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Simulation of high-power Ytterbium double-clad fiber laser
M. Kordi borujeni®, A. Mazaheri!, M. Soltanolkotabi? and M. Dehgan®
! Malek_e_Ashtar University of Technology
2 University of Isfahan

Abstract- A high power Ytterbium-doped fiber laser is simulated in this paper. Its pump and output wavelength is 915nm and
1064nm, correspondingly. The output power characteristics of the linear cavity fiber laser have been studied theoretically by
solving the rate equations. The optimum length of the fiber and laser efficiency for forward and backward pumpings are
obtained 40m, 60% and 62.4%, correspondingly. Also, the threshold powers of stimulated Brillouin scattering are determined
for forward pumping, 866.8 W, and backward pumping, 1089 W. Finally, dependence of Brillouin threshold power to laser
linewidth is determined.

Keywords: Double-clad fiber, Stimulated Brillouin scattering, Ytterbium fiber laser

YA


http://en.wikipedia.org/wiki/Ytterbium
http://en.wikipedia.org/wiki/Ytterbium
http://opsi.ir/article-1-320-en.html

[ Downloaded from opsi.ir on 2026-02-05 ]

%=irs[aeusmz—aa(zs)NJP;mus)Ps

T f\; PIPS ™)
dP; Fpt — +
- =i§; P P: F ar(Ag)Py ()

pom ! He JB lade N = N1 + Nz‘yb Ly 5o
YU 5l 50 cames J&> NL(Z) (sy9,b ainn 5o
JeS 9 Dl gl mhaw ol 4 Ogy 5 O g5l
Tl w4 O 9 Ogg e g0 Jsb ,o oW
A e 15 e Job 0 QU oS 5 ol gt
Ao e ghe Ay s 5y b din glaie gl
Py (2) «oied z90 Ol P, (2) ibise 5,956
Jol 4o Syl zoo lg5 Py (2) 5 554 @oe Ol
T3 Do 9 B0t Lkl cax Sl Tl s »
Ve g Shnpe slacs o iy 4 I sl (el
C S bl 3 zoe 5 s zoe slasalun Vg
9%p 3 5l o9 09> 8lg b (lej T g Loy
Slp ol e Qi cope S a4 ap 90
oxe o yd b O Sl Siokin g 55 (e slagge
ol 2 Djygo a5 Wllige sk (SSTn
Av

9e = 9o TJFBAVS ©)
Dok p e b3 Sl w5 WAV sAVg T o &S

el b g oy SIS 2ol 35 Tg 9,3 g

S dulpd 5l ksl ci 75 SY¥obe > gl
g oolitul ok g 55 Slagse SUL sl S92 se
25 Syge 4Z=L,Z7=0b . g5 bl

nee

Ps+ 0)= RlS Ps_ (0) 9 Ps_(l—) = st Ps,+ L @
PB+ 0)= RlB PB_(O) 9 PB_(L) = RZBP;(L) )]
Il Ghgy 5l eoliul g (g5 Layd 4 azgi b
)‘.xiia Y] 6‘)—.’ gy oo J:> oo Cas OYoleeo
el ooy oolitl wosal [Y]as 1o jo a5 g, 5l adyl

Wbl p) D9 4 5,9,0 5 Slasie

YAY

et o oKSls AVAY oo Ve LA

doddo

@ ool oa¥l D g0 5,5 b sleyid )l
Fr ek (O3 e o5 Ybelh s 4 pen ]
So> 4]y ool azgs Lo)S oo S5 Il 5 canlis
GUloy o slo, i 5l solaal b Vel 005 s
W dwgn (295 OlF @ OlEes (pies sl el
Gl w8 Ivleal cus y5d cpl yo Sl ao
Ol abess @ Wloe o9 LU Gloyyd (2ss
Oishy S9STn ol (nlys 205 sgaome S e
b alwg sbyid o ioml sl oS ak S,

ool ai8,8 18 axg8 0 50 ion 40 (5,88

S¥olae > L 1) (6598 )6 55 Sl i ol o
b it Jsb 5 oS oo il ad (Ol oad by £
wglee Swd 4 |y jd all Gl g eail s,
g ad)S Lyl o |y eSSy sk (SosSly (e
6 sl g haml 5l s sl 1) (SasSTy abewl ol

S3lwdard @l 9 3lwsSl
porial 65 )0 Job el 25 Djgo a9l oo e
S5 poy Ry 639)5 STy )95 sl wuype L

el Ry (23 S 58

TR PiL) *
I ORI N (O S ey
N | I P
$39,3 ed 7=0 Z=L s
Ry (k) Ry(1)

S5 0 55 Sy ez g0 5l oo Jlisle ) JSG
STy olyes a4 LL cdb ous cax F5 DYool

2y Doge & dwgs S8 LU sleyid sl sk e

!

N, T.A L
—2= hPCAP [Ua(ﬂP)Nl_o-e(/lP)Nz](PP +PP)+
T A .
ﬁ[oaus)m—aeuswzkps +P3) M)

AT lo N, ~o GNP Fai)Ps ()


http://opsi.ir/article-1-320-en.html

[ Downloaded from opsi.ir on 2026-02-05 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

400

350} —e&— Forward pumping
—& — Backward pumping

300}

Output power (W)
- N N
o1 [=] (4]
© 6 o

-
Q
=]

50F

0 100 200 300 400 500 600
Input power (VW)

59359 Gied (98 e y5d (2,5 g o S

Olg Joged oy b e Fedsb ar (s558 50 5 eo3l
wlee cos @ ol oo Glg s 5 (2
Frs DB shanl Sl Gies ln 5 eosl (FUSE)
el doys FYIE (655 sl 5l ed sl 5 ey
Sl 5 Eae 9B, (o Dglitte ¢ 085l BT Lo
i Tee hel wdy el 6,95 5B slel gl ST ies
3o gl g 6y LU slaml yo dasl 1 s (ol
Sy o3 zoe e [Pl )5 56 sl 5o el
Slow 1y 655,55 (Left )ge Jsb 2l lacl 51 oo

Lls dalyS (6 i SN g 05l )l 5 5L

Ol 5 ok ool il e Sy S 5l xeS 5wl
el (555 56 o5 Gla S 5l ) Sz bl
S coanel Cews a4 mls 5 s slaggiluans

ARG

zse bl Gl 51 G e Gaali8l 1) Gies olgs 3]
T My A g9 ghiy zae st Sl sk
o83k sk p zge b, b (@) O 5 (D) & JSE)les
o6 gl I ies gl b o a5 5 (g5
J.Q,u‘ )‘ oD 6‘)" 9 [0 aQ |7 )‘ )).J e ol
IO e b b gl s sl sk Eee Bk
WIS o ady IVY el b b slessl 5 s sl g
oé)’l.‘t u,.@lf [EPVew] L):’?L)" T J.MJ) diu‘ » °5>Lc
LB U3y o5 99 bl cel w0l o 5 29

55 ol g IVT00 8 o 55 B @ sl 5 69

YAY

-Jsb Ag =V -FFNM (s zgesb A, =) 0NM
o0 RlSle =4/Y o, Rlp,2p =¥ 3 zoe
Jg = °/AY‘Fp =/ ¥0 e w3 Ryg 55 =V IY
(5,9 6 awn b D =Y.uma=\¥ ms
=-/--Y.Avg =0- MHz .Avg =00 GHz

1

9%y
Gy Olazin Ko cwlag =ag =+/--0m°

Tfleat oel ¢ o5 oyl col 4o
(Slg 03 Wiz 390> )3 ) SzeS Ghes slaply sl
318 (S 5l s Olgs 4 6598 6 5 ae Jsb
Jsb il Sls as wiz dga> 0 s olgy ST Ll
) IS .[&]ey. aalgz dtunly yied oled as ) ai

Ol iz sl dagl Job cws 1) )3 (205 Ol
XS uL--’ VSN e

550
& Optimum lenght
500
450 B

400 B

W
W
(0]
o

I

w

o

o
T

Qutput power
N
(0]
o

P =AQ0w
200} e ]
........... R T R POV
150l Ppump:SUUW i
————
100 P purmp =200V 1
sof P toow 1
ump
0 . . 1 L - v
o 10 20 30 40 50 50 70

Fiber Length (m)

Olys sz Gl 659 )6 Job w3 (29,5 Ol Y IS

e RS
65 \-\
EME_—E‘_E‘-E_\_E
601 4
55F 7
g —e— forward pumping
® 50 —& —backward pumping 7
g
o
B ast b
=]
o
40| 4
35E B
30

10 20 30 40 50 60 70
Fiber lengh (m)

Slg Ve Gles b Ll g il 5l Gies sl )5d (2905 Olgs Y USS
g abbso o T gy )b at Jsb Y USS 4 azgi L
S5 Gyl 1l Gy Gilie es slacls sl

Loy 5559 L0 slesl s ol 51 Gies sl aige Jsbo


http://opsi.ir/article-1-320-en.html

[ Downloaded from opsi.ir on 2026-02-05 ]

1600
—&— Backward pumping
1400 —e — Forward pumping b
1200 ﬂ 1
Qur point -~
g P T ///
= -~
@ L E- |
z 1000 -
o
k=
o
< 800 . b
@ Qur point
=
=
600 b
//
400 o 1
20%0 30 40 50 60 70 80

Laser line width (GH=)
2580 el Sty o sk Al Gl # S

[AAlass o cisllas o (gjle s

L) Sl cde sad s £ Yolee U b

T Ty Job 9 el N0 Lies zoe Job L (5,598
@ azg bolanl o e85 giledand egil VePYF

el Cows @ 55 005l 5 )b ange Jgb o5 Slasie
5 45Kl sk (ST abil Glagly ol 5l
B bl 5l 5l tes (6l 5l g 2 o] 56
sk y bl plys (Sly 55 5T 53 w35 e
D i i b gl @

&l

[1] Injeyan, H. and G. Goodno, High power laser
handbook: McGraw Hill Professional

[2] Jeong, Y.e., et al., Ytterbium-doped large-core fiber
laser with 1.36 kW continuous-wave output power.
Optics Express, 2004. 12(25): p. 6088-6092

[3] Lali-Dastjerdi, Z ,.F. Kroushavi, and M.H. Rahmani, An
efficient shooting method for fiber amplifiers and lasers.
Optics & Laser Technology, 2008. 40(8): p. 1041-1046

[4  www.nufern.com
SHegs 5y 53 Silosintr iSen 5 g0,2ms el 0y (9]

Ol Sigigh g Syl (il a5 (and 3 ez oyl 4 00 Y]
[6]  Xue, D., Q. Lou, and J. Zhou, Comparison of Yb-doped
fiber laser with one-end and double-end pumping
configuration. Optics & Laser Technology, 2007.
39(4): p.871-874
[7] Upadhyaya, B.N., et al., Effect of steady-state conditions
on self-pulsing characteristics of Yb-doped cw fiber
lasers. Optics Communications, 2008. 281(1): p. 146-153

[8] Liu, G.and D. Liu, Numerical analysis of stimulated
Brillouin scattering in high-power double-clad fiber
lasers. Optik-International Journal for Light and
Electron Optics, 2009. 120(1): p. 24-28

[91 Hekmat, M.J., etal., Study of the stimulated Brillouin
scattering power threshold in high power double-clad
fiber lasers. Laser Physics. 2013. 23(2): p. 025104

et o oKSls AVAY oo Ve LA

600

—e— Laser output power
—& - SBS output power from front

500

400+

Output power (W)
w
o
o

}]
s
s
200 P
/F/
100} ,}{ 1
866 WY, e
% 200 400 600 800 1000 1200 1400

Input power (W)

laal 51 s sl ok @90 9 534 Eoe (79 (A BJSS

900

—e— Laser output power
800 -=-5BS output power from front b

7001

Qutput power (W)
B a &
o Q Q
o =] =]

w

[=]

Q
T

200

100

1089 W\ ):‘/

L =
0 500 1000

Input power (W)

1500 2000

Ll 51 s (sl ok 2 @90 9 03 E90 e () BJSS

Sy ASEIA ks ailin] olgs o 51 ees sl ¢ 5,90
iy onl 4 ol Sy VAR Ll 5l s sl
Sy 5l cwnl e ) (e Ol STas
e @ )5 L0 skl g el ) e sl sk

ASl g Dlg PAT 5 Olg OYA

WSl J5 5 55 b Gl 4z o D a4z L
wleol Sl alply ol 2S5 (shp o o
Gl 5o g waleS 285 A Sy sk (SaSTn
sl 3l 55,0 LS i e b sl siloans
Sl (AV>>Avg) el 5shy zee b
b b by o iy sl ol S,
by 58 55 b Gl FScwl S &0
# S sle g8 Gk b gl 9 S jksle
sl ol @l s Gileand 0sdse et 5]
IS Sy il S5STy oo 4 5,55
5 @l b (@bl slaglss s pe g bajloges LSl )


http://opsi.ir/article-1-320-en.html
http://www.tcpdf.org

