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Stimulated Raman Scattering and Stimulated Brillouin Scattering Effects
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Abstract The double-clad ytterbium-doped fibers are the common gain material of high power fiber lasers. Because
of the small core size, it is easy to arouse the stimulated Brillouin scattering and stimulated Raman scattering effects
in the fiber resonator. Once the stimulated Brillouin scattering and stimulated Raman scattering are taking place, the
high intensity signals become the major noise source and play an important role on the lasers output characters.
Experimental study on them is reported in this paper. The results are shown that the pump way, the output mirror
reflectivity and stimulated Rayleigh scattering play important roles to them in the fiber laser resonators, especially
stimulated Rayleigh scattering. Stimulated Rayleigh scattering provides additional feedback to fiber resonators, not
only narrow the laser linewidth, but also make the threshold of stimulated Brillouin scattering decrease rapidly.
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Table 1 Parameters of ytterbium-doped double-clad fibers and relative feedback of different fiber resonators

Fiber kinds A
Inner cladding size and shape 125 pmX125 pm rectangular
Inner cladding NA 0.38
Core diameter /pm 7
Core NA 0.17
Length /m 20
Mode Single mode

3.5%/70%/90%

Resonator feedback

3.5%/70%/90% 3.5%/70%/90%

B C D
340 pm X400 pm D-shape 400 pym (diameter) eight square
0. 37 0.46
10. 6 30.5 20
0.17 0.17 0. 06
20 20 20
Multimode Multimode Multimode

3.5%/70%/90%
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Fig.2 Pulse trains generated by stimulated Brillouin
scattering under continuous wave (CW) pumping

condition (a) and details of one pulse train (b)
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Fig. 4 Dynamics of single mode double-clad laser output
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character

iz ThFEE 1 W e, W B BOLE 5 BRAE
S 6 J 393 4 B9 S R D0 Jk b e COLTRT 5 () 5 T L
RENE 5(b) Brs BB . B 5 (o) 45 i AE
FOLIE A, LA 4(o) 5B 5C) AT, ZEROLIELK A
=1086 nm M KPEHF M ERT —FHLWEKH
1136 nmPyF LR, PG & A B K 22 550 nm, 578
A JECER 1 2L S BN SO T 1R R SRR B — B,
A LUANE S = T WAL S0 . H AT LA
E » B 5(b) 2 75— B 717 BN AU Bk v 5 i LAY M fEL
B B0 E B ko

Xt T — 2 1 BE B LRI 45 6 A, J A oA LN



14 Bk % GREMHZBEOGE WL T 32 WRLR BN A3 WA BN B O 9

Intensity /(a.u.)

b 1042

Intensity /(a.u.)

IS SOPVOTGE NCURS SRV ST UPRPIOPIS IR SPRONE SV SRR

Time 500 ns /div

Power /dBm

_107 . B B . B . B b
940 1190 1440

Wavelength /am

B 5 Eans T RER 1 W RS B H B RS S5
P, () RHEREREE; (D) BABK W RITFE;

(o) JeiEFReE
Fig.5 Dynamics of single mode double-clad laser output
near 1 W CW pumping. (a) whole dynamic
character; (b) expended single pulse; (¢) spectral

character
B RO B AR B, X 5 XL 12 TR BB T B 45
WR—EA ., RIELHR IS, 7T LU R 2 B K
YA < BEE WOE Th AR AN, 3 AR B IR O S
PEATB AN 5E , (E RO RE B 58 4R 7R 32 BN
8 R BB b B B LA g b 5 i3z 2h FR80K, ik
e B S S8R/, Bk BE BB s K P RE B DR R
75 S A B AT R By B KU 4 R A
P — TR B B8 R, o 32 SR B AR /s —
JE 5T P ) D R B v, o TS PAY O K e Y
WRBIEZBEI K. HRIEEINREXB|ZH#Z
BLSY BMELAY , 28R 2 ROV 7 A
3.3 EHFE/Rm
TEJGET B i ) 3 43 3 o b R 8 3R D 7006 A
90 20 Ry th B, M OB I . P T RO AR, R
FEI /DN 5 AT LA B B IR s i o 13 AR B 0B/ » S
SRS WA RN BB EZ SRR, EXR
B, M 7090, 90 0 B SR AE T, OB S Z WA B
DR ELST B RE i B A9 400 mWREAE 9212 mW, 5

HigTESRWERE B, Mo, ZBA RN
FCET 7= A BN S T TR B IR RE RS . B R TR AR
Bk, BN FREAB WIS K, CER(14] P #iB T
BRI REN, T H MK, B K308 85, ¥
JEER B B SRR AR AR E .
3.4 ZHWmAHE R

HFECF NAZ R, B FANER R MAER R
A RZ IR, AR FE FE I B R SO B RS M B R E S5 A
SO AERE RO, X T E @ LA, B o R R
BRI ELRN M FENMEERAR A AW,
HEENTFRIIFLEMEBEILTEEH R, 5
BRI LA ] A, TERAEOLIRIRES . BT
5RO B VR, BB 48 RN & 51 R 32 B R
S, b s B BN 5 2 8o R BU
FE A ML A F] =3 A (6] 79 52 32 3 i RO 2 —F
PRS0 32 P B N HOT 2 — b R TR BT
PR 1M A2 38 A BT 5 32 A B N U 2 A T 4 I
K » FE VG 7 3R i o 4[] B P AR 32 3 T R ST AN 2
WA BE MBS . A E- D (F-P)Le iRk
52 WO A B B3 45 R % K, ORI LA il i
FeE SR T BN R 15 I 5 o YOt B9 4k R K IR
Al

FEEF R s b 32 3 A B UK BT RO R W R

Py =G4 « ;—iﬁ,;ﬁ\:qﬂ GY% = 4al. — 2In(ry1ry) , A
BAveff

R BT L = 1 — exp(— ol )] HAHK

TEREA K, go A Z B AT RN 45, 7E1 pm
AE 235101071 m/ W,y rosrs 0B N IR IE B FE
FEEBE 09 S5 3R o S 3 25 6 £F X H 5 SO B IR &
B, L R G ar i K B L AN B N 255 SR AR = 9

BT B oy AR 1

1.1 pm fiEZ 531 MHz, Ay, B EHRTE.
T3z W A BUST RABE T M B4 (107 B0, R
HAFAARZERMELT ,Go R 21 4250, 1~
1 Z (B2, (] B {8 52 AR B U RS Hh s ok B R,

Do 0% 1 S L DR R

FEAIS.

1 4 it

o O R 7] 00 6 s 4 o 150 32 T 2
5570132 A LD O R AT T A 40 4 L (AL
USRI » 45 R LE L S WOk o L R



10 G H

b4

Jt 35 %

R T7 3 fils T AR IR M 4 R DL R 32 R
RO AR . Bk oz 75 AT DL RE B 4R B A
BRI EROCAM HEM. BE s R
0 SEEFFOE AR B ST A 52 WA B IH B B0, WO
AE B 58 TR 7R 32 ST BN RO AR R TR bk b & B L
AW T 5 I T ARG, Bk e U 9 A Bk D, Bk
MRE R . K e AE B RO 3R R 9 32 A B UK R
RO B K, BEE OB R, B 4 R Bt
{ELUBR/IN o JE PR ) 0y 2R 5 3 8 00 28 17 6 ok o Y U {2
RUFEZ B K X WEERA TR BFERI R
PR AT B2 46 A9 2 52 0 M I D T IR 4R 4t T B
IR AUEAE T OGRS B TE . T H 618 32 8
Ay B PR RO £ 10 L L P

5 X X #

1 Zhao Hong, Zhou Shouhuan, Zhu Chen e al.. Output power
over 1. 2 kW of high power fiber laser [J]. Chinese J. Lasers,
2006, 33(10):1359
B WL EEE.R R S KRWEBRAWEHRBERED
1.2 kW[J]. + B#*, 2006, 33(10):1359

2 Zhou Jun, Lou Qihong, Zhu Jiangiang et al.. A continuous-
wave 714 W fiber laser with China-made large-mode-area
double-clad fiber [J]. Acta Optica Sinica, 2006, 26(7) ;1119~
1120
A E Bt AfE % RAESRELHRNEE RS
g 714 W SR BB 1], % $4R, 2006, 26(7) 1119~
1120

3 V. Dominic, S. MacCormack, R. Waarts e al.. 110 W fibre
laser [J]. Electron. Lett., 1999, 35(14) :1158~1160

4 Y. Jeong, J. K. Sahu, D. N. Payne et al.. Ytterbium-doped
large-core fibre laser with 1 kW of continuous-wave output
power [ J]. Electron. Lett., 2004, 40(8):470~471

5 Y. Jeong, J. Sahu, D. Payne et al.. Ytterbium-doped large-
core fiber laser with 1. 36 kW continuous-wave output power
[J]. Opt. Express, 2004, 12(25) ;:6088~6092

6 Ken-ichi Ueda, Hiroshi Sekiguchi, Hirofumi Kan. 1 kW CW
output from fiber-embedded disk lasers [ C]. Proceedings of

10

11

12

13

14

15

16

17

Conference on Lasers and Electro-Optics 2002, 2002. CPDC4-1
~CPDC4-2

Shuling Hu, Jing Yu, Chunqging Gao e al.. Dual-wavelength
stable nanosecond pulses generation from cladding-pumped fiber
laser [J]. Chin. Opt. Lett., 2006, 4(11) ;655~657

Hu Shuling,
characteristic of D-shape inner cladding Yb3" -doped fiber laser
[T]. Chinese J. Lasers, 2003, 30(4) ;:303~306

BEWALL, W%, BRRE % DENGES YO RG B kHg
BRIl + B#k, 2003, 30(4):303~306

Qian Shixiong, Wang Gongming. Nonlinear Optics; Theory

Fan Yaxian, Li Fuyun e al.. Dynamics

and Development [ M]. Shanghai: Fudan University Press,
2001. 156~184

B, A, degkeob RS #RIM]. ig. B R%¥
WAL, 2001, 156~184

P. Glas, M. Naumann, A. Schirrmacher et al.. Self pulsing
versus self locking in a cw pumped neodymium doped double
clad fiber laser [J]. Opt. Commun. , 1999, 161(4-6) ;345~358
Andrei A. Fotiadi, Roman Kiyan, Olivier Deparis et al..
Statistical properties of stimulated Brillouin scattering in single-
mode optical fibers above threshold [J]. Opt. Lett., 2002, 27
(2):83~85

Govind P. Agrawal. Nonlinear Fiber Optics [M]. 3rd edition.
Boston: Academic Press, 2001. 298~380

N. N. Il'ichev. Reflection coefficient of a stimulated Brillouin
scattering mirror [ J]. Quantum Electron. , 1999, 29(9) .811~
813

Francois Sanchez, Patricé Le Boudec, Pierre-Luc Francois et
al.. Effects of ion pairs on the dynamics of erbium-doped fiber
lasers [J]. Phys. Rev. A, 1993, 48(3):2220~2228

Robert W. Boyd. Nonlinear Optics [M]. New York; Acamedic
Press, 1992

F. T. Arecchi, E. O. Schulz-Dubois. The Physical Application
of Laser, the Handbook of Laser, No. 5 Fascicule [ M].
Translated by the Translation Group of the Handbook of Laser.
Beijing: Science Press, 1983. 3~10

F. T. Arecchi, E. O. Schulz-Dubois. 36K 43R & 6F
M 5 M. (BOEF MO BFEABRE. JbRT B H R,
1983. 3~10

Alexander L. Gaeta, Robert W. Boyd. Stimulated Brillouin
scattering in the feedback [ ] .
International Journal of Nonlinear Optical Physics, 1992, 1
(3):581~594

presence of external



