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Abstract

During(thepast[fewlyearsnew!(single modefibreshavebeendeveloped dand[presented to(the tharketwhichex[]
hibitlower (bending(loss/than[common(single[modelfibres,[so ¢alled ["bend [improved" (or["bend [tolerant” [fibres.
Recentlylanew[“‘bendlinsensitive” fibre type has[been[developed, which feduces bending loss[bymore than[an
orderlofimagnitude ¢ompared(tolbend tolerant(fibres[while being backwards ¢ompatible[with standard [Single[]
model(fibres. Thislhas[been achieved[through manoStructures™ [fechnology, ¢énabling/fibre opticl¢cableldesigns
that(bring[optical (cablelinstallation [on [par With[¢opper[¢communication [¢ables.[Sincelthesemew!fibres differ[in
structure(from[standard(single[mode!(fibres, modifications(in [Some[fusion [splicing [processes [become riecessary.
Investigationsoflsuitable fusion [processes and [the [resultslarepresented.

Introduction

Thelrecent émergencelof single(mode!fibres/with[im[]
proved[bending[ performancelfor[thelaccessnetwork

has[been[driven by thel penetration ofl optical [cable

insidelthebuilding. In[drder(toroutetheselcableseffil ]
cientlylandunobtrusivelylinside buildings, [design[efl |
forts'havelfocussed[on[smaller diameter, (more(flexil |
blelunits[that(¢an belrouted intolandlaround(¢orners

and[may(belaffixed[directlytolthelwall by means[of
stapling. [Inladdition, [discreet(storage of! fibrelinthe

building, [either [for [patch[¢ordslor[for (éxcess[lengths

ofl fibre[¢connecting [between [locations,[alsoldemands

that[thelfibrel¢an [bel constrained [in[bend[radii that

werelpreviouslyldonsidered [innecessary|drlimpossible

becauseloflthelassociated(signal [loss. [Somelexamples

oflin(buildingdeploymentarepresented lin (Fig. 1.

Thelmostlinteresting examplel for[ fibre(tolthe home

(FTTH)installations[ lis[Jal lfibre[ ithat[ lincorporates

nanoStructures(technologylin(the[¢ladding[to tightly

trapl thellight[in[ thel core and!therebyl deliverlout[]
standingly(low[losslin[the[tightest bend[configural]
tions. [ Thelintroduction [0f this[innovativeltechnology

was[preceded[bylinvestigationstoldemonstrateloper! ]
ability[] with[] commonlyl] encountered ! installation

equipment. [Tt(is[Verylimportant(toldeterminelthat(the

fibrel¢an [belspliced(satisfactorilyusing/fusion[splicl
ingleéquipment/commonlylémployedin(thelindustry.

Fig.1:[Examples/of(in building [¢able installations;
stapling(and(cornering



Bend insensitive fibres

Thel ITURecommendation[ G.657 [was [ published[in

late[ 2006 tol support[ al range! ofl hew![ optical! fibre

productsthat(éxperiencelower optical loss(than(stan/]
dardlsingle[mode fibretypes When donfigured/in tight

bends. [ This[ publication[was| drafted[tol address!the

challenges[identified[ byl operatorslattempting[tolin[’]
stall IFTTH[ whereby! dropl¢ablel routing[ and[ fibre

storagelhardware/imposed [much [fighterbend [radiilon

thel fibre[than [ previously  ¢onsidered[hecessary. Two

classes|oflfibrelarelidentified in (G.657.[CategorylAlis

for[bendlimproved fibre[for[which[¢nhanced[macrol]
bending[ tequirements( tol 10mm/tradiusl arel defined

with[theladditional [tequirement!for backwards/com[]
patibilitylwith thelinstalled (network[énsured by com[]
pliance[to [ ITU Recommendation [ G.652.D.[Category

Blisl for[ bend[tolerant[ fibrel for[ which[ further[enl]
hanced/macrobending(tequirements(to[7.5mm[tadius

isldefined [but(backwards ¢ompatibility[through[c¢om[]
pliancelto[G.552.Dlis[not(tequired. This ¢ategorylin|[]
cludes[such[speciality fibres[aslholelassisted [ fibres

(HAF)[and[photonicl crystall fibres (PCF)[ihich,[in

addition [fo(their mon[¢ompliance[to[(G.652.D, tend [fo

belsignificantlylmore/domplex [to[manufacturelin vol ]
umelthan[¢onventional fibre!types/and/present com[]
patibilitylissues with (thelinstalled [base.

Considering [ thel Ipreferred ! Jinstallation [ Jtechniques
within [ buildings!( that[ operators[ havelidentified[ for
FTTH!installations, [routing[intoland[around[¢orners
and/affixing/directly(to/the(wall by means(oflstapling,
itlislevident(that[a[need for macrobending/c¢apability
beyond[G.657 [Category BLexists, 1. [¢.[altrulybend ]
insensitive fibre[that[¢an[meet thelchallengelofldel]
ployment[tobend[tadii as/low(as[Smm.[Anlorder[of
magnitudelimprovement/in[bendloss[at[Smmwith[a
fibre(that(is[still[¢compliant[to ITURecommendation
G.652.Dlhas[beenachieved[ by incorporating/hanol |
Structures!featureslinto(thel¢cladding[ oflthelfibre. In
practical,linbuilding/deployments, ‘this[improvement
canlmakeltheldifferencelbetween|éxceeding/the(net(
work [ power [ budget[ and[installing[ al fullyl operable
linkto[thel subscriber.[ Thelimanufacturing[ requirel]
ments![for this[fibre/are[consistent With [theléquipment
used[fforconventional, [ mass(produced [ single/mode
opticalfibre, [thereforethis[fibrelis [suitable(for manul]
facturelin¢stablished, high([volumeloperations. Thus,
nanoStructures| technology! effectively[breaks(thelin[]
dustryiconvention [ that[ improved [ macrobend![ iper![’]
formanceloflsingle(mode(fibrel¢an only belachieved
byl sacrificing [ compatibility[ with[ thel installed [ het[]
work.

Splicing(of bend insensitive fibres

Splicelstudies Wwith[the new, [ bendlinsensitive hano!
Structure™! fibre[show!that[¢ommon[fusion[splicing
isiwell[suited forconnecting(this mew!fibre type. This
is[truelfor[$plicing[fibres[Wwith[hanoStructures/tech ]
nology!(Itol fibres/with[hanoStructures/technology!as
well Uas[fiberswith [ nanoStructures[ technologyl to
G.652.D [ fibres[ like . ISMF28¢" fibre. ISome[ fusion
splicing[techniques, however, [tequire[settingadjust[’
ments/toldccommodatelthe presenceldfithemanoStrucl]
tures(features.

Twolwidelyhised|dore(detection thethods, for example
work [Wwith [only[slightlmodificationsas[is[ shown[in
thefollowing sections.

Core/detection [via profile analysis

Coreldetection [in[fusion[splicers(with highmagnifil’]
cation(optics/is[usually/performed Bylanalyzing slight
variations/in [thelintensity(profilelofitransmitted light.
Sincelthe[nanoStructures/technology(leads/(to/signifil
cantlintensity[ variations[around[thelcorelregion, the
corelismot!directlyvisible.

Coreldetection[is(still[possible[with[suchkind [ofl ful
sion(splicers/By(modification [oflthe fusion [splice[prol
gramme. [This[dan(belachieved, [for [éxample, By[using
anlextended(cleaning (drctimelds|apreparational [step.
Alfeaturelof this[methodlislaltoundingofl thel fibre
endswhich(can lead [to[slightlylincreased(splice(loss.

Hotlcoreldetection

Al corel detection method [ thatlis[equallyl well [ suited
for[standard( singlemode! fibresas[ well[as[ bend[]
insensitive!fibres(is/the[Thot[¢oreldetection” [ethod
utilizing thermallylinduced[intrinsic/luminance.[This
procedurelmakes(uisel ofl the[fact[that/Wwith[increased
heat, [optical [ fibres[ ¢mit(radiation [within[the[Visible
spectrum [of wavelengths[+[thus[detectable[with [8ili[]
conbased CCDIdameras!([ll].

Dueltolthe!different/doping oficoreland(claddingland
thel resulting[ different optical [ characteristics, [ their
emittancelis[ ofl varying[intensity[[1].[Thus[with[the
germanium/dopingusedlin(standard(single mode fil ]
breslaswell(asbendlinsensitive(fibres, (thelcorelglows
brighter(than thelcladding;[consequentlythe corelpol]
sition[can[bel determined byl laterallylinspecting/the
fibre.[ For! this,[ pictures[ of’ thel luminous| fibrel are
takenlafter[alshort[period[ofl electriclarclignition. [A
picture[of twolluminous!fibrelendslis[eéxemplified[in
Fig.[2,[wherelthelfibre ¢orelemerges|¢learlyVisible.



Thellonger(thelelectriclarclisburning, the(better[the
fibrelcorelis visible. Alprofile(of thelintensity(distribul ]
tion[ perpendicular( tol thellongitudinal fibrel axis is
exemplified(in(Fig. 3.

Fig.[2:[Picturelof two heated (hanoStructures™fil |
brelénds
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Fig.(3:[Profilelof the intensity [distribution of alul]
minous manoStructure fibre

Tests[havelshown [that[with[a[usual [¢urrentlintensity
ofl14.5mAoflthelélectricldrc, [d[fimelof 350mslis[sufl]
ficient[toldeterminelthel¢ore[position [with[anlaccul]
racylofibetter (than[0.05um. As(can(belseenlinFig.(4,
visibilitylofl thel corel ofl alnanoStructures! fibrelisas
good [as(for[standard (single/mode!fibre, and [Virtually
nolimpact(ofinanoStructures/fibre(on [coreldetection is
observed.
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Fig.4:([Comparison of intensity profiles of thefibre
core between SMF28¢® and manoStructure fibres

Splice Quality

Splices[ with [ nanoStructures! fibre! were[ performed

with[different/fusion(splicers, utilizing [different(fibre

positioning (methods. Besides[the hot[ coredetection

discussed abovel alsol fixed Vigroovel alignment[and

claddinglalignment/havebeen [examined. Tt([turns(out

that(the[new(bendlinsensitive fibre ¢an [belspliced by

using(splicing[parameters only(slightlyladjustedfrom

thoseused for [standard[singlemodel(fibres. Addition[]
ally, [splice(loss dswell[as[splice(strengthlis[comparal ]
bleltothatlofistandard[single(modelfibres.

fixedVigroove claddingalignment hoticorelalignment

Fig.[5:[Measured ' mean(spliceloss at[1310nm(for
nanoStructurel fibressplicedin[different( splice
modes; eérrorbars(indicate(standard(deviation

Fig.[5[shows[a¢omparison ofliean [imeasured(splice

loss[Ifor[Idifferent( [fibre Ipositioning[ methods.[ [For

splices with(fixed [VIgroovelalignment, [a(fusion [splil]
cerofl type[F‘OptiSplice™ one” [ from [ Corning[was

used [ with[lalsplicel program[ ‘optimized![ for[ bend[!
insensitive!fibres. Thelresulting averagelspliceloss [0f
0.06dBlis[comparable(to[that[ ofl standard [ SMF[28e

fibres, (whichlis [ofltheorder(0fl0.04dB.



Slightlyteduced(spliceloss ¢anbelachieved!ifithefi ]
bres!drelsplicedlin(¢ladding/dlignment/mode. [The(rel
sultsofl splice tests[with[al Corning[*OptiSplice™
LID”(fusion(splicer, (operated(in [F'VIDEO” [mode!((i.e.
cladding[ alignment inode)[ show[ an[averagel splice
loss[0f10.055dB.

Spliceloss[couldbelteducedleven [further (bylsplicing
inlcorelalignmentimode. [Forthelcorresponding|(splice
tests, al Corning[“OptiSplice™ [ LID” [ fusion[ splicer
was[used(with[hot[coreldetection” [((CDSmode). (For
anloptimum splice(time(of!3.0sla@nldveragesplicelloss
ofl10.04dB [ iwas[ Jachieved. [ This[iwas[ lonly[ slightly
higher(than(thelaveragelsplicelloss 0fl0.02dB/thatlis
achieved for SMF 28¢" fibre.

Slightlyl elevated [ splicel loss compared[ tol conven[]
tionalsingle(mode(fibrelwillnot/bela functional lissue
in[thel context[ ofl thel bverall [power [ budget ofl an
FTTH(installation. Best[practicelis[to[minimiselthe
useldfisplices, so/thatlan(additional 0.02dB/(splice(loss
willbelnegligiblelin(telation[tolthe 17[120dBlof loss
contributed [(by(the(splitters(or the[3 [5dB(oflloss(origil |
nating[from/[thelattenuation [ ofl cabled opticall fibre.
Thelimpactlon[ overall power[ budget!islalsolmore
than[ compensated [ by[ thel order[ ofl magnitudel iml[’]
provement!inloss/achieved in (bending oflnanoStrucl
tures[ fibre to Smm [radius(inpractical[deployments.
Further[improvement[insplicing[ ofl hanoStructures
fibreWwill (belachievedlas/éxperiencewith theproduct
increases.

Summary

Alnew!single(mode!fibrelhas[been developed, (which
isimotlonly(truly(bend insensitive down [fo[bend dadii
ofl 5mm, 'butlalsol backwards[ compliant[tol $tandard
single(mode! fibres.[ Thellimproved[ propertieshave
beenlachieved[ bylincorporating hanoStructures/ feal|
tureslinto/the ¢ladding. Tests[show(that/fusion Splicl’
inglproperties/are[comparable(to(that(oflstandard(sin ]
glelmode!fibres[with [only(slight(modifications(to fil’]
brelalignment(processes.
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