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Impact of Lump Defects in Transmission Fibers on the Performance 
of Distributed Fiber Raman Amplifiers 

ZHANG Wei, PENG Jiang-de, LIU Xiao-ming, FAN Chong-cheng 

(Electronic Engineering Department, Tsinghua University, Beijing 100084) 

Abstract A numerical method for the point defect impact in transmission fibers on back-pumped fiber Raman amplifiers 

(B- DFRAs) is derived, accounting to both loss and reflection effects. Characteristics of gain, amplified spontaneous 

Raman scattering and double Rayleigh backscattering in a B-DFRA with point defect are studied separately, and the 

com prehensive effect of the point defect is discussed by equivalent receiver sensitivity . 

Key words fiber Raman amplifier, spontaneous Raman emission, double Rayleigh baekseattering 

1 iJl 
1f rPJ t83 JE i¥J :5t :trJ rt; 7't ~f til ~ JJJ: A :H ( B- D F RA ) 

A~~~i¥J~~~tt~~~i¥J~~*~,a~-~ 

~~7't~~~~~~m~@m$.,~~~~m~ 

t~m 7't H JJJ: A fl: ( ED FA) EX: 7't ~ 45( fJl i¥J t~ JJJ: :H 0 IlJR 

;ff B- DFRA S"JliJf'l'L B ~m~~, -@¥zvR.If¥@m i¥J 
3;,: ~~ 16] ~)t ¥Ij • t;,\\o 1YU ~IJ, lEI B-D F RA ~Ij m it $tu 7't 
H~~~~~~,#$tu7'tH~~~.~i¥J~~~~ 

~~a( ~1J7'tH):!j!.,8~) &\Pt~,~orttJ B-DFRA s"J'ti~~o 

Ji ili:, T. Hoshida ~ tRo ill ~Ij m 7't 81 ±~ .& M 15( 
(OTDR) xt3;,:~~7'tH~~{5G:itt11'1~U £fA rmxt B-DFRA 

i¥J 'ti ~~ fF ill t~ 1il it i¥J 15 1![ I] , {g N ~ ¥zv R. ¥Ij it $tu 7't 
H~i¥J7't.&mm~o3;,:~~,#$tu7'tH~~~~a 

41!:~ B~JI: 2001-09-10; 4:\1:¥IJ1i~~:Woi B M: 2002-01-17 

S"JJIffl~Ij1f rPJiJ:M( RBS) ~i71 !E9JJJ:A s"J § 13tru:~ iJ:M 
( AS RS) 7't l3t 1:. 5J\. :trJ rt; i¥J $ {J\.&M ;t1J JJJ: A, -B± 3& 7't {§ 

~~i¥J~~;~~~~~7't~1:.:5t:trJrt;$~'&M7't 

rmxt.®:{§~%m5c:t}t, ~1:.={jUIffl~IjiJ:M( DRB) ~* 

F 0 1t$tu7'tH~ i¥J ,8~~a ~~ 7 A~~IU~t i¥JjJl!ff;)1r, 
ill~~~a7'tH ~ %ms$i¥J.&M ,8, IPJt$~,~orttJ B

DFRA i¥J~*Ft~'t!:L xtT~-I6]~, § $~15t~1§ 

@ i¥J :E!. it liJf 'l'L 15 1! 0 

ftfI'Jff"Jt RBS xt B-DFRA 'ti ~~Ez~xt7't~ {§ * 
~JE it $tu t~ ,t!:t s"J ,~ orttJ :itt 11' 7 liJf 'l'L, ~if ill 7 B- D F RA ~ 

f*~FJ~ S"J5J\.tJT151![2- 4] 0 a.LitIHtfj~, :;;$:x:itt
tv~ ill 7 * ~ .1' ,8 tfrR ~a i¥J B- DFRA ±~ ~.!=j ~* F 
t~ ,t!:t s"J 5J\. fJT 15 1!, ff"Jt ,8 tfrR ~a i¥J jJl! ff;;tO .& M jJij ~* fJl fljlj , 
~*A5J\.tJT,8~~axt B-DFRA 'ti~~s"J,~orttJo 

1'F:tfM1r: sHlli( 1974 -), ~, 1~$A~ I'@.~ It¥~ t~±, .=t JUA-$ 5j:3'tlmf§t§ * E!"J 7't 1'@.~ ~ liJf %0 E-mail: wzhang98@ 

mails. tsinghua. edu. en 



1076 

~ m I!I 1 ?JT~*-1' }~jjYHE3 En B- DFRA, ,~~ 

~E3~~1~$tu7'tH:5t7'1M'§[, ;f§ $~; :5J\jJIJ ffl" I" 5fQ" 2" 

~WO ~~~m~~~En7't~n~7't&MM#m 

flju, ~fFffl PI lJ-ffl /\ 1'~~*t/H:i£: ,~tfrR ~E3 s11:tlii 
x, mYrPJ1§-%7't1'Jl!n Lj , &rPJ1§-%7't1'Jl!n L b , & rPJ 163 
~7't1'Jl!n Lp , mY rPJ1§ -%7't&M-¥ Rf 5fQ& rPJ1§-%7't 
&M-¥Rb 0 

, 

! I 
forward 

.. . I • slgna : 
! LfRf 

~ . 1 • 

• forward ASRS 

: sectIon lump defect at .x I backwar; L"L,/4 ! 
: • pump 

section 2 ":::, 
, , , , , , 

; • backward ASRS 

output ( z =0) input(z=L) 

Fig. 1 Point defect in B- DFRA and corresponding 
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dPs 

dz = - a,P, + C,PpP, 

dP p ~ 
dz = - q,Pp - v, C,PpP, ( 1) 

~ 9=', V, 5fQ ';: :5J\ jJU 7'11§ -% 7't 1=5163 ~ 7't En iVP1-¥, a, 5fQ 
q, 7'1;f§$~Bz* ~S11'Jl!n, C, 7'11=5zx1$S1j}t;:~ ~ 

~~[6l, rm P s 5fQPp 7'11§-%7't1=5163~7'tEnr}]-¥oit9=' 
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Ps,/'(L) = Ps(L) 

Ps,ln(X) = Ps,/(x) 0 Lj 

PI', I n (0) = PI' ( 0) 

Pp ,2 n ( X) = PI' , I n ( X) 0 L b 

( 2) 

~9=' Ps(L) 5fQ Pp(O) ~$tuA1§-%7't5fQ~~7'tEnr}] 

-¥, P,,;" (z) 5fQ PI' ,;" (z) ~~1~M~.i[ 9=' 1§ -%7'tr}]-¥ 
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d dZP'SllSb(Z) = C,Pp(Z)[P,SllSb(Z) + hVJ-

a,P ASIlSb ( z) + rP,SI1Sj ( z) ( 3) 
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t-a i5-l2J. J:.1J ¥!, ~:ij: [ 3] ~ S"J 5J\. tJT 1J ¥! SZ fiHSiJ'fif ~ 
}~ ffiJHs B"J B- D FRA ~, iBHt it. ~ ffH~ 45l:tJl3Z ~ rl 
* ~ ~¥t~ flJiHs xt B- D FRA ,t! ~~,~ urPJ S"J ~*i5-5?X* ° 

3. 1 ;iHt9i*t/~ffi*~~)!.t B- DFRA '11ti~B1,j*~~fiiJ 

~~~~~~~m~~~&M~l2J.m~,~~ 

m%ft~~~ft~~~~mB"JfflNo 002~ili7-

1-$ru! B"J ~4JJ):! ~,~ ~ ~s xt B- DFRA ~ 1J uiB! ~~ ~ 
urPJ s"Jit.t-a * ° 1£it.~, !fXftH$i-Jf 100 km, tm 
~;fQ1§%¥Bz-Jf5J\.jJlJ7'11450 nm;fQ 1550 nm, B-DFRA 
B"J~~~$~~~~~Ix~7'1it.~.oit. 

~*mB"JftH~.~~~~~.~~lm~ o 
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Table 1 Fiber parameters and point defect parameters 

Fiber parameters Point defect parameters 

Or, (1450 nm) O. 2799 dB/ km Lf 0. 5 dB 

a, ( 1550 nm) 0.2179 dB/km L o 0.5 dB 

C, 0.5283/W/km Lp 0.5 dB 

r - 40 dB/km R/ Ro 0/0 

00 2(a) ~1£/G[J=I]~~J}]$T B-DFRA ild~~ 
~~~~I~~B"J~~ o ~OO~£,~~~a~m 

%$tuAftlffist, ,~ffiJHsfx.~1§%ft~-llftJJQ~~, xti1t 
±~~B"J,~urPJ/GAo rtffiJ, ~ffiR~s,~~~T$tuiliftlffist, 
[3]~ xt tm ~ ft J}] $ s"J ~ ~ .S. ~ * ~ A, J¥!f tX B
DFRA B"Ji1t±~~AA~f~o 
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Fig. 2 B- DFRA Performance vs lump loss location 
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iliftlffi~{t~st~5?XU*F ~.T~; 3) ,~ffiR~sxtM11J!Uft 

H$irBJ ~T RBS 131 iE9B"J ASRS ft& t~s"Jfmfl1JjfFm ° 
tm~J}]$t11}at, ASRS ft)¥: RBS & t~S"J'~urPJ~ l2J. 
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$tuiliftIffiBij], xt ASRS ft&t~S"Jtrpfl1lj±~5.$, ~ffrU*F 
~.T~, 1£tm~J}]$7'11 W stf~J2s:- 4.3 dB, It 
~ f~ T 7G ,~ ffiR ~s st B- D FRA fJT ~~ J2s: ilJ B"J :i: f~ ~ 5?X 
~F~.o ~~~£,a~m%$tuili~B"J~~~~ 

~# B-DFRA ~Ftif't!B"JfFm ° 

00 2( c) ~1£/G [i=!Jtm~J}]$T DRB ~F~ .S..!=J 
~~~IB"J~~o~~~1£a~m%$tuA~at~~ 

~ft¥.9:~'~urPJ, llUt DRB U* F~.S.~~~~J}]$B"J 
~~ffiJillJ!~~o ~~~a~m%$tuili~at,~M 

~~tJlfl1utrpfI1Ij7 DRB U*FS"J±~-Jf: -1JOO, ,~~~sf~ 
~~J}] $)¥: iiJ Ilft JJQ fJ):! ~ tX f~ B- DFRA B"J 5J\. /(jJ ±~ ~ 
T~, ffiJ DRB ftl:tf§%ft~$~:£)JJ M{XM&M,~rBJ 
S"J±~~;fQft~ffJ):!~, ~)¥:*/(jJ±~~T~B"J~UrPJ£A, 

;f§SZ t-th f~ DRB U* F ~ .S. ~ IJ\ ° ~ - tJl fI1lj {R 5E" 7 
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D RB ~ .SJJH fIJ1Ha 1:fL ii ~ Jli B- D FRA $ifu ili ftlffi rm r ~* 

~*~~o~-~OO,*~~~~~~~ru~~& 

M~~~~DRB~~m%~~$~ffi~~~~~ 

n, IEIrm)t,8~~a1Jl\n~~QiIiJ$5(*o ~'I'f~5J\. DRB ~ 
M~~m~~~~~~Jlim%$ifuili~rmffi~.~o 

8300 2( c) PI~~ili, 1£f§%$ifuiliftlffi~ltJli1¥1£-1'-,8 

ffiJHa1:fLii 1~ DRB QiF ~ .S.:i:/j\ 0 
83~L~jt~PI~~ili, )~Jg1£ B-DFRA 1§%$ifu 

ili~~~~~~~~~~$5(*,m~#~~PI~~ 

tt1R:~1B3~J}]$*~$*~, [EJ 8iPI ~uJr!1~ B- DFRA Qi 
F~tt~~~~orm~~.Jlim%$ifuA~~~~ 

~a, 83~1R:7t1B3~J}]$~@p)GQiF~±~*, ,8~~a@ 

p)G S"J't1: ~~~ 1t 7cJ;fr ~$ * ~ 0 79 T ~~ ilE ~ -11Hi:, it ~ 
Tw:f§ B-DFRA t~JJ~~S"J 2. 5Gbit/s j3(4!,(~~ftlffi~~ 
~j3(~~~~o~~~~~~~~~~~~~* 

1, j3(4!,(,tJl~~~~O* 2 ?JT7F 0 

~ 2 1iLJ)lJJl~~ 

Table 2 Receiver parameters 

EXT 0.05 

B, (Receiver electrical bandw idth) o. 75 x Bite rate 

Bo (Filter optical bandwidth) 50 GHz 

PIN detector quantum efficiency O. 8 

Receiver thermal noise currents 0.036 JlA 2 

BER requirement 10- 15 

~~~*~003M7Fo oo~~m~~~~~~ 

~~j3(~~~~~j3(~~~~~~~~$~~~~ 

~,1£-~~~~~$r~~j3(~~~~~~:i:~ 

11[; -Jt1m~ ~~,8 ~~a1£~ [EJ1:fLii8i ~~~~a *0 
PI ~~ ili, 3 }~t;ffiJHa1~j3(Jli1§ %$ifu ili ftlffi~, ~tt1R:7t 
~~~$PI~~~j3(~~~~mJli~~~~~~~ 

~:i:/j\11[; rm3,8~~ali'EIi61§%$ifuiliftlffit1J&8i, IJlO~ 

r;frffl1R:7t1B3~J}]$*~$*~~1f1j3(4!'(~~~~~1to 

3. 2 ,~~~~a<.J*&JJtxt B-DFRA ~*Fi~if/11a<.J*~~fiiJ 

~~~~~~&M~~~~m%~~~~,m 

1::1£1~$ifu~~~ i71 A T JfJT~~& t~,tJl*U, ~~xi B
DFRA S"JQiF~'t1:~~Fm~QiIiJ 0 00 4 #'i ili1£~ [EJ 
,8ffiR~a&~t$r (1~ii1W rPJ1~$ifu1§% &M$ Rj ~ 

'M"rPJ1~$ifu1§%&M$Rb ;f§~) B-DFRA ~~1f1QiF 
~~~DRB~F~'s'~~~~~ii~~~~~,~ 

~~1B3~J}]$79 600 mW, ~~.§t* 100 km, 1B3~;fO 
1§%rEz*5J\.jJ079 1450 nm ;fO 1550 nm, ,8ffiR~a~1Jl\, 
:i:*&M$:i2179- 14 dBo -Jt1m~~~o* 1 ;fQ* 2 
?JT7F 0 
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Fig.3 Equivalent receiver sensitivity vs pump power 

under different lump loss locations 
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83 00 4( a) PI %, ~~ ASRS Qi F, 3 ,8ffiR~a1:fL 
~li'E$ifuiliftlffi 20- 30 km 8i~~a&M@p)GS"J~1f1Qi 
F~~~~:i:*;3~~~.Jlim%$ifuA~~$ifuili 

ftlffi8i, ~F~1tIJlO/}{~$o ~~IEIJgli'E$ifuiliftlffi 20-
30k m ~~'M"rPJ ASRS 7'tJjJ$:i::As"J1:fLii, 1£i~~ 
i7IA&~t,8~~HJk*:I:_fu±~*lErPJ ASRS $ifuili~J}]$, 
rm1£1§%$ifuA;fO$ifuiliftlffi, 'M"rPJ ASRS $5(/j\, 1:fL~i~~ 

S"J,8ffiR~a~JE~~~1~5$~ ASRS &~t~J}]$o 
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t±\ftffil20- 30 km)lto E13TM&~t,9,rS]B"J DRB]ltfr 
~~~~m-5]1tffi~$~~M~~~,frm~~$ 

~1~M{J\fJJU:[;, ~Jl:l, DRB ]ltB"J±~~i¥i**§±~~ 
~o fr(S) A~, ,9,ffiJHs&~t~ DRB ~F i7IA 7M 
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under different point defect locations 
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