[ Downloaded from opsi.ir on 2025-12-08 ]

v, (U Ol Seigisd )glid 5 (smdign ey S et 5 Seigind 5 Sl el (eage 9 S S
i3 = . . wilf@ig § I =
z%% w)v\.a Candyd OLK...JL) g % §

= VWA (o) PN Y ELTA\Z

23 [ranian Conference on Optics and Photonics and 9 Conference on Photonics Engineering and Technology u;‘{_—,;fé},

Tarbiat Modares University, Tehran, Iran Tarbiat Modares

University

January 31- February 2, 2017

Pyl b ool ML 9d ylgh y (g yad i 50 S (pgls g9 (S5 y (o 5lwannds
S8 o g soum ) (ime ( P> Pl Slagd Lise jaax o e 058 gage (e $0lg> plae

39y yod )| 5SS diiga

b pgwr il b oad¥T (3ME90 (g dlwgny 5 7 530 53 (SBS) (Wl gl (SaiSTy 51 & 5 w¥olae Jo b Gidghy cnl 50 - osS
w230 L (g lwdnd gl 0,18 (29,5 (lgF L )0 1) pU (2 ylon SBS 51 a5 ol 50 caml oud (o) SO0 Ghub sl
Pob y Al 00,5 (oo (gl y Al Giul38) argo oy Gied LRI cuizzen 9 (53959 4l (FulL 5 oo Egedob alS as

9318 (5 5 JUSKmw (idlS 13 Wil (gLigy 9 pnd a8 pd Job s (69015 (Sumnly

019 R b il (LWl gk (SaS Ty pam il edly oS

Simulating the Stimulated Brillouin Scattering (SBS) in the Ytterbium-doped
high power double-clad fiber laser

Moslem Javadimanesh, Mehdi Ghaedrahmati, Jafar Bakhtiyar Shohani, Jalal Jalali,Mojtaba Rahimi and Hadi Nozari
Institute of Dr. Ardeshir Hosseinpour

Abstract- In this work, stimulated Brillouin scattering (SBS) effect in narrow spectral width Ytterbium-doped high power double-
clad CW fiber laser is investigated by solving the rate equations. In these lasers, SBS effect has the most influence on output power.
Results of simulation indicate that decreasing the pump wavelength, reflectivity of input mirror and selection of backward pumping
configuration leads to increasing Brillouin threshold which highly depends on fiber length, core diameter and laser bandwidth.

Keywords: Ytterbium, Stimulated Brillouin Scattering, High power fiber laser.

Y4

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1189-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

Olg goarmalis i F 4 F)E;i 9 P;;L ‘Psi EININ
ol @lajly Corer S8z cii 4 Ny o Ny g sl
g 5 Aoy B 0L il )l Laies o ylid |y a5 Sl g
Cix g JeuS Glaghio mho S5 4 O, 3 O,y
S 63 51 a8 VPGHZ s s sk oS3
) T 5 pomaynl boad ooVl colus 55 A Jlly ol
5 (o p (JUS) ed (e Sligean i pe (Tg T
woly i (g0 Sl )%ﬁ RO PRI | 4>t
6w®6w‘&5bfoﬁ) gB ).AA‘)L) w‘m‘jr‘B
Soro Ll [¥]s s S by g JuSow onnslS 3 3L
ps+ (0) = R50P57 (O)

Psi(l—) =Ry Ps+(|-)

P, (0) = Py, + R,,P, (0)
PF;(L) = P(L) —+ RpLPp*(L)
PB+(O): RBOPE;(O)

Psi(l—): RBLPB+(L)

sy d"-(RBL‘RSL)RpL 9(RBO‘RSO)RpO ol a8
(S gl (JUSs) od ool 5o Sk po b plp
SYolae e (Z= L) ;08 sl 5 (2=0) lol o
GboS-l, g, 5 (F) (850 Lasl s 5l eolaxal L (O) B (V)
oV (BMego (lsi e )5l (29,5 Ol 5 00d U ¥ ey
alino] Lied olg aslsl o g oo dmmlxe pom ol

*)

Sy 9 (5 lwdads gl Y

<A, =1082nm< 4, =975nm eyl )bl lagiluas jo
Ry =R;=004  R;=Ry;=099  N=6x10"m"”

0, =31x107'm’ 0, =4.2x107%m’ R, =Ry =0.04
ca, =5x10°m™* 7 =0.8ms 0, =2x10%m* g =2x10%m’
M ks ¥em 8 Jsb (NA=0.05 .z, =3x10°m*
ool oals oolawl YOM aivs (s o PF--m Ll
slaggedsb ;0 JeS 5 D> gblis mhw (pizes

o] il oads ools las (V) UKo 5o calizee

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doddo —)

930 len ) Oloip dwsn 6 Slo) i (295 b
Sl b b sloyid )3 2055 ol S g oy Akwd
Wb aS Cewl soge Cudgasme as e Ol 3G L b
Sy syl )3 (s e Pl o age g a8 )5 ka3 s
GBS) LWl by (Sassly S0l Ak sl b
sl el g cpm iSenp Jol> SBS Y Vel
"0 ol Senlosle (49,0 (Fgo Slangigd b yd )0 0ud
05,5 Jos ol 6,95 <SG aiile pud o jLasll See sl
ol o IS o QB3L wSe gz j0 1, 5958 5 5
Oles gl oads Cam Jidliano S¥oles (goae Jo L dlas
Ll 0l Sy u])..).u_e dl.m).o.ﬂ‘)l.’

S99 Joe =Y

G L0898 o essgrusgs sk (ST anld e
0 RS 05 o g oad 0Ty gisd S A (635,8
3,15 (699,8 il 5l eSS )8 oud ouiSTy il ogl
JMe 4 Ged plgs (589 098 0 0nel (WS il £ge 45
S oo OHL Cugll 4 £9yb Pehp oo (patie
S5 S e JBr (5,55 S oad it ol plond
WS oo oSy S gz 0 1) 6998 b g 00
SBS Jl 58,5 15 0 b dtwgey 6 55 £ Yolee

[ ¥lsgtigo ol 25 )90 4

Ny (2) + N,(2) =N QD)
% =20, [(0,(4,) + 0. (2,))N,(2) = 0, (2,)N1.P; (2)
Fa,P;(2)

)
% =20 [(0,(4) + 0. (AN (2) — 0, (A,)N1PS(2)

- + - gB ¥ +
P PB Ps
Fa P (2)F A, (2)P, (2)

D!
%:iaBpBi(Z)i%PBi(Z)Pf(z)
9]
%: l;ijp [0, (A,)N, =0, (A,)N, (P, + P, )+
%[Ga(&)m — o, (A)N,I(P +P)

()

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1189-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

5 VFEM s i zpelsk Gl L
3 oS il zaeJsb s L ocwl bl a4 Ao enm
owldl YeW laas SBST A V-+/-fnm b Y-#f/-#nm

e AT L5 5 easl b 5 5 4l
SBS wlial 2alS )3 (50li5 b S 9o Jsb ool ks
ope » 6oL b 65 JUSw owilS 8 il sl ol
=y BB USS a1y SBST Wilgs oo () ol o ,ls SBS

D o0 0890 (F) o 50 &l s Ol e s
2500 — T T y T 790

%‘ 22504 |—e—SBST e | 788
o - A~ Efficienc: / L
£ 2000 y . 78.6
a _ .-A/A--— -A 1784 _
1750 A q
g 17%0 7 /° L7828
2 15004 : by
& . 47774//- L78.0 §
5 1250 P L77.8 3
= =
§ 1000 ./ L77.6 5
£ 750 / [77.4
a s00] * L77.2
. 1 770

10 15 20 25 30 35 40
Laser linewidth (GHz)
JESs (il 3 il (sligy & s 550 003 SBST ol s oF IS
54

0 VoGHZ § iS5 p il by Ll L
bt 50 4 SBST (F ala), 5T galaz 3. F-GHz
S5 g e cyrizman i e Lial33 YYO-W 5+ - W |
o sgbaie & Sl YA L plp g col Loyl 5 oosly
o Dygo 2 1) Rp yel )y SBST 2 ies (s0926 530
5 (2L gy Gied Ol 4 (270) gyien s Ol
PRP e 5t 003k 9 SBST &l s jloged oS 0
el 00l 0ols lis () UG

950
\ —.-SBST -80.0
a00d ! —— Efficiency

T
-
°
n

8504 |
800

750

~l-| ~

® ©

o o
Efficiency (%)

700

SBS threshold pump power (W)

650 L78.0

9 (el u|9.> o o> )J.:J a.z)'l.g SBST s_A‘J...,.su AJim
(Rp) @=L) g0 Lies lg5 4 (270)
Wil oo (2l 55 003L 9 SBS ailiw! oles Rp Lial38l L
plod &5 al> Rp=0 jo aigh oo ol Loyl oS ol b

O ))-J oo)’l_., 9 SBST ‘.)9_..‘;3‘5,0 )-‘-J Q)‘s 7Z=L )] iaed U‘?"
b rd g e (rlple iy oo 955 lade aiin

avy

3.0

25

24
m?)

2.0 |

cross—sec (x107

0.5 |+

0.0

rrrrrrr

800

[0 pomyil sl o 5 i bl o ) IS

waveiength (nm)

n
1100

1200

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

o zgedsh 90 lp 1y (29,5 Ol Dl (V) S
A oo lid AYONM () 5 4YONM (Ll

600 4

(&)
< Signal power with 585

5001 —. sBspower fram back
g eyl —$Bsmwrmmmﬂ1. -
Z 300
(=9
5 2004
g /
5 1004 :
n “_;--"
-100 v T T T
0 200 400 600 800 1000
Pump power (W)
g0 (<)
= Signal power with SBS
400+ — - SB35 power fram back
E —— 585 power from front
= 300
E. 200 .
2 !
£ 1004 .
8 /
[i} : I
00

0 100 200 300 400 500 600 70O
Purnp power (W)

e geadsb sl s QlF e (2P g Dl Y SS
avonm (<) 5 AYonm (1)

oad SBST [l g (i gondob 2alS 4z )5
oz ghie gl falS s 4 ) (Sl ool Ll el
gy 003l g SBST &lymsi e oo ials VY (i
ools G5 (1) JS8 55 s S gmJsb 4 o
5 deS s wir ablie gl polis cusl oud
oals oalaiwl (V) UKo 0y Jloges 5l calizes slazge Job

575

_ L79.6
2
= 570 L
8 —- sBsT N e
z —Efficiency L79.2 _
2 565- =
2 79.0 =
£ )

78.8
;— 560 ;
% 78.6 g
g 5564 L78.4 W
5 .

-

0 . }78.2
@ 550 —-—-—" -

78.0

1060 1070 1080 1090 1100
Signal wavelength (nm)

2555 UK e Jsb can 033k 5 SBST &l i ¥ IS5

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1189-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

Lol JESo ool 5l eS e[+ FIM (S gl e ok
il 3l sligg b s b Sl ()55 554 69959 4l S
JUSoms z3adsb sl 6939 anl (Sanlizl il </ \nm
(A U b glhe el ol o el 738 WSsial
Sialidl b SBST oplply wcenl F-W logas SBST

4 1 5 Syl gaedsb 50y 6999 anl (Sanbil
3 53 o0 Bk 5l il e S Ve e W sg0> 497

SrSams -F

gy Sy yied 5 OYolae go0e > b iagh ol 5o
O & g et alie sla el 50 SBS jgas o
S5l guls o ) 2 SBS adgs ailiw] jies o)lg

9 SBST il38l el ¢ yiwd g Job ials aS sl las
Ghed (rized 5 on 55 (Seiyl eojly GhalS Bk

Ol crse 5 g05ys anl (Sanlisl (25 5 gy
SBST 45wl Jol> am ol aslsl ,3 955 oo SBST
3,18 (65 JLSKew e85 8 Wb sligy 4 gal t;:.u».f‘j
ol Ly 003l b as & g0 45 SBST (] Lial33l b
2 oS Jii gynsb el on el
Job uals aS ol eolo L yizmen 0,10 SBST isls8l
1, SBS ailiw! iod (ylg5 « pusd (gaiiand ,had 2ol38l g ;8

A2 o il 8l (6 St S 4

&=y

['] J.W. Dawson, M. J. Messerly, R. J. Beach, M. Y. Shverdin, E.
A. Stappaerts, A. K. Sridharan, et al., "Analysis of the
scalability of diffraction-limited fiber lasers and amplifiers to
high average power," Optics express, vol. 16, pp. 13240-
13266, 2008.

[Y] J. Zhu, P. Zhou, Y. Ma, X. Xu, and Z. Liu, "Power scaling
analysis of tandem-pumped Yb-doped fiber lasers and
amplifiers," Optics express, vol. 19, pp. 18645-18654, 2011.

[¥] G. LiuandD. Liu, "Numerical analysis of stimulated Brillouin
scattering in high-power double-clad fiber lasers,”" Optik-
International Journal for Light and Electron Optics, vol. 120,
pp. 24-28, 2009.

[¢] M. Hekmat, M. Dashtabi, S. Manavi, E. Hassanpour, and R.
Massudi, "Study of the stimulated Brillouin scattering power
threshold in high power double-clad fiber lasers,” Laser
Physics, vol. 23, p. 025104, 2012.

[°] H. Pask, R. J. Carman, D. C. Hanna, A. C. Tropper, C. J.
Mackechnie, P. R. Barber, et al., "Ytterbium-doped silica fiber
lasers: versatile sources for the 1-1.2 pum region,” Selected
Topics in Quantum Electronics, IEEE Journal of, vol. 1, pp. 2-
13, 1995.

avy

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

ial331 1, SBS adgs aibi] ls Yo o W g0 c035ls diediy
.MOGA

Sl IS )0 yud atun g b 4 Cans SBST &l s
el ool oaly Las (V) 5 ()

5254
E — =Fiber length =20 m
= 4504 - - -Fiberlength=25m RN
3 — - -Fiber length = 30 m p

——Fiber length = 40 \
u.:, 3754 iber leng m P
s s
3 3001 2
2 i S
g 225 P .
8 /
= 1501
2 75
0

0 100 200 300 400 500 600 700
Pump power (W)

Glio slo Jsb (sl 4 SBS im0 JuSew oy lyeis £S5

1200
= — -Core diameter = 40 um
5, 1000 - Core diameter = 35 um 7/ =
[2] — - Core diameter =25 um| - \
3 gog| [ ——Core diameter = 15 nj/ 5
£ /
2 600- Va
o .
3 4
8 4004 .
E \
D 2004
(7]

0

0 250 500 750 1000 1250 1500
Pump power (W)

Gilisee gl ,lad sl5l 4 SBS jei o JUSew olgy Ol s BV SS
31 SBST iwldl ceb Yem o $em 5l 08 Job als
b A 18 ol rian S5 on B W YO-W
a PY-W ;I SBST Ll cel f-pm « Youm
el 033l (V) 5 () b Sy ol wales VWYY W

Sl TYV G ol g ol Loy 55

99,9 4l (Soulsl 4 Cus 5 005 9 SBST &l s

sl 00U 00l UL“"’ N) wa.v o s)}.z.l

= 6004 | 77.945
E 1A
g 5704

1 | 77.940
5 540- 3
o 1 el
£ 5104 >
3 -77.9352
) 480+ o
] Q
§ 450 - 77,9304
2 1 Ll
£ 4204
a 1 | 77.925
o
D 390

0 15 30 45 60 75 90 105

Reflectivity of input mirror (%)
8995 4] (Sl a4 cos 550 0335k 5 SBST &l s A S
254

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1189-en.html
http://www.tcpdf.org

