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Abstract: This specification defines the testing and perfornance requirenents for
hi gh speed optical bidirectional cable assenblies and associ ated passive system
connections operating at high speeds (>1 GBaud in each direction). This architecture
is used in nost applications requiring high speed serial optical connections such as:
Fi bre Channel, Ethernet and Infini band.

Q her applications for this general -purpose specification are al so possible.

This specification provides a conmon specification for systens nanufacturers, system
integrators, and suppliers of conponents in the referenced area. This is an interna
wor ki ng specification of the SFF Commttee, an industry ad hoc group

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

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
i nstrunmentation suppliers. Test procedures nust conply with this specification to
achieve interoperability and interchangeablity between suppliers of optical cable
assenbl i es.

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

H gh Speed Optical |nterconnect Testing
Measur enent and Performance Requirenments for Passive Optical Connections

1. Scope

This specification defines the term nol ogy and physi cal requirenents for specifying

and enforcing through neasurenments the optical and associ ated el ectrical perfornmance
requi renents on hi gh-speed serial optical connections. Such performance requirenments
are in addition to the mechani cal and environmental requirenents specified el sewhere.

This specification is the first SFF specification to deal with the optica

i nterconnect performance requirenments directly. This specification is patterned after
a previous SFF specification, SFF-8410, which is directed at copper serial |inks.
Optical performance specifications have previously been | eft to accredited standards
bodi es or other foruns. In the high-speed serial applications area, however, the

exi sting specifications in standards specifications have been found to be inadequate
to produce the sanme results between i ndependent neasurenents of the sanme paraneters
on the sanme hardware

Thi s specification defines neasurenent specifications that include enough detail to
al l ow the performance specifications to be used effectively. Until such tinme as

st andards specifications include such detail this specification can serve as the
specification for the neasurenent nethodol ogy.

Passi ve optical interconnect has traditionally been characterized by a very sinple
set of d.c. performance requirenments such as optical power |oss. Wile such

requi renents are inportant they do not consider several high-speed requirenments such
as bandwi dth and cross tal k. These hi gh-speed requirenents are sensitive to
paraneters that are not very inportant to the d.c. perfornance. One mmjor addition
to the suite of requirenments for passive optical interconnect are those defined in
this specification relating to bandwi dth and cross talk.

The nunerical performance requirenments for specific technologies are formally set by
the standards that apply. Were these specifications are directly translatable to

t he met hodol ogi es specified in this specification, this specification should be used
in order to achieve transportable results.

The acceptabl e values for sonme of these paranmeters as published in recent standards
specifications are included as an annex to this specification. It is the intent of
this SFF specification to provide the neasurenent nethodol ogy that should be used to
verify these performance paraneters for optical interconnect. The nunbers presented
in this annex represent the val ues known as of the date of the revision but the
presence of a value in the annex to this specification is for conveni ence only and
does not constitute a standards requirenent. Please refer to the relevant standard
for the nost current nunerical requirenents.

This specification is specifically ained at the requirenents for |inks where signals
are traveling away fromthe transnitter at the sanme tine other uncorrel ated signals
are being recei ved by nei ghboring receivers. The test conditions required for this
bi -directional application are sonewhat unique - especially with respect to the
effects of the signals on the parts of the cable assenbly that is not directly under
test.

Fortunately, the cross talk interactions between the optical paths involved does not
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i nvol ve direct optical coupling for alnost all practical applications (where the

i nterconnect is not defective). On the other hand, the cross talk in the electrica
portions of the links may be significant. It is not the intent of this specification
to define conprehensive test and performance requirenents for optical transceivers.
However, since optical neasurenents nust be nade using electrical circuitry one
cannot avoi d considering the cross talk effects when evaluating the optica

per f or mance.

The performance requirenments include the effects of connectors and all the parts of
the connection that are required to make a conplete link. These requirenments apply
directly to several optical connectors specified nmechanically in other SFF
specifications and in other specifications referenced. The optical connectors SC

ST, LC, SG WMI, MI-RJ, MJ, FC, MPO and SMC are directly affected. (*FC does not mnean
Fi bre Channel when describing this particular optical connector but rather is the
accepted nanme of the connector regardl ess of the transport protocol used.) These
connectors are desirable in GBE, FG- AL, FCGSW 1394, SSA, Infiniband and ot her
systens where hi gh-speed optical technology is used.

The HSO testing procedures break down into two | evels:

1. Those that are used to verify that the required perfornmance for the desired
signals is being delivered while being a good nei ghbor and not exporting nore than
specified intensities of undesirable signals to other parts of the system or
envi ronnment and

2. Those that are needed to di agnose the causes of degraded primary perfornmance but
are not directly required for the adequate operation of the Iink

Most attention is paid to the level 1 requirenents. The level 2 neasurenents are
descri bed but no specific performance limts are placed.

The terns interoperability and interchangeability are equivalent in the context of
this specification. In comobn usage interoperability nmeans that the |ink passes
signals with acceptably low error rate as detected by the receiver. 1In the context
of this specification interoperability nmeans (1) that acceptably low error rates are
produced and (2) that the margin in the actual signal paraneters is also within
specifications. Inclusion of the margin as part of interoperability produces the
desired interchangeability of optical cable assenblies. However, it is not within
the scope of this specification to address actual bit error rates as these only make
sense in the context of an active receiver. This specification is ained at the
passive parts of the link

In an effort to broaden the applications for storage devices, an ad hoc industry
group of conpanies representing systemintegrators, peripheral suppliers, and
conponent suppliers decided to address the issues invol ved.

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

1.1 Description of d auses

G ause 1 contains the introduction

G ause 2 contains the definitions and abbreviations.

O ause 3 contains the references and rel ated standards and SFF specifications.
O ause 4 contains the general description

O ause 5 defines the general HSO neasurenent requirenments.

O ause 6 defines Level 1 tests.

O ause 7 defines Level 2 neasurenents.

Annex A describes calibration of optical attenuators.
Annex B describes nodeling of HSO .

HSO testing and perfornance requirenents Page 4
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Annex C descri bes El A-455 docunents.
Annex D describes neasurenent type classification

2. References

The SFF Committee activities support the requirenents of the storage industry, and it

is involved with several standards.

2.1 Industry Docunents

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

- X3.297-199x FCG PH 2 Fibre Channel Physical Interface -2

- X3.303-199x FC PH 3 Fi bre Channel Physical Interface -3
- FC- Pl Fi bre Channel Physical Interface

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

- ML-STD 1344, Met hod 3008 Shi el ding Effecti veness of Milticontact
Connect ors.

- 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 Committee. At the date of printing

docunent nunbers had been assigned to the follow ng projects. The status of

Specifications is dependent on conmittee activities.

F

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

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

avai | 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 opnent The docunent is under devel opnent at SFF.

E = Expired The docunent has been published as an SFF

Speci fication, and the nenbers voted agai nst re-
publishing it when it came up for annual review.

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

i = Information The docunment has no SFF project activity in progress,
but it defines features in devel oping industry
standards. The docunent was provi ded by a conpany,
editor of an accredited standard i n devel opnent, or an
individual. It is provided for broad review (conrents
to the aut hor are encouraged).

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

Spec # Rev List of Specifications as of June 18, 2003

SFF- 8000 SFF Committee Information
I NF-8001i E  44-pin ATA (AT Attachnent) Pinouts for SFF Drives

HSO testing and perfornance requirenents
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| NF- 8002i
SFF- 8003
SFF- 8004
SFF- 8005
SFF- 8006
SFF- 8007
SFF- 8008
SFF- 8009

SFF- 8010
| NF- 8011i
SFF- 8012
SFF- 8013
SFF- 8014
SFF- 8015
SFF- 8016
SFF- 8017
SFF- 8018
SFF- 8019

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

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

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

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

SFF- 8060
SFF- 8061
SFF- 8062
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68-pi n ATA (AT Attachnent) for SFF Drives

SCSI Pinouts for SFF Drives

Small Form Factor 2.5" Drives
Small Form Factor 1.8" Drives
Small Form Factor 1.3" Drives

2mm Connector Alternatives
68- pi n Enbedded Interface for SFF Drives
Unitized Connector for Cabled Drives

Small Form Factor 15nm 1.8" Drives

ATA Tim ng Extensions for Local Bus

4-Pin Power Connector D nmensions

ATA Downl oad M crocode Conmand

Unitized Connector for Rack Munted Drives
SCA Connector for Rack Munted SFF SCSI Drives
Small Form Factor 10nm 2.5" Drives

SCSI Wring Rules for Mxed Cable Plants

ATA Low Power Mbodes

Identify Drive Data for ATA Disks up to 8 GB

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

SFF Conmittee Charter

Naned Representatives of SFF Conmittee Menbers
SFF Committee Principles of Qperation

| mproved ATA Timing Extensions to 16.6 Ms

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

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

Phoeni x EDD (Enhanced Di sk Drive) Specification

25-pi n Asynchronous SCSI Pi nout

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

80- conduct or ATA Cabl e Assenbly

w Paral |l el Selection
for SCSI Disk Drives

Boot abl e CD- ROM

Small Form Factor 3" Drives

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

Aut omation Drive Interface Connector
SMART Application Quide for ATA Interface
50- pi n 2mm Connect or

Unitized ATA 2-plus Connector

Unitized ATA 3-in-1 Connector

40- pi n ATA Connect or

SFF Conmittee Patent Policy
Emai | i ng drawi ngs over the SFF Refl ector
Rol i ng Cal endar of SSWss and Pl enari es

HSO testing and perfornance requirenents
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SFF- 8065
SFF- 8066
SFF- 8067
| NF- 8068i
SFF- 8069

| NF- 8070i
SFF- 8072
SFF- 8073
| NF- 8074i
SFF- 8075
SFF- 8076
| NF- 8077i
SFF- 8078
SFF- 8080
SFF- 8082
| NF- 8090i

SFF- 8101
SFF- 8110
SFF- 8111
SFF- 8120
SFF- 8130

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

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

SFF- 8400
SFF- 8410
SFF- 8411
SFF- 8412
SFF- 8415
SFF- 8416

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

SFF- 8430
SFF- 8441
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4.1
14.1

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

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

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

ATAPI for Rewitable Renovabl e Medi a

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

SFP (Smal | Fornfactor Pluggable) Transceiver

PCl Card Version of SFP Cage

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

ATAPI for CD Recordable Media

Label i ng of Ports and Cabl e Assenblies
ATAPI for DVD (Digital Video Data)

Form Fact or Pl uggabl e Modul e)

3 Gbs and 4 Gbs Signal Characteristics
5V Parallel 1.8" drive formfactor
1.8" drive formfactor (60x70mm

1.8" drive formfactor (78x54mm

1.8" drive w Serial Attached Connect or

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

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

5" Drive w SCA-2 Connect or

5" Drive w Serial Attachment Connector

5" Single Voltage Drive

NENENIESESES

1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"

drive formfactors (all of 83xx famly)
drive formfactor dinensions

Cabl ed Connector | ocations

drive w Serial Attachment Connect or
drive w 80-pin SFF-8015 SCA Connect or
drive w SCA-2 Connect or

drive w Serial Unitized Connect or
Packaged Drives

WWWwWwwWwwww

VHDCl (Very High Density Cable Interconnect)

H gh Speed Serial Testing for Copper Links

H gh Speed Serial Testing for Backpl anes

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

HSSDC- 1 Shi el ded Connecti ons

HSSDC- 2 Shi el ded Connecti ons

FCl Shi el ded Connecti ons

Mol ex Shi el ded Connecti ons

Dual Row HSSDC- 2 Shi el ded Connecti ons
Single Voltage Drives

HSSDC Doubl e W dth

MI- RJ Dupl ex Optical Connections
VHDCI Shi el ded Confi gurations

HSO testing and perfornance requirenents
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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-8460 1.2 HSS Backpl ane Desi gn Qui del i nes

SFF- 8464 VCSEL Performance in HSS Applications

SFF-8470 2.8 Milti Lane Copper Connect or

SFF- 8471 C ZFP Multi Lane Copper Connector

SFF-8472 9.3 Diagnostic Mnitoring Interface for Optical Xcvrs
I NF-8475i 2.2 XPAK Snall Fornfactor Pluggabl e Receiver

SFF-8480 2.1 HSS (Hi gh Speed Serial) DB9 Connections

SFF-8482 1.2 Internal Serial Attachment Connector

SFF- 8483 C External Serial Attachnent Connector

SFF-8500e 1.1 5 1/4" drive formfactors (all of 85xx famly)
SFF-8501e 1.1 5 1/4" drive formfactor dinmensions

SFF-8508e 1.1 5 1/4" ATAPI CD-ROM w audi o connectors
SFF-8523 0.4 5 1/4" drive w Serial Attachnent Connector
SFF-8551 3.2 5 1/4" CD Drives formfactor

SFF- 8572 C 5 1/4" Tape formfactor

SFF- 8610 C SDX (Storage Device Architecture)

2.3 Sources

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

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

Copi es of SFF Specifications are available by joining the SFF Conmittee as an
Coserver or Menber.

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

The increasing size of SFF Specifications has nmade FaxAccess inpractical to obtain
| arge docunents. Docunent subscribers and nmenbers are automatically updated every two
nmonths with the | atest specifications.

SFF specifications are available at ftp://ftp.seagate.conisff
El ectroni c copi es of docunents are al so nade avail able 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 docunent service, and provide the letter ballot and
paper copies of what was distributed at the neeting as well as the neeting m nutes.

HSO testing and perfornance requirenents Page 8
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ELECTRONI C CCPI ES

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

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

CD Access El ectroni c docunentati on contains:
- Mnutes for the year-to-date plus all of |ast year
- BEmail 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.

Meeti ng docunentation contains:
- Mnutes for the current neeting cycle.
- Copies of Specifications revised during the current neeting cycle.

Each el ectroni ¢ 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 |last SFF CD Access mailing of each year.

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

Pl ease register me with the SFF Conmittee for one year.

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

Thi s docunent contains specifications for validating the perfornmance of high speed
serial optical interconnects. It is intended specifically to be used in conjunction
with the SC, ST, LC, SG WMI, MI-RJ, MJ FC, MPO SMC, and other connector famlies
used in a bi-directional (duplex) or single direction (sinplex) application. These
tests may al so be useful for other high speed optical interconnects. SFF-8412 is one
of the famly of SFF docunents. The general construction of the cable assenbly is
limted only by the requirenment that there be an optical connector on both ends.

This definition explicitly allows inclusion of:

Short cabl e assenblies that are not installed as part of building wiring
Cabl e assenblies that consist of installed fiber

Compl ex links consisting of multiple cable assenblies

Paral | el optical cable assenblies

Thi s docunent should be treated as a new specification relating to inplenenting the
testing required to neet the requirenments for various applications. Qptical

i nterconnects that have passed sone other test criteria may not pass the new criteria
described herein. Failure to neet these new criteria should not be cause for

recal ling any previous product. These new criteria nmay be nore stringent than sone
conmon industry practice due to |lack of conplete specification of testing nethods in
t he published standards.

This specification is intended to reflect actual systemoperation and worst case
transceivers - this neans that all signals that are normally active during system
operation nmust be active at the extrenme allowed stress condition during the testing
and that the poorest quality conpliant transmtters and poorest quality conpliant
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recei vers are assuned. Test nethods are devel oped to eval uate conponent behavi or
under these worst case conditions. This schenme is needed for inplenenting an “open”
i nterconnect nodel where it is not known a priori where the cable assenbly will be
connected on either end.

Consideration is also given to use of the cable assenbly in a concatenated nanner
where another cable assenbly is attached to the IUT (interconnect under test) rather
than having transceivers on both ends. This is a comobn practice where patch panels
are used for exanple.

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

In real systens, opportunities for trading off nmargins between transnmitter, cable
assenblies, and receivers commonly exist. Therefore it may be possible to qualify a
cabl e assenbly for use in specific bounded applications where the cable assenbly does
not neet the stringent requirenents described herein because it is known that other
conmponents in the link (for exanple the receivers) are better than required by the
standard. However, taking this same cable assenbly into an open, unbounded
application nmay cause |link failures because worst case, but still conpliant,
conponents happen to be on the connected ports.

The ot her maj or opportunity exposed by the nmethods described herein is the

possi bility of gaining considerable additional utility fromcable assenblies
(including installed fiber) by actually knowi ng what their capability is rather than
assum ng everything is worst case. Conditions have been described where the | owest
performng fibers, for exanple ordinary 62.5 mcron MM can be used at over 10 tines
the normally specified length if certain properties of the transnitters and
connectors are carefully nonitored.

The net hods descri bed herein require that one know certain properties of the
connectors on the transmtter and receiver devices (or test fixtures) before assum ng
t he observed behavior is due to the properties of the cable assenbly under test.

Acknowl edgenent: This docunent especially benefited fromthe technical contributions

of Paul Mayerci k. Numerous other people also contributed but Paul’s contribution was
by far the |argest.

2. Definitions and abbrevi ations

In order to mninze confusion this docunent considers all of the following terns to
be equivalent: patch cord, junper, and cable assenbly. The termcable assenbly is
used consistently throughout.

Cabl e assenbly - jacketed optical fiber with connectors attached at each end
Compensati ng degradation - property of the neasurenment process whereby the
nmeasurenent result is unintentionally inproved by the neasurenent fixture; i. e. the

nmeasur enent fixture conpensates for the degradation in the IUT

Connector - half of a pair of internatable el enents used for purposes of enabling
separation at the mating interface

Fiber mating interface - the parts of the fiber in a connector that directly interact
with the fiber in the opposing connector
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Link - the optical path between the optical source and optical receiver

I nterconnect Under Test (IUT) - the entire optical path between one connector and the
ot her connector in a single cable assenbly or between the connector on one end and
the connector on the other end in a concatenation of nultiple cable assenblies

Instrunent - a conbination of associated hardware and software that is used to
produce a neasurenent result. It is not required that all the conponents of an
instrunent be within the sane encl osure.

Measurenent result - (generally used interchangeably with the term “nmeasurenent”) is
the output of an instrunment, as presented to the user, that is derived fromthe
stimulus applied to (or through) the IUT. The instrunent nay execute cal cul ations
and conversions internally prior to presenting its output. There are no pass/fai
criteria for measurenents.

Measurenent type - is determned by the nature of the stinulus used in the
nmeasurenent. |f pulse stinmulus is used then the neasurenent is tinme domain. |If
sinusoidal stinulus is used then the neasurenment is frequency domain. The form of
the display of the output does not define the nmeasurenent type.

Test - the process of executing a neasurenent of a property of an optica
i nterconnect and conparing the result to a set of defined pass/fail linmts.

Following is a nore conprehensive selection of definitions that are useful when
di scussing optical interconnect technology. These definitions may or may not be used
in this docunent.

1x9: A reference to an optical transceiver’'s electrical pin configuration. This
configuration is one row of 9pins. For Ethernet and Fibre Channel, this termin
synonynous with a transceiver with an SC optical interface.

2x5: A reference to an optical transceiver’s electrical pin configuration. This
configuration is 2 rows of 5pins. For Ethernet and Fibre Channel, this termis
synonynous with a small formfactor transceiver with an LC, MI-RJ or SG 45 optica
i nterface.

2x10: A reference to an optical transceiver’'s electrical pin configuration. This
configuration is 2 rows of 10pins. The additional pins allow for the functionality of
the GBIC (serial IDetc) to be included in a small formfactor. For Ethernet and

Fi bre Channel, this termis synonynous with a snmall formfactor transceiver with an
LC, MI-RJ or SG 45 optical interface.

8B/ 10B encodi ng: A signal nodul ati on schene in which 8 bits are encoded into a 10-bit
word. Encoding is used to ensure some maxi nrum nunber of consecutive ones or zeros in
a serial data stream This maxi mum nunber is inportant to keep a DC bal ance signha
and sufficient transitions to keep the link | ocked. 8B/ 10B encoding results in a 25%
overhead on the signaling rate and is used by Ethernet and Fi bre Channel protocols.

64B/ 66B encodi ng: A signal nodul ati on schenme in which 64 bits are encoded into a 66-
bit word. Encoding is used to ensure sone maxi num nunber of consecutive ones or zeros
in a serial data stream Thi smaxi num nunber is inportant to keep a DC bal ance signa
and sufficient transitions to keep the link | ocked. 64B/ 66B encoding results in a 3%
overhead on the signaling rate and is used by 10 G gabit Ethernet and 10 G gabit

Fi bre Channel protocols.

Absorption: That portion of fiber optic attenuation resulting from conversion of
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optical power to heat. The prinmary cause of absorption is due to inpurities.

Accept ance angl e: The angle over which the core of an optical fiber accepts incom ng
light. The angle creates a cone nmeasured around the fiber axis.

Anal og: Signals that are continually changing, as opposed to being digitally encoded.

Angl e of incidence: The angle between an incident ray and the nornmal to a reflecting
or refracting surface.

Angul ar mi salignnent |oss: The optical power |oss caused by angul ar deviation from
the opti num al i gnnment of source to optical fiber resulting in additional |ight
falling outside the acceptance angl e.

Aramid yarn: Atensile strength elenment used in cable assenblies to provide support
and additional protection to the fibers. Kevlar is a particular brand of Aram d
yarn.

Asynchronous Transfer Mdde (ATM: A data standard (protocol) that uses nmany of the
sane data rates as SONET.

Attenuation Coefficient: Characteristic of the attenuation of an optical fiber per
unit length, in dB/ km

Attenuation: The reduction in optical power caused by absorption and scattering as it
passes along a fiber, usually expressed in decibels (dB). See optical |oss. *******

Attenuator: A device that reduces signal power in a fiber optic link by inducing
| oss.

Average power: The optical power of a nodul ated signal neasured over tine.

Back reflection, optical return loss: Light reflected fromthe cleaved or polished
end of a fiber caused by the difference between the refractive indices of air and
glass. Typically 6% of the incident light is reflected back towards the source at an
air/fiber interface. Expressed in dB relative to incident power.

Backscattering: The scattering of light in a fiber back toward the source, used to
make OTDR neasur enents.

Bandwi dt h: The nmaxi mum si gnal frequency or bit rate within which a fiber optic
conmponent, link or network will operate before incurring a 3dB optical |oss. The
nodal bandwi dth of an optical fiber is a function of its length and therefore
expressed in units of Miz-km

Baud: A unit of signaling speed indicating the maxi num nunber of tines per second the
state of the signal can change. ******

Bend Radius: A mninmumbend radius is the snallest radius a fiber can be bent w thout
i ncurring additional |osses. For cable assenblies, an industry rule of thunb is that
the mnimum bend radius is 10x the cable dianeter for an installed cable not under
stress.

Bendi ng | oss, mcrobending loss: Loss in fiber caused by stress on the fiber bent
around a restrictive radius. M crobending | osses are caused by snmall distortions of
the fiber frequently induced by poor cable nmanagenent techni ques.

Bit-error ratio/ Bit error rate (BER): The fraction of data bits transmtted that
are received in error. Oten expressed as a ratio, the bit-error ratio is the nunber
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of received bits that are different fromthose transmtted, divided by the tota
nunber of transmitted bits.

Bit: An electrical or optical pulse that represents binary informtion

Buffer: A protective |ayer over the fiber, such as a coating, an inner jacket, or a
hard tube. The fiber strand is initially coated with a 250-m cron acryl ate pol ymer
coating. For indoor cables, the fiber is then covered with a tight polynmer buffer 900
mcrons in diameter to further protect the fiber during assenbly and installation.
Bot h coatings can be color coded for identification purposes in multiple fiber
assenbl i es.

Cabl e assenbly: Specifically optical cable assenbly - the conbination of a fiber

optic cable and the optical connectors installed on both ends. |If a connector is
attached to only one end of the fiber, the construction is comonly referred to as a
pigtail. Pigtails are useful only when conbi ned with other conponents (such as

active optical sources). HSO does not consider the perfornmance of optical pigtails
since they are intrinsically part of nore conplex, active assenblies. Optical cable
assenblies are sonetines referred to as “junpers” or “patch cords”.

Cable Plant, Fiber Optic: The conbi nation of fiber optic cable sections, connectors
and splices formng the optical path between two term nal devices.

Center Wavelength (optical transmitter): The value of the central peak wavel ength of
the nodul ated device. This is the wavel ength where the effective optical power

resi des. Optical transceivers of interest have center wavel engths of approxi mately
850nm typically for short reach (<300neters) applications; 1310nmtypically for md
reach (2-10km) applications; and 1550nmtypically for |ong reach (>40kn
appl i cations.

Channel Insertion Loss: That portion of the total |oss budget associated with the
passive losses in the link. These | osses include the fiber attenuation, and | osses
t hrough connectors and splices.

Chromati c di spersion: The tenporal spreading of a pulse in an optical wavegui de
caused by the wavel ength dependence of the velocities of |ight.

d addi ng: The |l ower refractive index optical coating over the core of the fiber that
"traps" light in the core by maintaining an acceptance angle for total interna
refl ection.

d addi ng node: A node that is confined to the cladding, a light ray that propagates
down the cladding. Attenuation is very high in the cladding; therefore cladding
nodes are elimnated after a few neters.

O eaving: The controlled breaking of a fiber so that its end surface is snooth in
preparation for splicing or connectori zing.

Connector: A device that provides a re-nmateable connection between two fibers or a
fiber and an active device and provides protection for the fiber

Core: The center of the optical fiber through which light is transmtted. The nost
conmon core dianeters are 50 or 62.5 micron for nultinode fiber and 9 micron for
si ngl e-node fi ber.

Cut of f wavel engt h: The wavel ength beyond whi ch single-node fiber only supports one

node of
propagati on.
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Dark current: The thermally induced current that exists in a photodi ode used in an
optical receiver in the absence of incident optical power.

Deci bel (dB): A unit of measurenent of power that indicates relative power on a
logarithm c scale. dB= 10*log(P1/P2). dBmis a decible referenced to 1 mlliwatt
optical power.

Detector: A photodi ode that converts optical signals to electrical signals.

Dense Wavel ength Division Miultiplexing (DADM: A technique for sending signals of
several different wavelengths of light into a fiber sinmultaneously. The wavel engths
are different by less than 1.0 nm

Dichroic filter: An optical filter that passes light selectively according to
wavel engt h.

Differential Mddal Delay (DVD): See Dispersion. This effect is exacerbated when

| aser sources are used on nultinode fiber. The | EEEB02. 3z worki ng group on DMVD
estimated that 15-20% of installed (pre- 1998) 62.5 micron nultinode fiber exhibited
significant DVD when excited with |aser sources. This limted the achievable |ink
di stances with 850nm sources and resulted in the required use of a special node
conditioning (offset) launch optical cable assenbly between the optical transnmitter
and the rest of the Iink when using 1300nm sources on nultinode fibers for G gabit
Et her net applications.

Di spersion: The tenporal spreading of a pulse in an optical fiber. Modal or
chromatic effects are the primary causes. Mdal dispersion is due to the difference
in the propagation velocities and di stances travel ed by the nmany nodes in a mnulti node
fiber. At signaling rates greater than 1lCGhaud, it is often the linmting factor for
achieving Iinks of reasonable lengths in 62.5 nmicron fiber. 50 mcron fiber
propagates fewer nodes, resulting in |l ess dispersion and | onger distances for the
same baud rate. Chromatic dispersion is due to the difference in propagation

vel ocities of various spectral conmponents or “colors” of an optical source.

Di spersive reference fiber (DRF): An optical cable assenbly conprised of fiber that
has been verified to have known distribution of optical pulse broadening at different
radi al positions of the highly constrained (spot size, single node | aunch conditions)
| aunch optical signal. The dispersive reference fiber is used as a test |oad for
signal degradation tests on optical cable assenblies.

Dupl ex cabl e assenbly: A two-fiber cable assenbly suitable for duplex (2-way)
transm ssi on.

Dupl ex operation: Transnission on a data link in both directions. Half duplex refers
to transmssion in a time-shared node; only one direction can transmt at a tinme
Wth full duplex there can be transmi ssion in both directions simltaneously. The
HSO docunent is concerned mainly with full dupl ex operation

Er bi um doped fiber anplifier (EDFA): An all-optical anplifier for 1550nm SM
transm ssion systens.

Edge-emitting diode (E-LED): An LED that emts fromthe edge of the seni conductor
chi p.

End finish: The quality of the end surface of a fiber prepared for splicing or
termnating in a connector

ESCON:. | BM standard for connecting peripherals to a conputer over fiber optics. ESCON
is an acronymfor Enterprise System Connection
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Extinction Ratio: The ratio of the output power of a transmitter in the logic ‘1
state to the output power in alogic ‘0 state expressed in dB. Optical nodul ation
anplitude, which is expressed as the difference between these powers in nicrowatts,
is preferred.

FC Connector: A connector primarily utilized for single-node fiber optic cable. It
features a position | ocatable notch and a threaded receptacle. Once installed, the
position is maintained with high accuracy.

Ferrule - A conponent of a connector or mechanical splice that holds a fiber in place
and aids inits alignment. It is usually cylindrical in shape with a tightly
tol eranced hol e through the center. Mst cylindrical ferrules are nmade of ceranic.

Fi ber bandwi dt h: The | owest frequency at which the nmagnitude of the fiber transfer
function decreases to half, or —3dB of the zero frequency value. Fiber bandwidth is
dependent on the wavel ength and | aunch conditions of the source. Existing fiber is
nmeasured with an overfilled [ aunch condition, simlar to an LED source. Restricted
Mbde Launch, similar to a Laser source, tested fiber is also now avail abl e.

Fiber Distributed Data Interface (FDD): 100 Md/s ring architecture data network.

Fiber identifier: A device that clanps onto a fiber and detects light fromthe fi ber
by bending the fiber in excess of its mninmmbend radius. The identifier can detect
hi gh speed traffic of an operating link or a 2 kHz tone injected by a test source.

Fi ber optics: Light transm ssion through flexible transm ssive fibers for
conmuni cati ons or |ighting.

Fi ber tracer: An instrunent that couples visible light into the fiber to allow visua
checking of continuity and traci ng of connections.

FO Common abbreviation for "fiber optic."

Fresnel reflection, back reflection, optical return loss: Light reflected fromthe

cl eaved or polished end of a fiber caused by the difference of refractive indices of
air and glass. Typically 6% (12dB) of the incident light is reflected back at an air
gl ass interface.

Fusi on splicer: An instrunent that splices fibers by fusing or welding them
typically by electrical arc.

G gabaud Link Mbdule (GLM: A transceiver formfactor that converts an 8 bit parallel
electrical signal to a serial optical signal. At signaling rates of
1. 0625/ 1. 25Ghaud, a G.M uses an SC optical connector

G gabit Interface Converter (GBI C): A pluggable transceiver formfactor that converts
a serial electrical signal to a serial optical signal. A @GBIC includes a side band
accessi bl e EPROM for vendor related information. At signal rates at

1. 0625/ 1. 25Ghaud, a GBI C uses a 20-pin electrical connector and an SC

optical connector

Gaded index (d)fiber: A type of multinode fiber that uses a graded refractive index
profile in the core material to partially conpensate for nodal dispersion. This is
the multinode fiber type in conmon use today.

Index of refraction: A property of light transmitting materials defined as the ratio
of light velocity in a vacuumto its velocity in a given transm ssion nmedi um
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Index matching fluid: Aliquid or gel with a refractive index simlar to that of
glass used to elimnate air gaps and match the nmaterials at the ends of two fibers to
reduce | oss and back reflection.

Index profile: The refractive index of a fiber as a function of position fromthe
geonetric center of the core. The profile is typically parabolic to average the
propagati on vel ocities.

Insertion | oss: The passive |oss caused by the insertion of a conponent such as a
cable, splice or connector in an optical Iink and therefore a portion of the Iink
| oss budget.

Intersynbol interference: The effect of dispersion in a bandwidth Iimted nmedi um
causi ng pul se spreading to the extent that one data bit interferes with the follow ng
bit. A mjor contributor to determnistic jitter caused directly by optical cable
assenblies and indirectly by the [aunch conditions fromone optical cable assenbly

i nto anot her.

Jacket: The protective outer coating of the cable.

Jitter: The deviation fromthe ideal timng of a signal when the signal crosses a
specified anplitude | evel (frequently the nomnal receiver switching threshold
level). Jitter exists as a conbination of determnistic (bounded in size) and
Gaussi an (randonm) contributors. Optical cable assenblies only contribute to the
determnistic jitter in a link.

Junper or junper cable: A single-fiber optical cable assenbly with connectors on both
ends. Preferred termnology is “optical cable assenbly”. Junpers are usually short
conpared to fiber installed between roons or between buil dings but nay be many neters
long. Equivalent to “patch cord”

Laser diode (ILD): A semi conductor device that enmits, coherent light within a narrow
range of wavel engths when stimulated by an electrical current. Used in transmtters
at baud rates above 1Ghaud for both multinode and singl e-node fiber |inks.

Launch cable: A known good fiber optic junper cable attached to a source and
calibrated for output power used for |loss testing. This cable nust be nade using
fi ber and connectors of a matching type to the cables to be tested.

LC Connector: A connector type used with both nmultinode and single-node fiber optic
cables. It is a small formfactor connector that provides for accurate alignnent
using a ceranmc ferrule that is one half the diameter of those used in SC connectors.

Light-emtting diode (LED): A seniconductor device that emts |ight when stinulated
by an electrical current. LEDs are used in transnmtters for baud rates bel ow 1Gaud.

Link, fiber optic: A conbination of transmtter, receiver and fiber optic cable(s)
connecting them and which are capable of transmitting data. Fibre Channel assunes a
dupl ex configuration when defining a link

Long wavel ength: A commonly used termfor light in the 1300 to 1550nm range.

Loss, optical: The anount of optical power lost as light is transmtted through
fiber, splices, couplers, etc.

Loss budget: The amount of power |oss that can be tolerated by a given link. The

total |oss budget or |ink power budget is defined as the difference between the
m ni rum | aunch power of the transmitter and the mnimumreceiver sensitivity.
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Margin: Specifically Iink power margin - the additional or un-allocated anount of
loss that can be tolerated in a link

Mechani cal splice: A sem -pernmanent connection between two fibers nmade with an
al i gnment devi ce and i ndex matching fluid or adhesive.

Mcron (um: A unit of neasure, 10°° neter, used to specify the wavel ength of I|ight,
and the dinensions of fiber and connectors.

M croscope, fiber optic inspection: A mcroscope used to inspect the end surface of a
connector for flaws or contamination or fibers for cleave quality. Magnification

| evel s of 100-200x are sufficient to observe flaws or contami nation that would
adversely affect |ink performance. At higher |evels of magnification, polishing
marks that typically do not affect performance will be observed.

Modal bandwi dt h: A nmeasurenent of the portion of the total bandwi dth in nultinode
fiber that is due to nodal dispersion. Miltinode fiber is characterized by its noda
bandwi dth in two wi ndows at wavel engt hs of 850 and 1300nm

Modal di spersion: The tenporal spreading of a optical pul se caused by differences in
propagation tinme for light propagating in different nodes in a multinode fiber

Mode field dianmeter: A neasure of the region that supports the propagation of |ight
in single-node fiber. The node field dianeter is slightly larger than the actua
core and is a function of wavel ength.

Mode: A single electromagnetic field pattern traveling in a fiber. A single ray of
light traveling in a fiber

Mode filter: A device that renoves optical power fromthe higher order nodes in
fiber.

Mode scranbler: A device that m xes optical power in fiber to achieve equal power
distribution in all nodes.

Mode stripper: A device that renoves light in the cladding of an optical fiber

MIP Connector: A ferrul e-based connector capable of supporting up to 12 fibers today.
A 24-fiber ferrule is in devel opnent.

Mul tinode fiber: A fiber with a core dianmeter nuch |arger than the wavel engt h of
light transmitted thereby allow ng many nodes of |ight to propagate. Miltinode

fi bers have | ower bandwi dth than single-node fibers, but the larger core dianeters
are nore tolerant to contam nation and msalignment nmaking it a preferred sol ution
for interconnects within a data center. The conmon core dianeters of nultinode fiber
are 50 and 62.5 mcrons.

Nanoneter (nm): A unit of neasure, 10°° neter, used to specify the wavel ength of
l'i ght.

Net wor k: A system of cabl es, hardware and equi pnent used for conmuni cati ons.

Nunerical aperture (NA): A nmeasure of the light acceptance angle of the fiber or its
light gathering ability.

Optical cable: One or nore optical fibers enclosed in protective coverings and
strengt h nmenbers.

Optical coupler: An optical device that splits or conbines Iight fromnore than one
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fiber.

Optical fiber: An optical waveguide, consisting of a light carrying core and a
cladding to trap the light in the core.

Optical loss test set (AOLTS): An instrunment set for optical |oss nmeasurenents of the
fi ber and connectors in a link. The test set includes both an optical source and a
power neter.

Optical nodul ation anplitude (OMA): The absolute difference between the optical power
in the logic one level and the optical power in the logic zero |evel.

Optical power: The anount of radiant energy per unit time, expressed in units of
Watts or on a logarithmc scale, in dBm (where 0OdBm= 1 milliwatt) or dB (where 0dB=
1 mcrowatt).

Optical return loss, back reflection: Light reflected fromthe cleaved or polished
end of a fiber caused by the difference between the refractive indices of air and
glass. Typically 6% of the incident light is reflected back towards the source at an
air/fiber interface. Expressed in dB relative to incident power.

Optical switch: A device that routes an optical signal fromone or nore input ports
to one or nore output ports.

Optical time domain reflectonmeter (OTDR): An instrunent that uses backscattered |ight
to find faults, splices, and connectors in optical fiber and to neasure | oss.

Optical window Wavel ength range of a fiber with a very |ow attenuation. Miltinode
fiber is specified with sources that work in the first wi ndow at 850nmor in the
second wi ndow at 1300nm Single-node fiber is specified with sources that work in
the second wi ndow at 1310nm or third wi ndow at 1550nm

Overfilled launch: A condition for launching light into the fiber where the incident
light has a spot size larger than the NA accepted by the fiber, thus filling all the
nodes in the fiber. This is the launch condition that is often used to characterize
a fiber's optical bandw dth.

Parall el Optics: A common termfor rmultiple transmtters and/or receivers in one
package. The nbst conmon configuration today is 1x12; 12 transnitters or 12 receivers
i n one package.

Patch Cord: An optical cable assenbly that is used to connect equi pnent together
directly or through the use of a patch panel. |Indistinguishable fromany other type
of optical cable assenbly. This docunment di scourages the use of the term “patch
cord” as the terminplies special properties.

Patch Panel: A facility enabling the termnation and interconnection of cables to
assist in the admnistration of noves or changes. |Interconnections are nmade with
ei ther patch cords or junpers.

Phot odi ode: A sem conductor that converts light to an electrical signal, used in
fiber optic receivers.

Physi cal contact (PC) connector: A connector designed with a radius tip to ensure
physi cal contact with the fiber thereby decreasing optical return loss. The SC and LC
connectors are exanples of physical contact connectors.

Pigtail: A short length of fiber attached to a fiber optic conponent such as a | aser
or coupler. A pigtail is usually connectorized at one end.
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Plastic optical fiber (POF): An optical fiber nade of plastic.
Plastic-clad silica (PCS) fiber: A fiber nade with a glass core and plastic cladding.

Pl enum The breathable air handling space between walls, under structural floors and
above drop ceilings. This can be used to route intra-building cabling.

Pl enum cabl e: Fi ber optic cable whose flammbility and snoke characteristic allow it
to be routed in a plenumarea w thout being enclosed in a conduit. The cable is OFNP
(Optical Fiber Non-conductive Plenumrated).

Power budget: The difference (in dB) between the transmtted optical power (in dBn
and the receiver sensitivity (in dBm.

Power neter, fiber optic: An instrument that measures the optical power enanating
fromthe end of a fiber.

Preform The large dianeter glass rod fromwhich fiber is drawn.

Recei ve cable: A known good fiber optic junper cable attached to a power neter used
for loss testing. This cable nmust be nmade using fiber and connectors, which match
the cables to be tested.

Recei ver: A device containing a photodi ode and signal conditioning circuitry that
converts light to an electrical signal in fiber optic Iinks.

Recei ver sensitivity: The m ni mum accept abl e val ue of average received power at the
fiber optic cable receiver point, in order to achieve an acceptable Bit Error Rate.

Refractive index: A property of optical nmaterials that relates the velocity of |ight
in a vacuumto the velocity of light in the material

Repeat er, regenerator: A device that receives a fiber optic signal and regenerates it
for re-transm ssion, used for very long fiber optic links.

Ri ser: The air handling space between floors. It is nornally a vertical shaft.

Ri ser cable: Fiber optic cables whose flanmability and snoke characteristic allows it
to be routed in a riser area without being enclosed in a conduit. The cable is OFNR
(Optical Fiber Non-conductive Riser rated).

SC Connector: A connector type used with both nultinbode and singl e-node fiber optic
cables. It offers low cost, sinplicity and durability and provides for accurate
alignment using a ceramic ferrule It is a push on-pull off connector. Wth an
appropriate coupler, an SC connector mates with an FC or ST with the same PC ferrule.

Scattering: The change of direction of light after striking small particles. This
causes loss in optical fibers.

Short wavel ength: A commonly used termfor light in the 665, 790, or 850nm ranges.
Single-node fiber: A fiber with a snall core, only a few tines the wavel ength of
light transmitted, that only allows one node of light to propagate. Comonly used

with | aser sources for high speed, |ong distance |inks.

SONET: Synchronous Optical Network.-An international standard for fiber optic cable
based tel ephony.
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Source: A laser diode or LED used to inject an optical signal into a fiber

Smal | Form Factor (SFF) transceiver: An optical transceiver that is approxinmately 1/2
the width of the typical 1x9 device. A small formfactor device may be a | eaded
device (requiring being soldered to the board) or may be connectorized at the
electrical side. For exanple, the a small formfactor pluggable (SFP) device

Spectral width: The spread of the wavel ength content of an optical spectrum It is
usual |y based upon the 50% intensity points. Wen referring to the spectral w dth of
sources, typical spectral widths are 20 to 60nmfor a LED and |l ess than 1nmfor a

| aser diode.

Splicer (fusion or nechanical): A device that connects two fibers, typically intended
to be pernanent.

Splitting ratio: The distribution of power anmong the output fibers of a coupler

Steady state nodal distribution: Equilibriumnodal distribution (EMD) in multinode
fiber, achieved sone distance fromthe source, where the relative power in the nodes
becones stable with increasing distance.

ST connector: A keyed bayonet connector type simlar to a BNC connector. It is used
for both nmultinode and single-node fiber optic cables. It is widely used in prem ses
wiring and is a push in and tw st type connector

Step index fiber: A nultinode fiber where the core is all the sane index of
refraction. This type of fiber is subject to significant nodal dispersion and is not
used in today’'s environnents.

Surface emtter LED: A LED that enmits |ight perpendicular to the seniconductor chip.
Most LEDs used in data conmuni cations are surface emtters.

Tal kset, fiber optic: A comunication device that allows conversation over unused
fibers.

Term nation: Preparation of the end of a fiber to allow connection to another fiber
or an active device, sonetines also called "connectorization"

Test cable: A short single fiber junper cable with connectors on both ends used for
testing. This cable nust be nade of fiber and connectors of a matching type to the
cabl es being tested.

Test kit: A kit of fiber optic instrunents, typically including a source, power
nmeter, and test accessories used in the nmeasurenent of |oss and power.

Test source: A laser diode or LED used to inject an optical signal into fiber for
testing loss in the fiber or other conponents.

Total internal reflection: Confinenent of light in the core of a fiber through 100%
reflection off the core-claddi ng boundary.

Transmitter: A device that includes an LED or |aser source and signal conditioning
el ectronics, which is used to inject a signal into fiber

Vel ocity of light: The velocity of light is 300,000 knmisec in a vacuum |n a physica
mediumit is slower and dependent on the refractive index and the wavel ength.

Vertical Cavity Surface Emitting Laser (VCSEL): A type of laser that emts |ight
vertically out of the chip, not out of the edge. This allows for the testing of the
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lasers in wafer form reducing the cost. VCSEL devi ces are comon in 850nm devi ces at
speeds of 1-2.5 GBaud today.

Visual fault locator: A device that couples visible light into the fiber to allow
visual tracing and testing of continuity. Sone are bright enough to detect breaks in
fi ber through the cable jacket.

Watt: A linear neasure of optical power, usually expressed in mlliwatts (nW,
mcrowatts (W or nanowatts (nW.

Wavel engt h: A neasure of the color of light, usually expressed in nanoneters (nnj or
mcrons (unj.

Wavel ength Division Miultiplexing (WDM: A technique of sending signals of several
di fferent wavel engths of light into the fiber sinultaneously.

XAU : 10 G gabit Attachment Unit Interface from | EEE802. 3ae 10G gabit Ethernet. XAU
(pronounced zowee) is an optional interface of 4 serial, differential |anes,
designed to extend the reach of the 10G gabit electrical interface to approxinately
20" on standard PCB. This interface will be applied to 10 G gabit Fi bre Channel.

XENPAK: 10G gabit z-axis pluggable device. This device uses an SC optical interface,
a 4 lane XAUl electrical interface and supports the | EEE802. 3ae and NCl TST11. 2
10G gabit conpliant devices.

XGP: 10G gabit Pluggabl e device. This package formfactor is still being defined. It
is expected to be about half the size of the XENPAK, z-axis pluggable with an SC
connector and 4 lane XAU electrical interface. It will not support the 1550nm
external Iy nodul ated transcei ver.

3. References

Fi ber Optic test and neasurenents edited by Dennis Derickson, Prentice Hall PTR Upper
Saddl e River NJ 07458 | SBN 0- 13-534330-5 (Ph 800 382-3419)

Fi ber Optic Comuni cations by Joseph C. Palais, Chapter 8

Li st of ElI A docunents shown in Annex C

4. General

4.1 Overview

O ause 4 describes topics that apply to the approach used in this docunent. The
maj or headi ngs consi der:

Requi renents for linearity and tine domai n nmeasurenent types

Use of the term‘ high speed’

Definition of the basic unit under test

Sonme general requirenents for HSO perfornmance specifications

Ri sks associated with calibration strategy, test fixtures, inconplete
specifications, angularity, and spatial confinenent
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4.2 Requirenents for linearity and tinme donmai n neasurenent types

Any type of tinme/frequency conversion requires that the interconnect behave linearly
(rmeani ng, for exanple, that the index of refraction does not depend on the intensity
of the light). Linearity is assuned for all HSO work due to the relatively |ow
optical power associated with operation in either class 1 or class 1M
Instrunmentation shall be operated in its linear region

Thi s docunent does not address frequency domain stimuli (measurenent types - see
Annex D). There are two reasons for this:

unavailability of good quality sinusoidal optical sources over a broad frequency
range

linearity is not expected in either optical transmtters or optical receivers and
this limts the ability to convert the frequency donmai n neasurenent into the tine
donai n

Conversion of time domai n nmeasurenent types into the frequency donmain results (using
software conversion) is valid provided that only the |inear parts of the link are
consi der ed.

4.3 Hi gh Speed

The boundary where hi gh speed neasurenent (as opposed to | ow speed neasurenent)
becones necessary is not sharp and this docunent does not attenpt to define the
boundary. The signals of interest in this docunent range froma few hundred MBaud to
many GBaud. Measurenent techniques for HSO bidirectional optical interconnect in
this speed range | ack good standardi zati on and nethods especially in the bandw dth
and connector |oss areas. This deficiency |eads to unintended inconpatibilities

bet ween suppliers and users. Further, the specific conditions existing when a

bi di recti onal connection is required, such as especially cross talk, are explicitly
addressed. This docunment is not a general specification for neasuring all high speed
optical interconnect but rather is aimed at the architectures used in Fibre Channel

G gabit Ethernet, 1394, Infiniband, and the |ike.

4.4 Basic unit under test

It is assuned that a conpleted cable assenbly (jacketed optical fiber with connectors
on both ends) constitutes the prinmary interconnect conponent of interest. The focus
of this docunent includes all the effects of the connectors, of placing ferrule or
other fiber constraining parts in housings, and of the effects deriving fromthe
structure of the open fiber ends in the connector

Test fixturing for testing optical fiber wthout connectors is not directly addressed
in this docunent.

Thi s docunent only addresses the optical |ink performance testing requirenents for
passi ve optical cable assenblies and specifically does not directly include
transceivers. |In general, the effects of systemnoise not directly part of the
optical link under test also need to be considered when specifying test conditions
for optical link performance. This system noise derives fromthe optical and
electrical activity on the parts of the link not directly under test and from sources
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unrelated to the link itself.

For the npbst conmon constructions of bi-directional optical |inks, separate fibers
are used for each direction of the signal. These constructions are intended to
largely isolate the optical path under test fromthe portions not under test and al so
fromthe rest of the system Wether this isolation is effectively achieved is part
of the performance requirenents.

Since optical signals have a direction, and optical fiber is approximately |inear

one can envi sion inplenentations where the sane fiber (using the sane nom na

wavel ength) is used for transnmission in both directions simnultaneously. By detecting
the difference between the known | aunched signal and the actual signal on the fiber
one can, in principle, detect the received signal as the difference. 1In this type of
i mpl enent ati on significant signal processing is required to do the separation and to
handl e noise. Since this type of inplenentation is quite conplex and is not
presently used for mnainstreamapplications it is beyond the scope of SFF-8412.

The applications for the cable assenblies involved in this docunent assune that
physically separate fiber is used to transport the signals in each direction. (The
same fiber could be used for both directions by using different wavel engths for the
transmtter on each end [using WDM techni ques for separating the received Iight from
the transmitted light]. There are significant signal to noise issues and

i mpl enentati on conplexities with this schenme and it is not common. |If such a schene
were used HSO considers it to be the sanme as two separate fibers with the signal to
noi se specifications left to the application.)

Sunmari zing, the followi ng properties describe the nost inportant architectura
features of HSO interconnect addressed in this docunent:

Only two connectors, one on each end

At least two fibers per cable assenbly (single fiber constructions may be
nmeasured using portions of the bi-directional nethodol ogi es)

Signals travel only in one direction on the fiber

Signals are traveling both directions at the sanme tinme on different fibers in
the sane cabl e assenbly

Only anal og optical signal properties are used to specify the performance of
the cabl e assenbly — no bit error rates apply

4.5 Ceneral requirenments for HSAO performance

The general requirenents are:

For a launched signal into the cable assenbly under test (as delivered to the
fiber in the cable assenbly under test) with the nost degraded all owed paraneters
to traverse the fiber w thout further degradi ng beyond the all owed out put
specifications for the interconnect (at the exit of the fiber in the cable
assenbly under test).

For the signal reflected back to the transmtter to be within the all owed
specifications at the fiber interface where the signal was initially launched into
the fiber. This nmeasurenent is done with a |launched signal whose properties are

t he nost aggressive allowed for producing reflections.

For the interconnect to not export nore noise to other parts of the systemthan
specified (anti pollution requirenents)

To behave like a matched optical path for devices and other cable assenblies
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attached to the ends - this allows concatenation w thout excessive degradation
To propagate light only in the core of the fiber

The recei ved signal and exported noise are influenced by the properties of the

| aunched signals, by the degradati ons occurring during the transm ssion process, and
by the light exit conditions fromthe fiber in the cable assenbly under test. The
performance requirenments apply in all allowed service conditions.

In the optical systens it is possible for reflections arriving back at the |aser
sources to affect the | aser operation in addition to the primary effects of the
reflections on the signals. Therefore the requirenents to limt these reflections
take on a greater significance than for the copper systens.

4.6 R sks and calibration strategy

4.6.1 Overview

Real | aunched signals always contain sone |evel of inperfection so it is not
practical to require perfect launch signals. Simlarly it is essentially inpossible
to create a | aunched signal that is degraded to all the allowed Iimts at the sanme
time. There is a requirenent to acconmodate these two facts into the testing
strategy. Essentially there are four primary risks associated with this issue.

Si gnal source characterization and calibration
H gh frequency noise and filtering

Per f or mance specification nethodol ogy

Test fixture conpensation and calibration issues

O her risk areas are:
I nconpl ete speci fication of neasurenent conditions
Treatment of |ight angularity

Assunptions concerning preservation of |aunched spatial patterns during
transm ssion

Each of these is discussed in this sub-cl ause.

4.6.2 Signal source characterization and calibration

One primary risk cones frominadequately characterizing the |launched signals used in
the tests. Since the properties of the signals at the receiver are the only
properties that matter to a configured and operating system it is critical that the
tests use launched signals into the interconnect that are the worst allowed. |If

| aunched signals used during the test are degraded nore than that all owed then the

i nterconnect will be called on to cause | ess degradation so that the result at the
receiver will still be within specification. The use of excessively degraded

| aunched signals places unfair burden on the interconnect.

Conversely, if the launched signals are better than all owed, the interconnect may
cause nore degradation than allowed for the interconnect but still deliver conpliant
signals to the receiver. This condition permits defective interconnect to be
nmeasured as good interconnect. The way to avoid these risks is to execute an
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adequat e characterization of the | aunched signals and to conpensate in the test
requi renents for the amount of excess goodness or badness in the | aunched signals.
Figure 1 illustrates this general schene

It is the signal actually launched into the interconnect under test that counts. The
di fferences between the signal conming out of the source and the signal delivered into
the interconnect under test are considered in 4.6.5.
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Figure 1 - Ceneral allowed range calibration strategy

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

| aunched signal to the maxi num al |l owed degradation. By noting how nuch degradation
coul d be added to the actual |aunched signal before exceedi ng the maxi mum degradati on
and adding this difference to the requirenents for the received signals one achieves
t he equival ent effect as actually degrading the |aunched signals as far as measuring
the properties of the interconnect is concerned. Said differently, if the |launched
signals are better than allowed (as is usually the case) then the requirenents on the
received signals are tightened by the same anmount that the | aunched signals were
better. Simlarly, if the |launched signals are nore degraded than allowed then the
received signal range is broadened.

This process elimnates a major problemwth creating calibrated degraded high
frequency signals, uses the linear property of optical interconnect to good

advant age, and allows the properties of the interconnect to be fairly and accurately
nmeasured. However, for optical systens additional calibration is needed as di scussed
in 4.6.5.
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4.6.3 Hi gh frequency noise and filtering

The second prinmary risk is the nodifications to the optical signal mneasurenent
processes that nmay be required to accommobdate the behavi or of real receivers and
optical sources. Part of the characterization of the |aunched optical signals

i nvol ves anticipating the bandwi dth of the receiver to be used. This is required
because sone optical sources have significant high frequency content in the signa
structures that will not be detected by receivers designed to reject high
frequenci es.

Present practice in standards docunents requires the use of a |ow pass filter between
the optical source and the instrunment used to observe the optical signal. The fact
that the properties of this filter depend nostly on the receiver (and the data rate)
creates an undesirable relationship (for testing optical cable assenblies) between
the | aunched signal requirenents and the receiver being used that does not exist in
the copper HSS testing (assumng that the copper receiver is not required to
condition or process the received signal).

The use of a filter also creates the need to carefully specify and calibrate the
filter itself since it is an intrinsic part of the nmeasurenent. |If the filter
properties can be determ ned based only on the data rate then sone i ndependence from
the receiver is achieved. This requires separate test requirenments for every data
rate support ed.

In order to avoid these intractable issues this docunent assunes that no filtering is
required for HSO neasurenents.

4.6.4 Performance specification methodol ogy

Optical link performance is specified in sone standards by placing a set of

requi renents on the | aunched signal and a different set of requirenments on the

recei ved signal. These differences go far beyond the sinple accounting for different
val ues of the paraneters that characterize the | aunched and the received optica
signal. It is assuned that the behavior of the interconnect nmay be predicted by an
optical link nodel and that various average | aunched power penalties nmay used to

overcone the degradations occurring in the link including transmtter, receiver and
i nterconnect effects.

Further, it is the present practice in sone standards to ensure that the receiver
itself is capable of operating satisfactorily with signals that “stress” the receiver
beyond its noni nal performance.

The et hodol ogy used in this docunent is based on direct measurenent of the
properties of both the | aunched and the received optical signals using the sane
paraneter set with different allowed values. This schene not only is free fromthe
ri sks of applying nodels without validation for the specific optical interconnect
under test, it also allows reuse of exactly the same equi pnrent and neasurenent

nmet hodol ogy for both the | aunched and recei ved signals.

4.6.5 Test fixture conpensation and calibration issues

The fourth primary risk derives fromthe fact that sone paraneters of signals

| aunched into the interconnect can be seriously affected by the test fixture. In
some cases the launched signal can be unintentionally inproved if the test fixture
conpensates for the interconnect under test by introduci ng degradation of the
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paraneter in the opposite sense. This type of degradation is ternmed conpensating
degradation. |If conpensating degradation is present it gives a fal se sense of
goodness in the interconnect under test. Wien the sane interconnect is used with
| aunched signals fromother test fixtures and transmtters havi ng non-conpensating
degradation the resulting interconnect performance nay be seen to be nuch worse.

In the copper case, conpensating degradation is nost |likely due to bal ance of one
sense in the launched signals being of the opposite sense fromthat caused by the

i nterconnect under test. 1In the optical case a nore mechani cal conpensation
mechanismis likely. A sinple exanple is the direction of nechanical m salignnent
bet ween axis of the fiber cores in both sides of optical connectors. |If the cores on

the | aunched signal side and the core on the cable assenbly side are both nisaligned
by the same anount in the sane direction the fiber connection sees no m salignnent.

If the sanme cable assenbly is tested with a test fixture connector that is msaligned
by the same anmount but in the opposite direction a major loss of I[ight could occur

t hrough the connection. Conpensating and non conpensati ng degradati ons can exi st
fromexactly the sane laser but with different connectors.

QO her conpensati ng degradations involving the bandw dth performance of the optica
cabl e assenbly are al so expect ed.

In the copper case conpensati ng degradati ons are easy to detect and correct by sinply
reversing the connection sense and re-neasuring as specified in SFF-8410. Ganted, a
snmal |l part of the degradation could be caused by different amounts of m salignnment of
the copper contacts with resulting slight changes in bal ance and contact resistance.
But in the copper case there is generally only a single direction of msalignnent
possible. In the optical case there is a continuumof “directions” for the
conpensati ng degradation that nay exist and that results in a nore conplicated
detection and renoval schenme. These schenes are described as part of the testing

pr ocedures.

In the optical case the basic approach described in this docunent is to define and
use “gol den” hardware for the test fixture side and to devel op enpirical and
theoretical extrapolations to the worst case for application use. The failure limts
during the test with the gol den hardware are significantly nore stringent than for

t he performance expected with worst case hardware.

Figure 2 shows that in addition to the properties of the optical source being better

than all owed, the degradation caused by the test fixture being | ess than allowed al so
needs to be subtracted fromthe all owed receive signals.
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Figure 2 - Conpensating degradation calibration strategy

When dealing with real optical systens one is faced with a variety of optica
connectors that are inconpatible with each other. Al of the connectors listed in
clause 4, for exanple, are inconpatible. This condition invites the use of adapter
connectors that allow sources and instruments to be used with a variety of

connectors. |f adapter connectors are used they introduce additional interfaces each
of which is capable of introducing conpensating or non-conpensating degradation that
nmust be accounted for

For this reason it is desirable to design the test fixtures using the same type of
optical connector (which needs to be a golden connector since it is part of the test
fixture) used on the interconnect under test. If adapters are used then the connector
that connects directly to the I1UT shall be a gol den connector on the adapter. This
connect or now becones the new starting point for the test fixture.

Figure 3 illustrates the use of an adapter as part of a test fixture. FUT in this
figure nmeans ‘fiber under test’. See 5.6.1.

Adapters nmay be the only practical approach for inputs to optical scopes and ot her
expensi ve equipnent. In this case, the adapters used shall be “calibrated” adapters
(traditionally provided by the instrunmentation nmanufacturer) that are considered part
of the instrunentation
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Figure 3 - Use of passive adapters as part of the test fixture

4.6.6 Conplete specification of the testing conditions

Optical performance data is often presented w thout adequate specification of the
conditions used for testing. This practice is not limted to optical systens and
anytime the conditions used for testing are not adequately described the
interpretation of the nmeaning of the data may not be accurate.

To illustrate the point, a set of typical advertised characteristic waveforns (in the
formof eye diagrans) related to optical |inks were found by a nenber of the team

t hat devel oped this docunent. Based on the information supplied with these wavef orns
the questions |listed bel ow were generated in the quest to determ ne the significance
of the data. The particular link where the data was shown was a parallel fiber
schene.

1. Is this eye diagramdisplay one channel, two channels or a superposition of all
channel s?

2. What kind of filtering was used?

3. Is signal shown optical out of the fiber or the electrical output of the
optical receiver?

4. What are the properties of the launch signal? — specifically, was the |aunched
signal worst case? — What are the effects of the connector at the | aunched end
— Was an overfilled condition used? — purposely off center? — spati al
di stribution? — gol den | aunch connector?

5. What is the fiber used?

6. What is the spatial distribution of the emtted Iight? Reference TIA FOTP 203
under devel opnent.

7. What is the angular content of the emtted light? [ See explanation in clause
4.6.7]

8. Was a gol den connector used on the receiving end?

9. How does the signal |ook with several connectors involved?

10.If this is the copper signal fromthe QFE, what did the raw optical signal | ook
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i ke?

11.1f a copper signal, how close was the received optical signal anplitude to the
sensitivity limt of the receiver?

12.1s this with the stressed receiver optical input (jitter added to produce
jitter at the specified limt)?

13. What was the data pattern?

14. Was there any applied stress on the optical connectors or the fibers at the
time of the measuremnent?

15.1f any effect of stress is detected, what noved with respect to what? [Wthout
the answer to this question it is not possible to determ ne which part of the
systemis responsible for the effects]

16. Where in the tol erance ranges allowed for connectors, fibers, and assenbly
conmponents such as epoxy did the test fixture fall?

Al the areas exposed in the above list of questions need to be specified for
accurate interpretation of optical cable assenbly testing results. Wthout these
specifications it is possible to nmake defective and inferior product appear good and
to nmake superior product appear bad.

4.6.7 Angularity issues

When light emits froma fiber end in a connector the Iight has three properties:

l ocal intensity (measured in microwatts/ mf), local position, and angle of em ssion
The angl e of enission may have a first order effect on the bandw dth performance of
other link elenments if intimate fiber to fiber contact is not achieved.

There is presently no standard procedure for neasuring the angular content. However,
the basic idea is to map the intensity profile over different angul ar positions of
the detector using a restricted aperture detector while nmasking all but the specific
| ocal areas of the fiber interface of interest.

Thi s docunent does not call out any requirenments for angular content.

4.6.8 Preservation of |aunched spatial patterns over distance

Launched spatial confinenment nmay not be preserved under transm ssion through the
fi ber because node conversion nmay occur during propagation. Preservation of the
| aunched spatial pattern is not a specific criterion for HSO perfornmance. The
ef fect of spatial confinenent |loss is included in signal degradati on neasurenents.

4.6.9 Sunmmary

The conbi nati on of real |aunched signal properties and interconnect properties causes
addi ti onal burden on the testing process. The adjustnent for real |aunched signals
being better than worst case is likely to be a one tinme cost for the sanme transmtter
and test fixture. Test nethodol ogies that do not require optical |ink perfornance
nodel s for performance specification nethodol ogi es are needed.

The schenes to deal with the conpensating / non- conpensating nmeasurenents conditions
require that sone nodel for the intensity of the degradations exist. Miltiple

i ndependent neasurenents are needed because one cannot be sure which “direction” of
degradation is present in the interconnect under test.
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The effect of filtering during measurenent is an essential part of the calibration
processes.

Conpl ete specification of all relevant measurenents conditions are required.

This docunent is perhaps the first attenpt in the industry to bring all the
requi renents for predictably interoperable optical cable assenblies and links into a
si ngl e pl ace.

5. CGeneral requirenments for HSO neasurenents

5.1 Overvi ew

Thi s sub-cl ause specifies the high frequency performance requirenents and neasurenent
nmet hods to be used for neasurenent and verification of properties of the

i nterconnect. These requirenents apply to the physical connector and to its signa
nei ghbor hood. See 5.5.

5.2 Consideration of nechanical influences

Since the performance of the mated connectors and the fiber itself can be affected by
mechani cal i nfluences, understanding and specifying the follow ng properties are part
of the measurenent condition requirenents.

the stresses placed on the fiber including effects of bend radius and total
angul ar distortion (of the type experienced when using a nandrel)

vibration of the fiber that affects the nodal distribution or other optica
properties is not inportant to HSO because vibration induced effects occur at
frequenci es much | ower than any frequency of interest and the bend radii stresses
are nore severe than any caused by snall anplitude vibration

stresses on the connector housing that could affect the alignnents and fi ber
spaci ng at the separable interface

cont ami nation of the interface

nmechani cal stability in service including wear and di nmensional stability of
materials during tenperature and humdity cycling.

actual position in the allowed tol erances for both sides of the nated optica
connector (including the retention elenents on both sides)

relationship of the fiber recess / protrusion properties at the mating interface
of the fibers in both the test fixture connector and the FUT connector (this is
i mportant to assess whether any preferential mechanical |ocking is possible for
the specific conbination of test fixture and FUT)

Notice that if nechanical stress produces changes in the perfornmance nmeasurenent then
assessnent of the root cause of the change is vital to determ ne whether the FUT, the
test fixture, or the specific conbination of this particular test fixture with this
particular FUT is responsible.

5.3 HSAO neasurenent |evels

Two broad | evels of HSO neasurenent are descri bed
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5.3.1 Level 1 neasurenent (test) definition

Level 1 neasurenents are tests that are needed to ensure that the interconnect is
capabl e of (a) transporting mininmumintegrity (maxi mum degradation) |aunched signals
to the far end of the interconnect w thout excessive additional degradation to the

| aunched signals and without exporting excessive interference to other parts of the
systemin the process and (b) to operate as an effective transmssion line with HSS
ports.

5.3.2 Level 2 neasurenent definition

Level 2 measurenents are those that nay reveal the source causes of degradations
measured in level 1 neasurenents. Level 2 nmeasurenents are expected to be useful for
desi gni ng and nmanufacturing interconnect conponents that satisfy level 1 tests but
are not individually required as direct perfornmance neasures of the interconnect. It
may be required to use specific level 2 tests to establish the test conditions for
level 1 tests.

5.3.3 Relationship between level 1 and |level 2 nmeasurenents

Thi s separation of neasurenents into two levels is specified in detail in later sub-
cl auses. By separating the neasurenents requirenents into the two different |evels,
resources nmay be nore efficiently utilized conpared with the forner schenes that
required all measurenents to be individually satisfied. In effect, only the level 1
tests need be used to verify an interconnect for sale or use by both the supplier and
the user. The level 2 nmeasurenents are available to the interconnect designer and
manufacturer to nore efficiently create designs and nmanufacturing processes that
produce good interconnect. Figure 4 shows a graphical relationship between the two

| evel s of nmeasurenents.

LEVEL 1 MEASUREMENTS
(REQUIRED)

/ \ LEVEL 2 MEASUREMENTS

/N
Q Q Q Q TRO(BEA\LGENSOHS(ISEI:ING,

OPTIONAL)

Figure 4 - Two | evels of neasurenent for HSO
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5.4 Applicability to specific connectors

Thi s docunent contains perfornmance testing requirenents for HSO applications
relating to the SC, ST, LC, SG M, MI-RJ, MJ, FC, MPO, SMC, and ot her connector
famlies. Al of these except the FC have latching or detent type of retention and
the user has no control over the forces existing on the optical interface in service.
The FC connector has a twist screwretention that allows the user to adjust the mated
pressure/stress on the interface to sone degree. For this reason the FC connector
has additional requirenments on the torque of the retention for the tests in this
docunent .

It is assuned in the neasurenment specifications that the connectors are used in a
dupl ex connection where one fiber is propagating the high speed optical signa

t hrough the connector in one direction and fiber is propagating an asynchronous (to
the first signal) optical signal through the connector in the opposite direction

Q her connectors that nmay be defined in future specifications when used in a dupl ex
signal application nay al so be subject to the requirenents in this docunent.

It is a straightforward exercise to adapt the nmeasurenent requirenents in this
docunent to other optical transm ssion schenes such as (1) wave division multiplexing
where different colors of |light are simultaneously |aunched into the sane fiber and
(2) parallel fiber paths between the sane end points.

5.5 Optical signal nei ghborhood

In the copper system an el ectrical nei ghborhood was defined in terns of the rise

I ength of the signals. The electrical neighborhood is the physical distance away
fromthe connector parts that mnmust be considered during the neasurenments. Since the
optical signal is nodulated Iight the concept of rise I ength does not apply to nost
practical systens since the rise length is on the order of a wave length or around a
m cron. The optical signal nei ghborhood concept is nore associated with the parts of
the systemthat are capable of nmechanically altering the fiber mating interface of
connectors and of inducing nechanical vibrations or stresses into the fiber itself.
For optical systens the properties of the signal nei ghborhood are |argely mechani cal
envi ronnental and procedural. Signal nei ghborhood issues can affect any or all of
the foll ow ng:

the fiber mating interface in the connectors

optical signals in the fiber caused by deformati on of the fiber (bend radius)
noi se that couples into the optical path

reflections fromsplices and the far end of the link (even if it extends beyond
the end of the cable assenbly under test)

The close proximty signal nei ghborhood extends to the parts of the systemthat are
capabl e of altering the fiber mating interface.

The total or extended signal nei ghborhood nmay reach far beyond the physica
connector. Exanples of extended signal nei ghborhoods are nmeasurenents that are
af fected bend radius well away from any connector and vibration of the fiber.

Features within the close proxinmty signal nei ghborhood may act as if they were part

of the connector itself as far as contribution to the overall performance of the
i nterconnect is concerned.
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5.6 Definition of level 1 HSO optical perfornance paraneters

Thi s sub-clause gives nore detail concerning the level 1 perfornance requirenents.

5.6.1 Definition of FUT and FUTnor

In the case of duplex cable assenblies there are two basic parts: (1) the half of the
dupl ex contai ning the signal path under test and (2) the other half of the duplex
contai ning the half NOT under test. The part that is under test is called the “fiber
link under test” or the FUT. The part that is not under test is called the “fiber
[ink not under test” or the FUTnor.

The FUT and the FUTyor each have an associated transmtter and receiver. Figure 5
illustrates the rel ationshi ps.

CONNECTOR CONNECTOR
FUT — FUT
TRANSMITTER RECEIVER
FUThor FUTyor
RECEIVER TRANSMITTER

FIBER UNDER TEST (FUT)

FIBER NOT UNDER TEST (FUT,or)

Figure 5 - Term nology for interconnect under test (duplex shown)

Fi gure 6 shows the conventions and abbreviations used for signals and instruments.

The interconnect under test is end to end and may include installed fiber and

nmul tiple cable assenblies. 1In order to mnimze confusion this document considers
all of the following ternms to be equivalent: patch cord, junper, and cabl e assenbly.
The term cabl e assenbly is used consistently throughout.
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S1 — FUT ——» SMI1

SMI2 <«—] FUTyor « S22

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

Figure 6 - Definition of abbreviations used for signals and instrunents for output
nmeasur enents (dupl ex constructi on shown)

The configuration shown in Figure 6 does not apply to reflection neasurenents and is
l[imted to a duplex construction. For nore conplex constructions the general
notation, Si (i =1to N) and SMj (j =1 to M where N and M are the highest nunbers
that apply respectively.

5.6.2 Instrunmentation filtering requirenents

HSO neasurenents are all specified w thout using any instrunentation filtering.

5.6.3 Definition of level 1 optical performance paraneters

There are 5 level 1 electrical performance paraneters defined. Al 5 tests shall be
satisfied for all FUT s.

1. Optical transm ssion signal degradation (signal degradation): optical eye pattern
conpari son test where |aunched optical signals into the FUT having m ni nrum al | owed
anplitude and maximum al lowed jitter for transmtters are transferred through the
FUT and an attached reference cabl e assenbly. The reference cabl e assenbly
produces calibrated dispersion, jitter, and | osses over a |long distance so that
the effects of the FUT on the Iink may be reveal ed. The output signal shall not
| ose anplitude or increase jitter beyond the allowed specification for the FUT

The FUTnor transmtter has asynchronous worst case signals (nmaxi num anplitude)
present during the testing. The signals fromthe FUT\or transmtter consist of
data patterns with both a run length of at least 5 and run length of 1 — e.g. the
K28.5 pattern or individually programred patterns.

Mechani cal stresses near the connector and angul ar displacenents of the fiber are
applied during testing. A specified nunber of turns around a specified di aneter
round mandrel is required for the FUT while executing the test to sinulate the
effects of mninmum bend radius in actual installations. The nunber of turns and
mandrel dianeters depend on the requirenents for different |UT designs and
applications. This test includes effects of attenuation, cross talk, dispersion,
jitter, fiber bandw dth, and | aunched signal coupling into the fiber.
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There are three |aunch conditions that may be used: (a) overfilled per TIA ElA-
455-54, (b) restricted per TIA/ El A-455-204 [23 micron], and (c,d,e) three
different offset single node |aunches. The offset shall be 0, 7.5 and 15 micron
fromthe fiber center. Note that TIA El A-455-204 uses a 23.5 micron fiber to
“filter” the overfilled launch condition described in TIA El A 455-54. This
automatically prevents excessive power |aunched into the center of the FUT which
coul d cause DMD.

2. Optical signal reflection (signal reflection): Signal reflections are generally
concerned with optical energy returning to the transmtter fromdiscontinuities
and non-uniformties in the link. This is reverse direction average power
nmeasur enent taken as a fraction of the | aunched unnodul ated power that is returned
to the source. Directional couplers are used to separate the incident fromthe
reflected optical energy. Since reflections are due nostly to connectors, each
connector in the assenbly is tested separately by reversing the FUT and any
contribution fromthe fiber is thereby somewhat overstated in the results.

3. O adding node transm ssion/reflection: Executed using a grossly offset |launch into
cl addi ng only and neasuring the optical power out the far end. |If little
transm ssion is detected then no significant cladding node reflection is likely.
If nore than 1% of the |aunched power is detected in the transm ssion node the FUT
fails. |If this test is passed then even very short cable assenblies should be
acceptable. Wth nodern fibers failure of this requirenment is unlikely and
routine testing would nornmally not be required.

4. Near end cross tal k, NEXT, (Quiescent noise): the anplitude of the signal at the
FUTnor receiver (adjacent to the FUT transmitter) when no signal is driven into the
FUTnor receiver fromthe FUTwor transmitter. The signals fromthe FUT transmitter
are individual isolated pulses that have the maxi rumpermtted anplitude. Wth
nodern assenblies failure of this requirenent is unlikely and routine testing
woul d norral Iy not be required.

5. Propagation tine and propagation tine skew. skew applies to wave division
nmul ti plexing and parallel fiber applications only. The propagation tine is the
time required for the mdpoint of a signal transition to propagate between a
physi cal input and physical output nmeasurenent point. The propagation tine skew
is the difference in the time required for the mdpoint of the signal transition
to simultaneously propagate down two nominally identical paths between an input
and out put nmeasurenment point. The propagation tinme skew for different nodes
within the sane nultinode fiber is part of the bandw dth reduction of the fiber
and is not explicitly considered as skew in this docunent. Several hundred ns of
skew i s possible for long cable plants and for parallel constructions where the
skew may scale with length. Skew may not scale with | ength. Skew shall be
reported only on the specific lengths of interest.
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NOISE ON RECEIVER REFLECTION MINIMIZATION
INPUT DUE TO ADJACENT REQUIRED FOR
TRANSMITTER INTEROPERABILITY,
JITTER MANAGEMENT
AND LAUNCH SIGNAL
INTEGRITY

MAINLY FOR WDM
AND PARALLEL NEAR END
CROSS TALK

OPTICS (QUIESCENT
NOISE)

PROPAGATION
TIME AND
SKEW)

BACK
REFLECTION

CLADDING
MODES SIGNAL
DEGRADATION

DRIVING MECHANISM BEHIND
DELIVERING EXCESSIVE
OPTICAL ENERGY TO
THE LASER SOURCES

DELIVERY OF OUTPUT OPTICAL SIGNAL
FROM NEARBY REFLECTIONS

WITH ADEQUATE INTEGRITY

Figure 7 - Level 1 measurenents

5.7 Definition of |evel

2 HSO perfornmance paraneters

The twel ve | evel

2 optica
this clause.

performance paraneters listed in Figure 8 are described in
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SHAKER
MEASUREMENT

REFLECTION
PREVENTION
(MANDREL WRAP)

CROSS TALK
COMPONENT

DMD CALIBRATION
FOR DISPERSIVE
REFERENCE FIBERS

INSTRUMENTATION
FILTERING CALIBRATION

SHORT ASSEMBLY
INSERTION LOSS

BANDWIDTH

SIGNAL
TRANSITION
DURATION

BEND RADIUS
SENSITIVITY

OPTICAL
TDR

Figure 8 - Level 2 measurenents

1. Attenuation: the ratio of output to input average power expressed in dB as
nmeasured by a power neter. Attenuation is a primary contributor to eye closure
and intersynbol interference jitter. Attenuation in dB is expected to scale with
length for cases where uniformfiber contributes virtually all of the |oss.

Attenuation is the ratio of output to input average power expressed in dB as
nmeasured by a power neter

Insertion loss is the difference in output power with and without the IUT in
pl ace.

2. Short assenbly insertion loss: the contribution of one nated connector pair in a
cable assenbly to the overall power |oss. The isolation of the connector is
possi ble in short assenblies because the fiber oss nmay be negligible. The length
of the short assenbly is such that the contribution to the attenuation fromthe
fiber is negligible.

Measuring the launch power requires attaching the power neter to an optical source
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through a mated pair. Placing a cable assenbly between the source and the power
nmeter adds an additional pair. The difference in power is effectively the
contribution of one nated pair.

Thi s measurenent nmay not precisely isolate which connector has the high | oss.

3. Signal transition duration (rise / fall tinme): the tine required for an optica
signal edge to traverse between 20 and 80 percent of the difference between the
low l 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 affects the signal degradation
neasur enent s.

4. Instrunmentation filtering calibration (not normally required for HSO): There are
two sources of high frequency noise in the HSO transni ssion process: transmtters
and differential nodal delay in the fiber. Real optical receivers nmay be desi gned
to filter the high frequency noise in order to neet the BER requirenents.
Instrunmentation quality sources are used for HSO testing so there is no intrinsic
need to burden the cable assenbly testing with filtering and associ at ed
calibration. The DVD noise is related to the [aunch conditions and the properties
of the FUT and is an intrinsic part of the HSO perfornance

HSO signal degradati on nmeasurenents are taken with no instrunmentation filtering
This allows the HSO cable assenbly to be used with any receiver at the data rate
regardl ess of the filtering properties of the receiver.

If one knows that certain receiver filtering will be present in the application
for the HSO conponent then the filtering function used in the receiver (which
nmust be known in advance fromthe receiver manufacturer) nay be used in the signa
degradati on neasurenents. Thi s met hod produces HSO cabl e assenblies that nmay
not work with other receivers.

5. Cross tal k conmponent of signal degradation: The effect of asynchronous signals on
FUTnor oOn the signals in the FUT. Cross talk generally is mininmal in defect free
assenblies. However, optical |eakage at connectors or in the fibers thensel ves
can cause coupling between fibers with resultant cross talk. Cross tal k degrades
signal quality including increased jitter and anplitude paraneters on the optica
eye pattern. This effect is detected by renoving the optical power on the
aggressor signal and noting the effect, if any, on the output signal

6. Electromagnetic conpatibility (EMC): any effect of the HSO assenbly on the EMC is
due to the nmethod of attachnent to the systemor to the construction of the
optical connector (e.g. nmetal content). EMC diagnostics, though inportant, need
to be carried out in a systens context and specific nmeasurenent nethodol ogy is not
defined in this docunent. See SFF-8410 for EMR (el ectromagnetic radiation)
nmet hodol ogi es.

7. Reflection prevention (rmandrel wap techniques): Useful for preventing optica
reflections by forcing the optical signal into the cladding where it is quickly
lost. The general approach is to wap the jacketed fiber around a nandrel unti
the optical output is elimnated. It may require many turns for sone fibers and
the thickness of jacket limts the radius that can be achieved. For sone fibers,
this techni que does not work due to not being able to achieve sufficiently smal
bend radii. Mandrel wapping i nduces sone risk of damagi ng fibers by breaking.
The larger the dianmeter of the mandrel the Iess the risk of breaking a fiber but
the greater the chances that it will not be possible to elimnate the optica

signal. Mandrel sizes range fromaround 0.25 inch to around 1 inch dianeter and
are hexagonal or square in cross section. The sharp corners are required to
achi eve adequately snmall local bend radii (m crobends).
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8. Bend radius sensitivity for output optical signals using mandrel wap techni ques:
Useful for determning if a particular 1UT is affected by bend radius. Round

mandrel s are used for this nmeasurenent due to requirenment for repeatability. Wap

a specified nunber of turns of the IUT around a specified dianeter nandrel to

define a known stress condition. Uses for this neasurenment include: (a) conparing

the performance of different fiber designs, (b) determning what it requires to

cause significant signal degradation by bending, and (c) as a required part of the

si gnal degradation test.

9. Shaker neasurenent: refer to TIA/EIA-455 for details of execution. The stress
produced by the shaker affects very |ow frequency performance and is not rel evant
to the HSO applications. Bending is included as part of the stress required in
the signal degradation nmeasurenent. The bending around a nandrel far exceeds the
stress produced by the TI A El A shaker test.

10. Optical TDR neasurenent: Sane as copper TDR tests except that optical signals are

used. Optical TDR is useful for neasuring reflections and | osses and determ ning

t he approxi nate position of features in the link. TDR neasurenments require access

at only one end of the HSO and are especially useful for long installed HSO
conponent s.

11. Bandwi dt h nmeasurenent: The bandwidth of the Iink is formally the signal frequency
(optical carrier nodul ati on frequency) at which the nodul ated signal intensity
drops to 3dB below its | ow frequency value. The bandw dth degradation is
observabl e as a change of STD (signal transition duration) in the optical signa
as it traverses the Iink. The amount of STD degradation is related to the
bandwi dth of the link. Conmon tine domai n approaches to the bandw dt h nmeasur enent
i ncl ude: single edge STD degradati on, Gaussi an pul se degradation, or changes in
ot her suitable wave shapes. Subsequent conversion into S21 is required to apply
the 3 dB criterion.

Note that no limting anplifiers nay be used in the optical receive

i nstrunmentation. The determ ned bandwi dth may depend strongly on the details of
the launch conditions. Three |aunch conditions are described: overfilled, RW
(restricted node | aunch), and single node probe scan

Tl A/ El A- 455- 204 descri bes the preferred nethodol ogy.

The performance is neasured at the end of a sinmulated |ink that contains the FUT
12. DWVD calibration for dispersive reference fibers (DRF):
DRF' s are required as optical |oads for the signal degradation tests to ensure that
the effect of the FUT on long links is quantified. DRF s are specified to have
certain distributions across the core of single node | aunch pul se response. Two

types of DRF are required: (1) where the bul k of the dispersion occurs close to the
center of the core and (2) where the bul k of the dispersion occurs in higher order

nodes away fromthe center of the core. Mthods are specified for determ ning when a

candidate DRF is suitable for use as a type 1 or a type 2 DRF

5.8 Basic requirenents for executing a test

Each paraneter has specific allowed ranges as determned froma test nmeasurenent.
Each neasurenent requires

test fixturing to all ow connection of instrunmentation and FUT
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calibration procedures to account for the effect of fixturing
applied stimuli and neasured responses that contain the results of the nmeasurenent

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

The calibration procedure is usually different for the different tests.

The acceptabl e range for each paraneter nay differ for different perfornance classes.

5.9 Definition of the FUT

SPATIAL DISTRIBUTION PROPERTIES
OF LAUNCH (INTO THE FUT)
MEASURED AT THIS POINT WITH

TRANSMITTER CONNECTOR PAIR UNMATED
SLEEVE SLEEVE
FEMALE MALE MALE MAXE MALE MALE
LASER (SLEEVE)l 1K Y T |
- REPLACEABLE 0 REMOVABLE PART -
LAUNCH LEAD OF THE FUT

CONDITIONED LAUNCH
WITH GOLDEN MALE CONNECTOR
AND GOLDEN SLEEVE

SPATIAL DISTRIBUTION PROPERTIES

OF OUTPUT SIGNAL (FROM THE FUT)

IS MEASURED AT THIS POINT WITH

CONNECTOR PAIR UNMATED

[OUTPUT SIGNAL INCLUDES SPATIAL DISTRIBUTION
PROPERTIES RELEVANT TO THE LAUNCH CONDITIONS
INTO THE NEXT SECTION OF THE OPTICAL PATH]

- Figure 9 - Architecture of connecting a FUT to a transmtter

The FUT is always at |east a nmated connector pair (for exanple connectors A and B in
Figure 10), the termnations for each side of the mated connector, and the nechani ca
features within the signal nei ghborhood for each side of the nated connector. In
some cases the FUT is part of a conpleted cable assenbly containing nultiple FUT s
where the cabl e assenbly has a specific |l ength, the nated connectors on each end, and
t he nmechani cal features within the signal nei ghborhood of each end.
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TP1 PHYSICAL INTERCONNECT TP2
< UNDER TEST —>

B cok—
/ \

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

A, D = PERMANENTLY MOUNTED GOLDEN CONNECTOR
(PART OF TEST FIXTURE)

B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

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

SEPARABLE INTERCONNECT PERFORMANCE IS JUDGED
BY ITS PERFORMANCE AT TP1 AND TP2 (USING MORE
STRINGENT LIMITS THAN EXPECTED IN SERVICE WHERE
A AND D ARE NOT GOLDEN)

Figure 10 - Definition of the interconnect under test

This definition of the interconnect under test does not allow optical performance
speci fication of a connector outside the context of a specific application in a cable
assenbly or in a test fixture. |f the interconnect system perfornms adequately
according to the tests in this docunent then the connectors or other pieces of the

i nt erconnect system are adequate.

Using the definition of the FUT in this sub-clause the total FUT is separable from
the test fixture. This is very different fromthe test fixture architecture for
copper described in SFF-8410.

There is one exception to this, however. Near end cross talk requires (in a nanner
simlar to copper) that the connector interface be included in the FUT definition
because the connector interface is a primary source for optical cross talk and there
is no known way to nmake the test fixture golden with respect to cross talk.
Fortunately, optical cross talk is expected to be negligible and this distinction for
the definition of the FUT for near end cross tal k purposes is noot.

The definition for the FUT as the renovable part is necessary in order to measure the
performance of the total connection but it has several consequences that nmay not be
obvi ous.

The contribution of the test fixture to the nmeasured result for the total FUT nay not
be small. The test fixture could conpensate for or exacerbate degradations caused by
the renovable FUT. It is generally expected that different renmovabl e parts of the
FUT will cause different total FUT test results. What nay be | ess obvious is that
FUT's with the sanme renovable part but with different test fixtures may also yield
different results unless the test fixtures are carefully designed and cali brat ed.

Ther ef ore:

Differences in the FUT neasurenent results fromdifferent |aboratories are to be
expected unl ess the sane specifications are used for the gol den parts.
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The pass fail results may differ unless the sanme derating nunbers are used to
account for the effects of the gol den connectors.

If the test fixture conpensates for the performance in the renovable parts then it
is to be expected that other |aboratories testing the same renovable part may find
that the renovable part fails (since their test fixture may not deliver the sane

| evel of conpensation)

If the test fixture exacerbates the degradation in the FUT to the extrene all owed
without allowing the IUT to fail then a nore conservative IUT test results and it
becones unlikely that testing with different test fixtures will show failures in
the IUT

It is not practical in the optical testing to create test fixtures that wll
al ways exacerbate the degradations — thus the need for gol den hardware

Suppliers of FUT parts (typical cable assenblies) need to carefully understand the
effects of the test fixture in their testing so that unintentional conpensation of
renovabl e parts i s not occurring.

Anyt hing within the signal neighborhood of FUT is also part of the FUT and is not
part of the test fixture.

5.10 Special considerations for test fixtures

5.10.1 Overview of test fixture architecture

Test fixtures are crucial for accurately mnmeasuring the properties of optica
assenblies. This is especially true for optical cable assenblies because the
connector is such a large part of the performance on an optical cable assenbly.

The main properties of text fixtures are gol den connector design and the use of
speci al optical cable assenblies instead of printed circuit boards. The optical test
fixtures are simlar to copper test fixtures where sem rigid coax is used.

The required properties of golden connectors are discussed in 5.10.2. Speci al

optical cable assenblies are also required where the position of the core is offset,
where certain bandwi dth performance is required, and where the core dianeter is
different fromthat of the FUT. The special properties of the optical cable
assenblies that formpart of the test fixtures are discussed in the sub-clauses where
they are used.

5.10. 2 ol den connector design

5.10.2.1 Overview

The issues with designing and finding gol den connectors for use with the test
fixtures are described in this sub-clause.

There are three basic types of connector

Those that use an alignment sleeve
Those that use guide pins
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Those that use V grooves

Each of these types requires a different approach to the gol den connector

5.10.2.2 Basic requirenents on endface properties for all connector types

The general shape of the ferrule end of an optical connector polished such that the

average plane of the polish is perpendicular to the axis of the ferrule is shown in

Figure 11. This figure was adapted froma Tel cordi a specification. The orientation
of the average end face plane demands that the center of curvature be on the ferrule
axis. (This point could be the subject of sone debate for real ferrules.)

Endf ace geonetry is not presently defined in the industry for nultinode connectors
but contributes greatly to the variability of perfornmance fromone connector to

anot her connector with respect to nodal coupling. The endface properties defined in
this sub-clause applies to both nultinode and singl e node applications.

PLANAR UNDERCUT/PROTRUSION IS THE DIFFERENCE BETWEEN THE HIGHEST
POINT OF THE FERRULE TO THE HEIGHT OF THE CENTER OF THE FIBER,
SPHERICAL UNDERCUT IS THE DIFFERENCE BETWEEN THE HEIGHT OF

THE EXTRAPOLATED/HYPOTHETICAL FERRULE APEX AND THE HEIGHT OF THE
CENTER OF THE FIBER

PLANE THAT INTERSECTS THE FERRULE AXIS
FIBER AXIS AT THE SPHERICAL FIBER AXIS /_
FERRULE SURFACE \‘

FERRULE

TANGENT PLANE TO \

THE FIBER SURFACE
AT FIBER AXIS

—

T RADIUS OF
THE FIBER HEIGHT CURVATURE
IS MEASURED FROM FIBER AXIS

THE CENTER OF THE OFFSET —>| B

TANGENT PLANE TO THESPHERICAL
FERRULE ENDFACEAPEX

FERULE ENDFACE APEX OFFSET IS DISTANCE BETWEEN
THE FERRULE AXIS AND THE ACTUAL APEX OF THE RADIUS
OF CURVATURE FOR THE FERRULE ENDFACE (NOT SHOWN)

Figure 11 - Schematic endface features

The fiber axis exists at the center of the core of the fiber. A significant issue is
how to neasure the fiber axis and the ferrule axis wi thout changing the test setup
This is approached practically by doing the nmeasurenents in two stages: (1) the outer
ferrule to inner ferrule hole concentricity and (2) the outer fiber to core
concentricity.

The concentricity required for both ferrule and fiber is on the order of 1 to 3
m crons.

A recommended val ue for the apex fiber offset is 25 um nax.

Ferrul e apex offset is the distance between the apex of the ferrule/fiber conposite
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and the ferrule axis. The ferrule axis is the center of the circunscribed circle for
the actual outer surface of the ferrule. A reconmended naxi mum for this paraneter is
25 um

For the gol den connector both the apex fiber offset and the ferrule apex offset are
m ni m zed.

The fiber axis offset shall also be mnimzed. A reconmended nmaxi nrumfor this
paraneter is 2 mcrons.

It is possible to “tune” the offset with respect to the keys for sone connector
types, however, the offset ninimzation approach descri bed above is effectively doing
this tuning i ndependent of any keying and is the approach to be used in 8412.

Anot her golden condition is that the test fixture fiber has a maxi mum under cut
(reconmended to be between 0.05 and 0.1 micron) such that even with nmaxi num
protrusion fromthe IUT fiber with respect to the IUT connector ferrule that the
gol den connector fiber is not touched. This mnimzes the possibility of damage to
t he gol den connector and of fers nmaxi mum separati on between fibers. The maxi num
separation is the worst case for reflection and insertion loss. It does allowthe
protruding fibers in the IUT to not be detected. Protruding fiber in the IUT
connector could cause damage to itself or to mating connectors if the fiber
protrusi on exceeds the nmaxi mum specifications but that is controlled using physica
nmeasurenents and i s not expected to be done as part of a performance test. It is
expected that fiber to fiber contact will bear the forces of the connector as |ong as
the protrusion is within specification

The angle of the fiber interface is determ ned by the apex offset (the ferrule axis
of fset) and the radius of curvature (assunming a polishing is used). Therefore there
is no need to separately specify the angle of the fiber interface.

The Tel cordia specifications call for the radius to be 7 to 25 nm The gol den
connector uses the 25mm spec so that inperfections in the IUT would nore |likely cause
separation of the fibers.

For angl e polished ends commonly used in single node applications there are at | east
four specifications: the basic angle, the axial rotational angle, the ferrule axis

of fset and the radius of curvature. Coldenness is neeting all the nom nal features.
The gol den connector has the best possible finish so that the properties of the IUT
determ ne the perfornmance degradation. Presence of any defects in the surface finish
i nspected when using Tl A/ El A-455-57 is cause for rejection of the candidate gol den
connect or.

Q her properties relating to the ferrule, alignment sleeve dinensions, guide pins,
and V grooves are addressed in 5.10.2.3, 5.10.2.4, and 5.10.2.5.

5.10.2.3 Alignnent Sleeve type (AS)

The basic configuration for alignnment sleeve constructions is shown in Figure 12.
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Y

IUT FERRULE TEST FIXTURE FERRULE
FIBER —>
(GOLDEN)
—_—
INTERFERENCE
FIT (SHOWN ALIGNMENT SLEEVE
SEPARATED

FOR CLARITY)

EXPANSION SLOT

Figure 12 - Architecture of the alignment sleeve scheme

The al i gnnent sl eeve construction has certain properties that constitute gol denness.
The goal of this sub-clause is to define those properties in terms of which direction
to specify the golden alignnment sleeve and the gol den connector. Should the gol den
connector be at the maxi mum material condition, the mninummaterial condition or
what? Sinilar questions apply for the alignnent sleeve.

When the ferrule of either the test fixture (golden) or the FUT connector is placed
into the alignment sleeve an interference fit is expected. This interference fit
causes the slot in the alignnment sleeve to expand slightly (deform) as the ferrule is
inserted into the sleeve. The following two figures are |ooking directly down on the
slot in the alignnent sleeve and illustrate a key question: how far fromthe end of
the ferrule does the deformation produced by the ferrul e extend?
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SLOT IN ALIGNMENT SLEEVE AS VIEWED
FROM THE TOP WITH ONLY ONE FERRULE
IN PLACE

EXTENT OF DEFORMED REGION

FERRULEIS BEYOND THE END OF THE FERRULE
Seeve — > }4—
FERRULE SLOT
REGION DEFORMED REGION NOT
BY THE FERRULE DEFORMED

BY THE FERRULE

Figure 13 - Deformation of the sleeve slot in the axial direction

If the two ferrules are exactly the sanme size and the hole in the alignment sleeve is
perfectly uniformalong the entire length of the sleeve then there will be the sane
level of interference fit all along the alignment sleeve on both sides. 1In this case
there is no need to be concerned about gol denness between the alignnment sleeve and
the ferrules.

For the nore realistic case where the ferrules are not exactly the sane size the
larger ferrule will expand the slot nmore than the snmaller ferrule. 1In this case
Figure 14 shows the critical role the extent of the deformation region has in
determining the alignnment tolerances at the ferrule to ferrule interface.
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SLOT IN ALIGNMENT SLEEVE AS VIEWED FROM
THE TOP WITH BOTH FERRULES IN PLACE

FERRULE IS CONSTRAINTED
WHERE IN CONTACT WITH
ALIGNMENT SLEEVE BUT HAS
REGION OF NON-CONTACT
WITH THE SLEEVE - INTERFACE
CANNOT MOVE

FERRULE IS CONSTRAINTED
WHERE IN CONTACT WITH
ALIGNMENT SLEEVE

LARGER

A FERRULE SMALLER FERRULE
REGION)

CASE2 BT Y MOVE AT INTLRFACE T SHEEVE
Ceaion EXTENDS LARGER

i CERRULE SMALLER FERRULE

 —
FERRULE IS UNCONSTRAINED BY THE
ALIGNMENT SLEEVE AND MAY ;MOVE
EREFEIY AT THE INTERFACE

CASE3

DEFORMED

REGION EXTENDS LARGER

BEYOND END OF FERRULE SMALLER FERRULE
SLEEVE

Figure 14 - Three slot deformation cases

Present practice in the industry uses a test involving the pull force required to
separate two ferrules out of an alignnent sleeve. This test can be used to indicate
the relative alignnment sleeve dinmensions with respect to the ferrul e di mensions.
Using ferrules at the snallest specified diameter produces the smallest interference
force. An acceptance criteria of a minimumextraction force with nomnal ferrules
can be used as an acceptance criteria for alignment sleeves.

Whi | e mechani cal simulations on the alignnent as an el astic nenber could be used to
nodel the extent of the deformed region of the alignnent sleeve, data from actual
nmeasur enents of sleeves that had a ferrule inserted into only one side may al so be
used. Such data is shown in Figure 15.

The test ferrule had a dianeter (by a ring gauge test) of 2.499 +0.0005 mm This is
t he highest grade ferrule obtainable and is very near the nominal. Wth the ferrule
inserted approxinmately 5 mminto the sleeve the slot in the sleeve varied in width
according to the data in Figure 15:
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FERRULE INSERTED NO FERRULE INSERTED
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Figure 15 - Experinmental slot defornation data

This data clearly shows that the sleeve returns to the unstressed gap (approxi nately
0.51mm within a few mm of the end of the ferrule and with approximately 1.5 nmm of
unstressed gap. |If a snaller ferrule were to be inserted into the open end the
interference fit would be much larger than 1.5 nm and woul d be close to the top case
shown in Figure 14. The FUT would therefore have interference fit guidance fromthe
sl eeve for both angul ar and axial positioning during the test.

The question of the mechani smfor accommodating the interference in transceivers
remai ns unanswered. The use of slotted alignment sleeves is not comon in
transceivers. |t appears that cable assenblies and transceivers are different in

t hese respects yet there is no distinction in the commonly executed testing processes
bet ween whet her a cable assenbly is used for alignment sleeve applications with

anot her cabl e assenbly or is connected to a transceiver.

The gol den connector with the golden alignment sleeve needs to be such that
conpensation of |UT properties does not occur. Exactly how to acconplish this
feature in specifying these gol den conponents is now easier after the results of the
sl ot deformation extent test. Assunming that the data presented in Figure 15 applies
generally to all alignnent sleeves the gol denness properties are related only to the
geonetry of the test fixture ferrule and should not be affected by the details of the
i nsertion process provi ded excessive non axial force is not applied.

5.10.2.4 Quide pin types (GP)

Those connector schenmes that use gui de pins need separate detail ed consideration
Qui de pin schenes are used with parallel fiber constructions.

The foll owi ng conditions describe gol denness for GP types:
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Maxi mum mat eri al condition (MMC)* for both guide pins and gui de pin hol es
Position of the fiber hole center with respect to the guide pin/hole is true
Ferrule face is truly perpendicular to the guide pin/hole axis

Ferrule face radius of curvature is naximzed (both najor and m nor face axes)

*all material is present in the part that is allowed within the tol erances. For
exanpl e, the largest pin dianeter and the snallest hole dianeter is the MVC

5.10.2.5 V grove types (VG

Connector schenes that use V grooves, for exanple the SG are significantly different
in many respects fromthe AS and GP types. Sone of the considerations for the VG

i nvol ve the dinmensions of the buffer |ayer and mechani cal spring properties of the
fiber since there is no ferrule. Golden connector properties for the VG types are
not presently addressed in this docunent.

Al measurenents described in this docunent are still useable for VG types but it is
left to the inplenmenter to determ ne how to define gol denness.
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5.10.2.6 Sunmary of gol den connector properties

Table 1 and Table 2 contain a sunmary of the gol den connector properties for AS and

GP types.
Table 1 - Gol den connector property summary - AS types
Par amet er Desired condition in ef fect on performance
the gol den test fixture
test fixture ferrule apex of ferrule at makes FUT appear better
face apex average center of
ferrule
test fixture ferrule m dpoi nt of the makes FUT appear better
di anet er t ol erance
test fixture ferrule concentric outer and makes FUT appear better
QY I D concentricity i nner
test fixture ferrule OD| perfectly circular makes FUT appear better
and IDcircularity
al i gnment sl eeve inside | mdpoint of the makes FUT appear better
aver age di anmeter t ol erance
al i gnnment sl eeve perfectly circul ar makes FUT appear better
circularity
transcei ver alignnent m dpoi nt of the makes FUT appear better
sl eeve t ol erance
apex offset (fiber mnimzed makes FUT appear better
center displacenent
fromferrule center)
end face radi us at least 25 mm maxi m zes the effect of
interface particles on the
FUT
i nterface angle mnimzed makes FUT appear better
(determ ned by apex
of fset tangent plane
and the fiber axis
tangent pl ane)
fi ber undercut maxi mum al | owed makes FUT appear worse
Surface finish on fiber | best possible makes FUT appear better
surface contam nation as clean as possible makes FUT appear better
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Table 2 - CGol den connector property summary - GP types
Par amet er Condition in the golden | effect on performance
test fixture
test fixture ferrule apex of ferrule at makes FUT appear better
face apex average center of
ferrule major and m nor
axes
test fixture ferrule maxi mum mat eri al makes FUT appear better
gui de pin hole dianmeter | condition
test fixture ferrule perfectly circul ar makes FUT appear better
gui de pin hole
circularity
test fixture ferrule maxi mum mat eri al makes FUT appear better
gui de pin di aneter condi tion
transcei ver guide pin maxi mum mat eri al makes FUT appear better
di amet er condi tion
transcei ver guide pin perfectly circul ar makes FUT appear better
circularity
test fixture ferrule m nim zed makes FUT appear better
apex of fset (fiber
center di spl acenent
fromferrule center)
test fixture ferrule >1000 mm maj or axi s maxi m zes the effect of
end face radii >100 mm m nor axis interface particles on the
| Ut
i nterface angl e m nim zed makes FUT appear better
(determ ned by apex
of f set tangent plane
and the fiber axis
t angent pl ane)
fi ber undercut maxi mum al | owed makes | UT appear worse
surface finish on fiber | best possible makes | UT appear better
surface contam nation as clean as possible makes | UT appear better

5.10. 3 Physica

The test fixture for optica

5.11 d addi ng Modes

d addi ng nodes refers to optica

part of the fiber.
in the buffer

| ayer and from ot her

extent of text fixtures

cabl e assenblies may include a

| ength of optica

energy transported through the transparent non-core
Normal Iy cl addi ng nodes quickly | ose their energy by absorption
| oss mechani sns.

The subj ect of claddi ng nodes has been particularly problematic to specify.

There are three cases where cl addi ng nodes nay be inportant to the Iink operation

(a)

In all
| ayer

i naccur at e neasur enment of
cabl e assenblies and (c) optical

cases the issue is that the optica
is affecting the perfornmance of the optica

| aunch conditi ons,
at t enuat or
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It appears that the cladding node performance will need to be a level 1 test or a
stress condition added to the reflection or signal degradation test requirenents.

Short cabl e assenblies with significant claddi ng node propagati on deliver nore
optical power than actually is available for |onger distance propagation. This
ef fectively overstates the | aunch power of transmtters and needs to be elimn nated.

The second issue with cladding nodes is related to excessive reflection (return | oss)
in short cable assenblies. This can cause degradati on of the | aunched signal under
certain |laser operating and design conditions. There is presently no nateri al
specifically relating to this issue available for this docunent but it has been
anecdotally reported to be significant for sone | asers.

The effect of cladding nodes on optical attenuators is considered in Annex A

6. Level 1 tests

6.1 Signal degradation

6.1.1 Overview

During the transm ssion, degradation is expected froma nunber of causes such as
attenuation, dispersion, 1SI, and cross talk. |In order to capture the entire
behavi or of the optical signal degradation an optical eye pattern conpari son schene
is used. Signal degradation is nmeasured at the end of a sinulated |ink (which may
not be the direct output of the FUT).

This is an optical eye pattern conpari son test where | aunched optical signals into
the FUT having mninum all owed anplitude and naxi mumallowed jitter for transmitters
are transferred through the FUT and an attached di spersive reference fiber (DRF)
cabl e assenbly. The output signal shall not |ose anplitude or increase jitter beyond
the all owed specification for the FUT.

The FUTnor transnitter has asynchronous worst case signals (naxi mum anplitude) present
during the testing. The signals fromthe FUT\yor transmtter consist of data patterns
with both a run length of at least 5 and run length of 1 — e.g. the K28.5 pattern or
i ndi vidual |y programmed patterns. Asynchronous signals are required to ensure that
all tinme points in the signal under test are inpacted by the cross talk noise. Rea
applications al nost always operate with either end under different timng contro

whi ch produces asynchronous noi se at the receiver.

Mechani cal stresses near the connector and angul ar displ acenents of the fiber are
applied during testing. A specified nunber of turns around a specified dianeter round
mandrel is required for the FUT while executing the test to sinulate the effects of

m ni mrum bend radius in actual installations. The nunber of turns and mandrel

di ameters depend on the requirenments for different |IUT designs and applications.

This test includes effects of attenuation, cross talk, dispersion, jitter, fiber
bandwi dt h, and | aunched signal coupling into the fiber

There are five launch conditions that shall be used:
(a) overfilled per TIA ElA-455-54
(b) restricted per TIA El A-455-204 [23 nicron]
(c) (c,d,e) three different offset single node | aunches. The offset shall be 0, 7.5
and 15 micron fromthe fiber center. Note that TIA/ El A-455-204 uses a 23.5
mcron fiber to “filter” the overfilled |aunch condition described in TIA ElA-
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455-54. This automatically prevents excessive power |aunched into the center of
the FUT which coul d cause DMD.

Not e: the single node | aunch depends on the wavel ength: 9 micron for 1300 nm 4.5
m cron for 850 nm

If it is known that the FUT will not be used for any of the |aunch conditions
speci fi ed above then that |aunch condition is not required but the FUT shall be
identified as not qualified for the | aunch condition elimnated.

Any DRF used shall neet the requirenents of the |ink application under all |aunch
conditions expected in service as well as neeting the requirenents specified in 7.2.

This test requires a nodul ated optical signal at a specific center wavel ength.
Signals are neasured with an optical oscilloscope that has a known |inear detector

Properties of the launch signal are scaled to the foll ow ng worst case conditions:

M ni mum al | owed OVA (optical nodul ation anplitude) - related to average | aunched
power

Maxi mum al l owed jitter

Al rise/fall tines between O and nmax al | owed

2**7-1 data pattern

Recei ver side instrunentation is specified to collect all the light com ng out of the
FUT and a derating is applied to account for this special collection

An eye pattern test schene is used for both anplitude and bandw dth properties of the
FUT and is suitable for use in very high integrity applications because there is no
known mechani sm for producing Gaussian jitter in passive optical transnissions. This
all ows use of comercially avail able optical oscilloscopes to nake the nmeasurenent.

There are three major planks in the strategy for this test:
Use linearity and superposition as rmuch as possible to sinulate the worst case
i nput signals
Use linearity and superposition as rmuch as possible to sinulate the all owed out put
mask
Account for the portion of the |link budget that is expected to be consuned by the
FUT as a result of the FUT |ength.

The test ideally consists of applying the nost degraded allowed transmtter output
signal to the FUT and verifying that the signal out of the FUT does not violate the
speci fied output.

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

1. Using an avail able signal froma real source the reported anplitude for the eye
opening i s adjusted using software conpensati on such that it appears that the
m ni mum al l owed transmt eye opening is being applied. This sanme anplitude scale
and scaling factor is used to record the received eye.

2. The difference between the actual jitter in the transmtted signal and the maxi num
allowed jitter is used to adjust the receive eye nmask by an equal anount in the
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opposite direction (nmaking the receive mask wider and therefore nore difficult to
achieve). This procedure is shown in Figure 16 for the case where the m ni num
jitter margin exists near optical receiver threshold. The minimumijitter margin
anywhere in the transmt nask is the value added to the receiver mask. Jitter in
the transmt signal is transmtted unattenuated to the receiver across the FUT -
super position applies.

Al so shown in Figure 16 is an alignnment nmask that is useful for positioning the
receiver mask along the tinme axis. This alignnent nmask is created by positioning its
zero crossing at the center of the population of transmt signals. This center of
popul ation is reveal ed by the peak of the histogramof the zero crossing signals. |If
nmultiple peaks are detected then the nmean of the histogramis considered the center
of the popul ation

=~ —
ACTUAL
TRANSMIT

SIGNAL

SPECIFIED SPECIFIED
TRANSMIT g TRANSMIT

JITTER
1| mMARGIN
p IN
;| TRANSMIT
1 | SIGNAL

—_—=

ALIGNMENT MASK

SPECIFIED RECEIVE ADJUSTED RECEIVE
MASK WITH WORST = = = = MASK WITH ACTUAL
CASE TRANSMITTER TRANSMITTER

Figure 16 - Conpensation for real transmitter jitter (exanple 1)

The longest link length specified for the application is Liink. Al location of the
portion of the link due to the FUT is based on the fraction of Liin occupied by the
FUT less the effects attributable to the connectors not associated with the FUT.
Exanpl e: Longest link length is 300 nmeters. 1.5 dB total connector |oss (3 mated
pairs). (allowance of 0.5 dB for the FUT connectors) 0.3 U for link jitter

Power budget for cable plant is 5 dB (includes the connectors).

Assune FUT is 50 neters | ong.

Modi fi ed budget for FUT
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Variant specified to operate up to 300 meters

at 2 Gb/s (has specific output signal requirements)

FUT DRF
A B C

Y
A

50 meters Length of DRF isthe same asthe
nomina maximum link length,

Link  (Liink= Lpre)

In thisexample L, is 300 meters

Figure 17 - Use of the DRF in the signal degradati on nmeasurenent

Pick link variant length: DRF = 300 meters
At least two DRF's, qualified per 7.2 shall be used such that:

The DMD distribution across the core has significant nodal dispersion at the
center of the fiber

The DMD distribution across the core has significant nodal dispersion beyond the
18 mcron radius.

The characterization of the DRF s used for the neasurenment shall be supplied with the
signal degradation results.

Create reference signal at C for each |aunch condition:

E.G for worst case RM. (23 micron) launch into B using a 23 micron fiber. Use 156
uw OMA at B, PRBS 2'-1.

Measure output eye at Cwith optical scope: calculate OVA calculate vertical eye
opening (OWVA), calculate horizontal eye opening (U) (eye 1). This is the reference
signal for the RML launch ultimately to be used at Awith the FUT.

Put FUT in, launch worst case RML (23 micron) into A Use 156 uw OVA at A, PRBS 2'-
1.

Measure output eye at Cwith optical scope: calculate OVA calculate vertical eye
opening (OMR), calculate horizontal eye opening (U) (eye 2).

Adj ust the receive mask at Cto the portion of link budget allocated for the FUT
(decrease the size of eye 1 mask by Lfut/Llink * TJ) where TJ is specified maxi num
jitter into the optical receiver per the application specification

Eye 2 mask jitter part is the adjusted eye 1 mask per above.

Adj ust the out put mask anplitude to reflect the actual transmtted signal as measured
ineye 1 relative to the all owed worst case.
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Total eye 2 mask is that with both anplitude and jitter adjusted.

Extremes of the measured eye 2
< (FUT+DRF) @launch condition x)
should fall between mask 1 and mask 2

Mask 1 - derived from measured reference eye
(measured on the 300 meter DRF)

Mask 2 - calculated allowed output corrected
from mask 1 for Lfut contributions
(both jitter and amplitude)

Steps to create mask 2
Reduce the mask 1 width by the portion of |ink budget

allocated for the FUT (decrease the width of mask 1
by Lf i/ (Liinktlew) * TJ)

Reduce the mask 1 height by the portion of the |ink budget
al l ocated for the FUT (decrease the height of mask 1 by
Lfut/ (LIink+Lfut) * TJ

TJ is specified maximum jitter into the optical receiver per the application
speci fication

Figure 18 - Relation between mask 1 and nmask 2
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ONE UNIT INTERVAL

) i
NN\

/ OUTPUT \
MASK
(MASK 2),
\ /

WVFARN

DRF JITTER (MEASURED) B >

EXTENDED LENGTH LINK
JITTER (CALCULATED)

<

MASK DERIVED
FROMDRFONU([:::::]
EYE (MASK 1)
ADJUSTED RECEIVE MASK ASSUMING EXTENDED LENGTH LINK

LINK OF FUT + DRF LENGTH _—— IS Lyt + Lpogre
(MASK 2) (CALCULATED)

Figure 19 - Adjusted out put nask

The adj usted output mask is calculated fromthe formul a:

Jitter that would be neasured if the DRF had the length of the extended 1link = (DRF
j itter ITE&S) { ( Leur + I—DRF)/ LDRF}

If the eye with the FUT + DRF encroaches into the output nask then the FUT is
contributing nore than its share to the output jitter. It is possible that the FUT +
DRF will produce less jitter than the DRF al one because the | aunch condition out of
the FUT is better suited to the DRF than the | aunch condition used to establish the
DRF jitter

The physical DRF may not be the worst case possible for that style and nay not
exactly match other simlar DRFs. 1In order to accommobdat e these cases the extended
length jitter may be nodified by a multiplicative constant not defined in this
docunent .

The DRF and | aunch condition that produces the worst performance with the FUT shal

be used for the neasurenent of signal degradation. The nmeasurenent shall account for
t he additional connector and DRF | osses when extracting the FUT's contribution to the
out put anpl it ude.

6.1.2 Measurenent test fixtures and nmeasurenent equi pnent

Figure 20 shows the custom cabl e assenblies that conprise the test fixture and the
posi tioning of the source and neasurenent instrunents.
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CUSTOM CABLE ASSEMBLY

(REQUIRED TO CONVERT CUSTOM CABLE ASSEMBLY
CONNECTOR TYPES BETWEEN (REQUIRED TO CONVERT
THE INSTRUMENTATION CONNECTOR TYPES BETWEEN
AND THE FUT) THE FUT AND INSTRUMENTATION
<—><—|Lﬂ-—><—>
FUT
s1 E|F 1)1 11 GlH| gy
2(2[" 2|2
FUTy\or
A B D
SMi2 113 KIL| s2
NOTES

A1 AND A2/D1 AND D2 MAY BE SEPARATED IN SOME CONNECTOR DESIGNS

Al11S GOLDEN

D1-G HAS LARGER CORE THAN FUT AND D1 HAS MAX UNDERCUT

H AND | ARE PART OF INSTRUMENTATION AND ARE SET TO USE 62.5 MICRON OR LARGER FIBER
CABLE ASSY A2-J HAS LARGER CORE THAN FUT

G HAS POLISHED ANGLE FOR LOW REFLECTION

Figure 20 - Test fixture and instrunentation |ocations

The source side cable assenbly is shown in nore detail in Figure 21

SOURCE SIDE TEST FIXTURE

<>
E|F 1)1
212
A B
113

A1 1S GOLDEN WITH 0.025 TO 0.075 MICRON UNDERCUT
F IS NOMINALLY CENTERED
THE SOURCE CONNECTED TO E SHALL

HAVE NOMINALLY RESTRICTED LAUNCH PROPERTIES
SO THAT IT COUPLES ADEQUATELY INTO F-Al

OVERALL LENGTH
L1ESS THAN 3 METERS

A2-J HAS LARGER CORE = CONNECTOR HALF
THAN FUT

Figure 21 - Source side test fixture for signal degradation tests

Fto Al is one of the foll ow ng:

a 9 mcron fiber with special provisionin Al to allow positioning of the fiber
axis to the followi ng positions center of the connector optical axis: 7.5 mcrons
off center, 15 microns off center (three separate fixtures or adjustable Al)
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a 23 mcron centered core

a core that matches the FUT

Figure 22 shows the receiver side test fixture.

RECEIVER SIDE TEST FIXTURE

>
111 > G|H
CD
KL
D1 TO G1IS A LARGER CORE DIAMETER THAN THE FUT OVERALL LENGTH
WITH D1 HAVING UNDERCUT 0.050 TO 0.100 MICRON LESS THAN 3 METERS
G HAS POLISHED ANGLE FOR LOW REFLECTION K-D2 IS NORMAL WITH

THE SAME CORE AS FUT
H THE CONNECTOR ON SMI1 SHALL BE SET TO USE
62.5 MICRON OR LARGER FIBER

Figure 22 - Receiver side test fixture for signal degradation tests

Measur enent equi pment consi sts of two signal sources, S1 and S2, and a sanpling

optical oscilloscope.

S1 is an optical source that has the foll owi ng properties:

Has an optical output with the wavel ength to be used
Has the ability to deliver required data patterns
Can operate at the data rate of interest

Can deliver at |east -3dBm average power

Islimted to eye safe levels for the conditions being used for the neasurenent

S2 is an optical source that has the foll owi ng properties:

Has an optical output with the wavel ength to be used
Has the ability to deliver required data patterns
Can operate at the data rate of interest

Can deliver at |east 80% of the maxi mum | egal power for the application of

i nt er est

Islimted to eye safe levels for the conditions being used for the neasurenent

S2 uses a different timng reference from Sl

SM1 and SM 2 are sanpling oscilloscopes with optical inputs.
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The data patterns used shall have a m xture of run lengths ranging from1l to 5 in
order to produce significant ISl and shall be d.c. balanced within a digit.

One repeating 32 bit data pattern that is acceptable is:
11000001010011111010110000010101

Anot her is 27-1.

A dispersive reference fiber (DRF) is used between the FUT and SM1 to ensure that
t he bandwi dth degradation is devel oped across the DRF

6.1.3 Calibration procedure

The hi ghest signal |evel used is fromS2 and that |level is set by the maxi num al | owed
| aunch power (presently 0dBmin FG-Pl). The calibration of this level is not

critical and can be done by using sinple power neters or by direct connection to SM1
or SM 2.

The signal level fromSl is affected by the use of the 9 mcron fiber in the source

side test fixture and nust be calibrated using the procedure described in this sub-
cl ause.

6.1.3.1 Calibration configuration for S1

A special calibration configuration is required for S1 as shown in Figure 23.

SOURCE SIDE RECEIVER SIDE

TEST FIXTURE TEST FIXTURE
<> <>

s1 E|F 1]1 > G|H
515 SMI1
A D

SMi2 1| KIL| s2

NOTE: IF A AND D HAVE THE SAME FERRULE DESIGN
A COUPLER IS USED BETWEEN A AND D

IF A AND D HAVE DIFFERENT FERRULE DESIGNS
EITHER AN ADAPTING COUPLER IS REQUIRED OR
A SEPARATE RECEIVER SIDE TEST FIXTURE IS
USED HAVING THE SAME CONNECTOR TYPE AS A
AND A LARGER FIBER CORE DIAMETER THAN THE
FUT

Figure 23 - S1 calibration configuration

Calibration is done by creating the configuration show in Figure 23 and adj usting
the anplitude of the signal to the mninmmallowed optical nodul ation anplitude (QOVR)
for the application. The peak and m ni mrum val ues used to determi ne the OVA shall use
t he average val ue over the center 30% of the bit tine.
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If attenuators are required to adjust this anplitude then these attenuators shall
remain in the test configuration as part of the test fixture.

The timng reference for SM1 shall be taken from Sl.

6.1.3.2 Calibration for S2

The calibration procedure for S2 uses the same signal measurenent instrunment as for
S1. Using the data pattern chosen set the power level of S2 to at |east 80% of the
maxi mum al | owed for the application.

6.1.4 Testing procedure

The five tests required for every nmultinode FUT are specified in Table 3. Single
node FUT's require only test lead “C'.

Table 3 - Test conditions for signal degradation

S1 TEST LEAD NOM NAL CORE Sl ZE NOM NAL OFFSET S1
A MATCH FUT CORE ZERO OVERFI LLED FOR FUT
CORE

B 23 M CRON ZERO 23 M CRON COUPLED
[ 9 M CRON ZERO 9 M CRON COUPLED
D 9 M CRON 7.5 9 M CRON COUPLED
E 9 M CRON 15 9 M CRON COUPLED

* nmost likely to produce high jitter for MMfi ber

Every test is executed the sanme way except with the conditions indicated in Table 3
set according to the test being done. The separable IUT is connected between the
test fixtures shown in Figure 20 and Figure 22 and the resulting eye diagramis
recorded and conpared to the nodified receive signal mask. Any intrusion into the
mask constitutes a failure. The allowed receive mask is the sane for all tests.

Notice that the trigger for SM1 nust conme fromthe S1 trigger output.

Mechani cal stresses near both connectors that are likely to produce worst case signal
degradation are applied during the neasurenment. The details of these stresses shall
be determ ned by applying the full range of allowed stresses to both connectors
during the data acquisition. |If a set of stresses are found to be comon for naxi num
i mpact then restricting the range of stresses is allowed.

Angul ar di spl acenents of the fiber shall also be applied during testing by using a

speci fied nunber of turns around a specified dianeter round mandrel. The nunber of
turns and mandrel dianmeters depend on the application.

6.1.5 Acceptable ranges

The acceptabl e ranges are shown in Annex A
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6.2 Reflections (return | oss)

An ideal connector systemw |l exactly nmatch the index of refraction and core sizes
at all tine points associated with the connector (that is, be the sanme as the fi ber
as much as possible). Reflections are produced when part of the incident optica
signal is returned back toward the source at inperfections in the fiber or at an
optical interface surface in the cable assenbly.

For purposes of HSO cable assenblies, reflections are neasured by the average
optical power presented back to the optical source. The optical signal activity and
| aunched power |evel are not inportant since the optical transm ssion systemis
linear in anplitude. Signal activity may be anywhere fromd.c. to the full data rate
of the Iink and may have any intensity consistent with the capabilities of the

i nstrunent ati on.

A pul se technique is also possible for isolating the near end connector in |long cable
assenblies where the pulse reflected fromthe far end is ignored by virtue of the
time required for the far end reflection to return to the source.

Ri f ocs nakes sone equi pnent that is capable doing pul sed average power neasurenents.
Model 687RL is capabl e of doing MM 850 and nodel 685RL is used for MM 1300 nm
testing. SMversions are also available for 1300 and 1550 nm

The reflections test is done on each end of the | UT separately and the results are
reported separately. The highest reflection is reported as the property of the IUT
A special |low | oss golden connector, connector Gin Figure 24, is used and the
requirenents are derated to account for the condition in service where the IUT is not
connected to a gol den connect or

The reflection fromthe I connector is elimnated either by shutting off the signa
to the | connector using nmandrel wap nethods or by using an index matching fluid on
the I connector. The signal returned by reflections therefore consists of the signa
reflected fromthe GH connector and the signal reflected fromthe fiber in the FUT

The alignnment of the fiber cores is not critical due to the snmall reflection energy
comng fromthe fiber.

6.2.1 Test fixture and measurenent equi pnent

6.2.1.1 Test fixture and measurenent set up

Figure 24 shows the test configuration for the optical reflection tests.
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REFERENCE CABLE
ASSEMBLY SAME TYPE
(REQUIRED TO CONVERT ~ OF CONNECTOR
POLISHED ANGLE ON CONNECTOR TYPES BETWEEN AND END FACE
BOTH SIDES FOR THE DIRECTIONAL COUPLER ~ SPECS (e.g. ANGLE)
LOW REFLECTION AND THE FUT) AS FUT
< >V FUT
oRECTONAL AR
AlB 1 c|F G|H [
TEST FIXTURE
7
POWER Elp G IS GOLDEN
METER
TO TEST THE G/H CONNECTOR
B,C,D,F MAY BE GOLDEN CONNECTORS BUT ONLY, USE A MANDREL
ARE NOT REQUIRED TO BE GOLDEN FOR THIS TEST WRAP (IF POSSIBLE) TO
NOTE: C AND F ARE INTENTIONALLY ANGLED AND ELIMINATE OPTICAL CONNECTION
THEREFORE CANNOT BE GOLDEN FOR OTHER TESTS TO CONNECTOR |

Figure 24 - Test configuration for optical reflections

6.2.1.2 Measurenent equi pnent and special conponents

The measurenment equi pnent consists of an optical source and a power neter. Equi pnent
is available that integrates both functions into a single unit. Suitable sources are
JDS Model RX-1070 (integrated with power neter), Exfo Model 1Q 2600 (integrated with

power neter), HP Mddel 8457 (integrated with power neter).

Also required is index matching fluid or gel to be used as part of the calibration
process. [Jose to supply specs.]

A special reference cable assenbly approximately 3 nmeters long is required with the
speci al angl ed connectors for connector F and with G nmatching the | UT connector
style.

The polished angles in connectors C and F in Figure 24 shall be matched within 0.1
degree between 8 and 10 degr ees.

6.2.2 Calibration and verification procedure

6.2.2.1 Instrunent calibration

Calibrate the power neter according to its manufacturer’s specifications.

6.2.2.2 Test fixture verification
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Wth no IUT attached to connector G the |aunch power is adjusted such that the power
meter reads -20dB. This is the maxi numreflection possible and is the val ue expected
fromthe glass/air interface

Connector Gis validated as gol den by nechani cal inspection

6.2.3 Testing procedure

Connect the IUT to connector G wap the 1UT around a nandrel until no further
decrease in reflection power is noted upon further wapping. Record the power neter
reading to yield the optical reflection paraneter for that direction of the IUT

Reverse the IUT and repeat the process above.
Record the larger of the two nmeasurenents.

This result was obtai ned by using the golden connector (wth nmaxi mum al | owed
undercut) and the gol den connector assures that the highest possible reflection
nmeasurenent is reported. No further adjustnent to the recorded val ue needs to be
made for this test.

6. 2.4 Acceptabl e ranges

No specific acceptable ranges are defined in this docunent. However, high
performance cabl e assenblies are reported to have reflection intensity significantly
| ess than -26dB

6.3 O addi ng node transm ssion/reflection

6.3.1 Overview

This level 1 test is executed using a grossly offset [aunch into cladding only and
measuring the optical power out the far end. |If little transmssion is detected then
no significant cladding node reflection is likely. There is no separate neasurenent
for cladding node reflections. The FUT fails if nore than 1% of the | aunched power
is detected in the transmi ssion node. If this test is passed then even very short
cabl e assenblies are acceptable. Failure of this requirenent is unlikely and routine
testing would normally not be required with present fiber technol ogy.

6.3.2 Measurenent test fixtures and measurenent equi pnent

6.3.2.1 Measurenent set up

The neasurenent setup shown in Figure 25 shall be used
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OFFSET LAUNCH TEST FIXTURE (E.G. OFFSET CABLE ASSEMBLY OR FOCUSED BEAM)

[ALSO REQUIRED TO ACCOMMODATE DIFFERENT
CONNECTQR TYPES BETWEEN THE SOURCE AND THE FUT]

FUT
e e
' 1
POWER
SOURCE
AlB clo|] QO elr METER

1 '
TEST FIXTURE \

CONNECTOR F SHALL MATCH CONNECTOR E

Fi gure 25 - Measurenent setup

6. 3.2.2 Measurenent equi pnent and speci al conponents

The measurenment equi pnent consists of an optical source and a power neter. Equi pnent
is available that integrates both functions into a single unit. Suitable sources are
JDS Model RX-1070 (integrated with power neter), Exfo Model 1Q 2600 (integrated with

power neter), HP Mddel 8457 (integrated with power neter).

The of fset test fixture referred to in Figure 25 consists of an of fset cable assenbly
approximately 3 nmeters long or a focused |lens schene. This is required to | aunch
optical power into only the cladding of the FUT. Concepts for these test fixtures
are shown in Figure 26.

~ 15 MICRON
9 MICRON SPOT OFFSET LAUNCH

(TYP POSITION) END VIEW OF FUT (EXPANDED)

\

CLADDING

OFFSET CABLE ASSEMBLY
(FERRULE CENTER OFFSET)

9 MICRON CORE FUT
62.5 MICRON
LENS SCHEME SHOWN
—_— FUT
—_—

Figure 26 - Ofset test fixture concepts

The launch shall be nominally 9 micron diameter spot centered approxi mately 15
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mcrons fromthe outer cladding edge.

6.3.3 Calibration procedure

Set the optical source output to near the full scale sensitivity |level of the power
meter if practical. Connect the power neter to the optical source and record the
power |evel.

6.3.4 Testing procedure

Wth the optical source set as specified in 6.3.3 set up the configuration shown in
Figure 25 and record the reading on the power neter. Calculate the difference
bet ween this readi ng and the out put power |evel of the optical source.

6.3.5 Acceptabl e ranges

The difference between the power neter readings in dB shall be greater than 20 dB
If reading in mcrowatts the ratio shall be |less than 1%

6.4 Near end cross tal k, NEXT, (Quiescent noise)

6.4.1 Overview

The NEXT is the anplitude of the signal at the FUTwor receiver (adjacent to the FUT
transmtter) when no signal is driven into the FUT\or receiver fromthe FUTyor
transmtter. The signals fromthe FUT transmitter are individual isolated pul ses
that have the nmaxi mumpermtted anplitude. Wth present technology, it is believed
that cable assenblies are unlikely to fail this requirenent and routine testing is
normal Iy not required.

In order to avoid reflected and anbient |ight coupled into the far end of the FUT
from bei ng neasured as cross talk the far end nmay be placed in a dark environnent.

6.4.2 Measurenent test fixtures and measurenent equi pnent

6.4.2.1 Measurenent set up and test fixtures

The nmeasurenent set up and test fixtures for NEXT is shown in Figure 27.
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VICTIM MEASURING OPTIONAL DARK

INSTRUMENT (SMI1 DIRECTIONAL COUPLER
(SMi1) REQUIRED FOR WDM SYSTEMS ENVIRONMENT

FUT UNDER TEST*
FUT D — —
-
—_
— Y
[
FUTSvor | _——A|B C
R T /
————— ———
_»/ SEPARABLE INTERCONNECT
COMPONENT UNDER TEST
NEAR END TEST FIXTURE FAR END TEST FIXTUR

AGGRESSOR INSTRUMENT (S1)

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

LINES SHOWN ARE EITHER INDIVIDUAL FIBERS IN A PARALLEL OPTICS SYSTEM OR
INDIVIDUAL COLORS IN A SINGLE FIBER FOR A WDM SYSTEM

*NOTE THAT THE FUT INCLUDES THE MATING CONNECTOR ON BOTH ENDS SINCE
OPTICAL CROSS TALK MAY ORIGINATE AT THE CONNECTOR INTERFACE

Figure 27 - Measurenment set up and test fixtures for NEXT

The contribution to NEXT frommating interface portion of connector half “A” in
Figure 27 is not part of the test fixture but rather is an intrinsic part of the
nmeasur enent of the performance of the FUT. This is caused by the fact that one
primary conduit for coupling optical energy between fibers is via the cavity forned
by the AAB and C D interfaces.

An ideal nethod should calibrate the contributions fromideal A/B and CD interfaces.
However, the conplexity of inplenmentation is assuned to be unjustified for this test.
The assunption is that the AAB and T D contributions are grossly detected by the

nmet hods speci fi ed.

Not e:
This is somewhat sinmilar to the copper neasurenment requirenents where it is
necessary to include the mated connector A/B as part of the IUT. The
el ectrical behavior of unnated copper connector halves is very different from
the mated pair due to the physical placenent of key connector parts changi ng
when the connector is mated. Further, the means for attachi ng one copper
connector half to the board can be an inportant part of the overall

performance. |In the optical case, there is no interface between the fiber and
the board and the fiber is not significantly changed when the connector hal ves
are mat ed.

6.4.2.2 Measurenent equi prent

The measur enent equi pnent consists of an optical source and a power neter. Equi pnent
is available that integrates both functions into a single unit. Suitable sources are
JDS Model RX-1070 (integrated with power neter), Exfo Mddel 1Q 2600 (integrated with
power rneter), HP Mddel 8457 (integrated with power neter).
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6.4.3 Calibration procedure

Calibration consists of ensuring that the test fixtures and nmeasurenent equi pnent are
not the cause of the nmeasured cross talKk.

VICTIM MEASURING INSTRUMENT (SMI1) DIRECTIONAL COUPLER
REQUIRED FOR WDM SYSTEMS
FUT \\ J//
-«
—_>\
S -
—_>/
NEAR END TEST FIXTURE

OPTIONAL DARK ENVIRONMENT
AGGRESSOR INSTRUMENT (S1)

A =PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE

LINES SHOWN ARE EITHER INDIVIDUAL FIBERS IN A PARALLEL OPTICS SYSTEM OR
INDIVIDUAL COLORS IN A SINGLE FIBER FOR A WDM SYSTEM

Figure 28 - Calibration systemfor near end test fixture

Launch 0 dBminto all FUTSyor, (either sinultaneously or in smaller groups) measure
t he power out of the FUT connection. The sumof the powers neasured on SM1 in
Figure 28 with all FUTSwor excited shall not exceed -50 dBm It may be necessary to
pl ace connector Ain a dark environnent to elimnate the effect of reflections and
anbient light. Simlar requirenents apply to the far end test fixture.

6.4.4 Testing procedure

Apply 0 dBmto all aggressors using the set up shown in Figure 27 and neasure the
power out of the FUT on SM 1. The aggressors may be excited sinultaneously or in
smal l er groups with the cross talk result on the sane victimFUT added.

6.4.5 Acceptabl e ranges

Acceptabl e values in this docunent are less than - 30 dBmfor all victumFUTS with
all other FUTSwor excited with O dBm aggressor |aunch power.

6.5 Propagation tine and propagation tinme skew

6.5.1 Overview

The propagation tine is the tinme required for the mdpoint of a signal transition to
propagat e between a physical input and physical output neasurenment point. The
propagation time skewis the difference in the tinme required for the mdpoint of the
signal transition to sinmultaneously propagate down two nonminally identical paths
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bet ween an i nput and out put neasurenment point. Propagation tine skew applies to wave
division nultiplexing and parallel fiber applications only. The propagation tinme
skew for different nodes within the sanme nultinode fiber is part of the bandwi dth
reduction of the fiber and is not explicitly considered as skew in this docunent.

Skew shall be reported only on the specific |l engths of interest because skew nay not
scale with length. Many nmechani sns that cause skew, such as different propagation
velocities for different colors, are expected to produce linear length contributions
if the properties of the fiber are constant over the entire I ength of the link.
There is no apriori assunption of uniformty of properties over length in this
docunent .

For long cable plants and for parallel constructions where the skew may scale with
| ength, several hundred ns of skew is possible.

By carefully exam ning the output pulses fromtwo fibers in a parallel fiber system
or two colors in a WDM systemit nay be possible to deternine the cause(s) of the
propagation time skew Figure 29 illustrates how di fferent mechani sns can produce
propagation time skew at the mdpoint of the signal transition at the receiver.

PURE PROPAGATION STEADY STATE AMPLITUDE IMBALANCE
TIME SKEW E.G. UNMATCHED LASER OUTPUT
E.G. DIFFERENT FIBER LENGTHS OR UNMATCHED CONNECTOR LOSSES

MIDPOINT

MIDPOINT

DISPERSION MIS-MATCH
E.G. FIBER CORE DOPING DIFFERENCES NO SKEW (BOTH SIGNALS
OR LAUNCH CONDITION DIFFERENCES EXACTLY THE SAME)

MIDPOINT MIDPOINT

TIME

LAUNCH SIGNAL STD MISMATCH (IN LOW DISPERSION TRANSMISSIONS) ALSO
LOOKS LIKE THIS - WITH HIGH DISPERSION, LAUNCH STD HAS MINOR EFFECT

Figure 29 - Exanpl es of received pulses on two fibers or colors

The path I ength propagation time skew can be corrected by a sinple tinme translation.
The skew caused by steady state anplitude differences can be corrected by a sinple
gai n adjustnment on one fiber or one color. The dispersion msnmatch or the [aunch STD
m smat ch, on the other hand, will not be corrected by either a tine translation or a
gai n adj ust nent .

The effects caused by the |aunched signal anplitude or STD nmay be comng fromthe
connectors at the transmt or receive end - not fromthe transmtter itself.

Exam nati on of the structure of the received pulses can provide primary clues to aid
in the diagnosis of the cause of fiber to fiber or color to color skew.

Requi renents are placed on matching the anplitudes used for each path in the
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nmeasurenent due to the inportance of anplitude on skew. Since the connectors nay
contribute to the skew gol den connectors are required on the neasurenent test
fixtures.

6.5.2 Measurenent test fixtures and measurenent equi pnent

6.5.2.1 Measurenent set up and test fixtures

The neasurenent set up and test fixtures are shown in Figure 30.

SOURCE INSTRUMENT (S1) MEASURING INSTRUMENT (SMI1)

:>A B do=—
| SEPARABLE INTERCONNECT

COMPONENT UNDER TEST
NEAR END TEST FIXTURE FAR END TEST FIXTURE

FUT UNDER TEST*
-  —

FUTS

YY Yy

® SIMPLEX CONNECTORS

A, D = PERMANENTLY MOUNTED GOLDEN CONNECTOR ON THE TEST FIXTURE
B, C =PART OF THE FUT

LINES SHOWN ARE EITHER INDIVIDUAL FIBERS IN A PARALLEL OPTICS SYSTEM OR
INDIVIDUAL COLORS IN A SINGLE FIBER FOR A WDM SYSTEM

LENGTHS BETWEEN SIMPLEX CONNECTORS AND THE FUT SHALL MATCH WITHIN
+- 10 mm

*NOTE THAT THE FUT INCLUDES THE MATING CONNECTOR ON BOTH ENDS SINCE
OPTICAL SKEW MAY ORIGINATE AT THE CONNECTOR INTERFACE

Figure 30 - Measurenment set up and test fixtures

If connectors A and D are golden the test fixtures nmay be the same as those used for
NEXT.

6.5.2.2 Measurenent equi prent

Measur enent equi pnment consists of a signal source S1 and a sanpling optica
oscill oscope (SM1).

Sl is an optical source that has the follow ng properties:

Has an optical output with the wavel ength to be used

Has the ability to deliver launch pulses with STD of |ess than 50 ps

Can deliver at |east -3dBm average power

Islimted to eye safe levels for the conditions being used for the neasurenent

SM1 is a sanpling oscilloscope with optical inputs.
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6.5.3 Calibration procedure

The test fixture shown in Figure 31 shall be used for this procdure.

SOURCE INSTRUMENT (S1) MEASURING INSTRUMENT (SMI1)
\\ CALIBRATION THRU TEST FIXTURE ’/
—>
—>
—>
—>

® SIMPLEX CONNECTORS

LINES SHOWN ARE EITHER INDIVIDUAL FIBERS IN A PARALLEL OPTICS SYSTEM OR
INDIVIDUAL COLORS IN A SINGLE FIBER FOR A WDM SYSTEM

LENGTHS BETWEEN SIMPLEX CONNECTORS SHALL MATCH THE COMPARABLE
FIBERS ON THE MEASUREMENT TEST FIXTURES AND SHALL MATCH EACH OTHER
WITHIN +- 10 mm

Figure 31 - Calibration test fixture

Each path through the calibration test fixture shall exhibit no nore than 0.2 dB | oss
fromSl to SM1 (power neasurenent) and the pul se anplitude neasured for each path
shall match within 2%

6.5.4 Testing procedure

Connect the FUT as shown in Figure 30 and neasure the tine between the m dpoints of
the I aunched and recei ved pul ses for each path. This is the propagation tinme for
that path. The difference between the shortest and | ongest propagation tines
nmeasured for all paths is the maxi mum skew.

6.5.5 Acceptabl e ranges
The skew performance is defined by the requirenments of the application derated to
account for the effects of the golden connectors in the neasurenent test fixtures.

7. Level 2 neasurenents

7.1 Signal transition duration

The purpose of this nmeasurenent is to deternmine the tinme required for a signa
transition that is reproduci bl e between different neasurenent equi pnent.
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The nmeasurenent is defined such that there are no user variables. The base data rate
of the signals under consideration nust be known.

7.1.1 Test fixture and measurenent equi pnent

Thi s measurenent applies to whatever physical point is of interest. Since this is a
| evel 2 measurenent its purpose is to aid in diagnosing and characterizing systens
and neasurenents and there is no specific test fixture required.

The equi pnent is a sanpling optical oscilloscope that can provide the scales required
for the time and anplitude axes.

7.1.2 Calibration procedure
The only calibration required is that needed for the basic instrument. Use the

manuf act urers procedure.

7.1.3 Measurenent procedure

- STD

A
Y

20%

80%

]
SIGNAL AMPLITUDE 100

AMPLITUDE SCALE -- SEE TEXT

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

Figure 32 - Signal transition duration calibration

Assuming a rising edge, set up the display on the oscilloscope as shown in Figure 32.
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This display has the followi ng properties:

The span of the tinme scale on the display is approximately twi ce the nom nal bit
or half cycle period for the data rate being used and is specified in Table 4.

Ten divisions are used on the tine axis.

The vertical axis is set at 15% of the expected pul se anplitude per division (for
exanple 75 nV for a 500 nV pul se).

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

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

Use the measure function on the oscill oscope (if available) to find the peak to
peak signal anplitude of the displayed portion of the trace as shown in Figure 32.
This anplitude may al so be read directly off the display. This signal anplitude
of the displayed trace may or nay not accurately represent the asynptotic signa

| evel s that nmay exist at times not displayed.

The signal transition duration (STD) is the tinme between the 20% and 80% val ues of
t he di spl ayed signal anplitude

Table 4 - Scale to be used for STD cali brations

Bit rate * Tinme axis scale
(Moits/s) (ps/div)
1062.5 200
1250 200
1600 100
2125 100
2500 100
3200 (3187, 3125) 50

4250 50
5000 50
10000 20
12800 20

For a falling edge signal the STD neasurenent is the sane as for the rising edge with
the following changes: the flat portion is set at the 9'" graticule, the curve passes
through the third vertical and the seventh horizontal graticul es.

7.2 Dispersive reference fiber perfornance

Di spersive reference fibers (DRF) shall neet the requirenents specified in this
cl ause.

Fi gure 33 shows an exanple of a DMD trace set that is used as the basis for selecting
DRF's. This trace set is acquired by following the TIA EIA specifications for DMD in
TI A/ El A-455-220. The trace set is created by launching a ps pulse (typically around
50 ps) froma single node fiber (at the wavel ength of interest) into the DRF at a
precisely known radial position and observing the pulse that exits the DRF. This
pul se is observed on an optical oscilloscope wthout using any filtering.

Afamly of exit pulses is created by recording a trace at each increnental position
by using the sane oscilloscope trigger for each. The position of the center of the
l aunch fiber core is noved in 1 micron increnents until the edge of the core is
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r eached.

The width of the input pulse shall be accounted for as described bel ow

DMD TRACE SET .
% A25 mm (core/cladding interface)

7 :
===
Launch spot is single e | _
mode for the wavelength e - Each trace is taken
used -- ~— with the launch spot
for example for 850 nm 3 center at 1 rmcron_;teps
a 4.5 micron spot r‘\: . along radial position
corresponding to the ~ .
13 micron radial position i !
is shown iy .
. N i
P e S !
il '
o e v'
; 0 mm (Center of core
Time — T T ( )
Time scale is in ns/km
(0.5 Ns/km/div shown)
Notes:

Spot is partially over the cladding for the outer measurements
Launched pulse width Is 40 ps measured at 50% (not shown)
Same timing reference Is used for all traces

Pulse amplitudes are normalized

Figure 33 - Definition of DVD trace set

Figure 34 shows the relative size of cores used for launch conditions described in
this docunent (except that 62.5 micron is not shown) and exanples of DMVD traces that
may exist in 50 micron fiber. The DVD trace sets below the core center have been
artificially created by mirroring through the horizontal axis to give a better visual
conparison to the actual core sizes.
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High order  Low order
modal modal
dispersion  dispersion

\
\\5

T
— T
—
R o— — e
e

Core sizes: 4.5, 9, 23.5, 50 micron

Figure 34 - Size conparisons and exanple DVD trace sets for 50 umcore

Figure 35 shows the requirenments for selecting the | ow order DRF and the hi gh order
DRF.

HIGH ORDER DRF LOW ORDER DRF
High order DMD
(DMDy,) — > .-
JRRREY N ¥ - "]
™ vay,
= i ral
g ~—
o =
12 micron Ii_ne o 5:\;___
of demarcation —~
—
—) e
] e,
. -~ P
= ~ = e
7= P e -
:1'\L —— k3
] =
Total DMD (DMD-)
—> l«————— —> «———
Low order DMD » < TOTAL DMD
(DMD,)

------- » Points that set the line positions (at 25% of peak)

Figure 35 - DRF selection criteria

The 25% point is used to define the leading and trailing edges within each trace.
The extrene | eading and trailing edge position of any trace defines the total DVD.
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line of demarcation at the 12 micron radial position separates the high and | ow order
nodes.

For the high order DRF, the extrene edge positions for the traces at or below the 12
mcron line of demarcation is used to define the |low order DMD. Simlarly, for the
| ow order DRF, the extrenme edge positions for the traces at or above the 12 mcron
line of demarcation is used to define the high order DWVD.

For the high order DRF the follow ng conditions shall be satisfied:
(DVDL - input pulse width)/(DVDr - input pulse width) < 0.5
For the I ow order DRF the follow ng conditions shall be satisfied:

(DVDy - input pulse width)/(DVDr - input pulse width) < 0.5

8. ANNEX A - Calibration of optical attenuators

[ needs extensive editing]

Following is a letter provided by Amphenol for a plug style attenuator. This letter
descri bes the claddi ng node problemin short fiber sections. Even though this
specifically addresses an attenuator, the issue is relevant to standard singl e node
cable (fromwhich the attenuator is nmade). This is related to optical power being
transmtted into a detector, not return | oss.

AVPHENCL PLUG ATTENUATCOR TESTI NG

The Amphenol plug style attenuator is designed to be placed between two optical patch
cords at sonme point in a fiber optic link, generally close to the detector. The
optical signal is attenuated by scattering a fixed anmount of light into the cladding,
which is then dissipated in a short section of the fiber in the patch cord foll ow ng
the attenuator (approximately 5 inches). In general, high-speed detectors used in
typical fiber optic telecommunication systens are snmall and nust be pigtailed to an

i nput connector |located on the receiver. Therefore, even if an attenuator is
plugged directly into the optical receiver, there is still a section of fiber to

di ssipate any light scattered into the claddi ng, thereby preventing the Iight from
striking the detector.

The insertion loss (IL) of an Anphenol plug attenuator is measured by placing it
between two test patch cords (see Figure 1). One patch cord is interfaced to the
| aser source and the other patch cord provides a link to the detector. The i nput
power level is determned by first connecting the two patch cords together and
recording the power (reference power). The patch cords are then separated and
reconnected with the plug attenuator placed between them The power level with the
attenuator in place is nmeasured and conpared with the reference power to get the IL
of the device. This measurenent technique is used because it nost closely simulates
the configuration in which the attenuator wll be wused in an actua
tel econmuni cati ons system and follows the steps outlined in Bellcore GR 910-CORE,
Section 5.2.1 “Generic Requirenents for Fiber Optic Attenuators”

A second method that could be used to test plug attenuators does not simnulate actua

t el econmuni cati ons systens and could give erroneous results. In the single input
patch cord method (see Figure 2), the reference power is determned by placing the
out put connector of the patch cord interfaced to the |aser source directly into a
|arge area detector (the second patch cord is not used). The out put connector is
renoved fromthe detector and inserted into the attenuator, which is then placed into
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the detector. The attenuated power conpared with the reference power defines the
attenuator’s |L.

This technique |ooks simlar to the two patch cord technique, but actually gives
erroneous results because there is no fiber to dissipate the light that has been
scattered into the cladding by the plug attenuator. The light scattered into the
cladding reaches the detector and gives an abnornmally high but incorrect power
reading. This will translate into an incorrect low IL reading for the attenuator.
The error magnitude is not predictable and coul d exceed 30%in some cases.

Amphenol plug attenuators are always tested using the two patch cord technique
because this is the configuration that nost closely represents that of high-speed
digital systenms. Experinents have shown that 5 inches of fiber between the output of
the plug attenuator and the detector is adequate to dissipate the cladding |ight.
The 1L of an Anmphenol plug attenuator cannot be guaranteed if the device is not
tested with this nmininmumlength of fiber between the attenuator and the detector.

Connectors
Source —— Detector | Reference Configuration
Pl‘lég Attenuator
Source fb——r F— Detector |  Test Configuration
(Recommended Method)
Source —1 Detector |  Reference Configuration
Plug Attenuator
Source Detector Test Configuration

(Not Recommended)

Figure 36 - Measurenent configurations

Pl ug attenuator theory and testing.

Anphenol plug attenuators along with plug attenuators in general, have a nunber of
uni que characteristics inherent to the plug design that nust be accounted for when
using the attenuators in a fiber optic systemor testing for specification
conpliance. The in-line attenuator, while manufactured by using a simlar process,
does not exhibit the sanme characteristics for reasons, which will be discussed bel ow

Virtually all fixed attenuators induce |oss by one of three nethods. The first

nmet hod i ncorporates a short section of very high loss fiber within the unit to absorb
t he excess energy. The second nmethod couples the Iight out of the optical fiber and
passes it through a bulk optic attenuating device, such as a partly silvered mrror
and then couples it back into a second section of fiber. The third nmethod places a
fiber optic junction into the optical path within the unit that scatters the |ight
into the cladding where it is dissipated within the next 5 inches of fiber. Al
three techniques lead to the sanme result (the reduction of the optical signal) but
behave sonmewhat differently under varying test or operating conditions

The insertion loss (IL) of an attenuator is generally neasured by placing it between
two test patch cords (see figure 1). One patch cord is interfaced to the |aser
source and the other patch cord provides a link to the detector. The input power
level is determned by connecting the two patch cords together and recording the

i nput power. The patch cords are then separated and reconnected with the attenuator
pl aced between them The power level with the attenuator in place is nmeasured and
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conpared with the original input Ievel to get the IL of the device. This technique
will give accurate results for all attenuator types, including those that scatter to
obtain the | oss, because any light scattered into the cladding by the device will be
di ssipated before it reaches the detector

Attenuators may al so be tested by using a single input patch cord (see figure 2).

The i nput power for this test situation is deternm ned by placing the output connector
of the patch cord interfaced to the | aser source directly into the detector (the
second patch cord is not used). The output connector is renoved fromthe detector
and inserted into the attenuator that is then placed into the detector. The
attenuat ed power conpared with the input power defines the attenuator’'s IL. If the
detector is actually pigtailed to a connector then the result will be identical to
the result calculated using two patch cords. However, if the input connector is
placed directly in front of the detector (no pigtail) the results nmay be different
dependi ng on the plug design as discussed above.

Attenuators that scatter even a small anount of light into the cladding within the
pl ug body exhibit a | ower | oss when neasured using a single input patch cord if the
detector is not pigtailed to the detector input connector. |If the detector is not
pigtailed, light scattered into the cladding will reach the detector and give an
abnormal Iy high but incorrect power reading. This translates into an incorrect |ow
insertion loss reading for the plug. Units that attenuate by utilizing a high | oss
fiber section or a bulk optic systemare generally affected | ess by the nmeasurenent
configuration because only a snall percentage of the light is scattered into the
cladding within the plug body. Units that scatter a higher percentage of light into
t he cl addi ng, such as the FOP design, exhibit a nmuch greater neasurenent dependent
variation. This variation is quite variable and not predictable and coul d exceed 30%
in sonme cases.

FOP plug attenuators are always tested using the two patch cord techni que because
this is the configuration that nost closely represents that of a high-speed digita
systemwhere a snall area detector is pigtailed to the input connector. This
configuration is shown in the top of Figure 37. Experinments have shown that 5 inches
of fiber between the output of the plug and the detector is all that is required to
di ssipate the cladding light. The IL of an Anphenol plug attenuator cannot be
guaranteed if the device is tested as shown in the bottomof Figure 37 without this
m ni mum | ength of fiber between the attenuator and the detector
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connectors

source Detector
Reference Configuration

S

source { } Detector

Test Configuration

Recommended

source Detector
Reference Configuration

source Detector

Test Configuration

Not Recommended

Figure 37 - Attenuator test configurations

9. Annex B - Mbdeling of HSQA

Model i ng docunented in textbooks may include sone of the follow ng features:

axi al m salignnent

angul ar m sal i gnnment
separation of the interfaces
surface roughness

These testbook treatnments nay be used to establish a crude starting point for
estimating the effects of “gol denness” of the test fixture. Several inportant issues
may not be covered in these sinple nodels however:

non uni formdistribution of nmbdes due to launch conditions or index profiling
practical means for determ ning input paraneters (axial msalignment etc.)
wear on the re-used connect or
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reproduci bility on repeated nmating and denating (see additional discussion bel ow)

Modeling is now viewed to be valuable for the foll ow ng:

to establish the additional performance required during the testing process since
gol den hardware is being used on the test fixture side

to determ ne what kind of statistical distribution should be assuned if one
decides to distribute sone tol erances across the entire link instead of using a
wor st case conponent paradi gm

The issue of repeatability on repeated mating / denmating may prove to be especially
chal l enging for effective nodeling. The reasons for the | ack of repeatability fal
into three types:

The physical location of the mating interface is different
The physical condition of the mating interface is different
Stability of the test environnent

The physical location variable falls into two sub-types:

The final physical location is determned by the mati ng process and renains fixed
once mating is conpleted

The actual physical location is determ ned by external forces on the nated
connector pair and changes if the external forces change

If the physical location is determned only by the mati ng process such as exact angle
of entry, small change in force direction each tinme, intensity of mating force
applied, or wear then this will require special insertion (and possibly renoval)
requirenents to renove the insertion variables. A series of controlled insertion
conditions that covers all the likely insertion nodes will be needed to establish the
wor st case perfornmance

In the case where the location of the mating optical interface can be affected by
appl yi ng external forces (such as when the optical end faces are not in intimate
contact and al so possibly even when they are in intimte contact but are forced to
nmove anyway by the external forces) one nmay apply external forces in different
directions and intensities to determ ne the worst case perfornance.

In order to use the nodeling to deternine how much to derate the test requirenments it
may be necessary to sonmehow determ ne how nmuch novenent was produced by the worst
case force/ mati ng process condition.

G ven the potential conplexities intrinsic in nmanaging reproducibility an alternate
approach may be needed.

The physical condition of the interface nay be different because:

Significant tine el apsed between the testing events and one or both sides of the
mating i nterface becane contam nated in the interim

Physi cal damage occurred while the connector was unmated

The force on the mating interface is different because of stiction in novable
parts or differences in the retention perfornance

Both the near term physical condition stability and the extended tine stability are
i mportant. However, it is the near termstability that is the nost inmportant to HSO
because that is intimately involved with the testing process itself. The extended
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time stability is nore associated with the storage, handling and cl eani ng processes
of the IUT.

Therefore, as long as the IUT and the test fixture remai n undamaged and do not becone
cont am nat ed between test systemcalibration events there should be no need for the
HSO effort to consider different physical conditions.

Simlar comments apply to the stability of the test environnent (calibration should
handl e any environnental or equipnent drift instabilities that occur over extended
periods). A requirenent of the testing process is that no significant short term
test environment instabilities exist.

The following areas for nodeling are noted:

Coupl ed area | oss due to axial offset (attenuation / signal degradation)

Ef fect of force applied to the optical interface on the contact area

Ef fect of actual optical geonetry of the connectors on reflections and attenuation
Ef fect of actual |aunched light patterns into the fiber of the interconnect

Ef fects of bending and stress on the fiber itself

Ef fects of contam nation and scratches on the surface of the interface
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10. Annex C - El A-455 docunents
Docunent Title Descri ption
Nurber
El A- 455- Test Procedure for Fiber Thi s docunent, together with its addenda, provides uniform
00d0OB Optic Fibers, Cables, test procedures for testing the fiber optic components
Transducers, Sensors, intended for, or formng a part of, optical conmunications
Connecting and Term nating | and data transni ssion systens. Neither this docunent, nor
Devi ces, and ot her Fi ber its addenda, provide procedures designed for testing fiber
Opti ¢ Component s optic systens. For test procedures for fiber optic systens
or subsystens, refer to the TI A/ El A-526 series of
docunents. The test procedures included in the addenda to
this docunment are designed to satisfy the broadest possible
i ndustry requirements; in general, special test methods are
not i ncl uded.
El A- 455- Cabl e Fl exing for Fiber This test is intended to determine the ability of fiber
001B Optic Interconnecting optic interconnecting devices, device interfaces, and
Devi ces strain relief to withstand bendi ng and flexi ng stresses
resulting fromloads as might be experienced during
installation and service conditions.
El A-45-006B | Cabl e Retention Test The intent of this test is to mechanically stress the
Procedure for Fiber Optic i nt erconnecti ng-device-to-fiber-optic-cable-joint in
Cabl e I nterconnecting tension. The results of this test provide an indication as
Devi ces to the relative strength of the cabl e-to-interconnecting
device joint and nay al so indicate degradation resulting
fromprior environmental exposure.
El A- 455- Vi bration Test Procedure The intent of this test is to determne the effects of
011B for Fiber Optic Conponents | vibration within the sinusoidal and random vi bration
and Cabl es envi ronments that nay be encountered during the life of the
fiber optic component. The procedure is applicable to all
types of fiber, cable or cable assenblies, and fiber optic
devi ces including connectors, splices, passive branching
devi ces (couplers), etc.
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Docunent Title Descri ption
Nurber
El A- 455- Vi sual and Mechani cal This test method is intended to provide the basic criteria
013A I nspection of Fiber Optic for visual and mechanical inspection of fiber optic
Conmponents, Devices, and conmponent parts and assenblies. Additionally, it provides
Assenbl i es the infrastructure for use with other FOTPs and associ at ed
Ceneric, Sectional, or Detail Specifications that may
detail explicit requirements for reported information and
acceptance criteria. This test method nmay be used at any
stage, or at event mlestones, of the qualification or
qual ity confornmance inspection test sequence as a “stand
al one” test or for pre/post exposure exam nations.
El A- 455- Measur enent of Change in The intent of this procedure is to provide uniform nethods
020A Optical Transnmittance for monitoring and neasuring the change in optica
transmttance of fiber optic circuits or paths of various
configurations. This FOTP nay be referenced by a Det ai
Specification or simlar docunment , but the procedure is
usual ly applied to a passive optical device undergoing
other testing as described in another procedure, hereafter
called “the primary FOTP,” which may invoke its use
Typi cal applications include evaluating effects of
envi ronment al or nechani cal stresses on interconnecting
devi ces, fiber or cable.
El A- 455- Anbi ent Li ght Describes a method to establish the susceptibility of
022B Susceptibility of Fi ber conmponents such as cabl ed fibers, interconnecting devices,
Opti ¢ Component s splices, or couplers to anbient |light. Test conditions
simul ate expected conditions of use and is unlikely to
produce failing results for any fiber optic cable with a
bl ack or ot her opaque-colored jacket. Cable failures my
occur with transparent or translucent jackets.
El A- 455- Frequency Domai n Thi s procedure describes the nethod of determ ning the
030B Measur enent of Ml tinmode information transm ssion capacity of rnultinode optica
Optical Fiber Information fibers having glass cores. The baseband frequency response
Transm ssion Capacity is neasured directly in the frequency domai n by determ ning
the fiber response to a sinusoidally nodul ated |ight
source. Another EIA/TIA test procedure, OFSTP-1, describes
a field version of this nmeasurenent.
El A- 455- I nt er connecti on Device Thi s procedure defines methods by which the optica
034A Insertion Loss Test insertion loss of a conplete fiber optic interconnection
can be measured.
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Docunent Title Descri ption
Nurber
El A- 455- Optical Crosstalk in Fiber | The intent of this test procedure is to deternine the
042A Opti ¢ Component s crosstalk ratio between any two optical paths in a cable,
connectorized cable, slice or sinmlar device. In addition,
the device's contribution to the crosstalk in a system nay
be determined. The effectiveness of the materia
surroundi ng the optical conducting device in restricting
light paths to other elenments may al so be neasured
However, note that the test nethods of FOTP-180 shoul d be
used to nmeasure crosstalk in fiber optic couplers
(branching devices) and in simlar devices of this class.
El A-455-043 | Qutput Near-Field Thi s Standard was adopted and approved for DoD use on
Radi ation Pattern February 14, 1986
Measur enent of Opti cal
Wavegui de Fi bers
El A- 455- M croscopi ¢ Met hod for This nmethod is intended to provide ways to nmeasure five
045B Measuri ng Fi ber Geonetry fiber-geonetry paraneters: 1). Core D aneter, 2). Core
of Optical Wavegui de Noncircularity, 3). dadding D aneter, 4). d adding
Fi bers Noncircularity and 5). Core/ d adding Concentricity Error
These paraneters are often used in characterizing the
intrinsic joint loss that may be expected when two optica
fibers are joined together, either by means of fusion or a
mechani cal connection. Note: In general, this method does
not have sufficient accuracy and reproducibility for
measur enent of core dianeter, except for Casses lc, lia,
and lib step-index fibers.
El A- 455- Qutput Far-Field Radiation | This procedure describes three nethods by which the angul ar
047B Pattern Measurenent radiant intensity (far field) distribution froman optica
fiber can be neasured. Methods A and B are angul ar scans of
the far field pattern; Method Cis a scan of the spatial
transformof the angular intensity pattern
El A- 455- Measur enent of Opti cal This test procedure is used to neasure the cladding
048B Fi ber d addi ng D aneter (outside) diameter of an optical fiber draw ng process
Usi ng Laser - Based prior to the application of the protective buffer
I nstrunment s coating(s). It is also used off-line as a quality
i nspection method. In this application, it is normally used
i nstead of FOTP-45. Control of the cladding diameter is
required to assure the performance of the fiber in cabling,
connectorization and splicing. Unifornmity of the cladding
dianeter along the length is also required.
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Docunent Title Descri ption
Nurber
El A- 455- Li ght Launch Conditions of | This standard establishes the Iight |Iaunch conditions for
050B Long- Lengt h G- aded- | ndex Class la fiber attenuation nmeasurenments. Primary uses
Optical Fiber Spectral i ncl ude FOTP46, FOT53, and FOI61l. Either of two nethods is
At t enuati on Measurenents al | oned. Method A uses overfilled launch conditions al ong
with a mandrel wap node filter. Method B uses restricted
| aunch conditions created by beamoptics. Val ues obtained
by Methods A and B may not exactly agree, and care nust be
used when conparing them
El A- 455- Pul se Distortion Thi s procedure defines the tine domain nmethod for measuring
051A Measur enent of Ml tinmode the information transm ssion capacity of ElI A 4920000-A
A ass Optical Fiber Class | (glass core, glass clad) optical fibers. Various
I nformati on Capacity met hods of reporting the results are described in the
appendi ces, but the results shall be expressed in ternms of
the -3 dB (optical power) frequency unl ess otherwi se
specified by the Detail Specification. Note: This test
met hod is commonly used in factories. It generally
requi res the use of extensive conputational equiprent.
However, comercial equi pment enpl oying this technique
exists. Refer to FOTP-30 for a conparable field test
met hod.
El A- 455- At tenuation by This test method describes a procedure for neasuring the
053A Substituti on Measurenent attenuation of graded-index, nultinode optical fibers or
for Multi nrode Graded-Index | fiber assenblies by the substitution technique. This test
Optical Fibers or Fiber is intended to produce a value for fiber |oss
Assenblies Used in Long- representative of its perfornmance in a typical long length
Lengt h Comuni cati ons (3 1 km) comunications system
Syst ens
El A- 455- Mode Scranbl er Thi s procedure describes |ight launch conditions to the
054B Requi renents for test fiber for the purpose of achieving a uniform
Overfilled Launching overfilled launch with a | aser diode or other |ight source
Condi tions to Miltinode Whi | e FOTP54 can be used to establish overfilled | aunching
Fi bers conditions for the measurenent of various fiber paraneters,
it is principally used in conjunction with FOTP30 or FOTP51
for measuring information-carrying capacity. Light |aunch
conditions are established through the use of a node
scranbl er. The node scranbler is positioned between the
Iight source and test fiber to produce a radiation
distribution overfilling the test fiber core and nunerica
aperture, irrespective of the spatial radiation properties
of the Iight source.
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Document
Nunber

Title

Descri ption

El A- 455-
057B

Preparati on and

Exam nati on of Opti cal

Fi ber Endface for Testing
Pur poses

Thi s procedure provides guidelines for acceptable optica
fi ber endface appearance and defines the techni ques which
are comonly enpl oyed to obtain such appearance. This
procedure is intended to pronote uniformity in fiber end
preparation quality for testing and for optical signha
transm ssion. This FOTP is not intended to require

exam nation of every fiber end, nor is it intended to
establish firmrequirenents (which are normally established
by Detail Specifications), and is nmade available only to
provi de guidelines for various levels of end quality that
may be called out in Detail Specifications or in other
FOTPs. Lastly, the intent of this nethod shall not be
confused with the intent of FOTP-179, which is concerned
primarily with the conparison of relative results.

El A- 455- 059

Measur enent of Fi ber Point
Def ects Using an OTDR

Thi s procedure describes the use of an optical tine-domain
reflectometer (OTDR) to measure the positions, |osses, and
character of point defects along an optical fiber or fiber
cable. It is intended for quality control and acceptance
testing. This procedure may not be necessary or appropriate
for installation and mai nt enance purposes.

El A- 455- 060

Measurenent of Fi ber or
Cabl e Length Using an OIDR

This procedure describes the use of an optical time-domain
reflectometer (OIDR) to nmeasure the | ength of an optica
fiber or fiber cable. It is intended for quality contro
and acceptance testing. The procedure nmay not be necessary
or appropriate for installation and mai nt enance purposes.

El A- 455- 061

Measur enent of Fi ber or
Cabl e Attenuation Using an
OTDR

Thi s procedure describes the use of an optical tine-domain
reflectometer (OTDR) to indirectly neasure the attenuation
or the attenuation coefficient of an optical fiber or fiber
cable. It is intended for quality control and acceptance
testing. The procedure may not be necessary or appropriate
for installation and mai nt enance purposes.

El A- 455-
087B

Fi ber Optic Cabl e Knot
Test

Eval uates the effect of a sever bend in a fiber optic cable
due to a knot using appropriate test procedures and
paraneters. Used to test any type of fiber optic cable.

El A- 455- 088

Fi ber Optic Cable Bend
Test

The intent of this bend test is to determine the degree of
cabl e degradation that will occur if the cable is
statically bent around a corner of a given radius. Cables
that are nost likely to be subject to this type of bend in
actual installation are buil ding-entrance cables, flexible
cabl es and buried service type cabl es.
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Docunent Title Descri ption
Nurber
El A-455-095 | Absol ute Optical Power This procedure describes a nethod for deternining the total
Test for Optical Fibers optical power emanating froman optical fiber. This
and Cabl es procedure may be used for, but is not limted to, measuring
the attenuation of the fiber or cable, the |oss of
term nating devi ces or nethods, the anount of optical power
coupled into the fiber by a source, or the optical power at
the systemreceiver.
El A- 455- Det erm nati on of Conponent | The intent of this procedure is to determine the ratio of
107-A Ref | ect ance or Link/System | optical power reflected by a conponent or an assenbly to
Return Loss Using a Loss the optical power incident upon a port of a component when
Test Set that conponent or assenbly is introduced into a link or
system This ratio is terned “Return Loss.”
El A- 455-132 | Measurenent of the This standard is intended to docunent the methods for
Ef fective Area of Single- measuring the effective area (Aeff) of single-node fiber
Mode Optical Fi ber
El A- 455- 134 | Measur enent of Connect or The intent of this procedure is to determne the inside
Ferrul e Hol e | nside diameter of the ferrule hole in an optical fiber connector
Di anet er ferrule.
El A-455- 135 | Measurenent of Connect or The intent of this procedure is to deternmine the circular
Ferrule Inside and Qutside | runout of the ferrule hole in the end of an optical fiber
Di aneter G rcul ar Runout connector ferrule relative to the ferrule outer surface.
El A- 455- Si ngl e- Mode Fi ber, This test method describes the far-field nethod for
164A Measur enent of Mdde Field measuring the node field diameter, 2w0, of a single-node
Di aneter by Far-Field fiber. This test procedure applies to both Cass Iva and
Scanni ng Class Ivb types of single-node fiber operating near 1300 nm
or 1550 nm
El A- 455- Mode- Fi el d D anet er Describes the direct near-field nmethod for measuring the
165A Measur enent by Near-Field nmode-fiel d diameter of the fundamental node of a single-
Scanni ng Techni que nmode fiber, by neasuring the near-field intensity
distribution. Applies to Cass lva and Ivb types of single-
nmode fiber, produced in accordance with EI A-4920000-A,
measured in both the 1300/1310 and 1550 nm wavel engt h
ranges.
El A- 455- Mode Field Dianeter Thi s docunent defines the method for determ ning the node
167A Measur enent, Vari abl e field dianeter, 2w0, of a single-node fiber by nmeasuring
Aperture Method in the the far field output distribution through a series of
Far-Field transmtting apertures of various size. This test applies
to single-nmode fibers, Oasses Iva and Ivb (in accordance
with El A-4920000-A), for both the 1300 and 1550 nm
wavel engt h ranges.
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Docunent Title Descri ption
Nurber
El A-455-171 | Attenuation by These test nethods describe procedures for neasuring the
Substituti on Measurenent attenuation by substitution of short-length multinode
for Short-Length Multinode | graded-i ndex and singl e-node optical fiber cable
G aded- I ndex and Si ngl e- assenbl i es. The cabl e assenblies have one or nore fiber
Mode Optical Fiber Cable paths, with a connector on only one end with a pigtail on
Assenbl i es the other, or connectors on both ends of the cable that may
be identical or different fromeach other. For nultinode,
the cables are usually less than 100 neters in | ength, but
for single-node, the length is unlimted. These tests are
primarily eval uations of the connector |oss since the fiber
loss is usually only a small portion of the total 1oss. For
those assenblies which are I ong enough for the fiber |oss
to be a significant portion of the total |oss, the fiber
loss will have to be taken into account when specifying
limts for the neasured | oss.
El A- 455-191 | Measurenent of Mde Field Thi s standard documents the nethods of neasuring the node
Di aneter of Single-Mde field dianeter (MFD) of single-node fiber. The MFD
Optical Fiber represents a nmeasure of the transverse extent of the
el ectromagnetic field intensity of the mode in a fiber
cross section and it is defined fromthe far-field
intensity distribution, as a ratio of integrals known as
the Petermann || definition.
Launched power Measurenment of encircled flux
El A-455-203 | di stribution nmeasurenent
for graded i ndex MM fi ber
transmtters
El A- 455-204 | Measur enent of bandwi dth Overfilled I aunch (one method) or RML (Restricted node
on MM fi ber | aunch) (another nmethod) with 23.5 mcron |aunch conditi on.
RVE al | ows hi gher bandw dt h performance from exi sting MV
fiber.
El A-455-220 | DMD neasur enment s
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11. Annex D - Measurenent results, neasurenment type and instrunents

The neani ngs of the ternms nmeasurenent result (hereafter referred to sinply as
“measurenent”) neasurenent type, and instrunent as used in this docunment are
di scussed in this annex.

The type of neasurenent is determ ned by the nature of the stimulus used in the
nmeasurenent. |f pulse stinmulus is used then the neasurenent is tinme domain. |If
sinusoidal stinulus is used then the neasurenment is frequency donmain. The form of
the display of the output does not define the type of neasurenent.

A neasurenent result is the output of an instrunent, as presented to the user, that
is derived fromthe stinulus applied to (or through) the IUT. The instrunent nay
execute cal cul ations and conversions internally prior to presenting its output.

An instrunent is the conbi nati on of associated hardware and software that is used to

produce a neasurenent result. It is not required that all the conponents of an
instrument be within the sane encl osure.
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