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Abstract

The optical fiber communication systems are developed into high-speed,
wide-band and long-distance optical fiber communication systems with huge capacity.
As the most widely used method in the backbone communication networks, dense
wavelength division multiplexing technology has made remarkable progress. The
enhancement of the transmission speed leads to the increase of the input power, at the
same time the transmission with huge capacity needs the further reduction of the
channel separation in the existing communication windows. All of this makes
nonlinear effects which has been ignored in the low-bit rate linear systems
distinguished, which brings forward the new request of optical fiber amplifiers. The
future amplifiers must be the distributing amplifiers, which have not only flat gain but
also wide-band and the characteristic of the arbitrary band amplification. As far as it
goes, fiber Raman amplifiers are the sole amplifier which can be competent. More and
more people pay attention to fiber Raman amplifier and research on it. This work
studies not only the design method and characteristics of fiber Raman amplifiers and
hybrid fiber amplifiers which are composed of fiber Raman amplifiers and
Erbium-doped fiber amplifiers but also the influence of fiber Raman amplifiers and
hybrid fiber amplifiers on wavelength division multiplexing systems, on the base of

the theory of fiber Raman amplifiers and VPITransmissionmaker simulation platform.

In chapter 2, the theory of fiber Raman amplifiers is introduced firstly. On the
base of it, the theory model of fiber Raman amplifiers including power analysis model
and field analysis model 1s based. Then the Raman gain spectrum, the fiber loss
spectrum and the fiber dispersion spectrum which will be used in the future research
are simulated. Finally some photonic design automation simulation software and the
simulation platform mainly used in this work —— VPITranmissionmaker are
introduced. In chapter 3, the influence of two kinds of fiber Raman amplifiers on a

single 40Gb/s system is studied and the optimal designs of each system are given.

The fast design method of broadband fiber Raman amplifiers is introduced in
chapter 4. Using the method, the gain-controlled broadband fiber Raman amplifiers in
arbitrary band can be designed quickly. After the characteristics of broadband fiber
Raman amplifiers are studied, some useful conclusions on the mutual effects between

pumps and signals, pumps and pumps. signals and signals are deduced. The noise
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characteristics of broadband fiber Raman amplifiers are also studied. Finally after
wavelength division multiplexing optical fiber transmission system based on fiber
Raman amplifiers is studied in detail, the influences of the collocation of dispersion
compensation fiber, the dispersion coefficient, dispersion slope, effective core area,
nonlinear index, Rayleigh backscattering coefficient, length of fiber Raman
amplifiers, launch power and the bandwidth of Bessel filter on BER are deduced. The
influence of Rayleigh backscattering noise on BER and OSNR is also studied in

detail, which affects the performance of long haul transmission badly.

In chapter 5, a design method of hybrid fiber amplifiers is introduced firstly.
Then a broadband hybrid fiber amplifier is designed. The gain and noise
characteristics of it are studied. Finally an effective method to restrain noise is put
forward. Alter the method is applied in wavelength division multiplexing high-speed
optical fiber communication systems, on the base of VPITranmissionmaker, the
influences of the dispersion coefficient, dispersion slope, effective core area.
nonlinear index, length of fiber Raman amplifiers, launch power, the bandwidth of

Bessel filter and the mark probability in Non-Return-Zero code on BER are studied.

We have widely studied the design. the characteristics and the influences of fiber
Raman amplifiers and hybrid fiber amplifiers on wavelength division multiplexing
high-speed optical fiber communication systems, combining theory analysis with
numerical simulation in the dissertation. The deduced results have referenced meaning
of wide-band and long-distance wavelength division multiplexing systems with huge

capacity based on fiber Raman amplifiers and hybrid fiber amplifiers.

Key words  Wavelength Division Multiplexing Erbium-Doped Fiber Amplifier
Fiber Raman Amplifier Hybrid Fiber Amplifier
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ENEE BT BE AL T N AT THR, BARMARERSEX
A EET, B TET LIS MASNAEERELTERRART
f— LS, FENE A REEIT T AT, BEXTFATH S BORRT R
Gt A T HLA.

BNERR T RS AR M AN REERESEARELTERER
b IR . B SRR T S R 4T I 2 O 8% Y R R FE S B R AR T v
I % 77 VR R LGB R 1 2 AT AR B SR A BT B UK EE, REN WAL
w8 UK SE AR HEAT TMRATIS, BRI TRITHURSBN —E5iE, BRRWE
F T B RO SE EREELTRERARITTHA, #37T &
P T 50 % 4700 8 TROR AR R0 4 A S UG BRE R AR

BHEFR T EHROATHABORT REEESEAREATERER
GRGNH. BB T RS GARKBHRTFiE, ERRRTT -4
TR AR, M E B IR G LT OR 2R AN M I ST Mt AT T
HEAR. BEERMNBET —HAXBEBMGEENTRTE, &
VPITransmissionmaker {HE AR F& L3 ET RBRE TR ABENET B
RGBS RAMAT THA.
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2.1

FE ATMsHARRFREL]

SIS XeERTE

 RETMB R BRI X
FIEBEA. PIAURR, A

HHB1
R g

F g,

T [P S2 30 2 55T (SRS) 1
4 13THz HHiER — 8RB H
WE 2-1 iR, WR—/N551=

55— G aR i 6 A I A S e R A%
i, FAVIHE S K E TR IB AW
BTN MA, $9F S5 6EIR F RN
s XA SRS LB GHUR A3 BIFR S Yo 41 Wi 8 R 2% (FRA)D . WARTE FRA
PSR SE N 5, JRET IR ET W B ka8 (FRL) ¥,

BRSPS TFEE S LRIAERHEEN, MPCMANRMEy, 557
FALT — AN RBE AR BAER, o7 A A AT ER ERHR

s, {BEEST AR ~HFEIEAR, wmE 2-2 1

0 AR

;l]
Ln

o 6 12 18 24 30 136

e/ THz

B 2-1 WS I a5 ek

2-3 Biox. WEU - FRIPR

 ANBARBEH RN a F o, REBEBIEAAAY, FEAGIERT, R TR IKEE
% a LHTIE 2-2)ERG B R REE — P FIEPRGS OEREZ) 2Lk, BEX
CRKEREIES AN EEREY o, S FABIEM, TR T B8R N AR T

MBENT Ay, XHEIRR A B R BT . S,
BT HFRH RAATE,

R L B T B

I(y,z)=1(y,0)exp( g52)

TN g R PR R FE T A 2 e AT M 2
2
gp = Nyo— A !

hy Ay

¥, H

B

2-3 BIEX

B)TBUKARESE, AR, Mk
P HIRR MESR ST MR T Ay. HETHEIIFEEAERDERAI (),
0) MASIITEATPIERIESE 2 )5, SRES MR (v, 20 A

(2—1)

(2—2)



B F R KR

Ay, SRS HUH R L A T B RS R R R LR 0 TEEN, 7
TR IR o AR YR T BRI ELL, 15 2B 8 AL 5T Ay Ak
R

ET SRS Hll, —MABEREEFELAMELRMHEGTEBR DR,
FrAl B —AMESIE T, BRAETE R A L, MR KRNEER T Jﬁuﬁ:\?ﬁ?zﬂ)
b)) MR RN, BRRIAZIRT. Uiy, =7, — ¥
R FIRBhEegRTE, HEWRE T SRS RSIETEE, X 3%%%‘259%7%%% Hor
TIRFIAERRESE L, RT —4&6EH, AMAERRENMEy, -7, Bk
(40THz) MIBiT SRS SLHME S HHIRCK, MR R g = golpr [, ARFEN
SRR, HHIRVEIIE P, RE, g AWM S REL.

R EE R A=t
""""" 4 ‘
Yo Yo -—ﬁ}f Yo ¥ +.&;V
: vy c '
hAy hAy
al a A 4
f f
& 2-2 ARSI B HUH B 2-3 L5 8w

7 FRA BUOKEREF, /55 6iEid SRS ¥ MR B BIFEEMARBK,
A B S G ET TR AT 3298 T 2RI B 1T SRS it ARG s B e IR S OL TR
R R ROR AT R T I R, XL R R, TEEEEER T, R
WG T AU AR AR AL AE, W T A ARkt

dP. _ g_RpppE ~a P (7—13)

az a,
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B RBIRFER TR

dP
___P=Q£&ppg_%pp (2—4)
dz y, a,

A, a, Ma, 2 HARBATE S EHEEE, o, Mo, 2R HREEK
FUE S AL SCETRFE, ¥, Y s 0 B R ZRIEIEFIE S OE=R, Py Al Py 757
AIRIMIEIE T L&

2.2 HAWSHKRECEE

AT XA EM KB EERAHTERGENR, RAIAWE TR EK
K%ﬁl?ﬁﬂ' g GRS IR R RIS, B0 T W 244 BB EREL
AR AL T 5 5 6 MR E X MRER) FRA P RMERIERE, KA %@
TEWIWH%IH (BRS), ZHORS&HHT (SRS) F A ZW 28U (STRS), Kerr
LN, BHMAREE (SPM), XA ES (XPMD) A e, £i1X
BRI, FSEMREAZIULEMANRER: i
ﬂﬁﬁ*?ﬁ%ﬁﬁ%%ﬂﬁﬁ%&%ﬁ“%%ﬁﬁ% B 2 5L S
ERFEIRMES AR &R, HOKER B AW S 5E eE RAE
Eﬁ%ﬂﬁ%oﬁ%%&ﬂ?ﬁ#%ﬁﬁﬂﬁ%ﬁ@@ﬁ,%ﬁﬁ ) A {H 3L
& MR HOEE 5 NEE L MERNT IR, ER U AANE WS FMBtES
EA A R B, AMXEF EEE EXME T 2R

p*(z =0) p'(z=1)
BT E RS B HE M iy Y R 5
(EH D ‘C Forward Wave: SPM, XPM, SRS, > - (R %12
J @ @ BRS, BSPRS. BSTRS O
FIfﬂiﬁLL’ (ERF G IRAE S
4 (E2%0)

p (z=0) p (z=1)

B 2-4 FRA HipiE#y
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PR FE I 3

B IR TR K EE. FARNTUEE—SEN P (2)
f, REFMEBRAENBEEEATURE P (2), aF p @) FEmmE,
AR P(2) REANEGUE. @ P (2) Xaphitaw p (2) s, et
SR EAERE . GRIERNRERTWS, —ERIISREER A
RIEAIRS, L.

EWB TSR, B A AR A4 s

1) hEEATE,

TS e a AT 1)+ g SN G I+ B )+ F )+ E LW @)

(2—5)

— -

R AN DAY UM AN AT AT AALI A A YD

(2—6)

all(z, 1)
dz

SR NACTARS A ACYALDY- O ACTAET ACTAEY ACYARYACTATACYA
£ Ul )E @ L)+ B @)+ B @ f)+ B @ NG L) (2—7)

dFP(z
. ;;ﬁ ) = /))E (2 [)- 1K)z, ;:)-—Zg(/;, E GLHE @I E @I+ E @ IR @ f)

= NP @ L)+ B @ f)+ P (@ f)+ B f )N /) (2—8)

ki

Rk P (2, f,) FORHEA [I06E B 2 I, “+7 REHT,
" RREH: PNz, f) BRIEN IR 2 AHHDERAD, <+
R#esim, “—” RERR: o) HIERY, TRFERET LT B RH 2
SRR S R A RS . ) BFHRIBE REG g(/./) HHBM AR
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¥, N/.OABRBEET, EFETERWSEMEFEARBRENRR, K
2 W |

1
N(fk,f,)=hff.5f[l+ W fe = £ ) ] (2—9)

e 2 -1

X F AR, h AR R, K ABRESEE, T AR
AR 2—5 BAR 2—8 FAMBIFEI A B RIFFENE mEFHE, B=01X
% B JS (645505 S A 75 8] (0] 2 80 ST . X 5 R T DUBT IEESK g, EiE
Rt F2 e Y Runge—Kutta FVEBN . ZHFEMD T &4 H TG H:

z=0: F (/) B ()

{ (2-—10)
z=L: P (f,» P (f)
2)  FEaHt

x4 Jy £, HORD 15 S R LU T A 72,

9 == ar )+ D AT () +2 |, 4T (0) (2—11)
Eif i y i i Eiz nl 1%

i
11
'!

;.
—Jy, 0z

2(1- PYA OX N 4 ()] +pA7 (1) [W(2)Y | 4 (¢ =7) [ d +

k#f k#i

A== PO A O +p4 @) (1) | 4 (¢ = 7) [ dr +

o

Py |H(r) A4 (1) 4] (1t =) (8 = 1)/ dr +

k2

]

P> [HOE (L) + B (£)+ B () + B (M (1 =)™ de

k=i

(2—12)

BTt A B R BT Sk, ERAT XY RET U SRR AT 2. A
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B F R R NI R X

T 5 FRA EATHCF SRR, BATX 0 & 48 250kt 4T T RIS, BRI tgh.

g(f, ) =2py, Im[H(f, - /)] (2—13)
HoH,
2Tn |
}/f: y(f}): 2f‘1 (2——14:)
cA

AHTE Kerr AP MM RADBIEE, BT LR IR R L n, IE ZARSH T
TR A TS Im[H(D) g W 8 B30 B2 g 3 (T B AE e 9 BB 55

2 2
T, + 7, . {

N e SIny —T———-) t>0
h(t) ={ 2 ! (2—15)
0 i <0

=018, 7,=122fs, 75,=32060, MEWUREDELE.

TEWT AU TR H L 4T B MUR S R RN, AT HRFE R AN b ek
WET TG, /ARG RN:

D(A)=0.08x (4 ~-1550)+16 (2—16)

8.125x107° x (1 —1620)* +0.24 A >1620nm

(A=< 3.61x107 x(A-1550)" +0.2 1440nm < A <1550nm

6.5%10" ~4.75x1¢°
———+42x10"xe 7 +0.07 1550nm < 2 <1620am

(2—17)
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2.3 HREFE—ATRITEMERE

FT MR R ER A, REHEBNARAERBAHTES RGBT
P RIS, IRIEE, JeLrIRLM RN, BERENE, MM eER
ST R, N MRS A SR THME T BRI &4 FIT AR
AlaEZei it O, SMEKEEMNS NS0, KSR BEXS T LIEN B
N R SR AR . IF INEE TR R A B R F iRV B3k (EDAD B
—, ZENRFREPRREFSEIT AT RITH3ML (PDA) 84, PDA BFIEF
(ETREMRETFROBES, ANGEETITRARE REBEXREXN—TXK
FEATIR. BILATR, PDA ML EEMERESESRIBERG RIS 434
A T A R - HEEFRIT

EAEENE R RERETEPDARSPTFENIEREEERZZ, A
FEEIRE NN E T . LL— 100 {Z18 S0GHz {FiE[E)R& K WDM R A1,
MY STHz, A, AT HAFSEAE, KAEMMNEELPNZERES
SN 3, WNEREMESRR, BEERRNZE 66.7fs, XAMHFEHEEIE
WA, B—HE, BERNELIRENK, RELSHSHHEHEE, DI
RIDEFE S, FFREFIRNTERE. BRERESH 07 N “17
%, ZARTEETH, SELUT ESFEE 2000 MEFEREE, XNEEE

2.5Gb/s B FRY, 2000 PDECYF R A EREEAT 18] 2 800ns. FL, tHHE—1 100
| 518 50GHz S AMEE WDM REAM AR RN BT 1210 R, Fik,
 PDA B REESRFREEN, RANEEREE I ER S PRI
P FE IR

6 39 Y6 1T B 3L RO 7S B 483, VPITransmissionmaker Z7EtH 5} I
= —RAZLHK VTR B sk 4: BroadNed, POALS, GOLD 1 PTDS J{ & 4t
WA AR 2 10 SEMNTEATIRIA . ZREXETRIEZHENES
RiEFHX, OEBRTEES, 2HEES, SEUESHBREGFES, FXRAT
AR )47 E AR = (ﬂ%*i'ﬁﬂ%ﬁéﬁf) T AT LR 854« e lAE RGUAT
REMmAE N E ., ENAMRaE s RS EIT, BREERLE W, Xt
SEE S, SONET/SDH Mg, BiemoRsEixit, matams
BORBRW T, R NEREEIT, BKEBEEATERREL R, BWRPLR, b
B4y (OCDMA) BREAW A EREHEEABEFRRARITES. RN
VPITransmissionmaker $2{it T 5 Matlab, C, C++, Python ZFy4E O LA{EEITE
SHE, WAEH P EEXRRLIE P 8 SR HRA RS AITHE.

MESRAFIETR, BAFE KL LI

—

£ VPITransmissionmaker H

Tty
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5. BEMWESEATIET, FIEERGNtEER S — 58—, ELENM
T, R RREANDREEHNGES, TUEERNMRIERE. JESHEM
BEHBGATLRMASNE, B ErERERAEFTIERYE. STHE
FE, ERmmR e HEERTHREL, BYEHMNETIOETHhE. STHE
TR TR, WHAFERTLIANEE K, UL ESHATRNHES T, WHE
WDM {518, UUuRiRAN™ & B iRZE UK 88 1) ASE R, G BRAUE (S 5%
BB EBIEERER, WREEMTEERE, LMW ESRETENEIRT
APHIREEEYN, WIEEM, SZEWEHES, aR%., HRmEEsin
B, ¥R WDM FE# B RS M EBER, BMEHE SRR
R KR A RS (6] AT R (a), B, FEM{E SRR ASE 19 10THz
AR M,

A XSEA Bk KR ENI R EE RFE T VPITransimissionmaker 1/ &
FE 8, EIZTET S EXRTR SBR[ NRS AT BB FFHER
HARSBRAMTEGEREPRINHZET THEHR.

=

—

=d

1

2.4 KRE/NEE

B SRR GG B KB EEA T TR FEAE L, B RS
MR STE AT RAMERFF SRS T HEFR TR MR A E AL HEILR
B, AU ZEREY, B2 THEGHTEHIRS S AR, HXE %
MBS R ARG HT TS, B3 TiRER/ P ik,
BGx{E Y& VPITransmissionmaker #7748 . EETFTRFIJLES, A
1 F1) B BT 32 32 RO ET ) @ MOK SSBR R AU AN VPITransmissionmaker 45 B4,
W B S EG2r, SET FRAWEBESECTHERE, SFC+H
L % B TEHT O AT OR 28 BT AR R R A B E AR #HIT T HA T RN A .
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HII

HEZE i‘&ﬁﬂifl?’?ﬁik%ﬁi’“ 1" = IELFIRE RGP AR

ok
?b}

3.1 HRE=

(FiE L EAME S, A OC—1 EIAEHN 0C—192 (10Gb/s), JiZE OC
—768 (40Gb/s) ULk, saEASGRITRE T ERIEE, FRERFH FHAE
TR L AR M Y, RIFEGE (PMD) %, ASHEEN TEHE™ER
RS ERE. AR, AFERRATVERERSEMERNE T B,
%t 2.5G B4k, (LELAR A 16000ps, 3T 10G REAEEHAMR A 1000ps, WX 40G
RO HUE (R PEE N 60ps. A PR AUV /N T EEXT REE R vHE AL T B KR E,
%I RRR AR RS T &M LIRS IR H R KRN,

LRSS TRk IS E TR IR &, MTAEELT = R R,
BEERAPERH—MIEL MRS £ A B H] (SPM). SEH E M 4L1E
B AR 3 Bk FE R A P R A B 2200, AT M R RIHERE.
EDFA & —F & 8 LR KR4, Stk 4it EDFA BB =4ERKAE ., &
KR WGk B R L 4 R B R 7= 2L ™ BB BRI N, A R EUER™
CEMIERIEIRG. A T AR LUE K AR, R R AT AR/
C EBMIROIETEER, A JEBURER IR U T AR, B SR S B 0
TR B St RGO, X BEF R 2 BOR A R B, eshE R AL EBRHEK,
FLh RIGLARFEAE — NIRRT L, RBUF RS L R1E" . FRA
B 3 5 & 04 ik B al o AR R AR e A e e R i 4 A SUBOR AR
5, K FRA fE S BOLFBE R4 Pt EDFA F AN IBIB LA L RIMARR,
FRA A] 43 A E T DCF i1 FRA FETEHNA R FRA B3, MK FRA 78X
HBERAKPEET WA

AT EITEENTRERSE, FEMAEARMETE, HRKRE, ik
KA, HABHSENNSAHEEZSHIE, MNIESHERZENRILTE. &
B VPITransmissionmaker (i E-F & EXR-T P FRA I B{5E 40Gb/s e
EMRZHT TIHEWR, HNEARFHT TR, BE T LN RS
Wi\ R

|,l.1.l.
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32 ETEBIMERTHLTAREMKHES

| EEENXTBE
AGPRIN MR

{

3.21 {FEARGERE

LA ERGSERWE 3-1 i, AT HNMNEREHZBRAR,
I RAEREE (TFD), BEGMENL (DCF) FUEHGET (TF2), TFL 1 TF2
b2 TERE LARILSN, E&SH094R. TF2 S5FEEHSME, Bilen]
R AR MBS, ERRF—HMEALRT 6 B, 4 FRA 2 [AIAIFEES & 85km,
RGN T AEMME K 193.1THz, TF1 1 TF2 BB S 16 X10%/ 2, B IS
B 80 jun® « FRA KA R IERE LI/ NERR, F@IMEAN 206.1THz,
TOREMEERE F, BAVEARE 3-1 DS ESH%] BER %W, EHR
H—245 BER f1XRIT, ERZSHERERT,

JeRWH, F™ TF1 F» DCF ¥ Tr2 ™ piN P BTEF L BT

PUMP

2N Al

B3-1 TERFAELE

*3-1 TEAEPTEENTNSH

b 151 72 4 DCF JE&tE R ¥
R IHE A EUES
DCF 5 #3535 H EOIEARE
DCF il R ¥ DCF Ji [ By A B 7 4
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3.2.2 tti’ﬁﬂ’%%ﬁuﬁﬁmiﬁ%zﬁmﬂzm Alo]

TF1 F0 TF2 B RE AT — 4 Eu i R 2L () K38 . TF1 K& D) aX 85km,
TF2 KA (1—a) X 85km. ZRIHINE (P) FAthH R B E R W R4 IREZE (BER)
S BV, Mg EiTie. B 3-2 #R T RIBDERMLLE R BE LR, BER
HIREACTR L . RIHNZEN 0.2W B, L1t a(EAZE />, BER #FE 1, SEERE
TN, FRA BRI R ANEIRE S DHARE, B PRRERSES,
SE BER B E . BilLIE R 0.3W I, FRA $REEH) 25 O aEHETE L5 B8 D AR AE,
a (BEUDI, TR K ERE, ARSI XBIEANEH 2 BRI FEINE,
FENE RARIH IV N DCF B e ek N (FER BML0ASD BrE.
a [HRCH (0.8—1), BER AR K, THAREE a 198N, TR KEEN, B
59T EBOG G L E R LA BIRIK, BNARAMN BER 0. ah 0.7 &,
BA RGN BER AR H /D, X L AWM NER RN LR, EHEETE
GROTIENE] 0.4W B, 7E DCF FHIELB RGN, FE L8 ZBEXg~4%
A S {F BER 1R KB JLEABE a 3814k,

el

BER
BER - P=02W |
1 %10 — 0.4% e B
Lxygdt - : Ex 10l
1 . o i
Px 100 Y | 1% 10°]. |
| ) / |
1 x 107} ,f'f ; 1x10°[
| N
g0 e A %107 |
R I 03w ! x m'::'. ;
-11 . ' . L s . L . - N \ , . s , .
R T % S| St S | v A 1+ A 5080 7 40 80 1m0
a Effective core areaf zim? ]
& 3-2 AFRFEEDET BER 4 3-3 BER FH DCF H 3UH1
B8 a 1L ik TE AR 14 il %

3.2.3 @ HMEAAREZERY RFIRERENF M

DCF FRR G MIR B R EW S 1G53 K/ADF FRA AR, ek
TR T BER, EHAFR BER [ DCF B A0 H AR A9 231 15 AR B %
B, BRI R & ME 3-3 Fiox, JE MARIZEARN 30 w2 ZAEE] 40 4
i, BER BEFt, MEGHEGHEARLENIN, BER REE —MREAIKFE L.
FEAEFI R WA RIS WK, 30 NEEEE WS FHE, 4R Ss,
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B F R K F e X

FE5HEHEA, BER REFR/ME, WMREALUBERRUSZ LRSS, Hif
BER 1B K,
BER BER
] - . —
I - e —
I x 107 [ ) e S -
1< 10% - - Ex 10 | : | 'l!I !]E ;
] x 10-5- . E,’ 1 x 10-4 | | - I‘.] ! : | . .
1 x 10 .1 '_f { x 10°6| ]‘| f L
| x m-lc[ 51! 1; . | . 1; .;; : |
[ x107'3 4 ;’ 1 x 108} . _ E _Jf _ .
] =10 A .: [ x ]ﬂ'm - | .
210 _RTY‘TO T N e e s 1 L L 1 e e S TV TR

Dispersion cocfficient] ps/nm - km |

5] 3-4 BER b DCF i 30510 ih 4k

Nonlinear index| > 107 ? /W]

K 3-5 BER BEIEZM RV Bhi2R

324 BHEAMEAHEHRNHRARRBENZMN

% d

3-4 511 T BER B DCF B AR UNAR L. NEPTLIERH
AEET DCF 5. RAHBRBENE, R4 BER iS58 EXT. S5k
MR, RZM) BER S@EE I, E-85X100%/ m2 &b, BER H—&/ME, TILIE
ARG THER . BEANARLE—LPHEX, BER RREFE—NTREHKF
L. BEERBEK, DCF XN RN AHIMEMNHRMIE. TUBHXHE G
W fE 40Gb/s REEH, BB DCF #HITEHMIMECE A ERETET,
DRI IS M kAT B 1.

3.25 BEEMEAA LN ERDN REIRBENEN

&l 3-5 22t T BER B DCF JE4EM R EI R R ihsk . LR THIELEM
REUR A ARS, BER #IBK, IELMREN 2.6 X107%°,2/W BH B/ ME,
fEZ/E P BER #F BB FFIELR R /N, S22 0N i),
AR AP RO R0 25 SRS S B0, FES M RS R, JE N Ar 8
R™E, HESHBER MG, FELMRETE 2.6 X107 /W Abik BB {14 .

NETDNEET R RIRPE A 2N

3.2.6

ANEFUIRM RN BER BI—NMEEEMEE, K 3-6 4387 BER BAH
DBEZWHIR R . NIRRT, {55508 TF1 JEN FRA B S50
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D25 IR/N, BE BER B, A

£ RIR KOG, FHE™E

= (IR

K, B% BER F . EALHIIEA
gmW I, {E5H A FRA ZBIBEHAK
Hoe e b, BE AR T 5l AmE
CRFEZMRNY, T R4HY BER 1A

Fl B

AT EL EHFIAEE M BER H

RNFEWHAT TIHEMTT, ERRURE

2t gan e 9T SMHz 2 20MHz 22 (8]
ALY, BER JLFEAREZ 3840 DCF
I ) B O R A 1X 108 I/m F 20X 10°% 1/m 2 {83 LR, BER AR EY

2. TT LA IR A BT BTG

3.2.7 it

BER
i x 10"

2L
1 x 107 1«
%,

[=10"
1100
1%x10% |
<100
T

a4
IXIGH

e

I =103 4 6

16 1217 16 18 20

Launch power[mW]

& 3-6

al r

BER [ A 4T th 221k dh £k

AL BT 3% BER AreA 2

Bk % 1k, BAID2MEET DCF i FRA 7E 40Gb/s REEH N A BEAT T 9t
v, 3FE AT DURIE DL L B AR M M AL AT M. MBI R
GEASEME 32 Fin. KMEFETRE—MERARGLER 606km 5, B
¥R BER 32X 10, RINEEZH 4 4W.

# 32 EF DCF #] FRA I EZRUBEK

(EREp S 193.1THz NEFINE EmW
(ERER 233 0L S 12MHz TF1 &% 59.5km
TF2 <¥ 25.5km DCF /% 16km
FRA A 3% B H AR 30 1m? JELk 1 R 2.6x107% 52 /W
DCF &R -85%10°%/ m? IRVE Y E 0.3W
DCF J& [a) K ) U B 34 6x10™ 1/m
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33 ETEMASMATHSHABEREESENTRERS

PRI 52

331 (FERGHER

ZT AR GEL E SRR 07 B s KRR R 2R, aniE 3-7 P

;RPN

EBER =R FINERLT (TFD), {4 (TF2) 1 DCF. TF1 5
TF2 MK EZ f 85km, & BAKEESHLGI RS (a) Kog3R, TF1 # TF2
ME TSR, DCF 5 E %, B walEabtERES, it
SRR — IR T 7 B, RET/EZE A 193.1THz, DCF MIEBFFREN-90X
10°%s/ m? , BRHAEIZE TR 30 4 « FRA EH EREREIBLIRNEFE, EiRMERN
206.1THz. 8 TFRMBERES, BITFHARIE 3-3 FHIIHAZE53) BER

HIN, FEDIFHE—Z %05 BER HIXRHET,

HREBHRFAZE.

seg g T TR ™ TR _’I DCF "‘ PIN [ HE e 5
f T ' | FRHY i
PUMP
\ 4
s il as
B 3.7 R RSGEAY
#1313 {(FEWEHIEERRGS
th 5 7 & TF2 FEe M R 3L
R AT THE
TF2 5 38135 i A (5 5 ig e wm
TF2 i R TF2 & 1 B AU U R 2L
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R BT IR X

3.3.2 LB ABMERIIEN ZFRIRFERFN

E RN R T4, BER BIBLIERINE 3-8 FiiR. RIEIER
0.3W B, Fit a{fH%/>, BER #FHIE 1. RiEIHEA 0.4W F1 0.5W B, HH
HAERNL%: BER HREEBRREREXIE, RELBRIE/MEFELER
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