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SFF Committee
SFF - 8416 Specification for
Measur enent and Performance Requirenments for HPElI Bul k Cabl e

Rev 15.0 June 27, 2005

Secretariat: SFF Conmttee

Abstract: This specification defines the electrical neasurenent and performance

requi renents for high perfornmance, point to point, bulk cable operating at speeds
greater than 1 Ghaud = 1 Gb/s. This architecture is used in nost applications requiring
hi gh speed serial and serial-parallel copper connections. Sone representative
applications of such interconnect are: Fibre Channel, G gabit Ethernet, Infiniband

SAS, and SATA. Oher applications for this general purpose specification are al so
possi ble. HPEl is an acronymfor high performance el ectrical interconnect.

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

Thi s docunent is nade available for public review, and witten coments are solicited
fromreaders. Conments received by the nenbers will be considered for inclusion in
future revisions of this docunent.

The description of a test procedure in this specification does not assure that the
speci fic hardware necessary for executing the procedure is actually available from
instrunmentation suppliers. If such hardware is supplied it nust conply with this
specification to achieve interoperability between suppliers.

Support: This docunent is supported by the identified nenber conpanies of the SFF
Commi ttee.

PO NTS OF CONTACT

Bill Ham I. Dal Alan

HP Chai rman SFF Comm ttee

165 Dasconb Road 14426 Bl ack Wal nut Court

Andover, MA 01810 Saratoga CA 95070

Ph: 978-828 9102 Fx: 978-470-0321 Ph: 408-867-6630 Fx: 408-867-2115

Enail: Bill.Ham@HP. com
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EXPRESSI ON OF SUPPORT BY MANUFACTURERS

The foll owi ng nenber conpanies of the SFF Committee voted in favor of
this industry specification

Amphenol
Del |

EMC

FC

Foxconn

Hewl ett Packard
I nt el
Mont r ose/ CDT
Sam ec

Sun M crosyst ens

The foll owi ng SFF nmenber conpani es voted no on the technical content of
this industry specification

Conpaq
H tachi Cabl e
Madi son Cabl e
Nexans

The foll owi ng nenber conpanies of the SFF Cormittee voted to abstain on
this industry specification

Adapt ec
Agi | ent

Emul ex
Eur ol ogi ¢
FCl/Berg
Fujitsu Conpnts
Fujitsu CPA
H tachi GST
| BM

I nfineon

I ntel

LSl Logic
Maxt or

M crel

Mol ex
Seagat e
Toshi ba Anerica
Tyco AWP

Uni sys

Vi tesse Semi
Xyr at ex

The user's attention is called to the possibility that inplenentation to this
Specification may 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 claim
or of any patent rights in connection therewith. The patent holder has filed a
statenment of willingness to grant a license under these rights on reasonabl e and

non-di scrinmnatory ternms and conditions to applicants desiring to obtain such a

i cense.
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If you are not a nenber of the SFF Conmittee, but you are interested in participating,
the followi ng principles have been reprinted here for your information

PRINCI PLES OF THE SFF COVM TTEE

The SFF Committee is an ad hoc group forned to address storage industry needs in a
pronpt nmanner. Wen forned in 1990, the original goals were linted to defining de
facto nechani cal envel opes wi thin which disk drives can be developed to fit conpact
conmput er and other small products.

Adopting a conmon industry size sinplifies the integration of small drives (2 1/2" or
| ess) into such systens. Board-board connectors carrying power and signals, and their
position relative to the envel ope are critical paraneters in a product that has no
cabl es to provi de packaging | eeway for the integrator

In Novenber 1992, the SFF Committee objectives were broadened to enconpass ot her areas
whi ch needed simlar attention, such as pinouts for interface applications, and form
factor 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 submitted to bodies such as
ElI A (El ectronic Industries Association) or an ASC (Accredited Standards Committee).
They may be accepted for separate standards, or incorporated into other standards
activities.

The principles of operation for the SFF Committee are not unlike those of an accredited
standards committee. There are 3 levels of participation

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

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

- The individual s who represent nenber conpanies of the SFF Committee
recei ve docunentation and vote on issues that arise. Votes are not taken
during neetings, only guidance on directions. 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 mailing of nmaterial presented at conmittee neetings. In order
to reduce di sagreenments and m sunderstandi ngs, copies nust be provided for all agenda
items that are discussed. Copies of the material presented, or revisions if conpleted
intime, are included in the docunentation nmailings.

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

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

HPEI Bul k Cabl e El ectrical Performance Page 3
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If you are not receiving the docunentation of SFF Conmittee activities or are
interested in beconm ng a nenber, the following signup information is reprinted here for
your information.

Menber shi p includes voting privileges on SFF Specs under devel opnent.

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

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

Each el ectroni c docunent nailing obsol etes the previous mailing of that year
e.g. July replaces May. To build a conplete set of archives of all SFF
docunentation, retain the |ast SFF CD Access mailing of each year.

Nane: Title:
Company:
Addr ess:
Phone: Fax:
Emai | :

Pl ease register ne with the SFF Cormittee for one year.

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

When 2 1/2" dianeter disk drives were introduced, there was no commonal ity on externa
di nensi ons e.g. physical size, nounting |ocations, connector type, connector |ocation
bet ween vendors.

The first use of these disk drives was in specific applications such as | aptop portable
conputers in which space was at a premumand tine to market with the | atest nachi ne
was an inportant factor. Systemintegrators worked individually with vendors to devel op
t he packagi ng. The result was w de diversity, and with space being such a najor

consi deration in packaging, it was not possible to replace one vendor's drive with a
conpetitive product.

The desire to reduce disk drive sizes to even snmaller dinensions such as 1.8" and 1.3"
made it likely that devices woul d becone even nore constrai ned i n di mensi ons because of
a possibility that such snmall devices could be inserted into a socket, not unlike the
nmet hod of retaining sem conductor devi ces.

The problens faced by integrators, device suppliers, and conponent suppliers led to the
formati on of an industry ad hoc group to address the marketi ng and engi neering

consi derations of the energing new technology in disk drives. After two informal

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

During the devel opnent of the formfactor definitions, other activities were suggested
because participants in the SFF Conmittee faced problens other than the physical form
factors of disk drives. In Novenber 1992, the nmenbers 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 industry issues that are either not addressed by
t he standards process or need an i medi ate sol ution

At the same tinme, the principle was adopted of restricting the scope of an SFF proj ect
to a narrow area, so that the mgjority of docunents would be small and the projects
could be conpleted in a rapid tinmeframe. If proposals are made by a nunber of
contributors, the participating menbers select the best concepts and uses themto
devel op specifications which address specific issues in energi 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 essenti al
requi renent to publish an SFF Specification because it is recognized that in an
energi ng product area, there is roomfor nore than one approach. By making the
docunent ati on on conpeting proposals available, an integrator can exam ne the
alternatives avail abl e and select the product that is felt to be npbst suitable.

Suggestions for inprovenment of this docunent will be wel cone. They should be sent to
the SFF Comm ttee, 14426 Bl ack WAl nut Ct, Saratoga, CA 95070

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

group. The menbership of the committee since its formation in 1990 has included a m x
of conpani es which are | eaders across the industry.
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SFF Commttee --

Measur enent and Performance Requirenments for HPElI Bul k Cabl e

1. Scope

Thi s specification defines the term nol ogy and physical requirenents for specifying and
enforcing through neasurenents the electrical performance requirenents for bulk cable
used in point to point HPEl (H gh Performance El ectrical Interconnects). Such
performance requirenents are in addition to the mechani cal and environnenta

requi renments that may be specified el sewhere. The requirenents for both shielded and
unshi el ded bul k cabl e are incl uded.

Point to point constructions are characterized by having a single connector on each end
of the cable assenbly or a concatenated series of cable assenblies and/or backpl anes.
Miul ti-drop constructions (constructions that have nore than one connector attached to

t he sane conductor in the sanme cable assenbly) are specifically excluded from
consideration in this specification although sonme value nmay be realized by applying the
met hodol ogi es defined herein to multi-drop constructions. A separate effort has
conpleted within the T10 INCITS comm ttee working group to address nulti-drop
constructions and bul k cable used in nmulti-drop constructions. The resulting docunent
is ‘Passive Interconnect Performance - PIP that is now a published standard.

Met hods for extending the nmeasurenents specified for the docunented point to point
constructions to other constructions that use conbi nations of point to point
constructions are al so included.

These constructions may contain conductors that are not part of the HPEl paths but
neverthel ess may affect the performance of the HPEl conductors through coupling.
Specification of the termnation or grounding requirenents for these coupl ed conductors
is included in the neasurenent.

This is the second SFF specification that deals with the electrical perfornmance of
el ectrical interconnect. The first specification is SFF-8410 and a third is planned as
a foll ow on, SFF-8415.

- SFF-8410 was originally published in March 2000 and is focused mainly on passive
dupl ex constructions.

- SFF-8415 extends the focus of SFF - 8410 to the serial/parallel constructions and
i ntroduces new net hodol ogi es that are better suited to higher speed operation

In the HPEI applications area existing specifications in standards have been found to
be i nadequate to produce the sane results between independent neasurenents of the same
paraneters on the sane hardware. Requirenments are frequently called out with no
reference to the nethods required to verify the perfornmance relating to the

requi renents. This specification significantly inproves on this condition by defining
nmeasur enent specifications that include enough detail to allow the perfornance
specifications to be used effectively. Until such time as standards include such det ai
this specification can serve as the specification for the neasurenent methodol ogy.

The nunerical performance requirenments for specific technologies are formally set by
the standards that apply. It is the intent of this SFF specification to provide the
nmeasur enent net hodol ogy that should be used to verify these performance paraneters.

Pl ease refer to the relevant standard for the nost current nunerical requirenents. In
t he absence of any standardi zed performance requirenments one nmay use the suggested
val ues presented in the "acceptabl e val ues" clauses of the respective neasurenent
speci fications.

Thi s specification includes the requirenments for constructions where one signal is
traveling away fromthe transmtter at the sane tine another signal that is
asynchronous to the data pattern is being received by a receiver on the sane end of the
cabl e assenbly as the transmtter.

HPEI Bul k Cabl e El ectrical Performance Page 6
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The performance requirenments in this specification do NOT include the effects of
connectors, board nounting, shield attachment to bul kheads, and other parts of the
connection that are required to make a conplete link. Only those features that are
contributed by the unconnectorized bul k cable are included. For bulk cable, both
shi el ded and unshi el ded, effects of the surroundi ng environment nmay contribute
significantly to the performance of the bulk cable. In order to attain a transportable
nmeasur enent net hodol ogy requirenents for the environnment during the measurenent are

i ncl uded for unshiel ded bul k cabl e neasurenents. One nmay need to adjust the acceptable
performance val ues for specific applications if the environnment in service is different
fromthat used during the neasurenents.

The HPEI bul k cabl e nmeasurenent procedures break down into two key | evels:

(1) those that are used to verify that the required performance for the
desired signals is being delivered to the receiving end while being a
"good nei ghbor" and not exporting nore than specified intensities of
undesirable signals to other parts of the system or environment

(2) those that are needed to di agnose the causes of degraded primary

performance but are not directly required for the adequate operation

of the Iink or being a good nei ghbor
Most attention is paid to the level 1 requirenents. The level 2 nmeasurenents are
descri bed or referenced but neasurenent details are nostly not provided and no
performance limts are suggested or referenced.
The SFF Committee was formed in August, 1990 to broaden the applications for storage
devices, and is an ad hoc industry group of conpani es representing systemintegrators,
peri pheral suppliers, and conponent suppliers.
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 rel evant to many SFF Speci fi cations.

- X3.131R- 1994 SCSI -2 Smal | Conputer SystemlInterface

- X3.253-1995 SPI (SCSI-3 Parallel Interface)

- X3.302- xxXxx SPI-2 (SCSI-3 Parallel Interface -2)

- X3.277-1996 SCSI -3 Fast 20

- asd; LAKJ Pl P (Passive I nterconnect Performance)

- X3.221-1995 ATA (AT Attachnent) and subsequent extensions

- EI A PN-3651 Detail Specification for Trapezoi dal Connector 0.50"
Pitch used with Single Connector Attach -2.

- X3.230-1994 FC PH (Fi bre Channel Physical Interface) and
subsequent extensions FGPH 3, FCGPlI, FGPI-2, FCGPI-3 and FCPI-4

- ANSI - Y14. 5M Di nensi on and Tol eranci ng

- ML-STD 1344, Met hod 3008 Shi el ding Effectiveness of Milticontact
Connectors.

- 1 EC 96-1, Rever berati on Chanber nethod for neasuring the

screening effectiveness of passive nicrowave
conponent s.

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
Speci fications is dependent on conmittee activities.

F = Forwar ded The docunent has been approved by the nenbers for
forwarding to a formal standards body.
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P = Publi shed The docunent has been ball oted by nenbers and is
avail 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 nmenbers 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

avail able in hard copy.

i = Information The docunment has no SFF project activity in progress,
but it defines features in devel oping industry
standards. The document was provided by a conpany,
editor of an accredited standard in devel opnent, or an
individual. It is provided for broad review (conments
to the author are encouraged). As the copyright on such
docunents is retained by the author, the INF or "i'
speci fications cannot be freely copied for distribution

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

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

SFF- 8000 SFF Commttee Information

I NF-8001i E  44-pin ATA (AT Attachnent) Pinouts for SFF Drives
I NF-8002i E  68-pin ATA (AT Attachnent) for SFF Drives
SFF- 8003 E SCSI Pinouts for SFF Drives

SFF- 8004 E Smal | Form Factor 2.5" Drives

SFF- 8005 E Smal | Form Factor 1.8" Drives

SFF- 8006 E Smal | Form Factor 1.3" Drives

SFF- 8007 E 2mm Connector Alternatives

SFF- 8008 E 68-pin Enbedded Interface for SFF Drives
SFF-8009 4.1 Unitized Connector for Cabled Drives

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

INF-8011i E ATA Timng Extensions for Local Bus

SFF-8012 3.0 4-Pin Power Connector D nensions

SFF- 8013 E ATA Downl oad M crocode Comrand

SFF- 8014 C Uniti zed Connector for Rack Mounted Drives
SFF- 8015 E SCA Connector for Rack Mounted SFF SCSI Drives
SFF- 8016 C Small Form Factor 10mm 2.5" Drives

SFF- 8017 E SCSI Wring Rules for Mxed Cable Plants
SFF- 8018 E ATA Low Power Mbdes

SFF- 8019 E Identify Drive Data for ATA Disks up to 8 GB
| NF-8020i E ATA Packet Interface for CD ROVs

SFF-8025 0.7 SFF Committee Specification Categories

| NF-8028i E - Errata to SFF-8020 Rev 2.5

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

SFF-8030 2.0 SFF Commttee Charter

SFF- 8031 ' Naned Representatives of SFF Conmittee Menbers

SFF-8032 1.6 SFF Committee Principles of Operation

INF-8033i E Inproved ATA Timng Extensions to 16.6 MBs

I NF-8034i E  High Speed Local Bus ATA Line Term nation |Issues
INF-8035i E Self-Mnitoring, Analysis & Reporting Technol ogy
INF-8036i E ATA Signal Integrity |ssues

INF-8037i E Intel Small PCl SIG

INF-8038i E Intel Bus Master |DE ATA Specification

I NF-8039i E  Phoeni x EDD (Enhanced Di sk Drive) Specification
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SFF- 8040
SFF- 8041
SFF- 8042
SFF- 8043
SFF- 8045
SFF- 8046
SFF- 8047
SFF- 8048
SFF- 8049

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

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

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

SFF- 8101
SFF- 8110
SFF- 8111
SFF- 8122
SFF- 8120
SFF- 8123
SFF- 8124

SFF- 8131

1.2
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SFF-8200e 1.1

SFF- 8201

2.4

SFF-8212e 1.2

SFF- 8221
HPEI

C

Bul k Cabl e El ectri cal

25-pi n Asynchronous SCSI Pi nout

SCA-2 Connect or Backend Confi gurations
VHDCI Connect or Backend Configurations
40-pin M croSCSl Pi nout

40-pin SCA-2 Connector w Parallel Selection
80- pi n SCA-2 Connector for SCSI Disk Drives
40- pi n SCA-2 Connector w Serial Selection
80- pi n SCA-2 Connector w Parallel ESI

80- conduct or ATA Cabl e Assenbly

Boot abl e CD- ROM

Smal | Form Factor 3" Drives

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

Unitized ATA 2-plus Connector

Unitized ATA 3-in-1 Connector

40- pi n ATA Connect or

SFF Committee Patent Policy

Emai | i ng drawi ngs over the SFF Refl ector

Rol | i ng Cal endar of SSW&s and Pl enari es
Unshi el ded HD Cabl e/ Board Connector System
40- pi n SCA-2 Connector w Hi gh Vol tage

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

40- pin SCA-2 Connector w Bidirectional ESI
Quidelines to Inport Drawi ngs into SFF Specs
Fax- Access I nstructions

ATAPI for Rewitabl e Renovabl e Media

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

SFP (Smal | Fornfactor Pluggable) Transceiver

PCl Card Version of SFP Cage

SFP Addi ti onal |Ds
XFP (10 Gos Snal |
XFP-E

SFP Rate and Application Sel ection

ATAPI for CD Recordable Media

Label ing of Ports and Cabl e Assenblies

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

Form Fact or Pl uggabl e Modul e)

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

SFP Rate and Applicati on Codes
ATAPI for Miltinmedia Devices (M Fujib)

3 Gbs and 4 Gbs Signal Characteristics

5V Parallel 1.8" drive formfactor

1.8" drive formfactor (60x70mm

1.8" (60x70mm w SCA-2 Connect or

1.8" drive formfactor (78x54nmm

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

40mmx50mm For m Fact or

2 1/2" drive formfactors (all of 82xx famly)
2 1/2" drive formfactor dinensions
2 1/2" drive w SFF-8001 44-pi n ATA Connect or

Pre-Aligned 2.5" Drive >10mm For m Fact or

Per f or mance

SFF-8416 Rev 15.0
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SFF-8222 2.1 2.5" Drive w SCA-2 Connect or

SFF-8223 2.4 2.5" Drive W Serial Attachnent Connect or
SFF- 8225 C 2.5" Single Voltage Drive

SFF-8300 1.2 3 1/2" drive formfactors (all of 83xx famly)
SFF-8301 1.4 3 1/2" drive formfactor dinensions
SFF-8302e 1.1 3 1/2" Cabl ed Connector |ocations

SFF-8323 1.4 3 1/2" drive w Serial Attachnment Connector
SFF-8332e E 3 1/2" drive w 80-pin SFF-8015 SCA Connect or
SFF-8337e E 3 1/2" drive w SCA-2 Connector

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

I NF- 8350i 3 1/2" Packaged Drives

E
SFF- 8400 C VHDO (Very High Density Cable Interconnect)
SFF- 8401 Optical Transceiver for Short-Reach Appcns

SFF-8410 16.1 High Speed Serial Testing for Copper Links
INF-8411 1.0 High Speed Serial Testing for Backpl anes
SFF-8412 12.2 HSO (H gh Speed Optical Interconnect) Testing
SFF-8415 4.1 HPEl (H gh Performance El ectrical Interconnect)
SFF-8416 15.0 HPElI Bul k Cabl e Measurenent/ Performance Regmts
SFF-8420 11.1 HSSDC-1 Shi el ded Connecti ons

SFF-8421 2.4 HSSDC-2 Shiel ded Connecti ons

SFF- 8422 C FCd Shielded Connections

SFF- 8423 C Mol ex Shiel ded Connecti ons

SFF-8424 0.5 Dual Row HSSDC-2 Shiel ded Connections

SFF-8425 1.4 Single Voltage 12V Drives

SFF- 8426 HSSDC Doubl e W dt h
SFF-8429 1.1 Signal Specification Architecture for HSS Links

SFF-8430 4.1 MI-RJ Duplex Optical Connections

SFF- 8431 SFP+

SFF-8441 14.1 VHDCI Shiel ded Configurations

SFF-8448 0.4 SAS Sideband Utilization

SFF- 8451 10.1 SCA-2 Unshi el ded Connecti ons

SFF-8452 3.1 ditch Free Mating Connections for Miltidrop Aps
SFF- 8453 Shi el ded H gh Speed Serial connectors

SFF- 8454 SCA- 2 Enhanced HSS

SFF-8460 1.2 HSS Backpl ane Desi gn Qui del i nes

SFF- 8464 C Inproved MM HSS Optical Link Performance
SFF-8470 2.9 Miltilane Copper Connector

SFF- 8471 C ZFP Miltil ane Copper Connector

SFF-8472 9.5 Diagnostic Mnitoring Interface for Optical Xcvrs
I NF-8475i 2.2 XPAK Snall Fornfactor Pluggabl e Receiver
SFF-8480 2.1 HSS (H gh Speed Serial) DB9 Connections

SFF-8482 1.8 Unshielded Dual Port Serial Attachment Connect or
SFF- 8483 C External Serial Attachnent Connector

SFF-8484 1.6 Miltilane Unshielded Serial Attachment Connect or
SFF-8485 0.5 Serial GPIO (General Purpose |nput/CQutput) Bus
SFF-8500e 1.1 5 1/4" drive formfactors (all of 85xx famly)
SFF-8501e 1.1 5 1/4" drive formfactor dinensions

SFF-8508e 1.1 5 1/4" ATAPI CD-ROM w audi o connectors

SFF-8523 1.4 5 1/4" drive w Serial Attachnent Connector
SFF-8551 3.2 5 1/4" CD Drives formfactor

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

SFF- 8610 C SDX (Storage Device Architecture)

SFF- 8617 SAS Transition cabl es

2.3 Sources

Copi es of ANSI standards or proposed ANSI standards rmay be purchased from d obal
Engi neeri ng.
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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 Conmttee as an (oserver
or Menber.

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

Docunent subscribers and nenbers are autonatically updated every two nonths with the
| atest specifications. Specifications are available by FTP at ftp://ftp.seagate.con sff

El ectroni c copi es of docunents are al so nade avail abl e via CD Access, a service which
provi des copies of all the specifications plus SFF reflector traffic. CDs are nail ed
every 2 nonths as part of the docunment service, and provide the |letter ballot and paper
copi es of what was distributed at the neeting as well as the neeting m nutes.
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3. Editor’s notes:
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4. |Introduction

Thi s docunent contai ns met hodol ogi es for neasuring the electrical performance of high
speed serial copper bul k cable and backpl anes wi thout connectors. It is intended
specifically to be used in conjunction in the foll ow ng applications:

1,2, 4, 8, 16, 10 G-C, 1, 10 GBE, 4x InfiniBand, SAS, SATA, XAU, 12x I nfini Band
backpl ane, FC backpl ane, XAU backpl ane and ot her HPEl applications for bulk
cabl e and passi ve backpl anes as they devel op

These neasurenents may al so be useful for other high speed copper interconnects such as
SCSI and | DE

Al t hough the specifications specifically docunent the nmeasurenents required for a
single transmt and a single receive path in a single duplex bulk cable the nmethods are
directly extensible to parallel inplenmentations that use multiple high speed paths.

Met hods for extending the docunented tests for nultiple paths constructions are al so
outli ned.

Thi s docunent should be treated as a new specification available to aid in inplenenting
t he measurenments required to neet the requirenents in various published standards.

The met hods descri bed herein may be nore stringent than some conmmon industry practice
due to lack of conplete specification of nmeasurement nethods in the published
standards. 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 margi ns between transmtter, cable
assenbl i es (including the bul k cable performance contribution to the overall cable
assenbly perfornmance), and receivers commonly exist. Therefore it nmay be possible to
qualify a cable assenbly for use in specific bounded applications where the cable
assenbly does not neet the stringent requirenments 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 same cable assenbly into an open
unbounded application may cause link failures because | ess sensitive, but stil
conpliant, receivers happen to be on the attached ports.
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5. Definitions and abbreviations

5.1 Definitions

Sone ternms used in this docunment require careful definition as specified in this
secti on.

Characteristic inmpedance:

| EC definition:
A quantity defined for a node of propagation at a given frequency in a specific
uniformtransnission line or uniformwave guide by any of the three foll ow ng
rel ations:

Z =S| 2 Z =|V|?Ss Z = VI

where Z is the conplex characteristic inpedance, S the conmplex power and V
and | are the values, usually conplex, respectively of a voltage and a
current conventionally defined for each type of node by anal ogy with
transm ssion |ine equations.

For a parallel-wire transmssion line, V and | can be uniquely defined and the
three equations are consistent. |If the transmission line is |ossless, the
characteristic inpedance is real

| EEE definition
The rati o of the conplex voltage between the conductors to the conplex current on
the conductors taken at a common reference plane for a single transverse
el ectromagnetic (TEM propagati ng wave

Use in this docunent:
The EC definition is not used because this definition reports the characteristic
i npedance only for uniformconditions. Real transmi ssion |lines have inpedance
properties that are nore conplicated.

The | EEE definition is not used because the | EEE definition is open to
interpretation due to the common reference plane not being defined (point in

ti me/ space or a ground plane?), the assunptions of uniformty not being stated,
and the TEM wave not bei ng di stingui shabl e between a singl e sinusoidal wave and a
pul se edge wave.

For real transmission lines (that have sonme non-unifornmity) the characteristic
value is defined in the context of the nmeasurement nethod. Therefore this
docunment does not use the termcharacteristic i npedance. When inpedance
properties are described the termused is ‘transnission |ine inpedance’ or the
nmeasur enent net hod defines the neani ng.

Conmmon node (Zcn): The i npedance to ground seen when testing into a pair of lines
shorted together at the source. |In general, Zcmis the parallel conbination of Zoel
and Zoe2, i.e., (Zoel*Zoe2)/(Zoel+Zoe?2)

Differential (zZdiff): The inpedance between the lines of a pair of lines with each |ine
driven by equal and opposite polarity signals with respect to ground. Zdiff = Zool +
Z002.

Even Mode (Zoe): the inpedance to ground of one line of a differential pair of lines
when the other line is driven with the same polarity and equal anplitude. Each line of
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the pair has a different value for even node i npedance, Zoel and Zoe2, (except for
perfectly bal anced pairs).

I n-pair propagation time skew the difference between propagation tine of + signal and
the - signal at the mdpoint of the transition over the sane nomnal path. This
definition is optimzed for use by digital receivers, does not consider the skew of the
specific frequencies in the signal and is not equivalent to the sine wave response.

Equi valent to the term‘within pair skew .

Qdd Mobde (Zoo): the inpedance to ground of one line of a differential pair of |ines
when the other line is driven with opposite polarity and equal anplitude. Each line of
the pair has a different value for odd node inpedance, Zool and Zoo2, (except for
perfectly bal anced pairs).

Pair to pair skew the difference between propagation tine of the zero volts |evel for
the differential signal of two pairs. (The differential zero crossing is the md point
of the differential signal transition). This definition is optimzed for use by
digital receivers, does not consider the skew at specific frequencies, and is not

equi val ent to sine wave response.

Propagati on del ay: See propagation tine

Propagation tinme: the time required for a specific part of a signal to travel a
specific distance along the path of the line. For in-pair skew neasurenents the

m dpoint of the transition is the applicable part of the signal and for pair to pair
nmeasurenents the differential zero volts level is the applicable part of the signal. -
Equi val ent to propagation del ay.

Si ngl e ended Zo: The inpedance to ground for a single Iine which is not coupled to an
adj acent |i ne.

Transm ssion |ine inpedance: The sane as characteristic inmpedance

5.2 Abbreviations

BCUT: Bul k Cabl e Under Test

CITPAT: Conpliant Jitter Tol erance PATtern

CVPT: Common Mode Power Transfer

EM : El ectroMagnetic Interference

EMR El ect roMagneti ¢ Radi ation

HPEI : H gh Performance El ectrical Interconnect

HSS: H gh Speed Seria

I L: Insertion Loss

I SI: InterSynbol Interference

NA: Net wor k Anal yzer (scal ar)

PRBS: Pseudo Random Bit Sequence

S21: Scattering paraneter 21 for single ended insertion |oss

SCC21: Scattering paraneter 21 for Conmon node to Common node (comon node
i nsertion | oss)

SCD21.: Scattering paraneter 21 for Differential to Conmon node conversion

SDD21: Scattering paraneter 21 for Differential to Differential insertion |oss

STD: Signal Transition Duration (rise/fall tine)

TDNA: Ti me Domai n Network Anal yzer (vector)

TDR: Ti me Domain Refl ectonetry

TDT: Ti me Domai n Transm ssi on

TDW Ti me Domai n Wavef orm

VNA: Vector Network Anal yzer (frequency donain)

6. Ceneral requirenents
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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 from1.0 to >10 Goits/sec with rise tines
fromapproxinmately 20 to 100 ps. Testing techniques for HPEl bulk cable in this speed
range | ack good standardi zati on and neasurenent nethods. This deficiency |leads to

uni ntended i nconpatibilities between suppliers and users. Al though the specifications
in this docunent are witten around 100 ohm bal anced transm ssion, the nethods are
readily adaptable to other transm ssion |ine inpedance |evels such as the 110 ohm used
by 1394.

The bul k cabl e requirenents specified in this docunent do not attenpt to anticipate all
the possible effects that can occur to the performance as a result of connector
attachnment, of placing connectors on boards, and of mating the finished assenbly to a
shi el ded bul khead. Except for the el ectromagnetic conpatibility tests, all tests apply
to both shielded and unshi el ded constructions. The test fixturing for nmeasuring the
performance of bulk cable is considered directly in this docunent.

Al measurenents are intended to apply to all constructions of bul k cabl e except where
specifically noted.

The general requirenments for HPEl bulk cable are to neet the defined imts for
performance in the follow ng areas:

S21 (insertion loss, attenuation)

Jitter contributed by the bulk cable (I ow popul ati on data patterns plus isol ated
pul ses)

Transm ssion |ine inpedance

Crosstal k

EM (external interconnect applications, shielded versions only*)
Si gnal propagation tinme

Signal pair to signal pair propagation tinme skew

Wthin pair skew

Mode conversion (differential to conmon node)

* unl ess the application requires specially balanced | aunch signals in which case
unshi el ded versions could be considered e.g. Cat 5 types with EMR net hods

The performance requirenments apply over a defined range of frequencies.

The set of neasurenent nethodol ogi es specified offer the ability to specify perfornance
requi renments for bulk cable over a |arge range of applications. The pass/fail criteria
is expected to depend on the details of the application in ternms of the data patterns
that are used, transceiver signal requirenents, and other properties.

There is no guarantee that bulk cable that neets the performance requirenments will
produce cabl e assenblies or backpl anes that neet the overall port to port signa

requi renents. The properties of the connectors, the connector to bul k cable

term nation, the properties of the data patterns used in the system and system noise
all contribute to the cable assenbly performance. It is the responsibility of the
cabl e assenbly and overall system designer to produce conpliant signals at the
interoperability points.

Practical |aunched signals always contain sone |evel of inperfection so it is not
feasible to require perfect launch signals. Simlarly it is essentially inpossible in
hardware to create a | aunched signal that is degraded to all the allowed linmts at the
sane time. There is, however, a requirenment to accommopdate these two facts into the
nmeasurenent strategy. Essentially there are two risks associated with this issue.

One risk comes frominadequately characterizing the |aunched signals used in the
nmeasurenents. |f launched signals used during the neasurenent are degraded nore than
that allowed then the bulk cable will be called on to cause | ess degradation to produce
the m ni mum specified output. The use of excessively degraded | aunched signals places
unfair burden on the bulk cable. Conversely, if the launched signals are better than
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al l owed, the bul k cable may cause nore degradati on than allowed for the bul k cabl e but
still deliver specified outputs. This condition permts defective bulk cable to be
measured as good bul k cable. The way to avoid these risks is to execute an adequate
characterization of the launched signals and to conpensate in the neasurenent

requi renents for the amount of excess goodness or badness in the | aunched signals.
Figure 1 illustrates this general schene.

Anot her risk derives fromthe fact that sone paraneters in |launched signals related to
bal ance, common node | evels, and crosstal k can be corrected by bul k cabl e that

i ntroduces degradation (or conpensation) of equal and opposite sign and phase. |If this
happens it gives a fal se sense of goodness since |aunched signals from other sources
may have the paraneters degraded in the sanme sense as the bulk cable with a nom na
resulting doubling in the negative effects at the output.

In general, if the polarity of connection of the bulk cable to the |launched signals is
reversed then the polarity of the degradation in the bulk cable is also reversed (for
those paraneters that are sensitive to polarity, |ike balance and near end crosstal k).
Therefore the second risk can be managed by perform ng a second test with reversed
connections but changi ng nothing el se.

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

connected to the - line of the PUT and (2) with the + signal of the transmtter
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

Sunmari zi ng, the conbi nation of real |aunched signal properties and bul k cable
properties causes additional burden on the nmeasurenment process. The conpensation for
real |aunched signals is likely to be a one tine cost for the same transmtter. The
polarity reversal, however, requires that two independent neasurenments be executed
because one cannot be sure which sense of degradation is present in the bulk cable
under test.

During the calibration processes for the nmeasurenents the properties of |aunched
signals are nmeasured. Procedures are specified that do not require the adjustnment of
t he I aunched signal to the nmaxi mrum al |l owed degradati on. By noting how nuch degradati on
coul d be added to the actual |aunched signal before exceedi ng the maxi num degradati on
and adding this difference to the requirenents for the received signals one achieves
t he equivalent effect as actually degrading the | aunched signals as far as measuring
the properties of the bulk cable is concerned. Said differently, if the launched
signals are better than allowed (as is usually the case) then the requirenents on the
out put signals are tightened by the sane anount that the | aunched signals were better
Simlarly, if the |launched signals are nore degraded than all owed then the out put
signal range is broadened.

This process elimnates a major problemw th creating calibrated degraded high

frequency signals, uses the linear property of copper bulk cable to good advantage, and
allows the properties of the bulk cable to be fairly and accurately measured.
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MOST

DEGRADED
MOST DEGRADED OUTPUT
PART OF THE ALLOWED OUTPUT RANGE REDUCED BY THIS AMOUNT SIGNAL

ACTUAL LAUNCHED

WU

ALLOWED
IN TEST

,| C

LeasT 7 MOST LEAST MOST
DEGRADED DEGRADED DEGRADED » » » J  DEGRADED
SIGNAL SIGNAL SIGNAL SIGNAL
ALLOWED ALLOWED ALLOWED ALLOWED
BY SPECIFICATION BY SPECIFICATION BY SPECIFICATION BY SPECIFICATION

LAUNCHED‘

SIGNALS OUTPUT

SIGNALS

BULK CABLE

el TRANSMIT SIGNAL RANGE ALLOWED BY SPECIFICATION
OUTPUT SIGNAL RANGE ALLOWED BY SPECIFICATION

<« ®* = = P OUTPUT SIGNAL RANGE ALLOWED IN TEST

<—> AMOUNT LAUNCHED SIGNAL IS BETTER THAN
|:| THE WORST ALLOWED BY SPECIFICATION AND
THE AMOUNT BY WHICH THE ALLOWED
OUTPUT RANGE IS REDUCED FOR THE TEST

Figure 1 - Range conpensation strategy (if needed)

LAUNCHED RECEIVED
SIGNALS SIGNALS
BULK CABLE l%

TEST 1 NORMAL CONNECTION

LAUNCHED

recenep
BULK CABLE l%

TEST 2 REVERSED CONNECTION

Figure 2 - Degradati on sense conpensation / detection

HPEI Bul k Cabl e El ectrical Performance Page 20



Publ i shed SFF- 8416 Rev 15.0

7. Framework for HSS testing

7.1 Area of applicability

This section specifies the franmework used for the high frequency performance

requi renents and test nmethods to be used for measurenent and verification of properties
of the bulk cable. These requirenments apply to the mninmally disturbed (by the
attachnent to the test fixture) bulk cable and to the electrical neighborhood of the
poi nt of attachnent to the test fixture. See section 7.3.

7.2 HSS test |levels

7.2.1 Overview of tests, neasurenents and | evel s

The ternms “test” and “neasurenent” are closely related and are frequently used

i nterchangeably in comon parlance. The distinction between these two terns in this
docunent is that the concept of a nmeasurenent is the pure act of obtaining a valid
result without judgnment on whether the result represents a good perfornance or a bad
performance while the concept of a test requires a valid neasurenent process and
definition of pass-fail limts. The distinction between test and neasurenent is
formally made in this clause but may not always be rigorously applied in this docunent
because the distinction is a fine one and not likely to cause msinterpretation or
errors.

The test/neasurenent distinction also applies in a nore inportant way when the
pass/fail limts are different for different applications. The approach used in this
docunent considers that all the procedures are described purely as neasurenents.

Whet her a procedure is also a test in this docunent depends on whether a valid standard
exists that specifies acceptable values. Only in the cases where (1) no valid standard
exi sts or (2) where the nmeasurenent process required to enforce the standard is not
speci fied adequately should this docunent be treated as a test specification. In these
two cases this docunent should be used as both a way to create perfornance requirenents
where none now exi st and as a way to specify neasurenent processes where none are
adequat el y specified.

Regardl ess of where the pass-fail limts are specified, two broad |evels of
nmeasurenents (tests) are described: level 1 and level 2. Level 1 nmeasurenents are
intended to be used as tests while |evel 2 neasurenents are intended to be used as
characterization and diagnostic tools. For sinplicity we may choose to use the term
“measurenent” for both |evels.

More details of the level 1 and |level 2 nmeasurenent are given in clauses 7.2.2, 7.2.3,
and 7.2.4.

7.2.2 Level 1 neasurenent definition

Level 1 neasurenents are those that are suitable for use as conpliance or qualification
tests. Specific applications may require only sone of the level 1 neasurenents
described in this docunent. Conpliance linmts are defined by the application

requi renents, not this docunent.

7.2.3 Level 2 neasurenent definition

Level 2 nmeasurenents are intended for diagnosis and characterization of the BCUT
per f or mance.
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7.2.4 Relationship between |level 1 and |evel 2 neasurenent

The specific neasurenments used for the two levels is specified in detail in later
sections. By separating the neasuring requirenents into the two different |evels,

| aboratory resources may be nore efficiently utilized conpared with the forner schenes
that required all mnmeasurenents to be individually satisfied. |In effect, only the |evel
1 nmeasurenments need be used to verify an bulk cable for sale or use by both the
supplier and the user. The level 2 neasurenments are available to the bulk cable

desi gner and manufacturer to nore efficiently create desi gns and manufacturing
processes that produce good bulk cable. Figure 3 shows a graphical relationship
between the two | evel s of neasurenent.

Level 1 Tests

Level 2 Measurements
(Diagnostic,
Trouble Shooting,

/ / f \ \ Optional)
© O 000

Figure 3 - Two |levels of measurenent for HSS bul k cabl e
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7.3 Electrical Neighborhood

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

Not part of the bulk cable

Attached to a bul k cabl e conductor through a signal path in the nmeasurenent
envi r onnent

Any part of the signal path during the neasurenent that affects the neasurenent
(excluding a 1-2% al | owance for multiple reflections)

For time domain reflectonmetry the el ectrical neighborhood extends up to the distance
occupied by three tinmes the rise or fall lengths fromthe connection to the test
fixture. The largest rise or fall length (rise time or fall tinme tines the propagation
velocity) is for the slowest signal under consideration. Exanples of properties that
may affect the neasurenent are transm ssion |ine inpedance m snmat ches and
discontinuities. Fromthis point forward the terns “rise time” and “fall time” have
been replaced in this document by the nore general term*“signal transition duration” or
“STD".

For other measurenents the el ectrical neighborhood may extend far beyond the test
fixture. Exanples of extended el ectrical nei ghborhoods are attenuation or crosstalk
nmeasurenents that are affected by the far end term nation and bul k cabl e i npedance far
away fromtest fixture attachment point.

two types of electrical neighborhood are defined:

Cose proximty (within three STD |l engths of the attachnment point)
Ext ended: not close proximty

For exanple, for a 200 ps (0.2 ns) STD and a bulk cable with a propagation velocity of
6 cnins the close proximty electrical neighborhood would be all the electrical paths
within 0.2 x 6 x 3= 3.6 cmfromthe attachment point. Notice that the slower signals
domi nate the extent of the close proximty electrical nei ghborhood but the faster
signals that stress the electrical perfornmance the nost have a snaller electrica

nei ghbor hood.

Features within the close proximty electrical nei ghborhood may act as if they were
part of the BCUT itself as far as contribution to the overall performance of the bulk
cable is concerned. For measurenments not requiring high accuracy, smaller close
proximty electrical neighborhoods nay be all owed.

PCB features such as vias, corners in PCB traces, and pads for board nounting
applications all typically fall within the close proximty electrical nei ghborhood for
board mounting applications. Dressing of wire paths near the connector term nation
the term nation contacts, and netallic strain relief parts typically fall within the
close proximty electrical neighborhood in wire term nation applications.

Sorme exanpl es of close proximity electrical neighborhood features that may apply are
shown in Figure 4.
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CLOSE PROXIMITY ELECTRICAL NEIGHBORHOOD

LONG ENOUGH TO USE AS SURFACE MOUNT PADS
VIAS THE Z, REFERENCE AT THE
FILTERED RISE TIME CONNECTOR
\ @ - » 5 CONTACTS
© BURIED TRACES @2——E§§t:: “g\\\\pCNQNECﬂT)R
BODY
Z,

U
@\ SURFACE TRACES /—D
cf ]

> —J 1

Figure 4 - Some key design areas for pcb features

Close proximty electrical neighborhoods find their greatest application in the use of
time domain reflectonmetry (TDR) and in the behavi or of connectors used as nedia or

transm ssion line term nation el enents.

Figure 5 shows an exanple of a TDR nmeasurenent on the sane sanple with different STD s.

The effect of the discontinuities appears |arger when shorter STD s are used.
very inportant to nake neasurenents using STD s over the entire all owed range.

It is
For the

shortest allowed STD the maxi num anplitude of effects of the discontinuities are
reveal ed. For the longest allowed STD the maxi mum extent of the close proximty

el ectrical nei ghborhood is shown.
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250pS SIGNAL TRANSITION DURATION

TEST FIXTNRE REGION BULK CABLE REGION
< > < >

-

170pS SIGNAL
TRANSITION DURATION

' 50pS SIGNAL
TRANSITION DURATION

REFLECTION
COEFFICIENT

- 2 NS >

Figure 5 - TDR data in a typical HPEl bul k cable

7.4 Scaling with | engths issues

It is tenpting to assunme that one may pick any length of bulk cable to neasure as |ong
as there is enough signal to get about 10 dB above the noise floor of the neasurenent.
This sinplification of linearity with length is very risky due to several mechani snms
that can exist in bulk cable. Details of these risks follow.

The foll owi ng nechani sns may cause neasurenent results that do not scale with sanple
| engt h:

Wthin pair skew nmeasured at the mdpoint of the signal transition

Pair to pair skew

Insertion |oss, near end crosstal k, and SDD11 in the presence of periodic structures
Differential to common node conversion

Bul k cable contributed jitter

The skew nmechani sns can result froma statistical distribution along the length of the
sanpl e of the features that cause the skew.

The periodic structures have inpacts that depend strongly on the actual nunber of
peri odi ¢ disturbances that exist in the sanple and on the magnitude of the

di sturbances. Exanples of periodic disturbances are lay of the twi sts and periodic
extrusion variation during dielectric application to the wire. For all periodic
effects a | onger sanple produces a greater effect.

Mode conversion tends to occur at points in the construction where inbal ance exi st and
such points may be statistically distributed along the | ength of the sanple.

The foll owi ng nechani sns generally scale with sanple | ength

Insertion loss (in dB) where there is no significant periodic structure
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Propagation tine

It may happen that certain suppliers of bulk cable guarantee that specific properties
such as propagation time skew scale with length. However, if such scaling can be
predi cted and guaranteed then a key clue to elimnate the cause exists. CQuaranteeing
l[inearity with cable length for properties that involve interaction between different
conductors or insulators is essentially an adverti senent that sone predictable

di f ferences between pairs or within a pair exists.

It is required that some know edge of the maxi mum application |length be available in
order to do an effective assessnent of the quality of the bulk cable. This docunent
requi res sanple lengths for bul k cabl e performance neasurenents that approximate the
expected maxi mumin the application for nmeasurenent of properties that may not scale
with length. See also 8.2.2.

7.5 Rel ationship between applications and test conditions

Table 1 lists the relationship between applications, defined as transports and speeds,
in terms of sanple length and data pattern requirenments for the bul k cabl e neasurenent.
The lengths stated in Table 1 are those expected when using the anticipated | argest
wire that is conpatible with the connectors. |If snaller wires are used (with resulting
shorter maxi numlength) or if other application |engths are known, then the nmaxi mum

l ength expected in the application shall be used for the nmeasurenent of bul k cable

per f or mance.

Note that encodi ng schene used forces different data patterns. See FC-MISQ for nore

detail s concerning the issues when using scranbling and other non 8b10b encodi ng
schenes.
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Table 1 - Map of required test conditions

Transport Dat a Encodi ng Transm tter Conpl Dat a Nom na
rate per or receiver i ance | patt max
si gnal compensation |inter | ength
@/ s required conne (meters)

ct

Single stream FC | 1. 0625 8b10b none no 2'-1 30

Single stream FC | 2. 125 8b10b none no 2'-1 15

Single stream FC | 4. 25 8b10b none yes 2'-1 7

4 | ane copper FC | 3.1875 8b10b none yes 2'-1 10
(10G
nom nal )

4 | ane copper GE | 3.125 - scranbl ed recei ver yes 40x 15

CX-4 10G 8b10b equal i zati on I bit*
nomi na

4 | ane 10GBASE-T | 1.0 10 | evel receiver ? TBD 100

mul tilevel | signa
pr obabl e condi ti oni ng

Single streamIB | 2.5 scranbl ed none no 40x 17

8b10b | bit*

4 lane |IB 2.5 scranbl ed none no 40x 10

8b10b I bit*

4 lane |IB 5.0 scranbl ed none no 40x 5

8b10b | bit*

4 lane |IB 10.0 scranbl ed ? no 40x 5

8b10b I bit*

12 lane IB 2.5 scranbl ed none no 40x 10

8b10b | bit*

12 lane IB 5.0 scranbl ed none no 40x 5

8b10b I bit*

12 lane IB 10.0 scranbl ed ? no 40x 5

8b10b | bit*

SAS (single 1.5 scranbl ed none yes 40x 10

strean) 8b10b lbit*

SAS (single 3.0 scranbl ed transmtter yes 40x 10

st ream 8b10b I bit*

SAS (single 6.0 scranbled |transmtter yes 40x 10

strean) 8b10b + receiver lbit*

SATA i nt ernal 1.5 scranbl ed none yes 40x 1

8b10b | bit*

SATA i nt ernal 3.0 scranbl ed none yes 40x 1

8b10b I bit*

SATA- 2 external 1.5 scranbl ed none yes 40x 10

8b10b | bit*

SATA- 2 external 3.0 scranbl ed none yes 40x 10

8b10b I bit*

* 40x Ibit neans a bal anced pattern with isolated bits in a 40 to 1 ratio.

Bal ance in this context neans the nunber of ‘1's’ and the nunber of ‘0’'s’ are

equal. The specified patternis: 40 ‘1's’, single ‘0, 40 ‘1's’, 40 ‘0’ s’

single "1, 40 '0's’, repeat. This pattern may not be substituted with | ess

stressful patterns such as: 2-1, 2%-1, 2*-1, CIPAT, CJTPAT, K28.5, idle
primtives.

For the bulk cable contributed jitter requirenents, additional allowance is required to
account for nechani sns that are not present during the nmeasurenent. See 7.6.5 for nore
detail.

7.6 Definition of HPElI bulk cable electrical performance paraneters
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7.6.1 Overview

Clause 7.6 gives nore detail concerning the perfornmance paraneters requirenents.

7.6.2 Definition of PUT and PUT,

HPElI bul k cable has two basic parts: (1) the pair transporting the signal path under
test and (2) the other pairs transporting other signals, that is, the pairs that are
NOT under test but rmay be providing significant interactions with pair under test. The
pair that is under test is called the “pair under test” or the PUT. The pair(s) that
is not under test is called the “pair(s) not under test” or the PUT..

The PUT and the PUT, s each have an associated transmtter and receiver. Figure 6
illustrates an exanple relationship for a sinple HPEl bul k cable.

TEST FIXTURE TEST FIXTURE
PUT + SIGNAL . PUT
TRANSMITTER - SIGNAL RECEIVER
PUTyor + SIGNAL PUT\or
RECEIVER - SIGNAL TRANSMITTER

PAIR UNDER TEST (PUT)

PAIR NOT UNDER TEST (PUTyo1)

EXAMPLE OF AN HPEI BULK CABLE WITH A
SINGLE PAIR NOT UNDER TEST WHERE THE
PAIR NOT UNDER TEST HAS A SIGNAL
TRANSMISSION DIRECTION OPPOSITE THAT
OF THE PAIR UNDER TEST

Figure 6 - Term nol ogy for bul k cabl e under test (BCUT)

Fi gure 7 shows the conventions and abbreviati ons used for signals and instruments for
t he same exanpl e construction shown in Figure 6.
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ML — IV ||
s1 PAIR 1 SMI1
M2 ——— M2
ML —— ——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 instrunments

7.6.3 Definition of S paraneter nam ng conventions

Fi gure 8 shows the connections that would be nmade to a four port vector network

anal yzer (VNA) for neasuring S paraneters on a four single ended port ‘black box’
device. VNA' s recognize incident signals denoted by the ‘A subscript and reflected
signals fromthe sane port denoted by the ‘B subscript.

Al the neasurenents specified in this docunment relate to differential signal pairs.
It requires all four VNA ports to neasure the properties of two differential ports.
VNA ports are all single ended and the differential and conmon node properties for

differential ports are calculated internal to the VNA
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Figure 9 shows the definition of the differential
paraneters that may be acquired froma two pair BCUT.
singl e ended ports only two differential

SFF-8416 Rev 15.0

“PHYSICAL BLACK BOX”

1 V
—pi 1 3 le—p
V, V
Ak:2 4 :Ak4

GROUND REFERENCE

“MATHEMATICAL BLACK BOX”

Vi1 Vs
Vi=Vart Ve 1 3 |
Va1 Y/
Ve, Vaa
—2 4 —>
—p | —
Va2 Vasa

GROUND REFERENCE

Figure 8 - Architecture of a 4 port VNA neasurenent

ports and the differential
Since the VNA has only four
ports may be neasured at one tine.

S

Physi cal

reconfiguration is required to access all the differential S paraneters listed in

Fi gure 9.

Figure 10 shows all

* 818 PAIR 1 1% biFF PORT 2
DIFFPORTL o~ | s
+SIG— —— + SIG
DIFF PORT 3 PAIR 2 DIFF PORT 4
-SIG — ——— -SIG

SDD11 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 1

SDD22 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 2

SDD33 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 3

SDD44 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 4

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

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

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

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

Figure 9 - Definition of differential S parameters

the possible configurations for a two pair BCUT. Note that

termnation is required on all differential ports that are not connected to the VNA
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BCUT 4 PORT VNA
NOMENCLATURE NOMENCLATURE a1 | +sie . +si6] wnaz e poRT 2
DIFF PORT 1 VNA 3 _sie Lsic | VNA4
TERMINATOR PAIR 1 ONLY PAIR 1 ONLY
SDD11, SDD12, SDD11, SDD12, LsG +SIG
SDD21, SDD22 SDD21, SDD22 DIFF PORT 3 PAIR 2 T DIFF PORT 4
T sl — — -SIG
VNAN VNA PORTS
+5I6 — | +sic
DIFF PORT 1 T PAIR 1 DIFF PORT 2
-sIG — — -siG
PAIR 2 ONLY PAIR 2 ONLY
SDD33, SDD34, SDD11, SDD12,
SDD43, SDD44 SDD21, SDD22 DIFF PORT 3 WAL | "SI T para [ TS VNA 2 OIFF PORT 4
VNA PORTS ARE SINGLE ENDED VNA3 | -sic — | .siG VNA 4
SOURCES ARE ASSUMED AS
VNA 1 AND VNA 3
RECEIVERS ARE ASSUMED AS WAL | *S6— _ . — +SiG N DIFF PORT 2
VNA 2 AND VNA 4 PARIANDPAIR2  PAIR1ANDPAIR2 DIFFPORT1 VNA3 | .si6 — — -sic
THE FUNCTION OF THE VNA PORTS FAR END FAR END
INTERACTIONS INTERACTIONS
AS SOURCES OR RECEIVERS ARE — l _ +sic
CONFIGURATION 1 CONFIGURATION 1 +SIG PAIR 2 VNA 2
CONTROLLED BY THE VNA INTERNALLY DIFF PORT 3 T DIFF PORT 4
SDD14, SDD12, _siG _sIG VNA 4
FOR SDDnn RETURN LOSS MEASUREMENT SbD41 Sbb2L
THE VNA PROVIDES THE FAR END
TERMINATION INTERNALLY TO THE VNA
+5I6 — | +sic
VNA 2
DIFF PORT 1 T se PAIR 1 e VNA 4 DIFF PORT 2
PAIR1ANDPAIR2  PAIR 1 AND PAIR 2
FAR END FAR END
INTERACTIONS INTERACTIONS +SiG +SIG
CONFIGURATION2  CONFIGURATION2  DIFF PORT 3 xm é PAIR 2 T DIFF PORT 4
SDD32, SDD23 SDD12, SDD21 -SIG — — -SIG
VNA1 | +SIG— — +si6 [
DIFF PORT 1 VNA 3 _ | pARL [ DIFF PORT 2
PAIR1ANDPAIR2  PAIR 1 AND PAIR 2 -SIG -SI6
NEAR END NEAR END
INTERACTIONS INTERACTIONS +s16 —| l .sie
CONFIGURATION3 ~ CONFIGURATION 3 DIFF PORT 3 VNA 2 PAIR 2 T DIFF PORT 4
SDD31, SDD13 SDD12, SDD21 VNA 4 _sic — | -siG
+sie PAIR 1 +sie VNA 1 DIFF PORT 2
PAIR1IAND PAIR2 ~ PAIR1ANDPAIR2 ~ DIFF PORT 1 T _sic — s VNA 3
NEAR END NEAR END
INTERACTIONS INTERACTIONS
CONFIGURATION3  CONFIGURATION 3 +5I6— pamra — *S© VNA 2
SDD42, SDD24 SDD12,SDD21  DIFF PORT3 .o a6 VNAS DIFF PORT 4

Figure 10 - Possible configurations for differential S paraneter measurenents

Al t hough the above figures show the connections for a VNA the sanme informati on may be
obt ai ned by using a TDR/ TDT neasurenent to acquire a time domain waveform The
waveforms may then be converted to S paraneters using a suitable software package

7.6.4 Stimulus and response forns

The following 4 x 4 matrix shows all differential, conmon, and node conversion S
paraneters that are possible froma differential two port (single ended 4 port).

In the first matrix the differential only portions are shown in larger font. |In the
second matrix the common node only portions are shown in larger font. In the third
matri X the node conversion responses are shown in larger font. Transm ssion responses
acquired via TDT and refl ection responses acquired via TDR are noted. Mapping the tine
domai n nmeasurenents to the frequency donmain S paraneter space is shown for all cases.

Three types of neasurenent are defined: return loss, insertion |oss and node
conver si on.
Return | oss uses TDR nethods. Insertion |oss and node conversi on uses TDT net hods.

For differential neasurenments differential stinulus signals are used with differentia
response nmeasurenents. For comon node neasurenents conmon node stinulus signals are
used with common node response neasurenents. For node conversion nmeasurenents
differential stimulus with common node response or common node stinulus wth
differential response is used. This set of relationships is mapped in Figure 11
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Differential TDR stimulus, differential response

S« TDR,,, S,.,« TDT

DD11 DD12 DD12
S « TDT S « TDRD Spc1i® TDRocin  Sociz® TDToens
DD21 DD21 DD22 D22 Spear® TDRocsr Soeze TDRoea
Scp11€ TDRepir Scp1z€ TDTepiz Scenn® TDRecin Scciz®€ TDTecan
Scoa1® TDTepar Scp2® TDTepn  Scear® TDTeca  Seee® TDR(

Common mode TDR stimulus, common mode response

Sopu« TDRopir Sppio« TDTpprz Spei« TDRoen Soei« TDTpero
Sop21% TDTppy  Sppn« TDRypy, Spea® TDRpey Spep® TDRpey

Scou€ TDRepyr  Sepip« TDTeppn
« «
Scon« TDTepy  Sepp« TDTepy, SCCll TDRCCll SCC]'Z TDTCC12
S « TDR

S « TDT CC22 CC22

cc2i CC21

Mixed mode _
pc11® TDRpey Spepp« TDTpeyp
Spc1€ TDTpeayr Spep® TDRpey,
Scpn® TDRepyy  Scpie« TDTepy,

Sop11« TDRopi  Sppiz« TDTpp, S
Sopn € TDTppy  Sppy € TDRyp,,

Sccun® TDRecnn Scere® TDTecry
Scpn® TDTepar Scpe® TPRepy Scear TDTeen Scen TDRecz |

Fi gure 11- Mapping of frequency domain and time donain paraneters

7.6.5 Definition of level 1 electrical perfornance paraneters

The nmeasurenents in the following list are the level 1 neasurenents for HPEl bul k
cabl e.

a) Transm ssion line inpedance (Z,) (time domain (local))

b) Propagation tinme and propagation time skew (tinme domain @50% point, differential,
TDT - using lengths appropriate for the application)

c) Propagation tinme skew between + and - signals

d) S21 (insertion loss, attenuation within pair - frequency domain - assunmed to scale
with [ength within nmeasurenment error)

e) Time domain near end and far end crosstal k (any aggressor to any victim
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f) Bulk cable contributed jitter (eye test at O differential volts crossing using a
data pattern appropriate for the application as defined in this docunent) [Note
that the bulk cable contributed jitter specified via this nethod is only part of the
entire jitter budget.]

g) Modde conversion within pair (frequency domain) (does not scale with length -
standard | engths appropriate for the bulk cable design (e.g. 5, 10 and 30 neters for
24 AW 150 ohm) or the specified application |ength(s))

h) EM (EMR and CMPT)

Figure 12 summari zes the level 1 neasurenent types for HPEl bul k cable.

NOISE ON OUTPUT SIGNAL TIME OF FLIGHT
DUE TO ACTIVITY ON BETWEEN INPUT AND
OTHER SIGNAL LINES OUTPUT

MATCHING OF
TIME OF FLIGHT

RADIATION DUE BETWEEN INPUT AND
TO BULK CABLE OUTPUT BETWEEN
CROSS TALK
?QE?RN%PSS’QT'O DIFFERENT SAME
PROPAGATION DIRECTION
TIME SKEW SIGNAL LINES
EMI DIFFERENTIAL TO
COMMON MODE Sﬁ\ SOURCE OF EMI,
CONVERSION CROSS TALK, AND
IN PAIR PROPAGATION TRANSMISSION LINE ATTENUATION
TIME SKEW IMPEDANCE
INSERTION TRIBL REFLECTION
MAJOR COMPONENT OF LOSS, |S21] CONJTI$'TBE%TED
IMBALANCE MINIMIZATION
AMPLITUDE OF
OUTPUT SIGNAL TIMING INTEGRITY
OF OUTPUT SIGNAL
Figure 12 - Level 1 tests
Anot her | evel of detail is described below for the nine level 1 neasurenents defined:

1. Transmission line inpedance (Z,) time domain (local measurenment): differential
i npedance (each side of the signal driven) versus distance at a signal transition
duration specified for the application. Basic information captured may be direct
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i npedance or reflection coefficient which is subsequently converted into inpedance.

2. Propagation tinme: propagation tinme is the time required for the mdpoint of a
differential signal edge to propagate between an input and output neasurenent point.
This measurenent is included as a level 1 because a maxi numlatency in the cable
plant is assunmed in sone |ink protocols.

3. Pair to pair propagation tine skew the difference in the time required for the
m dpoi nt of differential signal edges (assumed to be the zero volts crossing point)
to simultaneously propagate in the sane direction down two nonminally identical pairs
in the BCUT between an input and output neasurenent point. Pair to pair propagation
time skewis a primary result of physical differences in pair construction including
pair |length. The neasurenment nethod includes skew due to m snmatched | osses (that
results in msmatched signal edge STD) as well as that due to path | ength and ground
reference differences between pairs. This nmeasurenent is not expected to be
i mportant for nost HPEl applications because the receivers on different pairs use
i ndependent clock and data recovery for each pair.

4. In-pair signal propagation tinme skew (tinme dorain): the maxi mum nmagni tude of the
di fference between the propagation tinme of the m dpoint of the signal transition
between the + and - signal at the receive end. |In-pair propagation tine skewis a
primary result of physically unbal anced construction and of |aunched signal skew.
The neasur enent nethod includes skew due to m smatched | osses (m snmatched STD on the
singl e ended + and - signal edges) as well as that due to path | ength differences.
Thi s measurenent is included because it is often a bul k cabl e perfornmance
requi renment in purchase specifications even though this property is only one
contributor to conmon node creation.

5. Insertion loss (SDD21 / attenuation): differential signal anplitude |oss over the
spectrum from 50 Mz to 3x the fundanmental frequencies of the data rates.

For exanple the frequency range woul d be:

for 2.125 Gb/s with a 1.0625 GHz fundanental frequency the requirenent
applies up to 1.0625 GHz x 3 = 3.1875 GHz.

The factor of 3 is determned fromthe spectral content of a pseudo random run

| ength encoded NRZ data pattern (where the significant energy content is below 3
times the fundanental frequency - the third harnmonic energy is included at this
frequency). The 50 MHz is derived fromthe fundanental frequency of the |ongest
pul se in a 64/ 66 encoded signal operating at 10 GBaud or the fundanental frequency
of the longest pulse in an 8b10b encoded signal operating at 1 GBaud.

SDD21 data output shall have a specified mnimum frequency increnent between data
points (that affects the m ni mum nunber of discrete data points, see 8.3.1.3)
acquired with an I F bandwi dth of 300 Hz.

Conparison to a maxi nrum | oss mask function is expected to determ ne conpliance. For
exanpl e a mask boundary defined by af** + bf + ¢ could be used for uniform copper
conductors. Qher conductor types and specific requirenments of the application nmay
use different functional forns. This docunent does not define this maxi muml oss
mask. In the above equation the coefficients ‘a’, ‘b, and ‘¢’ are determni ned by

t he application.

6. Swept frequency differential to common node conversion: required to limt causes of
EM and crosstalk issues. A VNAis required to execute this test. It is expected
that the BCUT is in a physical position during the neasurenent that is simlar to
that expected in service in the system Swept frequency (possibly acquired via tine
domai n nethods) is required because the frequency content is inportant is assessing
t he aggressi veness of the common node created.

7. Time donmain near end and far end crosstal k: the near end nmeasurenment is taken at the
same end of this BCUT as the aggressor source. The far end neasurenent is taken at
the far end. A single signal transition is launched into a PUT, while recording the
crosstal k signal inpressed in the PUT (either near end or far end). This
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measurenent may be useful for determ ning the physical parts of the BCUT where nore
i ntense sources of coupling exist. The peak excursion over the entire length of the
BCUT is recorded as the crosstal k. Resonant effects and periodi c di sturbance
effects that nmay be observed in a swept frequency nmeasurenent are controlled via the
insertion | oss tests.

8. Bulk cable contributed jitter: eye pattern neasured at zero volts nom nal (receiver
switching threshold) using a specified data pattern. The differential signal from
the PUT transmitter (the difference of the +signal and the - signal) having a known
anmount of jitter is launched into the PUT and the jitter observed at the far end
into a |aboratory quality termnation is recorded. The bulk cable contributed
jitter is the difference between the known | aunched jitter and the observed jitter
Bul k cable contributed jitter nmeasured per this nmethod is significantly |ess than
that allowed for the link and a derating process is required to account for: (a)
crosstal k generated in the bulk cable, (b) crosstalk generated in the cable assenbly
connector, (c) noise coupled into the bulk cable, (d) response of the link receiver
to data pattern changes, and (e) reflections caused by link term nation. However,
if the application requires conpensation for the BCUT insertion |oss frequency
dependence in the link then the allowed bulk cable contributed jitter budget may be
i ncreased by the anount of jitter renoved by the conpensation. Application specific
data patterns are required. Different data encodi ng schenes (e.g. 8bl0b
scranbling) require different data patterns.

9. EM (CWPT and EMR):
Overall shielded versions - all conductors driven purely conmon node. CWPT (common
node power transfer) methods and EMR (El ectromagneti c radi ation) nethods apply.
Unshi el ded versions all conductors driven differentially. EMR and current clanp
nmet hods apply.
The nmeasurenents for bulk cable are simlar to those specified in SFF-8410 for cable
assenblies with differences in the shield attachment to test fixture requirenents
and signal |aunch conditions.

7.6.6 Definition of level 2 electrical perfornance paraneters

The nmeasurenents in the following list are the |evel 2 neasurenents for HPEl bul k
cable. Notice that many of these neasurenents are available as a result of measuring
the full S paranmeter set on the BCUT.

Swept frequency differential return | oss

Comon node i npedance (Z,) (time domain (local)):

Paranmet er extraction via VNA

Attenuation to far end crosstalk ratio (frequency donain)
Differential to common node conversion (eye-like test at 0 differential crossing
using appropriate data pattern)

Anpl i tude i nbal ance between the + and - signals

Signal transition duration

Group propagation time dispersion

. Far end crosstal k, FEXT, (swept frequency)

10. Near end crosstal k, NEXT, (Quiescent noise)(swept frequency)
11. Ful | eye di agram si gnal degradation (time donain)

CoN® OhwdE
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PEAK VALUE
PEAK NOISE ON VICTIM FAR OF COMMON MODE
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COMMON
PEAK NOISE ON NEAR END M?RAEECDFEEI\?;:(I\)IN

VICTIM DUE TO ADJACENT

NEAR END

PARAMETER FIGURE OF MERIT
TRANSMITTER AND oS EXTRACTION (MEASURE
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SIGNAL
DEGRADATION

ATTENUATION
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FULL EYE DIAGRAM
SIGNAL DEGRADATION

IN-PAIR
AMPLITUDE
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FREQ DOMAIN

GROUP
PROP TIME
DISPERSION

COMMON MODH
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SIGNAL
TRANSITION
DURATION

TRANSMISSION LINE
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COMMON MODE CONTRIBUTION OVER ENTIRE LENGTH

FROM MISMATCHED LOSSES
AND POORLY BALANCED
SOURCES

BASIC RISE/ GROUP PROPAGATION TIME
COMMON MODE FALL TIME DISPERSION
EFFECTS MANAGEMENT  MEASUREMENT

Figure 13 - Level 2 neasurenents

Anot her | evel of detail is described below for the el even | evel 2 electrica
per f ormance paraneters defined

1

Return | oss, Snn: (Frequency domai n neasurenent of S11 or S22 either differential or
comon node driven): Notable BCUT structural features that may affect this
neasurenent are periodic with length (such as foil wap pitch or lay |engths of
pairs). Test fixture contributions may dominate the results for BCUT' s that neet
the level 1 inpedance requirenents unless these contributions are renoved via

calibration. BCUT's that do not neet |evel 1 inpedance requirenents are likely to
have | arge return | osses.

Common node i npedance , (Z,) (tine domain (local)): inpedance of the pair with
respect to ground versus distance at a signal transition duration specified for the

application. There are two ways to approach the neasurenment of Z,, (1) short both
lines of the pair and nmeasure the shorted conbination as if it were a single line
and (2) drive both lines independently with signal having the sanme anplitude and
phase (and at exactly the sane tinme) and neasure the inpedance of each line with
respect to ground. In the second approach the common node i npedance is the parall el
conbi nati on of the individual inpedances nmeasured. Basic information captured may

be direct inpedance or reflection coefficient which is subsequently converted into
i npedance.

Par aneter extraction via VNA

This measurenent is intended for determning the circuit nodeling val ues that
shoul d be used for the |IUT such as:
capaci t ance

i nduct ance
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various circuit elenments for specific designs.

4, Attenuation to crosstalk ratio (frequency domain): This nmeasurenment is an
i ndication of the overall quality of the BCUT. It is formed by taking the ratio of
insertion loss (attenuation) to the far end crosstalk at all frequencies in the
range exam ned.

5. D ffereptial to common node conversion: eye-like test at 0 differential crossing
using 2 -1 data pattern. Transmtted signals with m ni numcomon node content are
transported across the BCUT and the common node content in the received signal (+
signal + - signal)is neasured. During the transmission differential to comon node
conversion may occur. This neasurenment is useful for recording the peak val ue of
t he common node creat ed.

6. Anplitude difference between the + signal and - signal (time domain): the maxi num
nmagni tude of the difference between the peak anplitudes on the + signal and - signa
lines at any point in tinme. This measurenment is useful for diagnosing the source of
common node creation

7. Signal transition duration (rise / fall tine): the time required for a differenti al
signal edge to traverse between 20 and 80 percent of the difference between the | ow
| evel and the high level in a signal edge (rising edge) or between 80 and 20 percent
of the difference for a falling edge — very inportant paraneter in setting up the
level 1 tests as it significantly determ nes the i nduced conmon node | evels, the
EM, the inpedance profile, quiescent noise and intersynbol interference

8. Group propagation tine analysis: The basic data is phase vs frequency for a given
sanple. The expected behavior for a frequency independent dielectric is a first

order equation of the form Phase = group delay x (f) + constant. I f group del ay
is not constant with frequency a straight line is not observed. The constant term
may al so represent other inportant information. |f the constant is not zero one

wi Il not observe doubling of phase with doubling of frequency. Consult standard
references for further details. This analysis nmay aid in determining the causes of
| SI.

9. Far end crosstal k (swept frequency): This is a basic SDD21 neasurenent where the
output port is on the victimline and the input port is on the opposite end of the
BCUT is the aggressor. Assigning optimumpass fail limts is problematic but the
neasurenent may be a val uabl e di agnostic tool

10. Near end crosstal k, NEXT, (Quiescent noise)(swept frequency): This is a basic SDD21
neasur enent where the output port is on the victimline and the input port is on the
sane end of the BCUT is the aggressor. Assigning optimmpass fail limts is
probl emati ¢ but the nmeasurenent may be a val uabl e di agnostic t ool

11. Ful | eye diagram si gnal degradation (time donain): The signal coming fromthe BCUT
when a worst case | aunched signal is applied. Traditional eye mask nethodol ogy is
used. This neasurement integrates all the effects of the signal transmission into a
single result.

7.7 Basic requirements for executing a test

Each paraneter has specific allowed ranges as determned froma test neasurenent. Each
neasur enent requires:

Test fixturing to all ow connection of instrunmentation and bul k cabl e under test
(1um

Cali bration procedures to account for the effect of fixturing and instrumentation
Applied stimuli and nmeasured responses that contain the results of the neasurenent

In general, different fixturing and nmeasurenment requirenents exist for each paraneter
In practice, it is very desirable to have the sanme test fixture for several, if not
all, tests.
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The calibration procedure is usually different for the different tests.

The acceptabl e range for each paraneter nay differ for different perfornance classes.
7.8 Definition of the bulk cable under test (BCUT)

The bul k cabl e under test (BCUT) is between the prepared ends that are attached to the
test fixture at TP1 and TP2 as shown in Figure 14. The prepared ends on each side of

the BCUT and the electrical features within the electrical neighborhood for each side

of TP1 and TP2 on the test fixture may affect the neasurenent and are explicitly

i ncluded in the nmeasurenent specification.

TP1 BULK CABLE TP2

| UNDER TEST i

\i ?:4
— T

TEST FIXTURE TEST FIXTURE

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

BULK CABLE PERFORMANCE IS JUDGED
AT TP1 AND TP2 (WHICH INCLUDES
SOME FIXTURE EFFECTS)

Figure 14 - Definition of the bulk cable under test

This definition of the BCUT test allows electrical performance specification outside
the context of a specific application for shielded designs. For unshielded bul k cable
designs the details of the application may affect the performance in service and
specific conditions for the nmeasurenment are specified such that sone relationship to
comon applications exists. Good agreenent between neasurenent results in different

| aboratories is expected when using the same neasurenent conditions. |f the bulk cable
performs adequately according to the nmeasurenents specified in this docunent then it
shoul d be suitable for use in HPElI cable assenblies.

Meeting the requirenents of the application using the methodol ogies defined in this
docunment guarantees that the bul k cable contribution to system performance is
controlled to within application specified Iimts and that bulk cable fromdifferent
sources could be used interchangeably in that application. Meting these bulk cable
requi renents does not guarantee that the cable assenbly is adequate since significant
contributions may conme fromw re term nation, connector, and other electrical

nei ghbor hood f eat ures.

7.9 Transmission line term nation during BCUT neasurenents

Transmi ssion line term nations consist of differential and conmon node. Both the
transmtter and receiver ends have specified transnmission line termnations. The value
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of the term nations are determ ned by the applications and can seriously affect the
measur enent results.

In this docunent the differential inpedance is specified for the BCUT as a level 1 test
but the conmon node i npedance is only indirectly specified through the common node

i npedance required for the common node term nation used during the neasurenents. The
BCUT common node i npedance neasurenent nethod is specified as a | evel 2 neasurenent.

For many nmeasurenents the differential and common node term nation inpedances shoul d
mat ch the application nom nal values. However, for S paraneter neasurenents, all ports
are termnated in 50 ohns to ground. TDT neasurenents described in this docunent also
require termnation into the nmeasurenent systenis 50 ohns to ground. TDR neasurenents
require that the PUT be open circuited at far end.

7.10 Special considerations for test fixtures and testing

Using the definition of the BCUT in section 7.8 the parts of the test fixture within
the el ectrical neighborhood are part of the BCUT perfornmance neasurenent even though
they remain as part of the test fixtures when the BCUT is renoved. The test fixtures
are typically used many tinmes when testing different BCUT's (see Figure 14). The parts
of the test fixtures that affect the neasurenent are ternmed the “stationary” parts of

t he BCUT neasurenent.

The contribution of the stationary parts to the neasured result may not be snall. The
stationary parts could conpensate for or exacerbate degradati on caused by the BCUT
proper. It is generally expected that different BCUT's will cause different test
results. What nay be |less obvious is that the sane BCUT nmay yield different results
with different test fixtures that have different stationary parts. In both cases the
differences in the test results exist even if identical instrunentation and calibration
processes are used.

Ther ef or e:

Differences in the BCUT test results fromdifferent |aboratories are to be expected
unl ess the sane identical test fixtures and the same BCUT' s are tested together

If the stationary parts of the BCUT neasurenent conpensate for the properties of the
BCUT then it is to be expected that other |aboratories testing the same BCUT may
find that the BCUT fails (since their stationary parts may not deliver the sane

| evel of conpensation).

If the stationary parts of the BCUT neasurenent exacerbate the degradation in the
BCUT to the extrenme allowed w thout allow ng the BCUT neasurenment to indicate a
failure then a nore conservative total BCUT performance test results and it becones
less likely that testing with different test fixtures will indicate BCUT fail ures.

Suppliers of BCUT' s should carefully understand the effects of the stationary parts of
t he BCUT neasurenment so that unintentional conpensation of BCUT properties parts is not
occurring.

Al though the stationary parts of the BCUT neasurenent 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 BCUT is al so considered fornmally part of the BCUT performance.

For some neasurenents the details of cable positioning (coiling, bending, proximty to
nmetal surfaces, etc.) may affect the results. This docunent assunes that specia
positioning to achieve favorable results is not practiced. Positioning and stresses
during testing should not exceed specified application performance Iimts for bend
radius, tensile stress, twist, inpressed external noise and the Iike. Details of
positioning and stressing during neasurenent shall be specified.
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7.11 Extensions to parallel - serial constructions

7.11.1 Overview

Section 7.11 describes how to extend the tests described in this docunment to
constructions beyond the sinple duplex. Such constructions are useful for exanple when
one needs hi gher bandw dth wi thout sacrificing length. Using nore paths carrying

i nformati on may appear to be easier than using a single path because data rate increase
on a single path is increases the frequency with associated increased | osses. Such
reasons nmay prove to be false in the overall picture, however, because of the intrinsic
i ncreased cost for nore conductors, nore transmitters, nore panel space and so forth

O her possi bl e reasons for nore conpl ex constructions include needing additiona

i ndependent control paths and needing some paths to be bi-directional. Wen the basic
transm ssion on a single path is unidirectional serial and there are nultiple paths
followi ng the same physical routing (for exanple nmultiple twin-axes in the sane overal
jacket) the construction is terned parallel - serial (p-s) in this docunent.

Several transports, including SAS, Infiniband, and PCl express for exanple, presently
speci fy p-s constructions.

The extensions described here apply only to point to point applications (that may or
may not contain equalizers or active circuits in the path for nost tests).

In general one uses superposition along with worse case alignments and polarities (to
avoi d cancellations) to deal with the nore conplex structures. A generalized p-s
construction is shown in Figure 15. The Sn is a source for the nth path while the SMn
is the signal measurenent instrunent corresponding to the nth source
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GENERALIZED PARALLEL SERIAL PATHS
FOR POINT TO POINT CONNECTIONS

LEFT TO RIGHT PATH
S, > SMI,_
RIGHT TO LEFT PATH
SM|n+1< Sn+1
BI-DIRECTIONAL PATH
SI\/”n+2 /Sn+3< > Sn+2 /SM|n+3

< BI-DIRECTIONAL PATH >

< RIGHT TO LEFT PATH

< BI-DIRECTIONAL PATH >
LEFT TO RIGHT PATH >

< RIGHT TO LEFT PATH
LEFT TO RIGHT PATH >

Figure 15 - Sources and instruments for a general p-s construction

The level 1 tests for duplex BCUT applications have counterparts in p-s constructions.
Sone of these are briefly considered separately.

7.11.2 Transmi ssion line inpedance for p-s constructions

The transnission |ine inpedance test is exactly the sanme as for a duplex BCUT. Each
path in the p-s construction is nmeasured separately and uses the sane test procedures
described in this docunent.

7.11.3 Propagation tine and propagation time skew for p-s constructions

Each pair for propagation time and pair to pair propagation tine skew or each leg of a
differential pair is measured the same way for p-s constructions as for dupl ex
constructions. The pair to pair skewis recorded as the maxi mum di fference between any
pair whose signals are propagating in the sane direction. See 8.2. 3.2

7.11.4 SDD21 (insertion loss)for p-s constructions

This measurenent is essentially the same as for duplex assenblies. Additiona
termnation is required on the unnmeasured pairs.
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7.11.5 Tinme domain near end and far end crosstalk for p-s constructions

7.11.5.1 Near end crosstalk for p-s constructions

Near end crosstalk for p-s constructions is deternined by sequentially applying

di fferential aggressor pulses on every near end pair except the victimpair and
recordi ng the peak crosstal k contribution fromeach aggressor pair on the victimpair.
The absol ute value of the results are then added to produce the total peak crosstal k on
the victimline pair. The process is repeated for every victimpair in the p-s
constructi on.

The measurenent conditions are identical to the duplex case described in this docunent
with suitable nodifications to the test fixtures to accommobdate the p-s constructions.

Thi s ext ensi on et hodol ogy was originally devel oped for use on parallel SCSI cables and
produces a conservative (i.e. nore stringent) test on the BCUT than actually exists in

service. However, since there is no correlation assuned (either tinme or signal |evel)

bet ween the aggressor signals and the victimsignals in this nmeasurenment the resulting

noi se measurenent (cal cul ation) approxi mates the worst possible condition

Note: for bi-directional pairs two neasurenments are required

7.11.5.2 Far end crosstalk for p-s constructions

Far end crosstalk for p-s constructions is determ ned by sequentially applying
differential aggressor pulses on every near end pair except the victimpair and
recording the crosstal k contribution fromeach aggressor pair at the far end of the
victimpair. The absolute value of the results are then added to produce the tota
crosstalk on the victimline pair. The process is repeated for every victimpair in
the p-s construction

The measurenment conditions are identical to the dupl ex case described in this docunent
with suitable nodifications to the test fixtures to accommbdate the p-s constructions.

Note: for bi-directional pairs two neasurenents are required

7.11.6 Bulk cable contributed jitter for p-s constructions

Since bulk cable contributed jitter is defined as that resulting from nmechani sns ot her
than crosstal k each pair in the p-s construction is nmeasured separately in the same
manner as specified for duplex constructions.

7.11.7 Mode conversion within pair for p-s constructions

The node conversion neasurenents follow exactly the same flow as described in 7.11.4
for the insertion | oss nmeasurenents except using the node conversion nethodol ogy
i nstead of the insertion | oss nethodol ogy.

7.11.8 EM (CWPT and EMR) for p-s constructions

The CVPT test applies to p-s constructions essentially without nodification. The EMR
test requires that the excitation be set up to simulate actual signals on all paths
simul taneously but is otherwi se identical to the dupl ex case.
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7.11.9 Summary of extensions to p-s constructions

Wth sinple nodifications to the neasurenent 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 detai
every possible p-s construction but the fornula for constructing these details are
cont ai ned herein.

7.12 Sanpl e preparation

7.12.1 Overview

Sanpl es shall be prepared according to the requirenents in this clause. |If specific
nmeasurenents require special consideration, these are defined in the details for the
rel evant neasurenents.

There are many di fferent constructions for HPEI bulk cable. Sone key features are:

Construction of the differential signal element (DSE)
Case 1: unshielded tw sted pair
Case 2: shielded twi sted pair
Case 3: shielded parallel pair (e.g. tw nax)
Case 4: shiel ded quad
Nunber of pairs or quads in the cable
Presence of a shield around the bundle of all the pairs or quads in the cable
a Case 1: individual pairs or quads are shiel ded*
a Case 2: individual pairs or quads are not shiel ded
Presence of a jacket when there is no overall shield and no individual pair or quad
shield - if either shielding systens is present the jacket is irrelevant
Presence of buffer layer/insulating | ayers between the overall shield and the inner
pairs or quads

O Q

*the overall shield in this case is intended for chassis/frame ground for EM
cont ai nnment — sanple preparation of this overall shield is inportant only for EM
nmeasur enent s

Shi el ded differential signal elenents (DSE) cone in at |least three variants:

1. Each pair has a drain wire + foil facing in (nmost conmon)
2. Each pair wapped with foil facing in (no drain) - the foil is intended to float
3. Pairs wapped with foil facing out (contacts other internal foil shield)

a Case 1: nodrain wire
a Case 2: drain wire for the bundle

A general rule is if thereis a drain wire or if the foil is facing out a neans for
groundi ng the shield shall be provided on both ends during the nmeasurenent.

Sanpl e preparation shall isolate the nmeasurenent to the el ectrical nei ghborhood
relevant to differential signal elenment under test.

The el ectrical neighborhood is generally bounded by the nearest shield that encl oses
the DSE or by the materials that electrically couple to the DSE. For exanple, for a
shiel ded twinax is bounded by its own shield. A four unshielded twi sted pair cable
with an overall shield is bounded by the overall shield. A four unshielded tw sted
pair cable with no overall shield is bounded by the overall jacket and the placenent of
the cable with respect to external grounds. This docunent details only the nost comon
constructions expected for HPElI applications.
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7.12.2 General requirenments

Material s outside the electrical nei ghborhood nay be renoved as required fromeither or
both ends. For exanple, for an 8 shielded parallel pair cable having an overall shield
and overall jacket; renove the jacket and overall shield as required to provi de access
to the desired pairs. Typically renoving this material 75 to 100 nmfromthe ends is
adequat e.

Wthin the electrical neighborhood renove as little nmaterial as possible because such
renoval s disturb the physical construction and affect the nmeasurenent results.
Different neasurenents require different levels of sensitivity to this requirenent.
For exanple, insertion |oss neasurenments on long | ength sanples are | ess sensitive to
the disturbed region |l ength conpared to | ocal inpedance neasurenents.

Requi renents of the specific nmeasurenent determne the I ength of the all owabl e

di sturbance. This allowable length deterni nes the sanple preparation and test fixture
design requirenents. Test fixturing and sanple preparation are critical for sone
neasur enent s.

The attachnment schene of the DSE to the test fixture and the design of the test fixture
are intimately related. Soldering and cl anping are the comonly used schenes.

Parts of the BCUT that are not part of the electrical neighborhood of the DSE should be
noved as far as possible fromthe test fixture during the nmeasurenent.

I n measurenents where grounding of the shield is required, it may be |less disruptive to
clanmp the foil or braid than to attach the drain wire (if a drain wire exists).
Wi chever schene produces the least disruption to the sanple is preferred.

7.12.3 Sanpl e preparation exanpl es

Thi s clause provides two detail ed exanpl es for sanpl e preparation.
Exanpl e 1:
Single shielded quad with foil under outer braid shield

[For this construction the foil defines the boundary of the electrical nei ghborhood.
For convenience, a pigtail fromthe braid is being used to attach the foil to the test
fixture. A clanping nethod for foil shield contact might be |ess disruptive but is not
described in this exanple.]

Cut sanple to length as required by the neasurement (e.g. X.xx m+/- 0.025 m

Rermove jacket material for approximately 1.5 outside cable dianeters fromthe end to
be neasured (e.g. 10 nm

Braid shield: fold back in 360° circle over cut back jacket and forma pigtail (to
be used as an attachnent for the foil shield if required by the neasurenent)

Foil shield and buffer (if any): cut off to 4 mmmax fromthe end

Rermove 2.0 mmof dielectric fromthe PUT wires (e.g. @12 and 6 O cl ock)

Push the remaining two wires (e.g. @3 and 9 Oclock) to the side (out of the way)
Simlar preparation at the other end may be required dependi ng on the neasurenent

Exanpl e 2:
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Shielded twisted pair within a cable having 8 shielded twi sted pairs each pair with
foil-in and drain wire under this foil. Al pair shields are isolated from outer
shields. The outer shield is foil under braid.

[For this construction each pair’'s foil defines the boundary of the electrica
nei ghborhood for that pair. The pair’'s shield is grounded if required using the drain
wire.]

Cut sanple length to the required length (e.g. xx.x m+/- 0.025 m

Rermove approxi mately 10.0 cm of outer jacket and outer shield (foil and braid) from
one end

Trimfiller (if present)
Rermove 2.5 mm max of the PUT shield being careful not to danage the drain wire
Remove 1.5 mmof dielectric fromthe PUT wires

The exposed PUT drain wire is used to provide shield ground if required by the
specific test

Shi el ded pairs not under test should be noved out of the way - it does not natter
whet her the shields of these other pairs are grounded or floating since they are not
in the electrical neighborhood for the PUT.

Simlar preparation at the other end may be required dependi ng on the neasurenent
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8. Level 1 tests

8.1 Transmission |ine inpedance (local neasurenent)

8.1.1 Overview

The transnission line inpedance is a plot of characteristic or transmssion |ine

i mpedance as recorded by a tinme donmain reflectonmeter. This is a nmapping of the

i mpedance versus tinme of the reflected signal. The physical position within the BCUT
may be determ ned when one knows the velocity of propagation or by other nmeans such as
a local physical perturbation (e.g. pinching). Transmi ssion |line inpedance is
specified as one of the elenents required to nanage signal reflections in the link

The transnission |ine inpedance is the average i npedance within a small specific

posi tion range.

This transm ssion line inpedance test is intended to be used on bul k cabl e that has

nom nal |y uni formconstruction along its length. An exanple of non-uniform
construction is ‘twisted and flat’. It is also expected that the BCUT is desi gned and
manufactured to be uniform This uniformty allows the STD for this nmeasurenent to be

| oosely specified conpared to that required for a cable assenbly where non-unifornity
isintrinsic with connectors and its termnations (see SFF-8410 6.1.2.3). However, STD
is inportant for bul k cabl e because the disturbances fromthe test fixtures are

af fected by STD and extendi ng the neasurenent far fromthe BCUT attachnment point

i ntroduces errors due to wire losses. This neasurenent is a conproni se between
conductor attenuation errors and the STD used for the neasurenent.

The measurenent shall be performed using a signal transition duration that all ows the
nmeasured waveformto settle within 0.5 ns (displayed) of the BCUT attachnent point.
Typically STD = 100 ps or less at the BCUT interface satisfies this requirenment. STD
calibration nethods use the neasured STD at the TDR from an open circuit test fixture
with the recognition that the nmeasured STD is typically greater than existing at the
BCUT interface. A nmeasured STD of 100 ps is used to ensure that the STD at the BCUT
interface is 100 ps or |ess.

The requirenents apply in a specified 0.5 to 1.0 ns tinme window Pass-fail criteria
are based on exceeding the limts anywhere in this tine window The inpedance of the
sanple is recorded as the nmean of the population in the tine w ndow.

Differential TDR heads provide dual channel conplenentary single ended signals. These
signals are equal anplitude and equal STD transitions in opposite directions to produce
a single differential transition between the two channels.

These TDR signals are different fromthat driven fromnost functional HSS transmtters.
Functional HSS transmtters drive the + signal high and the - signal |low or the +
signal low and the - signal high -- they do not dwell at a single signal level. The
calibration for the transmi ssion |ine inpedance neasurenents may be sonewhat different
than that required for other neasurenments in this docunment that require controlled
signal transition duration

Two net hods are described: Precision Airline and Precision Resistor. Both yield results
that are within acceptable accuracy for the applications of interest to SFF-8416. The

nmeasur enent accuracy i s expected to be better than + 0.5 ohm for both nethods.
Caution: The sanpl e shoul d be shorted to a grounded conductive surface prior to

connecting to the neasurenment setup in order to elimnate any static charge that can
damage t he TDR sanpling heads.

8.1.2 Sanple preparation

Sanpl es shall be prepared according to 7.12 with the followi ng properties:
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Only one ends needs to be prepared. Preparation of both ends is allowed (if sanple is
to be used for other neasurenents that require both ends to be prepared). Sanple
length is not critical as long as it is at least 1 neter. For nost common
constructions shields may be left floating or may be grounded with no expected effect
on neasurenent results. However, for some constructions such as two discrete coax used
as a differential pair, the shields should be grounded. Sensitivity to shield
groundi ng should be verified for each construction. The test report shall indicate
whet her the shield is grounded or floating.

Every effort should be nade to keep the end preparation (i.e. disturbed regi on caused
by shield and dielectric renoval) to less than 2.5 mm

Ends of the pairs not being neasured should be noved away fromthe test fixture TPl by
at least 2.5 mMm

The far end shall be |eft open.

8.1.3 Test fixture and sanpl e attachnent

8.1.3.1 Overview

Figure 16 shows the test fixtures and sanple attachnent for the transm ssion |ine
i mpedance profile tests. The test is calibrated to neasure performance at TP1.

PCB VERSION

100 OHM DIFFERENTIAL TRACES

_/- PAIR UNDER TEST

® = CONNECTION TO EQUIPMENT SETUP

B = PADS ON TEST FIXTURE - BULK CABLE UNDER TEST
MAY BE SOLDERED OR CLAMPED TO THESE PADS

CONNECTIONTO
EQUIPMENT SETUP

COAX VERSION

50 OHM
SEMI RIGID COAX
APPROX 75 MM LENGTH

]

SOLDER

TP1

CONNECTIONTO
EQUIPMENT SETUP

|: PAIR UNDER TEST

Figure 16 - Test configuration for transm ssion |ine inpedance

The test fixture may be constructed of sem rigid coax, precision coax, mcrostrip PCB,
or stripline PCB. The open circuit STD at TP1 shall be such that the signal settles
prior to reaching the 0.5 ns point fromTP1 with the BCUT attached.
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8.1.3.2 Test fixture verification

Test fixture inpedance verification is done by design. For the sem rigid coax fixture
t he coax manufacturer’s specification shall indicate nomnal 50 ohms. For the PCB test
fixture the designed i npedance based on trace width, dielectric material and ground

pl ane separation shall be 50 £+ 5 ohns. Measurenent verification is not required for
i npedance of the fixture. The overall fixture including the connection to the
equi pmrent set up shall be verified as described in Figure 17.

8. 1.4 Measurenent equipnent

8.1.4.1 Overview

Equi pnrent such as the Tektronix TDS 8000 or Tektronix 11801 with 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 transni ssion |ine inpedance.

8.1.4.2 Equi pnent accessories

The foll owi ng accessories are required to connect the nmeasurenent equipnent to the
BCUT:

Two matched | ength instrunmentation quality SMA cabl e assenblies or equival ent

(l'ength chosen shall neet the STD requirenents)
A differential test fixture (see Figure 16).

8.1.4.3 Instrunent calibration

The vertical scale calibration for the instrunent is included in the calibration for
t he nmeasurenent set up. The tinme calibration shall be traceable to NIST and is not
further specified in this docunent.

8.1.5 Equipnent setup

Figure 17 shows the equi pnent setup and test fixture attachnent for both inpedance
nmeasur enent net hods.
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PRECISION RESISTOR PRECISION AIRLINE

TDR TDR

. .
R N

X 2
N e P

LESS THAN 5 PS MATCHED DELAYS

BETWEEN THE PULSE SOURCE OUTPUT
AND THESE POINTS

° COAX CONNECTOR
& r¢ AIRLINE

TEST FIXTURE

Figure 17 - Equi prent setup with test fixtures attached

Activate the TDR channels. Diff TDR Preset nay be used to autonmate the setup for
differential TDR for the follow ng functions:

Turn on both channels of the TDR Sanpling Head

Turn on both step generators

Invert polarity on one step generator

Auto set the scales for both traces

Turn on internal baseline correction

Change the vertical scaling fromVolts to rho

Sel ect internal clock trigger

Note: If an internal baseline correction is supplied within the instrunent it
does not affect the procedures in this docunment whether used or not.

Define a cal cul ated waveformthat represents the differential TDR signal as the
di f ference between the + signal and the - signal

Specific instrunments may not include all these functions. Consult the documentation
for the instrunment being used to determ ne which apply.

Not e:

Basel ine shift is caused by inperfect attenpts of the AC coupl ed sanpling systens
to restore the DC conponent |ost by the AC coupling. These DC conponents are

af fected by the resistance to ground in the BCUT. Baseline shift may introduce a
significant error into i npedance neasurenents nmade by the precision resistor

nmet hod and nust be taken into account for preci se neasurenents.
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Baseline shift correction is not inportant for precision airline nmethods
described in this docunent.

The procedure for manual baseline shift correction for the precision resistor
nmethod is included in this docunent.

8.1.6 Test setup calibration

8.1.6.1 Overview

The test setup consists of the equi pment setup shown in Figure 17 with the test fixture
shown in Figure 16 but without the PUT attached to the test fixture. The de-skew and
STD cal i brations are done at TP1 with no PUT attached.

8.1.6.2 De-skew

The foll owi ng procedure outlines the steps necessary to de-skew the signal source.

1

2.

Set instrunment to differential TDR node. Two traces are di splayed, one going
positive, the other going negative.

Wth the test fixture attached to the TDR outputs (with no BCUT attached), adjust
the tine-base until the rising edge and the falling edge are approxi mately as
shown in Figure 18. (200 ps/div reconmended).

Define a trace that is Positive pulse + Negative pul se. Because the two pul ses
are equal anplitude but opposite polarity, the resultant display is flat, except
for the region where the edges are skewed. See Figure 18.

Adj ust the del ay between Positive pul se and Negative pul se so that the cal cul ated
trace is as flat as possible in the rise-tinme / fall-tine region

The de-skew procedure is conplete. Do not disturb the fixture

HPEI

Bul k Cabl e El ectrical Perfornance Page 50



Publ i shed SFF- 8416 Rev 15.0

. FASTER RI SI NG EDGE CHANNEL 1
488me 5 5 : 5 5 5 5 408ne . .,
sdiy y _*PULSE’ CAUSED BY SKEW ™" PULSE” ABSENT

AFTER DE- SKEW
;H;a%u-—hwmw—uhu—,

N2

(G) + (CH2) SHOULD = 0

tr’ivg’d Ty
T g
 CHANNEL 2
. SLOVNER FALLI NG EDGE CHANNEL 2
: : : : : : FALLI NG EDGE
714?%3;5 .EBan/diu. . ¢.19.Elns -]&?bg_ﬂ SABns 1 10 49T

Figure 18 - TDR | aunch de- skew

8.1.6.3 Differential signal transition duration calibration

This calibration ensures that the proper signal transition tine is being presented to
t he BCUT.

The setup for this calibration is shown in Figure 17 with the pair under test renoved
(i.e. an open circuit at TP1l). Apply a differential pulse fromthe TDR and observe the
resulting waveformusing the scales shown in Figure 19. Verify that the STDis |ess
than or equal to 100 ps using the follow ng procedure:
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Figure 19 - Signal transition duration and anplitude calibration

1. Move the displayed curve to the right until a clearly defined flat portion is
observed on the lower left portion of the trace.

2. Adjust the vertical position such that the flat portion of the curve (flat for at
| east three tinme divisions) passes through the first graticule fromthe bottom

3. Position the trace horizontally such that it passes through the third vertical and
third horizontal graticule using the scales shown in Figure 19.

4. Locate the 0% and 100% | evel s where the trace passes through the 0 and 10 hori zonta
di vi sions respectively as shown and neasure the difference between the 0 and 100%
| evel s.

5. Cal cul ate/ neasure the 20% and 80% | evel s.

6. Calculate the STD as the difference in tinme between the points where the 20% and 80%
| evel s occur as shown.

8.1.7 Precision resistor nethod

8.1.7.1 Overview of the precision resistor nethod

This procedure defines the nethod of neasuring the transm ssion |ine inpedance of a
BCUT using precision mcrowave chip resistors. The calibration is perfornmed at the
poi nt of BCUT attachnment by using the precision resistors in place of the BCUT. A TDR
instrument (see 8.1.4) is used in a balanced (differential) nmode to send a step into
the sanple and nonitor the reflections.

This nethod has the foll owi ng properties:

Calibrated at the |aunch point of the BCUT

A flat trace exists in calibration when the resistor is attached

Contact resistance effects (typically < 0.1 Chn) are not easily calibratable
Digital ohmneters may be used to verify the resistor value and its stability over
time
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Cost of resistors is | ow enough to use in a di sposabl e node

Precision resistors values nmay be chosen to be close to the nominal inpedance of the
BCUT (this schene is the one docunented in this clause)

For better accuracy, resistor values that are close to but above and bel ow t he
expect ed BCUT i npedance nmay be used to produce a calibrated scale

8.1.7.2 Calibration and verification procedure

8.1.7.2.1 Overvi ew

The calibration for inpedance is done using a chip resistor nmethod where the chip
resistor is attached in place of the pair under test on the test fixture. The chip
resi stor method accounts for all test fixture effects since it occupies the sane
physical position in the test set up as the PUT.

| npedance neasurenents of sanples that are terminated at the far end into a term nating
resistor (typically 100 ohns) are slightly different than nmeasurenent of the sane
sanpl e when the far end is open circuit. Figure 20 shows two traces recorded fromthe
sane 100 Chm shielded pair. One trace was taken with the pair’'s far end termnated
with a 100 Chmresistor. The other trace was taken with the pair’'s far end open
circuited. The vertical difference between the traces is frequently called ‘baseline
shift’.

Basel ine shift is caused by inperfect attenpts of the AC coupl ed sanpling systens to
restore the DC conponent |ost by the AC coupling. Baseline shift introduces an error
i nto i npedance neasurenments and nust be taken into account for precise neasurenents.

For bul k cable neasurenment it is physically difficult to ternmnate the far end
therefore an open circuit nmethod is preferred. However, the chip resistor calibration
nmet hod terninates the test setup and causes baseline shift relative to the unterm nated
sanple. Therefore, baseline shift is expected when using unterm nated sanples wth
chip resistor calibration. The calibration procedure in this section accounts for the
baseline shift as well as instrument vertical scale factor error
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£ [ S N Sample terminated with

Q 100 ohm resistor '
“Baseline shift ____________________________________________________________

1 ns/DIV

Figure 20 - Baseline shift exanple

Using this nmethod it is permssible to nmeasure sanples that are termnated at the far
end but in that case there is no baseline shift to correct. Masurenents at points B
and Cin Figure 24 will be the sane except for noise.

8.1.7.2.2 Chip resistor

The chip resistor shall be a | ow inductance type intended for mcrowave applications.

Figure 21 shows the effect of not using | ow inductance resistors.
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--------- | DIFFERENT LEVELS CAUSED BY
| DIFFERENCE IN ACTUAL RESISTANCE

100 OHM LOW INDUCTANCE
0.1% CHIP RESISTOR

' 100 OHM HIGH INDUCTANCE

- 5% AXIAL LEAD CARBON RESISTOR

--------- Ji--i - EFFECT OF HIGH INDUCTANCE IS SEEN
| °  ASHIGHER SLOPE IN THIS REGION

20 MILLIRHO / DIV

1 NS/DIV

Figure 21 - Conparison of resistor types

The resistor described in this procedure is 100 * 0. 1% ohns because nost HPEl bul k
cable is expected to be nomnally 100 ohns differential. This same procedure applies
for other nom nal inpedances by choosing chip resistors that closely nmatch the expected
nom nal i npedance

8.1.7.2.3 Calibration process

The test setup has already been de-skewed and the STD verified.

Using the test set up shown in Figure 16 attach the chip resistor to TP1 of the test
fixture (soldering for the sem rigid type and gentle clanping for the PCB type).

1. Using the scales shown in Figure 22 display the TDR trace for the chip resistor
This trace contains two reference inpedances (test fixture's neasured inpedance
value B, and chip resistor region's neasured inpedance val ue A).

2. Using the TDR s built in nmeasuring function neasure the average inpedance in region
A, inpedance val ue A and neasure the inpedance value at point B, inpedance value B
(Region A begins at 0.5 ns fromTP1 and ends at 1.0 ns from TP1.)

3. Renove the resistor and display the TDR trace for the open circuit at TPl

4. Using cursors, neasure the inpedance value at point C (taken in the fixture region
at the sanme tine settings as the point B neasuremnent).
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5. The known value of the chip resistor, value R (from4 wre neasurenents or the NI ST
traceabl e value fromthe nmanufacturer of the resistor), the average inpedance in

Regi on A, and the inpedances at points B and C constitute the cali
set.

Région A Mea@suresi 100.8 Ohms Avefage

Point B: FIXTURE Measures 102.2 Ohms

20 mr / DIV

F_’oint C FIX'_I'URE_Meas.ures 101.0 ths _

TRACES MOVED VERTICALLY AWAY FROM
Il EACH OTHER FOR VISUAL CLARITY

0

1ns/DIV

Figure 22 - Baseline and scale calibration exanple

8.1.7.3 Testing procedure

brati on paraneter

TRACE WITH 100 OHM * 0.1%
RESISTOR ATTACHED AT TP1

TRACE FOR OPEN CIRCUIT AT TP1 (TIME = 0)

Figure 23 and Figure 24 illustrate the rel ationship between the calibration plots and

t he measurenent condition.

Figure 23 shows a conposite display with the BCUT connected to the test fixture at TP1

and the resistor calibration trace.
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CABLE SAMPLE WHERE FAR END IS

OPEN CIRCUIT
>
— v -
= et
= |l
o
N

BASELINE SHIF

1 ns/DIV

Fi gure 23 - Exanpl e wi thout repositioned traces

Fi gure 23 shows the traces as recorded without repositioning.

Fi gure 24 shows the sanme traces separately for clarity. Figure 24 also shows the
| ocation of the points where nmeasurenents were previously recorded during calibration.
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......................... R eglonA. Measures . 100.80hms Average ..

|
W I/ ......... ......... ......... ......... ..... 100 OHM 101% RES|STOR
' A 5 : : ; . ATTACHED AT TP1

20 mr / DIV

O 1 2 1 ns/DIV

Figure 24 - Exanple with traces repositioned for clarity

Measur enent procedure:
1. Connect the BCUT to the test fixture and display the trace as shown in Figure 24.

2. Place the cursors at the 0.5 and 1.0 ns positions. Measure the average inpedance on
the BCUT trace in the range between the cursors, region “X

3. Calculate the corrected i npedance using the equation below. The nethod is
illustrated in the exanple that follows which is based on the nunbers shown in
Figure 24 (all values in Chns):

CORRECTED | MPEDANCE = (X - C) + (B - A) + R
(99.57 - 101.0) + (102.2 - 100.8) + 100

99. 97

The steps detail ed bel ow are summari zed in the above equation

MEASURE THE REFERENCE RESI STOR (al ready done during calibration):
Regi on A = 100 (assigned val ue)

Regi on A neasures 100.8

Region A error = +0.8

DETERM NE FI XTURE | MPEDANCE
Poi nt B neasures 102.2
Point B = 102.2 - (Region A error) = 101.4

DETERM NE ERROR CAUSED BY BASELI NE SHI FT:

Measur enent i ncl udes baseline shift because sanple is not termnated at far end.
Point C = Point B = 101.4

Poi nt C neasures 101.0
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Point Cerror = (- 0.4)

DETERM NE CORRECTED SAMPLE | MPEDANCE | N REG ON X
Region X neasures 0.4 Chns |ess than the actual value. This error nmay be used to
correct subsequent neasurenents.
Regi on X neasures 99.57
Region X = 99.57 - (Point C error)
= 99.57 - (- 0.4
= 99.97

8.1.8 Precision airline nethod

8.1.8.1 Overview of the precision airline nethod

Thi s procedure defines the nethod of neasuring the transm ssion |ine inpedance of a
BCUT using two 20 cm 50 Chmreference airlines in conbination with a TDR i nstrunent
(see 8.1.4) used in a balanced (differential) node to send a step into the sanple and
nmonitor the reflections.

This nethod has the foll owi ng properties:

The airline is directly N ST traceable

The transmi ssion |ine inpedance of the airline nmay be cal cul ated fromthe geonetry
of the airline

A flat trace exists in calibration

Basel i ne shift effects caused by termination or shorting of the far end of the BCUT
occur in both the BCUT and the airline portions of the trace - no baseline shift
errors exist if the measurenent is nmade relative to the airline

Airline is ahead of the BCUT in the measurenent and the reflection at the end of the
airline affects the BCUT measurenent

Cost is generally higher than the resistor nethod

Mechani cal shock to the airline (e.g. accidental dropping) nmay cause | oss of
calibration

Precision airlines may be available only in a few i npedance val ues

There are two cases that apply to airline nethods:

(1) where the BCUT is close to the inpedance of the airline and the airline is used as
the reference

(2) where the inpedance of the BCUT is significantly different fromthe inpedance of
the airline and a calibration is required at the end of the airline.

In case 1 scale factor and offset errors are low. In Case 2 scale and offset errors

i ncrease and the accuracy degrades. According to sone equi pnent manufacturers the
scal e and offset is expected to be up to + 3% of the inpedance difference. For

exanple, for a 105 Chm BCUT and a 100 Chmairline the expected error is up to = 3%of 5
Chns or + 0.15 Ohm

An arbitrary division between case 1 and case 2 at the error level of £+ 0.3 Chmis nade
for editorial convenience. |f accuracy better than 0.3 Chmis required at the 100 ohm
level or if the BCUT differs fromthe airline by nore than 10% correction of the up to
+ 3%error is attenpted by a separate calibration as described in 8.1.8.4.2

Actual scale and offset error val ues should be obtai ned fromthe measurenent equipnent
manuf act ur ers.
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8.1.8.2 Precision airline

Two 50 Chm precision airlines traceable to NI ST shall be used. The length of the
airlines, when conbined with the matched test |eads and fixtures of the nmeasurenent
system (see 8.1.4.2), shall be such that the required STD or faster is delivered to the
BCUT.

8.1.8.3 Calibration and setup procedure

The calibration for inpedance is done using a precision airline where the precision
airline is placed in front of the BCUT in the nmeasurenent setup

Assune the airline is calibrated for inpedance
Verify the STD at the point of attachnment of the BCUT as specified in 8.1.6.3
Note the tine position at the end of the test fixture (where the BCUT is attached)

The BCUT is in place during the foll owi ng operations:

Adj ust the vertical scale to 20 milli rho / division

Adj ust the horizontal scale to 1 ns / div

Adj ust the horizontal position such that the precision airline portion of the trace
is near the left of the display screen

8.1.8.4 Testing procedure

8.1.8.4.1 Case 1 (within 10% of airline)

Pl ace one cursor at the approxinate center of the airline.

Pl ace the second cursor at any tine position between 0.5 and 1.0 ns positions fromthe
fixture end where the value of inpedance is the average of the trace between 0.5 and
1.0 ns. The average may be determ ned automatically or manually. Calculate the

i mpedance as:

Zcorrec!ed = Y + A - x

wher e:

A = calibrated value of airline

X = neasurenent of airline at center by TDR

Y = value reported by cursor 2 (average Z between 0.5 and 1.0 ns)

For exanple if A =100, X = 102 and Y = 105, the correction is -2 ohns and
Z = 105 - 2 = 103 ohns.

corrected

If Ais 50 or 100 ohms nost instrunents allow the center of the airline to be set as
zero rho by placing both cursors at the center of the precision airline and pressing
the Set Zero Rho soft key. |n these cases Z is reported directly by the cursor 2
nmeasur enent .

corrected

Fi gure 25 shows an exanple of a precision airline nmeasurenent where the tine scale is
shown as 0.5 ns/div for clarity.
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(Cursor 1) Enq Of:fIth:JI’e (t = Q)

500 ps / div
Differential impedance plot

Figure 25 - Airline neasurenent exanple

8.1.8.4.2 Case 2 (nore than 10% di fference between BCUT and airline)

Use the sane process as defined in 8.1.8.4.1

The scal e and offset error is corrected by placing a known sanple (e.g., a known BCUT
another airline, or a resistor) in place of the BCUT and conparing to the known val ue
of the measurenent systemairline at the point closest to the pul se source. This
process yields a scale factor correction that may be applied to BCUT' s whose i npedance
is in the neighborhood of the calibration condition

This process assunes that the calibration remains stable over the tine period of
interest.

8.1.9 Acceptable ranges

Acceptabl e ranges are defined in the applicable standards provided that the procedures
defined in this docunent are used to acquire the data.
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8.2 Propagation time and propagation tine skew

8.2.1 Overview

Propagation time refers to the tinme required for a specific part of a signal to trave

a specific distance along the path of the line. For in-pair skew neasurenents the

m dpoint of the transition is the applicable part of the signal and for pair to pair
nmeasurenents the differential zero volts level is the applicable part of the signal

Al'l skew neasurenents are TDT where the skew recorded is at the receive end of the BCUT
under calibrated | aunch conditions.

The propagation tinme skew is the difference between the applicable parts of the signa
over the sane nom nal path.

Only the differential propagation tinme is of interest for the propagation tine
requirenents.

There are two propagation time skews of interest for this document:

The in-pair skew is between the + signal and the - signal for the sane pair

The pair to pair skew is between pairs whose signals propagate in the same
di rection.

In-pair propagation time skew is one nmajor contributor to inbal ance.

The inpact of skew nay be considered in relation to the STD for the signal of interest.
Signals with long STD s show a | arge skew sensitivity to small differences in the
signal |evel matching even though the conmon node vol tage produced is very small
Nevert hel ess, specifications are witten around skew al one and this procedure renoves
the signal |evel effects as nmuch as practi cal

The nmet hod used to renove the signal level effects is to specify the voltage level to
be used for neasurenment of skew tim ng val ues i ndependent of the actual 100% voltage
for the signal. The sanme signal |evel value is used for both legs in the sane skew
nmeasur enent but the signal |evel value nmay change for different BCUT s.

For exanple, if a the + signal had 250.4 nV and the - signal had 249.5 nV a val ue of
125.0 nV coul d be chosen as the value to be used for the timng neasurenments. The
125. 0 val ue was chosen as approxi mately half of either signal and the skew recorded is
not significantly affected by snmall changes in the chosen signal |evel val ue.

On the other hand, if the actual 100% val ues were to be used a skew error could result.
The + signal would be neasured at 125.2nV and the - signal would be neasured at 124.75.
The difference in measurenent signal level would be 0.45 nmV. |In a signal with a 16.7
ps/ nV sl ope near the 50% region the 0.45 nV difference woul d appear as 16.7*0.45 = 7.5
ps skew.

Note that there are presently no requirenments in this docunment on which pair is
attached to which connector pin for parallel constructions. Al pairs in the BCUT
shal |l be considered for in-pair propagation tinme skew requirenents unless specific
application pin out requirenents are known.

Signals are launched differentially in all neasurenments to avoid possible effects due
to anisotropic dielectrics in real constructions.

The intrinsic noise floor for tine donmain neasurenments with present technology is
dependent on the details of the nethodol ogies. The best performance achievable is

l[imted by cursor placenent to approximately = 2 ps. Oher factors such as equi prment
drift, tenperature drift, scaling factors used, accuracy of determ ning mdpoint and

HPEI Bul k Cabl e El ectrical Performance Page 62



Publ i shed SFF- 8416 Rev 15.0

calibration accuracy also are inportant. The actual aggregate practical error for the
best tinme donmain nmethods is around + 5 ps.

For the protocols listed in Table 1 propagation tinme skew between pairs is required at
the data word level not at the bit level. This provides significant relief to the pair
to pair propagation time skew requirenents (hundreds of ps) conpared to systens that
use a separate timng signal that nmust align at the bit |evel (such as parallel SCSI).

For applications that require very accurate pair to pair propagation tine skew

speci fication nethods are known that are based on phase matching between pairs to

achi eve very accurate propagation time skew. Phase matching using a single ended

I aunch condition and VNA neasurenments schenes is a popul ar nethod. Sophisticated
analysis is required to include the anisotropic dielectric effects. The neasurenent
accuracy of typical instrunentation is 2 degree phase error (50 GHz is present state of
the art with 6, 20 and 26.5 being nost popular). At 20 GHz the 2 degree phase error is

equivalent to + 3 ps. This method is treated as bei ng beyond the scope of this
docunent but will be addressed at the cable assenbly |evel in SFF-8415

Singl e pul se nmethods are used for all neasurenents of propagation tinme and propagation
time skew. It is inportant that the repetition rate of the pul ses not be too high

H gh repetition rates may not allow enough tinme for the BCUT to reach steady state and
forces the neasurenent to a different part of the signal transition. H gh repetition
rates typically report |ess skew. Ten propagation times between pul se edges is the
mnimumtine used for these tests. Al tinmes are recorded at the mdpoint of the
received pulses. In all neasurenments in this section averaging may be used. The term
“single pulse” refers to the time average of a series of wi dely spaced but repeating
pul ses.

The STD of the launched signal into the BCUT shall be less than 70 ps as viewed at the
TDR head.

Annexes A and B di scuss nore details concerning the general concepts of measuring and
interpreting within pair skew

8.2.2 Distribution of skew along the | ength of the sanple

Conventional practice in the past has assuned that skew scales with sanple length. In
other words a 20 neter part would have twi ce the skew of a 10 neter part. Extensive
research into this assunption has yielded the conclusion that linearity with |l ength
shoul d NOT be assuned. See Annex C for sonme details. The basic reason for this
conclusion is that the mechani sns that cause skew may be statistically distributed
along the length. Sonme constructions may have a significant |inear conponent to the
skew. In this case a statistical distribution may be added to the |inear conponent.
Skew is not specified in time/unit Iength in this docunent. Users should be wary of
any skew specifications given in time/unit length with the inplicit expectation that
distributions that are proportional to length exist. |If the measured skew is very
small then distribution details may not be inportant.

The figure bel ow shows a contrived | ocal propagation velocity distribution that has the

same overall average velocity for each line but has fairly large |l ocal variations at
di fferent positions along the cable.
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Position along center line of cable

Figure 26 - Hypothetical propagation velocity distribution along the length of a sanple

Thi s docunent assumes that both in-pair and pair to pair skew may have a statistica

di stribution along the length. The statistical distribution is not expected to be the
same because the nmechani snms that cause in-pair skew and pair to pair skew are
different.

This effect causes different requirenments for how a supplier of bulk cable can specify
skew content. For cable assenbly applications addressed in SFF-8410 and SFF-8415 skew
is alevel 2 nmeasurenent that applies only to the cable assenbly - there is no need to
consider any length variations since the length is that of the cable assenbly. For
bul k cabl e applications, however, the following is required:

Bul k cabl e shall not exceed an absol ute skew nunber for any section of cable from
3 to 30 neters in length. The details of howto enforce this requirenent over an
entire reel of cable are left to the manufacturer

Using this approach, conformance to the skew requirenent for bul k cable shall be
done using the application length if known. Alternatively, sanple | engths of 3,
10, 20, and 30 neters may be used.
Attenuation of the sanple neasured shall not exceed the noise floor of the
i nstrumentation at the nmaxi mum neasurenent frequency. Typical noise floors nmay be in
t he nei ghbor hood of 30dB
The amount of skew that is tolerable changes with the application but is the sane for
all lengths. In other words the skew requirenent is an absol ute nunber of nanoseconds
not nornalized to I ength and the sanme requirenment applies for all |engths.

Sone related points are:

When the in-pair skewis equal to 1/2f, conplete |oss of differential signal occurs.
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When the in-pair skew exceeds approximately 1/4 of the signal rise tine (neasured at
the out put of the BCUT) significant inbalance occurs.

As the signal travels down the line it loses rise speed and the 1/4 rise time nunber
i ncreases. Therefore there is a relationship between the |oss and the skew. More
in-pair skewis tolerable in a high | oss cable.

In a systemwith real data, sonme finite differential signal will still be seen even
if the skew causes | oss of signal at the fundanmental bit rate - this occurs because
data patterns with run length longer that a single bit tinme exceed the skew and
allow the differential signal to devel op

8.2.3 Basic nmeasurenent approaches

8.2.3.1 In-pair propagation tinme skew

The basi c approach to the in-pair skew neasurenent:
Si mul t aneous opposite polarity pulses are launched at ow repetition rate (sl ower
than ten round trip tinmes) on the + signal and the - signal. The tine required

for the mdpoint of each pulse to reach the other end of the bulk cable is
nmeasured. The difference between these tines is the skew.

Not e that sense reversal is required to ensure that conpensating degradation is not
occurring. The sense that reports the worst skew shall be used.

8.2.3.2 Pair to pair propagation tinme skew

Figure 27 shows the concept of pair propagation tinme and pair to pair propagation tine
skew.
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Figure 27 - Pair to pair propagation tine and skew

The basi c approach to the pair propagation tine and the pair to pair propagation tinme
neasur enent s:

Single differential pulses are |launched on the each pair, usually one pair at a
time. The time difference between the mdpoint of the |aunched pul se and the md
poi nt of the received pulse at the other end of the BCUT is neasured. The
repetition rate for the pulses shall be slower than ten one way propagation
times.

8.2.4 Test fixture and sanpl e attachnent

The test fixture and sanple attachnent shall be as described in 8.1.3.

8.2.5 Measurenent equi prent

8.2.5.1 Overview

Equi pment such as the Tektroni x TDS 8000 or Tektronix 11801 with TDR sanpling heads or
equi val ent shall be used. This equipnment has features such as auto readout of
propagation time and allows automatic or manual placenment of bottomline and top |line
references (0% and 100% respecti vel y).

8.2.5.2 Instrunent calibration

The vertical scale calibration for the instrunent is included in the calibration for
t he nmeasurenent set up. The tinme calibration shall be traceable to NIST and is not
further specified in this docunent.
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8.2.6 Calibration procedure

8.2.6.1 Overview

Low skew fixtures + test |lead cables are desirable. |If the test fixtures + test |eads
have negligi ble skew for the application then no further calibration is required.

If the skewin the test fixtures + test | eads needs to be accounted for the foll ow ng
procedure is used:

The launch signal is adjusted to have zero skew by observing the reflected pul ses

froman open circuit at TPl through the conbination of |aunch test fixture + test

| eads. To achieve the zero skew |l aunch condition the observed reflected signal is
adjusted to display half the skew neasured under the open circuit condition.

To account for the skewin the receive test fixture + test |eads the neasurenent of
the BCUT skew is taken first with one polarity of BCUT attachnent to the receive
side test fixture and again with the other polarity. No other neasurenent

condi tions shall be changed. The al gebraic average of these two skew neasurenents
is recorded as the skew of the BCUT. |If the skew of the receive side test fixture +
test leads is known then the skew of the BCUT may be cal culated froma single

nmeasur enent by subtracting the known test fixture + test |ead skew fromthe skew
nmeasured with both test fixtures, |eads, and BCUT in place.

8.2.6.2 Launch signal calibration

8.2.6.2.1 Overvi ew

The measurenent setup including the launch side test fixture + test |ead cables
neasures the round trip propagation time as neasured at the pul se source (TDR head).

This calibration procedure guarantees that the skew | aunched into the BCUT at TPl is
equal to and opposite in polarity to the skewin the test fixture + test |ead cables
between TP1 and the differential pulse source. The skew fromthe test fixture + test
| ead cables is identical in both directions because the same test fixture is used for
both transmt and receive in the TDR nmet hod used.

The launch calibration configuration shown in Figure 28 is used. Open circuit is shown
but short circuit may al so be used.
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Fi gure 28 - Launch calibration at
TP1 for propagation tinme tests

The foll owi ng process outlines calibration by an exanple. M smatched test |eads + test
fixtures are purposefully used.

8.2.6.2.2 TDR head deskew (Step 1)

To deskew the TDR head nothing is attached to TDR head. TDR head is open circuit on
both channels in the figures in this sub cl ause.

Preset instrunent for differential TDR Two traces will be displayed, one pul se
positive, other negative.

Measure the skew from ML (positive edge) to M2 (negative edge). Figure 29 shows that
M2 edge is 4.49 ns AFTER ML edge.
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400 mV / div

200 ps / div

Figure 29 - TDR head not hing attached before head deskew

Adj ust TDR delta delay to deskew open circuited TDR head. This is best done

iteratively. Figure 30 shows the open circuit skew after this step. For this exanple,
the two edges are coincident to 0.51 ps.

400 mV / div

200 ps / div

Figure 30 - TDR head with nothing attached after head deskew

HPEI Bul k Cabl e El ectrical Performance Page 69



Publ i shed SFF- 8416 Rev 15.0

8.2.6.2.3 Determ ne skew of test fixture + test leads (Step 2)

The transmit test leads + test fixture is attached to the deskewed TDR head. In the
figures following, the test leads + test fixture are purposefully nismatched to a
extreme degree (rmuch nore than expected in actual practice) to illustrate the
procedures.

Figure 31 shows the round trip skew neasured through the test |eads + test fixture.

200 ps/div

Figure 31 - Round trip TDR skew neasur enent
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Figure 31 indicates a round trip skew of 225.87 ps. The path on M2 is actually 112.94
ps “longer” than the path on ML for a one way trip.

8.2.6.2.4 Deskew the |aunch signal (Step 3)

Iteratively adjust D delay until the skewis half of the value recorded in step 2
(about 112.94 ps after ML edge in the exanple shown in Figure 32).

200 ps/div

Figure 32 - Reflected skew at TDR head after deskew (112.94 ps skew shown)
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8.2.6.3 Total test system propagation tinme and skew nmeasurenment setup

Figure 33 shows the setup for the total test system skew neasurenent.

TEST FIXTURE

DIFFERENTIAL
PULSE
SOURCE (S1) o— \

DESKEWED TO HERE

@ IN PREVIOUS STEP
I
2.~
RS
=22
QLoD
oW« Qo
W v W (2) 50 OHM COAX AND TEST FIXTURE HAVING VERY
=TI WELL MATCHED DELAYS VERIFIED BY INDEPENDENT
FxTOo MEASUREMENT -- CANNOT BE DE-SKEWED

\ BCUT ATTACHMENT
REVERSED HERE TO

DIFFERENTIAL 7 Q\x\ﬂ ACCOUNT FOR

RECEIVER (SMI1) <« RECEIVE TEST

(LOAD) o—— ] FIXTURE + TEST

LEADS

TEST FIXTURE

Figure 33 - Total test system skew nmeasurenent setup

For propagation tine neasurenment setup calibration use the same setup as shown in
Figure 33 with an additional ‘zero length’ interconnect between the two test fixtures
as shown in Figure 34:
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TIME DOMAIN
REFLECTOMETER
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OR EQUIV.)

DIFFERENTIAL
RECEIVER (SMI1)
(LOAD)

ZERO LENGTH INTERCONNECT

TEST FIXTURE

Figure 34 - Configuration for the propagation tine calibration

1. To approximate a zero length interconnect use solder, clanps, or extremely short
cabl e. (The coaxes going from lower fixture to the neasurement instrument in
Figure 34 shall be extrenely well matched for delay - see Figure 33.

2. Measure the instrument timng of the 50% crossing of the neasured differential
pul se through the neasurenent setup and record for use in propagation tine
nmeasurenents to correct for the measurenent setup. (The user nay prefer to store
this trace instead of recording the crossing tine.)

Do not disturb fixtures fromstep 2 above. The calibration and verification procedure
is conplete.

8.2.7 Testing procedure

8.2.7.1 Test set up

Using the test fixtures described in section 8.2.4 connected as shown in Figure 34 with
the BCUT in place of the zero Iength interconnect apply the sanme pul ses from Sl that
were used during the calibration process.

8.2.7.2 Wthin-pair propagation tine skew neasurenent

This procedure assunes that the + signal and the - signal anplitudes are approxi mately
the sane. The + signal is used to determi ne the exact measurenent conditions. The
vertical zero reference is established internally in the TDR for both the nmeasurenent
and the launched signals. This zero reference is not affected by the display position
settings. Only automatic neasurenents of voltage (including manually set cursor

met hods if used) are allowed for this neasurenent process.
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1

10.
11.

12.

13.

Display the + signal trace and adjust the horizontal scale such that a clearly
defined square wave i s observed at the BCUT output.

Measure the peak to peak voltage for the square wave, V+,. Calculate O0.5*V+,
Record the time where the magni tude of the + signal crosses the 0.5*V+, signa
I evel . Adjust horizontal scales as necessary to achieve the required accuracy

Using the sane scales display the - signal trace
Record the time where the magni tude of the - signal crosses the 0.5*V+, signal |evel

Subtract the recorded tinme of the - signal crossing fromthe recorded tine of the +
signal crossing. Store this result as “polarity A skew,” keeping track of the sign

Reverse the polarity of the attachnent of the BCUT to the receive test fixture
(change nothing else in the set-up, i.e., do not reverse the polarity of the receive
test fixture attachnent to the test systen.

Record the time where the magni tude of the - signal crosses the 0.5*V+, signa
level . Use the sane scal es established in step 3 above.

Usi ng the sane scales display the - signal trace
Record the time where the magni tude of the - signal crosses the 0.5*V+, signal |evel

Subtract the recorded tinme of the - signal crossing fromthe recorded tine of the +
signal crossing. Store this result as “polarity B skew,” keeping track of the sign

The BCUT skew is recorded as polarity A skew minus polarity B skew divided by 2.
(the signs of the polarity A and polarity B skews nmust be nmaintained in this
equation).

If the value of receive test leads + test fixture skewis known for the STD of the
signal exiting fromthe BCUT a correction may be used. The BCUT skew is the
recorded tinme where the nagnitude of the + signal crosses the 0.5*V+, signal |evel
m nus the receive test lead + test fixture skew (keeping track of the signs). The
receive test fixture value may be algebraically added to the polarity A or polarity
B skew and achi eve the sane result as step 12.

Addi tional diagnostic information:

To

eval uate the causes for the observed data note that if the received traces cannot be

made coincident by a sinple time translation then effects other than pure propagation
time are operating.

Figure 35 shows three kinds of inbalance and sone exanpl e causes that nmay be
experienced in real systens.
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Figure 35 - Exanpl es of received pul ses

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

Exami nation of the structure of the received pul ses can provide prinary di agnosis of

t he cause of inbal ance.

8.2.7.3 Propagation tine

1. Use the recorded 50%time or the stored trace done in 8.2.6.3.

2. The non-adjusted propagation tine including that of the test fixture and
instrumentation is the tinme position of the average of the zero crossing points of
the + signal and - signal pulses neasured in the within-pair neasurenent above,
relative to the recorded time.

3. The recorded BCUT propagation time is found by subtracting the recorded 50%tine
fromthe neasured non-adjusted propagation tine for each pair.

8.2.8 Acceptabl e ranges

Propagation time and skew acceptabl e ranges are defined in the rel evant standard.
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8.3 Insertion loss (SDD21, SCC21)

8.3.1 Overview

8.3.1.1 Basic theory

Insertion loss is comonly used al nost interchangeably with the term‘attenuation’ and
this docunent uses only the insertion loss termfor sinplicity. The inverse of
insertion loss is gain.

There are three types of insertion loss of interest: differential (SDD21), common node
(SCC21) and single ended (S21). Al three types are available fromthe sane
nmeasurenent. Distinction between types is made only where needed for clarity.

At tenuation, however, 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 measured is insertion loss. Insertion loss is
conpri sed of a conponent due to the attenuation of the balanced transm ssion line, a
conmponent due to the msmatch |loss at the input or near end side of the transm ssion
line and a conponent due to the msmatch | oss at the output or far end side of the
transm ssion |ine.

Insertion loss of interest in this docunent is the signal anplitude | oss over the
spectrum from 50 MH&z to 3x the fundanmental frequencies of the data rates.

For exanple the frequency range woul d be:

for 2.125 Gb/s with a 1.0625 GHz fundanental frequency the requirenent
applies up to 1.0625 GHz x 3 = 3.1875 GHz.

The factor of 3 is determined fromthe spectral content of a pseudo randomrun |ength
encoded NRZ data pattern (where the significant energy content is below 3 tines the
fundamental frequency - the third harnonic energy is included at this frequency). The
50 MHz is derived fromthe fundanental frequency of the |ongest pulse in a 64/66
encoded signal operating at 10 Goaud or the fundanental frequency of the |ongest pul se
in an 8b10b encoded signal operating at 1 GBaud.

Conmparison to a maxi nrum | oss mask function is expected to determ ne conpliance. This
document does not define this maxi num | oss mask. This mask coul d be defined, for
exanpl e, by af“? + bf + ¢ for uniformcopper conductors. The ‘c’ termmay be required
to account for inpedance differences between the BCUT and the test system O her
conductor types and specific requirenents of the application may use different
functional forns. In the above equation the coefficients ‘a’, ‘b’, and ‘¢’ are

determ ned by the application

Insertion | oss data output shall have a specified nmaxi mum frequency increnent between
data points (that affects the m ni mum nunber of discrete data points, see 8.3.1.3)
acquired with an I F bandw dth of 300 Hz.

Properties of suckouts in the nmeasured data are defined.

Insertion loss is calculated fromthe ratio of output voltage signal level to input

vol tage signal |evel through the PUT and is a neasure of the | osses experienced when
transmtting a signal through the bulk cable. Higher insertion |oss neans |ess signa
at the output or equivalently a gain of less than unity. A sinusoidal signal is used
to elimnate the need for conplex descriptions of real pulses and square or trapezoida
signals in terns of Fourier conponents. A conplete insertion |oss specification
requires examning all frequencies of interest to the application
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A spectral description is recommended. The basic formula for insertion loss in
deci bel s is:

Insertion loss (dB) = 20 log,, (input signal voltage / output signal voltage).

Note that this fornula gives the insertion |oss as a positive nunber since the ratio of
the input signal to the output signal is greater than unity. Sonetimes insertion |oss
is casually reported as a negative nunber when the gain is really the intended

mat henmati cal statenent. In any case, the magnitude is the sanme for gain, insertion

| oss and attenuation. The follow ng formula expresses gain in decibels.

Gain (dB) = 20 log,, (output signal voltage / input signal voltage)

Since the ratio of the input signal to the output signal is greater than unity the gain
is a negative nunber.

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

Thi s docunent requires that insertion | oss be expressed as a positive nunber unless
there is active gain in the path fromactive circuits.

Therefore a typical insertion |oss plot has the formshown in Figure 36.

INSERTION LOSS PLOT

GAIN (dB)
A
o

-80 -

100k 1M 10M  100M  1G 10G
LOG FREQUENCY (Hz)

Figure 36 - Usual formof insertion |oss plots

Insertion loss is a nmeasurenent of the reactive and dissipative |osses in the
differential signal on a balanced transm ssion |ine.

Di ssipative |osses include series resistive loss of the conductors (copper) and the
shunt | oss due to the dissipation factor of the dielectric covering the conductors. At
hi gher frequencies, the conductor |o0ss increases due to skin effect. Skin effect is
where the current becone increasing confined in the outer “skin” of the conductor as
the frequency increases. This effectively reduces the conductor area avail able for
current flow The insertion |loss for a given balanced transmssion line is affected by
t he conductor netal conposition and size and the conposition, uniformty, and thickness
of the dielectric that surrounds the conductors.
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Reactive | osses include radiation (crosstalk and EM) and node conversi on

There is a msmatch | 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
m smatch |l oss that is experienced at each interface is :

M smatch Loss (dB) = (- 10 LOG, (1 - | G|?)) dB (where Gis the reflection
coefficient between the BCUT and the term nation)

Bal anced transmi ssion lines are al so susceptible to measurenent errors when measuring
hi gh val ues of attenuation (>50 dB) due to radi ated energy coupling into the
transmssion 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 conbine with the test signal passing through the transm ssion |ine under
test and cause a significant ripple error in the insertion | oss nmeasurenents at the

hi gher frequencies where the attenuation of the transm ssion |line under test is the

| ar gest.

Hi storically the test instrument’s single ended interface required a coupling device
called a balun to connect the differential BCUT to the test equipnent. At the high
frequencies required to neasure HPEl bul k cabl e bal un performance is inadequate so a
bal unl ess schene is required.

There are two bal unl ess schenmes defi ned:

One uses a 4 port vector network anal yzer with appropriate software support. Vector
network anal yzers are required because the phase information is needed to convert the
singl e ended raw VNA neasurenents to differential and common node results.

The ot her scheme uses a time domain neasurenent with subsequent data processing to
produce the insertion | oss over frequency.

8.3.1.2 Sanple |length considerations

The nost fundanental consideration is adequate length to characterize a reel of bul k
cable. Insertion loss is assuned to scale with sanple length. To mnimze neasurenent
uncertainty the sanple | ength should be such that the insertion |oss at the maxi num
frequency of interest is at |least 30 dB for VNA neasurenents and 20 dB for TDNA
nmeasurenents. (TDNA allows better renoval of test fixture effects). The neasurenent
environnent (test fixture, instrunments, environmental noise) has a noise floor. The
maxi muminsertion loss in the frequency range of interest should remain at |east 10 dB
above this noise floor. (TDNA noise floors are typically -50 dB, VNA noise floors are
typically -80 dB)

This requirenment assures that all inportant properties including periodic disturbances
are represented in the sanple.

8.3.1.3 Maxi mum frequency i ncrenent

The maxi mum frequency increnment suggested is 7.5 Mz for frequency ranges up to 12 GHz.
This is sufficient resolution that the inportant peaks and valleys in the insertion

| oss frequency range are unlikely to be missed while mnimzing the data acquisition
time. It may be useful to use a frequency increment of 5 M&z so that round nunbers
exist in the measurenents. This makes it easier to match the actual frequency points
speci fied by the nmask.

In the case of wi de frequency ranges the nunber of points required to neet the 7.5 Mz
maxi mum f requency increnent requirenent nmay exceed the instrument’s capability in a
single sweep. In this case the sweep may be broken up into multiple neasurenents at
smal | er frequency ranges to cover the entire range required.

The m ni mum nunber of data points is calculated fromthe m ni num frequency increnent
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and the frequency range required. Since the quotient needs to be a whol e nunber slight
adj ustnment of the actual frequency range or the actual nunber of points nmay be
required.

For exanple, for a typical frequency range of 3 GHz the m ni num nunber of points is
3000/7.5 + 1 = 401 using the 7.5 MHz increnent.

The nunber of points may be reduced in production applications if it can be established
that the nagnitude of the suckouts that exist are visible with at least 8 points in
each suckout at the reduced nunber of points.

| sol ated points (points not clearly connected to the main population in the vicinity of
the frequency of interest by at |east 10% of the |ocal expected insertion |oss) should
be consi dered as possi bl e under sanpl ed suckouts. Insertion loss in the vicinity of

i sol ated points should be reneasured with sufficient resolution to capture at |east 8
points in the suspected suckout.

8.3.1.4 | F bandwi dth requirenents

| F bandwi dth affects the frequency sweep rate, the noise level at the set point
frequency, and the neasurement accuracy.

Wde |IF bandwi dth allows faster frequency sweep rates - faster overall neasurenent
throughput. If the IF bandwidth is too wide then the neasurenent error increases
because the received frequency is not synchronized with the transmtted frequency due
to transit tine through the long sanple. The wide |IF bandwi dth all ows the actua
frequency neasured to be different fromthe stated frequency. Wde |IF bandw dth al so
has the effect of including noise frominappropriate frequencies in the IF band. This
causes the systemnoise floor to rise (e.g. from-60 dB to -55 dB)

The time to performthe frequency sweep increases nore or less in direct proportion to
the I|F bandwidth. If the IF bandwi dth is too narrow good neasurenment accuracy results
but time may be wast ed.

A good starting point for IF bandwidth is 100 Hz. It is suggested that results be
recorded at 100 Hz and wider (e.g. 300 Hz, 500 Hz). The highest |IF bandw dth that does
not show nmeasurenent accuracy reduction should be used.

For the same accuracy, long sanples require narrow | F bandwi dth, short sanples allow
wide |F bandwidth. |If the sample length is changed the | F bandw dth shoul d be
rechecked.

8.3. 1.5 Suckout

A suckout is a sharp reduction of the nmagnitude of the insertion loss for a relatively
narrow group of frequencies within the BCUT's overall frequency response.

Common causes of suckouts are spatially periodic disturbances along the |Iength of the
cable in the cable constructi on and resonance conditions.

Exanpl es of spatially periodic disturbances include spirally wapped drain wires,
spiral shields, periodic fluctuations in dielectric extrusion processes, and
wheel s/ bearings with flat or sticking portions that damage wires or dielectrics during
t he wheel /bearing rotation

Resonances are usual ly caused by m smatched i npedances that cause multiple round trip
reflections.

Suckouts are characterized by center frequency, height and width at hal f height as
shown in Figure 37
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Figure 37 - Definition of suckout properties

8.3.2 Measurenent test fixture and nmeasurement equi pnent

8.3.2.1 Test fixture

Atest fixture with even and odd node i npedance of 50 ohns shall be used to nmatch the
condi tions needed during calibration where 50 ohns is assuned for both even and odd
nodes. This requirenent can be met using sem rigid coax as shown in Figure 38. PCB
versions neeting this requirenent are not shown in this docunent.
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50 OHM
SEMI RIGID COAX
APPROX 75 MM LENGTH

SOLDER PAIR UNDER TEST
SOLDERED TO TP1

TP1

CONNECTION TO
EQUIPMENT SETUP

SEMI-RIGID COAX LENGTHS SHALL BE MATCHED WITHIN 10 ps

Figure 38 - Measurenment systemset up for insertion |oss

Two neasurenment test fixtures are required: one for the source end and one for the sink
end.

Al so i npedance through the BCUT attachnment area shall be carefully controlled to avoid
local cavity effects and resonances in the neasurenent caused by the neasurenent
process. The requirenent of at least 20 dB insertion |oss at the highest frequency of
i nterest reduces the inpact of the highest frequency resonance conditions.

Consi derations for designing this area of the neasurenent system i ncl ude:

maxi mum f requency of interest

| ength of the BCUT

overall length of the test fixture + cable
I ength of the BCUT attachnent region

I f suckouts are experienced in the insertion | oss nmeasurement of the BCUT, the test
fixture and nmeasurenent system shoul d be checked for its contribution to these
suckout s.

A suggested nethod for checking the neasurenent systemis to use sem rigid coax as a
BCUT. Two equal lengths of sem rigid coax with the shields sol dered together at each
end and of length that produces approximately 20 dB insertion |oss at the highest
frequency of interest is recommended. Wth this idealized BCUT, changes in the test
fixture, attachnment schene, etc. are nade until the performance of the neasurenent set
up i s reduced to acceptable |evels.

Acceptabl e I evel s are when the peak to peak variations fromthe second degree curve fit
are small conpared to the suckout observed

Anot her useful tool to identify suckout sources fromthe test fixture is return |oss

neasurenents into the test fixture. |If the test fixture is producing the suckout then
a suckout should be al so observed in the return | 0oss neasurenent.
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8.3.2.2 Measurenment equi pnent

8.3.2.2.1 Overvi ew

Two types of nmeasurenent equi pnent are specified: frequency domai n network anal yzers
and tinme domai n network anal yzers. Frequency domai n network anal yzers are often
referred to as vector network anal yzers (VNA). Tinme donmai n network anal yzers are often
referred to as TDNA. TDNA's are capabl e of produci ng frequency domai n vector outputs
and VNA's are capable of producing time domain outputs (with suitable software
processing). Typical TDNA equi prent consists of TDT/ TDR s with associ ated software.

8.3.2.2.2 Frequency domai n anal yzers

A four port vector network anal yzer specified for use over the desired frequency range
is required.

The VNA instrunent uses 4 single ended ports with internal mathenatica

processing to calculate “true” differential and common node responses (see
7.6.3), assuming that superposition applies which is the case for the linear bulk
cables of interest in this docunent.

The VNA shall be capabl e of neeting the frequency increnment and associ ated m ni nrum dat a
point requirenents in 8.3.1.3.

An exanpl e of suitable nmeasurenment equipnent up to 20 GHz is an Agilent 8720ES VNA with
an N4418A s paraneter test set.

8.3.2.2.3 Tinme donain anal yzers

A four TDR channel instrument having suitable STD to cover the specified frequency
range i s required.

The instrunment uses four single ended channels to produce two differential
channels. A true differential or common node signal nmay be produced if both
si ngl e ended channel s associated with the differential channel are swtching
simul taneously. Internal mathematical processing is used to display the
differential or common node signals.

The frequency domain output required for SDD21 is produced by processing the waveforns
nmeasured with suitable software

An exanpl e of a TDNA neasurenent equi pment set is a Tektronix 11801, Tektronix TDS 8000
or Agilent 86100 digital sanpling oscilloscope with TDA | Connect nodel i ng software.

8.3.3 Calibration procedure

The basic instruments are assuned to be calibrated according to the manufacturers
recomrendat i ons before executing the procedures described in this section. This
calibration is done up to the SMA connections to the test fixtures and it typically
called the reference plane as shown in Figure 39.

A special “through” test fixture is used for the calibration process for VNA or TDNA
that consists of two connected test fixtures as shown in Figure 39. It is inportant
that the discontinuity at the sanple attach point be in the through test fixture. This
al l ows resonances and reflections caused by the test fixture to be sonmewhat cali brated
out and not be included in the actual BCUT performance. The resonances experienced
with the through connect fixture in the sanple attachnent area with the VNA nethod are
not expected to be the sane as with the BCUT attached because the resonant conditions
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are grossly different. This difference comes fromadditional ‘cavities’ and different
lengths of the ‘cavities’. This difference is not accounted for in the VNA neasurenent
process.

The TDNA calibration allows calibration to the tip of the test fixture wire and i s not
affected by the ‘cavity’ effects.

In either case the requirenent for a mnimuminsertion |oss at the highest frequency of
interest mtigates these test fixture errors to a | arge degree.

In all cases the calibration configuration should | ook as nuch as possible |like the
configuration to be used for the BCUT neasurenents.

The constructions shown in Figure 39 and Figure 40 show an open regi on near the BCUT
attachnent point. This open construction allows the E fields in this region to extend
far away fromthe fixture and allows nore variability between the calibration
configuration and the neasurenent configuration. Additional control may be achi eved by
extendi ng the shields over the center conductor. Exam nation of a Smth chart of the
test fixture can aid in determning if the additional shielding is needed.

A well perform ng through text fixture has a Smith Chart trace that centers on 50 ohns
and stays close to 50 Chns at all frequenci es bel ow the naxi mum frequency.

A well performng open test fixture has a Smth Chart trace that follows the outer
circunference of the chart (rho =1). At sone frequency the trace will begin to
encroach on the center of the chart and this provides an indication of the threshold
frequency.

50 OHM SEMI-RIGID COAX LENGTHS

SEMIRIGID COAX SHALL BE MATCHED WITHIN 10 ps
APPROX 75 MM LENGTH

REFERENCE PLANE FOR TDNA

CONNECTION TO
EQUIPMENT SETUP
dN13S ININdINO3

OL1 NOILOANNOD

CHARACTERIZED ! REFERENCE PLANE

SMA THROUGH 492[]7 FOR VNA

CONNECT
ADAPTER

THROUGH CONNECT PORTION
OF VNA CALIBRATION

Figure 39 - Calibration through connect test fixture for VNA or TDNA
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For the TDNA schenme a optional TDR node calibration may be used as shown in Figure 40.

50 OHM
SEMI RIGID COAX
APPROX 75 MM LENGTH

SOLDER <«—— OPEN CIRCUIT AT TP1

CONNECTION TO
EQUIPMENT SETUP

TP1

SEMI-RIGID COAX LENGTHS SHALL BE MATCHED WITHIN 10 ps

Figure 40 - TDNA calibration setup using TDR node

For TDNA neasurenent a reference waveformis recorded using the conditions in either
Figure 39 or Figure 40. The STD for this recorded waveform shall be faster than 50 ps
for frequencies up to 10 GHz.

For a nore conplete calibration standard shorts and | oads may be used at TPl in
addition to the open shown in Figure 40.

8.3.4 Testing procedure

8.3.4.1 VNA (Vector network anal yzer)

Set up the conditions in the upper part of Figure 39 and neasure the insertion |oss of
t he through connect test fixture.

Connect the BCUT to the test fixtures shown in Figure 38 and neasure the insertion |oss
of the BCUT + test fixture.

otain the BCUT insertion |oss by subtracting the through connection nmeasurenent from
the BCUT + test fixture measurement using vector nethods.

8.3.4.2 TDNA (Ti ne donmai n network anal yzer)

8.3.4.2.1 Overvi ew

The basic process is to acquire a calibrated reference waveformthat is |aunched into
the BCUT and to acquire the waveformafter transm ssion through the BCUT (and

associ ated test fixtures) as shown in Figure 41. These two waveforns provide the input
to an S paraneter conputation al gorithm
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Fi gure 42 shows the reference and transnmitted wavefornms using a though

Reference measurement:

Differential Stimulus is ON on channels M1, M2

Reflection is measured on the same channels M1-

M2

ANN

M1

M2

Fixture 1

Fixture 2

M4

M3

SFF-8416 Rev 15.0

Reflection and Transmission measurements:

Differential Stimulus is ON on channels M1, M2.

Transmission is measured on channels M3 - M4

Reflection is measured on channels M1- M2

AN

M1

M2

Fixture 1

DUT

M4

M3

Fi gure 41 - Wavef orm measurenent configurations

nmeasur enent .
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Transmission waveform with
through test fixture
(no BCUT attached)

Figure 42 - Exanple of using the reflection calibration nethod

When using the open test fixture nmethod the waveformtransition corresponding to the
interface fromthe sanpling head to the instrunmentation | eads nmust be wi ndowed out as
shown in Figure 43. Wen | ooking at an open reference waveform one sees essentially a
two-step staircase. The first step in the staircase nust be wi ndowed out as shown in
Figure 43, and the neasurenent nust be zoonmed in on the BCUT. The reflection waveform
is effectively the sanme as the | aunched signal into the BCUT
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Impedance of test fixture

Figure 43 - Exanple of using the reflection calibration method

When dealing with differential neasurenents the deskew net hods described in 8.2 shal
be used for calibration of the launch signal. Additional calibration procedures nay
further increase the accuracy.

For differential, comon node and node conversion S-paraneters the same general process
i s used.

For differential waveforns, the oscill oscope nust have the + signal and the - signa
switching in opposite direction. For conmon node waveforns, the oscilloscope nmust have
the + signal and the - signal switching in the sanme direction. For differentia
response, subtract the two response channels; for conmon node response, add the two
channel s.

Wavefornms used in the S paraneter conputation nmust be acquired with 50- Chm cabl es and
fixtures connected to all BCUT neasurenent ports, thus ensuring a 50-Chmtermnation at
al | BCUT neasurenent ports. BCUT' s whose nom nal inpedance is different from 100 Chns
differential may be used with exactly the sanme test set up

Connect the BCUT to the test fixtures shown in Figure 38.

8.3.4.2.2 Set acquisition wi ndow and nunber of data points

The acquisition window is required to ensure that the DUT waveformsettles to the sane
DC | evel as the reference waveformby the end of window. |In addition, a sufficient
nunber of data points is required in the oscilloscope acquisition wi ndow to ensure that
the desired upper frequency content is captured. However, excessively |ong w ndows
reduce the dynam ¢ range
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Al'l the required waveforns are captured without changing the tinebase on the TDR
osci | | oscope.

In addition, the Iength of acquisition w ndow, tuindow and the nunber of points in the
acqui sition window, N, are particularly critical for analyzing long interconnects such
as cables. The upper frequency limt, fupper, Of the measurement is determ ned by

f = 1 = N
2t

upper ot
step

window
and

¢ 1

step t
window
tstep IS the tine step of the scope, fsiep iS the frequency interval in the calculated S
paraneter plot. To get S-paraneter data to the desired upper frequency the nunber of
poi nts and wi ndow | ength are adjusted as required. To get the desired frequency step
the wi ndow | ength needs to be I ong enough. Wen working with long cables, it is
generally a good idea to keep the nunber of points at the maxi mum nunber all owed for a
given instrunent. The window length is adjusted to include all the waveformdetails
associated with the BCUT and to include the D.C. |level after the transients.
Consi stent with these constraints keep the wi ndow as short as possible in order to
maxi m ze the effective power.

Furthernore, to increase (i.e. change) the dynam c range, DR of the nmeasurenents, it is
i mportant to keep nunber of averages and nunber of points to the nmaxi mum as the
equati on bel ow i ndi cat es:

N Nay
DR(N,Nan): DR(NO’Nang)x —X :
NO Navgo

where Ny i s the nunmber of points before the change, N.g is the ‘nunber of averages
setting on the instrument, and Nugo i S the nunber of averages setting used before the
change. Make sure to use |lots of averages in your instrunment. 128 averages gives an
extra 20 dB of dynami c range; use at least that nany if the instrunent averages

qui ckly.

8.3.4.2.3 S-paraneter cal cul ation

The scattering paranmeter neasurenment results are conputed fromthe reference and
transmtted time domain waveforns using software contained within the instrunent. The
details of these conputations are not specified in this docunent.

8.3.4.2.4 Sanpl e data out put

Figure 44 shows an exanple of differential insertion |oss magnitude and phase obtai ned
froma TDNA net hod.
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Figure 44 - Sanple differential insertion |oss data out put

8.3.5 Acceptabl e ranges

Insertion | oss acceptable ranges are defined in the rel evant standard.

8.4 Differential to common node conversion (SCD21)

Differential to commbn node conversion is treated as if it were the insertion | oss
between a differential |aunch and a common node output. Level 2 neasurenent of common
node to differential conversion is also available fromthis neasurenent.

All the requirenents specified in 8.3 are the sane as for the differential insertion
| oss except that the receiver is set to nmeasure the sumof the + signal and the -
signal instead of the difference.

8.5 Creation of BCUT eye diagrans via sinulation

Eye diagrans nmay be created from S paraneter neasurenent as shown in Figure 45 and
Figure 46
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BASIC PROCESS FOR OBTAINING A LEVEL 1 EYE SIGNAL FOR BULK CABLE
(applicable to amplitude and jitter properties in the absence of cross talk)

PUT input signal
description -
data pattern, data rate
rise fall times etc.*
) ) Eye type signal
Sij matrix _|  Simulation at configuration
measured > tool** output point
from PUT of (PUT receiver)
the BCUT
** Examples of Compare simulated signal
suitable tools to eye mask appropriate for
. are IConnect and bulk cable and the end
Physical Oculus application
Configuration
information Note that this mask is derated

from that specified at the
* This input signal is the signal end application receiver
defined by the application:

the weakest signal allowed

derated for use with bulk cable

Figure 45 - BCUT eye diagrams with no crosstal k

BASIC PROCESS FOR OBTAINING A LEVEL 1 SIGNAL FOR DUPLEX BULK CABLE
(applicable to amplitude and jitter properties in the presence of cross talk)

PUT input signal PUTNOT input signal *** Examples of
description - description - suitable tools
data pattern, data rate data pattern, data rate are IConnect and

rise fall times etc.* \ / rise fall times etc.** Oculus

: : Eye type signal
" . Simulation
Sij matrix > tool at configuration
measured output point
from BCUT (PUT receiver)

PUT T

Compare simulated signal

i i ) . to eye mask appropriate for
Crosstalk Sij matrix Configuration bulkycable andpfhept,and
measured between information

PUT and PUTNOT application
This mask is different from that

specified at the end application

receiver
* This input signal is **This input signal is defined
defined by the application: by the application: the strongest most
the weakest signal allowed aggressive signal allowed
derated for use with bulk cable derated for use with bulk cable

Fi gure 46 - Dupl ex BCUT eye diagrans with crosstalk
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8.6 Crosstalk (near end and far end)

8.6.1 Introduction

Bulk cable is generally not a significant source of pair to pair crosstal k conpared to
i nterconnect assenblies. Therefore this nmeasurenment is not specified as rigorously as
ot her neasurenents. Acceptable quality BCUT' s should exhibit less than 1%pair to pair
crosstal k. See applicable standards for actual required val ues.

Crosstalk is a result of unbal anced constructi ons and/ or unbal anced propagati ng
signals. The unbal anced propagating signals nay be caused either by an unbal anced

| aunched signal or by node conversion during propagati on froma bal anced | aunch si gnal

| f caused by node conversion during propagation the resulting crosstalk is attributable
to the BCUT. Crosstal k caused by unbal anced | aunch signals is also attributable to the
BCUT for |evels of unbalance allowed by the application for | aunch signals.

This neasurenment is linmted to a single option: the single applied pulse nethod. In
this nethod pul ses with maxi mumdifferential anplitude, maxi mum al |l owed i nbal ance,
nmaxi nrum and mi ni nrum STD signal are applied to the BCUT on the aggressor pair and the
signal induced on the victimpair is neasured. In this test both pairs are under test.
There are no signals applied to the victimpair for this test. It is necessary to
reverse the polarity of the aggressor signal to ensure that bal ance conpensation i s not
occurring.

Single pulse tests elimnate the effects of resonance, are 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 for non periodic |ocalized disruptions. Resonant
ef fects and periodic disturbance effects that nay be observed in a swept frequency
neasurenent are controlled via the insertion | oss neasurenents.

The aggressor pul ses are of the same 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 coll apsing
differential aggressor pulse ending at differential zero.

The use of actual worst case data patterns on the aggressor |ines has been extensively
debated and considered. This is the natural excitation that is initially considered.
Ext ensi ve 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 crosstal k performance and other tines they exacerbate it. It is
very difficult to diagnose the intensity and cause of resonance and fixture effects
when using a real data pattern. The single pulse (with maxi num all owed i nbal ance in
the signals) elimnates these effects and gives a worst case result that can be
attributed to as much of the system as desired.

Anot her inportant point is the value of the recorded disturbance in the victimline.
Shoul d the peak, peak to peak or sone other feature of the induced noise be used? This
docunment requires that the differential peak value of the induced noise at a tine
position within the 1UT electrical nei ghborhood be used.

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

Since the crosstalk is a linear function of anplitude it is not required that the
actual aggressor signal be the maxinumdifferential anplitude. A scaling technique is
used to conpensate for equipnent that is not capable of |aunching maxi mum anplitude
signals. (This is another reason why the tinme donmain pul se technique is desirable.)
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Al though crosstalk is generally nore intense with shorter STD aggressor signals, both

t he maxi mum and m ni mrum STD signals are required to be used. This is to cover the case
where a physical inbal ance may extend over |onger distances and therefore could yield a
nore intense crosstalk with [ onger STD aggressor signals.

Effectively the aggressor pulse injects noise into the victimline as the aggressor
pul se travel s down the aggressor line. Therefore the nmeasured victimnoise signal is a
direct map of the intensity of the coupling between the aggressor line and the victim
line at different points along the path. It is generally found that the BCUT
attachnent region to the test fixture is responsible for the nost intense coupling.
This is a localized coupling that produces a victimline noise pulse with a width
approximately twice the electrical length of the coupling region

In the case where the BCUT attachnent region is producing the nost intense coupling,
the victimline noise pulse returns to near zero as the aggressor pul se passes into the
undi sturbed BCUT. In the case where the BCUT itself has significant coupling, the

noi se pulse on the victimline persists for a time equal to approxinmately tw ce the
electrical length of the coupling region (i.e., twice the length of the BCUT for
uniformcoupling). The factor of two arises because it takes one tinme for the
aggressor pulse to travel and an equal tinme for the victimline to propagate the
resulting noi se pulse 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
BCUT itself.

If there are significant non-uniformties in the coupling within the BCUT these are
reveal ed by victimline noise pulses well away fromthe BCUT attachnent point.

This crosstalk test is used to specify a performance requirenment but is also
exceptionally useful to diagnose the causes of the crosstalk in all forns.

It is critical that construction rel ated bal ance between the conductors of the pairs be
mai nt ai ned during the measurenent through the sanple attachnent region. Failure to
mai ntain this bal ance causes the signal to beconme unbal anced and conprom ses accuracy.

Sone constructions, notably shielded quad, have severe difficulty in maintaining this

bal ance requi renent wi thout using bal anced connectors appropriately designed for use
with the bulk cable. See Figure 47.
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Twinax connection -
Separation of aggressor

from victim in the uncontrolled
region in the test set up

is straightforward

I

QUAD connection -
Separation of aggressor from
victim in the uncontrolled
region in the test set up
requires special fixturing that
maintains the separation

Drawing is not representative of actual details of construction
- illustrates key features only

Figure 47- Illustration of different constructions

Fi gure 48 shows schematically how one may build a | ower crosstalk test fixture and
associ at ed BCUT connection for QUAD constructions.
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BCUT
Semi rigid
QUAD test fixture

Key for low cross talk
Is to maintain quad
symmetry between the
BCUT and the test
fixture

Drawing is not representative of actual details of construction
- illustrates key features only

Figure 48 - Schematic of a | ower crosstalk suitable QUAD test fixture

In a practical test set up the neasured crosstalk is likely to cone nostly fromthe
test fixtures and sanple attachnments. This effect nmakes the tine donmain attractive for
near end neasurenents because tinme domai n nmeasurenments can account for the test
fixtures better than frequency domain. For far end neasurenents a single pulse is
expected but that pulse lies on top of the pulse fromthe test fixture. Tinme domain is
still used for the far end neasurenent but the fixture contribution is not separated
fromthe total result. This behooves the use of high quality fixtures.

The near end neasurenent is taken at the sanme end of the BCUT as the aggressor source
The BCUT crosstalk is neasured at a tinme position after the test fixture disturbance
has di ssi pat ed.

The far end is the sane as the near end except the nmeasurenent is taken at the end of
t he BCUT opposite the aggressor source.

Only single pair aggressor activity is required due to the overall requirenment for very
| ow crosst al k.

8.6.2 Test fixtures and neasurenment equi prment

The sem rigid test fixtures used for insertion |oss neasurenents in 8.3 are suitable
for crosstal k measurenents on non-quad constructions. Another exanple of a test
fixture that may be used for non-quad constructions is shown in Figure 49. This test
fixture does not require solder attachnent.
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50 OHM COAX TO TDR

S1
TDR Test Fixt TP1 Each pair under test is terminated
est Fixtures e :
measuring with impedance matched resistors
equipment l
SMi1 <

Pairs under test

Clamping bars for
mechanical termination

Measurement process is calibrated to report values at TP1
S1is the sighal source,
SMI1 is the signal measurement instrument port

Figure 49 - Basic neasurenent setup including non-quad test fixtures

For quad constructions use a test fixture designed using the principles illustrated in
Fi gure 48.

The measurenent equi pnent is the sanme as for the propagation tinme measurenent in 8.2.5

8.6.3 Calibration procedure

8.6.3.1 Tinme reference

The time reference calibration is done using the sane test fixture and nearly the sane
procedure as for the TDR tests in section 8.1 (using a short in place of the |UT for
reference tinme calibration).

Noting the tinme position of the short establishes a reference time for determning the
parts of the tests configuration that are causing the crosstalk.

8.6.3.2 STD and aggressor anplitude calibration

The STD calibration is done using a through fixture identical to that used for the
insertion | oss neasurenent tests. See Figure 39.

Using the test fixture shown in Figure 39 apply a differential pulse fromSl (the
signal source for the aggressor signal) as large as possible within the capabilities of
Sl (if the anplitude is adjustable on S1 otherwi se use the default pulse from S1) and
nmeasure the received differential pulse at SM1 (the nmeasurenent instrunment attached to
to the other side of the through test fixture.

Adj ust the scales as described in Figure 50 and Table 2. Myve the displayed curve to
the right until a clearly defined flat portion is observed on the |ower left 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
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third horizontal graticule. Set Sl to the required STD by using software filtering or
hardware filters. Record the anplitude as described in Figure 50.

To reduce error it is reconmended to use the maxi num nunber of data points avail able
(hi ghest horizontal resolution) in the instrunent.

Retain all the settings for reuse in the neasurenent.

- 1

1

7 STD I——

] / 2 I

> 4 8 80% !
- 18
> — 1 7 g 1
£ - 1z -
p— 1 1

2 ' 13 '
R 4 -1 - I

| 4 220%

— | —' n |

- I !

1 1

GRATICULE 0 I I | | | T T T T i

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

Figure 50 - Signal transition duration and anplitude calibration

Table 2 - Scale to be used for STD calibrations

Bit rate * Tine axis scale
(Moits/s) (ps/ div)
1062.5 200
1250 200
1600 100
2125 100
2500 100
3200 100
4250 50
5000 50

6000 and up 50

8. 6. 3.3 Aggressor signal inbalance calibration

To calibrate the inbalance in the aggressor signal use again the test fixture in Figure
39. Set SM1 to neasure sumof the + signal and - signal. Using the sane signa
settings as used for the STD and anplitude calibration adjust phase trinmrers or use
different length of cable for the + signal and - signal such that the | aunch inbal ance
(ML+MR) is approximately 25% of the differential peak established in the anplitude
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calibration or to the maxi num al |l owed i nbal ance in the | aunch signal specified for the
application.

Record the exact settings used for the mninmum STD conditions as these are reused when
doi ng the actual neasurenent.

8.6.3.4 Test fixture crosstalk verification

A second calibration fixture configuration is used to verify that the fixture set used
i s not causing excessive crosstalk. This fixture set is identical to that described in
Figure 39 but with 100 ohmresistors or the application value added i nstead of shorts
and both the S1 and SM1 fixtures in place as it would be in an actual neasurenent.

The second calibration setup is shown in Figure 51 where both test fixtures are shown
integrated into a single configuration as will exist during the nmeasurenent.

TDR INSTRUMENT (S1) TP1

50W |

50W &Eﬁ
RESISTORS
50w
“sow | TEST FIXTURE IMPEDANCE ON THE TEST FIXTURE AND
THE RESISTORS IS THE APPLICATION VALUE

MEASURING INSTRUMENT (SMI1)

O = INSTRUMENTATION CONNECTOR

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

Figure 51 - Calibration systemfor NEXT

Use the calibrated S1 signal created in the previous steps with the test fixture in
Fi gure 51 nmeasure the crosstal k produced at SM 1.

The maxi mum al | owed crosstalk in the victimpair in this calibration condition is 1%
for both the | onger and shorter STD aggressor signals.

8. 6.4 Measurenent procedure

8.6.4.1 Near End

Using the test setup shown in Figure 52 apply the calibrated aggressor pulse for the

m ni rum STD to the aggressor line, Sl, and neasure the induced noise 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 with the crosstal k noise results
even if scaling is used. This is required to evaluate the effects of the noise floor
for BCUT"s with small crosstalk.
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Repeat the test exactly except with the polarity of the leads to S1 reversed. Repeat
wi th maxi mum STD using both polarities for Sl

TDR INSTRUMENT (S1) TP1
———— BCUT —»l

50W

50w

50w TEST FIXTURE

MEASURING INSTRUMENT (SMI1)

O =INSTRUMENTATION CONNECTOR

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

Figure 52 - Test configuration for NEXT

Note the largest peak (i.e., largest deviation fromzero differential) on the victim
line at a tinme position farther fromS1l than the tine position of the short determ ned
in the calibration. This largest peak fromeither polarity is the value of the induced
signal for that STD. Note that a peak to peak value is NOT used. Both the absolute
val ue of the induced signal peak and its percentage with respect to the anplitude of

t he aggressor signal are recorded.

Fi gure 53 shows an exanpl e of a conplete near end neasurenent.
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POSITION OF “A” SET HERE AGGRESSOR SIGNAL
AT END OF TRANSITION DUT ATTACHED

\ (DUT OPEN AT END
/

V——

25@mY
P POSITION OF “B” SET HERE
AT START OF TRANSITION

‘tr‘igﬂ evordovvovese
(X} 'W}T'T""T!VZ\
- ]

~
AGGRESSOR
SIGNAL B
NO DUT

250 mV/div

—

(CONNECTOR CROSS TALK)

-2.z25Y
3l.1lns Snsodiw B 21.1ns

5 ns/div

Figure 53 - Near end crosstal k neasurenent

Vertical line "A" is defined by using only a test fixture with an open circuit load (no
BCUT attached). Vertical line "A' represents the end of the test fixture and the
begi nni ng of the BCUT

Crosstalk in the region to the left of wvertical line "A'" is dominated by fixture
crosstalk (or in an interconnect assenbly by connector and connector attachnent
crosstal k).

Vertical line "B' is defined by connecting a BCUT to the test fixture with an open
circuit on the end of the BCUT. Vertical line "B" represents the end of the BCUT.

Crosstalk in the region to the right of vertical line "B'" is domnated by nultiple
refl ections bouncing between the open circuit inpedance and the fixture inpedance.

Crosstalk in the regi on between vertical lines "A'" and "B" is domi nated by the BCUT.

Recommended details: Aggressor signal scale, 250 nV/ div. Victim signal scale, 50
nv/ div. Use averaging for capturing crosstalk waveformon victimpair.

Anot her exanple is shown in Figure 54.
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Sample attachment point

. ! ; WWWMMWW”UWW P T A T
5 mV/div e

10 ns/div

Figure 54 - Exanple of a NEXT neasurenment for a |ow crosstal k BCUT

The absol ute value crosstalk is scaled to account for the actual anplitude of the
aggressor signal. For exanple if the actual aggressor signal is 500 nV peak and the
maxi mum al | owed aggressor signal is 1000 nV then the nmeasured absolute crosstal k result
woul d be multiplied by 2.0.

The percentage result does not need to be scal ed.

8.6.4.2 Far end

Execut e the neasurenent as for NEXT except attach the far end of the victimpair to
SM 1.

8.6.5 Acceptabl e ranges

Acceptabl e ranges are defined in the rel evant standards.

The anplitude of the signal on the victimline should return to a level significantly

| ower than observed in the connector/termnation region within a few STD s of the
mating interface. |If this is not observed it is an indication of serious degradation
in the BCUT. Qher neasurenents, notably node conversion, will detect this degradation
as a failure so the observation of the high BCUT coupling is not a direct reason for
failing the crosstal k test.
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8.7 Bulk cable contributed jitter

Bul k cable contributed jitter (eye test at O differential crossing using a data pattern
appropriate for the application as defined in this docunent, a derating schene is
required to match the bulk cable jitter nmeasured via this nmethod to the overall link
jitter budget)

The nmeasured jitter conmes at three points: at the launch instrunment, at the test
fixture calibration, and at the end of the BCUT

Experi ence has shown that short constructions can have significant jitter due to | oca
resonances and reflections. This is simlar in some ways to the noise at the center of
the launch eye for signal degradation nmeasurenents for bulk cable as described in SFF-
8410. Excessive jitter measured during test fixture calibration that is not present
when the BCUT is being neasured effectively nmakes the BCUT appear better than it
shoul d. Another way of looking at this is that the |launch source appears to have nore
jitter than it actually has during the BCUT neasurenent.

The bul k cable contributed jitter is the difference between the observed peak to peak
jitter at the BCUT output and the peak to peak jitter in the launch source. Any jitter
contributed by the test fixtures is considered part of the BCUT performnmance.

Test fixtures with suckouts may produce falsely good results in the BCUT test. To
mtigate this possibility data rates at 10% above and bel ow t he application data rate
shall al so be neasured. Bulk cable intended for multiple applications where the data
rate is different require repeating this neasurenent at all applicable data rates.

The jitter fromthe | aunch source can be accurately neasured using instrunentation
quality cables and is generally very | ow

The jitter distributions expected for bulk cable do not include uncorrel ated crosstal k
because of the very low crosstal k expected in bul k cable.

The jitter distributions also do not contain any significant Gaussian content since the
[ aunch source with very lowtotal jitter is the only source for produci ng Gaussi an
jitter in the nmeasurenment. The absence of Gaussian jitter allows a sinple observation
of the peak to peak value of the observed jitter distribution to be the only property
that needs to be captured. Taking the difference of the peak to peak properties does
not require the convolution nornmally required when cal culating the difference between
two different jitter distributions.

BCUT contributed jitter is expected to increase nonotonically with increasing | ength.
Si mul ati ons on typical BCUT' s show that the | ength dependence is not |inear
exponential, or any sinple power function yet the dependence is snooth. This behavior
prevents any sinple scaling of BCUT contributed jitter with | ength.

The BCUT contributed jitter is also independent of the STD in the [ aunch signal for

rapid STD s (less than approximately 0.15 U). The longest allowed STD causes the
greatest BCUT contributed jitter condition in nost cases.
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BCUT output jitter vs. bulk cable length @1.0 Gbps
(1 Ul =1000 ps)

450

X
400 STD in launch
350

ignal
/( sSigha
222 // _a—9.9 % Ul
200 ///‘f _»19.8% Ul
150 O 33.0% UI
A

100

50 /x//%

Relative Length

Figure 55 - BCUT contributed jitter dependence on I ength and STD at 1.0 Gbps

BCUT output jitter vs. bulk cable length @4.25 Gbps
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Figure 56 - BCUT contributed jitter dependence on length and STD at 1.0 Gbps
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The measurenent using a hardware data pattern generator requires that a hardware filter
be used between the pattern generator and the BCUT transmt test fixture. This keeps
the test fixture related reflections to a mninmum and ensures that software al gorithns
that operate only on the signals displayed are not used to generate the required STD.

Measurenents using the software based pattern generator nethod use the pattern
specified by the sinulation tool with the appropriate STD and data pattern specified
for the application.

Al so shown in Figure 57 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 mask. This timng reference is created by
finding the nean of the population of the transmit signals at the zero differential
vol t age crossing points.

ACTUAL
TRANSMIT
SIGNALS

JITTER IN
THE LAUNCH
SIGNAL

BULK CABLE CONTRIBUTED
JITTER

(DIFFERENCE BETWEEN gg.lr_gﬁ_ll__
LAUNCHED JITTER AND N SIGNALS
BCUT OUTPUT JITTER) : .

JITTER IN
THE BCUT OUTPU
SIGNAL

Figure 57 - Conpensation for launch source + test lead jitter

8.7.1 Measurenent test fixtures and nmeasurenent equi pnent

8.7.1.1 COverview

Test fixtures are the sane as for insertion | oss nmeasurenents described in 8.3.2.
Measur enent equi pnent depends on the nmethod used. Two net hods are descri bed that
shoul d yi el d equi val ent results.

8.7.1.2 Measurenment equi pnent

8.7.1.2.1 Software based pattern generator nethod
HPEI Bul k Cabl e El ectrical Performance Page 103



Publ i shed SFF- 8416 Rev 15.0

Equi prent required includes TDR/ TDT or insertion | oss neasurenent equi pnent as
described in 8.3.2. 2.

8.7.1.2.2 Hardware based pattern generator nethod

The foll owi ng equi pnent is required:
Har dwar e pattern generator capable of delivering pseudo random data patterns of the
type appropriate for the encoding and data rate used in the application. For

exanpl e, 8b10b encodi ng shoul d use 2’-1 and 64b66b encodi ng shoul d use 2*-1 (actually
shoul d use even |longer but that is not very practical).

Hardware filters for each Ieg of the differential signal that are capabl e of
produci ng the longest allowed STD for the application

Good quality equivalent time sanpling oscill oscope

8.7.2 Calibration procedure

8.7.2.1 Calibration test fixture

An optional calibration test fixture may be used as shown in Figure 39.

8.7.2.2 Calibration for S1 and signal neasurenent instrunent

The foll owi ng procedure assunes that the signal nmeasurenent instrunment needs input
signals less than 800 nV differential pp

Using the calibration test fixture in Figure 39:

1. Select in-line attenuators such that the differential pp output of Sl neasured
through the calibration test fixture is 800 nV nmax differential pp

2. Select hardware filters and/or connecting cables attached to the output of Sl to
produce t he nmaxi nrum STD val ues (sl owest allowed edges) allowed for the application

3. Wth the filters / cables in place for the maxi num STD val ue verify that the STDis
t hat expected

4. If STDis 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. Renove the test fixture and connect the test leads to the output of the in line

attenuators
6. Measure jitter fromthe launch source + test |eads (see Figure 57) and record
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8.7.3 Measurenent procedure

8.7.3.1 Hardware pattern generator nethod

Use S1 calibrated as described in 8.7.2.2 and running a PRBS data pattern and data rate
appropriate for the application connect the BCUT to the test fixtures and neasure the
output jitter as shown in Figure 57.

Subtract the launch source jitter fromthe BCUT output jitter. This result is the BCUT
contributed jitter at the nonminal data rate.

Repeat the neasurenent at data rate 10% above and 10% bel ow t he nominal data rate

The | argest BCUT contributed jitter at any of the three frequencies is reported as the
BCUT contributed jitter

8.7.3.2 Software pattern generator mnethod

Capture the S21 for the BCUT as described in 8.3. Use this result with a suitable
simul ati on package to cal cul ate the BCUT contributed jitter

Use the PRBS data pattern appropriate for the encoding used in the application. The

| aunch source shall be set to the maxi mum STD (sl owest edge rate). The source

i npedance shall exactly match the application reference inpedance for the BCUT. (The
reference i npedance is the nom nal inpedance without a tolerance.)

Since there is no jitter in the launch source or fromthe test fixtures (except as
contained in the captured S21) the BCUT contributed jitter at the nom nal data rate is
t hat measured.

Repeat the neasurenment at data rate 10% above and 10% bel ow t he nomi nal data rate

The largest BCUT contributed jitter at any of the three frequencies is reported as the
BCUT contributed jitter

8.7.4 Acceptabl e ranges

No acceptabl e ranges for BCUT contributed jitter are defined in this docunent.

8.8 EM (EMR and CMVPT)

8.8.1 Introduction

Thi s section describes neasurenents for EM rel ated performance for shiel ded bul k
cable. These nethods are adapted fromsimlar nethods specified in SFF-8410 for
shi el ded cabl e assenbli es.

EM is a neasure of the intensity of electronmagnetic energy exported fromthe BCUT
The frequency range covered by EM is affected by at |east three factors:

FCC requires that EM be neasured between 30 MHz and five tinmes the fundanmenta
frequency hi ghest of any data rate or clock in the system For exanple, the
frequency range for a 10 Go/s serial data rate (5 Gz fundanental) is 30 MHz to
approxi mately 25 GHz.
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Capabilities of comonly available practical instrumentation is limted to 20 GHz

The expected frequency range where significant EM is likely to exist in actua
systens is not known. For fundanental frequencies of 2.5 Gz, for exanple, energy
has been reported up to 12.5 GHz. Since the frequency range based on this
consideration is not known it cannot be used as a criteria for specifying the EMR
nmeasur enent s

Two options are specified for determ ning the el ectronmagnetic conpatibility of HPEI
BCUT's: (1) electronmagnetic radiation (EMR) and (2) comon node power transfer (CVPT).

A significant difference between this docunent and SFF-8410 is the frequency response
of presently available current clanps required for the CMPT nethod is not sufficient
for level 1 HPEI usage. The EMR neasurenents are therefore the primary |evel 1 nethods
for bul k cable EM perfornance

Questions have been rai sed concerning the use of conmon node | aunch instead of
differential node |aunch for the EMR neasurenment as specified in SFF-8410. The
qgquestions usually have their root in the thought that common node | aunch may not
represent the use condition and nmay place additional unnecessary burden on the
performance requirenents for the BCUT

For shielded constructions the EM performance is designed to be primarily determn ned
by the outer/overall shield. The level 1 measurenents are therefore designed to
validate the performance of the shield. Real systens can couple significant comon
node energy into the BCUT. Even if the BCUT is perfectly balanced it may still carry
signi ficant common node energy when excited by these common node signals. For these
reasons a common node |aunch is used for shielded BCUT constructions.

For unshi el ded applications the coupl ed common node issue is the same as for shiel ded
constructions but there is no shield to contain the EM. The EMR measurenent is
therefore not useful for characterizing EM because EM control rnust be inplenented in
the overall systemdesign by limting the common node energy that can couple onto the
cable. Therefore no EM neasurenents are specified in this docunent for unshiel ded
constructi ons.

Both the CMPT and EMR neasurenents are included in this section for conveni ence. A
sunmary of the nmeasurenents described foll ows:

Level 1 neasurenents:

Shi el d effectiveness using EMR net hods with common node | aunch. The difference in
EMR between shield on and shield off is a nmeasure of shield effectiveness. The
shield of f neasurenment may use a reference sanple of the same construction instead
of renmoving the shield fromthe BCUT. Sone inaccuracy is expected due to difficulty
of renmoving the shield wthout disturbing the BCUT geonetry or the reference sanple
not being identical to the BCUT

Level 2 neasurenents

CMPT using BCUT's with shield on and using calibrated common node | aunch. This
nmethod is linmted by the frequency response of the current clanp. This neasurenent
is described in detail in this document.

Shi el d effectiveness using CVMPT nethods using BCUT"s with shield on and BCUT's with
shield off. The difference in CVMPT results between shield on and shield off is a
nmeasure of the shield effectiveness

EMR using BCUT's with shield on and using calibrated conmmon node | aunch. There are
issues with accurate calibration but this method is non destructive and requires no
ref erence sanpl e.

A typical EMR test chanber may cost nore than the CMPT setup. Data acquisition tinmes

for EMR nmeasurenents are nuch | onger than the CMPT neasurenments. That notwi thstandi ng,
the CMPT neasurenents specified in this document should be used only for |evel 2
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pur poses. See however, 8.8.2 for possible alternative nethods that nmay be | ess
expensi ve.

The EM neasurenents are intended to apply to all constructions of BCUT including those
with distributed and integral equalizers.

8.8.2 Methods from ot her docunents

There are a nunber of |EC docunents that relate to EM performance of bul k cabl e

Those that have been identified to date are listed bel ow with coment concerning the
utility of the docunent for HPEl applications. Note especially 4 and 6 as these appear
suitable alternatives for level 1 use for HPEl applications.

1. 1EC 62153-4-
2_46A 560e_FDI S _screeni ng_and_coupling_attenuation_injection_clanp_met hod. pdf
[describes signal injection up to 1 Gz, detects internal differential signals
created, requires baluns - only good up to 2G current injection clanps also limted
to 2G

2. Coupling attenuation_triaxial_setup_01.pdf [describes signal injection, draft
docunment - not referenceable, use of ferrites limt frequency to | ower than required
val ues

3. | EC 62153-4-
5 46A 586e_CD screeni ng_or_coupling_ attenuati on_absorbi ng_cl anp_net hod. pdf [
descri bes a neasurenent simlar to the CMPT but w thout the stovepi pe, uses
differential launch for bal anced constructions, ferrite frequency limts]

4. | EC 62153-4-4_46A 581e_CD shi el ded_screening_attenuati on. pdf [inproved version of 2
above, |l ooks like a good way to do CMPT without ferrites + appears suitable for
[ evel 1 use]

5. 1 EC_46_107_PAS | EC_PAS. pdf [a draft docunent of 2 above - do not use]

6. EN 50289 1 6 March_2002. pdf [Cenel ec version of 4 above - appears suitable for |eve
1 use]

A net hod applicable for measuring the performance of unshielded BCUT' s based on S
paraneters and software conversions may be found in: ANSI/TIA El A-568-B.2-1 - yyyy.
Bal anced twi sted pair cabling conponents - Addendum 1 transm ssion performance
specifications for 4-pair 100 Chm Cat 6 cabling.

8.8.3 Electromagnetic radiation (EMR)

El ectromagnetic radiation testing is executed by using an antenna and the BCUT toget her
in a large chanber (known as a reverberation chanber) with netallic walls and a neans
to nodify the fields in the chanber (node stirring). The BCUT in this neasurenent
consi sts of the conplete bul k cable and the associ ated bul khead attachnents. Each end
of the BCUT shield (if any) is connected to fixtures nounted on the walls of the
chanmber with provision for the internal BCUT conductors to penetrate through the wall
Common node (single ended) transmitters are attached to the BCUT outside the chanber
and apply maxi mum anplitude conmon node signals to the BCUT. The transmitters are
attached in a manner that enulates the direction of the signal for each respective pair
in the BCUT.

Any changes to the geonetry of the shield within the EMR chanber (at the fixture
attachnent or by excessive bending, for exanple) may conpronise the accuracy of the EMR
neasur enent .

The EMR of the BCUT is the difference between the radiation neasured with the BCUT and
excitation in place and an identical test froman unshi el ded reference sanple. The
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reference cable nmay be created by stripping the outer shield off the BCUT or nmay be a
separate sanple of the same length (within 5 nm and be of the same construction as the
BCUT.

The significant difference between this specification and Met hod 3008 of M L-STD 1344
is that in this technique the BCUT is driven and the energy emtted fromthe sanple is
neasured. Method 3008 drives the reverberation chanber and neasure the energy received
in the sanple.

Under these conditions and using a node stirrer in the chanber the antenna detects al
the radi ati on emanating fromthe BCUT.

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
passi ve m crowave conponents.

8.8.3.1 Test fixture and neasurenent equi pnent

8.8.3.1.1 Measurenent equi pment

The foll owing equipnment 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 generally under conputer control. A shielded encl osure of
20" x 10° x 12 can be used optimally down to 200 MHz and possibly as | ow as 50 MHz.
The I ower frequency limt is determned by the size and specific properties of the
chanmber with |arger chanbers generally having |ower frequency Iimts. GCenerally good
performance at 50 MHz indi cates good perfornmance at 30 Miz.

Si gnal Generator — the signal generator should have roughly 0 to 10 dBm out put power
capability and controllable via an external interface bus. Frequency range should be
50 MHz or less to the upper limts established in 8.8.1

Power Anplifier — nmeasuring very well shielded BCUI’s nay require a 1-watt power
anplifier with a frequency range of 50 Mz or less to the upper limts established in
8.8.1.

Ant ennae — appropriate sense antennae for the applicable frequency range to neasure the
field fromthe BCUT with a typical frequency range of 50 MHz to the upper linmts
established in 8.8.1.

Pre-anplifier — broad band | ow noi se pre-anplifier is useful in neasuring well shielded
BCUT"s. Typical specifications are a gain of 40 dB and a frequency range of 50 MHz or
less to the upper Iimts established in 8.8. 1.

Spectrum anal yzer — the anal yzer should be instrunment bus configurable and have a
frequency range of 50 MHz or less to the upper limts established in 8.8.1.

PC controller — A PCwith a stable operating systemand software for instrunent contro
isideal. The PCis also required to performnotor control for the rotating vane.

8.8.3.1.2 Test fixture

Test fixture preparation can be involved, as it requires nmachining a brass plate with a
pre-defined cutout for the BCUT shield and conductors. The shield connection to pane
interface can be a significant | eakage nechani sm
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Fi gure 58 shows a diagramof a typical fixture. Termnation resistors are soldered to
the appropriate conductors of the BCUT as shown in Figure 59.

BCUT Shield
Fully Enclosed Shielded Chamber wall
Enclosure _\1 V4
Instrumentation

Connector \I:
ee i

Internal \ \\ BCUT
Conductors /

Note 1 Note 2

Figure 58 - Di agram show ng typical receptacle fixturing
Not es:

1. Al internal conductors are connected together and attached to center pin of the
coaxi al connector. The distance fromthe coaxial connector to the bul khead shoul d
be kept as short as possible.

2. A 360 degree connection of the BCUT shield and the end cap of the pipe is required.
Use of a washer, gasketing or soldering to insure there are no openings fromthe
adapter enclosure to the testing area i s recomended.

BCUT Shield
) Zcm
Fully Enclosed Shielded Chamber Wall
Enclosure —\ \ 4
W
; \\ BCUT
Internal ——/ \
Conductors Note 2
Note 1

Figure 59 - Far end conmon node termnation

8.8.3.1.3 Zcmdeterm nati on procedure

Using a TDR, neasure and record the single ended transmi ssion |ine inpedance of the
BCUT to be tested. This is easily acconplished using the test fixture in Figure 58.
Thi s single ended i npedance is neasured with the internal conductors shorted together
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and the shield of the BCUT connected to ground. This neasurenent determ nes the val ue
of Zcm shown in Figure 59 for the BCUT termnator.

8.8.3.2 Test setup

The test setup is shown in Figure 60. The BCUT fixturing is nounted to the wall of the
chanber .

The main concern is that fields fromthe signal excitation path may couple to the input
of the pre-anplifier giving a falsely high reading. For this reason the signal
generator is attached to the instrunentati on connector on the test fixture with at

| east double braid coax. The coaxial feed fromthe receive antenna to the pre-anp
shoul d use a simlar well shielded cable.

Receive Antenna

Rotating Van

for Mode Stirring

Broadband
Pre-amp

|

BCUT —~ :

: Spectrum

: | Analyzer

: PC Control Bus

Fully Shielded : N PC
Enclosures L Controller
Termination

Signal Generator

Figure 60 - Typical test setup

It is recommended that prior to any testing of BCUT sanpl es that several amnbient
neasurenents be performed to verify that the received signal are indeed due to
radi ation fromthe BCUT. Tests with no BCUT installed and tests with the BCUT
install ed but not excited are useful checks.

The pl acenent and routing of the BCUT is not critical but should extend into the node
stir chanber at least 3 feet. |If the BCUT is very close to the wall of the node stir
chanber, fields fromthe BCUT tend not to couple to the interior volune of the nobde
stir chanber.
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8.8.3.3 Calibration procedure

There are situations where the BCUT nust be used to create the reference sanple (for
exanple if only one sanple exists). |In this case the calibration procedure may be
performed after perform ng the BCUT neasurenent. The procedures described bel ow
assunmes that a separate reference sanple exists.

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

In all cases the signals are comopn node sinusoi ds.

Put the unshi el ded reference cable in place of the BCUT in Figure 60.

The signal generator is set to an initial frequency (50 MHz) and radi ated em ssion
level is recorded. The signal generator is then incremented to the next frequency and
the radi ated em ssion level is again recorded. These enmission |levels are recorded in
logarithm c space (dBm). This process is continued until the entire frequency range of
50 Mz to the upper limts established in 8.8.1 is covered. Linear frequency sweeps or
| ogarithm c frequency sweeps are comonly used.

The rotating vane of the node stir chanber is noved in 18 degree increnents and the
radi ated em ssion level is recorded at each vane position. An 18 degree increnent
equates to 20 positions where radiated em ssion levels are recorded for al
frequencies. Mre rotating vane positions could be used at the expense of |onger test
dur ati on.

For each frequency, the peak radiated emi ssion level found in a conplete sweep of the
vane positions is recorded. This set of peak emission |evel vs. frequency is the
calibration.

If nore convenient the vane position may be held constant while the frequency is swept.

8.8.3.4 Testing procedure

Renove the reference cable and attach the BCUT to the test fixture using the sane
physical routing as used for the reference cable.

Record neasurenents of the BCUT em ssions in exactly the sane way as was used for the
calibration that neasured the em ssions fromthe reference cable.

The shield effectiveness is the BCUT em ssions (in dB) mnus the reference calibration
em ssions (in dB) at each frequency.

8.8.3.5 Acceptable |evels

No acceptance levels are defined in this docunent.

8. 8.4 Commom node power transfer (CMPT)

Conmmon node power transfer (previously known as transfer inpedance or shield

ef fectiveness) applies to external shielded cables. Wen cables are attached to a
system they can add to the overall radiated em ssions of the system This additiona
radiation, is due in part, to the anount of energy transferred to the outside of the
cable shield frominside the EM encl osure. How nuch energy a particul ar cable allows
to escape the enclosure can be determ ned by neasuring the “CWPT" of the system
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Conmmon node power transfer is the power transferred fromsignals inside a shielded bul k
cable to the shield outside of the bulk cable. Wthin the context of a specific test
condi tion, one may assune linearity between the intensity of the signal inside the
shield to that transferred to the outside.

The CMPT neasurenent produces direct stress on the shielding system by using unbal anced
driven signals. The CWPT captures energy placed on the shield by the test fixture
system and by | eakage t hrough the shield between the test fixture and the current

clanp. The EMR test neasures the radiation pattern fromthe entire shield. Depending
on the details of the construction of the BCUT and the source of |eakage one may not

al ways get cl ose agreenent between the CMPT and EMR tests.

8.8.4.1 Test fixture and nmeasurenent equi pnent.

Test equi pnent needed:

Spect rum Anal yzer HP 8595E or equi val ent
Si gnal Gener at or HP 8657B or equi val ent
Signal Anplifier HP 8447D or equi val ent

Absorbing / CQurrent d anp Rhode and Schwarz MS-21
Test Bed and Adapters

The test bed consists of a 6” inch dianeter flue pipe, whose seam has been separated to
nake a 7" dianmeter slotted flue pipe. Seven inch end caps are used at either end. The
sl ot opening in the side of the pipe is used for inserting and renoving cable
assenbl i es under test. This slot opening could have a hinged cover if there is
excessive RF noise in the test environnent.

Coaxial connector to
BCUT Shield
Adapter

Figure 61 - Ceneral view of BCUT adapter (test fixture) and “stovepi pe”

The test bed needs an adapter to bring the signal fromthe signal generator to the
BCUT.

The bul khead connection of the adapter is a solid connection through 360 degrees
bet ween the face of the adapter and the test bed encl osure.
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BCUT Shield
Fully Enclosed Shielded End Cap of
Enclosure —\ K Test Bed
Enclosure

Internal / \ \\ BCUT

Conductors /

Notes:1 Note:2

Figure 62 - Test fixture for individual cable assenblies

Not es:

1. Al internal conductors are connected together and attached to center pin of the
coaxi al connector. The distance fromthe coaxial connector to the bul khead shoul d
be kept as short as possible.

2. A 360 degree connection of the BCUT shield and the end cap of the pipe is required.

Use of a washer, gasketing or soldering to insure there are no openings fromthe
adapter enclosure to the testing area i s recomended.

The BCUT is terminated on the far end with the circuit shown in Figure 63.

Conductors of
BCUT

Z(cm) —1» % :

Figure 63 - BCUT term nator

|

8.8.4.2 Calibration procedure
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Using a TDR, neasure and record the single ended transm ssion |ine inpedance of the
BCUT to be tested. This is easily acconplished using the test fixture in Figure 63.
This single ended i npedance is nmeasured with the internal conductors shorted together
and the shield of the BCUT connected to ground. This neasurenent determ nes the val ue
of Zcm shown in Error! Reference source not found. for the BCUT term nator

The internal common-node current is established by inserting the BCUT in to the stove
pi pe (nmeasurenent fixture) and absorbing / current clanp as shown in Error! Reference
source not found., 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 BCUI. The
measurenent indicates the current that exists on the shield of the BCUT between the
test fixture and the center of the current clanp, in the MDS-21. The center of the
current clanp should be placed as far away as possible fromthe test fixture. The far
end of the BCUT is terminated in its transm ssion |line inpedance, Zcm wth the BCUT
term nator.

Coax to 2 Input
BCUT Test Spec Anal  §

Fixture BCUT \
BCUT Terminator
M
Coaxial'T’

connector
AN

Current Probe Absorbing Clamp Enclosure
(Stove Pipe)

Figure 64 - Calibration configuration

Set the signal generator’s RF output to O dBm and sweep from 100 Mz to 1 G or the
hi ghest frequency required. Record this output with the spectrum anal yzer in dBm as
Pin to be used in the final CVMPT calculation. Pin should be between 0 and -10 dBm

8.8.4.3 Testing procedure

Pout, the power generated on the outside of the cable as a result of the conmon node
power transfer function is neasured and recorded. The common node power transfer
CWPT, is derived fromPin and Pout.

CMPT = Pout - Pin

Pout is neasured using the setup as shown in Figure 65. 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 Chmterninator. Leave the
signal generator set to O dBm and sweep from 100 MHz through 1 Gz or the highest
frequency required. The spectrum analyzer records the external power, Pout.
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Sig Gen - -
Output, o
Amp.

BCUT
/ \  BCUT Terminator dS
/ In Out
¥

N

i
50 Ohm / \ b

\
Current Probe Absorbing Clamp Enclosure

Fi gure 65 - Measurenent configuration

A sanpl e spectrum anal yzer display is shown in Figure 66 and the calculated CMPT i s
shown in Figure 67.

dBm

100 190 280 370 460 550 639 729 819 909 1000
Frequency (MHz)

Figure 66 - Pin and Pout exanple
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-10

-20

-30

dB

-40

S0t 3585 MHz
-67.7dB

f \\ |
MMWWWWW

-70

-80 T T T T T T T T T
100 190 280 370 460 550 639 729 819 909 1000
Frequency

Figure 67 - CMPT cal cul ated using Pin and Pout

At each frequency the comon node power transfer is calculated fromthe follow ng
equati on:

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

For exanple, in Figure 66 at 358.5 MHz Pout is -67.7 dB and Pin is -9.4 dB

CWPT = (-67.7dBm -26dB + 17dB) — (-9.4dBm) = -67.7dB

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
wi th frequency.

8.8.4.4 Acceptabl e Ranges

The intent of the test affects the acceptable range. |f the bul khead attachnment is not
wel |l 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 it’s nmating connector then across the
frequency range of 100 MHz to 1 GHz a recommended acceptable CMPT is less than -40 dB

The CMPT neasurenent is unique to this docunment and SFF-8410 at the nonent.
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Annex A - Conparison of within pair skew neasurenent nethods

(Contributed by Greg Vaupotic, Principal Engineer, Anphenol Spectra Strip)
A. 1 Measured within-pair delay skew, results dependent on nethod
A 1.1 Preface

Thi s annex conpares three different methods that m ght be considered for nmaking within
pair skew neasurenments. The nmethod defined in the body of this docunent is not
affected by this Annex.

Measured in-pair del ay-skew is highly dependent on test conditions. Conflicting test
results abound when simlar sanples are tested by differing nethods. This is because
we rarely measure frequency dependent intrinsic propagation delay defined as:

[(Rseries + jWL)/(GShunt + jWC)]llz-

What we do neasure, and often but erroneously call "delay", is really intrinsic
propagation delay plus sonme portion of risetinme. But risetime is intensely dependent
on sanple length and the overall neasurenent is dependent on details of the test
conditions as will be shown in this Annex.

Reconmendati ons are presented after surveying test results taken from one sanpl e,
showi ng skew and 10-90%ri setines under a wide variety of test conditions.

The sanpl e used for the nmeasurenents reported in this annex is 15 meters |long, 100 W,
shi el ded parallel pair with 30 AWG conduct ors.

A 1.2 Setup 1 (Bit Error Rate Tester (BERT) and oscill oscope)
A continuous square-wave source set to various bit-rates (frequencies) feeding a

digital oscilloscope. Adjustable delay lines were used to adjust the delays of the two
signal paths (data and inverted-data) to equality.

Signal Source | Microwave Logic GigaBERT 1400

BERT Signal Source .
Signal Receiver Data Data

Tektronix 11801B P @
Digital sampling oscilloscope

Cable here
Data
0 /N
}I Adjustable delay lines
@) |
Data (2) small fixtures (2) 36 inch coax

of .085" semi rigid coax

Figure A.1 - Measurenent setup 1
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Skew (at 50% that closely approxi mates where the + signal and - signal "cross") and
risetime were neasured at 500, 400, 300, 200, 150, and 100 M/ sec (symmetric square

waves at the follow ng frequencies: 250, 200, 150, 100, and 75 MHz).
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A 1.3 Setup 2 (time domain thru):

A digital oscilloscope was set to have zero skew at TDR signal |aunch. Skew was
nmeasured through the fixtures and was approximately 1 picosecond.

Tektronix 11801B
Digital sampling oscilloscope with SD-24 TDR heads

Sample here
Data Data
. O |= / \ —| O | _
signal g signal
source o |= | o receiver
Data| (2) small fixtures Data

of .085" semi rigid coax

Figure A 2 - Measurenment setup 2

The time base was set at 5120 points for maxi numresol ution, and averagi ng was set to
256 sanples to reduce noi se effects.

Skew was measured using the 50% - 50% Ti ne Domai n Thru Met hod (at 50% of the rising and
falling edges of the received waveforn). The tine base was set at 10, 20, and 50 ns
per division to show effects of tinme base setting on neasured skew and riseti ne.

Last, measurenments were nade on the undi sturbed setup and undi sturbed sanpl e using the
Delta Voltage Tinme Domain Thru Met hod where one cursor was nanual ly set on the output
basel i ne and the other cursor was adjusted to 50, 100, and 110 millivolts away fromthe
basel i ne.
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A 2 Results:

Met hod: BERT and oscil | oscope
Using oscilloscope software to find "baseline" and "topline"

"Ri setime"
Bit Rate Frequency Skew 10- 90%

Mo MHz pi coseconds nanoseconds
500 250 - 13.7 1.32
400 200 - 3.2 1.58
300 150 + 10.7 1.95
200 100 + 12.7 2.57
150 75 - 10.3 3.25
100 50 + 29.3 4.22

Met hod: BERT and oscil | oscope
Manual |y setting the "baseline" and "topline"

(hserve, conpared to above, val ues change, but signs remain the sane
"Ri setinme"
Bit Rate Frequency Skew 10- 90%
Mo MHz pi coseconds nanoseconds
500 250 - 17.1 1.33
400 200 - 11.5 1.61
300 150 + 2.11 2.00
200 100 + 6. 26 2.62
150 75 - 5.7 3.23
100 50 + 33.8 4.23
Met hod: 50% - 50% TDT  (Ti ne Domai n Thru)
Ti ne Base "Ri setinme"
setting Skew 10- 90%
ns / pi coseconds nanoseconds
di vi si on
10 + 117.3 24. 4
20 + 91.2 38.9
50 + 100.1 57.9

Met hod: D Voltage TDT  (Tine Domai n Thru)

Delta "Ri setinme"
Vol t age for Skew 10- 90%
nmeasur enent pi coseconds nanoseconds
+ 50 v + 10
+ 100 nv + 40 ---
about 50% + 110 nv + 80 ---
>>>

A. 3 (Cbservations

Note that the nmeasured skew fromthe BERT and Oscill oscope Method is extrenely variable
and even changes sign dependi ng on frequency (one | eg nay be faster at one square wave
frequency but the sanme leg may be slower at a different frequency).

Note the relative uniformty of the 50% - 50% TDT Met hod data, where |arge changes in
time base setting resulted in relatively snmall changes in neasured skew. Note also
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that the neasured skew is always greater than skew seen with high frequency square
waves.

Note that the D Voltage TDT Method, particularly at + 100 nv, gives a skew neasurenent
that is about the same as the worst BERT data. This might only be true for about 15
neters at simlar wire size. Different sanple lengths and wire sizes mght have
different D voltages that would reflect end-use.

A. 4 Recommendat i on

The 50% - 50% TDT Met hod gives data that m ght minimze unpl easant surprises in the end
use. The D Voltage TDT Method, when D volts is skillfully chosen on a case-by-case
basis, mght give results approximately equal to end-use while easing the cable

producers burden by not overstating skew. The D Voltage TDT Met hod m ght be dangerous
if casually applied to a broad range of products.
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Annex B - Effects of within pair skew on insertion |oss (asynptotic behavior vs
frequency)

(Contributed by Greg Vaupotic, Principal Engineer, Anphenol Spectra Strip)
B. 1 Background

Al'l egedly, within-pair skew causes suckouts to be present in neasured insertion |oss.
The frequency of skew rel ated suckouts may be cal cul ated using the foll owi ng equation

- _1+2n —
Freq_Z(Skew) forn=0,1,....

Several shielded parallel pair cable sanples were exam ned to study these predicted
suckouts. No suckouts were observed when neasuring these cables even though purposely
i nduced skew was known to be present in the construction. The experinental
observations appear to contradict the predictions thereby providing notivation to
further investigate.

Presented data confirns the equation, but only when [ aunch skew exists. Launch skewis
a condition where the drive signals are msnmatched in tine. |If one wire of the pair is
driven before the other wire, then a |l aunch skew condition exists.

Finally, a curious effect is noted, where insertion |oss degradation of high-skew pairs
appears to stabilize at high frequencies.

B. 2 Acknow edgenent

Dean Verneersch, Tyco El ectronics, provided val uabl e insight concerning | aunch skew.
B. 3 The sanpl es

Three sanpl es were neasured:

1) A single shielded parallel pair having | ow wi thin-pair skew.

2) A single shielded parallel pair, “identical” to above, only deliberately designed
for very high skew.

3) A round nineteen pair cable, 15 neter |l ength, containing shielded parallel pairs
havi ng both very good and very bad skew.
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B.4 Results - |aunch skew

Fi gure Bl denonstrates the effect of |aunch skew. A | ow skew neasurenment setup was
nodi fied by inserting adapters into the signal path going to one wire of the | ow skew
pair, while the other wire was driven without the adapters. The drive signal therefore
had 162 ps | aunch skew. The equation predicts a suckout at 3.09 GHz (and odd

harnoni cs). The first suckout is confirmed for | aunch skew.

Insertion Loss
10 meter samples

0

\
-10 Hk““\
1 L Low - Skew Pair --
M\( Skew 24 ps /10 meters
20 [~ e —
~ ]
& T [T ————
8 //NJM
£ -30
o
—
0
© .40 \
Launch Skew creatgd by adding adapter_ Launch Skew added to Low - Skew Pair
to one side of test fixture. Adapter electrical
50 | |length measured 162 ps using a TDR.
Based on 162 ps, calculated suckout is 3.09 GHz ¥ 2.98 GHz
Measured is 2.98 GHz. Measured
-60 - -
0 1000 2000 3000 4000 5000 6000
Frequency MHz
Figure Bl - Lowskew pair vs. |owskew pair with added 162 ps | aunch skew
B.5 Results - | ow skew pair and hi gh-skew pair

If within-pair skew caused suckouts, the high-skew pair would have shown a suckout at
about 1.48 GHz, based on the above equation. There is no evidence of such a suckout in
Figure B2 where results fromsuch a sanple are shown.
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Insertion Loss
10 meter samples

0
10 \\\“E
wm | Low Skew Pair
\kﬂi\‘é Skew 24 ps /10 meters
20 /' ———— e
~———] —_—

" High Skew Pair ]
ol Skew 337 ps /10 meters N
o -30
IS
o
—
0
o

-40

-50

-60

0 1000 2000 3000 4000 5000 6000

Frequency MHz
Figure B2 - Low skew pair vs. high skew pair
B,6 Results - 19 Pair Cable
If within-pair skew caused suckouts, the pair having 264 ps skew woul d have shown a

suckout at about 1.89 GHz. Lower skew pairs woul d have higher frequency suckouts.
Again, no suckouts are present in the results fromsuch a sanple as shown in Figure B3.
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I "‘“‘ﬁ”“‘ —264
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0 1000 2000 3000 4000 5000 6000 7000 8000
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Figure B3 - Insertion loss - 19 pairs, 15 neter sanple
B.7 Curious effect
Figure B3 shows insertion | oss for high-skew pairs rapidly diverging fromloss of |ow
skew pairs up to about 3 GHz. But, at frequencies higher than 3 GHz the difference in

| oss diverges much | ess rapidly.

Figure B4 shows the | oss of the seven worst pairs with respect to the | owest | oss seen
inthe entire 19 pair data-set. Excess loss is calculated as foll ows:

Excess Loss = (Measured loss of a pair) — (Mninmumneasured loss fromentire data
set)

The four highest skew pairs show rapidly increasing loss to 3 GHz. At higher
frequenci es the excess | oss becones al nost “flat”.
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RELATIVE TO MINIMUM MEASURED LOSS FOR 19 PAIRS

"MMNM W
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—_122
126
-10 142
—213
224
-12 —260
—264

dB / 15 meters

-14

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Frequency MHz

Figure B4 - "Excess" insertion loss - several pairs, 15 neter sanple

Bel ow, the best pair and the worst pair fromfigure B4 (122 and 264 ps skew) are
exam ned froma phase-shift perspective. Assuning the excess |oss is caused
excl usi vely by skew i nduced phase shift, that shift can be cal cul ated as foll ows:

Qut put signals (volts): Vpos = 0.5 Vneg = -0.5 (cosq) g = phase
shift
Differential output: vdi ff = Vpos — Vneg = (0.5 - (-0.5(cosq)) = 0.5
(1+cosq)
Differential input (g =0): Vin = 0.5 (1+cos0) = 0.5 (1+1) = 1
V, 0.5(1+co
Excess Loss: dB = ZOlog(jiyl) = 20Iog(———£—1—i%92)

IN
dB
then (] = acos(2(1020 - 1))

Fi gure B5 shows the phase shift required to produce the neasured “excess” insertion
| oss according to the equation above.
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RELATIVE TO MINIMUM MEASURED LOSS FOR 19 PAIRS
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Figure B5 - Phase shift required to account for "excess" insertion |oss - selected

pairs, 15 neter sanple

The phase shift of the worst pair (264 ps / 15 neters) rises rapidly to 3 Gz, then

rises very slowy between 3 Gz and 9 GHz. The author of this annex woul d not have

predicted this result.

B.8 Inplied maxi mum skew

Figure B6 shows the inplied skew as derived fromassuming that the insertion loss is
caused by within pair skew. The inplied skewis calculated fromthe phase shift via
the foll ow ng equation

Implied skew = (phase shift)(period/ 360) = (phase shift)/ (360 * Frequency)

The data shown in Figure B6 did not conme fromthe sanme sanple as shown in Figure B5 and
is used for illustration of principle.
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Skew ps for 10m

500
| | | | | | | |
450 Fixture attachment effects might explain some of the high skew
observed at low frequencies.
400 Attenuation is very low at low frequencies. Therefore, low —
frequencies are very sensitive to small attachment inconsistencies.
350
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100 MW ~—]
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— (TDT skew)
0l T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
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Figure B6 - Skew vs. frequency for 10m sanpl e

B. 7 Comment s

1.

The aut hor of this annex used Ansoft’s 2D el ectronagnetic simulator to nodel a high-
skew pair and a | owskew pair. The nodel ed attenuation of the | ow skew pair
adequat el y matched previously shown data. The nodel ed attenuation of the high-skew
pair was much | ower than neasured data. Perhaps 3D simulation mght be nore
accur at e.

Only shielded parallel pairs were neasured. Qher types of pairs m ght conceivably
show skew rel at ed suckouts, although this seens unlikely.
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Annex C - Progressive cut down in-pair skew, risetinme, and insertion | oss neasurenents
C. 1 Overview

Thi s annex presents data concerning the distribution of in pair skew, signal transition
duration (risetinme), and insertion loss along the | ength of sanples of bulk cable. In
order to elimnate sanple to sanple variations the sane sanpl es were neasured and then
cut to shorter lengths that were then renmeasured. The neasured results indicate the
performance at the length nmeasured. |f properties scale with length then one expects
to see properties be linearly related to the length. It is also possible that a non
linear or at |east nonotonic relationship could exist. This annex expl ores nmeasured
distributions in typical shielded pair constructions.

C. 2 First sanple set
C. 2.1 Overview

In sub clause C.2 two ‘identical’ pairs were created, one having | ow skew, the other
havi ng desi gned-in skew. In subclause C.5 there was no prescreeni ng used.

Skew and risetinme of these pairs were neasured at the following lengths: 1, 2, 4, 8,
16, and 32 neters. Insertion |oss was neasured at 2, 4, 8, 16, and 32 neters.

C. 2.2 Wthin-pair skew

Pairs were neasured using the TDT nmethod, with data taken at the 50% poi nt of the

signal transitions.

Dat a Dat a Cal cul at ed Cal cul at ed
Length Low skew pair | H gh skew pair | Low skew pair | H gh skew pair
neters ps for total ps for total ps / meter of ps / nmeter of
| engt h of | engt h of sanple length | sanple I ength
sampl e sanpl e
1 - 1.07 - 16.02 - 1.1 - 16.0
2 - 9.49 - 31.8 - 4.8 - 15.9
4 - 14.04 - 141.5 - 3.5 - 35.4
8 - 48.6 - 288.8 - 6.1 - 36.1
16 - 94 - 643 - 5.9 - 40.2
32 + 94 * - 1520 + 2.9 - 47.5

Cbservati on:

* The 32 neter | ow skew data nay have been recorded incorrectly.

Cal cul ated skew clearly shows that skew does not scale with sanple length
when neasured using the TDT nethod at 50% points.

Unfortunately, this

dat um can not be confirnmed as the sanples were destroyed as part of the experinent.
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C. 2.3 Risetinme (10-90% at far end of sanple

Ri setime was recorded fromthe differential signal at the end of the sanples as shown
in the table bel ow

The TDT net hod for measuring propagation del ay, hence skew, does not really neasure
intrinsic (real) propagation delay. TDT neasures intrinsic delay plus risetinme to the
50% poi nt of the signal transition in the data shown here.

Delay” 1715006 5006 = DEl@YRea, *+ RiSEiMe o, 500,

Length Low skew pair H gh skew pair
neters risetine risetine
ns ns
0 (fixture) . 091 . 091
1 . 201 . 209
2 . 453 . 442
4 . 897 . 935
8 2.503 3.415
16 12. 57 13.78
32 40. 88 42.71

Because risetime changes dramatically with sanple |l ength a najor conponent of skewis
the matching of risetinmes between the + signal and the - signal of the pair. |[If the
only skew is that caused by risetine differences and the risetinme for both the + signa
and the - signal is distributed along the sanple I ength by the same (non linear)formula
except with a small difference in the formula paraneters between the + signal and the -
signal then the resulting skew would not scale linearly with length. The skewin this
case woul d have a nonotonic relationship to the | ength however.

The risetinme matchi ng between the + signal and - signal nmay have a statistica
relationship to the length as would the risetine dom nated skew.

Figure Cl and C show respectively the risetinme data plotted as a function of |ength
and as normalized to the sanple |ength.
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Figure C2 - Differential risetine normalized to length
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C.2.4 Insertion | oss

Insertion |loss for the sane sanple set was nmeasured using a 4-port network anal yzer
(Agil ent E8358A with ATN-4111D test set) as shown in Figure C3.

oserve the absence of skewinduced suckouts. Also, for all nmeasured | engths, the high
skew pair’'s insertion loss is significantly greater than that of the | ow skew pair.

0
2 meter
N . P R R R S R S N S LT A A A~ AN A~
] NN AAANNAAAANARARANAAN
K%; e AN MM ODOCOOGO0OE00I00
R N e e E——— e
NI - Hi Skew
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o AN \“\ —] B
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S -40 \\ M~ M‘"’“W"wn,.,, 16 meter
o \ EWNWWWMNW
Hi Skew \\\
\“\
-50 '
32 meter
-60 M‘
0 1000 2000 3000 4000 5000 6000
Frequency MHz
Figure C3 - Insertion loss for the high skew pair and the | ow skew pair

C.5 Second sanpl e set

The data in this sub clause was acquired on bul k sanpl es provi ded by Mdi son Cabl e.
There was no identified prescreening used for these sanples and they nay or may not
represent properties of shipping Madi son Cable products. The data is provided as
exanpl es of behavior that can exist in real bulk cables.

The following table contains the raw data on within pair skew Wthin pair skewis
cal cul ated as TD2 - TDL.
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Mad. P/ N: DOSDK00038 — Sanple A
08SDK00002
Spec# Mad 12360 :4Pr Twi sted Pr
(ps/ 32m (ps/16m
TD1 TD2 Skew TD1 TD2 Skew
Bl ack- Red 155. 7659 155. 9136 147.7 77.9326 77.7292 -203. 4
G een- 154. 5159 154. 7292 213.3 77.0576 77.1508 93.2
Wi te
Or ange- 153. 5159 153. 7292 213.3 76. 7384 76. 5573 181. 1
Bl ue
Br own- 153. 7373 153. 7292 -8.1 76. 9326 76.8125 -120.1
Yel | ow
(ps/8m (ps/4m
TD1 TD2 Skew TD1 TD2 Skew
Bl ack- Red 38. 1244 38. 1240 -0.4 18. 9896 18. 9505 -39.1
G een- 37.7838 37.7649 -18.9 18. 7833 18. 7852 1.9
VWite
Or ange- 37.5635 37.5345 -2.9 18. 7131 18. 7041 -0.9
Bl ue
Br own- 37.6837 37. 6537 -30.0 18. 7407 18. 7220 -18.7
Yel | ow
(ps/2m (ps/m
TD1 TD2 Skew TD1 TD2 Skew
Bl ack- Red 9. 3975 9.3792 -18.3 4.6405 4.6201 -20.4
G een- 9. 2370 9.2191 -17.9 4.5159 4.5030 -12.9
Wi te
Or ange- 9. 2224 9. 2041 -18.3 4.5496 4.5487 -0.9
Bl ue
Br own- 9. 2451 9. 2462 1.1 4.5496 4.5487 -0.9
Yel | ow
Mad. P/ N: DOSDK00038 - Sanple B
04KB200001
Spec# Mad 100-5509 :Parallel Pr WDrain
(ps/32m (ps/ 16m
TD1 TD2 Skew TD1 TD2 Skew
#1 154. 2659 154. 2292 -36.7 74.4881 74.4792 -8.9
#2 154. 2659 153. 9792 286.7 74.3425 74. 4930 150. 5
(ps/8m (ps/4m
TD1 TD2 Skew TD1 TD2 Skew
#1 36. 2053 36.1488 -56.5 17. 9624 17.9463 -16.1
#2 36.1302 36. 1054 -24.8 17.9322 17.9376 5.4
(ps/2m (ps/ m
TD1 TD2 Skew TD1 TD2 Skew
#1 8. 9115 8. 9054 -6.1 4. 4055 4.4016 -3.9
#2 8. 8606 8.8758 15.2 4.4142 4.4132 -1.0
Mad. P/ N: DOSDK00038 - Sanple C
04KD200001
Spec# Mad 100-4376 :Parallel Pr WO Drain
(ps/ 32m (ps/16m
TD1 TD2 Skew TD1 TD2 Skew
#1 135. 4395 135. 5655 126.0 68.2163 68. 2640 47.7
#2 135. 7545 135. 9330 178.5 68. 3488 68. 4442 95. 4
(ps/8m (ps/4m
TD1 TD2 Skew TD1 TD2 Skew
#1 33. 3606 33. 3866 26.0 16. 6413 16. 6361 -5.2
#2 33. 4516 33. 4594 7.8 16. 6972 16. 6751 -22.1
(ps/2m (ps/m
TD1 TD2 Skew TD1 TD2 Skew
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#1

8. 2557

8. 2485
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4.0613

#2

8.2732

.
M~
NN

8. 2804

4.0908

4.0761

HPElI Bul k Cabl e El ectri cal

Per f or mance

Page 134



Publ i shed SFF- 8416 Rev 15.0

The sane data shown in the table above is reproduced in the table bel ow for ease of
conpari son.

Summary of skew (ps) for cut down sanples of |ength indicated

Sanple Iength (m) |32 | 16 | 8 ERE |1

Sanple A

Bl ack- Red 147.7 -203. 4 0.4 -39.1[-18.3] -20.4

Green-Wite 213.3 93. 2 -18.9 1.9 -17.9 -12.9

Or ange- Bl ue 213.3 181.1 -2.9 -0.9 | -18.3 -0.9

Br own- Yel | ow -8.1 -120.1 30.0 18.7 1.1 -0.9
Sanpl e B

Pair #1 -36.7 -8.9 -56.5 -16.1 [ -6.1 -3.9

Pair #2 286. 7 150.5 -24.8 5.4 15.2 1.0
Sanple C

Pair #1 126.0 47.7 26.0 -5.2 | -7.2 -29.2

Pair #2 178.5 95. 4 7.8 -22.1 | 7.2 -14.7

C. 6 Summary and concl usi ons

It is very clear that the within pair skew does not scale with I ength for these sanpl es
(except for a few isolated cases where there is the fal se appearance between

nei ghboring lengths that a linear relationship exists). There is a relationship

bet ween the | argest skew neasurenents being in the general set of sanples with the

| onger lengths but this relationship is not even nonotonic within the sane pair.

Exam nation of the data clearly shows a significant ‘statistical’ content and validates
the position in this docunent that within pair skew is not considered to be predictable
fromsanple | engths other that those intended for use in the application

It is reconmended that specifications use total skew for the application |ength and
avoi d using a skew per unit length fornat.

If a linear, nonotonic, or any other predictable relationship with length for within
pair skewis found for a particular set of sanples or for a specific product froma
specific supplier then these sanpl es/ products contain systematic causes for the within
pair skew that are renpvable (in principle) by identifying the causes and elimnating
them from t he nmanufacturing process.
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Annex D - Measurenent met hodol ogy dependent bias in within pair skew
(Contributed by Greg Vaupotic, Principal Engineer, Anphenol Spectra Strip)
D.1 Overview

Wthin pair skew neasurenent nethodol ogy can contribute significant bias or shift to
the results. This annex conpares three nmethods for nmeasuring testing within pair skew
in | ong bal anced-pair cabl es.

The superiority of the "Alternate Top-Line" nethod of measuring within-pair skew
conpared to two other commonly specified nmethods is denonstrated. Al three nethods
are described and an assunption is stated. Data are presented which appear to validate
the assunption. Data shows that the nethods differ greatly in capability.

(Coment: It is well known that a cable's skewin the lab can be quite different
conpared to skew in the system Laboratory skewis, however, a good figure of merit
even if not a perfect predictor.)

D. 2 Details of neasurenent nethodol ogi es used
D. 2.1 50% 50% TDT | EEE Met hod:

A differential signal is launched into the near end of a balanced pair, the far end is
termnated into a proper load, and the signal at the load is examned, typically with a
digital sanpling oscilloscope (e.g.: Tektronix 11801 series). This nmethod requires the
oscill oscope to "find" the 0% and 100% | ocati ons on the received waveforns. But, |ong
cabl es exhibit "dribble-up", where the tinme taken to achi eve 100%is exceptionally
long. In fact, this dribble-up time is so long that the oscilloscope perfornms in an

i nconsi stent manner, yielding inconsistent results.

D. 2.2 Crossing nethod:

A differential signal is launched into the near end of a balanced pair, the far end is
open circuit (floating). The signal is reflected by the open circuit at the far end,
and returns to the | aunch-point where the skew is neasured. The round-trip skewis
said to equal tw ce the one-way skew. The del ays are determ ned by exam ni ng when the
refl ected signal crosses through sone pre-defined voltage levels (e.g.: "true" signa
goi ng through + 100 nv, "conpl ement signal going through - 100 nmv). This nethod

provi des better data than the | EEE nethod, but the Crossing nethod's accuracy is
limted by inconsistencies in the test instrument. For exanple, the "true" and

"conpl enent" pul ses |launched into the pair are NOT perfectly equal, and the anplifiers
that exami ne the reflected signal do not have equal gain or equal offset. The Crossing
nmet hod, al though having limted accuracy, has a strong virtue conpared to the other
nmet hods under di scussion: only one end of the cable nmust be "prepared" for test. This
reduces testing | abor-cost, and makes the nethod appropriate where accessing both ends
of the cable is otherwise inpractical (e.g.: in-process tests during assenbly
operations).

D. 2.3 50% 50% TDT alternate topline nethod

This nethod is alnost the same as the | EEE nethod. The problem of |ocating the vague
100% point is resolved by finding the highest value on the oscilloscope screen, then
defining 100%to be 90% of this highest value. Experience (and data) indicates that
this nodification to the | EEE nethod greatly inproves consistency.

D. 3 Assunption

HPEI Bul k Cabl e El ectrical Performance Page 136



Publ i shed SFF- 8416 Rev 15.0

If within-pair skewis nmeasured with one leg going to "true", then by flipping the pair
so the nmeasurenent is on the sanme leg going to "conplenent", one should find the
nmeasurenent results to be equal and opposite if all else in the neasurenent renains
unchanged (i.e., perfect). For exanple, if skew neasures +25 ps on a 10 neter pair
before the flip the skew shoul d neasure -25 ps on the sane 10 neter pair after the

f1ip.

If the assunption is true, or nearly true, then totaling the skews neasured froma 22
pair cable with the skews neasured fromthe sanme cable "flipped" should equal zero. |If
the sum of flipped and non-flipped is not zero, then the test has a bias, or built-in
error. Bias is usually instrunent and setup dependent. The producer's test setup has
one bias, the custoner's has a different bias, so disagreenents are frequent when
producer and custoner neasure the same sanple.

D. 4 Measurenent results

Fi gure D1 shows three graphs, with data taken fromone 22 pair cable having 20 neter
| engt h.

The top graph (I EEE nmet hod) shows very w de data scatter, showing a 34 ps / 20 neter
bi as.

The middl e graph ("crossing” nethod with reflected pul se) shows much | ess scatter and
is therefore a better test -- but Crossing nethod still shows a very significant 31 ps
/ 20 meter bias.

The bottom graph (Alternate Top-line nethod) shows al nbst mirror images conparing swap
to non-swap data. The bias is only -2 ps / 20 neters, in this case about 93%/ ess
bi as than the "crossing" method.

D. 5 Concl usi on

The | EEE net hod shoul d not be specified for |ong cables (those having significant

dri bbl e-up). The crossing nethod m ght advantageously be specified where only one end
of the cable is available to test, or for econony where producer and custoner agree
that tol erances are generous enough to allow a reduced capability test. The alternate-
topline met hod shoul d be specified for | ong cabl es havi ng demandi ng tol erances.
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Figure D1 - Wthin-pair skew, ps per 20 neter |length, three nmethods conpared
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