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Investigation of Amplification Parameters in Q-switched Fiber
Oscillator-Amplifier System

Narges Shafii Mousavi?, Parviz Parvin?, and Maryam Eilchi?

Photonics Engineering Group, Department of Physics, Amirkabir University of Technology
?Photonics Engineering Group, Department of Physics, Amirkabir University of Technology
3Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research
Institute (NSTRI)

Abstract- In this paper, an analytical model is presented for master-oscillator power-amplifier (MOPA) of Q-
switched double-clad ytterbium doped fiber system. First, the time-dependent rate equations are solved
numerically by the finite difference method and the output pulse characteristics are obtained. For more
amplifying, the pulse is injected to the amplifier and the gain and saturation coefficients are obtained by using the
best fitting between the data obtained from the solving of the rate equations and the transient amplification
equation, based on the least squares method (LSM). Finally, the dependence of different cavity parameters on
small signal gain and saturation power are analyzed.

Keywords: Gain coefficient; Saturation power; Q-switched; Fiber laser; Master-oscillator power-amplifier.

Qv
Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


mailto:nshafii@aut.ac.ir
mailto:parvin@aut.ac.ir
mailto:milchi@aeoi.org.ir
https://opsi.ir/article-1-1943-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYA Crage 151D el eyt ez o olStils

N=N;+ N, o)

oN,, N, _TeA,

RN Ll ON -6 NP+ P)) ()

' P %[Ga(ik)Nl_ae(ﬂk)NzlP;*'P;)

’ A
%Jrvi%:*Fp[m(ﬂ,,)Nfo'a(ﬂp)NJPp—appp M
on an +
%-Fi%:_rk[ge(/lk)NZ—O'H(/L()NJP; (f)

. s he
~Sqtes Py Pﬁzae(ﬂ,k)NzTCsA,lk,k:l,...,s
k

4 N2 g N1 el oag¥T oole J5 cdale S5lo N as
sl B s 5 Vb g ol 515 Comez i 5
b d (0 7 jamma iie § Cude g 50 JUSs g3
9 e 03; e pw Vg g Up (e 0‘5’ Pp !
roe Job T j0 55 Cepw C b o JUS
pomyal JouS 5 iz (laghie mhuw s 4 Ge(d)
)...d u).u.aa.s u.a)..a op ((IS) o JL&Mj u,wo.b 6‘)"
5 e O SLhgren ;551 [0 Tp ((JUSow) (e
S (L, SuSly cuyd ORS Cawl yid sa¥T axl
g iy 4 6e(R) 5 0a(h) g yud ann Q> o

| EI S B SYolee @ bgpe g5 Lol
0] o5 g0 a3 3 a0 25 050 cnl 4 Q s

P?)—(O) :np Ppl (A)
PE0,D =Pi0) RO T W+ Ree *)
P(L,t) = Pi (LY Roc (M2 K =1,...,5 )

HR S5 6585 oSl p2 o35 & Roc g Rur o5
G JESems Nopl (oo @gs e Mp OC 4
Swer 3l Gope S B N1 (Giwd Semsy
Rres FBG 5 yosd oy Jlasl 05351 ) gy o 12 ¢ S|
RHR = 79938 5 Roo = /¥ by wlSail ool
SYolas 3l oaisS Cogli Caand ilie Hobo 4y il o

dodio

03 (SR (S red SrodisS Cagii 5 layrd (b o
Wigh o 4385 L o Lol slo el olie o sl
b slayys wilies oygs sbaluzs ol o [Y-)]
b e 50 AL Gl 6 b byl ) pom il (S
LY s g5 0,90 5 (68,5 L S o S
G Soslail g goue (il Jow 4 (gouaine SYe o, oy
2 gLl plgs g S e Sl 0y sl el )l (025

Le] wlazsls 5 Q g (6 pmd slo,5d
00 o 9hi= Kilugd s So (g5l Joe Al ()
S 50 pgu ol 0o oY1 addle 90 Q g (5 b
6l el 31 o .l 00y plosil (Yhisilica) I Lw

Szs5 JUSmw 002 595 2 599,39 Ol9 9 032 Lame Jobo
w‘ 0y @ o..\.L.ZS w5.9.: &L..M.:‘ U‘ﬁ" 9

S

5 el Yo 0ls Q g (Dgs ymd )3 b
oledl 51 Q g plil Cpm .l oo asein ) S
o ledl ol il oo solaiwl (AOM) il gwsSTT
L STr 672 6595 93,5 (00 Silon 950 e pc 9 y00
3 Gase $n Sl o (HRY YL 5L yo
s hs 5350 zoe Jsb b Sl )55 03,5« AOM
S S cdr 1 Sl sl o (LR) yieS Sl
Slul 6195 99 m Olwgs (nlply WS (o Wl (29>

ety
YDDC ,.s YDDC s
g O I L» @ St
w|roM — — -
I | -
HR FBG LR FBG
JLRVESA) OIS g oS

Lol AOM IS 15 1Q gdsms 6 b 3 2yb 1) USS
Sy )9 6 FBG ( Sy ST
Laylg, & g0 4500l (g5lw oolh cl> jo & 5 Yol

o] wgs oo oylo -

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://opsi.ir/article-1-1943-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYWAA crage V81D il el ooanslss oSl

elsl (g5 5 (¥0) SoroS JLSomw 00 dmlne jolato &
Sl Slegs 5 ol sl 0uisS s 5o (Psat)
Ao ol b ild pods b a0 e Oly 23
oALS Cagli 4 (6399 SLOlE Sl s (o
oies gl gl anld nl o) e, |y 0T 2a 5
A gozo Cawl 00l oy ¥ S [0 00isS o gl Caliue
Jol> &5 ¥oles o 5 U5 4 ons eols oylis blis
el Aol Jol o 4 Gehate bghs g ol o
s oo alol> 5l s LSM s, 51 oliciasl b .ol (1)
W ies olg5 50 Jle lp a5 0,61 s a0 1, Psat ¢ Y0

¥ Wavoam?t Ly cwssar

13,00 2 D)ge 4 (Jglike

Ps(0,1) = Pou (0, 8) xn M)

Sadzr Bl oM g Slosi (29,5 15 ke Pout o5
@ 5 (Sogob-301,8) 1)38 Cosiy aolas .l (Sal

7] 05 oo iy a5 5 900

sat

el b Jsb L o 5 a8

oyl eolainlbg ) Joaz (gous polie SaS 4 SYolas

YDDC (5,8 )5d lo el ) Jooor

2.5 T T T
Amplifier Pump power: 3.5 W |

g 2
5
g 15r
o
-9
S 17
[
=
=
Q 0.5

ov " n anAS

0 0.005 0.01 0.015 0.02 0.025 0.03
Input power (W)

cilizee glaly cans (29,5 OlsT 4 (6995 Glagles Hloges ¥ S
0disS Cugdl e

oS o9l 1 (6399 Solg a2 Psat 970 O i
Q;‘Jb)o.w‘o;\.ﬁ:oé‘aowaj\c (5L®Jiu4)$w.)).)<b
Lly (oo (g5 4 (o Djpe 470 b b Gl

ber (Rl s Ol b (o

w

Core diameter =6 pm
N=3.35102 m™
L=3m

'IQ
n
T

N~
T

—
T

small signal gain (m'l)
& &

>

—

2
Input Power (W)

69959 imed 598 o 3 S oS LS 0 g0 Sl s o F S

AR

ol Hlade byl Hlado
As YeAe NM T V¥ ms
X 110 NM Rur 49,34 /.
A A x V. 'm? Roc £
L ¥m No vroxy ¥ ms
ap -/-AdB/m Os y-dB/m

oS ws.m—)i'l.my I odw! Cawd & Lngerl.; )‘ ‘5‘>).|o
Sy sligg ] j0 a5 sl o eols las ¥ S o
.w]\\&nSo.\;;\Sdﬁﬁﬁ)o9\\\ ns)isuy)od.llg

3 T T T T T T
= Oscillator Pulse| ‘ ‘ " Je= Oscillator Pulse
% |=—Amplifire Pulse|  , — Amplifire Pulse
Sy £
- 31
) &
2
5 0
m 0 50 100 150 200 250 3
2 1+ t(ps)
=
]
A <
111 ns —
0 Zi 1 1
2973 2974 2975 297.6 297.7 297.8 2979 298

t(1s)
0US gl - Silug (g, by ISV S

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


https://opsi.ir/article-1-1943-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYA Crage 151D el eyt ez o olStils

=

£ ol 5 SorsS JiS o sl ol s alie ol
rn Kedew—pgn ol Q @igw MOPA i o
u,u.a:é u‘y 9 55‘5[5 Jﬁb (SLQ)M‘)L’ gfi"“‘)‘ﬁ 9 w‘ W)
Sibw s ol ool Juloi g gy 0 Cogl ol g
Gl 00 plnil loj b Sl S¥olae SeS a5 (s00e
Bldail g 0aisS Cugli )0 (6,5 JUKww Cugl 5l e g
Cawd 45 Psat ¢ 70 polie o s 05 Cogds alolee b
90 Candb 3l A Wil Ls.;b ol Cogti sl el )l
30 Uied Gl 0es B IESS g (6,98 pd 0y (D
b O30 @ Psat 570 culyo 05800 (2L b Jsb
L T Sl oS o 50 S o ks yiead Lial33l L
O9)ly Camer Ol .l (a8 & g0 4 108 Job
kol sl 5l Slisen oo sl Cools g
s Jsb s Ges Ol sle el 4 Peat 5 10 (Sl

a2 wo

[1] Parvin, P., et al., “Small signal gain and saturation
intensity of a Yb:Silica fiber MOPA system”. Optics
& Laser Technology, 41(7): p. 885-891, 2009.

[2] Mohammadian, S., et al., “Measurement of gain and
saturation parameters of a single-mode Yhb: silica
fiber amplifier”. Optical Fiber Technology, 19(5): p.
446-455, 2013.

[3] Jeong, <“Laser processing of engineering
materials:principals,procedure  and  industrial
application”, Elsevier,2005.

[4] Digonnet,M.J., “Rare-earth doped fiber lasers and
amplifiers”, CRS press,2001.

[5] Wang, Y. and C.-Q. Xu, “Modeling and
optimization of Q-switched double-clad fiber lasers.
Applied optics”, 45(9): p. 2058-2071, 2006.

[6] rantz, L.M. and J.S. Nodvik, “Theory of pulse
propagation in a laser amplifier”. Journal of
Applied Physics, 34(8): p. 2346-2349, 1963.

el
2
=

Core diameter = 6 ym
N=3.35¢10% m™

L=3m °

saturation power (W)
>
w
-

031 ©

Input Powver (W)

$39)9 Sed Ol ced p ELBl g5 Dl i :0 S
Psat 570 (55, 005 sl iz slaJsb &l sy S
Ols Y 9 F Gl ISs jo iy 4 g Gl el Cawd @
ol Bl oled Oyge 4 age Job U Y0 el ool osls
0y dame il e 4 (Jobo il 05 40 g b o0
&S oo la I Tk el s 4 Psat bl sy oo oS

Ao V0 Jsb U ales (ol ©)90 & 98 JUSm 0 1
V0 &g polie 098 co SSESy e 5 Wl oo SRS

Pl e 5 0aisS Cogls VIO W iws lg5 50 Psat 4
ol YW v A MY

L |

T2 305 *
£ Core diameter =6 pm
) _ 26 -3
- 3r N=3.35*10"" m
a pump=3.5W
‘@
=295¢f
«
g
]
2.9 1 L L L L 1
0.5 1 1.5 2 2.5 3 3.5 4
L (m)

S g3l ol ot SsS Jii 0yt0 Slied I S

0.8

Z 07
bl Core diameter = 6 pm
2 0.6 -
z N=335¢10"m™
205+ pump=3.5 W
E
= 04+
S
=
® 03
wn

0.2 1 1 L L

0.5 1 1.5 2.5 3 3.5

2
L (m)

S g3 o it £l e ¥ S5

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://opsi.ir/article-1-1943-fa.html
http://www.tcpdf.org

