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Wide power range characteristics of phase shift spectrum of

stimulated Brillouin gain

Li Yonggian, An Qi, Li Xiaojuan, Zhang Lixin
(Department of Electronic and Communication Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: The power dependence of phase shift spectrum is very important for the optimization design of
vector Brillouin optical time domain analysis (VBOTDA) system. The phase shift spectrum of stimulated
Brillouin scattering (SBS) gain was analyzed by mathematical modeling; the phase shift spectrum of SBS
gain in 400 m long standard single—mode fiber was measured in a pump wave power range of 5-90mW and
a Stokes wave power range of 5 pW -9 mW by a heterodyne pump—Stokes system; the mechanism of
Stokes wave power dependence of SBS gain phase shift was analyzed. The results indicated that the
phase shift range of SBS gain had a good linear relationship with pump wave power for a fixed Stokes
wave power; the pump power sensitivity of phase shift range of SBS gain decreased from 1.448 (°)/mW
to 1.156 (°)/mW with the increase of Stokes power from 5 pW to 8 mW due to pump depletion.
According to the theoretical and experimental results, the optimization design of VBOTDA system based
on SBS gain was discussed, which provides a basis for the development of SBS gain based VBOTDA
system in the field of long distance and high precision sensing.

Key words: stimulated Brillouin scattering; phase shift spectrum; heterodyne detection; vector Brillouin

optical time domain analysis

s HER.2016-05-10; {&1T B #A.2016-06-20
HETH . BHE A RP2-IE 4 (61377088) ; 1 b4 A SAFF 27 3 4 (F2014502098) 5 H & 155 1 FE A BB 45 B % 101 %% 4 (2015XS114)
TER B 2 E0958-), F , #8240, W4, FENFE SR E S5 A BB AR T TS, Email:liyonggian1958@163.com

0106001-1



ok AR

%184 www.irla.cn % 46 %
thE, Bl E, 5331 Stokes J6 I 6 4 Y6 47 W BE v,
05 5 Fil v, 4331 Stokes Y& HIFE WM % , vy g I 2F )

ST BB (SBS) ARG £F Hh F B A AR Ltk
RN Z— o M T SROAH [ A2 i 0248 2 1 A FEL UK RS i
T N G5 5 7R er & A SBS PR IR, mi At
A R Rl , 8 AR & AR AR B, SBS
BN PR T A S D R AR MU VER, 2
GEAGR T Iz, HA T SBS JEEE Y A
DHAEHT 53 AT (BOTDA ) A% [ PR X} 11 J3 R I A% 1
FORE KB Z 8 T ENAMEEN
KVE, &% BOTDA F 4t Ml F % S I ' Fn ik ik
Jih 6 Z (8] () SBS BE it % S FH 38 ok L4 A6 I v Ot
£ A% i (1 BRI 65 5 09 T R 45 R A5 6 27 A 5L UK A
B, F A B KAAURS 5 1 3/ 7 A8 11 56 2R S BT OB &7
AT /R AR B {EAE 48 BOTDA £ 48 Joik AR U
DSEARAE , PRI TG F F SBS AE FH 4 AH A% i 107 1647
f&J%, 2010 4F- M. Dossou 5 A $& H —Fh 55 7 75
THIEIT R 2 BT (VBOTDA) & 4t , i U1 I #53 SBS %%
HEC A I, LT SBS AR 1Y o A SN LF AL AR AT 2]
Tl kg, 2012 4E | A. Zornoza 2 NARI THT B
Hb 25 R R 6 IR £ R () BOTDA R4, SE3 T
JEEF SBS HHAL I 1 43 A M BB T R SR
LU RTINS B, R TAGIRIE B L 2014 4F TR A
N 2T IS A ) VBOTDA &4t, [RIHM
I SBS Mg BE IS FIAIAS 1, A5 AR 04 A B AR RS 11
T FEMCS % 22 23 31 M 1.166 MHZz/C Al 1.159 MHZ/TCY
WE T SBS AHHS 3 7E 23 A1 2OCEF AL 180 i w45
PE, AGIETRAE L 1 5% R G {7 M Lo R R 2
A EERZ W WEIE SBS HHEL 1 1 Ty AR 1 o S
T SBS M # i 5 F Y VBOTDA Y4114 1% & 48 i% i1
ZOCHEEE H H AT IS ST G

SCHE RS A 25 7 SBS VEFH R, A i g
A SBS AHES 1 A A B AL s SCIRBF 5T 1 25 Y SBS AH
BT TE S iy A CT W Bl 9 1 AR fb R 5 JEF SBS
AR 3 1Y T SRAR R R PR X VBOTDA & 48 Ay 1 1k 1%
THR AR ST 38T

1 /7 2

1.1 18757 SBS B IEEEDHT
Feet i) SBS AE R R ZE WA 1 i, |

i BLIKATI RS . Stokes HHIYEEF z=0 i A, ZETH VG
He4F =L 5iiE A, 24 Stokes Y5 FETH 6 2 8] By 4R
Z AT BLKEAE Y N, & &4 SBS1EM .
v,> vy, T M) Stokes S RE IR | A — 35 & AR A
LS , X Stokes DR U, HAZ 32 G R (1 RE 1
S ERRIE AN, AR PRS2 25 4 SBS /EH .
Stokes wave E, Pump wave £,
(=

z=0 l z=L

SBS interaction g,

Amplitude

VE
) Phase shift
response 4 response

1645 SBS 1EH R R & R

Fig.1 Schematic diagram of SBS interaction in fiber
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Fig.2 Phase shift spectrum of SBS gain
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Fig.3 Schematic diagram of heterodyne pump-—Stokes technique
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Fig.4 Measurement system of SBS phase shift spectrum based on heterodyne pump—Stokes technique
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