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Abstract In this paper, the performance of distributed Raman fiber amplifiers (DRA) with 40-channel wavelength
division multiplexing (WDM) signals has been investigated. And the Raman fiber amplifiers with different pumping
schemes and different fiber lengths have been reported. The gain and noise figures of the Raman fiber amplifier with
50 km of G. 652 fiber have been compared at different pumping schemes. When the pump power and the signal
power are not high enough, the Raman gain increases with the fiber length and the noise figure (NF) decreases with
the fiber length. The optical signal to noise ration (OSNR) has also been investigated. It is found that the OSNR
increases with the pump power, until saturated.
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Table 1 Pump power of three pumping schemes
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Fig. 1 Raman gain and OSNR of different pumping
schemes with WDM signal input (L =50 km)
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Fig. 2 Gain and effective noise figure as a function of
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(L =50 km, P, =—7 dBm)
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Fig. 3 Raman gain (a) and noise figure (b) spectrum of

different fiber lengths by counter-pumping scheme
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4.5 1
40 /./ "
3.5 A /'

3.0 1
2.5 A
2.0 A
1.5 1
1.0 1
0.5 A

AOSNR /dB

0 SlO l(I)O l.ISO 260 2.50 360 3'5() 4(I)0 4l50
Pump power /mW
B8 REMIZIHET M RBLE M KB RE
R LR 1E I
Fig.8 OSNR improvement of DRA versus pump power
(L =75 km)

SCI %k F UK R 1550. 1 nm [ B8 — (2B B 5T
TARMZERT , b & RSN R GG 8%
L ERNE 8 fFin. LIRGERRY, HE N 2HEZ
ThER N, 1 25 36 0, 15 W b A9 23 B (AOSNR) 1



TH BIRAE G AL BOEEF KKK B 5E 837

T, FF 4 B 5 R 1 0 ¥, BE B A o 5
AOSNR 4 fif 53 JB£ U6k 18, 3836 70 4 B % 31145 o 2R 3
s AOSNR f 44 B AT (B2 5256 v 18 2
R, BAMEIEMAL.

4 4 #®©

SCH SR 40 1538 B B B FDGIRAE (R 5 R X
A TR 3z 75 SRS [ 4 BE DG £F B9 L & 0K A% B9 3 22
RV REBEAT TRV A B TR . R E AR
Gorp, o A PRI R & B RE S IR 1 R 4L 5 &
P, SRR BS BE AR ARE K .

2 % xXx W

1 Wang Sihai, Fan Chongcheng. Analytical investigation on noise
characteristics of distributed fiber Raman amplifiers under
complex conditions [J]. Chinese J. Lasers, 2002, A29(7) ;635
~638
FVUWG, R RT3 A5 LA B8 R R A AR Y
i RaAR ]+ B#k, 2002, A29(7).635~638

2 Zhang Wei, Peng Jiangde, Liu Xiaoming et al.. Improvement of
transmission performances of optical communication system by
distributed fiber Raman amplifiers [ J]. Chinese J. Lasers,
2002, A29(8):729~734
i BLWILRL XN % S AORA R 2R R OEE A R
Sifbmtk e B )], T E %Ok, 2002, A29(8).729~734

3 Mei Jinjie, Liu Deming, Huang Dexiu. Two novel methods for
analysing multipath interference in distributed fiber Raman
amplifiers [J]. Chinese J. Lasers, 2003, 30(6) :537~540
MEREZS X4 B, BEA8AE . 43 A YR i 2 K 2% 22 I T3 1 Wi Fh
WAk [I]. F B#k, 2003, 30(6):537~540

4 H. Nakamoto, T. Tanaka, N. Shimojoh et al.. 1. 05 Tbit/s
WDM transmission over 8186 km using Distributed Raman

10

11

12

13

14

amplifier Repeaters [C]. OFC’2001, 2;:TuF6-1~2

Y. Emori, K. Tanaka, S. Namiki. 100 nm bandwidth flat-gain
Raman amplifiers pumped and gain-equalised by 12-wavelength-
channel WDM laser diode unit [J]. Eletron. Lett., 1999, 35
(16):1355~1356

F. Boubal, E. Brandon, L. Buetet al.. 4.16 Thit/s (104 X40
Gbit/s) unrepeatered transmission over 135 km in S+ C+ L
bands with 104 nm total bandwidth [C]. ECOC’2001, 257

Fu Chengpeng, Yin Xinda, He Wanhui et al.. Relation between
amplified spontaneous Raman scattering and Raman on-off gain
[J]. Acta Optica Sinica , 2002, 22(10):1211~1215

AF IS S EQHT IS AT T M A . BLB R A ORI A R B2
HEREIF- R BFRROBFELT]. L F 5K, 2002, 22(10):
1211~1215

Yang Taotao, Yin Xinda, He Wanhui et al.. Gain spectrum of
Raman fiber amplifier[J]. Acta Optica Sinica, 2002, 22(11);
1336~1339

WHTETE , BRI, (T T HE 45 . & G4 R A% 1Y 2% 1A 1 F 5T
[J]. % %3k, 2002, 22(11):1336~1339

Chen Jian, Zhang Jin, Peng Jiangde e al.. Fiber Raman
amplifier’ s gain coefficient and noise figure [J7]. Chinese J.
Lasers, 2001, A28(11):1021~1023

Mo f, ok LI F . RSN ERASMERE SRS
RPN B[], F B#k, 2001, A28(11):1021~1023
K. Ishida, J. Abe, N. Suzuki et al.. 1. 28 Thit/s (64 X 20
Gbit/s) transmission over 4200 km with 100 km repeater
spacing consisting of Raman/EDF hybrid amplifiers [ C7.
ECOC’2001,3:242~243

C. R. S. Fludger, V. Handerek, R. J. Mears. Pump to signal
RIN transfer in Raman fiber amplifiers [J]. J. Lightwave
Technol. , 2001, 19(8):1140~1148

S. Kado, Y. Emori, S. Namiki et al.. Broadband flat-noise
Raman amplifier using low-noise bi-directionally pumping
sources [ C]. ECOC’2001, 6:38~39

Lu Fengleng. Raman amplification in
systems [C]. SPIE, 2002, 4906:61~67
Sihai Wang, Distributed fiber Raman
amplifiers; analytical expression of noise characteristics under
complex conditions [J]. Opt. Commun. , 20001, 198.:65~70

terrestrial DWDM

Chongcheng Fan.



