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Design of Brillouin Frequency Shifter Based on
Ring Cavity Structure of Optical Fiber
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Abstract In order to meet the Brillouin frequency shift requirement of dual channel laser source for Brillouin
optical time domain analysis(BOTDA) system, an optical fiber Brillouin frequency shifter is designed and placed in
the probe pulse channel to make Brillouin frequency shift difference(about 11.2 GHz) between the probe pulse light
and the frequency scanning light in another channel. By analyzing the frequency shifter output spectral linewidth
narrowing principle, the Brillouin Stokes spectral output with narrow linewidth is formed by combining optical fiber
stimulated Brillouin gain spectrum and specific ring cavity structure. The two performance indexes, including
threshold of stimulated Brillouin scattering of ring cavity {requency shifter and light-light conversion efficiency, and
their influence factors are analyzed. An experimental device of Brillouin frequency shifter with a seed source of
1551 nm and 9 km single mode fiber is set up. The experimental results indicate that the threshold value of
stimulated Brillouin scattering is 2.3 mW and the wavelength change corresponding to the Brillouin frequency shift
is about 0.1 nm, when the coupling ratio of directional coupler is 0.4 and light-light conversion efficiency is 49% .
This optical fiber Brillouin frequency shifter meets the basic light source technical indexes of BOTDA system, which
reduces the complexity and the cost of the system.
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Fig. 1 Basic structure of Brillouin frequency shifter with passive ring cavity
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Fig. 2 Linewidth of output spectrum of Brillouin frequency shifter
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Fig. 3 Relation between fiber length and threshold power of frequency shifter
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Table 1 Test data of threshold power

Experimental equipment for threshold power of stimulated Brillouin scattering

Number N Meter 1 /dBm Meter 2 /dBm Meter 3 /dBm
1 6.1 —41.5 3.9
2 6.9 —38 4.7
3 7.5 —35.5 5.2
4 8.0 —32 5.67
5 8.4 —24 6.65
6 9.0 —22 7.59
7 9.4 —9.2 8.0
8 9.6 —17.7 8.0
9 9.9 —3.36 8.1

10 10.1 0.0 8.1
11 10.4 2.2 8.1
12 10.5 3.0 8.1
13 10.6 3.3 8.1
14 10.7 3.8 8.1
15 10.8 4.2 8.1
16 11.0 4.7 8.2
17 11.2 5.1 8.4
18 11.3 5.7 8.5
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Table 2 Threshold value and light-light conversion efficiency of different coupling ratios

k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
P4/ mW 4.10 3.59 2.92 2.38 2.30 2.33 2.30 2.29 2.30
] 0.40 0.54 0.52 0.49 0.45 0.29 0.16 0.14 0.08

M 2 W LA B, it iy 9 km B BEIRES 45 75 £ <<0.4 B B E D) REEE £ (0935 K208 980 /)N , 1M 78
k=042 J5 M5 2 00 B (D R LF WA 28K, 2900 2.3 mW . X B T 000 RS 25 I PN A0 32 A L DR T B
F S DT 3 5 L B IR b = 0.4 Z S5, S WO IR ECS RON — BAL TR GRAR A . PG, BT RS 9 km BABODE LT IR
TE ARS8 TE R 5 SRR LA 0.4 DEOBREHACR T 49 Vo IR B fp f: TARIRAS .

1214007-7



S

@it
BT OUE i 32 WA LN BIOE B T B REME EAS MR 9 ko DEEF A LIRS &% . 20 A T OL

1A FHLROURS 45 1 2 22 B R DY 3R A 45 A1 L DR 0 45 5 4R 5 L B D R AL e e OR AE  JR A T
FLEER HENL T AL A SE S AR G BB AT T B T AR R O B TN B TSR 2 B BOE S A A5 SR AT T
Bk, JeLr A BLIHBRL 45 0 T BOTDA 48, I i AL 4540 | AR A S 4R i PR BE L R It 56 T 45 A 5L K 03
B 4% 1 BRI SL I B S0 B 7E BOTDA RGP iy St AL B A Ty EEME X,

10

11

12

13

14

15

Z % X #

Jaaskelainen M. Fiber optic distributed sensing applications in defense, security, and energy[C]. SPIE, 2009, 7316:
731606.

Chan E H W, Minasian R A. All-optical frequency shifter based on stimulated Brillouin scattering in an optical fiber[J].
IEEE Photonics J, 2014, 6(2): 6600210.

Zornoza A, Loayssa A. Low-cost Brillouin optical time domain analysis (BOTDA) distributed sensor setup[C]. SPIE,
2010, 7653: 765334.

Huang Minshuang, Huang Junfen. Distributed fiber optic Brillouin sensing technique with frequency shifting[J]. Acta
Photonica Sinica, 2011, 40(9): 1428-1432.

RO, BAESF. SGLF RS A A LD LG REBOR [T] . D6+, 2011, 40(9): 1428-1432.

Fang Xiuli, Tong Zhengrong, Cao Ye, et al. Narrow linewidth ring cavity fiber laser using F-P fiber ring filter [J].
Infrared and Laser Engineering, 2013, 42(2): 329-333.

FFEW, B, & M % R F-POLAHIEEMNMAE LRI ROCTHOEH ], /536 TR, 2013, 42(2):
329-333.

Li Xiaoyan, Su Xianpu, Zhang Shoujun, et al. Experimental study of a Brillouin single-mode fiber ring laser[J]. Journal
of Optoelectronics- Laser, 2010, 21(10): 1462-1465.

ZENE, B, SRS, AL M HEINBREDEA OB EEOLS L m R (1. JtHF - #ok, 2010, 21(10): 1462-1465.
Zhou Huijuan, Chen Mo, Chen Wei, etz al. Brillouin-erbium fiber laser with ultra-short ring cavity[J]. Chinese J Lasers,
2012, 39(7): 0702010.

Festa, Br B, B M, FLOBRFOEREA RINBEDLAEOLERT] . T EEOG, 2012, 39¢7): 0702010.

Hu Hongwu, Xiao Pingping. Study on highly stable single-frequency Brillouin fiber laser[J]. Scientia Sinica: Physica,
Mechanica & Astronomica, 2012, 42(7): 731-736.

LR, WP SR B Brillouin YCEFBOLAR MBI [T] . sh Bk BB )2 (R0, 2012, 42(7): 731-736.
Wei Jiaju, Liang Yiping, Dai Teli. The theory and application of stimulated Brillouin scattering in fiber[[J]. Journal of
Chongqing Normal University (Natural Science), 2011, 28(5): 68-73.

B, B, WD) 2O NSO XA f R e A (1] RIS R 2 A=, 2011, 28(5): 68-73.

Debut A, Randoux S, Zemmouri J. Linewidth narrowing in Brillouin lasers: theoretical analysis[J]. Phys Rev A, 2000,
62(2): 023803.

Zhao Lijuan. Analysis and calculation of SBS threshold in single mode fibers[J]. Optical Fiber & Electric Cable, 2009, 3:
24-26.

RXTN AR . BAAOGET 32 oA B O B A 40 BT S5 (0. SLer 5 g8 R I HOR, 2009, 3: 24-26.

Shen Yichun, Song Muping, Zhang Xianmin, et al. Analysis and measurement of stimulated Brillouin scattering threshold
in single mode fiber[J]. Chinese ] Lasers, 2005, 32(4): 497-499.

W—&, RPF, WikRS. BEOGL b2 WM BN BED R U], T EBOE, 2005, 32(4): 497-499.

Xiao Shanghui, Li Li. Analysis of multi-parameter effects on the distributed Brillouin threshold in single-mode fiber[]J].
Piezoelectric & Acoustooptics, 2009, 31(4): 479-481.

B, 22 Sr. A X BRI E R 2 S8 0] R 5756, 2009, 31(4): 479-481.

Zhang Hui, Wan Shengpeng, Wang Yuzhi. Stimulated Brillouin fiber-optic ring laser and its analysis for the threshold[J].
Modern Electronics Technique, 2009, 32(14): 127-129.

sk OME, TN, EEE. AT RGBS R BE AT ] A R, 2009, 32(14): 127-129.

Yan Fengping, Shan Ying, Jian Shuisheng. Study on threshold power of the fiber source for the stimulated Brillonin
scattering fiber optic gyros(SBS-FOG) [J]. Chinese J Lasers, 2000, 27(9): 790-794.

FERGE, B 3, KA. 32O BRSO AT B R A OB £ G IR B B EDE B T [T] . RO, 2000, 27(9): 790-

1214007-8



e % Es i1

794.

16  Stocks L. F, Chodorow M, Shaw H J. All-fiber stimulated Brillouin ring laser with submilliwatt pump threshold[J]. Opt
Lett, 1982, 7(10): 509-511.

17 Bayel P, Giles I P. Evaluation of performance parameters of single-mode all-fiber Brillouin ring laser[J]. Opt Lett, 1989,
14(11): 581-583.

18 Zhang Pingping, Yang Yuanhong, Chen Shuying. The optimization on the resonator parameters of efficient Brillouin fiber
laser[J]. Infrared and Laser Engineering, 2009, 38(s): 317-320.
SN, Bmut, BRBGE . WSRO ERDGA oA R IE S B L] . 4 5 EOL TR, 2009, 38(s): 317-320.

1214007-9



