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Abstract: This docunent defines the electrical and performance requirenents
for duplex serial copper cable assenblies and associ ated system connecti ons
operating at high speeds (> 1 Gbaud in each direction). This architecture is
used in nost applications requiring high speed serial copper connections: Fibre
Channel, G gabit Ethernet, NGO Future I/QO 1394, and SSA. O her applications
for this general -purpose specification are al so possible, including parallel
structures.

Thi s docunent provides a conmon specification for systens nmanufacturers, system
i ntegrators, and suppliers of conmponents in the referenced area. This is an
i nternal working docunent of the SFF Conmittee, an industry ad hoc group

The description of a test procedure in this docunent does not assure that the
speci fic hardware necessary for executing the procedure is acually avail abl e
frominstrunentation suppliers. If such hardware is supplied, it nust conply
with this specification to achieve interoperability between suppliers.

Thi s docunent is nmade available for public review, and witten comments are

solicited fromreaders. Coments received by the nmenbers will be considered for
inclusion in future revisions of this docunent.

Support: This document is supported by the identified nmenber conpanies of the
SFF Commi tt ee.

Docunent ation: This docunment has been prepared in a simlar style to that of
the 1SO (International O ganization of Standards).

PO NTS OF CONTACT

Bill Ham I. Dal Alan

Conpaq Conput er
334 Sout h St
Shrewsbury, MA 01545

Ph: 508-841-2629 Fx: 508-841-5266
Emai | : Bil | _Ham@onpag. com

Chai rman SFF Committee
14426 Bl ack Wal nut Court
Saratoga CA 95070

Ph: 408-867- 6630 Fx: 408-867-2115

HSS copper testing and performance requirements

Page 1



Published SFF 8410 Rev 16.1

EXPRESSI ON OF SUPPORT BY MANUFACTURERS

The foll owi ng nenber conpanies of the SFF Committee voted in favor of
this industry specification.
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The user's attention is called to the possibility that inplenmentation to this
Specification nmay require use of an invention covered by patent rights. By
distribution of this Specification, no position is taken with respect to the
validity of this claimor of any patent rights in connection therewith. The
patent holder has filed a statenent of willingness to grant a |icense under
these rights on reasonabl e and non-di scrimnatory terns and conditions to
applicants desiring to obtain such a license.
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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 O THE SFF COW TTEE

The SFF Committee is an ad hoc group forned to address storage industry needs
in a pronpt manner. Wen forned in 1990, the original goals were limted to
defining de facto mechani 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 |leeway for the integrator.

In Novenber 1992, the SFF Committee objectives were broadened to enconpass

ot her areas which needed simlar attention, such as pinouts for interface
applications, and formfactor issues on |larger disk drives. SFF is a forumfor
resolving industry issues that are either not addressed by the standards
process or need an i nmedi ate sol ution

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

The principles of operation for the SFF Conmittee are not unlike those of an
accredited standards committee. 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 conpani es of the SFF Committee
recei ve docunentation and vote on issues that arise. Votes are not taken
during neetings, only guidance on directions. Al 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 donmain. There are
no restrictions on the open nailing of material presented at committee
nmeetings. In order to reduce di sagreenents and ni sunderstandi ngs, copi es nust
be provided for all agenda itens that are di scussed. Copies of the nmateria
presented, or revisions if conpleted in tinme, are included in the docunentation
mai | i ngs.

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

Annual SFF Conmittee Menbership Fee $ 1, 800. 00
Annual SFF Conmittee Paper Docunentation Fee $ 300. 00
Annual Surcharge for AIR MAIL to Overseas $ 100. 00
Annual Surcharge for El ectronic Docunentation $ 360. 00

Nane:

Title:

Conpany:

Addr ess:

Phone:

Fax:

Enai | :

Pl ease register me as a Menber of the SFF Conmittee for one year.

Paper docunent ation $ 1,800
El ect roni ¢ docunentati on $ 2,160
Check Payable to SFF Comnmttee for $ i s Encl osed
Pl ease invoice ne $ on PO #:
MZ/ Vi sal AmX Expi res
Pl ease register ne as an Cbserver on the SFF Conmittee for one year.
Paper docunent ation $ 300 U.S. $ 400 Overseas
El ectroni c docunentation $ 660 U.S. $ 760 Overseas
Check Payable to SFF Comnmttee for $ (PGs Not Accepted)
MZ/ Vi sal AmX Expi res
SFF Conmittee 408- 867- 6630
14426 Bl ack Wl nut ¢ 408-867- 2115Fx
Saratoga CA 95070 250- 1752@ci nai | . com
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For eword

When 2 1/2" dianeter disk drives were introduced, there was no conmonality on
external dinmensions e.g. physical size, nounting | ocations, connector type,
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
wi th vendors to devel op the packagi ng. The result was wi de diversity, and with
space bei ng such a najor consideration in packaging, it was not possible to
repl ace 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 |ikely that devices would becone even nore constrained in

di mensi ons because of a possibility that such small devices could be inserted
into a socket, not unlike the nethod of retaining semnm 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 neeri ng consi derations of the energi ng new technology in disk drives. After
two i nformal gatherings on the subject in the sunmer of 1990, the SFF Committee
held its first neeting in August.

During the devel opnent of the formfactor definitions, other activities were
suggest ed because participants in the SFF Committee faced probl ens other than

t he 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 Conmittee becane a forumfor resolving
i ndustry issues that are either not addressed by the standards process or need
an i mmredi ate sol ution.

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 docunents would be snall and
the projects could be conpleted in a rapid tinefrane. |If proposals are nade by
a nunber of contributors, the participating nmenbers select the best concepts
and uses themto devel op specifications which address specific issues in
ener gi ng storage narkets.

Those conpani es whi ch have agreed to support a docunented specification are
identified in the first pages of each SFF Specification. Industry consensus is
not an essential requirenment to publish an SFF Specification because it is
recogni zed that in an energi ng product area, there is roomfor nore than one
approach. By maki ng the docunentation on conpeting proposals avail able, an

i ntegrator can exanine the alternatives avail abl e and sel ect the product that
is felt to be nost suitable.

Suggestions for inprovenent of this docunent will be welcone. They shoul d be
sent to the SFF Committee, 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.
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SFF Committee --
HSSDC- 1 Shi el ded Connecti ons
1. Scope

This specification defines the term nol ogy and physi cal requirenents for
shi el ded HSSDC-1 (H gh Speed Serial Data Connector) connections, conplete
connectors, and the i medi ate el ectrical nei ghborhood of the connector proper
that al so i nfluences the behavior of the connector. There is a single nating
interface for all versions.

The HSSDC-1 connector style is specified in Fibre Channel, SSA and G gabit

Et hernet and nmay be suitable for use with other high speed serial interface
standards. These are all external shielded systens that require inter-

encl osure connections. These standards only specify the mating interface and
have no specific perfornmance requirenents so this docunent, along with the I EC
61076- 3- 103, define such requirenents.

The rel evant parts of this | EC docunent are included in this specification for
easy reference. The Fibre Channel, SSA, and G gabit Ethernet standards cal

out the contact position nunbering for the respective application uses and are
the normative sources.

The mating sides (including retention) are conpatible for all versions of
conpl ete connector and the termi nation side is specified for a variety of
practically inportant schenmes. The controlling docunent for the dinmensiona
values is the I1EC (International Electronics Conm ssion) standard.

The specific versions of conplete connectors specified for use with FC AL, SSA,
G gabit Ethernet, (and P1394) is controlled by this SFF docunment as not al
possi bl e conbi nati ons of mating side and ternination side are support ed.

The HSSDC-1 system was designed fromthe beginning for the specific purpose of
satisfying the needs for gigabit serial data transm ssions in a nom nal 150 ohm
di fferential bal anced copper link. The shield connector mating interface has
been designed to provide an EM-tight (El ectro Magnetic Interference) seal

Desi gn goals are minimzation of cross talk, mninumtransm ssion |line

i mpedance di scontinuity across the connector, and managenent of EM (caused by
the connector or its mating interfaces).

The transnission |ine inpedance of the connector itself (not including the
termnation interface to the wire or board) matches the electrical nmedia within
the tolerances allowed for the media. This connection schenme may be used in
nmultiple places within a cabling environment. Though optimzed for a 150 ohm
environnent this connector will function acceptably at other inpedance |evels
(to be optimzed on a case by case basis).

The retention schenme consists of a single press-to-release catch simlar to
those found on the extrenely popul ar and conmon ergonom c RJ style network and
t el ephone unshi el ded connectors. The | ook and feel of the HSSDC-1 family is
wel | suited for advanced hi gh speed transm ssion applications. The panel space
required is significantly Iess than that for other styles of connectors.

The physically robust design (e. g. no pins to bend) and relatively snmall size

enable the HSSDC-1 to be usable in all applications from notebooks to data
centers. The connector is of a straightforward constructi on which does not rely
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on advanced naterials or processes.

The mating sides (including retention) are the sanme for all versions of
conpl ete connector and there is a variety of choices on the termnation side.

Thi s docunent specifies the requirenents on the nmating and term nation sides of
the connectors to enable functional multiple sourcing of the conplete
connectors. The construction of the connectors between the mating and

term nation sides are not specified by this docunent.

In the present selection of conplete connectors specified all are fully
shielded at the mating interface with provision for connecting shields together
and for termnating shields. Therefore specifications are included for the
backshel | -t o-connector interfaces. Fibre Channel and SSA standards presently

i ncorporate requirenments on the characteristic inpedance and ability to
transmt G gabaud signals for cable assenblies and backpl anes. As the HSSDC 1
connector systemnmay formpart of this interconnect it is also subject to these
requi renents.

The hi gh speed el ectrical perfornmance requirenents for the connector and its

el ectrical nei ghborhood are specified in SFF-8410 which is incorporated by
reference into this specification. These requirenments include operation at 1

G gabi t/second and hi gher rates.

In an effort to broaden the applications for storage devices, an ad hoc

i ndustry group of conpani es representing systemintegrators, periphera
suppliers, and conponent suppliers decided to address the issues invol ved.

The SFF Committee was formed in August, 1990 and the first working docunent was
i ntroduced in January, 1991

1.1 Description of d auses

O ause 1 contains the Scope and Purpose.

O ause 2 contains Referenced and Rel ated Standards and SFF Speci fi cati ons.
O ause 3 contains the list of Figures and Tables

O ause 4 contains the General Description

Clause 5 contains the Definitions and Conventions

O ause 6 defines the Connector Descriptions and Di nmensions.

2. References

The SFF Committee activities support the requirenents of the storage industry,
and it is involved with several standards.

2.1 Industry Docunents
The following interface standards are relevant to this Specification
- X3.230-1994 FCPH Fibre Channel Physical Interface

- X3.297-199x FC PH 2 Fibre Channel Physical Interface -2
- X3.303-199x FC PH 3 Fi bre Channel Physical Interface -3
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X3.293-199x SSA-PH1L SSA Physical Interface

- T10-1146 SSA- PH2 SSA Physical Interface -2

- | EEE P802. 3z G gabit Task Force

- I EC 61076-3-103 Hi gh Speed Serial Data Connector

2.2 SFF Specifications
There are several projects active within the SFF Conmittee. At the date of
printing docunent nunbers had been assigned to the follow ng projects. The

status of Specifications is dependent on conmittee activities.

F

For war ded The docunent has been approved by the nenbers for
forwarding to a fornmal standards body.

P = Publi shed The docunent has been ball oted by nenbers and is

avai |l abl e as a published SFF Specification

A = Approved The docunent has been approved by ballot of the nmenbers
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 opnment The docunent is under devel opnent at SFF.

E = Expired The docunent has been published as an SFF

Speci fication, and the nenbers voted agai nst re-
publishing it when it came 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
from SFF 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 document has no SFF project activity in progress,
but it defines features in devel opi ng industry
standards. The docunent was provi ded by a conpany,
editor of an accredited standard in devel opnent, or an
individual. It is provided for broad review (coments
to the aut hor are encouraged).

s = submtted The docunent is a proposal to the nenbers for
consi derati on to beconme an SFF Speci fication

Spec # Rev List of Specifications as of March 26, 2000

SFF- 8000 SFF Committee Information

SFF-8001i E  44-pin ATA (AT Attachnment) Pinouts for SFF Drives
SFF-8002i E  68-pin ATA (AT Attachnment) 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 2nm Connector Alternatives

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

SFF-8009 4.1 Unitized Connector for Cabled Drives

SFF- 8010 Smal |l Form Factor 15nmm 1. 8" Drives
SFF- 8011i ATA Tim ng Extensions for Local Bus
SFF-8012 2.3 4-Pin Power Connector D nensions

mm

SFF- 8013 E ATA Downl oad M crocode Command

SFF- 8014 C Unitized Connector for Rack Mounted Drives
SFF- 8015 E SCA Connector for Rack Mounted SFF SCSI Drives
SFF- 8016 C Small Form Factor 10nm 2.5" Drives
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SFF- 8017
SFF- 8018
SFF- 8019

| NF- 8020i
SFF- 8028i
SFF- 8029

SFF- 8030
SFF- 8031
SFF- 8032
SFF- 8033i
SFF- 8034i
SFF- 8035i
SFF- 8036i
| NF- 8037i
| NF- 8038i
SFF- 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
| NF- 8055i
SFF- 8056
SFF- 8057
SFF- 8058
SFF- 8059

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

| NF- 8070i
SFF- 8072
SFF- 8073
SFF- 8080
| NF- 8090i

SFF- 8200e
SFF- 8201e
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SCSI Wring Rules for
ATA Low Power Mbdes
Identify Drive Data for ATA Disks up to 8 GB

M xed Cable Pl ants

ATA Packet Interface for CDROVs
- BErrata to SFF-8020 Rev 2.5
- BErrata to SFF-8020 Rev 1.2

SFF Conmmittee Charter

Naned Representatives of SFF Conmittee Menbers
SFF Conmmittee Principles of Qperation

| mproved ATA Timing Extensions to 16.6 Ms

H gh Speed Local Bus ATA Line Term nation |ssues
Sel f-Monitoring, Analysis and Reporting Technol ogy

ATA Signal Integrity Issues
Intel Small PG 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 Connect or

80- pi n SCA-2 Connect or

80- conduct or ATA Cabl e

w Paral l el Selection
for SCSI Disk Drives
w Serial Selection
w Paral |l el ESI
Assenbl y

Boot abl e CD- ROM

Smal | Form Factor 3" Drives

ATA Interface for 3" Renovabl e Devices
@BIC (Ggabit Interface Converter)

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 Conmittee Patent Policy

Emai | i ng drawi ngs over the SFF Refl ector

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

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

ATAPI

for CD- Recordabl e Medi a

ATAPI for DVD (Digital Video Data)

2 1/2" drive formfactors (all of 82xx famly)
2 1/2" drive formfactor dinensions
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SFF-8212e 1.2 2 1/2" drive w SFF-8001 44-pin ATA Connect or
SFF-8300e 1.1 3 1/2" drive formfactors (all of 83xx famly)
SFF-8301e 1.2 3 1/2" drive formfactor dinmensions

SFF-8302e 1.1 3 1/2" Cabled Connector | ocations

SFF-8332e 1.2 3 1/2" drive w 80-pin SFF-8015 SCA Connect or
SFF-8337e 1.2 3 1/2" drive w SCA-2 Connect or

SFF-8342e 1.3 3 1/2" drive w Serial Unitized Connector

SFF- 8400 C Very H gh Density Cabl e Interconnect
SFF-8410 16.1 High Speed Serial Testing for Copper Links
SFF- 8411 - H gh Speed Serial Testing for Backpl anes
SFF- 8412 - HSS Requi renments for Duplex Optical Links D
SFF-8420 11.1 HSSDC-1 Shi el ded Connecti ons

SFF-8421 tbd HSSDC- 2 Shiel ded Connections

SFF-8422 tbd **FCl** Shiel ded Connections

SFF-8423 tbd *Mol ex* Shiel ded Connections

SFF-8430 4.1 MI-RJ Duplex Optical Connections

SFF-8441 14.1 VHDC Shiel ded Configurations

SFF-8451 10.1 HSS (H gh Speed Serial) SCA-2 Connections
SFF-8480 2.1 HSS (Hi gh Speed Serial) DB9 Connections

SFF- 8500e 1. 5 1/4" drive formfactors (all of 85xx famly)

1
SFF-8501e 1.1 5 1/4" drive formfactor dinmensions
SFF-8508e 1.1 5 1/4" ATAPI CD-ROM w audi o connectors
SFF-8551 3.0 5 1/4" CD-ROM 1" Hi gh formfactor

SFF- 8572 - 5 1/ 4" Tape form factor

SFF- 8610 C SDX (Storage Device Architecture)
2.3 Sources

Copi es of ANSI standards or proposed ANSI standards may be purchased from
d obal 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
Coserver or Menber.

14426 Bl ack Wal nut C 408-867-6630x303
Sar at oga 408- 867- 2115Fx
CA 95070 FaxAccess: 408-741-1600

The increasing size of SFF Specifications has nmade FaxAccess inpractical to
obtain [ arge docunents. Docunent subscribers and nenbers are automatically
updated every two nonths with the | atest specifications. Specifications are
avai |l abl e by FTP at fission.dt.wdc. com pub/standards/sff/spec

El ectroni c copi es of docunents are al so nmade avail able via CD Access, a service
whi ch provides copies of all the specifications plus SFF reflector traffic. CDs
are nailed every 2 nonths as part of the docunment service, and provide the
letter ballot and paper copies of what was distributed at the neeting as well
as the neeting mnutes.
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Edi tor’

S not es:

This revision incorporates editorial changes from Rev 15 as recommended by the
February 23, 2000 SSWz The technical content is unchanged. Note that the
title has changed. This revisionis nowa final draft ready for a publication

vot e.
under a

Further techni cal enhancenents will be nmade in a docunent to be created

di fferent SFF project nunber so that this revision nay be used as a

st abl e reference.
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3. Introduction

Thi s docunent contains specifications for validating the electrical perfornance
of high speed serial copper interconnects. It is intended specifically to be
used in conjunction with the HSSDC, HSSDB9, and other connector famlies used
in a duplex serial application. These tests nmay al so be useful for other high
speed copper interconnects such as SCSI and IDE. SFF-8410 is one of the famly
of SFF docunents.

Al t hough the specifications specifically docunent the testing required for a
single transmt and a single receive path in a single cable assenbly the

nmet hods are directly extensible to parallel inplenentations that use multiple
hi gh speed paths. Requirenents for extending the docunented tests for multiple
pat hs constructions are al so contai ned.

Thi s docunent should be treated as a new specification relating to inplenenting
the testing required to neet the requirenents in various published standards.

The met hods descri bed herein nmay be nore stringent than sone conmon industry
practice due to |l ack of conplete specification of testing nmethods in the
publ i shed st andar ds.

This specification is intended to reflect actual system operation and worst
case transceivers - this neans that all signals that are normally active during
system operation nust be active at the extrenme allowed stress condition during
the testing and that the poorest quality conpliant transmtters and poorest
quality conpliant receivers are assuned. Test methods are devel oped to

eval uat e conponent behavi or under these worst case conditions. This schene is
needed for inplenmenting an “open” interconnect nodel where it is not known a
priori where the HSS cable assenbly will be connected on either end.

This nore stringent testing is a natural part of the maturation of high speed
serial technology and will be even nore inportant at higher speeds in the
future.

In real systens, opportunities for trading off nmargi ns between transnitter
cabl e assenblies, and receivers commonly exist. Therefore it nmay be possible
to qualify a cable assenbly for use in specific bounded applications where the
cabl e assenbly does not neet the stringent requirenents described herein
because, for exanple, it is known that the receivers used in this application
are nore sensitive than required by the standard. However, taking this sane
cabl e assenbly into an open, unbounded application nay cause link failures
because | ess sensitive, but still conpliant, receivers happen to be on the
attached FC ports.

4. General requirements

The boundary where hi gh speed testing (as opposed to | ow speed testing) becones
necessary is not sharp and this docunent does not attenpt to define the
boundary. The signals of interest in this docunent range froma few hundred
MBaud to several GBaud with rise times fromapproximately 0.5 ns to tens of ps.
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Testing techni ques for HSS dupl ex copper interconnect in this speed range |ack
good standardi zati on and nethods. This deficiency |eads to unintended

i nconpatibilities between suppliers and users. Further, the specific
conditions existing when a duplex connection is required are explicitly
addressed. This docunent is not a general specification for testing all high
speed copper interconnect but rather is ainmed at the architectures used in

Fi bre Channel, G gabit Ethernet, 1394, and the like. Al though the
specifications are witten around a 150 ohm bal anced transm ssi on t he mnet hods
are readily adaptable to other transm ssion |ine inpedance |evels such as the
110 ohm used by 1394.

It is assuned that a conpleted cable assenbly (nedia with connectors on both
ends) constitutes the prinmary interconnect conponent of interest. This does
not nean that the raw cable nedia is not inportant in producing good

i nterconnect but rather neans that the focus of this docunment includes all the
ef fects of addi ng connectors, of placing connectors on boards, and of mating
the finished assenbly to a shielded bul khead. Except for the el ectronagnetic
conpatibility tests, all tests apply to both shiel ded and unshi el ded
constructions. The test fixturing for testing raw nedia is not considered
directly in this docunent.

Al tests except the inpedance profile are intended to apply to all
constructions of cable assenbly including those with equalizers and those with
known non uniformties such as internediate connecti on points.

The general requirenents are:

for a launched signal with the nost degraded all owed paraneters to traverse
the interconnect without further degradi ng beyond the allowed input
specifications for the receiver

for the interconnect to not export nore noise to other parts of the system
than specified (anti pollution requirenents)

to behave like a matched transm ssion |ine for devices and ot her cable
assenblies attached to the ends

The recei ved signal and exported noise are influenced both by the properties of
the | aunched signals and by the degradations occurring during the transm ssion
process. The goal is to deliver adequate signal quality to the receiver and to
not export excessive noise under the worst allowed cases. This neans that both
the properties of the launched signals and the properties of the interconnect
nmust be considered in the testing processes.

Real | aunched signals always contain sone |evel of inperfection so it is not
practical to require perfect launch signals. Simlarly it is essentially

i mpossible to create a | aunched signal that is degraded to all the all owed
limts at the same tinme. There is a requirenent to accomobdate these two facts
into the testing strategy. Essentially there are two risks associated with
this issue.

One risk conmes frominadequately characterizing the |Iaunched signals used in
the tests. Since the properties of the signals at the receiver are the only
properties that matter to an operating system the standards only consider the
final result at the receiver. |f launched signals used during the test are
degraded nore than that allowed then the interconnect will be called on to

HSS copper testing and performance requirements Page 15



Published SFF 8410 Rev 16.1

cause | ess degradation so that the result at the receiver will still be within
specification. The use of excessively degraded | aunched signals places unfair
burden on the interconnect. Conversely, if the launched signals are better
than all owed, the interconnect may cause nore degradation than allowed for the
i nterconnect but still deliver conpliant signals to the receiver. This
condition permts defective interconnect to be nmeasured as good interconnect.
The way to avoid these risks is to execute an adequate characterization of the
| aunched signals and to conpensate in the test requirenents for the anmount of
excess goodness or badness in the launched signals. Figure 1 illustrates this
general schene

Anot her risk derives fromthe fact that sone paraneters in |launched signals can
be corrected by interconnect that introduces degradati on of equal and opposite
sign. If this happens it gives a fal se sense of goodness since | aunched
signals fromother transmtters nay have the paraneters degraded in the sane
sense as the interconnect with a resulting doubling in the negative effects at
the receiver.

In general, if the polarity of connection of the interconnect to the | aunched
signals is reversed then the polarity of the degradation in the interconnect is
al so reversed (for those paraneters that are sensitive to polarity, like

bal ance degradati on and near end cross talk). Therefore the second risk can be
managed by performng a second test with reversed connections but changi ng
not hi ng el se.

In order to avoid this risk one nmust take two nmeasurenents: (1) with the +
signal of the transmitter connected to the + line of the PUT and the - signa

of the transnmitter connected to the - line of the PUT and (2) with the + signa
of the transnitter connected to the - line of the PUT and the - signal of the
transmtter connected to the + line of the PUT. Figure 2 illustrates this
schene

Sunmmari zi ng, the conbi nation of real |aunched signal properties and

i nterconnect properties causes additional burden on the testing process. The
conpensation for real |aunched signals is likely to be a one tinme cost for the
same transmitter. The polarity reversal, however, requires that two

i ndependent tests be executed because one cannot be sure which sense of
degradation is present in the interconnect under test.

During the calibration processes for the tests the properties of |aunched
signals are neasured. Procedures are specified that do not require the

adj ustnent of the | aunched signal to the nmaxi mum al | owed degradati on. By
noti ng how rmuch degradati on coul d be added to the actual |aunched signal before
exceedi ng the maxi mum degradati on and adding this difference to the

requi renents for the received signals one achi eves the equival ent effect as
actual |y degradi ng the | aunched signals as far as nmeasuring the properties of
the interconnect is concerned. Said differently, if the launched signals are
better than allowed (as is usually the case) then the requirenments on the

recei ved signals are tightened by the sanme anount that the |aunched signals
were better. Simlarly, if the |Iaunched signals are nore degraded than all owed
then the received signal range is broadened.

This process elimnates a major problemw th creating calibrated degraded high
frequency signals, uses the linear property of copper interconnect to good
advantage, and allows the properties of the interconnect to be fairly and
accurately neasured.
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5. Framework for HSS testing
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This section specifies the framework used for the high frequency perfornmance
requi renents and test nmethods to be used for nmeasurenent and verification of
properties of the interconnect. These requirenents apply to the physica
connector and to its electrical neighborhood. See section 5.3. Since the
connector does not exist alone in a serial link the electrical properties of
(1) the wire (or other conductor) term nation to the connector contact and (2)
any other non-unifornities within the el ectrical nei ghborhood of the connector
are intrinsic parts of the perfornmance of the connector and its associ ated

i nterconnect. The electrical perfornmance requirenents are on the finished
cabl e assenbly, board, the mated partner to the connector and whatever exists
within the electrical neighborhood of the physical connector. Tests that are
used to neasure the high frequency perfornmance properties are ternmed HSS tests.

5.1 HSS test levels

Two broad |levels of HSS tests are descri bed:

5.1.1 Level 1 test definition

Level 1 tests are those that are needed to ensure that the interconnect is
capabl e of (a) transporting mninmumintegrity (maxi num degradation) |aunched
signals to the far end of the interconnect w thout excessive additiona
degradation to the |launched signals and wi thout exporting excessive
interference to other parts of the systemin the process and (b) to operate as
an effective transm ssion |ine between HSS ports.

5.1.2 Level 2 test definition

Level 2 tests are those that characterize specific contributors to the level 1
results and may thereby aid in diagnosing and revealing the source causes of
degradations neasured in level 1 tests. Level 2 tests are expected to be
useful for designing and manufacturing interconnect conponents that satisfy
level 1 tests but are not individually required as direct perfornmance neasures
of the interconnect. It nmay be required to use specific level 2 tests to
establish the test conditions for level 1 tests.

5.1.3 Relationship between level 1 and level 2 tests

This separation of tests into two levels will be specified in detail in later
sections. By separating the testing requirenments into the two very different

| evel s, testing resources nay be nore efficiently utilized conpared with the
fornmer schenes that required all tests to be individually satisfied. In
effect, only the level 1 tests need be used to verify an interconnect for sale
or use by both the supplier and the user. The level 2 tests are available to
t he i nterconnect designer and nmanufacturer to nore efficiently create designs
and manuf acturing processes that produce good interconnect. Figure 3 shows a
graphi cal relationship between the two | evels of test.
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Figure 3 - Two levels of test for HSS interconnect

5.2 Applicability to specific connectors

Thi s docunent contains electrical testing requirenents for HSS copper

i nterconnect applications relating to the HSSDC and HSSDB9 connectors. The
test nethods could also be applied to the SCA-2 40 position connector and ot her
| egacy connectors. Wile these | egacy connectors formally have the sane
performance requirenents in the standards as the HSSDC and HSSDB9 (since they
are used in the sane kind of link) this specification is not attenpting to

pl ace new requirenments on | egacy connectors. |f an interconnect containing an
SCA-2 connector, for exanple, were to neet the requirenents in this

speci fication the connector could be considered an HSSSCA- 2.

It is assunmed that the connectors will be used in a duplex connecti on where one
pair of balanced signal lines is propagating a high speed differential signa

t hrough the connector in one direction and another pair of bal anced signa

lines is propagating an uncorrelated (to the first signal) differential signa

t hrough the connector in the opposite direction. Qher connectors that may be
defined in future specifications when used in a duplex signal application may
al so be subject to the requirenents in this docunent

Many of the test philosophies and nmet hods docunented herein nay be appli ed,
with mnor nodification, to other physical interconnect variants such as

unbal anced copper cabl es, bal anced copper backpl anes, single node optical |inks
and mul tinmode optical links. This docunent is intended to provide the
foundation for devel oping specific test procedures for all high speed seria

i nt er connects.
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5.3 Electrical Neighborhood

The el ectrical neighborhood is defined as being those physical electrically
conducting structures that have the foll owi ng properties:

not part of the physical connector

attached to a connector termnation contact through a signal path

any part of the signal path that affects the nmeasurenment (excluding a 1-2%
al l onance for nultiple reflections)

For time domain reflectonmetry the electrical neighborhood extends up to the

di stance occupied by three times the rise or fall lengths froma physica
connector part. The largest rise or fall length (rise tinme or fall time tines
t he propagation velocity) is for the slowest signal under consideration
Exanpl es of properties that nay affect the neasurenent are transm ssion |ine

i mpedance m snmatches and discontinuities. Fromthis point forward the terns
“rise time” and “fall time” have been replaced in this docunent by the nore
general term“signal transition duration” or “STD

For ot her neasurenents the electrical neighborhood may extend far beyond the
physi cal connector. Exanples of extended el ectrical nei ghborhoods are
attenuation or cross talk nmeasurenents that are affected by the far end

term nation and nedi a i npedance far away fromthe connectors.

two types of electrical nei ghborhood are defined:

close proximty (within three STD |l engt hs of the physical connector)
ext ended: not close proxinity

For exanple, for a 200 ps (0.2 ns) STD and a nedia with a propagation velocity
of 6 cmns the close proximty electrical neighborhood would be all the
electrical paths within 0.2 x 6 x 3= 3.6 cmfromthe closest physical connector
part. Notice that the slower signals domnate the extent of the close
proximty el ectrical neighborhood but the faster signals that stress the

el ectrical perfornmance the nost will have a snaller electrical neighborhood

Features within the close proxinmty electrical nei ghborhood may act as if they
were part of the connector itself as far as contribution to the overal
performance of the interconnect is concerned. For nmeasurenments not requiring
hi gh accuracy, smaller close proximty electrical neighborhoods nmay be all owed.

PCB features such as vias, corners in PCB traces, and pads for board nounting
applications all typically fall within the close proxinmty electrica

nei ghbor hood for board nounting applications. Dressing of wire paths near the
connector termnation, the term nation contacts, and netallic strain relief
parts typically fall within the close proximty electrical neighborhood in wire
term nation applications.

Sonme exanpl es of close proximty electrical neighborhood features that nmay
apply are shown in Figure 4.
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Figure 4 - Some key design areas for pcb features

Close proximty electrical neighborhoods find their greatest application in the
use of tinme domain reflectonetry (TDR) and in the behavior of connectors used
as media or transmission line term nation el enents.

Figure 5 shows an exanple of a TDR neasurenent on the sane sanple with
different STD's. The effect of the discontinuities appears |arger when shorter
STD's are used. It is very inportant to make neasurenents using STD s over the
entire allowed range. For the shortest allowed STD the nmaxi num anplitude of
effects of the discontinuities are revealed. For the |ongest allowed STD the
maxi nrum extent of the close proximty electrical neighborhood is shown.
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Figure 5 - TDR data in a typical HSS cable assembly

5.4 Definition of level 1 HSS electrical performance parameters

This section gives nore detail concerning the level 1 performance requirenents.

5.4.1 Definition of PUT and PUTyor

Dupl ex cabl e assenblies have two basic parts: (1) the half of the duplex
contai ning the signal path under test and (2) the other half of the dupl ex
containing the half NOT under test. The part that is under test is called the
“pair under test” or the PUT. The part that is not under test is called the
“pair not under test” or the PUT\or.

The PUT and the PUT\or each have an associated transmtter and receiver. Figure
6 illustrates the rel ationships.
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Figure 6 - Terminology for duplex interconnect under test

Figure 7 shows the conventions and abbreviati ons used for signals and
i nstrunents.

M1 —] M1
S1 PAIR 1 SMI1
M2 — M2
M1 ——— — M1
SMI2 PAIR 2 S2
M2 — M2
M1 = + SIGNAL
M2 = - SIGNAL

S1 = DIFFERENTIAL SIGNAL SOURCE 1 (LAUNCH)
S2 = DIFFERENTIAL SIGNAL SOURCE 2 (LAUNCH)
SMI1 = SIGNAL MEASUREMENT INSTRUMENT 1
SMI2 = SIGNAL MEASUREMENT INSTRUMENT 2

(SMI1 AND SMI2 SHALL BE CAPABLE OF SUBTRACTING
M1 AND M2 TO PRODUCE A DIFFERENTIAL SIGNAL AND
ADDING M1 AND M2 TO PRODUCE A COMMON MODE
SIGNAL)

Figure 7 - Definition of abbreviations used for signals and instruments

5.4.2 Definition of level 1 electrical performance parameters
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There are five level 1 electrical perfornmance paraneters defined

| npedance profile: Zy, (differential) reflection coefficient versus distance
at mninmumsignal transition duration for the application - nmeasures the
ability of the interconnect to function within specifications as a
transmssion line in the electrical neighborhood of the connector by the use
of time domain reflectonmetry. Also includes requirenments on the

transm ssion line outside the electrical neighborhood of the connector in
the cabl e nmedia through the use of differential reflection coefficient with
sui tabl e nodifications.

Differential transni ssion signal degradation (signal degradation): eye
pattern conparison test where differential signals fromthe PUT transmitter
(the difference of the +signal and the - signal) having mninum al | owed
differential anplitude and maximumallowed jitter for transnitters are
transferred to the PUT receiver w thout |osing anplitude and w t hout
increasing the jitter beyond the allowed specification for the receiver.
The PUTnor transnitter has uncorrel ated worst case signals (naximum
anpl i tude, m ni mum STD, maxi mrum al | owed i nbal ance) present during the
testing. The signals fromthe PUTyor transmtter consist of data patterns
with both a run Iength of at least 5 and run length of 1 — e.g. the K28.5
pattern or individually programed patterns.

Si gnal transni ssion bal ance degradati on (bal ance degradation): eye pattern -
like (no open “eye” expected for this test) limt conparison test. Launched
differential signals into the PUT with known common node content ( the sum
of the + signal and the - signal) and data patterns with a run length of at
least 5 and mnimumrun length of 1 — e.g. the K28.5 pattern are transferred
to the other end of the PUT interconnect w thout addi ng conmon node
anpl i tude beyond the all owed specification for the PUT. The PUTnor
transmtter uses a different clock source fromthe PUT transmitter and has
uncorrelated (to the Iine under test) differential signals with the nmaxi num
signal anplitude, mninmmsignal transition duration, maxi numall owed comon
node content and a data pattern with both a run length of at least 5 and run
length of 1 — e.g. the K28.5 pattern present during the testing.

El ectronmagnetic conpatibility (EMC): the energy that may be coupled to the
worl d external to the IUT shield. Two nethods for measuring this
performance requirement are available: (1) Common node power transfer, CWMPT
(formerly known as “transfer inpedance” or shield effectiveness) and (2)

El ectronagnetic radi ation.

Near end cross tal k, NEXT, (Quiescent noise): the anplitude of the signal at
the PUT\or receiver (adjacent to the PUT transmitter) when no signal is
driven into the PUTyor receiver fromthe PUTyor transmtter. The signals from
the PUT transmitter are individual isolated pul ses that have the maxi num
permtted anplitude, mninumpermtted signal transition duration, and

maxi mum unbal ance.
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Figure 8 - Level 1 tests

5.5 Definition of level 2 HSS electrical performance parameters

Five level 2 electrical performance paraneters are defined bel ow

1

3.

Attenuation (insertion loss): The ratio of output to input differential

vol tage anplitudes at a specific sinusoidal frequency is used to calculate
the attenuation in dB. The frequency is swept across the range of interest,
typically 100 kHz to 3 GH. Note that square waves are not allowed for this
test due to difficulties with measurenent calibration. Attenuation is a
primary contributor to eye closure and intersynbol interference for
differential signals.

Propagation time and propagation tine skew. the propagation tine is the tine
required for the mdpoint of a signal edge to propagate between an input and
out put neasurenent point. The propagation tinme skewis the difference in
the time required for the mdpoint of the signal edges to sinmultaneously
propagate down two nomi nally identical paths between an input and out put
nmeasurenent point. The line to Iine propagation tine skew within the sane
pair (used in this docunent) is the difference in the propagation tine

bet ween the single ended signals in the + signal and - signal lines. The
pair to pair propagation tine skew (not used in this docunment because each
pair operates under a different timng donain) is the difference in the
propagation time between the differential signals in two different pairs.
Propagation time skewis a primary result of physically unbal anced nedi a
construction and of |aunched signal skew.

Anpl i tude inbal ance between the + signal and - signal: the maxi num
nmagni tude of the difference between the peak anplitudes on the + signal and
- signal lines at any point in tine.
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4. Signal transition duration (rise / fall tine): the time required for a
differential signal edge to traverse between 20 and 80 percent of the
di fference between the I ow |l evel and the high Ievel in a signal edge (rising
edge) or between 80 and 20 percent of the difference for a falling edge —
very inportant paranmeter in setting up the level 1 tests as it significantly
determ nes the induced conmon node |evels, the EM, the inpedance profile
qui escent noi se and intersynbol interference.

5. Cross tal k conmponent of signal degradation: The effect of uncorrel ated
signals on PUTyor on the signals in the PUT. Cross talk generally degrades
signal quality including increased jitter and anplitude paraneters on the
differential eye pattern. Three different approaches are descri bed:

i ndi vidual pul ses, eye diagramw th broad spectral data pattern, and swept
si nusoi dal

AMPLITUDE RELATED EYE CLOSURE;
FREQUENCY DEPENDENCE OF
EYE CLOSURE DUE ATTENUATION IS A PRIMARY

TO JITTER INCREASE CAUSE OF INTERSYMBOL
AND AMPLITUDE EFFECTS \NTERFERENCE JITTER

CROSS TALKIN
ACTIVE SIGNAL
AMPLITUDE
IMBALANCE

PROPAGATION
TIME SKEW

ONE PRIMARY EFFECT
THAT PRODUCES
UNBALANCED
SIGNALS

ATTENUATION

SIGNAL
TRANSITION
TIME

ONE PRIMARY EFFECT THAT

PRODUCES UNBALANCED PRIMARY PARAMETER FOR
SIGNALS CROSS TALK AND EMC TESTS

Figure 9 - Level 2 tests

5.6 Basic requirements for executing a test

Each paraneter has specific allowed ranges as determined froma test
nmeasur enent. Each neasurenent requires

test fixturing to allow connection of instrumentation and interconnect under
test (1UT)

calibration procedures to account for the effect of fixturing

applied stinmuli and neasured responses that contain the results of the HSS

t est
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In general, different fixturing and neasurenment requirenents exist for each
paraneter. In practice, it is very desirable to have the sane test fixture for
several, if not all, tests.

The calibration procedure will usually be different for the different tests.

The acceptabl e range for each paraneter nay differ for different perfornmance
cl asses.

5.7 Definition of the HSS interconnect under test (IUT)

The interconnect under test (IUT) is always at |east a mated connector pair
(for exanmple connectors A and B in Figure 10), the term nations for each side
of the mated connector, and the electrical features within the electrica

nei ghbor hood for each side of the mated connector. 1In sone cases the

i nterconnect under test is a conpleted cable assenbly having a specific |ength,
the mat ed connectors on each end and the electrical features within the

el ectrical nei ghborhood of each end.

TP1 PHYSICAL INTERCONNECT TP2
<« UNDERTEST o

\ \/

AB C|D

———————— P>
SEPARABLE INTERCONNECT
TEST FIXTURE COMPONENT UNDER TEST | TEST FIXTURE

A, D = PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1 AND TP2

SEPARABLE INTERCONNECT PERFORMANCE IS JUDGED
BY ITS PERFORMANCE AT TP1 AND TP2 (WHICH INCLUDES
THE EFFECTS OF CONNECTORS A AND D)

Figure 10 - Definition of the interconnect under test

This definition of the interconnect under test does not allow electrica

per formance specification of a connector outside the context of a specific
application. Sonme tests, such as inpedance profile may allow visibility of the
contribution of the connector while other tests will show only the net effect
of the conplete interconnect systemunder test without directly offering
visibility to the contribution of the connector. |f the interconnect system
performs adequately according to the tests in this docunent then the connectors
or other pieces of the interconnect system are adequate.
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5.8 Special considerations for test fixtures

Using the definition of the IUT in section 5.7 parts of the total 1UT remains
attached to the test fixtures and are typically used nmany times when testing
different renovable parts of the IUT (see Figure 10). The “A’ and “D’ hal ves
of the nmated connectors are pernmanently attached and are termned the
“stationary” parts of the |UT.

This definition for the IUT is necessary in order to neasure the perfornmance of
the total connection but it has several consequences that nay not be obvi ous.

The contribution of the stationary parts of the I1UT to the nmeasured result for
the total 1UT may not be small. The stationary parts could conpensate for or
exacer bat e degradations caused by the renovable parts of the IUT. It is
general |y expected that different renpovable parts of the I1UT will cause
different total IUT test results. Wat nmay be |l ess obvious is that 1UT"s with
the sane renovable part but with different test fixtures with different
stationary parts nmay also yield different results. |In both cases the
differences in the IUT test results exist even if identical instrunentation and
calibration processes are used.

Ther ef ore:

Differences in the IUT test results fromdifferent |aboratories are to be
expected unless the sane total 1UT (both the sanme stationary and the sane
renovabl e parts) are tested together

If the stationary parts of the IUT conpensate for the renovabl e parts then
it is to be expected that other |aboratories testing the sane renovabl e part
may find that the renovable part fails (since their stationary parts may not
deliver the sane | evel of conpensation)

If the stationary parts of the | UT exacerbate the degradation in the
renovabl e parts to the extrene allowed w thout allowing the total 1UT to
fail then a nore conservative total IUT test results and it becones unlikely
that testing with different stationary IUT parts will show failures in the
total 1UT

Suppliers of renpovable IUT parts (typical cable assenblies) will need to
careful Iy understand the effects of the stationary parts of the IUT in their
testing so that unintentional conpensation of renovable parts is not occurring.

Al though the stationary parts of the IUT are attached to the test fixture they
are not formally part of the test fixture (even though it may appear so in a
casual observation since they are attached). Anything within the electrica
nei ghbor hood of the stationary parts of the IUT is also formally part of the

I UT and not part of the test fixture.

5.9 Extensions to parallel - serial constructions

Thi s section describes howto extend the tests described in this docunent to
constructions beyond the sinple duplex. Such constructions are useful for
exanpl e when one needs hi gher bandw dth without sacrificing | ength and nore
paths carrying information is easier than a single path because clock rate
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increase on a single path is not desirable. Qher possible reasons include
needi ng addi ti onal independent control paths and needi ng sone paths to be bi-
directional. Wen the basic transm ssion on a single path is seria
unidirectional and there are nmultiple paths foll owi ng the same physical routing
(for example nmultiple twin-axes in the sane overall jacket) the construction is
terned parallel - serial (p-s) in this docunent.

Several new transports, including FC, are considering using p-s constructions
because the problens facing increasing the data rate on a single path are
greater than the problens of introducing nultiple paths.

The extensions described here apply only to point to point applications (which
may or nay not contain equalizers or active circuits in the path for nost
tests). Specifically, multidrop constructions are not considered.

In general one uses superposition along with worse case alignnents and
polarities (to avoid cancellations) to deal with the nore conpl ex structures.
A generalized p-s construction is shown in Figure 11. The Sn is a source for
the nth path while the SMn is the signal neasurenment instrunent correspondi ng
to the nth source
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GENERALIZED PARALLEL SERIAL PATHS
FOR POINT TO POINT CONNECTIONS

Sn LEFT TO RIGHT PATH > SMIn
RIGHT TO LEFT PATH
SMi n+1 < Sn+1

BI-DIRECTIONAL PATH

< BI-DIRECTIONAL PATH >

< RIGHT TO LEFT PATH

< BI-DIRECTIONAL PATH >
LEFT TO RIGHT PATH >

< RIGHT TO LEFT PATH
LEFT TO RIGHT PATH >

Figure 11 - Sources and instruments for a general p-s construction

The five level 1 tests for duplex assenblies each have a counterpart in p-s
constructions. Each will be briefly considered separately.

5.9.1 Impedance profile for p-s constructions

The inpedance profile test is exactly the same as for a duplex PUT. Each path
in the p-s construction is neasured separately and uses the sane test
procedures described in this docunent.

5.9.2 Signal degradation for p-s constructions

This test is essentially the same as for duplex assenblies except that

addi tional second sources may be required for all the PUTwr's and a test
fixture suitable for the p-s construction is needed. Note that there nmay be
second sources on the sane side of the IUT as the primary source.

A general feature of p-s constructions is that one does not need to use second
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sources for the paths that are not coupling significantly to the PUT. However,
until proven otherwi se, ALL PUT\or' s shall have worst case signals applied.
Unfortunately there is no sinple way to use superposition for this test (unlike
the cross talk test described below so all second sources shall be on at the
same tinme the PUT is being tested.

Al'l the second sources on the sane side may be derived fromthe sane cl ock
source as would be normal in a real application and may be distributed to
several PUTnor' s fromthe same second source. Many times the second sources on
the same side as the Sn will be derived fromthe same cl ock source as the Sn
and Sn nmay al so be used as a second source in this case. It is up to the user
to determne the requirenents of the transport protocol and to structure the
test accordingly.

For the bi-directional case where each direction is used at different times by
the transport protocol the path nust be tested separately in each direction
There is at | east one inplenentation used in Ethernet where the | aunched signa
si mul taneously contains the received signal and signal processing is used to
subtract the transmitted signal so that the received signal may be reveal ed
Thi s docunent does not describe how to test sinultaneous bi-directiona
transm ssi ons.

A conplete test of a p-s construction is therefore a conbination of tests where
each PUT is separately tested. For exanple, a p-s construction containing 4
left toright, 4 right to left, and 2 bi-directional paths a total of
4+4+2x2=12 tests are needed.

5.9.3 Balance degradation for p-s constructions

The bal ance degradation tests foll ow exactly the sanme flow as described in
5.9.2 for the signal degradation except using the bal ance degradation
nmet hodol ogy i nstead of the signal degradation nethodol ogy.

5.9.4 EMC for p-s constructions

The CVPT test applies to p-s constructions essentially wi thout nodification
The EMR test requires that the excitation be set up to simulate actual signals
on all paths simultaneously but is otherw se identical to the dupl ex case.

5.9.5 Near end cross talk for p-s constructions

Near end cross talk for p-s constructions is determ ned by sequentially
appl yi ng aggressor pul ses on every path except the victimpath and recordi ng
the cross talk contribution fromeach aggressor path. The absol ute val ue of
the results are then added to produce to total cross talk on that victimline.
The test conditions are identical to the duplex case described in this docunent
with suitable nodifications to the test fixtures to accommodate the p-s
constructi ons.

Thi s ext ensi on et hodol ogy was originally devel oped for use on parallel SCS
cabl es and does produce a conservative (i.e. nore stringent) test on the IUT
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than actually exists in service. However, since there is no correlation
assuned (either tinme or anplitude) between the aggressor signal and the service
signals in this test the resulting noi se nmeasurenent (calculation) is the worst
possi bl e condition and there cannot be a nore intense cross talk in service
than reveal ed by this test.

The process is repeated for every victimline in the p-s construction

Note that for bi-directional paths that two tests are required.

5.9.6 Summary of extensions to p-s constructions

Wth sinple nodifications to the test process and test fixtures a very broad
array of conplex p-s constructions can be tested using the basic procedures
described in this docunent for duplex constructions. It is not practical to
attenpt to detail every possible p-s construction but the fornula for
constructing these details are contai ned herein.

5.10 Map of the HSS parameters

Table 1 shows the map of the HSS perfornmance paraneters

Table 1 - Map of the HSS testing requirements

PARAMETER TEST FIXTURE AND | CALIBRATION TEST PROCEDURE ACCEPTABLE
MEASUREMENT PROCEDURE RANGES
EQUIPMENT
DESCRIPTION

IMPEDANCE SECTION 6.1.1 SECTION 6.1.2 SECTION 6.1.3 SECTION 6.1.4

PROFILE

SIGNAL SECTION 6.2.1 SECTION 6.2.2 SECTION 6.2.3 SECTION 6.2.4

DEGRADATION

BALANCE SECTION 6.3.1 SECTION 6.3.2 SECTION 6.3.3 SECTION 6.3.4

DEGRADATION

EMC SECTION 6.4.1.1 SECTION 6.4.1.2 SECTION 6.4.1.3 SECTION 6.4.1.4
SECTION 6.4.2.1 SECTION 6.4.2.2 SECTION 6.4.2.3

NEAR END CROSS SECTION 6.5.1 SECTION 6.5.2 SECTION 6.5.3 SECTION 6.5.4

TALK

ATTENUATION SECTION 7.1.1 SECTION 7.1.2 SECTION 7.1.3 NA

PROPAGATION TIME | SECTION 7.2.1 SECTION 7.2.2 SECTION 7.2.3 NA

SKEW

AMPLITUDE SECTION 7.3.1 SECTION 7.3.2 SECTION 7.3.3 NA

IMBALANCE

SIGNAL SECTION 7.4.1 SECTION 7.4.2 SECTION 7.4.3 NA

TRANSITION

DURATION

CROSS TALK SECTION 7.5.3.1 SECTION 7.5.3.2 SECTION 7.5.3.3 NA

COMPONENT OF

SIGNAL

DEGRADATION

6. Level 1 tests
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6.1 Impedance profile

The i npedance profile of an HSS cabl e assenbly is a neasure of the disturbance
to the signals passing through caused by the connector and the signal paths
directly attached to the connector. An ideal connector systemwll exactly

mat ch the nedia i npedance at all tinme points associated with the connector

The intensity of the disturbance to the signals is directly affected by the STD
of the signal and the inpedance, therefore, shall be nmeasured with signals that
span the extrenes of the STD s for the application

This inpedance profile test is intended to be used on cable assenblies that do
not have passive or active conponents in the path other than the connector
contacts and the nedia wires. Specifically, passive equalizers typically

i ntroduce resistors, inductors and capacitors into the path and may cause the
i mpedance profile to exceed the allowed limts for this test. The equalized
cable assenbly may fail the test Iimts described but actually be acceptabl e
for use in the |ink.

| f passive equalizers are used in a cable assenbly the nedi a i npedance portion
of the profile will be affected by the equivalent d. c. resistor network of the
equal i zer (typically causing the nedia portion to appear much hi gher inpedance
than without the equalizer) and al so nay affect the profile near the connector
This inpedance profile test may be used as a level 2 test for assenblies with
passi ve equali zers.

The i npedance profile is a plot of characteristic or transm ssion |ine

i mpedance as recorded by a tinme donmain reflectoneter instrunent. There is an

i ndi rect mappi ng of the nmeasurenents to the physical position within the device
under test. This test is needed to control signal reflections within the close
proximty el ectrical neighborhood of the connector. The test shall be
performed at both extrenes of the allowed signal transition tines for the end
use application. Fast transitions enhance the effect of non-uniformties.

Slow transitions increase the extent of the close proximty electrica

nei ghbor hood.

The signal driven by the TDR heads in sone equi pnent are dual channel

conpl enentary single ended signals that start out at non-zero voltage and rise
with a matched rise tinme, in opposite directions to produce a coll apsing
differential signal that ends at zero volts.

These TDR signals may be different fromthat driven fromnost functional HSS
transmitters. Functional HSS transnmitters drive the + signal high and the -
signal lowor the + signal low and the - signal high -- they do not dwell at
the zero output level. The calibration for the inpedance profile tests is

therefore somewhat different than that required for other tests that require
controlled signal transition duration

6.1.1 Test fixture and measurement equipment

6.1.1.1 Test fixture

Figure 12 shows the test configuration for the inpedance profile tests.
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TP1 PHYSICAL INTERCONNECT
< UNDERTEST —>l

50W

SW \

50W _O\
—”””’,,—’{AAB CD
/ l————— —
SEPARABLE INTERCONNECT

TEST FIXTURE COMPONENT UNDER TEST

TDR INSTRUMENT

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

D =TERMINATION

O =CONNECTOR BETWEEN 50 AND 75 OHM SECTIONS

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 12 - Test configuration for impedance profile

The test fixture may be constructed of sem rigid coax, precision coax,
mcrostrip PCB, or stripline PCB. The test fixture nmust contain the entire
close proximty electrical neighborhood on the side of the connector near the
i nstrument ati on and have a section where there are no non uniformities such as
vias. This sectionis used as an aid in calibrating the TDR for transm ssion
line inpedance. The far end of the unit under test shall be terminated in the
nom nal transmission |ine inpedance of the nedia in the unit under test,
differential inpedance = 150W, within 5% (to minimze nultiple reflections).
The signal line to ground term nation inpedance is whatever it needs to be to
nmeet the 150W differential requirenent. Typically the signal line to ground

i mpedance i s approxi mately 75W.

6.1.1.2 Measurement equipment

Equi pnent such as the Tektroni x 11801 with SD24 TDR/ sanpling heads or

equi val ent shall be used. This equipnent has features such as software filters
to simulate the effects of different STD s, auto readout of cursor positions,
and conversion between reflection coefficient and transm ssion |ine inpedance.

6.1.2 Calibration and verification procedure

6.1.2.1 Instrument calibration

Connect a known separate 50W +1% | oad at the far end of each of the 50W cabl es
attached to the TDR that will be used to connect to the test fixture. The

di fferential inpedance recorded at the end of the cable should be 100W. This
calibration will account for the losses in the cable and validates the

i nstrunment calibration.
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6.1.2.2 Test fixture verification

Connect the 50W cables to the test fixture and record the val ue when the trace
isin the uniformportion of the test fixture. The other end can be open or
have a cabl e assenbly attached. This establishes the effects of the reflection
fromthe 50W to the 75W discontinuity between the test fixture and the 50W
cable. |If the differential inmpedance in the uniformportion of the trace is
150 + 10W then the test fixture is satisfactory. This neasurenent shoul d be

i ndependent of the TDR filter setting (signal transition duration) over the
range of the measurenent.

6.1.2.3 Differential signal transition duration calibration

This ensures that the proper signal transition time is being presented to the
| UT.

A special test fixture is required for this calibration. Progressing fromleft
toright the test fixture is exactly like the test fixture in Figure 12 up to
the TPl point and continues as a mrror inmage through TPl as illustrated in
Figure 13. Previous versions of this calibration procedure used a reflected
pul se nmeasured at the source, Sl1, that required an electrical short at TPl
using the test fixture shown in Figure 12. The previous nethod has been found
to be prone to serious error due to the effects of reflections within the test
fixture. These reflections can be a very significant part of the neasured
signal at the TDR head (position S1 in Figure 13). However, when using the
transmtted signal through TP1 in a thru connection sense as shown in Figure 13
the effects of the reflections in the test fixture are second order. The
signal nmeasured at SM1 accurately represents the signal presented to the IUT
at TP1.

TP1

50W | 50W
75W ¢ 75W

50W _O\/O_ 50W
—

TEST FIXTURE

TDR INSTRUMENT, S1
SMI 1 INSTRUMENT

O =CONNECTOR BETWEEN 50 AND 75 OHM SECTIONS
TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 13 - Test fixture for STD calibration
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Using the test fixture and configuration shown in Figure 13 apply a
differential pulse fromSl as |arge as possible within the capabilities of Sl
(if the anplitude is adjustable on S1 otherw se use the default pul se from Sl)
and neasure the received differential pulse at SM1. Most practical TDR

i nstrunments present the signal resulting at SM1 as a rising differenti al

pul se.

To calibrate the STD for the rising pul se edge set up the display on the SM1
as shown in Figure 14. The follow ng procedure results in a calibrated STD:

The span of the time scale on the display is approximtely twi ce the nom na
bit period for the data rate being used. Ten divisions are used on the tine
axis. Specifically Table 2 shows the tine scales to use.

Set the vertical axis at 75 nV per division

Move the displayed curve to the right and adjust the vertical position such
that the flat portion of the curve (flat for at least three tinme divisions)
passes through the first graticule (division) fromthe bottom

Set the horizontal position such that the displayed curve passes through the
third graticule on the tinme axis and the third graticule on the vertica

axi s.

Use the nmeasure function on SM1 to find the peak to peak signal anplitude
of the displayed portion of the trace as shown in Figure 14. This anplitude
may al so be read directly off the display. This signal anplitude of the

di spl ayed trace may or nmay not accurately represent the asynptotic signa

| evel s that may exist at times not displayed.

The signal transition duration (STD) is the tinme between the 20% and 80%

val ues of the displayed signal anplitude.

Table 2 - Scale to be used for STD calibrations

Bit rate * Time axis scale
(Moits/s) (ps/ div)
20 ST 5000
40 ST 2500
40 DT 5000
80 ST 1250
80 DT 2500
100 DT 2000
200 DT 1000
400 DT 500
800 DT 250
1062. 5 200
1250 200
1600 100
2125 100
2500 100
3200 50
4250 50
5000 50
* ST = single transition clocking

DT = doubl e transition clocking
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- STD

A
Y

>
\

20%

80%

l
SIGNAL AMPLITUDE 100

75 mV/DIV DIFFERENTIAL
]

TIME SCALE -- SEE TEXT
(200 PS / DIV FOR GIGABAUD)

Figure 14 - Signal transition duration calibration

It may be found with sone practical test fixtures that the extreme level is not
found at the 10'" graticule. An exanple of such a trace is shown in Figure 15
(for a falling pul se exanple) where a reflection causes the [ owest |evel to be
at approximately the 8" horizontal graticule instead of at the 10'" grati cul e.
Using autonatic features of sone instrunments will cause the reflection to be

used to set the level. |If the peaks are not at the 0 and 10'M hori zontal
graticules then an extrapol ati on should be used to determ ne the peak | evel as
shown in Figure 15. It is inportant that this step not be avoi ded because the

STD can be seriously affected if the signal edge rolls off slowy near one or
both ends of the transition region
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Figure 15 - Setting amplitude for STD with degraded test fixture

Adj ust the filter function on SM1 so that the desired STD i s displayed. Note
that there will usually be two values of STD required: one for each extrene of
the specification. For gigabit FC the extrenmes are 100 ps to 385 ps. The
value of the filter setting required to achi eve these STD conditions shoul d be
used during the inpedance profile nmeasurenent

Retain all the settings for reuse in the neasurenent.
6.1.3 Testing procedure

6.1.3.1 Impedance profile in connector region

Connect the separabl e interconnect under test to the test fixture receptacle
connector, termnate the separable interconnect under test with its nom na
transm ssion |ine inpedance (passive) and record the TDR trace using the method
descri bed below. Figure 16 shows the TDR di splay setup to use for this

neasur enent .
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‘J____f—f——ﬁ———-DBCONﬂNU”YDUETO
- : 150 W INSTRUMENTATION CABLE
: ATTACHMENT TO TEST FIXTURE

TRACE IN THIS
40 mr/ REGION IS THE
DIV IMPEDANCE

PROFILE

- 100 W APPROXIMATELY MIDWAY
: ALONG THE 150 WSECTION

| | | | | | | | | |
1 NS / DIV

Figure 16 - Transmission line impedance profile measurements

Set the tine scale to 1 ns /div (total time axis span of 10 ns).

Set the vertical scale (nr) to 40 nr /div

Adj ust the vertical position to approximtely center the trace on the

di spl ay

Adj ust the horizontal position such that the discontinuity between the

i nstrumentation cables and the test fixture is on the first division. (It
nmay be necessary to di sconnect the instrumentation cables fromthe test
fixture and disable the filter to find this time position - if disconnected,
reconnect the cables and re-enable the filter)

Set the TDR cursor to read ohns

Use the cursor to measure the m ni mum and maxi mum val ues in ohns near the
left side of the trace that shows the disturbances fromthe connector

Execute the test with both extrenes of transition tine allowed (e.g. 100 ps and
385 ps for Ggabit FC using the above nethod to record the trace. Note: a
separate calibration and verification should have been done at these STD

extremes. Different test fixtures may be required to acconmobdate the three STD
I ength requirenment for the uniform 150 W region.

6.1.3.2 Impedance profile in the media region

Using the sanme setup as for section 6.1.3.1 execute the follow ng:
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Figure 17 - Media impedance measurement

Set the tine scale to 1 ns /div (total time axis span of 10 ns).

Set the vertical scale (nr) to 40 nr /div

Adj ust the vertical position to approximtely center the trace on the

di spl ay

Di sconnect the separable part of the IUT and adjust the horizontal position
such that the discontinuity at the open produced is on the third division
(Pick any convenient part of the discontinuity signal to use to set this
position).

Set the TDR cursor to read ohns

Record the min, max and average of the trace between 7th and 9'" divisions
di splayed (4 to 6 ns fromthe I UT separation point). (see Figure 17).

The nedi a i npedance neasurenent contains a small error caused by losses in the
wi re which increases the neasured val ue slightly.

6.1.4 Acceptable ranges

The trace within the close proximty electrical neighborhood should be w thin
in the range shown in Table 6 in Annex A for all signal transition tines
allowed for the application. If an exception windowis allowed where the

val ues may be outside the nominal range for a period of tinme it is noted in the
tabl e.

The FC standards all ow a 800 ps exception w ndow (see Annex A) for this test.
The FC standard is applied to constructions beyond cabl e assenblies, for
exanple GBI C s, and does not distinguish between the details of the
applications. The SFF HSS group recomends that a reduced exception w ndow be
al | oned for dupl ex copper cable assenblies. The requirenments recommended are a
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wi ndow of no nore than 300 ps with inpedance between 90 and 190 ohns in the
wi ndow (this is a reduction in the exception wi ndow wi dth of 500 ps). This 300
ps exception wi ndow applies for full speed and doubl e speed applications.

6.2 Signal degradation

There are three major planks in the strategy for this test:
Use linearity and superposition as much as possible to sinulate the worst
case input signals
Use linearity and superposition as much as possible to sinulate the all owed
out put nask
Ensure that the activity on PUTwor is close to the nost extrene all owed

The test ideally consists of applying the nost degraded allowed transnitter

out put signal to the PUT and verifying that the signal into the receiver (out
of the PUT) does not violate the specified receiver mask. The main technica
chal | enges are to actually produce the worst case legal signal into the

i nterconnect and to not violate the requirenments of the signal |evels available
to/fromreal test instrunments.

For purposes of this test it is assuned that only two properties of the
transmtted signal are inportant: the vertical eye opening (anplitude) and the
hori zontal eye opening (jitter). |If the actual applied signal does not match
the allowed transnit eye mask in other areas no further attenpts are nade to
make a nore perfect fit. The procedure for sinulating a worst case signal is:

1. Using an avail able signal froma real source (while transmtting a 2**7-1
K28.5 or other data pattern with run lengths of at least 5 max and 1 min and
frequency within 1% of the nominal data rate) the reported anplitude for the
eye opening is adjusted using software conpensation such that it appears
that the mnimumallowed transnit eye opening is being applied. This same
anplitude scale and scaling factor is used to record the received eye.

2. The difference between the actual jitter in the transmtted signal and the
maxi mum al lowed jitter is used to adjust the receive eye nmask by an equa
anount in the opposite direction (making the receive nask w der and
therefore nore difficult to achieve). This procedure is shown in Figure 18.
The mininumjitter margin in the transmt nask is the value added to the
receiver mask. Jitter in the transmit signal is transmtted unattenuated to
the recei ver across the PUT - superposition applies.

Al so shown in Figure 18 is atimng reference for both sides of the eye that is
needed to position the signals along the tinme axis so that the signals have the
specified relationship with the position of the nmask. This timng reference is
created by finding the nmean of the population of the transmt signals at the
zero differential voltage crossing points.
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Figure 18 - Compensation for real transmitter jitter

The signal degradation test is intended to apply to all constructions of cable
assenbly including those with equalizers and those with known non uniformties
such as internedi ate connection points. It is basically a four port test

requi renent that does not specify the internal construction of the cable
assenbl y.

6.2.1 Measurement test fixtures and measurement equipment

Figure 19 shows the source side nmeasurenent test fixture.
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SIGNAL SOURCE INSTRUMENT, S$1
OPTIONAL SMA “L” PAD TP1 pHYsICAL IUT

——— >
50W
MATCHING Wy
TERMINATORS
AB——
GROUND SEPARABLE IUT
TEST FIXTURE

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
> =75 SMA CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 19 - Source side measurement test fixture for signal degradation test

Figure 20 shows the receiver side test fixture.

SIGNAL MEASUREMENT INSTRUMENT
PHYsICAL T TP2 OPTIONAL SMA “L” PAD

50W

50W
50w

5ov‘\\

SECOND SIGNAL SOURCE INSTRUMENT, S2

=——CcD

< >
SEPARABLE IUT

TEST FIXTURE

C =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
D =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
O =75 SMA CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP2

Figure 20 - Receiver side measurement test fixture for signal degradation tests

Measur enent equi pment consi sts of two signal sources, S1 and S2, and a sanpling
oscill oscope. The Tektronix G gabert or equivalent is used for S1. This
instrument delivers a differential signal containing any of several data
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patterns. Both the + signal and the - signal are 50 W output inpedance. Hi gh
quality 50 W coaxial cables are used to attach all instrunents to the test
fixture.

A sanpling oscilloscope such as the Tektroni x 11801 or equivalent is used for
the signal neasurenment instrunent. S2 is a source that has the foll ow ng
properties:

Differential outputs, 50 W each side

No correlation to the signal driving the PUT (cannot be derived fromthe
same timng source)

Maxi mum anplitude allowed froma transmtter (2.0 volt p-p differential for
full speed FQO

M ni mum al | owed signal transition duration (100 ps for full speed FC

Maxi mum al | owed unbal ance (can be produced by using different path | engths
for the + signal and the - signal between the signal source and the untested
line, phase trinmers are another nethod for adjusting the inbal ance)

Signal is sinmlar to a nornmal active data transm ssion: data is present wth
arun length of at least 5 max and 1 min, frequency within 1% of the nom na
data rate. Lower Baud signals are not allowed for this signal due to

bal ance dependence on frequency effects.

This signal can be generated by readily avail able sources (e.g. HP 8133) with
some special purposefully unbal anced i nterconnect between the source and the
PUTnor.

One repeating data pattern that is acceptable is:
11000001010011111010110000010101

6.2.2 Calibration procedure

The hi ghest signal level used is fromS2 and that level will determ ne the
scaling factor needed for signal neasurenent instruments that cannot accept

real signals as |large as the specified nmaxi mumfor S2. For the case of ful
speed FC the anplitude of S2 is set to 2.0V differential pp. Since the maxi num
voltage | evel that can be applied to sone common signal measurenent instrunents
is around 800 nmV pp one nust scale the actual signals so that the input |evels
stay within the capabilities of the instrunents.

It is further inportant to do the calibration in a way that has the fine

adj ustnents done by instrunents that are capable of fine tuning the anplitude
of the signals. Sone common S1 sources do not have adjustabl e output signa

| evel s so the fine adjustnent nmust conme fromthe signal measurenent instrunent
and the S2 source.

Because of the limted adjustability of S1 the calibration of S1 and the signa
nmeasurenent instrument will therefore be done before the calibration of S2.
However, since the same signal neasurenent instrunent is used to calibrate both
S1 and S2 the conpliance range of the signal measurenent instrunment for S2 nust
be consi dered when calibrating S1. The sanme settings on the signal neasurenent
instrument as determined in the calibration of S1 is used in the calibration of
S2. This may force S1 to have a coarse adjustnent in its output level to
approximately half the anplitude it would normally use. For the case of ful
speed FC S1 needs to appear to be approximately 1.1 V differential pp. |If the
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si gnal measurenent instrunment can handle no nore than 800 nV the actual S1
out put nust be reduced to approximately 400 nV differential pp. This coarse
adj ustnent may be acconplished though the use of in-line attenuators (around
9dB) .

This allows an S2 actual output of slightly less than 800 nV to appear as 2.0
V. Wen the signal nmeasurenent instrument is calibrated the 400 nV out put
appears as 1.1V and an 800 nV output appears as 2.2V. Note that the exact

val ues of the S1 actual output are not critical — the fine tuning will take
place in the software scal e adjustnents of the signal neasurenent instrunent.

6.2.2.1 Calibration test fixture

A special calibration test fixture is required as shown in Figure 21. This
test fixture is exactly the sane on each side as the neasurenent test fixtures
up to the nounting pads/holes for the connectors. No nounting pads/hol es exi st
on the calibration test fixture. This fixture is intended to determ ne the
effects of the actual neasurenent test fixtures.

SIGNAL SOURCE INSTRUMENT, $1 SIGNAL MEASUREMENT INSTRUMENT
SMI1

OPTIONAL SMA “L” PAD
50W 50wW

///' TEST FIXTURE

SIGNAL MEASUREMENT INSTRUMENT, SMI 2 SIGNAL SOURCE INSTRUMENT, S2
O =75 SMA CONNECTOR

Figure 21 - Calibration test fixture

It is possible to use the top traces for both S1 and S2 calibration if the
fixture used for the tests is identical for both the PUT and the PUTyor.

6.2.2.2 Calibration for S1 and signal measurement instrument

The foll owi ng procedure assunes that the signal neasurenent instrunent needs
i nput signals less than 800 nV differential pp

Using the calibration test fixture in Figure 21 with S2 di sconnect ed:

1. Select in-line attenuators such that the differential pp output of Sl
nmeasured through the calibration test fixture is near but |ess than 400 nV
differential pp at the tine representing the closest approach to the top and
bottom of the (vertically scaled) transnmt mask

2. Select hardware filters and/or connecting cables attached to the output of
S1 to produce the mni num STD val ues all owed for the application as
i ndi cated on the signal measurenent instrumnent

3. Wth the filters / cables in place for the mni mum STD val ue verify that the

HSS copper testing and performance requirements Page 45



Published SFF 8410 Rev 16.1

STD i s that expected

4. |If STD is not that expected or the anplitude does not satisfy step 1, repeat
steps 2 and 3 until the desired STD and anplitude is achieved

5. Adjust signal neasurenent instrunent scale using the internal software of
the instrunment to report the m nimum acceptable differential pp anplitude at
the cl osest approach to the top and bottom of the(vertically scal ed)
transmt nmask (See Figure 22)** (e.g. 1.1V pp for full speed FO)

6. Measure jitter (see Figure 18) and record

7. Subtract the nmeasured jitter in the actual transmt signal fromthe maxi num
specified jitter allowed for transmtters (see Figure 18)

8. Create a test nask for the received signal using the nethod shown in Figure
18

9. Record all the settings and hardware needed to create steps 5,6, and 7 as
the calibration conditions for the mninmum STD tests

10. Repeat steps 1 thru 9 with the maxi num STD val ues all owed for the
application

If the mininmnumallowed STD is not achievable (due to losses in L pads, test
fixtures and cabl es) then use the | owest possible STD. NO allowance is nmade in
the acceptabl e ranges due to inability to achieve m ni mum STD.

** The transmitted signals neasured rmay contain high frequency noi se due to
resonances and reflections within the test fixture (especially if the nmatching
“L” pads are not used). Figure 22 shows a representation of a well behaved

| aunched signal that contains HF noise. Qher |aunch signals nay show nore
separation between the rails and the transitions, as shown in Figure 23.
Regardl ess of whether there is a separation or not in all cases all the “dots”
shown above or bel ow the horizontal parts of the transmt eye nmask are

consi dered in taking the averages.

In Figure 22 and Figure 23 the adjustnent on the signals was done graphically
for purposes of illustration by keeping the mask exactly the sane size and
scaling the signals in the vertical direction only. Unfortunately, since there
is no practical way to separate the signal fromthe graticules, this schene

al so scales the graticules along with the signals. The anplitudes of the
adjusted signals should be related to the size of the graticules before the
adjustnent in upper part of the figures. The graticules in the |ower parts of
the figures should be ignored. The absolute scale in the figures is the sane
for everything except the |ower graticules.
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Figure 22 - Adjustment of launch amplitude (example 1)
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Figure 23 - Adjustment of launch amplitude (example 2

It is in general not possible to determ ne from exam nati on of the eye whet her
t he anplitude broadening is caused by very high frequency noi se or by signals
nore closely related to the basic data pattern. Since these very high
frequency signals will not propagate very far into the interconnect and wll

not reach the receiver they are not really part of the |aunched signal for
purposes of this test. However, the presence of the very high frequency noi se
can seriously affect the neasurenent of the |aunched signal anplitude and needs
to be limted and accounted for

There are two requirenents relating to |aunched signals containing significant
br oadeni ng of the eye pattern bands:
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t he peak to peak | aunched signal anplitude shall be nmeasured fromthe nean
of the vertical popul ation between the cl osest approach points at the top
and bottom of the transmt nask (see upper part of Figure 22 and Figure 23)

the test fixture and test environnment shall be designed and built such that
the peak to peak anplitude noise in the signal (see upper part of Figure 22
and Figure 23 nmax noise signal - nmin noise signal) between the cl osest
approach points at the top and bottomof the transmt nmask is no nore than
20% of the peak to peak average.

The nmean or average of the vertical population in the specified tine band shal
be cal cul ated using the averagi ng function of the instrunent.

Failing to follow these requirenents nmay allow a bad test fixture and/or
environnent to | aunch hi gher anplitude signals than i ntended and effectively
gives the I1UT a larger signal degradation budget than intended. The received
eye opening is larger without the adjustnments for HF noise than it would be
with a HF noise-free | aunched signal with the same anplitude.

Note that the anplitude of the signal for purposes of this test does NOT occur
at the center of the eye unless that happens to coincide with the point of

cl osest approach to the top and bottomof the transnt eye nmask. This is
particularly evident when there is sone slope to the transitioning signals
while over the flat part of the mask as shown in Figure 23. |In these cases the
anplitude is determned significantly fromthe signal not in the center of the
mask.

For a signal of the type shown in Figure 22 note that the visible edge of the
nmeasured eye after adjustnent penetrates into the transmt nask area by an
anount equal to half the peak to peak |ocal noise on the signal as shown in the
| ower part of Figure 22.

For a signal of the type shown in Figure 23 note that the visible edge of the
nmeasured eye after adjustnent penetrates into the transnmt nmask area nore at
the left end of the flats of the mask and has greater penetration than for the
signals shown in Figure 22.

The | ower part of Figure 22 and Figure 23 illustrates the way a properly
adj usted | aunch signal shoul d appear.

The better the quality of the test fixture the nore | aunched signal anplitude
is available for the IUT. Said differently, poor quality test fixtures place
nore burden on the IUT to deliver the signals to the receiver.

6.2.2.3 Calibration for S2

The calibration procedure for S2 uses the sanme signal neasurenent instrunent as
for S1. This is required to naintain the same scale factors for al
nmeasurenents. The data pattern described in section 6.2.1 shall be used on S2.

Using the calibration test fixture in Figure 21 with S1 disconnected and the

si gnal measurenent instrument used and calibrated in 6.2.2.2 attached to the
out put of PUTor:
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1. Select hardware filters and/ or connecting cables attached to the output of
S2 to produce the mni num STD val ues all owed for the application as
i ndi cated on the signal measurenent instrumnent

2. Wth the filters / cables in place for the mni mum STD val ue verify that the
STD i s that expected

3. If STDis not that expected repeat steps 1 and 2 until the desired STDis
achi eved

4. Adjust the output of S2 such that the maxi numall owed differential peak to
peak anplitude is indicated (note the actual signal is | ess due to the
calibration process) (this indicated anplitude is 2.0V for full speed FC -
the peak to peak anplitude for this adjustnent is the maxi num | ocal average
signal recorded anywhere in the eye (see Figure 22 for definition of
anpl i t ude)

5. Using the sane settings and conditions produced in step 4, set the signa
nmeasurenent instrunent to add the + signal and the - signals

6. If needed, add | engths of cable or phase trimers to either the + signal or
- signal cable fromS2 to the calibration test fixture until the signa
nmeasur enent instrunent indicates the maxi num peak anplitude all owed for
i mbal ance (see section 6.3 for definition of inbalance - 12.5% of
differential peak to peak signal anplitude, i.e. 250 nV for a 2.0 V p-p
| aunched signal is the nmaxi mum allowed | aunch inbal ance in this docunent) if
the | aunch i nbal ance exceeds the allowed | evels w thout adding extra | engths
of cable or phase trimers then S2 nust be adjusted so that it does not
deliver nore inbal ance than all owed)

7. Record all the settings and hardware sel ections needed to satisfy steps 4
and 6

The S2 calibration does not need to be done for the maxi nrum all owed STD or
m ni mum al | owed anpl i tude.

6.2.3 Testing procedure

Use S1 calibrated as described in 6.2.2.2 and running a data pattern with a run
length of at least 5 max and 1 nmin such as 2**7-1 or K28.5 with a bit rate
within 1% of the nom nal data rate. Use S2 calibrated and running a data
pattern as described in 6.2.2.3. The bit rate for S2 shall be supplied froma
timng source different fromthat used for S1

The eye pattern on SM1 is recorded as the result of the signal degradation
test.

There are four specific neasurenents required for each PUT in the IUT. Table 3
shows the matrix.

Table 3 - Test conditions for signal degradation

Polarity of S2 nornmal (see reversed (see
Fi gure 2) Fi gure 2)

STD for S1

m ni mum Test 1 Test 2

maxi num Test 3 Test 4

Every measurenent is executed the sane way except with the conditions indicated
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in Table 3 set according to the nmeasurenent being done. The separable IUT is
connected between the test fixtures shown in Figure 19 and Figure 20 and the
resulting eye diagramis recorded and conpared to the nodified receive signa
mask.

Dat a acqui sition should be continued | ong enough to ensure that all the noise
fromthe PUTyor has a chance to experience the worst case interaction with the
PUT signals. This tinme can be determ ned by running sone test cases for
extended tinmes and backing off until good confidence is felt at the data
acquisition tines to be used for the tests.

Any intrusion into the mask constitutes a failure. The allowed receive mask is
the same for all tests

Notice that the trigger for SM1 nust conme fromthe S1 trigger output and that
the polarity reversals for S2 nust be done between S2 and the |IUT

6.2.4 Acceptable ranges

The acceptabl e ranges for full speed FC are shown in Annex A

6.3 Balance degradation

The bal ance degradation test uses the sane strategy to produce the worst case
i nput signals as is used for the signal degradation test (section 6.2) except
that the maxi muminput differential anplitude fromboth S1 and S2 is applied

and there is no jitter conponent specified.

Bal ance is generally associated with the difference between the slopes of the +
signal and the - signal at the sanme point in tine along the line. However,
when the STD is known, as in this test, one nay use the peak instantaneous sum
of the + signal, ML, and the - signal, M2, to approxi mately define the

i mbal ance. The peak sumdivided by the STDis the difference in the average

sl opes of the + signal and the - signal. This nmethod avoi ds needing to use
single ended differentiators and allows the use of the sanme signal neasurenent
instrument that is used to nmake the signal degradation neasurenents. This not
only sinplifies the test but also reduces the cost of the equipnent.

Figure 24 shows a sinple exanple of two bal anced single ended signals within a

differential pair and inbal anced single ended signals caused by a tinme skew on
the ML |ine.
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Figure 24 - Example of imbalance measurement

The i nbal ance is recorded as the peak value of ML + M2 minus the average of all
ML + M2 data sanpled and is reported in nV peak. The inbal ance reported nay be
referred to the peak to peak | aunched differential signal anplitude regardl ess
of the point in the PUT where the nmeasurenent is taken. For a 2.0 nV peak to
peak | aunched differential signal a 12.5% i nbal ance is 2000 nV x 0.125 = 250
nv.

In Figure 24, if the peak value of ML and M2 is 0.5V the peak differentia
voltage is 1.0V and the peak to peak differential voltage is 2.0 V. The peak
sumof ML +M2 (the inbal ance) is shown as approximately half of the peak of M
or M and is approxinmately 250 nV. Therefore, the inbalance shown in Figure 24
is approximately 12.5%

Since the maxi num i nbal ance is the only feature of interest only the m ni mum
STD is used for both S1 and S2.

The possibility of an unbal anced transmtted signal conpensating for an
unbal anced (in the other direction) connector/cable was noted in section 4.
Therefore it is inportant to nmake this test with all four pernutations of Sl
and S2 polarity connecti ons.

The reported inbalance for the IUT is the inbal ance nmeasured at the receiver
| ess that present in the transmt signal

The bal ance degradation test is intended to apply to all constructions of cable
assenbly including those with equalizers and those with known non uniformties
such as internedi ate connection points. It is basically a four port test

requi renent that does not specify the internal construction of the cable
assenbl y.
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6.3.1 Test fixture and measurement equipment

The sane test fixture and measurenent equi pnent is used as for the signa
degradation tests. See Figure 19 and Fi gure 20.

6.3.2 Calibration procedures

6.3.2.1 Calibration for S1 and SMIl

The foll owi ng procedure assunes that the signal neasurenent instrunent needs
i nput signals less than 800 nV differential pp

Using the calibration test fixture in Figure 21 with S2 di sconnect ed:

1. Select in-line attenuators such that the differential pp output of Sl1
nmeasured through the calibration test fixture is near but |ess than 750 nV
differential pp as defined in Figure 22.

2. Select hardware filters and/or connecting cables attached to the output of
S1 to produce the mni num STD val ues all owed for the application as
i ndicated on the SM 1

3. Wth the filters / cables in place for the m ni mum STD val ue verify that the
STD is that expected on SM1 (the procedures in section 7.4 shall be used to
nmeasure the STD)

4. |If STD is not that expected or the anplitude does not satisfy step 1, repeat
steps 2 and 3 until the desired STD and anplitude is achieved

5. Adjust signal neasurenent instrunent scale using the internal software of
the instrunment to report the nmaxi mum acceptable differential pp anplitude
anywhere in the display (e.g. 2.0V pp for full speed FQC

6. Under the conditions of step 5 set SM1 to display the sumof the + signa
and the - signal using a horizontal scale that displays at |east 30 bit
times. Record the display pattern

7. Determne the average | evel of the displayed pattern (this average shoul d be
cl ose to zero)

8. Measure the peak deviation fromthe average | evel (see Figure 26) and record
- this is the |l aunched inbal ance in the Sl signa

9. Record all the settings and hardware needed to create the conditions in step
5 for future use

If the mininmnumallowed STD is not achievable (due to losses in L pads, test
fixtures and cabl es) then use the | owest possible STD. NO allowance is nmade in
the acceptabl e ranges due to inability to achieve m ni mum STD.

An exanpl e of the | aunched inbal ance is shown in Figure 25. This exanple does

not use the correct horizontal scale for this bit rate. Note that high
frequency noise is blurring the signal
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Figure 25 - Launched signal imbalance example

6.3.2.2 Calibration for S2

The calibration procedure for S2 uses the sane signal measurenent instrunent as
for S1. This is required to maintain the same scale factors for al
neasurenents. The data pattern described in section 6.2.1 shall be used on S2.

Using the calibration test fixture in Figure 21 with S1 di sconnected and using
t he sanme signal neasurenment instrunent as was used and calibrated in 6.2.2.2
attached to the output of PUTyor as SM 2:

1. Select hardware filters and/ or connecting cables attached to the output of
S2 to produce the mninum STD val ues all owed for the application as
i ndicated on the signal measurenent instrunent

2. Wth the filters / cables in place for the m ni num STD val ue verify that the
STD neasured on SM2 is that expected using the steps described in section
7.4

3. If STDis not that expected repeat steps 1 and 2 until the desired STDis
achi eved

4. Adjust the output of S2 such that the maxi numallowed differential peak to
peak anplitude is indicated on SM2 (note the actual signal is |less due to
the calibration process) (this indicated anplitude is 2.0V for full speed
FO

5. Using the sane settings and conditions produced in step 4, set SM2 add the
+ signal and the - signals

6. If needed, add |engths of cable or phase trinmers to either the + signal or
- signal cable fromS2 to the calibration test fixture until SM 2 indicates
t he maxi mum peak anplitude allowed for inbalance (this maximumis 12.5% of
peak to peak differential |aunched voltage for this docunment) -- if the
nmeasur ed i nbal ance exceeds 12.5% of peak to peak differential |aunched
anpl i tude without adding extra | engths of cable then S2 nust be adjusted so
that it does not deliver nore than 12.5% i nbal ance)

7. Record all the settings and hardware sel ections needed to satisfy steps 4
and 6
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The S2 calibration does not need to be done for the maxi rum all owed STD or
m ni mum al | owed anplitude.

6.3.3 Testing procedure

Use S1 calibrated as described in 6.3.2.1 and running a data pattern with a run
length of at least 5 max and 1 nmin such as 2**7-1 or K28.5 with a bit rate
within 1% of the nom nal data rate. Use S2 calibrated and running a data
pattern as described in 6.3.2.2. The bit rate for S2 shall be supplied froma
timng source different fromthat used for Si1

Using a horizontal scale such that at |least 30 bit times are displayed the
pattern displayed on SM1 is recorded as the result of the bal ance degradati on
test.

There are four specific tests required for every PUT. Table 4 shows the
matri Xx.

Table 4 - Test conditions for balance degradation
Polarity of S2 nornmal (see reversed (see
Fi gure 2) Fi gure 2)
Polarity of S1
normal (see Test 1 Test 2
Fi gure 2)
reversed (see Test 3 Test 4
Fi gure 2)

Every test is executed the sanme way except with the conditions indicated in
Table 4 set according to the test being done. The separable I1UT is connected
between the test fixtures shown in Figure 19 and Figure 20 and the resulting
signal pattern fromthe sumof the + signal and the - signal is recorded. The
average value of the pattern is the reference level and will account for any
D.C. content. D.C content shifts the entire pattern up or down. The

i mbal ance is intrinsically an A C. effect and shall be calculated as the
difference fromthe average | evel of the nmeasured signal. For signals with no
D.C. content this average level is zero. Figure 26 shows an exanple of an

i mbal ance output test where no d.c. content exists and the average level is
therefore zero. The horizontal scale does not neet the 30 bit time requirenent
but is expanded to show sone detail
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Figure 26 - Example of an imbalance output measurement

If SM1 is not balanced, that is if the sanme signal applied to both ML and M
does not yield exactly the same value on both ML and M2, then the bal ance
nmeasurenent will be shifted in the same way as if there were conmon node D. C
content in the signals.

An exanpl e of a received inbalance display with D. C. content (or unbal anced
channels on SM1) and nmany bit times is shown in Figure 27.

IMBALANCE
AT SMI1

S 2o L PEAK LEVEL

+ 0 | + AVERAGE LEVEL
-

=

3 ns/DIV

Figure 27 - Imbalance output with d. c. content

This the output through the IUT using the source shown in Figure 25 but with
time and anplitude scales significantly different fromthat used for Figure 25.
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Note that the inbalance display in Figure 27 has quasi-periodic features that
probably indicate the difference between the S1 timng source and the S2 tining
sour ce.

The maxi mum di fference fromthe average | evel noted fromany of the four tests
is the inbalance in the received signal. |In Figure 26 the inbalance is the
positive peak | ess the average | evel (zero). Since the negative peak is the
same magni tude as the positive peak the sane inbal ance result is obtained using
t he negative peak.

To obtain the inbal ance added by the IUT subtract the value of the | aunched
i mbal ance determ ned during the S1 calibration described in section 6.3.2.1.

| MBALANCE CREATED BY I UT, mv = (RECElI VED | MBALANCE, nV) - (LAUNCHED | MBALANCE
nv)

The recorded i nbal ance shall be given in percentage of the peak to peak
| aunched differential signal

RECORDED | MBALANCE FOR I UT = | MBALANCE CREATED BY I UT, nV
LAUNCHED P-P DI FFERENTI AL SI GNAL, nV

Notice that the trigger for SM1 nust cone fromthe S1 trigger output and that
the polarity reversals nmust be done between S1 and the IUT and S2 and the | UT.

6.3.4 Acceptable ranges

For this docunent the maxi nrum all owed | aunch inbal ance (peak) is 12.5% of the
differential peak to peak |aunched signal and the maxi nrum added i nbal ance
(peak) by the IUT is 12.5% of the differential peak to peak | aunched signal for
a total of 25% of differential peak to peak |aunched signal in the received
signal. These values are based partly on the skew specifications in the FC
standard for |aunched signals and partly on the neasured perfornance of known
good cabl e assenbli es.

6.4 Electromagnetic compatibility (EMC)

EMC is a nmeasure of the intensity of electronmagnetic energy exported fromthe
IUT. Although these tests can be applied to any IUT they are generally
applicable only to shiel ded external types.

Two options are specified for deternining the el ectronagnetic conpatibility of
HSS cabl e assenblies: (1) conmon node power transfer (CMPT) and (2)
el ectromagnetic radiation (EMR). Ei ther or both may be used.

The | aunched signals are noninally balanced for the EMR test and are nom nally
unbal anced in the CMPT test. The EMR test approxi mates the normal use
condition better than the CWT test but the cost of the test environment is
vastly larger than for the CMPT test. A typical EVR test chanber nmay cost up
to several mllion dollars. The cost of the CMPT test environnment is typically
t housands of dollars, nostly for the neasurenment equi pnent.
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Data acquisition times for EMR tests are nuch | onger than the CMPT tests

Both options have the ability to reliably specify and neasure EMC perfornmance
requi renents on HSS cabl e assenblies and associ at ed bul khead attachnents.

The EMC tests are intended to apply to all constructions of cable assenbly
i ncluding those with equalizers and those with known non uniformties such as
i nt er medi at e connecti on points.

6.4.1 Commom mode power transfer (CMPT)

Common node power transfer (previously known as transfer inpedance or shield
ef fecti veness) applies to external shielded cables and the associ ated
attachnents to encl osures. Wien cables are attached to a system they can add
to the overall radiated em ssions of the system This additional radiation, is
due in part, to the anmount of energy transferred to the outside of the cable
shield fromin side the EM encl osure. How much energy a particul ar cable and
connection system will allowto escape the enclosure can be determ ned by
nmeasuring the “CMPT" of the system

Conmmon node power transfer is the power transfer fromsignals inside a shielded
i nterconnect to the shield outside of the interconnect. Wthin the context of
a specific test condition, one nmay assune linearity between the intensity of
the signal inside the shield to that transferred to the outside.

The CVPT test produces direct stress on the shielding systemby using

unbal anced driven signals. By contrast the EMR test (section 6.4.2) uses a

nom nal | y bal anced driven signal schene that does not produce this additiona
stress on the shielding system Another difference is the CVMPT captures energy
pl aced on the shield by the connector system and by | eakage t hrough the shield
bet ween the connector and the current clanp. The EMR test neasures the

radi ation pattern fromthe entire shield and both connectors. Depending on the
details of the construction of the IUT and the source of | eakage one nay not

al ways get close agreenent between the CMPT and EMR tests for these reasons.

6.4.1.1 Test fixture and measurement equipment.

Test equi pent needed:

Spect rum Anal yzer HP 8595E or equi val ent

Si gnal Gener at or HP 8657B or equi val ent

Signal Amplifier HP 8447D or equi val ent
Absorbing / Current danp Rhode and Schwarz MDS-21
Test Bed and Adapters

The units under test fall generally into two categories: (1) cable assenblies
and (2) bul khead to cabl e assenbly connectori zation.
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The test bed for both categories, consists of a 6” inch dianeter flue pipe,
whose seam has been separated to make a 7" dianmeter slotted flue pipe. Seven

i nch end caps are used at either end. The slot opening in the side of the pipe
is used for inserting and renoving cabl e assenblies under test. This slot
openi ng coul d have a hinged cover if there is excessive RF noise in the test
envi ronnment .

BNCto

Connector

Figure 28 - General view of IUT adapter (test fixture) and “stovepipe”

The test bed needs a adapter to bring the signal fromthe signal generator to
the 1UT. The construction of this adapter is different for each of the
followi ng two testing categories.

The first test category, used for testing only individual cable assenblies, the
bul khead connection on the adapter is a solid connection through 360 degrees
between the face of the connector and the bul khead.

For the second category, used for testing the conplete bul khead connection wth
the cable assenbly nated as it exists in service, the bul khead connector is
attached in the adapter just as it would be in norrmal service. For exanple a
PCl bracket may be used on the adapter to sinulate a PC option card connecti on

Fully Enclosed Shielded End Cap of
Enclosure —\ £ Test Bed
Enclosure

\ Cable Under
Internd

Test
Conductors / Note:2 /

Note:1

Figure 29 - Test fixture for individual cable assemblies

Not es:
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1. Al internal connector contacts bused together and attached to center pin of
BNC connect or.

2. For the first testing category a 360 degree connecti on between the
connector housing and the end cap of the pipe is required. Use gasketing or
soldering to insure there are no openings fromthe adapter enclosure to the
testing area.

3. The connector shown is capabl e of being hard nounted on the bul khead and can
accept wire termnation on the test fixture side

4. For connectors that get their mechani cal support from being nounted on a PCB
the test fixture will use a PCB instead of wires as shown in Figure 30 -
only the PCB feature shown in Figure 30 applies to this test fixture

5. The distance fromthe BNC connector to the bul khead shoul d be kept as short
as possible

In the case of the HSSDC connector system for exanple, a PCB may have to be
used in the adapter box because not all of the HSSDC bul khead connect or
variations use hardware to hold the connector to the bul khead. Sonme connector
variants rely on a pressure fit or sone kind of spring contact.

Fully Enclosed Shielded — End Cap of
Enclosure Test Bed
Enclosure

O:/E‘ o \__ CableUnder
I ntefna] ............................................ Ta
Conductors / Note2 /

Note:1

Figure 30 - Test fixture for complete bulkhead interface testing

Not es:

1. Al internal connector contacts bused together and attached to center pin of
BNC connect or.

2. The bul khead interface is created in the fixture in the same way as it would
be in normal service

3. The connector shown requires nounting on a PCB for nechani cal support

4. The distance fromthe BNC connector to the bul khead shoul d be kept as short
as possible

The IUT is termnated on the far end with the circuit shown in Figure 31,
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Figure 32 and Figure 33.

Figure 31 - IUT terminator

6.4.1.2 Calibration procedure

Using a TDR, neasure and record the single ended characteristic inpedance of
the cable assenbly to be tested. This singled ended characteristic inpedance
is measured with the four internal conductors shorted together and the shield
of the cable connected to ground. This is easily acconplished using either
test fixture in Figure 29 or Figure 30. This is the Zcmshown in Figure 31 for
the IUT term nator.

The internal comon-node current is established by inserting the IUT in to the
stove pi pe (nmeasurenent fixture) and absorbing / current clanp as shown in
Figure 32, connecting the RF output of the signal generator and the input of
the spectrum anal yzer to the ‘T connection of the test fixture for the IUT
The center of the current clanp, in the MDS-21, is placed 10 cmaway fromthe
end of the test bed enclosure. The far end of the IUT is termnated in its
characteristic inpedance, Zcm wth the |UT term nator
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SgGen —

2 Input
CoaxtoIUT YA §
Test Fixture It \

/ - IUT Terminator

BNCT 7 l 7] R ' ;
cormedtor / \ N
/ \

Figure 32 - Calibration configuration

Set the signal generator’s RF output to 0 dBm and sweep from 100 MHz to 1 GHz.
Record this output with the spectrumanalyzer in dBmas Pin to be used in the
final CWPT calculation. Pin should be between 0 and -10 dBm

6.4.1.3 Testing procedure

Pout, the power generated on the outside of the cable as a result of the comon
node power transfer function is measured and recorded. The comopn nbde power
transfer, COWPT, is derived fromPin and Pout.

CMPT = Pout - Pin

Pout is neasured using the setup as shown in Figure 33. The only differences in
the two setups is that the input of the spectrum anal yzer is connected to the
output of the anplifier, the current clanp is connected to the input of the
anplifier and the spectrum anal yzer ‘T connection is replaced with a 50 Chm
term nator. Leave the signal generator set to O dBmand sweep from 100 MHz
through 1 Gz. The spectrum anal yzer records the external power, Pout.
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Sg Gen
Output/@ g Input

Amp.

Interconnect Under Test

/ W ¥
| In Out

,ﬂ:':lj%:r;“:::::::::::::::::::::::::::::!_/FD$ IUT Ternpinator

/ \ . |

50 Ohm / \ \

oy \_
Current Probe Absorbing Clamp Enclosure

Figure 33 - Measurement configuration

A sanpl e spectrum anal yzer display is shown in Figure 34 and the cal cul ated
CVMPT is shown in Figure 35.

Sample Pin and Pout

0 LUSLISLLISLLILUNLIL L UL UL UL UL I O B O O

100 190 0 3 6 8. 9 doo

-10 338.5MHz

-4.3dBm
-20
[3385 MHz |
.30 338.5 MHz
-38.0dBm -

£ —Pin
% Pout

-40

-50

-60

-70

Frequency

Figure 34 - Pin and Pout example
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Common Mode Power Transfer

100 190 280 370 460 550 640 730 820 910 1000
-10
20 i
-30
338.5 MHz
42.7 dBM
Q@ 40 ,4 —CMPT

-50 ARNMW\/\/\/\%\/W\/\AAAA Arson ANN"’J
o ot

-60 T

-70

-80

Frequency

Figure 35 - CMPT calculated using Pin and Pout in Figure 34

At each frequency the common node power transfer is calculated fromthe
fol |l owi ng equati on:

CWPT = (Pout — Anplifier gain + Insertion Loss) - Pin

For exanple, in Figure 34 at 338.5 MHz Pout is -38.0 dB and Pin is -4.3 dB
CWPT = (-38.0dBm -26dB + 17dB) — (-4.3dBnm) = -42.7dB

where Pin is the input signal that was established on the calibration
procedure. Pout is the value displayed on the spectrum anal yzer nmeasured with
the current probe. Insertion loss is provided by the clanp manufacturer and

may be different at each frequency. Anplifier gainis fromthe inline
anplifier, if used, and also may vary with frequency.

6.4.1.4 Acceptable Ranges

The intent of the test affects the acceptable range. |f the bul khead
attachnent is not well sealed and is part of the test then the range specified
bel ow does not apply. |If the intent is to neasure the cable assenbly and its

mati ng connector then across the frequency range of 100 Mz to 1 GHz a
reconmended acceptable CWT is |ess than -40 dB

The CMPT requirenment is unique to this docunment at the nonent.
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6.4.2 Electromagnetic radiation (EMR)

El ectromagnetic radiation testing is executed by using an antenna and the |IUT
together in a | arge chanber (known as a reverberation chanber) with netallic
wal I's and a nmeans to nodify the fields in the chanber (node stirring). The IUT
in this test consists of the conplete duplex cable assenbly and the associ at ed
bul khead attachnents. Each end of the IUT is connected to connectors nounted
on and penetrating through the walls of the chanber. D fferential transmitters
for both halves of the IUT are attached outside the chanber and apply maxi num
anplitude signals with m ni num STD and maxi num al | owed i nbal ance to the | UT.

The EMR of the I1UT is the difference between the radiati on nmeasured with the

I UT and excitation in place and an identical test froma reference sanple. An
unshi el ded reference cable is required. The reference cable should have the
outer shield stripped off and it should be of the same length as the cable
under test within 5mm

The significant difference between this specification and Met hod 3008 of M L-
STD- 1344 is that in this technique the cable assenbly is driven and the energy
emtted fromthe sanple is neasured. Method 3008 drives the reverberation
chanmber and neasure the energy received in the sanple. By driving the cable
assenbly, differential signal excitation nethods can be used which is
representative of the intended application of the cable assenbly.

Under these conditions and using a node stirrer in the chanber the antenna
detects all the radiation emanating fromthe | UT.

Notice that the signals applied in this test are nuch less likely to cause EM
than the CMPT tests because a nonminally bal anced signal is used in this test.
In the OWPT test the conductors are all connected together to produce the worst
possi bl e (| east bal anced) case for producing EM.

Evi dence exists that shows that the EMR and CMPT tests both produce equival ent
results for neasuring bal anced dupl ex copper interconnect.

Rel at ed Docunents:
M L- STD- 1344, Met hod 3008 Shi el ding Effectiveness of Miulticontact Connectors.

| EC 96-1 Reverberation Chanber nethod for neasuring the screening effectiveness
of passive mcrowave conponents.

6.4.2.1 Test fixture and measurement equipment

6.4.2.1.1 Measurement equipment

The followi ng equi pnent is required to execute this test:

Rever berati on chanber — a shielded enclosure fitted with a node stirrer. The
node stirrer is a rotating vane general ly under conputer control. A shielded
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encl osure of 20" x 10° x 12’' can be used down to 200 MHz, possibly as | ow as 50
MHz.

Signal Generator — the signal generator should have roughly 0 to 10 dBm out put
power capability and controllable via an external interface bus. Bandw dth
should be 50 MHz or less to at least 1 GHz.

Power Anplifier — nmeasuring very well shielded cable assenblies nmay require a
1-watt power anplifier with a bandwidth of 50 MHz or less to at least 1 GHz.

Differential Coupler — required for differential excitation of the cable
assenbly and shoul d have a bandwi dth of 50 Mz or less to at least 1 GHz.

Log periodic antenna — a sense antenna to neasure the field fromthe cable
assenbly with a typical bandwidth of 200 Mz to at least 1 G&z

Bi conni cal antenna - a sense antenna to neasure the field fromthe cable
assenbly with a typical bandwidth of 50 Mz or less to at |east 200 MHz

Pre-anplifier — broad band | ow noise pre-anplifier is useful in neasuring well
shi el ded cabl e assenblies. Typical specifications are a gain of 40 dB and a
bandwi dth of 50 Mz or less to at |east 1 GHz.

Spectrum anal yzer — the anal yzer should be instrunment bus configurable and have
a bandwi dth of 50 MHz or less to at least 1 GHz.

PC controller — A PCwith a stable operating systemand software for instrunent
control is ideal. The PCw Il need to also performnotor control for the
rotating vane.

Data pattern generator — a data pattern generator is useful to evaluate cable
assenblies using the exact data sequence the cabl e assenblies are expected to
transport. The generator should support data rates of 200 MB/s to at least 1.4
GB/ s.

See Figure 37 for exanples of specific test equipnent.
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6.4.2.1.2 Test fixture

Test fixture preparation can be involved, as it requires machining a brass
plate with a pre-defined cutout for the connector receptacle. The connector
receptacle to panel interface can be a significant | eakage nechani sm so
installing the connector receptacle correctly is required for credible results.

Figure 36 shows a diagramof a typical fixture. The 3"x4” brass plate has 2
machi ned openi ngs for the connector receptacle to penetrate through. The
receptacles are nounted to a PCB substrate using the receptacle board nount
features. The center conductor of RX402 sem rigid cabling is connected to the
appropriate pins of the receptacle. The outer shield is soldered to the
surface ground plane PCB nmaterial for referencing and mechanical stability.
Term nation resistors are soldered to the appropriate pins of the receptacle.

Ri ght angle brackets nmount the PCB to the wallplate. Care nust be taken to
ensure that the electrical length of the sem-rigid feed is identical so that
source induced skewis mnimzed in the differential excitation

3"x4" x1/16" brass
wallplate, mounts to
enclosure w/

14 bolts

Right angle mounting brackets (brass) —\

Connector Receptacle
(2 per board)

I nsi de of
channber

RG 402 J

semi-rigid

probe for signal feed (4)

Termination resistors (4) A
(connected to ground on board)

Figure 36 - Diagram showing typical receptacle fixturing
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6.4.2.2 Calibration and verification procedure

The calibration process uses the sanme test setup and equi pnent as during the
test of the IUT but with different excitation and sanples attached.

6.4.2.2.1 Test setup

The test setup is shown in Figure 37. The connector receptacle fixturing is
nmounted to a bul khead panel cutout in the MSC. The signal generator should be
attached to the hybrid coupler with at | east double braid coax (R&23 or
equivalent). The electrical path length for differential excitation fromthe
hybrid coupler to the receptacle needs to be well matched and consistent from
test to test. It is recommended that senmi-rigid coax be used for these
connecti ons.

The coaxial feed fromthe receive antenna to the pre-anp should use a well
shi el ded cable. Ethernet thicknet trunk cable (double braid, double foil) has
been used successfully. The nmain concern is that fields fromthe signa
excitation path will couple to the input of the pre-anplifier

Receive antenna
(log periodic/biconnical)

Rotating vane X\

for mode stirring Chesapeake
Microwave
pre-amp
(LF51104N)
Cable assembly : [
under test ——~ : HP 8é668
™ Spectrum Andl |
GPIB bus
Custom : N ohs
ot boerd Controller
w/ RG402 launch R&SSMG
MA/COM — Signa Generator
Hybrid Coupler H9

Figure 37 - Typical test setup

6.4.2.2.2 Calibration procedure
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It is reconmmended that prior to any testing of IUT sanples that several anbient
nmeasurenents be performed to verify that the received signal are indeed due to
radiation formthe cable assenbly. Tests with no IUT installed and tests with
the IUT installed but not excited are useful checks.

The placenent and routing of the IUT is not critical but should extend into the
MSC at least 3 feet. |If the cable is very close to the wall of the MSC, fields
fromthe cable assenbly tend not to couple to the interior volune of the MSC.

Put the unshielded reference cable in place of the IUT in Figure 41.

For each test the followi ng procedure is used to create a reference scan that
effectively calibrates the test setup

In all cases the signals are pure differential sinusoids with maxi num al |l owed
i mbal ance (25% of differential peak) and naxi mum al |l owed anplitude (2.0 v pp
for FO).

The signal generator is set to an initial frequency (50 MHz) and radi ated

em ssion level is recorded. The signal generator is then increnented to the
next frequency and the radiated em ssion |level is again recorded. These

em ssion levels are recorded in logarithmc space (dBm. This process is
continued until the entire frequency range of 50 Mz to at least 1 GIZ is
covered. Linear frequency sweeps or logarithmc frequency sweeps are conmnonly
used.

The rotating vane of the MSC is then noved 18 degrees and the process of
recording the radi ated em ssion |level at each frequency is repeated. An 18
degree increnent equates to 20 positions where radi ated enission levels are
recorded for all frequencies. Mre rotating vane positions could be used at
t he expense of |onger test duration

A 2-dimensional matrix of radiated em ssion neasurenents is created. For each
frequency, the radi ated em ssion | evel nust be averaged over the 20+ rotating
vane positions. This is acconplished by converting the levels fromlogarithnic
space (dBnm) to linear space (MA, summ ng the 20 val ues for each position and
di vidi ng the sum by the nunber of vane rotations (20+). This single value is
then converted back to logarithmc space. This process is repeated for each
frequency.

6.4.2.3 Testing procedure

Attach the 1UT to the test fixture using the sane physical routing as used for
the reference cabl e.

Take a test spectrum scan as described in section 6.4.2.2.2

The shielding effectiveness is conputed as the difference between the reference
and the IUT at every frequency.

The reference cabl e should be excited in the sane nanner as the IUT i.e. with
the sane signal intensity and | aunched i nbal ance at every frequency.
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Docunentation: The final documentation should include the test results,
description of cable assenbly tested, source power |evel setting and source
i nduced skew (if any).

6.4.2.4 Acceptable levels

No acceptable |l evels have yet been identified for this test.

6.5 Near end cross talk (quiescent noise)

This test is limted to a single option: the single applied pulse nethod. 1In
this method pulses with nmaxi mumdifferential anplitude, nmaxi num all owed

i mbal ance, maxi mum and m ni mrum STD signal are applied to the IUT on one pair
and the signal induced on the neighboring pair is measured. In this test both
pairs are under test. The pair with the applied pulse is the aggressor pair
and the pair with the induced noise is the victimpair. There are no signals
comng into the victimpair fromthe renote transmtter for this test

Single pulse tests elimnate the effects of resonance, are very determnistic
in the causes of the induced noise (due to the mapping of the tine and space as
in the TDR tests), and produce the worst case results. It is necessary to
reverse the polarity of the aggressor signal to ensure that bal ance
conpensation i s not occurring.

The aggressor pul ses are of the sane type used for the inpedance profile test:
start with single ended signals: + signal at +/- 250 nV and the - signal at -/+
250 nV. The + signal and - signal pulses initiate in opposite directions to
forma collapsing differential aggressor pulse ending at differential zero.

The use of actual worst case data patterns on the aggressor lines has been
extensi vely debated and considered. This is the natural excitation that is
initially considered. Extensive testing has shown that resonance conditions
and effects of test fixtures can severely distort the neasured results when
using real data patterns. Sonetines these effects inprove the cross talk
performance and other tinmes they exacerbate it. It is very difficult to

di agnose the intensity and cause of resonance and fixture effects when using a
real data pattern. The single pulse (with maxi mum all owed i nbal ance in the
signals) elimnates these effects and gives a worst case result that can be
attributed to as nuch of the systemas desired. For exanple, if connector
term nation techni ques are causing the cross talk then that can be reveal ed by
examning the time points associated with the ternination points.

Anot her inportant point is the value of the recorded di sturbance in the victim
line. Should the peak, peak to peak or sone other feature of the induced noise
be used? This docunent requires that the differential peak value of the

i nduced noise at a tinme position within the 1UT electrical nei ghborhood be
used.

This requi rement nmay appear contrary to logic that says the maxi mum di st urbance
occurs with the maxi num signal swing and that occurs with a peak to peak
nmeasurenent. The reason that the peak neasurenent is the inportant paraneter
is that receivers neasure the differential signal froma differential zero
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position. Even if the intensity of the cross talk signal is greater with a
peak to peak nmeasurenent the receiver will only be affected by that portion
that deviates fromthe zero differential level (i.e the peak |evel).

Since the cross talk is a linear function of anplitude it is not required that
the actual aggressor signal be the maximumdifferential anplitude. A scaling
technique is used to conpensate for equi pment that is not capable of |aunching
maxi mum anplitude signals. (This is another reason why the pulse technique is
desirable.)

Al though cross talk is generally nore intense with shorter STD aggressor
signals, both the maxi nrum and ni ni mum STD signals are required to be used.
This is to cover the case where a physical inbalance nay extend over | onger

di stances and therefore could yield a nore intense cross talk with [ onger STD
aggressor signals.

Ef fectively the aggressor pulse injects noise into the victimline as the
aggressor pulse travels down the aggressor line. Therefore the neasured victim
noi se signal is a direct map of the intensity of the coupling between the
aggressor line and the victimline at different points along the path. It is
generally found that the connector itself and the term nation of the nedia to

t he connector are responsible for the nost intense coupling. This is a

| ocal i zed coupling that produces a victimline noise pulse with a width
approximately twice the electrical length of the coupling region

In the case where the connector and term nation are produci ng the nost intense
coupling, the victimline noise pulse returns to near zero as the aggressor
pul se passes into the undi sturbed nedia. 1In the case where the nedia itself
has significant coupling, the noise pulse on the victimline persists for a
time equal to approximately twice the electrical length of the coupling region
The factor of two arises because it takes one tine for the aggressor pulse to
travel and an equal time for the victimline to propagate the resulting noise
pul se back to the receiver

If the victimline noise pulse does not return to near zero after passing the
connector/termnation region that is a clear indication of high coupling within
the nmedia itself. Wring of lines in the nedia to the wong connector contact
positions is one possible nmechanismthat can inadvertently produce nuch hi gher
coupling than intended.

If there are significant non-uniformties in the coupling within the nedia
these will be revealed by victimline noise pulses well away fromthe
connect ors.

This cross talk test is used to specify a perfornmance requirenent but is also
exceptionally useful to diagnose the causes of the cross talk in all forns.

The near end cross talk test is intended to apply to all constructions of cable
assenbly including those with equalizers and those with known non uniformties
such as internedi ate connection points.

6.5.1 Test fixture and measurement equipment

The sane basic test fixture is used as for the inpedance profile tests. See
Figure 12.
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The measurenent equipnent is also the sane as for the inpedance profile tests
except that a separate receiving head is used for SM 1.

The I ength and properties of the 50 ohm | eads connecting the aggressor signa
and the victimneasurenent instrunment to the test fixture should be the sane
(except as needed to induce inbal ance).

6.5.2 Calibration procedure

The tine reference calibration is done using the sanme test fixture and nearly
the sane procedure as for the TDR tests in section 6.1.1 (using a short in
pl ace of the IUT for reference tine calibration).

Noting the time position of the short establishes a reference tinme for
determining the parts of the tests configuration that are causing the cross
tal k.

The STD calibration is done using a through fixture identical to that used for
the signal degradation tests except that the |ower traces are not used. See
Fi gure 40.

SIGNAL SOURCE INSTRUMENT, S1 SIGNAL MEASUREMENT INSTRUMENT
SMi1

OPTIONAL SMA “L” PAD
50w 50W

TEST FIXTURE

O =75 SMA CONNECTOR

Figure 38 - Amplitude calibration test fixture

Using the test fixture shown in Figure 38 apply a differential pulse fromSl as
large as possible within the capabilities of S1 (if the anplitude is adjustable
on S1 otherw se use the default pulse from S1) and neasure the received
differential pulse at SM1. Mve the displayed curve to the right until a
clearly defined flat portion is observed on the |lower |eft portion of the
trace. Adjust the vertical position such that the flat portion of the curve
(flat for at least three tine divisions) passes through the first graticule
fromthe bottom Position the trace horizontally such that it passes through
the third vertical and third horizontal graticule using the scales shown in
Figure 39. Set S1 to the required STD by using software filtering or hardware
filters. Record the anplitude as described in Figure 41.

Retain all the settings for reuse in the nmeasurenent.
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Figure 39 - Signal transition duration and amplitude calibration

To calibrate the inbalance in the aggressor signal use again the test fixture
in Figure 38. Set SM1 to neasure sumof the + signal and - signal. Using the
sane signal settings as used for the STD and anplitude calibration adjust phase
trimrers or use different length of cable for the + signal and - signal such
that the |aunch inbalance (ML+M2) is approximately 25% of the differential peak
established in the anplitude calibration

Note the exact settings used for both the m ni mum and maxi mrum STD condi tions as
t hese are reused when doing the actual neasurenent.

A second calibration fixture configuration is used to verify that the fixture
i s not causing excessive cross talk. This second fixture is identical to that
described in section 6.1.1 but with 150 ohmresistors added i nstead of shorts.
The second calibration setup is shown in Figure 40
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TDR INSTRUMENT (S1) TP1

50w |

75W l
50w
50W 150 WRESISTORS
50w TEST FIXTURE

MEASURING INSTRUMENT (SMI1)

O = CONNECTOR BETWEEN 50 AND 75 OHM SECTIONS

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 40 - Calibration system for NEXT

Use the calibrated S1 signal created in the previous steps with the test
fixture in Figure 40 neasure the cross tal k produced.

The maxi mum al l owed cross talk in the victimpair in this calibration condition
is 1%for both the |Ionger and shorter STD aggressor signals.

6.5.3 Testing procedure

Using the test setup shown in Figure 41 apply the calibrated aggressor pul se
for the mnimum STD to the aggressor line, S1, and neasure the induced noi se on
the victimline at SM1. The value of the aggressor signal anplitude as
determ ned by the STD calibration used in the test shall be reported along wth
the cross talk noise results even if scaling is used. This is required to

eval uate the effects of the noise floor for 1UT"s with small cross talk.

Repeat the test exactly except with the polarity of the leads to Sl reversed.
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TDR INSTRUMENT (S1) TP1 PHYSICAL INTERCONNECT
<«—— UNDERTEST —>l

50W

SW \

50W _O\
. ——iAB c|D
l———— —_—
_4>////////////{ SEPARABLE INTERCONNECT

50w TEST FIXTURE COMPONENT UNDER TEST

MEASURING INSTRUMENT (SMI1)

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

D =TERMINATION

© =CONNECTOR BETWEEN 50 AND 75 OHM SECTIONS

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 41 - Test configuration for NEXT

Note the largest peak (i.e. largest deviation fromzero differential) on the
victimline at a tinme position farther fromS1l than the tinme position of the
short determined in the calibration. This largest peak fromeither polarity is
the value of the induced signal for that STD. Note that a peak to peak val ue
is NOT used. Both the absolute value of the induced signal peak and its
percentage with respect to the anplitude of the aggressor signal are recorded.
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Figure 42 - Example of cross talk measurement

Repeat the tests for both polarity of lead attachnment to S1 with the maxi num
STD aggressor si gnal

The absol ute value cross talk is scaled to account for the actual anplitude of
t he aggressor signal. For exanple if the actual aggressor signal is 500 nV
peak and the maxi mum al | oned aggressor signal is 1000 nV then the neasured
absolute cross talk result would be multiplied by 2.0.

The percentage result does not need to be scal ed.

6.5.4 Acceptable ranges

Acceptabl e values in this docunent for FC are less than 3% No nunber or test
procedure has been established in the formal standards.

The anplitude of the signal on the victimline should return to a | evel
significantly | ower than observed in the connector/ternmination region within a
few STD's of the mating interface. |If this is not observed it is an indication
of serious degradation in the IUT. Qher tests, notably bal ance degradation
will detect this degradation as a failure so the observation of the high media
coupling is not a direct reason for failing the cross talk test.

7. Level 2 tests
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7.1 Attenuation

Attenuation is calculated fromthe ratio of output voltage signal level to

i nput vol tage signal level through the PUT and is a neasure of the | osses
experi enced when transmtting a signal through the interconnect. Higher
attenuation neans | ess signal at the output or equivalently a gain of [ess than
unity. A sinusoidal signal is used to elimnate the need for conplex
descriptions of real pulses and square or trapeziodal signals in ternms of
Fourier conponents. A conplete attenuation specification requires exam ning
all frequencies of interest to the application. A spectral description is
reconmended. The basic fornula for attenuation in decibels is:

Attenuation (dB) = 20 |l o0gio (input signal / output signal).

Note that this fornula gives the attenuation as a positive nunber since the
argunent of the log is greater than unity. Sonetimes attenuation is casually
reported as a negative nunber when the gain is really the intended nat henatica
statenment. In any case the magnitude is the same for both gain and
attenuation. The follow ng formula expresses gain in decibels.

Gain (dB) = 20 lo0g;o (output signal / input signal)

If the output and input signals are nmeasured in power instead of voltage then
the multiplier in the above equations is 10 instead of 20.

Since the argunent of the log is less than unity the gain is a negative nunber

Thi s docunent requires that attenuati on be expressed as a positive nunber
unl ess there is active gain in the path fromactive circuits.

Therefore a typical attenuation plot has the formshown in Figure 43
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Figure 43 - Form of attenuation plots

Attenuation is a measurenent of the dissipative | osses on a bal anced

transm ssion line. The series resistive |loss of the conductors (copper) and
the shunt | oss due to the dissipation factor of the dielectric covering the
conductors dom nate these | osses. At higher frequencies, the conductor |oss
i ncreases due to skin effect. Skin effect is where the current becone

i ncreasing confined in the outer “skin” of the conductor as the frequency
increases. This effectively reduces the conductor area available for current
flow The attenuation for a given bal anced transmission line is affected by
t he conductor netal conposition and size and the conposition, uniformty, and
t hi ckness of the dielectric that surrounds the conductors.

Attenuation can only be neasured directly with an ideal test systemthat is

perfectly matched to the bal anced transnission line to be tested. In a
practical test system the quantity that is actually nmeasured is insertion
loss. Insertion loss is conprised of a conponent due to the attenuation of the

bal anced transmi ssion line, a conmponent due to the msmatch [oss at the input
or near end side of the transmi ssion line and a conponent due to the m snatch
| oss at the output or far end side of the transm ssion |line.

There is a msnmatch | oss conponent at any interface where the transm ssion |line
i npedance is not perfectly matched on both sides of the interface. The anount
of mismatch loss that is experienced at each interface is :

M smat ch Loss (dB) = (- 10 LOGo (1 - | G|?)) dB

Bal anced transmi ssion lines are al so susceptible to neasurenent errors when
nmeasuring hi gh values of attenuation (>50 dB) due to radi ated energy coupling
into the transmission line. The |largest source of this error is due to direct
coupling of the near end side of the test systemto the far end side of the
test system This coupled signal will conmbine with the test signal passing
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through the transm ssion |ine under test and cause a significant ripple error
in the insertion | oss nmeasurenents at the higher frequencies where the
attenuation of the transmission line under test is the |argest.

Since the test instrunments are single ended and the 1UT is bal anced a coupling
device called a balun is required to connect the IUT to the test equipnent.

Bal un Sel ection. The inpedance on the primary side of the balun nust natch the
i mpedance of the test equipnment, nornmally a network anal yzer. The inpedance on
t he secondary side of the balun nust be matched as closely as possible to the
nom nal inpedance of the IUT in the bal anced state to mnimze reflections. |If
reflections are present they will skew the data by introducing a nmismatch | oss
ri ppl e conmponent.

Figure 44 shows the effect of different baluns on a very long cable
(approximately 300 neters). There are no reflections visible because they are
attenuated to insignificant levels by the long |length. Another very inportant
benefit to using long cables for these tests is the elimnation of resonance
effects for the same reason that reflections are not a problem The main
effect of using relatively seriously msnmatched bal uns on very long cables is a
snmall error in the attenuation reported (less than 1 dB in the exanple shown).

100 AND 150 OHM BALUNS USED TO MEASURE A 100 OHM CABLE

-10

O HM. B AL UN

-15

T
150 OH BAL(;

Attenuation ( db )

-20

20 40 60 80 100

Frequency ( MHz )

Figure 44 - Effect of balun selection on measured attenuation for very long
cables

Sanpl e Lengt h. The opti num sanple length is such that there is at |least ~
1db of one way attenuation at the | owest frequency of interest. This wll
guarantee that there is at |least 2 dB of additional |oss experienced by that
portion of the test signal that reflects fromthe far end.

This will reduce the uncertainty caused by nultiple reflections due to the far
end and will result in acceptable resolution / ripple. The resulting
nmeasurenents is accurate and repeatable. |If a sanple is used that yields an
attenuation of less than 1dB the mismatch ripple fromthe near end conbi ned
with the msmatch ripple fromthe far end can approach the same or greater
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magni tude than the attenuation at the | owest frequency. For exanple in the
unmat ched bal un case:

Case 1 :

Near End Balun Z = 100 Chm

Far End Balun Z = 100 Chm

Nom nal Bal anced Cable Z = 150 Chm

Bal anced Cable | oss at |owest test frequency = 0.5 dB = 0. 94406

In case 1 there is only 0.5dB attenuation in the presence of a ripple that wll
add anywhere from 0.354 dB to 0.6972dB of neasurenent error as shown in Figure
45,

GAIN (dB)
§<<

'7 T T T 1 1 rr7r T T LI B B N | T T

1 10 100

FREQUENCY MHz

Figure 45 - Effects of mismatched baluns in a short IUT

For the matched case ot herw se identical to case 1:

Case 2 :

Near End Balun Z = 150 Chm

Far End Balun Z = 150 Chm

Nom nal Bal anced Cable Z = 150 Chm

Bal anced Cable |oss at |owest test frequency = .5 dB = . 94406

The insertion loss equals the desired attenuation result and there is no ripple
to cause neasurenent uncertainty as shown in Figure 46.
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Figure 46 - Effect of matched baluns on a short sample

Finally, for the case of at least 6 dB of |ow frequency attenuation the results
are achieved without requiring a closely matched bal un

Case 3 :

Near End Balun Z = 100 Chm

Far End Balun Z = 100 Chm

Nom nal Bal anced Cable Z = 150 Chm

Bal anced Cable | oss at |owest test frequency ~ 6 dB

Under a mismatched condition, the insertion | oss equals the attenuation plus
the msmatch loss at the near end and at the far end. However, in this case,
there is sufficient attenuation in the cable at the | owest frequency to nmake
mul tiple reflections inconsequential, so there is no ripple conponent of

nmeasur enent uncertainty. The mismatch loss error is still present, but it is ~
0.3 dB out of a measured insertion |loss of ~ 6 dB

GAI N (dB)
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Figure 47 - Effects of mismatched baluns with 6 dB LF attenuation

Note: The use of an attenuator for measuring shorter lengths is not acceptable
because there is still mismatch loss uncertainty due to the fact that the
attenuator does not have any better match than the far end test port. Also an
additional uncertainty is introduced because a small value (cable attenuation)
is being subtracted from a large value, (attenuator attenuation). There are
also dynamic range issues for the instrumentation.

7.1.1 Measurement test fixture and measurement equipment

An instrunment capabl e of supplying a sinusoidal signal is used as the signa
source and an instrunment capabl e of detecting the anplitude of a sinusoida
signal is used as the signal sink. Two neasurenent test fixtures are required
one for the source end and one for the sink end. Since nost source and sink

i nstrunments capabl e of using variable frequency sinusoidal signals are single
ended, a bal un [Picosecond Pul se Labs] or a hybrid [Pi cosecond Pul se Labs,
Mnicircuits] may be used between the instrunents and the test fixtures. |If a
source or sink is used that is capable of sourcing or sinking differential
signals then no balun is required for the differential source or sink

Equi pnrent Required: Network Analyzer ( HP 87xx Series )

A test fixture having 75W single ended paths for each signal line is used for

t he nmeasurenent as shown in Figure 48 and Figure 49 an calibrated as shown in
Figure 50. This test fixture may be exactly the sanme as used for the inpedance
profile tests in 6.1.
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TP1 PHysICAL IUT
|
BALUN | 150w 7sW l
A\ AlB——=
SINGLE ENDED
SINUSOIDAL >
SEPARABLE IUT
SOURCE 50W TEST FIXTURE
(NETWORK ANALYZER
PORT)

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST

O =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT AT TP1

Figure 48 - Source-end test fixture for attenuation tests

The bal un shown in Figure 48 is 50 W single ended to 150 W
differential.

PHYSICAL uT TP2
>
y W 150W/| BALUN

=—=cb
< > SINGLE ENDED
SEPARABLE IUT SINUSOIDAL

TEST FIXTURE SINK 50W
(NETWORK ANALYZER
PORT)

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST

O =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP2

Figure 49 - Sink end test fixture for attenuation tests
The separable IUT is connected between the source and sink test fixtures.
7.1.2 Calibration procedure

A special “through” test fixture is used for the signal calibration process
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which is exactly like the test fixture in Figure 48 and Figure 49 except that
there are no I UT connectors (A D). See Figure 50.

NETWORK NETWORK
ANALYZER ANALYZER
TP1, TP2
N | ~
x 75W 75W o
o S0W | BALUN | 150w 150w | BALUN | S0W o
SINGLE ENDED SINGLE ENDED
SINUSOIDAL SINUSOIDAL
SOURCE 50W TEST FIXTURE SINK 50W

O =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT IUT CONNECTION POINT (TP1, TP2)

Figure 50 - Calibration configuration for attenuation tests

Using the instructions fromthe network anal yzer performa calibration scan
over the frequency of interest.

7.1.3 Testing procedure

Connect the IUT to the test fixtures shown in Figure 48 and Figure 49
(i ncluding the board nmounted connectors).

Using the instructions fromthe network anal yzer perform an attenuati on scan
over the frequency range of interest. The instrunent automatically accounts
for the attenuation found in the calibration scan.

It is inmportant to either separate or shield the baluns fromeach other when
nmeasuring |ong cable sanples. Wen the attenuation of the cable exceeds ~50 dB
or the frequency is above approximately 150 MHz, potential direct coupling from
the near end to the far end balun will create an increasingly large ripple in
the attenuati on neasurenent that can cause a significant anount of mneasurenent
uncertainty.

Figure 51 and Figure 52 show the effects of balun isolation.

HSS copper testing and performance requirements Page 84



Published SFF 8410 Rev 16.1

FIXTURES PROPERLY ISOLATED
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Figure 51 - Attenuation scan with proper balun isolation

FIXTURE WITHOUT PROPER ISOLATION

-10

GAIN (dB)

1000000 1E7 1E8
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Figure 52 - Attenuation scan without good balun isolation
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7.1.4 Acceptable ranges

Since attenuation is a level 2 test there are no acceptabl e ranges defined in
t hi s docunent.

7.2 Propagation time and propagation time skew

Propagation tinme refers to the tine required for a specific part of a signal to
travel a specific distance along the path of the line. The propagation tine
skew is the difference between the propagation tinmes for the + signal and the -
signal over the sanme nom nal path.

Since the only skew of interest for this docunent is between the + signal and
the - signal the neasurenents are all single ended.

Propagation time skew is one nmajor contributor to inbal ance.
There are two basic approaches to this nmeasurenent:

(1) single pulses are simultaneously |aunched on the + signal and the - signal
The tine required for the mdpoint of each to reach the other end of the
i nterconnect is measured.

(2) a repeating clock like data pattern is launched differentially onto the +
signal and - signal at one end and the points where the + signal and -
signal cross each other and respectively cross the d.c. comon node point
(normally zero) are noted at the other end.

These nethods are nearly identical in principle but the fornmer nethod nmay be
easier to use since there is only one pul se propagating while with a repeating
pattern one nust figure out which received edge goes with the respective
transmt edge. The equi pnment needed is also different for the S1. Only the
first method is docunented in detail in this docunent.

This test is a close relative to the anplitude inbal ance test described in

section 7.3 and the sane equi pnent and test fixtures nay be used for both
pur poses.

7.2.1 Test fixture and measurement equipment

The sane thru connection test fixture and neasurenent test fixtures as
described in section 6.2 are used. There is no requirement for a second source
for these tests.

The equi pnent consists of a Tektronix 11801 with SD24 heads or equival ent.

7.2.2 Calibration procedure
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The calibration configuration shown in Figure 53 is used.

SIGNAL SOURCE INSTRUMENT, S1 SIGNAL MEASUREMENT INSTRUMENT
SMI1 l

OPTIONAL SMA “L” PAD

50W

PHASE

TEST FIXTURE TRIMMERS

O =75 SMA CONNECTOR

Figure 53 - Calibration configuration for propagation time tests

A differential pulse signal is applied fromSl through the test fixture as
shown in Figure 53. The trigger output fromS1l is used to trigger SM1. SM1
is adjusted such that ML and M2 are di splayed on exactly the sanme scal es but
with the polarity reversed on one or the other. This will produce two nearly
i dentical pulses overlaid on each other. The zero level is set the sane for
bot h channel s.

Adj ust the phase trimers such that the mdpoints of the ML and M2 traces are
coincident on SM1. This will produce identical ML and M2 traces if the causes
of inbalance are purely due to propagation tinme skew. |If the traces are not
substantially coincident go to section 7.3 for further discussion of the
causes. The test equi pnment and fixtures should produce substantially
coincident traces for use with this test.

Figure 54 - Use of phase trimmers for calibration

If the traces are not coincident then anplitude inbalance is at |east part of
the inbal ance in the received signal

This calibration process effectively takes all the propagation tine skew and
ot her sources of equipnent and test fixture inbalance out of the measurenent
process. There is sone propagation tinme required to traverse the
instrumentation cables and test fixture and this needs to be accounted for in
t he propagation tinme nmeasurenent.

Note the time position of the m dpoint of the received pulses. During the
testing procedure this time is subtracted fromthe neasured propagation tine
since exactly the same trigger is used for SM 1.

In all measurenents in this section averaging shall be used in SM1 to

elimnate the effects of jitter. The term®“single pulse” refers to the tine
average of a series of widely spaced but repeating pul ses.
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7.2.3 Testing procedure

Using the test fixtures described in section 6.2.1 connected as shown in Figure
55 and Figure 56 apply the same pulses from Sl that were used during the
calibration process.

SIGNAL SOURCE INSTRUMENT, S$1

OPTIONAL SMA “L” PAD TP1 PHysICAL UT
e

50w

75W

Y
"

TEST FIXTURE

B——

B T
SEPARABLE IUT

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
O =75W SMA CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 55 - Source side measurement test fixture configuration for propagation
time
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SIGNAL MEASUREMENT INSTRUMENT

PHYSICAL IUT TP2 OPTIONAL SMA “L” pap M l
M|
50W
v 75W
— 50w
—CPpi—  _
- » PHASE
SEPARABLE IUT
TEST FIXTURE TRIMMERS

C =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
D =PART OF THE SEPARABLE INTERCONNECT UNDER TEST
O =75 SMA CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP2

Figure 56 - Receiver side measurement test fixture for propagation time tests

Record the results in exactly the sane manner as used for adjusting the phase
trimrers in the calibration section. The tinme difference between the m dpoints
of the received pul ses is the propagation tinme skew and the tine position of
the average of the midpoints of the pulses is the propagation tinme (including
that of the test fixture and instrunmentation). Subtract the tinme position
noted during the calibration to attain the propagation time of the IUT.

Note that if the received traces cannot be nade coincident by a sinple tine

translation then effects other than pure propagation tinme are operating. See
section 7. 3.

7.2.4 Acceptable ranges

Si nce propagation tinme and propagation tinme skew are level 2 tests there are no
accept abl e ranges defined in this docunent.

7.3 Amplitude imbalance between the + signal and - signal

Anplitude inbal ance is that not caused by propagation tine skew. The test for
anplitude inbalance is inability to nake the traces match by a sinple tine
translation. See section 7.2.

Fi gure 57 shows three kinds of inbalance and sone exanpl e causes that may be
experienced in real systens.
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RECEIVED PULSES

PURE PROPAGATION STEADY STATE AMPLITUDE IMBALANCE
TIME SKEW E.G. UNBALANCED DRIVER

E.G. DIFFERENT PATH LENGTHS

MIDPOINT

MIDPOINT

HIGH FREQUENCY ATTENUATION PERFECTLY BALANCED
IMBALANCE E.G. WIRE DIAMETER
DIFFERENCES =

MIDPOINT MIDPOINT

+ SIGNAL — -SIGNAL

Figure 57 - Examples of received pulses

The path I ength propagation tinme skew i nbal ance can be corrected by a sinple
time translation. The steady state anplitude inbal ance can be corrected by a
sinple gain adjustrment. The high frequency attenuation,. on the other hand,
will not be corrected by either a tine translation or a gain adjustnent.

Exam nati on of the structure of the received pul ses can provide prinmary
di agnosi s of the cause of inbal ance.

7.3.1 Test fixture and measurement equipment

The test fixtures and equi pnent are exactly the sane as used for the
propagation time tests in section 7.2.1.

7.3.2 Calibration procedure

The calibration procedure is exactly the sane as for the propagation tine tests
in section 7.2.2. Note that it is necessary to renpve any significant
i mbal ance in the test equi pment and test fixtures before proceedi ng.

7.3.3 Testing procedure

Connect the IUT and performthe tests exactly as described for the propagation
time tests in section 7.2.3.
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7.3.4 Acceptable ranges

Since anplitude inbalance is a level 2 test there are no acceptabl e ranges
defined in this docunent.

7.4 Signal transition duration

This level 2 test is very simlar to the level 1 STD calibrations described for
t he i npedance profile tests in section 6.1 except that it is done on actua
signals froma driver instead of using a TDR source. The nmain difference is
that the driver source does not start with the single ended signals at zero but
rather is always driving a logical “zero” or a logical “one”. The purpose of
this test is to neasure a signal transition duration that is reproducible

bet ween di fferent neasurenent equi pment and to allow calibration of S2 sources.

The test is defined such that there are no user variables. The base data rate
of the signals under consideration nust be known.

7.4.1 Test fixture and measurement equipment

This test applies to whatever neasurenent point is of interest. Since thisis
alevel 2 test its purpose is to aid in diagnosing and characterizing systens
and neasurenents. As such there is no specific test fixture required.

The equi pnent is a sanpling oscill oscope, such as the Tektronix 11801 that can
provide the scales required for the time and voltage axes.

7.4.2 Calibration procedure

The only calibration required is that needed for the basic instrument. Use the
manuf act urers procedure.

7.4.3 Testing procedure

Thi s same process applies for differential and single ended nmeasurenents.

In sone applications there is a non zero average signal |evel even when when
using perfectly symretrical (clock like) or d. c. balanced coded data patterns
(e.g. 8bl1l0b) for the single ended signals. The single ended signals are always
referenced to this average level for the STD test. This section assunes that
the average level is zero. |If the average level is not zero then the actua
average level is used for the center of the display. One may determ ne the
average level by adding the + signal and the - signal, taking the average to
renove hi gh frequency common node (inbal ance) content and dividing the average
by two.

Assuming a falling edge, set up the display on the TDR as shown in Figure 14.
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This display has the followi ng properties:

The span of the time scale on the display is approximtely twi ce the nom na
bit or half cycle period for the data rate being used. Ten divisions are
used on the time axis. Specifically Table 5 shows the tine scales to use.
The vertical axis is set at 100 nV per division with the zero | evel set at
the fifth division fromthe bottom (see Figure 14).

Set the horizontal position such that the displayed curve passes through the
third division on the tinme axis and the seventh division on the vertica

axi s

Use the peak to peak function on the oscill oscope (if available) to find the
signal anplitude of the displayed portion of the trace as shown in Figure
14. This anplitude may al so be read directly off the display. This signa
anplitude of the displayed trace nmay or may not accurately represent the
asynptotic signal levels that nay exist at tinmes not displayed. |If the
signal anplitude is such that the m ni mumval ue exceeds +500 nV change the
vertical scale to 200 nv/div and repeat this and the i medi ately preceding
st eps.

The signal transition duration (STD) is the tinme between the 20% and 80%

val ues of the displayed signal anplitude

Table 5 - Scale to be used for STD calibrations

Bit rate * Time axis scale
(Moits/s) (ps/ div)
20 ST 5000
40 ST 2500
40 DT 5000
80 ST 1250
80 DT 2500
100 DT 2000
200 DT 1000
400 DT 500
800 DT 250
1062. 5 200
1250 200
1600 100
2125 100
2500 100
3200 50
4250 50
5000 50
* ST = single transition clocking

DT = doubl e transition clocking
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Figure 58 - Signal transition duration measurement

For a rising edge signal the STD neasurenent is the sane as for the falling
edge with the changes noted in Figure 59.
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Figure 59 - Signal transition duration calibration

7.4.4 Acceptable ranges

Since this is a level 2 test there are no acceptabl e ranges defi ned.

7.5 Cross talk component of signal degradation

Cross tal k provides one source of uncorrel ated noise that degrades both the
anplitude and jitter of the PUT signals. This section describes three mnethods
that can be used to di agnose and characterize cross tal k noi se:

1. Noting effect of renoval of second source on the signal degradation

2. Single pulse

3. Sinusoida

Each of these is a separate test type and each yields different information
It may be desirable to use nore than one techni que on the sane | UT.

7.5.1 Removal of second source

This test is identical to that described under sections 6.2 and 6.3 except that
the second source is renoved and the resulting eye pattern or signal display is
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conpared to that neasured with the second source turned on. The difference
bet ween the two nmeasurenents provides a quantitative nmeasure of the cross talKk.

This techni que has at | east two significant drawbacks: (1) the results nay be
seriously affected by resonant conditions in the IUT and/or the test fixtures

and (2) it is not possible to determ ne which part of the IUT/test fixture is
the primary contributor to the cross talk.

SIGNAL DEGRADATION
TEST WITH SECOND
SOURCE ACTIVE
(SAMPLE A -NORMAL)

-508mY. —
25.85ns 20@ps/div ] 27.8%as

SIGNAL DEGRADATION
TEST WITH SECOND
SOURCE ACTIVE
(SAMPLE B - HIGH
CROSS TALK)

-58@m
23.62ns 28@ps/div 25.62ns

SIGNAL DEGRADATION
TEST WITH SECOND
SOURCE OFF --

NO CROSS TALK

~588nY-

Figure 60 - Cross talk effects on signal degradation test results
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7.5.2 Single pulse

This method is exactly the sane as that described in 6.5. The parts of the
test fixture/lIUT that are responsible for the cross talk are identifiable by
noting the time position where the cross talk occurs.

7.5.3 Sinusoidal

This test is very simlar to the attenuation tests described in section 7.1
except that the signal on the victimline is nmeasured rather than the signa
fromthe far end of the IUT. A frequency scan is made over the entire range
of interest.

This test is of interest because it can expose cross talk effects that have
their origin well away fromthe connectors and because the effects of
resonances can be seen

7.5.3.1 Test fixture and measurement equipment

The test fixtures used for the NEXT tests in section 6.5 and the test equi pnment
and bal uns described in section 7.1.1 are used for this test

7.5.3.2 Calibration procedure
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NETWORK ANALYZER

PORT 1 (S1)

50w
BALUN

TP1
|

150w

BALUN

50w

150w

NETWORK ANALYZER

PORT 2 (SMI1)

Figure 61 - Calibration configuration for sinusoidal cross talk

75W l

TEST FIXTURE

O =CONNECTOR

SFF 8410 Rev 16.1

150 WRESISTORS

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Using the instructions fromthe network anal yzer manufacturer run a calibration
scan on the configuration shown in Figure 61

7.5.3.3 Testing procedure

Using the instructions fromthe network anal yzer manufacturer run a test scan
on the configuration shown in Figure 62.
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NETWORK ANALYZER
PORT 1 TP1 PHYSICAL INTERCONNECT
<« UNDERTEST 5
50W
BALUN [1500 Oi\! l
O”””,,,,—cAuB C
- —_—
BALUN [150W OV///////////{ SEPARABLE INTERCONNECT
50w TEST FIXTURE| COMPONENT UNDER TEST
NETWORK ANALYZER
PORT 2

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST
D =TERMINATION

© =CONNECTOR

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1

Figure 62 - Test configuration for sinusoidal near end cross talk tests

Subtract the calibration scan fromthe test scan to reveal

performance of the | UT.

the cross tal k

The cautions concerning cross coupling between the bal uns described in section

7.1.3 apply to these tests as

7.5.3.4 Acceptable ranges

Since this is a level 2 test there are no acceptabl e ranges defi ned.

wel | .
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8. ANNEX A Acceptable ranges

8.1 Impedance profile

Table 6 |lists sone of the known requirenents for inpedance profile paraneters.

Table 6 - Allowed ranges for impedance profile

Application Al'l oned val ues in | Exception | Signal Medi a
close proximty Wi ndows transition
el ectri cal duration
nei ghbor hood ranges
(ps)
Full speed FC | 150 +30W 800 ps * 100 to 385 | 150 +10W
Doubl e speed 150 +30W 800 ps * 75 to 200 | 150 +10W
FC
GBE
1394
SSA
NG O
Future 1/0
* This SFF docunent reconmends a 300 ps exception wi ndow for cable
assenblies (see 6.1.4)

8.2 Signal degradation

The acceptabl e ranges are specified by eye diagrans for the respective

technol ogies. The allowed ranges for full speed FC are given in Figure 63,
Figure 64, Figure 65, and Figure 66. Note that these are not the allowed test
ranges for the receive signals per the test procedures defined in this
docunent. The allowed test ranges nuch be nodified to account for |aunch test
signals that are better than the worst case allowed. Refer to earlier sections
for a detail ed discussion.

Ranges for other technologies will be added as they becone avail abl e
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0.0

-550

-1000

DIFFERENTIAL SIGNAL AMPLITUDE

0125  0.315 0.685  0.875
UNIT INTERVALS

Figure 63 - Specified transmit mask for full speed FC external

800

300

0.0

-300

- _

0.115  0.305 0.695  0.885
UNIT INTERVALS

Figure 64 - Specified transmit mask for full speed FC internal

DIFFERENTIAL SIGNAL AMPLITUDE
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800

200

0.0

-200

-800

DIFFERENTIAL SIGNAL AMPLITUDE

0.29 0.71 0.875
UNIT INTERVALS

Figure 65 - Specified receive mask for full speed FC external

1000

200

0.0

-200

-1000

DIFFERENTIAL SIGNAL AMPLITUDE

0.28 0.72  0.875
UNIT INTERVALS

Figure 66 - Specified receive mask for full speed FC internal
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8.3 Balance degradation

Accept abl e val ues for bal ance degradation are presently only directly defined
in this docunent. Some standards docunents note a line to |ine skew

requi renent (which only accounts for one conmponent of bal ance degradati on and
is nearly never present alone). For exanple the |atest FC standards all ow a
full 200 ps skew at the receiver — this value is rmuch larger than is
appropriate for a balanced signal. Wth a 200 ps skew there is al nost no

bal ance present in the signals since the rise and falls tinmes are of the sane
magni t ude

8.4 EMC

Acceptabl e values for EMC are presently only defined in this docunent.

8.5 NEXT (Quiescent noise)

Accept abl e val ues for NEXT are proposed for FC at 3% nmax but have not been
accepted by the standard.
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