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- Moaxoaut ans npunoxenun 100 rout/c

Ananuzatop Xpomatuueckon Ancnepcumn—FTB-5800%*
MonHas oueHKa XpomaTuyeckon Jucnepcum

BbICOKOTOYHBIN MeTOA U3MepeHus $ha30Boro CABuUra

MCTOYUHUK U NPUEMHUK He TPebyloT CBA3M Mexay cobon

3anaTeHTOBAHHAA KOHCTPYKLUMA* MO3BOMAET TeCTUPOBAHME
yepes ycunutenn EDFA

MoaxoauT ans npunoxenun 100 Mout/c

CoBMecTUMOCTb C nnaThopmamm
Mnatdhopma FTB-500

* OXMpAeTca nosyyeHve nateHTa, International PCT Publ. No.W0O2004/070341. MeToa usmepeHus

opo6peH TIA-FOTP-124A.
** 3awmueHo nateHTom CLA 6,429,929 1 ero aHanoramu B Apyrux cTpaHax.
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AHanuzatopsl MM n X/

KoMbuHauunsa nsmepenunn XA v NMJ ans
BCECTOPOHHEN OLEHKWU JINHUN

Ananusaropsl komnaHuu EXFO - FTB-5500B MM/, u FTB-5800 X/, npeaHa3HaueHsl
LN NPOBEAEHUA M3MEPEHWA Ha CBEPXMPOTHKEHHBIX NMHMAX M ANA paboTbl C
npunoxenuamu 40 Tout/c. OHM 0becneynBaloT NpoBeseHne BbLICTPBIX M TOYHBIX
n3MepeHuit, n 0bnagaloT NPeBOCXOAHON NPON3BOANUTENLHOCTBIO, T.e. BCEMU TEMM
XapaKTepucTukamu, KOTopble MO3BOAAOT MOALEPKMBATL BbICOKOE KA4yeCTBO
CepBUCOB B CeTW. AHanM3aTopbl YCTAHABAMBAKOTCA B MPOMECCMOHANbHYIO
nnatpopmy FTB-500, rae 3tn usmeputensHole moaynun FTB-5500B u FTB-5500
MOrYT NPOTUBOCTOATL OpbI3raM, BblAEPXKMBATH YAAPbI M NaaeHus. Takum obpasom,
3TV MOAYIM NMPEKPACHO MOAXOAAT KaK ANs paboTbl HA y3nax CBA3M, Tak W Ans
MoJIeBbIX YCIOBUIA.

AHanuzatopsl X v MM/, ycTaHOBNEHHble B NaaThopmy
FTB-500 npowussoacTBa komnaHuu EXFO

bbicTpoe n3mepeHme nonaspmu3aLMoOHHOM
MO/L0BOU AMUCNepcumu

Monapwu3aumoHHas mogosas aucnepcus (MMJL) npeAcTaBnseT cepbe3Hyio yrposy
LA CYLLECTBYIOWMX U HOBbIX CeTeil. [0 Mepe MOBbILIEHNS CKOPOCTEN Nepesayn
0o 10 Tout/c n bonee, HeobxoanMoCTb petweHus npobnemsl MM/, cTaHOBUTCS
Bce bonee HacywHon. AHanuzatop MM/ FTB-5500B, npon3soacTBa KOMMaHWu
EXFO, no3gonseT Bam BCTpeTUTh 3Ty npobnemy Bo BCeopyxuu. FTB-5500B
BbICTP, HAZLEXEH M BCEraa roToe K paboTe HE3ABUCKUMO OT TOrO HEOHXOANMO i
u3meputsb MM/, B cTapbiX BOOKHAX WAN MPOBECTU MOLEPHU3ALLMIO CETH.

AHanunzatop NMMJ, FTB-5500B

KntoueBble hyHKLLMY Kntoyesble npenmMyuLecTsa
Bpemsa TecTUpOBaHMS 5 cekyH/, ) 0/1blIe BOJIOKOH 3a MEHbLIEE BPEMS
HeT nuka aBToKOoppenaLnmu )  BbiCOKas TOYHOCTb
TectuposaHue yepes EDFA ) YMeHblIEHWE CTOUMOCTY TECTUPOBAHNS
MoaXxoauT Ans BCex ceTei ) Pa60Ta C ceTAMM OyayLlero: rotos Aa NPUIOKeHUI 100 rount/c,
L CO34aH AAS NPOTAKEHHbIX N CBEPXMNPOTHKEHHbIX CETeN )

NMM/A sToporo nopsaaka

MMZ BTOPOro MopszAKa BbIMUCASETCS M3 U3MEPeHHOro 3HaueHus MM, 3Tu AaHHbIe 0CODEHHO BaXHbI AJ1f MHOTOKAHaNbHOM Nepeaayun 1 npu
ckopocTax nepesaun 40 F6ut/c u sbiwe. MporpammHoe obecnevenne EXFO paccumtbiBaeT 3agepkky MMJ, BTOpOro nopsaka w 3HauyeHus
KO3OULMEHTOB AN1A TENEKOMMYHUKALWMOHHBIX BOJIOKOH. M0 CPaBHEHWIO C NPOCTbIM 3HayeHneM MM, 3Ti 3HaueHus no3BoAsioT bonee TOYHO
OLLEHUTb XapaKTePUCTUKN BOMIOKOH 1 Kabenei 1 no3BONAIT Nyylle KOHTPOAMPOBATb KAYECTBO NEPeAaYN BbICOKOCKOPOCTHBIX CUCTEM.




O "TexaHkoM" KoOHT Soano n3mepuTenbHble Npuéopb
FTB 5500B n FTB-580
AHanuzatopsl MM n X/

N3mepeHne XpomaTuyeckom uncnepcmm
B MOJIeBbIX YC/IOBUAX

Henpekpatuatowianca roHka B pa3paboTke BbICOKOCKOPOCTHBIX Nepeaaolmx
CUCTEM W B LOCTUXKEHUM BONbLLIEN MPONYCKHOI CMOCOBHOCTM UMEET Ha CBOEM MyTH e
onpefeneHHble orpaHiueHns. M3mepeHne xpomatuyeckoin gucnepcum (X/1)
CTAHOBATCA bonee u bonee KPUTUYHBIMU AN TENEKOMMYHUKALMOHHBIX KOMNAHWI U
NpoBaiepoB, KOTOPbIE ULLYT CMOCOBbI YYYLNTL CBOM CUCTEMBI, MOLEPHU3NPYA UX
ckopocTu nepeaaun. AHanusatop X/, FTB-5800, npoussoacTsa komnanuu EXFO,
npeanaraeT BbICOKYI0 NPOU3BOAMTENbHOCTb U MO3BOAET NPOBOAUTL BCE BUADI
N3MEPEHUIN XPOMATUYECKON ANCMEPCUM B MONEBbIX YCNOBUSX.

High pawer

Low pawer

Ananuszatop X[ FTB-5800

- N
KnioueBble GyHKLUU Knoyesble npenMyuLecTsa
MepcoHanu3oBaHHOe ynpaeneHue AaHHbIMY P (03/3€T NOHATHbIE, TMOKO HACTPAMBAEMbIE OTYETI
MeToz tha3oBoro casura ) DKCTPEMaNIbHO BbICOKAA TOYHOCT
TectuposaHue yepe3 EDFA ) YMeHblIEHWEe CTOUMOCTY TECTUPOBAHNS
MoAX0oAMT ANs BCEX CeTell ) Pa60Ta C ceTAMN OyayLlero: rotos ans npunoxenuit 100 rou/c,
L CO34aH /19 NPOTHKEHHBIX U CBEPXMPOTAKEHHbIX CETEN )
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FTB- SSOOB VI FTB—58OO
AHanuzatopsl MM n X/

[loN0XUTECh HA MOLLLHOE NporpaMmmHoe obecneyeHue

MakeT nporpammHoro obecneyenus EXFO ToolBox ynpaenset npunoxeHusmn mogynen FTB-500. Yn00HbI CEHCOPHbINA 3KpaH obecneynpaeT
NErkuit LOCTYN K MEeHI0 M dYHKLMAM, YTO MO3BONSET AOOMTLCA BLICOKON MPOW3BOAMTENBHOCTM W MPU 3TOM YNPOCTUTb TECTUPOBAHWE B

MONEBLIX YCNOBUAX.

HactponTe n npoTtecTupymnTe.

MpocTble napameTpbl HaCTDOVIKM TecTa obecneynsaioT besownboyHoe TeCTUPOBaHME.
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™ Use Multiple-Measurements Mode ™ Automatic Save After Measurement
¥ Keep Measurements in Memory =]
QuickSave
™ Use Averaging-Measurements Mode Filename Prefix: FILE.
=3
Measurement Count:  [10
Storage
PMD Threshold (ps): Coefficient Threshold (ps/km or ps/km~1/2): | o
<+
bt IOC’GS - STM286: 2.5 - | b INO Threshold - l
®
Fiber Parameters Fiber Auto-Naming Setup
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Prefi Parti Foer i
@ Telecom Fiber Number Part: 10 *;
€ Palarization-Maintaining Fiber Nbee oF Digits: |_3 Notepad
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Cand 15 il
Custom 05 i Custorn., 25
QRIS e 10nm 1nm 155 ss
C+-and snnt nm 104 3 e e e e e
From: 15300 nm Step: 5.0 nm Avg. Time: | 1.0
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000 "TexaHkoM" KoHT Soano u3MepuTesribHble NpUoopb

FTB-5500B n FTB-580
AHanuzatopsl MM/, n X[,

[MonoXutecb Ha MOLWHOE NPOrpamMMmHoe
obecneveHune (MpoaomkeHue)

[lepcoHanM3nMpoBaHHOe ynpassieHWe AAaHHbIMW NO3BONAET CO34aTb MOHATHbLIE U rmbko
HaCTpalnBaeMble OTYETHI.

yﬂ,06CTBa CTaTUCTNYECKOro aHan3a

YcpeaHeHne MHOXeCTBA TECTOB HA OLHOM BOSIOKHe

Cbop AaHHBIX O COCTOAHUM BONOKOH W pacyeT obuiero 3HaveHus MM
(co3paHue nuHuUM)
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] ]
H -1 a
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: | Resuits
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PMD Coefficient 0.7851 ps/km~1/2 é
Gaussian Complisnce Factor 1.069 -
Second order PMD 0.2771 ps/nm ( 0.3559 ps? ) Print
[----- P [|second PvD Coefficient 0.2771 ps/nm.km { 0.3558 ps?.km ) S
H Length 1.000 km 25
I_l M 1 ‘Wavelength Band 1514.62-1586.66 nm MNotepad
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n KOBd)d)VILI,I/IeHT Comments Random coupling fiber measured in telecom made with C b.. ALaLE
TEST_9_1_8(1): TraceDemol.pmdp Z| wmﬁ:;:;:z:"‘ b |
Exit
[EXFO Power Level: _mm |/ BEODODOOBE o5% | el | | 1052007 [o2:s7em
T
1
MTOPOr OLLEHKM MO KPUTEPUKD === === = === = = = = o e e e e -

roaeH/HeroaeH

OTobpaxeHune Ha 60/1bLIOM rpaduyeckom aucniee AUCNEPCUN U OTHOCUTENILHON FPYNMOBOV 3aAEPXKN.

Yn0ob6CTBa CTaTUCTUYECKOrO aHanum3a

Parameters | Results Graph Results Table | Acquisitions
BO3MOXHOCTb MHOXECTBEHHbIX n3mepeHun ana AAnNTenbHOro TeCtTMpoBaHuA Warelrgh o) | RGD o) iedRGD )] €D Dovition sen
100 om  2nde diet ¢ 12mees ¥
[} 05 &0 e wa2 v wous Y
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[l o ex onss 0 X pou X

M #18-5800 Chromatic Dispersion [1-4] - (CD80km.exfocd) Fibert 80kmf008]*

Parameters Results Table
PaccuntaHHas kpueas X[ —=----
KpuBas rpynnopoy —========== T - J ] ‘ | | |
3aﬂe p)K Kn FIT 1530 1540 1550 1560 15;3M5a(lm) 1590 1600 1610 1620
RGD Equation:  -3.41667e+06 +0.931852 x"2 +2.89177+12 X2 P
RGD Weighted RMS ErTor: 265,325 ps
Copy to
Wavelength: [1577.450  Dispersion: 18,336 ps/(nmekm) Fitted RGD: 64342.983 ps _] Clipbaard
Ll_bl Sope:  0,058323 psf(nmakim) &
Fiber Type: |Standard Fiber ~
Fit 1327.255 0.093185
RGD Data Fit: 3-Term Selimsier * v
TUN BONOKHQ ======== -> Help
¥ Known Fiber Length
Fiver Length: 0000 km i
Linit ws exposed to hanges referencing is A1 DRNNR o | 2007-10-17 13:02




TenbHble Npubopbl U o6opyaoBaHue www.tehencom.com
FTB-5500B u FTB—5828

AHanunzaTtopsbl MMM/, n

JlononHuTenbHble npenmyLecTsa kKombuHaummn X v MM,

N3MepeHne cBEPXMPOTANKEHHbIX TUHUN

Tenepb Bbl MOXETE W3MEPUTb BCHO JIMHUIO BMECTO €€ CEKLMA, YMEHbLWWUTb KOJAMYECTBO MaHUMYNALNA, YMEHbLWWUTL BPEMS TECTUPOBAHUS U
BEPOATHOCTb OWMNOOK. bnarogapa ToMy, 4To (UNbTPOBAHWE BLIMOMHAETCA HA MPUEMHUKE, a He WCTOYHMKE, BO3MOXHA Mepefava yepes
O/IHOCTOPOHHME YCTPOICTBA, TaKMe Kak u30nsTopbl 1 EDFA. MpoBoAMAOCh YCNelHoe TeCTUpoBaHue Yepes 250 KackaamupoBaHHbIX yCUaUTENEN
B IUHUM anuHom 6onee 12 000 km.

OanH nctouyHuk FLS-5800 ana XA v MM/,

OanH UCTOYHUK n3nyyenns FLS-5800 ans aHanuzatopos X/ v MM/, no3sonuT Bam oueHUTL cpasy 0ba BUAA ANUCNEPCUN W, TaKUM 0Bpasom,
YMEHbILUMTb BPEMS U3MEPEHMA U MUHUMU3MPOBATb BEPOATHOCTb BHECEHNS YENOBEYECKON OLWMOKM.

ObpaboTka pe3ynbTaToOB U3MepPEHUS C
NporpaMMHbIM obecneyeHnem
FastReporter

[LONONHNUTENbHBIA MaKeT NPOrpaMMHOro obecneyeHus
FastReporter npepoctagnset B Bawe pacnopsxeHue
boratblil Habop hyHKLMIA 06PabOTKM JaHHBIX U aHanu3a,
KOTOpble  MO3BOMAT  ONMTMMM3NPOBATL  MPOLECC
TeCTUPOBaHMA, He3aBMCUMO OT Bawux uenen. MO
npeAHa3HayeHo ANns 06paboTKM AaHHbBIX U3MepeHuir be3
Hanuuus mameputenbHoro npubopa. C FastReporter Bbl
nosyyaete MOUCTUHE  WHTYUTMBHBLIN  rpacduyecKuit
MHTepdeNc, KOTOPLIM Takxe BHOCMT CBOM BKNag B
nosblleHne 3hdeKTUBHOCTI NPOLLeCcca U3MepeHms.

MMbkas HACTpoMKa OTYETOB

Ha Baw Bbl6Op npeanaraercs MHOXECTBO (WABNOHOB
OTYeTOB, BK/IOYAA OLLEHKY COCTOSHWUA BOJOKHA, aHanu3

MMA n X[l. Pe3ynbTathl MOrYT ObiTb BbiBEAEHbI B HOPMaTHI
Cepusa AHanusatopos Aucnepcum PDF, Excel unu HTML.

EXFO: MpumeHeHus

CBEpXI'IpOTFI)KeHHbIE NNHUN

40 rout/c

JIvHun ¢ ycunneHnem

ﬂ,)'lﬂ UCKNIOYUTENLHON TOYHOCTU U BO3MOXHOCTEN EQ §
N3MEpATb CBEPXMPOTSHKEHHbIE JIMHWW, KOMMaHWeil g /] S
EXFO Takxe npegnaraerca AHanuszatop X2, FTB-5800 5,\‘% £ o
n Ananusatop MMJ FTB-5500B. B Tabnuue Huxe gg S 5
NpuBefeH CMUCOK MNPUMEHEHWIA ANS Kaxaoro gi;" § gf
MOZYNA W3 CepUM aHaNM3aTOPOB AUCMEPCUM, é}j{ g’»"; §
KoTopble npegnaratotca EXFO. §§ g/
oY/ </ <
Manble paccToAHUA A VA
N Bonbume paccrontms R
§ CBepXMPOTAKEHHbIE INHNAN v |
o GRS EAEEY J |
B Komnencauus AR
Marsble paccroaHus J J |4
Bonbluve paccrosHus J J | 4
J |
v Y
J

<

KomneHcauus J*

* B 3aBUCUMOCTU OT YCTOMYMBOCTU K hOPMATY MOAYNALUM




O "TexaHkoM" KoOHT Soano n3mepuTenbHble Npuéopb

FTB 5500B n FTB-580
AHanuzatopsl MM n X/

AHanuzatop MM/, FTB-55008

[ TEXHUYECKME XAPAKTEPUCTUKN

[nanasoH AnWH BONH (HM) o1 1260 go 1675 (AunanasoHsl O - U)
[Juana3oH n3mepeHun (nc) ot 0 go 115

YyBCTBUTENBHOCTb 2 (86M) -45

Bpems n3mepeHus (c) 4.5 (ans nwboro 3HaveHna MM/I)
ABCONITHaA NOrpewwHOCTb (CUbHas MoA0Bas CBA3b) P (nc) +(0.020 + 2 % NMA)

Bo3moxHOCTb U3MepeHus yepe3 EDFA [a (6onee 120 EDFA)

Mpumeyanus

a. TunuuHoe ans amanasoHa C. MoxeT 6bITb yBeNMYEHO C noMolubio ycpeaHeHus. C FLS-5800, TUNWUYHbIA AMHAMUYeCcKU Auana3oH 47 ab.
b. Ana ananasoxa C, c npeanonaraeMbiM ycpeaHEHWEM MO BCEM COCTOAHUAM MONSpU3aLUN.

[ OBWWE XAPAKTEPUCTUKN \
Temnepatypa
paboTbl ot 0 °C po 40 °C (32 °F po 104 °F)
XpaHeHus o1 -40 °C no 70 °C (-40 °F po 158 °F)
OTHOCMTeNIbHAA BNAKHOCTb 0 % to 93 % 6e3 koHAeHcaTa
Pazmep (B x LU x I') (ToNbKO MOAYNb) 9.6 cMx 7.6 cM x 26.0 cm (33/4inx3inx 10 !/4in)
Bec (To/bko MOAYNb) 1.5 kr (3.4 Ib)

AHanunsatop X/, FTB-5800

TEXHWUYECKWE XAPAKTEPUCTUKHA @

JlnanasoH AIMH BOJH (HM) ot 1530 go 1625
ot 1200 o 1700 P
Lar anuH BOH (HM) MUHUMYM 0.1
KonnyecTso To4ek n3mepeHma Makcumym 950, ycTaHaBn1BaemMoe nonb3osarenem
JMHamunyeckunit AnanasoH ¢ (ab) 42
MorpewHoCTb AAnHbI BOJIHbI 9 (TOYHOCTB) (HM) 0.1
MorpewHocTs ancnepcun ¢ (To4HOCTb) (MC/HM) 20 km ana G.652 1.6
120 km ans G.652 3.1
20 km ana G.655 1.9 (rapaHTMpoBaHo)
20 kM 80 kM 120 km
MosTopsemocTb ancnepcun 9 (nc/Hm) 0.04 0.2 1.1
MoBTOPAEMOCTb ANMHBI BOMHLI C HyneBol aucnepcuert 4 (Hm) 0.1 0.14 0.8
MosTOopAeMocTb HaknoHa aucnepcin A0 9 (%) 0.03 0.05 0.25
MuHMManbHas ANNHA BONOKHA (KM) <1
MakcumanbHas AanHa BONOKHA © (KM) > 5400
Bpems u3mepenna ana Touku f (c) MuHumMym <1
MpumeyaHusa

a. Bce cneuundukaLmm TUNUYHbLI CO BPEMEHEM yCpeAHeHUs 4 CeKyHAbl Ha TOUYKy (rae npuMmeHseTtcs), npu Temnepatype 23 °C = 1 °C,
¢ KOHHekTopoM FC v nocne nporpesa.

b. OTobpaxaembiit Anana3oH. 3HaYe€HMA MOTYT BbITb IKCTPANOANPOBAHbI.

C. IMHamnyeckunit AmanasoH onpesenseTcs Kak pasHuLA MexAy CambiM CUbHBIM U CaMbiM C1abbIM CUFHAIOM, KOTOPblE MPUEMHUK
MOXeT 06HapyXknTb. MoxeT noTpeboBaTbCs AOMONHUTENILHOE YCPeAHEHMe.

MorpewHocTb (TOYHOCTL) He MOXeT ObITb rapaHTMPOBAHA Ha NMPeAeNbHbIX 3HAYEHNAX AManasoHa.
d. Anana3oH C+L.
e. Bkniouas EDFA.
f. JononHutenbHas HacTpoOMKa BPEMEHU MOXET NoTpeboBaThCA Nnepes NepBoil TOYKON KaXAOro AManasoHa.

( OBLLNE XAPAKTEPUCTUNKHA \
Pasmep (B x W x I (Moay”b) 9.6 cMx 10 cM x 26 cM (33/4inx315/16in x 10 1/4in)
Bec (Moaynb) 2 Kr (4.5 Ib)
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FTB- SSOOB VI FTB—58OO
AHanuzatopsl MM n X/

AHAJIN3ATOP XA,

4 N I
FTB-5500B-XX FTB-5800-XX
KoHHekTOp * EI-EUI-95 = UPC/E-2000 KoHHekTOp EI-EUI-95 = UPC/E-2000
EI-EUI-28 = UPC/DIN 47256 EA-EUI-28 = APC/DIN 47256 EI-EUI-28 = UPC/DIN 47256 EA-EUI-28 = APC/DIN 47256
EI-EUI-76 = UPC/HMS-10/AG EA-EUI-89 = APC/FC y3kuii Kntoy EI-EUI-76 = UPC/HMS-10/AG EA-EUI-89 = APC/FC y3kuit knioy
EI-EUI-89 = UPC/FC y3kuit knioy EA-EUI-91 = APC/SC EI-EUI-89 = UPC/FC y3kuit knioy EA-EUI-91 = APC/SC
EI-EUI-90 = UPC/ST EA-EUI-95 = APC/E-2000 EI-EUI-90 = UPC/ST EA-EUI-95 = APC/E-2000
EI-EUI-91 = UPC/SC EI-EUI-91 = UPC/SC
Mpumep: FTB-5500B-EI-EUI-89 N Mpumep: FTB-5800-EI-EUI-89
NCTOYHUK U3JTYYEHUA A1 AHAJIM3ATOPOB XA U NMMA MOJIIPU30BAHHBIN UICTOUYHUK N3NTYYEHUS (TOJILKO Ang nMmAa)
4 N 7 N
FLS-5834A-XX FLS-110-XXP-XX
Moaensb Mopenb
FLS-5834A = 1550 HM 1 1625 Hm FLS-110-02P = 1310 Hm LED
KoHHekTop ® FLS-110-03P = 1550 Hm LED
EI-EUI-28 = UPC/DIN 47256 KoHHekTOp “B——————
EI-EUI-76 = UPC/HMS-10/AG (tonbko El) 58 = FC/APC y3kuit Koy
EI-EUI-89 = UPC/FC y3Kkuit Kntoy 89 = FC/UPC y3kuit knioy
EI-EUI-90 = UPC/ST (tonbko El) 91 = SC/UPC
EI-EUI-91 = UPC/SC EI-EUI-28 = UPC/DIN 47256
EI-EUI-95 = UPC/E-2000 EI-EUI-76 = UPC/HMS-10/A
EA-EUI-28 = APC/DIN 47256 EI-EUI-89 = UPC/FC y3Kkuit Kntoy
EA-EUI-89 = APC/FC y3kuit knioy EI-EUI-90 = UPC/ST
EA-EUI-91 = APC/SC EI-EUI-91 = UPC/SC
EA-EUI-95 = APC/E-2000 EI-EUI-95 = UPC/E-2000
EA-EUI-28 = APC/DIN 47256
EA-EUI-89 = APC/FC y3kuit kntoy
EA-EUI-91 = APC/SC
EA-EUI-95 = APC/E-2000
\_ Mpumep: FLS-5834A-EI-EUI-89 J \ Mpumep: FLS-110-02P-EI-EUI-89 /
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APPLICATION NOTE 231 .

WHY TEST FOR CHROMATIC DISPERSION AND
POLARIZATION MODE DISPERSION?

Mike Andrews, Senior Technical Sales Specialist, EXFO
Francis Audet, Senior Product Manager, EXFO

Chromatic Dispersion

Chromatic dispersion (CD) has been a known fact for almost a decade now, yet testing for it on OC-192/STM-64 is not always
done de facto. This may lead to major problems, especially today due to the optical distances on the core network reaching
unprecedented lengths, and also in the metro environment with the birth of the mesh network topology. But now, with the current
penetration of 40 Gbit/s, or OC-768/STM-256, CD is becoming an even bigger issue.

Most system providers find original ways to help dealing with CD to some extent, but they cannot completely mitigate this
challenge. For example, the native OC-192/STM-64 transmission format is non-return-to-zero transmission. If this were to be used
at OC-768/STM-256, the CD tolerances would be such that compensation would be required after 6 to 7 km of G.652 singlemode
optical fiber—which is not a viable solution. On the other hand, no standards exist to define how 40 Gbit/s should be implemented;

hence, every system provider has its own recipe, at very variable costs but also variable CD tolerance levels. The following chart
shows some of these differences:

Modulation Format On-Off NRZ Duobinary
Symbola rate Gbaud 43.018 43.018 21.509
CD tolerance for 2 dB OSNR penalty ps/nm +65 +100 +125

Maximum average PMD for 1 dB
OSNR penalty ps 25 25 7

So even the most resistant OC-768/STM-256 (40 Gbit/s) can only tolerate a fraction of what OC-192/STM-64 (10 Gbit/s)
can accept, which is approximately 1100 ps/nm.

Prior to this, dispersion was compensated via simple dispersion-compensating modules (DCMs), which are deployed automatically
and installed by system vendors. Plus, additional pre- or post-testing was not always required, and very seldom performed.
In principle, while the DCMs included cancel the dispersion of the optical fiber spans, there are several reasons why this is not
exact and why the residual dispersion must be taken into account:

The change in dispersion with wavelength is often somewhat different for the transmission optical fiber than for the
compensators. This means that if the dispersion of the optical fiber is exactly matched for a channel in the middle of the

DWDM, there will be a mismatch for channels on the edge, which will lead to a positive residual dispersion at one end and
a negative residual dispersion at the other.

While the optical fiber dispersion is fairly tightly constrained, there is a variation in the actual dispersion per unit length at a single
wavelength due to optical fiber variability. For example, for G.652 optical fiber, the dispersion coefficient may vary from
16.9 to 18.2 ps/nm/km at 1550 nm. Likewise, there is a variation from module to module associated with DCMs.
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DCMs are usually only available in a set of values with discrete steps between them. In contrast, installation constraints
(e.g., hut positions and available rights of way) mean that the span length in a practical system is often quite different from the
nominal value, leading to residual dispersion at all channel wavelengths.

In a mesh metro network where there is more than one possible route between two particular endpoints, the optical channel
may be switched to an alternative route. In this case, while the residual dispersion of the primary path through the network may
be acceptable, the residual dispersion of any alternative path that might be required must also be checked as it may be quite
different.

Most of the installed optical fiber base, both in long-haul and metro networks, is standard singlemode optical fiber as defined by the I[TU-T
G.652. CD of such optical fiber can vary such as:

Channel Wavelength (nm) Min. (ps/nm/km) Max. (ps/nm/km)
1531.12 Very sensitive Sensitive
1546.92 Very sensitive Very sensitive
1562.23 Sensitive Sensitive

In addition, the aforementioned DCM also has intrinsic uncertainty and variability. Here is an example with a 80 km DCM:

80 km DCM
Channel Wavelength (nm) .
Min. (ps/nm/km) Max. (ps/nm/km)
1531.12 -1278 -1215
1546.92 -1355 -1288
1562.23 -1431 -1361

As previously mentioned, DCMs are usually only available in a set of values with discrete steps between them—not per kilometer.
One selects the unit which is closest to the total distance to compensate for.

So for a long-haul route of 495 km of optical fiber, DCMs will be applied for 500 km. To this, one needs to add the dispersion of all
network elements, either EDFAs, fixed or reconfigurable optical add-drop multiplexers (ROADM), etc. Typical per-channel CD for such
elements is in the £30 ps/nm range.

Making the calculation for 495 km of optical fiber, plus six DCMs of 80 km and one of 20 km, plus four network elements (EDFAs),
we get:

1531.12 nm minimum residual dispersion = 15.69 * 495 + 6.25 x —1278 + 4 x —30 = —-341 ps/nm
1531.12 nm maximum residual dispersion =17.10 * 495 + 6.25 x =1215 + 4 x 30 = 990.75 ps/nm

These results and those for the other wavelengths are summarized in the table below:

Maximum and minimum end-to-end residual dispersion values (worst case)

Channel Wavelength (nm) Min. (ps/nm/km) Max. (ps/nm/km)
1531.12 -341 991
1546.92 -342 994
1562.23 -361 974
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These values are very close to the acceptable limit for 10 Gbit/s transmission. The calculation can easily be redone with slightly different
parameters (a few extra ROADMs in a mesh network, longer links in a long-haul network, etc.) and be over the acceptable limit for 10 Gbit/s.

But as for 40 Gbit/s, depending on the implementation, the typical acceptable CD is often less than 125 ps/nm, making this residual CD
much too high for 40 Gbit/s transmission, even though each individual 80 km section may be within tolerance.

The advent of longer optical links and the birth of mesh networks put the poorly compensated residual CD very close to the danger zone
for 10 Gbit/s transmission, and beyond the acceptable limit for 40 Gbit/s transmission. On the other hand, accurately testing for this
parameter allows one to fine-tune each stage of compensation, as well as perform (if required) end-to-end compensation adjustments
to remove excess residual dispersion.

Polarization Mode Dispersion

Polarization mode dispersion (PMD) is a consequence of certain physical properties of optical fiber that result in distortion of optical
pulses. These distortions result in dispersion of the optical pulse over time, as well as a reduction in peak power. While the outcome
of PMD-induced distortion is similar to CD, it is not accumulated linearly, but stochastically. This means that its value cannot be predicted
from one instant to the next, but its distribution (occurrence within a predictable range) can.

Complicating factors that contribute to this unpredictability are as diverse as temperature change on optical fiber, wind load and wind
turbulence on aerial optical fiber, and ice loading changing stresses on aerial optical fiber. One additional and significant constraint
associated with characterizing and measuring PMD on optical fiber is the date of manufacture. In fact, optical fiber manufactured before
approximately 1994 may not have been designed with PMD mitigation in mind.

Because PMD is somewhat random (stochastic) and because many legacy networks have fiber manufactured before 1994, it is important
to understand its contribution to signal degradation and minimize its impact. In short, PMD is not stable or generally predictable based
on any known physical characteristic of the optical fiber at the time of manufacture. It must be measured in situ, i.e., after installation.

Many transmission equipment manufacturers are working on new methods and techniques to minimize the impact of PMD on digital
signals transmitted over a variety of optical fiber types. The dominant course of investigation centers on modulation methods. By carefully
choosing modulation and demodulation methods, vendors hope to minimize the impact of PMD on the quality of their digital transmissions.

While work continues on modulation formats and methods, these general thresholds must be applied to the decision-making process
regarding the fitness of optical fiber links for specific modulation rates.

Bit Rate (Gbit/s) Max. PMD (ps) P("gz(cs‘::tf(fliﬂi;‘t
2.5 40 <2.0
10 10 (with no FEC) <0.5
20 5 <0.25
40 2.5 <0.125
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Decision-Making Matrix

Deciding whether or not one should characterize a fiber-optic link or route for dispersion (both CD and PMD) will quickly become
a challenging exercise. The dilemma arises when there is significant pressure to cut corners to save time or money. However,
one must consider the following: a DWDM route or ring populated with 10 Gbit/s data rates will likely have one or more 40 Gbit/s
wavelength added in the future. At that time, it will be nearly impossible to temporarily remove dozens of active wavelengths from service
to characterize the optical fiber carrying them. This one factor alone should motivate all service providers to fully characterize their optical
fiber links while they can. Otherwise, they may find themselves painted into a corner in the very near future and unable to increase
bandwidth on their optical fiber links.

Given that several factors must be considered before choosing to test an optical link for dispersion, this matrix will help with the
decision-making process.

Conditions <30 km >30 km
Increasing bandwidth to 40 Gbit/s Always Always
Increasing bandwidth to 10 Gbit/s Recommended Always

Network contains pre-1994 fiber Always Always

DWDM network designed for 10 Gbit/s per
wavelength but may move to 40 Gbit/s on Always Always
one or more wavelengths in the future

It has been said that characterizing an optical fiber network is optional for short links. In fact, not knowing the other characteristics
of the link, such as link loss and optical return loss, can and often will lead to the inability to fully utilize the amazing amount of bandwidth
available in optical fiber. So, given the conditions that require testing dispersion and the fact that other physical parameters must
be evaluated, it is prudent that service providers test and fully characterize all fiber links as early as possible in their normal lifecycle.
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