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Suppression of Stimulated Brillouin Scattering in Single-Frequency
Raman Fiber Amplifiers
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National University of Defense Technology, Changsha, Hunan 410073, China)

Abstract High power operation of single-frequency Raman fiber amplifiers (RFA) is usually limited by the onset of
stimulated Brillouin scattering (SBS). We present our theoretical investigation on RFA limited by SBS, based on the
intensity equations combining SBS and stimulated Raman scattering. The influence of temperature gradients and
strain gradients, which can broaden the SBS gain profile and thereby increase the SBS threshold, on the performance
of RFA is discussed. Although tensile strain and temperature gradients can suppress SBS in RFA separately, the
conditions are too rigorous to realize. A feasible scheme for suppression of SBS in RFA is proposed using the
temperature gradients together with tensile strain gradients along the fiber length, resulting in an increase of about 3
times of amplifier output power. The results of simulation provide a guide to suppress SBS in high power single-
frequency RFA.
Key words fiber optics; Raman fiber amplifiers; single-frequency; stimulated Brillouin scattering; suppression;
temperature; strain
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Table 1 Parameters used in the simulation
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Fig. 2 Output power (a) and SBS power (b) as a function of pump power with different fiber lengths
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Fig. 4 (a) Temperature distribution inside the fiber, (b) SBS frequency distribution inside the fiber and

(¢) improvement of the performance of RFA
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Fig. 5 (a) More elaborate temperature distribution inside the fiber, (b) SBS frequency distribution inside the fiber and

(¢) improvement of the performance of RFA
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3.3 ZEERREMEA
AR AE IR BE S RN D 3 ¥ e AR G H )
SBS, #&£ 7+ REA {68 . (A Bl 5a) FIE] 7 (a) 7] LA
B AMECRAER R ). R 300 C IR IR
& 1Y RYBL A7 o HB S b 5 e S B0 1% B 7E R — ok
EF L EAT S B I s SR 0 N 0 5 AR L St il
XA AR L PR E T R KB . ATRLE MR
JEEFNRL Sy % SBS $ 25 31 119 52 i o FL ML B K B0H [
TSR RE B P 25 5 R R R A T T Y T
45 %+ SBS 9 4 il B IE A 47 .
TEGEF b4 54 BRI 8 Ca) 1 (b)) BT 7% il fin ik J
AN 345l [RIRE A] LA REA (1) il iz (3 (5 2 %
PEE P 72 Wk Ph R 10 WL gl 8(d) s,

—
(W)
(=]

1201 1 1
901 1

60

Temperature distribution /'C

BS power /(1012 W)

wn

307
- (@

——

(=)

10

20 30
Position /m

40

50

T GBS S 150 C R TRLEE 3802 0. 520 193Kk 1, 5
BN 1 D A S B A N O L o
K 8Ce) s

o LU A B 2 T A 2 A A R A R A O
2F b AT 4y BeR A 075 SBS B v 8 R 4 i R
B — SO FH B3 B A A B AL 0 SR in S M R RE A
J1EE 45 SBS T 3 AE — & MR [ N AT A
A W 9 Ca) T 7R 5 LB A0 400 7] 36k SR B AR | 3 3]
. SRTN ECIE 9 (b) AR 8(d) o (B his TR &
72 WHTFE 72,5 Wl B R R E2RE T
0.3 W A7 $ETF AR B IR R K. 25 N SE PR fgfE %
JE L 2R 1 T BE AN 7 AR XE Bt L PR i L L8 BRI
S5 5 T 4 S B T A5 B 1 S5 A R

0.5

0.4 —

0.3 -
0.2 L

0.1 |
0 L
(b)
0 10 20 30 40 50
12 Position /m

(d) 50 m with temp. and strain
— 50 m without temp. and strain

Strain distribution /%

—
S

Output power /W
R - )
(Vo]
X

%10 20 30 40 50 60 70 80
Pump power /W

B8 (a) JGEF IR 43 A . (b) SRR MR 4341 5 (o) BT PN Iy SBS B35 43 1 F1 () iz 8 D' £F il R -4 1 11 o 3

Fig. 8 (a) Temperature distribution inside the fiber, (b) strain distribution inside the fiber, (¢) SBS frequency

distribution inside the fiber and (d) improvement of the performance of RFA



9 19 WHET . BT S OGER HORAR b A2 WA TR ORI A ] 2339

5%
&

BS power /(1012 W)
- DN W s

0
7] 15.651>5 40
st&e' 1515

”W/g;'gnoy “14.65 0

50

40

30
on M

20
10 ?OS“'.‘

12

(b) 50 m with temp. and strain
10 ~ 50 m without temp.

E and strain
E 8
g 6
2 4
S

2

0

0 10 20 30 40 50 60 70 80
Pump power /W

9 (a) JCEF I SBS A 43 A Al (b)) $ir e S EF R 45 14 RE 1 e 36
Fig. 9 (a) SBS frequency distribution inside the fiber and (b) improvement of the performance of RFA

4 5SCE A AN

2009 A A7 S R T AT Y Bk S B 25
1E 1120 nm #hiz ot 4y 140 W BF, 15 3] 39 W Ay
1178 nmiy %, B T IF & A vl B 52 5 v iy LA %
A F RESCIRL 13 1 FT B L ik RFA /9 5 %, 9F
i S 1 4 R g = 1. 36 X107 m/ W, 4t A1)
1178 nm 556 H 1 WG KENRN 7.5 m, #%
o4 it i ] 8 e Jr s 149 3 BE RR N ) 43 A T BA AR
N 10 Froags A, wT LUE R R 0 S 500
B B AL AT LA S 5 iR 0B A G AR AR A X [R] 4%
YT T AR OIS 43 B 5 s RBADL ) R Y TE A AT A

45
E 40 —=— data from reference N
5 —+— numerical simulation
g 36 o~
g 30 4
5 2 ¥
fg 20 .
s 15
=10 A
o _
= 5 - —

0 20 40 60 80 100 120 140
1120 nm pump power /W

10 X 52 50 Hi 3 1 40 (AR 4
Fig. 10 Comparision with experimental datas

5 4 e

254 SRS fil SBS i F#, #2  SBS W6l T
REA w8 B2 R & 7 %, 38 o O A 40 73 Br SBS
Vo] {5 AV 1 i DR 5 36 o A6 il 5 R o TR B 3 Fn
N 775 B 52 A, e T EE 3 RN R T 3 % SBS 5 {E 1Y
R, Ay AT AR, EOAR MK SR S 8K N T
HBREAR LT b 410 1] SBS, $2 F 5 K & B PR RE L (H SR AT
Fe ey ZI L AR ME FCIE S B . £ 4 Beii in 150 C 1
TR B BE N 0. 5% B 5K, 8 il iz T R 18 (5 A
55 WHE s 2] 72 W, RFA B b T R4 m 17 3 £5.
BB PN E5 S o S B8 1 40 o] 1= Ty S5 BB T 2 S 4T
R AR SBS 24 T — 24 S

5 F X

1 Yan Feng, L. R. Taylor, D. B. Calia. 150 W highly-efficient
Raman fiber laser [ J]. Opt. FExpress, 2009, 17 (26 ).
23678~23683

2 Yan Feng, L. R. Taylor, D. B. Calia et al.. 39 W narrow
linewidth Raman fiber amplifier with frequency doubling to
26.5 W at 589 nm [ C]J. Fronties in Optics, OSA Technical
Digest, 2009, PDPA4

3 Zhang Minming, Liu Deming, Wang Ying e al.. Single-stage
fiber Raman lasers for pumping fiber Raman amplifiers[J]. Acta
Optica Sinica, 2005, 25(12) . 1634~1638
TR, XVERT, 3K SF. F T ORERB0E OR AR B YA B
Jeerhr 2 Hoh A )] k¥ F 4R, 2005, 25(12): 1634~1638

4 Qin Zujun, Zhou Xiaojun, Wu Haocheng et al. . Design of multi-
wavelength cascaded Raman fiber lasers[J]. Acta Optica Sinica
2009, 29(1): 244~248
ZE, AR, O 5. 2R GBS OB A O I i
[J]. &% 54k, 2009, 29(1): 244~248

5 Chi Ronghua, Lii Kecheng, Yun Penget al.. Experimental study
of fiber distributed Raman amplifiers[[J]. Chinese J. Lasers.,
2004, 31(7): 833~837
Rogte, B, i3 MG 55, 40 A8 O 2F R A 1 S5 58 BF 5
[J). ¥ HE#k, 2004, 31(7); 833~837

6 G. P. Agrawal. Nonlinear Fiber Optics &. Applications of
Nonlinear Fiber Optics[ M]. Jia Dongfang, Yu Zhenhong, Tan
Bin et al.. Transl.. Beijing: Publishing House of Electronics
Industry, 2002. 12
G. P. PIXIR. AERMALT R R N HIM]. SR T, RiE
U, WO RE. dLat. B ok AL, 2002, 12

7 N. A. Brilliant. Stimulated Brillouin scattering in a dual-clad
fiber amplifier [J]. J. Opt. Soc. Am. B., 2002, 19 (11):
2551~2557

8 A. Liu. Stimulated Brillouin scattering in single-frequency fiber
amplifiers with delivery fibers[J]. Opt. Express, 2009, 17(17) .
15201~15209

9 J. E. Rothenberg, P. A. Thielen, M. Wickham e al..
Suppression of stimulated Brillouin scattering in single-frequency
multi-kilowatt fiber amplifiers[C]. SPIE, 2008, 6873:687300

10 Y. Jeong, J. Nilsson, J. K. Sahuet al.. Power scaling of single-
frequency ytterbium-doped fiber master-oscillator power-amplifier
sources up to 500 W [J1. J. Sel. Top. Quantum Electron. ,
2007, 13(3): 546~551

11 M. Hildebrandt, S. Biische, P. WeBels e al.. Brillouin
scattering spectra in high-power single-frequency ytterbium doped
fiber amplifiers[J]. Opt. Express, 2008, 16(20): 15970~15979

12 Wang Chuncan, Zhang Fan, Lu Yuchun e al.. Study of
stimulated Brillouin scattering effect in high-power single-
frequency fiber amplifiers[J]. Chinese J. Lasers, 2006, 33(12):
1630~1635
FEHFM. 5k WL, BEEEF . BITR I OGER O A T 32
A BLOH B (38 40 A7) ). F B3Ok . 2006, 33(12): 1630~1635

13 L. R. Taylor, Yan Feng. Narrow band fiber Raman optical
amplifier; European, EP2081264A1[P]. 2009-07-22



