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Bend-Optimized Fiber

Bend-Optimizedriber

As today®F TTx networkspushopticalfiber to single-familyhomesandmultiple dwelling units, they require
smallerdistributioncabinetsand compactfiber managemengystemswherefiber is subjectto a greaterdegreeof
bending.

Theseconditionshaveput morestringentdemandshaneverbeforeon the bendperformancef single-mode
fibers. However the needto maintaina very high degreeof mechanicareliability hasn@changed.An under
standingof the designandperformanceof bend-optimizediber will helpthe usermakea moreinformeddeck
sionin specifyinga fiber thatcansupporttighter bendsbut still be very reliable.

What is Obend-optimizeddber?

Bend-optimizediber is designedor usein FTTx andpremisesapplicationgo minimize the effectsof increased
attenuatiorresultingfrom macrobendsindmicrobendsn single-moddiber. Optimizedbendperformanceas
valuablein manycableandconnectivityapplicationancluding low-countcables smallenclosuresor any
applicationwheresmall bendradii may be encounteredBend-optimizediber, suchasOFS@IIWave FLEX
Fiber, canbe coiledinto a 10 mm radiusloop with < 0.5dB incurredlossat 1625nm and< 0.2dB incurredloss
at 1550nm bfive timesbetterbendingperformancehanconventionakingle-moddibers. Thesefibersalsohelp
improve cableperformancen high-stresandlow-temperaturenvironmentdy providing doublethe microbend
ing performanceof conventionakingle-moddibers.
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Bend-Optimized Fiber

What®the differencebetween macrobending and microbending?

Opticalfiberswould not be practicalif they hadto be keptperfectlystraightto guidelight. However deviations
from a straightpath(Obends@pncausdight to scatterandescapdrom the coreof the opticalfiber. Bendsfall
into two categoriesMacrobendsrebendsthatarelarge enoughto be seenby the humaneye; microbendsare
microscopicdeviationsalongthe fiber axis. A macrobendould be causedy the routing of ajumperin a patch
panel;a microbendcouldresultif fiber is squeezedby cablebuffer or jacketmaterialasit contractsat very low
temperaturesBoth typesof bendscanresultin increasedttenuatiorthatcandegradesystemperformance.
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A bend-optimizegroductsuchasAllWaveFLEX Fiberexcelsin bothtypesof bendperformanceenabling
smallerenclosuresandnovel cabledesigns. The macrobengerformancef AllWaveFLEX Fiberis five to eight
timesbetterthanthat of standardsingle-moddiber, while the microbendperformanceds morethantwice as
good. Thisimprovedperformances idealfor the OlasmileOof FTTx andconnectivityapplications.
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Bend-Optimized Fiber

For bend-sensitiveapplications are there factors beyondbend-optimization
that must be consideed?

Bendperformancaes just oneof severalparametershat mustbe consideredvhendesigningan opticalfiber for
bend-sensitivapplicationsptherkey parameterincludebandwidth reliability, andcompatibility with the
installedbase In a well-designediber, thesepropertieamustbe balancedo createa productthatwill providethe
mostvalueto theenduser

Mostimportantis thatthe fiber is basedon a provendesignthatis fully compliantwith International
Telecommunication§nion (ITU) standards.652Dfor single-moddfiber. This ensureghatthe fiber will work
with existingtransmissiorequipmentAlso importantarelow polarizationmodedispersion(PMD), excellent
attenuatiorfrom 1260nmto 1625nm evenin tight bends,andzerowaterpeakto ensurethatthe productis
readyfor anyfuture bandwidthupgradesAnd very low splicelosswhensplicing eitherto itself or to the existing
fiber baseis, of course gssential.

The mechanicateliability of thefiber underreducedbendsis anothelimportantconcern. Be wary of anybend-
insensitivefiber whosedesignallows for bendsthataresotight thattheythreaterthe mechanicateliability of
thefiber. Low lossin avery tight bend(say 5 to 7 mmin radius)maylook like goodperformanceluring
installation,but a bendthis tight couldresultin a catastrophidiber breakthatwill disruptservicein thefuture
andbedifficult to repait
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Bend-Optimized Fiber

Hasthe industry developeda new standa for bend-optimizedfiber?

Yes,thelTU recentlyadoptedhe G.657standardo describesingle-moddiberswith improvedbending
performancehataresuitablefor usein accessietworks. The ITU-T G.657standarddescribegwo categorieof
fibers.
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¥ Class A fibers: aresuitablefor usefrom 1260to 1625nm andareactuallya subsebf G.652D(low water
peak)fibers.G.657ClassA fibers havetighter dimensionatolerancegshanG.652Dfibers, for improved
connectivity The attributesof theseclassA fibers areoptimizedfor reducedmacrobendosswhile their
specificationdor attenuationchromaticdispersionandPMD remainthe sameasspecifiedin G.652D.
OFStakesits AllWave FLEX Fibera stepfurther by exceedinghe G.657 ClassA requirements

¥ ClassB fibers: aresuitablefor transmissiorat 1310,1550and1625nm for restricteddistanceshatareasse
ciatedwith in-building transportof signals.The classB fibersarecapableof low macrobendossesat very
tight bendradii, but canhavedifferentsplicingandconnectiorpropertieshan G.652fibers dueto their varied
designsandbroadrangeof MFD values.
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Bend-Optimized Fiber

Canl splice a bend-optimizedfiber like AllWave FLEXfiber to an existing
outside plant base composed mostly from matched cladding fiber?

Yes. AllWave FLEX Fiberwasdesignedor excellentspliceperformancéothto itself aswell asto the
embeddedbaseof single-moddiber. Becausehis is probablythe mostimportantconcernthatusershave,OFS
developed bend-optimizediber with excellentgeometricattributesdesignedo yield consistentljlow splice
loss.

OFSconducteda comprehensiveplicestudyinvolving morethan 1500splicesbetweenllWave FLEX Fiberto
itself andto otherstandardsingle-moddibers. The results shownin thetablebelow illustratethe averagesplice
lossfor eachcombinationof fibers, measuredbi-directionallywith an Optical Time DomainReflectometer
(OTDR). Oneimportantobservationthe nominalmodefield diameter(MFD) of AllWave FLEX Fiber is slightly
smaller than that of standard AllWave Fiber. This explains why average splice loss values between AllWave
FLEX Fiberandotherfiber typesareslightly higherthansplicelossvaluesbetweerAllW ave Fiberandother
fiber types. It shouldalsobe notedthataswith any single-modediber, this differencein modefield diametercan
leadto one-wayOTDR artifactsthatarelargerthanwhatwould be observedf only onefiber typewasused.
Truesplicelossis the averageof OTDR measurementskenfrom eachdirection,not whatis observedrom a
unidirectionalmeasurement.

AllWave™ AllWave™ Competitive Competitive

ZWPFiber FLEXFiber  Single-modeFiberC Single-modeFiberD
AllWave®
ZWP Fiber 0.02 0.03 0.03
AllWave®
FLEX 0.02 0.03 0.04
Fiber
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Bend-Optimized Fiber

When should| considerusing bend-optimizedfiber in my network?

As fiber pushesloserto the home,therearemanysituationsin which a bend-optimizediber canimprove
systemperformanceSomeexamples:

¥

¥

¥

Low count cables: As thefiber countwithin cablesdecreasegheyaremorelikely to experiencéends
of 30 mm radiusor less.

High density connectivity: Theimprovedmicrobendingandmacrobendingerformanceandfull spectrum
capabilityof productslike AllWave FLEX Fiber make them an ideal choice for patchcords in demanding
applications such as central office and distribution cabinets.

Small enclosures: The designof morecompactenclosuresor FTTx applicationshasbeenmadepossibleby
the superiormacrobengerformancef thesefibers, specificallythe ability to havebendswith radii assmall
as10 mm.

Low temperature applications: The improved microbending of bend-optimized fiber boosts the performance
of patch cords and cables at temperatures as low as -40°C.

Compact cable designs:The useof bend-optimizedibersresultsin low attenuatiorafter cablingin the
small-diametedesignsof today®premisesablesandblown fiber units.

In-building applications, including drops: Bend-optimizediber supportshis applicationwithout the
disadvantagesf a G.657Bfiber.
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Bend-Optimized Fiber

What are the key parameters to specifyin a bend-optimizedfiber?

The bestvaluein a systemis a fiber thathasoptimizedbendperformanceat high levelsof mechanicateliability.
Thereareseverakey designfeatureghatneedto be considered:

¥ Goodbendperformancdwithout jeopardizinglong termreliability)

¥ Low losssplicecompatibility

¥ High mechanicateliability

¥ Zerowaterpeak

¥ Low PMD

¥ G.652Dcompliant(fully compliantto the embeddedbaseof single-modefiber)

|Ovéneard there are different designsof bend-optimizedfiber. Which designis best?

In generaltherearetwo waysto improvethe bendingpropertiesof single-modeiber. Thefirst is to increasehe
refractiveindex of the core,andthe seconds to changethe refractiveindexof the cladding.

Of thetwo, the simplermethodis to increasethe coreindex. However this very simple designhasseverakhort
comings.The main problemis thatto gettheimprovedbendperformanceandkeepthefiber single-modedthe
MFD mustbe reducedthus, thisis oftenreferredto asthe OsmaltoreCption). Limits on the rangeof
acceptableMFD for standardsingle-moddiber resultin two weaknessefor fibersin this category:maiginal
improvemenin bendperformanceandpoor splice performancealueto the small core.

The OmodifiectladdingindexCoption allows improvedbendperformancevhile keepingthe MFD compatible
with the existingbaseof single-modeproduct.With OFS@iber designexpertiseandhighly advanced
manufacturingprocessesDFSwasableto optimizethis designapproacHor its AllWave FLEX ZWP Fiber.

Continued onto next page |
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Bend-Optimized Fiber

A lower indexregionaroundthe coreof the fiber greatlyimprovesthe bendperformanceyet AllWave FLEX
Fiberis still fully compatiblewith the embeddedase . The advantagesf the AllWave FLEX Fiber design
include:

* optimized balance between reliability and bend performance
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* twice the microbend performance

» excellent splice performance

* industry-accepted design

Other manufacturers use a more complex modified cladding index option known as the “trench-assisted” design.
This design allows for more variable parameters to further improve the bending properties of the fiber, but has
several limitations. The complex waveguide is difficult to splice, and the advantages in bend performance are in
a region where long-term mechanical reliability is at risk.

This table compares the key parameters of fibers made through each option:

Attribute SmallCor Method Modified CladdingIndex Method
AllWave FLEX Trenchassisted
Fiber process process

Compliant with No Yes Yes
G.652D installed base
Good splice performance No Yes No
Optimized bend performance No Yes No
2X microbend improvement No Yes ?
Industry-accepted design Yes Yes No
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For additional information please
contact your sales representatives.
You can also visit our website at
www .ofsoptics.com/ofs-fiber  or
call 1.888.fiberhelp . For regional
assistance, contact:

North America

Phone: 508.347.8590

Toll Free: 800.799.7732

Fax: 508.347.1211

Email: fibersalesnar@ofsoptics.com

Caribbean, Latin America

Phone: 508.347.8590

Fax: 508.347.1211

Email: fibersalescala@ofsoptics.com

Europe, Middle East, Africa
Phone: +45-43 48 3736

Fax: +45 4348 3444

Email: ofssalesdk@ofsoptics.com

Asia Pacific

Phone: +852 2836 7102

Mobile: +852 9468 8923

Fax: +852 2836 7101

Email: fibersalesap@ofsoptics.com

Japan

Phone: +81-3-3286-3424

Fax: +81-3-3286-3708 or 3190

Email: fibersalesjapan@ofsoptics.com

China

Phone: +86 10 6505 3660

Fax: +86 10 65059515

Email: fibersaleschina@ofsoptics.com



