
ultra-low-loss(0.1484dB/km)PLJre
silicacorefibreandextensionof
transmissiondistance

K Nagayarna,M Kakul,M Matsul,T SaltOhand
Y ChlguSa

ApuresL]lCa COPEtlbrewLthunpTeCedenledlow-LossofO1484dB/km
hasbeenstJCCeSSRlllylabncaLed WllhalaTgeCWectLYCareaOf
l18pm2,Lh■sI)Ltra-Low-Lossf'b'eextendstTanSm'SSLOndLStanCCby
33%comparedtoconvenLLOnalGe-SMF,andoye丁400kJTldlSLanCe
tTanSrnLSSIOnlSpOSS】b]cwLthRamanampllrlCatlOn

ln(10ducl10rZLow-lossopticalflbTeSarenowlndlSPenSableTTanSTnlS-
stonmcdtaforlongtTanSrmSSIOnSystemsTllelowestatlenuatlOnOf

0154dB/kmwasreallSedm 1986[1】WhLleopt】catampllRcat】on
technlqueS Such as EDFAs and Raman ampllf)er≦ (2]have
madedramatlCadvances,缶♭reatlenuatl0nTemalnSCrltlCaltoextend
thetTanSm lSSlOndlStanCeand101nCreaSethebltratelnthlSLetter,we

)ntTOduceaflbrewlththerecord-breaklng)ow-lossof0I484dB/km
WeRlrtherexam)nedItspOSSlbleImpactOntmnSmlSSIOnSystems
UslngthISu一tra-low-lossnb-C,theadvantagesofdeslgnlngEDFA
systemsandthecxtenslOnOrrCPealertesSSystemsWlthRaman
ampLl鮎rby33%arealsodescnbed

FIb,ede∫LgnL7ndcharaclerLSILC∫ Ultra-low-losspureslllCaCoref･bre

(PSCF)hasbeenfabncaledThlSPSCFhasalargeefrectlVearea(Aep)
toreducenonllneaTltyFtgIshowstheTen-acIIVeIndexprof)leorthe
PSCFwlthdepressedcladdlngDepressedcladdlnglSTntrOducedto

lmPrOVethebendlngCharaclensElCSOrlhelargeA,06brebyconfimng
theoptlCalpoweHntOthecorel3]ThestTuturalparametersusedare
A十=026%,A~--006% ThefibrecharacterlSt】CSat]550nmare

dISPerS10n+203ps/km/nm,dlspers10nSlope0060ps/klT'/nm2,

MfD122pm,AeDI)8LLm2,pMl)00025ps/rkmandcutofrwave-
1cngth141トIm SpectTalatTcnuatl0nOfthePSCFmFlg2shows
O265dB/knlat13)Onrnand01484dB/kmat1570nm,whlchare
thelowestva一uesreportedsofarAccuracyormeasurementsbya
cutbackmethodwasevaluatedlrldetaIIAnInstrumentused)sthe

modelofAQ2140byANDO Corporation Low-lossPSCFwas
measured fourtlmeSand thosevalueswere scarlcrcd wlthln

+/-00005dB/km from nemeanvalueateachwavelengthTbc
汽brclengthorl128kmlSaccurateWlthln十/-005%whlChlStess
than+/-0000tdB/kmlnatlenuatton,thustotalaccuracytswl【hln

+/100006dB/km Detaltedspectra一atlenuat10nlSShowntnFIB3
whereaVeTagedvaluesorfournleaSuremenlsw】th2nJnPltChare

plottedbysymbolswlthafittlngCurveTheattenuatlOnatWaVC-
lengthsor1566,1568,1570and1572nmareO1483,01485,01485
ar)d01483dB/km,respectlVelyThusthemlnlmulnlossorabout
01484dB/kmoccursalaround】570nm ThePSCFISmeasuredwlth
aloosecoltCOndlt10ntOaVOldher)dtnglosslnthespoo)condlt10n
Ttleloosecollorbund一econd】110nlSCloselothelooseTubecable

cor)dJt10nWherelateralrorcelSrellcved I,osscomponentsare

analysedalt570nmwherethefibreachleVeSmlnlmum一ossRaylelgh
scattenng coeLncICntorPSCF (0745dB/km/Hm~4 wh'ch ･s
0123dB/kmlnSCattennglossat1570nm)lSCOnSlderabtysma=er
thanthatofGE-SMF(typlcally094dB/km/Llm~4),whlChshowsthe
advantageofmakLngaCoreOfpuTeSlllCalneconrnbutaorLOranOli
absorpt)OntallonmlnlmumlosslSeStlTTlatedas00024dB/km ThlS
meanstherelStheposslb111tyOraChlevlngthernlmmuETllossofL
O146dB/kmbyellmlnat･ngOllfromthlS6breOthercomponents
arelhelmPerfectlonlossthattsalowvalueofOOO4dB/kTnand
Infraredabsorptl0nlossorO019dB/km

F･doped
flrStCねddfng

pureslllCalevel core

F)g.1Sc/JelllarlCle/laChl,eLnduplOPeofPSCr

Fvdoped
secondcladdmg

12

呈 oe
叫
て)

正

% 04

1000 1200140 01600

1
.n

rTlFig2SpeclrLZ/alTelluLuLOn0/PSCr∈孟P.UOrl

d⊃ualltZ 防糾Sg005856糾00

0nV00001520150014801461500 1520 1540 1560 1580

1600 16201.nmFIE3DelalledspeclIYZIaIIe

nEJaI10110/PSCF(J500J6251IrlJ)PosslblelmPOClOnrePeO/e
rlesslransmlSS10nSystem ThelrnPaCtOnrransmlSSIOnSyste

msemPIoyLngEDFAsand/orRamanamptlRershasbeenexamlned Th

etmnsmlSSIOnlossISlessthan0160dB/kmwIIhlnthewavelengthrange
h-om 1506to16)4nm.wh)chcoversmostoflheEDFampllf)call0nrange.
Thisdemonstl'atesthattheu】tTa-1ow-losscharacterlstlCSarefuHyuttl
lSedbytheexIStlngEDFAsLow-lossfibrelSPTO伝tableespeclaHyf
ortheextenstonOELtherepeaterlesstTanSmlSStOndlSlanceThead

vantageorlhenewlydeveloped一ow-lossPSCFhasbeencxamlnedl

nthemodelwlthandwlthoutthebackwardpumpeddlStnbuledRaman
ampllfler(DRA)Table1summarlSeSlhcsystemcondlrlOnSad

aptedtothelow-lossPSCFandconl,entlOnalGe-SMFasarerercnce
TherransmlttedslgnatPowerhasbeencontrolledtosett

henontlnearwclght【3]to1radThelargeAdOrthePSCFallows

lhchlgherrTanSmlttedpowerbyO5dB ThewavclengthofsEgnalaTLd
pumpllghTlssetTo)570and1470nm,respectlVelyThepumppow

erhasbeenopllmLSedsothatRamangalnlSmaXIrnlSedwlthlntherangewheretheDRAdoesnoto

scl日ateTabJeI:SlmulatlOnCOndlL

tonstorRamanamptlRcatlOnPSCF Ge-SMF0.l4S4 0_LS9A.dL

pmコ】 日8 83l5_5 l5_0ll26.0 966.)29_8 29.2Flg4showsthes】mulatl0mresultsUslngDRA,thelow-lossPSC

Fmcreasesthemaxlmum tmnSmlSSIOndlStanCCby33% comparedloconvent

lonalGe-SMFWllentheDRA lSemployed.PSCFrequtreshlgherpumpl
ngPowerbecauseofthelowernonJlneanty,WhllestlghTlylargerRama
ngalnlSaVaElableslr)cetheRaylelghbackscatleTlngcoe作clenttS
towerAccordlng【OthlSeXaml71atlOn,alongerdlSlanccISaChlCVCdw

lththePSCFthanthatwlthGe-SMFby33%whelhertheDRAtsemployedor
TlDl,andthelongestdlS(ancelSCalculatedtobe404km ItISa一solntereStlngtOnotethatthetTanSmISS10ndlstan



convernonalGc-SMFwlthRamansystemsTTluSthelabncalcdPSCF

ISveryatlTaCt)VCtOextendtherransmlSSl0ndlStanCC
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OndlSIanceCone/u.uns Ultra-low･losSpureSlHCaCOre爪bre
wlthTTHnlmumattenuatl0nOr01484dB/km hasbeensuccessRlllyr
abrLCatedThemlnlmUm attCnuatlOnLSthelowestaltenuatlOnaChlCV

CdsofarlLslmPaClontTallSmlSSIOnSySternShasa)sobeenexamlnCdTheattcnua- tlonlntheC-andI/bandlSbelow0160dB/knlandw

lde,whlChlsattractlVero√EDFAssystemslnrepeater-ksssystems,
low-lossGbrewlllextendtTanSmlSSLOndlStanCCby33%comparedto
corLVentlOnalGc-SMF,andthemaxlmumdlStanCCISabou1400bnl

rltlSCOmbmedwlthRaTTlanamPJlf)catlOn WebelleVethatlow-lo
ssfrbTeSW)HcontTlbutctolhcevDlutlOnOrfutvrctTanSrrnSS
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