent (Note 1) with defined data pattern out of a
out put | aboratory grade electrical load - signal neasured through the
mat ed connector used in service
Measures the performance of all upstream portions of the Ilink
Di fferential signal DST BER measurenent with a defined data pattern using a signa
t ol erance (Note 2) [generated from | aboratory grade calibration and |aunch conditions -
(Note 3) [signal calibrated through a | aboratory grade mated connector
Measures the performance of all downstream portions of the |ink
Di f ferential upstream [SDD22 Ret urn | oss neasurenent | ooking upstreamusing differential S
return | oss par anet er net hodol ogi es assumi ng an ideal differential and conmon
(Note 4) node reference inpedance - effects of the service connector are
i ncluded in this measurenment
Measures the performance of all upstream portions of the Iink
Di fferential SDD1 1 Ret urn | oss neasurenent |ooking downstreamusing differential S

par amet er met hodol ogi es assum ng an ideal differential and conmmon
node reference inpedance - effects of the service connector are

i ncluded in this neasurenent

Measures the performance of all downstream portions of the |ink

return | oss
(Note 4)

Conmon node si gnal CSO Jitter eye nmeasurenent (Note 1) with defined data pattern out of a
out put | aboratory grade electrical load - signal neasured through the
mat ed connector used in service
Measures the performance of all upstream portions of the Iink
Cormon node si gnal CST BER measurenent with a defined data pattern using a signa
t ol erance (Note 2 [generated from | aboratory grade calibration and |aunch conditions -
(Note 3))[signal calibrated through a | aboratory grade mated connector
Measures the performance of all downstream portions of the |ink
Conmon node upstream [SCC22 Ret urn | oss neasurenent | ooking upstream using comopn node S

par anet er net hodol ogi es assumi ng an ideal differential and conmon
node reference inpedance - effects of the service connector are

i ncluded in this measurenment

Measures the performance of all upstream portions of the Iink

Conmon node
return | oss
(Note 4)

downst r eam

SCC11

Ret urn | oss neasurenent |ooki ng downstream usi ng conrmon node S
par amet er met hodol ogi es assum ng an ideal differential and conmmon
node reference inpedance - effects of the service connector are

i ncluded in this neasurenent

Measures the performance of all downstream portions of the |ink

Note 1 - see MISQ for
Note 2 - Signa

details on jitter eye neasurenents

tol erance neasurenents for differential and conmon nobde properties cannot be
separ at ed because the result of a tolerance neasurenent is the BER for the Iink. The signal used
for signal tolerance neasurenents contains the worst case conbination of differential, commopn node
and data pattern properties
The differential
quantity in this table.
Note 3 - Signa

and conmon npde content in the signal used for signal tolerance is the specified

tol erance nethods are described in nore detail in MISQ where four kinds of jitter
content are described in these signals.

Note 4 - Use of S paraneters assunmes that the relevant portions of the links behave linearly - such
behavi or may not al ways exi st
active devices are set to their nom nal bias conditions during this neasurenent to mnimze the

i npact of non-1linear properties

in active devices or where magnetic coupling elenments are used - the
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4. Measurenment architecture requirenents

4.1 Introduction

Signal specifications are only neaningful if the signals can be neasured with
practical instrumentation. Another requirenent is that different |aboratories
maki ng neasurenments on the same signal get the sane results within acceptable
nmeasurenent error. In other words the neasurenents nust be accessible, verifiable,
and transportable. As of this witing there are no accepted standards for creating
signals with traceable properties and with all the properties required for an

ef fective signal specification architecture for high speed serial applications.

Sonme of the elenments required for practical, verifiable, and transportable signa
nmeasurenents are included in this docunent.

Havi ng signal specifications at interoperability points that do not depend on the
actual properties of the other |ink conponents not under test requires that

speci fied known | oads be used for the signal neasurenments. |In service, the |oad
presented to the interoperability point will be that of the actual conponent and
envi ronnent existing in service.

Interfacing with practical instrunments also requires that specified i npedance
environnents be used. This forces a signal neasurenent architecture where the

i mpedance environment is 50 or possibly 75 ohns single ended (100 or 150 ohns
differential). It also forces the requirenment for instrunmentation quality |oads of
the correct val ue.

Instrunmentation quality |oads are readily available for sinple transnission |ine
termnation. For nore conplex |loads the industry is still working on how to nake
these available. The properties of nore conplex |oads include specified propagation
time, insertion |oss properties, crosstalk properties, and jitter creation
properties. Mre discussion on the conplex |oads is given in clause 6.

For signal tol erance nmeasurenents one nust calibrate the signal before applying it
to the interoperability point under test. This calibration is done by adjusting the
properties of the signal neasured out of a known |load (just |ike the signal output
case) and then renoving the known | oad and appl yi ng the signal unchanged to the
interoperability point under test. It is assuned that any changes to the signa
fromthe calibration state to the nmeasurenent state are caused by the
interoperability point under test and is therefore part of the performance sought by
t he nmeasurenent.

4.2 Rel ationship between signal conpliance neasurenents at interoperability points
and operation in systens

The signal and return | oss neasurenents in this docunment apply under specified test
conditions that sinulate sone parts of the conditions existing in service. This
simul ation includes, for exanple, duplex traffic on all Ports and under al
appl i cabl e environnmental conditions. Qher features existing in service, such as
non ideal return loss in parts of the link that are not present when neasuring
signals in the specified test conditions, are accounted for in the specifications
thensel ves. This methodology is required to give each side of the interoperability
poi nt signal performance requirenments that do not depend on know ng the properties
of the other side.

Measuring signals in an actual functioning systemat an interoperability point does
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not verify conpliance for the conponents on either side of the interoperability
point. Such a neasurenent nmay verify that the specific conbination of conponents in
the systemat the time of the measurenent produces conpliant signals. Interaction
bet ween conponents on either side of the interoperability point nay allow the signa
neasured to be conpliant but this conpliance may have resulted because one conponent
is out of specification while the other is better than required.

It is recommended that additional margin be all owed when perform ng signa
conpl i ance neasurenents to account for conditions existing in service that nay not
have been accounted for in the specified measurenents and specification limts.

5. The interoperability penalty and rel ated issues

There is an interoperability penalty in the signal specifications caused by
differences in the signal output and signal tolerance at the same interoperability
point. These differences arise because conponents on both sides of the
interoperability point each are all owed i ndependent tol erances for properties.

For exanple, in a sinple d.c. systemw th two conpliant conponents, if the
downst ream conmponent has a | ower inpedance than nom nal and the upstream conponent
has a hi gher inpedance than nom nal the signal at the interface is reduced by both

t he upstream and downstream conponents. |f the signal output specificationis
nmeasured with nom nal inpedance for the signal |oad the effect of the high inpedance
on the upstream conponent is included in the nmeasurenent. However, the signal will
still not neet the m nimum anplitude requirenment when a conpliant, but not nom nal

| ow i npedance downstream conponent is used in service

The out put signal specification is increased to accommbdate the worst case possible
fromconpliant conponents. This increase is effectively an interoperability penalty
that would not exist if nom nal conponents were used.

Thi s docunent does not specify the nmethodol ogy for determning the interoperability
penalty values as this is a conplex topic that has not yet been docunented in
detail. Extensive use of sophisticated simulations are required for determning the
interoperability penalty in specific cases.

Anot her sonewhat related issue is the applicability of the measurenents to
applications where snall differences exi st between the nmeasurenent conditions and
the service conditions. For exanple, the actual link |length between the transmtter
devi ce and the receiver device may be different fromthe cable assenbly | ength
assuned or used during neasurenent because of board traces between the cable
assenbly and the link termination in the system

One approach used to address this condition for electrical interconnect assenblies
in SFF-8415 (see ww. sffconmttee.con) requires that eye neasurements on

i nterconnect assenblies be valid at data rates 10% above and 10% bel ow t he nom na
data rate as well as at the nom nal data rate. This ensures that there are no

i mportant suckouts near the data rate.

6. Conpliance interconnect and standard receiver device nethods

6.1 Conpensation

Conpensation is the attenpt to mtigate the deleterious effects occurring during
signal transm ssion by adding or subtracting features fromthe signal. Conpensation
may be executed in the transmtter device, in the interconnect, and in the receiver
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devi ce. Conpensation nmay be applied to properties of the signal that depend on the
specific data pattern and to properties that are predictable upon subsequent use
such as line to line propagation tinme skew and DCD. The basic assunption for
conpensation is that the degradation intensity and type renains stable over periods
of at least several bit tines.

Conpensation schenes that may adjust the paraneters of the conpensating nmechani sm
are terned “adjustable”. Conpensation schenmes that use active circuitry are terned
“active”. Conpensation schemes that pass the signal through a transfer function are
termed “filtered” or “equalized”, the latter being derived fromthe conmon practice
of matching the transm ssion | osses across part of the frequency spectrum

Adj ust abl e schenes that change the paraneters of the conpensating nmechanismin
response to specific received signal nmeasurenents are termed “adaptive”. It is
usual Iy assuned that adaptive schenmes will use some sort of automatic nmeans to do

t he adapti ng.

The mechani snms of degrading signals fall broadly into two nodes: (1) primary | osses
along the transm ssion path such as attenuation, reflections, and resonances and (2)
secondary | osses due to causes that are external to the transm ssion path such as
crosstal k noise. In sone cases the secondary | osses may exceed the prinmary | osses.
Losses may be anplitude or timng precision or both.

Details concerning the inportant differences between the |ocation of the
conpensation are explored in the foll owi ng sub cl auses.

6.2 Transmitter device conpensation

Any conpensation schene that is inplenented in the transmtter device either (a)
nmakes assunptions concerning the nature and intensity of the degradation that occurs
during the transm ssion or (b) has sonme sort of feedback fromthe receiver that
al l ows adj ustnment of the paraneters of the conpensation schenme. Such a feedback
mechani smrelies on higher |evel protocol

When transmitter device conpensation is used, the results are visible in the signa

| aunched fromthe transmtter device. However, it nmay be necessary to use specia
nmet hods to deternmine the quality of the signal fromthe transmtter device since the
conpensation process may significantly alter the signal

The general nethod for verifying transmtter device conpensation is to pass the
transmtter device signal through a transfer function that enmul ates the | oss
nmechani sm in both nmagnitude and phase, for a standard interconnect (called a
conpliance interconnect) attached to the transmitter device before exam ning the
signal. One neasurenent set up for such a nethodology is shown in Figure 4 where
nodel s are used instead of hardware where possible.

The mat hemati cal description of a conpliance interconnect is not a specification for
the interconnect used in the systemitself (although the specifications for the
conpliance interconnect are derived from assunpti ons about the systeminterconnect);
it is a specification of the load that is placed on the transmtter device for

pur poses of enabling nmeasurenent of transmitter device signals. See T11/04-604v0
for a nore detail ed discussion of conpliance interconnect methodol ogi es.
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OPTIONAL SCOPE PROBES SHOWN,
TERMINATION MAY BE PART OF
SCOPE INPUT (NOT REQUIRING PROBES)

TRANSMITTER DIGITIZED REAL TIME
DEVICE WAVEFORM*
ORDINARY SAMPLING
TEST TERMINATOR  OSCILLOSCOPE RANSVITTER
REPEATING PLACEDASCLOSE  TRIGGERED ON THE DEVICE
PATTERN ASPRACTICAL TO  sAME PART OF THE IMPEDANCE
E.G., CJTPAT THE TRANSMITTER  REPEATING PATTERN INFORMATION**
DEVICE
v MATHEMATICAL
B - DESCRIPTION OF
< < COMPLIANCE
‘K\\\\\\\\\fNTERCONNECT
OUTPUT EYE SOFTWARE OTHERMJSQ
SYNTHESIZER REQUIREMENTS
(SUITABLE PACKAGES E.G., GOLDEN
PRESENTLY EXIST) PLL

* COMPLETE DETAILED WAVEFORM RESULTS -- SEE MJSQ
** OBTAINED FROM A SEPARATE MEASUREMENT ON THE TRANSMITTER

Figure 4 - Measurenent set up for evaluating transmtters

It is also possible to evaluate the transmtter device by using a gol den physica
sanpl e of conpliance interconnect attached to the transmitter. |In this case the
mat hemati cal description of the conpliance interconnect is built into the gol den
hardware and direct observation of the output eye is possible without the software
synthesizer. Even in this case the specification for a physical conpliance

i nterconnect is not the same as the specification for the link interconnect where a
much nore conplete set of requirenments are specified including items such as
crosstal k and EM performance.

6.3 I nterconnect conpensation

I nterconnect is specified by its ability to transport a mninumquality |aunched
signal to an adequate quality signal comng out the far end. |f conpensation is
incorporated into the interconnect itself then the interconnect includes the
conpensation as part of its performance and no special treatnment is required.

6.4 Receiver device conpensation

Figure 5 shows the basic schenme used to specify input signals for devi ces whose
internal circuity (receiver chip itself or other circuitry) incorporates

conpensation. |If this conpensation is included as part of the Iink budgeting
process the effects of this conpensation nust be visible at the connector where the
interoperability specifications apply. 1In an extrene exanple the signal may exhibit

no jitter eye opening and/ or no waveform eye opening at all at the connector unless
the effects of the conpensation are included in the signal neasurenent process. The
receiver device itself is evaluated based on its ability to produce small error
ratios with a minimumaquality incomng signal. This evaluation demands the ability
to specify and calibrate a signal at the interoperability point for use with signa

t ol erance neasurenents.

Since the receiver device processes the signal internally, the observed signal at
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t he connector needs to be processed to emulate the internal signal in the device at
point “A” during the signal neasurenent. This is done by passing the signal at the
connector through a standard conpensation transfer function (possibly, but not
necessarily, the sane as that used internally in the device) before evaluating the
signal. The standard conpensation transfer function (or standard receiver device)
is that assuned when creating the |link budgets. Real receiver devices need not

i mpl ement exactly the sanme function or nethod but the properties of the signal used
for signal tol erance neasurenents are known and the device nmay be designed to work
with this signal. The standard conpensation function (standard recei ver device)
al | ows

Visibility of the signal properties at the receiver device interoperability point
Use of the sanme signal quality specification nmethodol ogy as for non-conpensated
signal s

Li nk budgeting to be done without conpronising the ability to do proprietary
recei ver designs.

For signal tolerance testing the signal observed downstream of the standard
conpensation function is then adjusted to have the properties of a mninumquality
signal. This calibrated signal then applied to the device and the device bit error
ratio is nmeasured. Bit errors are detected at point “B’ after passing through the
internal receiver.

INTERNAL

COMPENSATION RECEIVER DEVICE
FUNCTION
A
INTERCONNECT
TRANSMITTER |~ 1 B
DEVICE | _ AN
\ SIGNALS SPECIFIED
AT CONNECTORS INTERNAL RECEIVER CIRCUIT
TRANSMITTER
DEVICE SIGNAL A
MEASURING [ %
INSTRUMENT SIGNAL
SIGNAL MEASUREMENT SCHEME SPES
AT RECEIVER DEVICE CONNECTOR

APPLIED
AFTER
COMPENSATION
EMULATION

TEST TERMINATOR HERE
PLACED AS CLOSE COMPENSATION FUNCTION EMULATOR
AS PRACTICAL TO (HARDWARE OR SOFTWARE)

THE RECEIVER DEVICE WITH MINIMUM

%
CONNECTOR REQUIRED TRANSFORMATION

* ALTERNATIVELY A STANDARD RECEIVER DEVICE (WITH ANALOG OUTPUT)
COULD BE USED UPSTREAM OF THE SIGNAL MEASURING INSTRUMENT

Figure 5 - Ceneral neasurenent configuration for the signal going into the receiver
devi ce that uses conpensation

Si nce the neasurenment system shown in Figure 5 is linear, one could place the
conpensation function before the signal neasurenment instrunent by using a hardware
version of a golden receiver signal processor. In all cases specification of a
standard conpensation function is required.

6.5 Miultiple conpensation functions in the sane |ink

Si gnal Specification Architecture for HSS Links Page 23



Publ i shed SFF-8429 Rev 1.1

I nteractions between conpensation inplenmented at different points in the Iink
(transmitter device, interconnect, receiver device) is expected. Wrk is underway
to quantify the inpacts of this interaction. This interaction is another part of
the interoperability penalty discussed in section The interoperability penalty and

rel ated i ssues.
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7. De-enbeddi ng connectors in test fixtures

Connectors are necessarily part of the test fixtures required for obtaining access
to the interoperability points. This is intrinsic for nost practical measurenents
because the connectors used on the service conponents are different fromthose used
on the instrunmentation

The effects of the portions of the connector that is used on the test fixture need
to be accounted for in order to not penalize the point under test by the perfornance
of the test fixture connector. This accounting process is terned ‘de-enbedding’ in
this section.

Figure 6 shows two cases that apply.

Case 1: deimbedding a test fixture that includes a mated connector
e.g., for the measurement test fixture calibration for transmitter output

=
o
b Open, short, standard ideal termination
E S applied to connector pads on the connector
£ Deimbedded
to here

Case 2: deimbedding a test fixture that includes the mounting pads
for a mated connector (when the mated connector is part of the DUT)

= Test Fixture

o

o Open, short, standard ideal termination

g E W] E\ applied to connector pads on the board

P4

> Footprint where - ==

Deimbedded ctc:nnectortvgll Mated
to here € mounte Mated device  instrumentation

connector connector
e.g., SCA2 e.g., SMA

Figure 6 - De-enbeddi ng of connectors in test fixtures

The de-enbeddi ng process assunes that the test fixture is linear and that S

par anet er net hodol ogi es are used. Fundanentally an S paraneter nodel for the test
fixture with or without the connector in place is the result. Knowi ng this node
for the test fixture (wWith or without the connector in place) allows sinulation of
the i npact on the signal neasurenent.
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8. Measurenent conditions for signal output (DSO at the transmitter device

The measurenent conditions required for a differential transmitter device signa
output (DSO are shown in Figure 7. Two required cases are described in this
figure: one where the transnmitter device is directly attached to the receiver device
and the other where the transmitter device is attached to the receiver device

t hrough an interconnect assenbly (cable assenbly or PCB).

To simul ate sone of the properties of the interconnect assenbly an instrunentation
quality conpliance interconnect is used as described in clause 6. This conpliance
i nterconnect is assuned enbedded in the conpliance interconnect test fixture as
shown in nore detail in Figure 8.

Measurement test fixture

Device containing including connector
the transmitter chip adapters and
compliance interconnect
r
Instrumentation Transmitter device output
_____________ cable g signal measured
DUT * Ev— W] 8 | L
e e e mmmeen & into nominal impedance
instrument input
1

Measurement of the transmitter device output

* compliance interconnect with
nominal impedance
or “zero length” interconnect

Test fixture for
calibrating the
measurement
test fixture Mated device
- j =4
s Measurement test fixture | |strumentation s - COnngétsg
e e e 1 1 |:_'_; cable o €.g.
[M——M]
g * Eg Mated
TToTTTTTTTTTThTT Instrumentation
2 2
e connector
. e.g., SMA
Deimbedded .
to here » Sij

Calibration for the measurement test fixture

Figure 7 - Measurenent conditions for transmtter device signal output
speci fications

A measurement test fixture could be constructed from a
‘standard’ compliance interconnect with SMA connectors
and a connector adapter as shown below
(Scheme gives both zero length and compliance interconnect parts)

_Low loss, Measurement test fixture
zero’ length \ -
connector .
X Mated device connector
adapter fixture A e.g., SCA2
Separate ‘standard’ =
compliance interconnect |: /=
__________ Nl Mated instrumentation
) ‘Extra’ stuff to enable connector
Deimbedded Si\ a separate compliance e.g., SMA
to here ) interconnect part

The ‘extra’ stuff is added loss and delay compared to
the ‘standard’ compliance interconnect - by using high quality
SMA connectors and short, low loss designs the ‘extra’
stuff may be tolerable - the extra stuff makes it more difficult
for the transmitter to meets its required output specs

Figure 8 - Transmitter device output signal neasurenment test fixture details
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9. Measurenent conditions for signal tolerance (DST) at the transmtter device

The neasurenent conditions required for the signal tolerance (DST) at the
differential transmitter device interoperability point are shown in Figure 9. Two
required cases are described in this figure: one where the transmtter device is
directly attached to the receiver device and the other where the transmtter device
is attached to the receiver device through an interconnect assenbly (cable assenbly

or PCB).

‘Zero’vlength
tfosrt”f]':g:gf Interconnect + receiver device
Launch source adapter DUT

O—L_F__TM A o . Bit error ratio
---t --- measured here

Measurement of Launch source is disconnected
signal tolerance from test fixture and attached to
system input

‘Zero’ length
test fixture | Test fixture having compliance interconnect spec

Launch source ** connector
adapter ~ Seetextfor For calibration of
Ideal source calibration of test fixture launch source signal
* {E[w™ * [E—> measure here into
nominal impedance
** may need to have pre-emphasis instrument input

| Calibration for the launch source |

* tightly specified functions

Figure 9 - Measurenent conditions for system (interconnect + receiver device) signa
tol erance

The test fixture for this measurenent is shown in Figure 10.

‘Zero' length
test fixture ) . )
connector  Testfixture having compliance
adapter interconnect spec

= ] Mated device
o o
s o - connector
E EIM % M{E E e.g., SCA2
z Z Mated )
S = == Instrumentation

. connector
Deimbedded N

to here > Si &9 SMA

Note that this test fixture is identical to the ‘measurement’ test fixture used
for the transmitter device output signal (even the connector genders and pins used
in the SCA-2 connector are the same)

* tightly specified function

Figure 10 - Calibration of test fixture having conpliance interconnect specification
for transmtter device (interconnect + receiver device) signal tol erance
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10. Measurenent conditions for signal output (DSO at the receiver device

The neasurenent conditions for the signal output at the receiver device are shown in
Figure 11.

‘Zero' length
Interconnect + transmitter device test fixture
connector
DUT adapter

. System signal output

T ) « [MJE] — measured here into

T nominal impedance
instrument input

Mated device
- connector
e.g., SCA2
Mated
i Instrumentation

connector

* tightly specified function &g SMA

Figure 11 - Measurenent conditions for signal output at the receiver device

The interconnect could be the zero Il ength interconnect where the transmtter device
is connected directly to the receiver device.

11. Measurenent conditions for signal tolerance (DST) at the receiver device

The neasurenent conditions required for the signal tolerance (DST) at the
differential receiver device interoperability point are shown in Figure 12. Two
required cases are described in this figure: one where the transmtter device is
directly attached to the receiver device and the other where the transmtter device
is attached to the receiver device through an interconnect assenbly (cable assenbly
or PCB).

Figure 13 shows the calibration of receiver test interconnect test fixture for the
recei ver device signal tol erance neasurenent.
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Mated device

- connector
e.g., SCA2

Receiver device . Mated
test interconnect Receiver = 'nstrumentation
. . device connector
auncn source DUT e.g.,, SMA
0 N el N I Bit error ratio
L] L] measured here
Measurement of the receiver Receiver test interconnect is
device signal tolerance disconnected from output load
and attached to receiver input
Receiver test interconnect Zero’ length test fixt
(compliance interconnect spec) ecronr?e(?tor :j’aplgfre
*%
Launch source See text for calibration For calibration of
Ideal source of test interconnect launch source signal
* {E[ M} * » [MIE—» measure here into
nominal impedance
** may need to have pre-emphasis instrument input

| Calibration for the receiver input signal |

* tightly specified functions

Figure 12 - Measurenent conditions for receiver device signal tolerance

‘Zero' length

) ) . test fixture
Test fixture having compliance  onnector

interconnect spec adapter
£ z Mated device
E = - connector
EVO -
Al I pE— b e.g., SCA2
§ ?{ Mated
= Instrumentation
< Deimbedded connector
Sl to here e.g., SMA

Note that this is not identical to the ‘measurement’ test fixture used

for the transmitter output signal even though the connector genders are the same.
The pins used in the SCA-2 connector are for the Rx (not the Tx) and the

signals flow the other way. The S22 measurement here is the same as the

S11 measurement for the transmitter output signal but on different pins

Also note that the S21 and S12 are used mainly to create the desired jitter
in this application and are not as critical

* tightly specified function

Figure 13 - Calibration of receiver test interconnect test fixture for receiver
devi ce signal tolerance
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12. S-paraneter measurenents

12.1 Introduction

Properties of link elements that are linear nay be represented by S paraneter
spectra. There are two problematic areas when applying S-paraneters to differentia
el ectrical |inks:

Nam ng conventions
Use of single ended vector network nmethods on differential and conmon node
syst ens.

This clause expl ores both of these areas.

Measurenent architecture for the nost conmon conditions are described in some
detail .

12.2 Nami ng conventions in high speed serial |inks

Si gni ficant confusi on has existed concerning the naming of Sij in Fibre Channel and
ot her high speed serial electrical links. There seens to be general agreenent that
Sij is the ratio of the signal conmng out of the ith port to the signal comng into
the jth port (for a 2 port |inear elenent having ports i and j - the signals are
differential or common node for FC electrical links). The confusion nay happen when
nunbers are assigned to i and j in specific cases. Another confusion factor nmay
cone fromnani ng the type of measurenent to be perforned

There are basically two types of neasurenent: (1) return loss fromthe sane port of
the element and (2) transfer function or insertion | oss across the elenment. 1In
common parlance a return | oss neasurenent rmay be referred to as an S11 neasurenent
and the transfer function or insertion |loss may be referred to as S21.

When a return | oss neasurenent is perfornmed on port 2 of the el ement the neasurenent
is reporting the S22 property of the elenment even though it is exactly the sanme kind
of measurenent that is done for the S11 of the el enent on port 1

A port nunber convention is used where the downstream port is always port 2 and the
upstream port is always port 1. The streamdirection is determ ned by the direction
of the primary signal |aunched fromthe transmtter device to the receiver device

Measur enent types should not be referred to as S11 or S21 but rather by the return
| oss, insertion loss (or transfer function).

Figure 14 shows the port nam ng conventions for link el enents and | oads.
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« The following figure shows specifically where the element ports exist and
how they are named

* Note that transmitter device port 1 and receiver device port 2 are internal
and are not defined - they would be an ideal source and an ideal sink

respectively
Port2| |Port 1 Port 2 Port 1
Port 1 / &+7 Interconnect4+/ \ Port 2
Transmitter device | Receiver device
Separable Separable
connectors connectors

Port definitions for loads used for signal output testing and
S-parameter measurements in multiline configurations

Port 1 \‘ Port 2

AN

This load has ideal or ‘Golden’ differential and common mode properties

Signal specified and measured here

Figure 14 - Sij nonencl ature conventions

12.3 Use of single ended instrumentation in differential applications

Fi gure 15 shows the connections that would be made to a four port vector network
anal yzer (VNA) for nmeasuring S paraneters on a four single ended port ‘black box’
device. VNA' s recogni ze incident signals denoted by the ‘A subscript and reflected
signals fromthe sane port denoted by the ‘B subscript.

Al'l the neasurenents specified in this docunent relate to differential signal pairs.
It requires all four VNA ports to neasure the properties of two differential ports.

VNA ports are all single ended and the differential and common node properties for
differential ports are calculated internal to the VNA

Figure 15, Figure 16, and Figure 17 illustrate the conventions and requirenents for

differential neasurenents. Common node neasurenents use a simlar schene but are
not specifically docunented here.
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“PHYSICAL BLACK BOX”

1 Vs,
Va vV,
A" 2 4 = A

AR 4 A A 4

GROUND REFERENCE

“MATHEMATICAL BLACK BOX”

Va1 Vis
_ 4
Vi=VatVer 1 3

Va1 Vs
Va2 Vi
‘_ 2 4 \d
— —
VAZ VA4

GROUND REFERENCE

Figure 15 - Four single ended port el enent

Figure 16 shows the definition of the differential ports and the differential S
paraneters that may be acquired froma two pair elenent. Since the VNA has only
four single ended ports only two differential ports may be neasured at one tine.
Physi cal reconfiguration is required to access all the differential S paraneters
listed in Figure 17.

+ SIG———— -+ SIG ORT 2
PAIR 1 DIFF PORT
DIFFPORTL o~ | L s
+SIG—— ——— +SIG
DIFF PORT 3 PAIR 2 DIFF PORT 4
-SIG—— - -SIG

SDD11 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 1

SDD22 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 2

SDD33 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 3

SDD44 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 4

SDD21 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 2 FROM DIFF PORT 1

SDD31 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 1
SDD41 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 4 FROM DIFF PORT 1
SDD42 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 4 FROM DIFF PORT 2
SDD43 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 4 FROM DIFF PORT 3

SDD32 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 2
SDD31 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 1
SDD12 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 1 FROM DIFF PORT 2

SDD13 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 1 FROM DIFF PORT 3
SDD14 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 1 FROM DIFF PORT 4
SDD23 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 2 FROM DIFF PORT 3
SDD24 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 2 FROM DIFF PORT 4

Figure 16 - Definition of possible differential S-paranmeters for a 2-pair
differential el enment
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Figure 17 shows all the possible configurations for a two pair link elenent. Note
that termination is required on all differential ports that are not connected to the
VNA.

BCUT 4 PORT VNA

NOMENCLATURE NOMENCLATURE wa1 | +sie—] — +siG| wNA2
DIFF PORT 1 VNA 3 PAIR 1 VNA4 DIFF PORT 2

-SIG — — -SIG
TERMINATOR PAIR 1 ONLY PAIR 1 ONLY

SDD11, SDD12,  SDDL1, SDDI2,
VNAN VNA PORTS

+
%]
®

DIFF PORT 4

%]
®

+SIG
SDD21, SDD22 SDD21, SDD22 DIFF PORT 3 o PAIR2 )

*sie Par1 [ *TS1° DIFF PORT 2
DIFF PORT 1 T s — L s
PAIR 2 ONLY PAIR 2 ONLY
SDD33, SDD34,  SDDL1, SDDI12,
SDD43, SDD44 SDD21, SDD22 DIFF PORT 3 VNA 1 +SIGT par2 [ *SIG VNA 2 DIFF PORT 4
VNA PORTS ARE SINGLE ENDED VNA3 | -sIG — — -sic VNA 4
SOURCES ARE ASSUMED AS
VNA 1 AND VNA 3
RECEIVERS ARE ASSUMED AS WAL | +SIG—T .. [ *SI6 DIFF PORT 2
VNA 2 AND VNA 4 PAR1ANDPAIR2 ~ PAR1ANDPAIR2 DIFFPORTIL WNAS | .si6 — — -sic
FAR END FAR END

THE FUNCTION OF THE VNA PORTS T END S TR END S
AS SOURCES OR RECEIVERS ARE CONFIGURATION1 ~ CONFIGURATION 1 +5I16 —] — +SIG | wna2
CONTROLLED BY THE VNA INTERNALLY ot oy DIFF PORT 3 o ZGEN I A DIFF PORT 4

FOR SDDnn RETURN LOSS MEASUREMENT Sbbat Sbb21

THE VNA PROVIDES THE FAR END
TERMINATION INTERNALLY TO THE VNA

+816 — — +siG
PAIR 1 VNA2 DIFF PORT 2
DIFF PORT 1 T 516 — | <G VNA 4
PAIR1IANDPAIR2  PAIR 1 AND PAIR 2 - -
FAR END FAR END

INTERACTIONS INTERACTIONS 4516 —1 s
CONFIGURATION2 ~ CONFIGURATION2  DIFF PORT 3 UNA 1L PAIR 2
SDD32, SDD23 SDD12, SDD21 VNA3

DIFF PORT 4
-sic — | -sic

WNA1 | +si6 —] — +sic
DIFF PORT 1 VNA 3 PAIR 1 DIFF PORT 2
PAIRLIANDPAIR2  PAIR1AND PAIR 2 -SIG — — -sic

NEAREND NEAREND
INTERACTIONS INTERACTIONS
a2 | +sie +SIG
CONFIGURATION3 ~ CONFIGURATION 3 p|FF PORT 3 NWNA PAIR 2

SDD31, SDD13 SDD12, SDD21 DIFF PORT 4

-sic — | -sic

O T VNA 1 DIFF PORT 2
PAIR1ANDPAIR2  PAIR1ANDPAIR2 DIFFPORT1 -siIc — — -sic VNA 3
NEAREND NEAREND

INTERACTIONS INTERACTIONS
CONFIGURATION 3 CONFIGURATION 3 +516 — — +siG VNA 2
SDD42, SDD24 SDD12, SDD21 DIFF PORT 3 T PAIR2 VNA 4 DIFF PORT 4
-SIG — I— -SIG

Figure 17 - Measurenent configurations for a 2-pair differential elenent using
singl e ended instrumentation

Al t hough t he above figures show the connections for a VNA the sane i nfornmati on may
be obtai ned by using a TDR/ TDT neasurenent to acquire a tinme domain waveform The
waveforms may then be converted to S paraneters using a suitable software package.

12. 4 Measurenent configurations for link elenments

12. 4.1 Overview

Special test fixtures are required to nake S-paraneter measurenents in part because
the connectors used on real link elenents are different fromthose used on
instrumentation. The goal is for these test fixtures to be as ‘invisible as
possi bl e.

Sub cl ause 12.4 describes the neasurenent configurations used for the four comon
condi ti ons:

Transmtter device return | oss
Recei ver device return | oss
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S11 at the transmitter device connector (interconnect input)
S22 at the receiver device connector (interconnect output)

12. 4.2 Transmtter device return |oss

Figure 18 shows the configuration to be used for the transmtter device return | oss
neasur enent .

Signal source

Transmitter device €St (vector network analyzer

Fixture or TDR)
DUT
L S O
SDD22 <«—
SCC22 _
Signal source
(vector network analyzer
. Test
Fixture de-embedded Fixture or TDR)
to here ]
Low loss - N
connector . O

Mated device
- connector half
e.g., SCA2
Mated
Instrumentation

connector
e.g., SMA

* tightly specified functions

Figure 18 - Measurenent conditions for transnmitter device S22 requirenents

Notice that the test fixture uses |ow | oss connectors to avoid penalizing the
transmtter device under test for the test fixture half of the connector. |If the
test fixture half of the device connector is poor then the transmtter device has to
be that nmuch better to accommodat e.

The test fixture | osses up to the nounting points for the device connector are de-
enbedded using the nethods described in Figure 6.
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12. 4.3 Receiver device return | oss
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Figure 19 shows the configuration to be used for the receiver device return | oss

measur enent .

Signal source
(vector network analyzer

or TDR)

Test Receiver device
Fixture

O—]—=

- :

Signal source
(vector network analyzer

or TDR)

1 [
'

est
Fixture

O

M|

* tightly specified functions

—> SDD11
SCC11

Fixture de-embedded

to here

Low loss Mated device

connector connector

half - e.g., SCA2
Mated

Instrumentation
connector
e.g., SMA

I |

Figure 19 - Measurenent conditions for receiver device Sl11 requirenents

Notice that the test fixture uses |low |l oss connectors to avoid penalizing the

recei ver device under test for the test fixture half of the connector.

If the test

fixture half of the device connector is poor then the receiver device has to be that

much better to acconmodat e.

The test fixture losses up to the nounting points for the device connector are de-
enbedded using the met hods described in Figure 6.
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12. 4.4 S11 at the transmitter device connector (interconnect input)

Figure 20 shows the conditions for making the return | oss nmeasurenent into the
i nterconnect attached to the transmitter device.

This measurenent, like the signal tol erance neasurenent at the transmtter device
connector, requires both the interconnect and the receiver device to be in place and
the conbination is neasured. |If the receiver device is replaced by an ideal |oad
then the return loss will not represent in service conditions. |If the interconnect

is very lossy then the effects of the load on the far end (where the receiver device
woul d be) are not significant and an ideal |oad may be used. However, if the

i nterconnect is not very lossy as in the ‘zero length’ case, then the neasured
return | oss may be dom nated by the properties of the receiver device and not the
properties of the interconnect.

For short links this return | oss perfornmance nmay be the limting factor for the
entire link due to severe unattenuated reflections that create large determnistic
jitter.

Signal source

(vector network analyzer .. Interconnect + receiver device

or TDR) Fixture
DUT
O+ F—wm - I
—» SDD11
SCC11
Signal source
(vector network analyzer Test
or TDR) . Fixture de-embedded
Fixture
to here
[ Low loss Mated device
* (F M b
04—+ ----- comecor [l &2
half Mated
* 47 P . Instrumentation
tightly specified functions (= = R
e.g., SMA

Figure 20 - Measurenent conditions for S11 at the transmitter devi ce connector
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12. 4.5 S22 at the receiver device connector (interconnect output)

Figure 21 shows the conditions for making the return | oss neasurenent out of the
i nterconnect attached to the receiver device.

This measurenent is unique in that it requires both the interconnect and the
transmtter device to be in place and the conbination is nmeasured. This is sort of

like a reverse direction signal tol erance neasurenent. |If the transmtter device is
repl aced by an ideal load then the return loss will not represent in service
conditions. |If the interconnect is very lossy then the effects of the |oad on the

far end (where the transmtter device would be) are not significant and an i deal

| oad nmay be used. However, if the interconnect is not very lossy as in the ‘zero
I ength’ case, then the neasured return | oss nmay be dom nated by the properties of
the transnmtter device and not the properties of the interconnect.

For short links this return | oss perfornmance nmay be the limting factor for the
entire link due to severe unattenuated reflections that create large determnistic
jitter.

Signal source
Interconnect + Transmitter Device  Test (vector network analyzer

Fixture or TDR)
DUT
SDD22 <«—
SCC22
Signal source
Test (vector network analyzer
Fixture de-embedded ; or TDR)
Fixture
to here -
_ Low loss
Mated device *
connector connector
- e.g., SCA2 half
Mated . g .
) * tightly specified functions
Instrumentation
== connector
e.g., SMA

Figure 21 - Measurenent conditions for S22 at the receiver device connector

12.5 Sunmary for S-paraneter measurenents

S-paraneters are the preferred nmethod of capturing the linear properties of |ink
el ements. Conplex, but tractable, nethods are required to use single ended
instrunments for differential (and conmon node) applications. Careful attention to
test configuration details is essential.

A frequency domain spectrumoutput is required for all S-paranmeters and specifying

pass fail limts to such a spectrumis very likely to over constrain the system
because sone peaks and properties are benign to the application.
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The mai n power of the S-paraneter nethodology is the nodel for the el ement that
results if a conplete set of S-paraneters is nmeasured (including conmon node and
crosstal k fromother sources in the environnment. This nodel may be used with tine
domai n waveforns and ot her known application conditions to sinmulate the resulting
signal at the interoperability point of interest.

Unfortunately this sinple sounding statenent understates the conplexity of the
probl em of devel opi ng ef fective nunerical pass fail linmts.

13. Devel opnent of performance specification val ues

This revision of this docunment has not incorporated the nethodol ogies required to
generate the performance specification values. However, sone key points are |isted
somewhat randonly bel ow as a franework

Since receivers detect the state of the signal incomng to the receiver circuit at a
particul ar signal level and within a particular w ndow of tinme (not of frequency)
the specifications for signal performance are done in a tine vs. signal |evel

manner. This is typically an eye specification of some sort. Attenpting to place
boundari es on frequency donmain spectra properties is not a good idea for signa

speci fications.

The interoperability penalty is a huge consideration that appears to be only
approachabl e via Monte Carl o simul ati on nethods where the inportant properties of
the link elenments are varied over the entire tolerance range that is allowed. Anong
the inportant properties to vary are the |length, capacitance and inductance val ues,
features of the S-paranmeter properties at different frequencies, crosstalk |evels,
and common node properties.

Ceneration of S-paraneter properties is |ikew se best approached via Mnte Carlo
variation of the properties known to affect the | osses.

The eight different properties are required at every interoperability point (See
Tabl e 1) nust be incorporated into the nmethods for generating perfornmance val ue
limts. Fornerly it was common to have only one or two values (e.g. neet the
differential eye and inpedance |evel for exanple).

The Iimted utility of making nmeasurenents in operating systens for determning
conpl i ance of conponents is only recently beconi ng under st ood.

The use of conpensation in transmtter devices, interconnect, and receiver devices
may cause interactions between the conpensation nmethods that require restrictions on
the type, intensity, and physical placenent of the conpensation. For exanple,
conpensati on et hods that assune properties of interconnect place a dynanic tension
bet ween the inplenentation of the conpensation and the freedomto design

i nt erconnect .

The basic foundation has been laid for howto do the neasurenents and howto attain
i ndependence of one |ink conmponent fromanother. Methods for extracting the
benefits of the conpensation done in transmtter devices and receiver devices are
now known.

The chal | enge now energi hg across several new applications is howto devel op the
nunbers for the specifications that allow true el enent interchangeability and stil
allow the link to have the speed, distance, and robustness required.

In sone sense this problem of devel opi ng the performance specifications that deliver
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true interoperability is not newat all. It is just a set of design trade-offs.
However, there are sonme new features.

One thing new is we have been working for a long tinme with [arge hidden margins in
the link receivers (like factors of 4) that allowed a multitude of suboptimal
conditions to exist and still have the Iink deliver a usable BER These |arge

hi dden margi ns are di sappearing as the higher data rates force signals to shrink and
the basic signal integrity to disappear into jitter and noise. W are finally at

t he point where we nust address this basic specification architecture since we are
runni ng out of this hidden nargin.

Anot her new thing is the realization that the interoperability penalty may be quite
hi gh.

Yet another is that return loss is a key in determ ning whether short |inks can even
work at all.

No schene cones without a cost. Miltilevel encoding, for exanple, conmes with a high
power cost even if the highest frequency in the systenms can be limted by the
encodi ng.

14. Summary

I f performance specification values exist in a standard, this docunent can help to
get the data that determ nes whether conpliance to the standard exi sts.

The much harder question to answer is whether the specifications in these standards
actually deliver the performance required for the interoperability expected. Unless
t he met hodol ogy described in this docunent is used for both the creation of the

val ues in the standards and for the neasurenent of the performance at the
interoperability points for the conponents of the link it is likely that things |ike
interoperability penalty, test fixture dei nbeddi ng, and conpensati on mnet hodol ogi es
were not adequately accounted for. Present systens actually work | argely because

t he conponents used significantly exceed the requirenments (and therefore carry an
intrinsically higher cost than necessary).

There is a fundanental difference between having a set of hardware and software cone
together and work in a plugfest and truly effective set of specifications that nake
it very likely that ANY conpliant collection of link elements will deliver the
required error rate perfornmance when connected together. Even if the specifications
are quite poor it is very likely that a plugfest nethodology will not show any

probl ens because very few if any of the conponents used are actually worst case (or
even close to worst case).

One should not worry when plugfest results show a | ot of problens. Under those
conditions work can be done to identify and elimnate the gross problens that

prevented t he successful operation. The real worry should be when the pl ugfest
shows no problens and no one has any idea about how far fromactual failure the

col l ections of conponents used for the plugfest really are. It is very likely that
the problens will show up later after significant production quantities have been
made and when it is nuch nore expensive to fix. It is also conmmonly very difficult

to determ ne which conponent is at fault in this case
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