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Simulation and Optimization of High Power
Ytterbium-Doped Fiber Amplifier for
Nanosecond Pulses

Hossein Khalili Rad*, Abolghasem Zeidaabadi Nezhad®, Mohammad Javad Hekmat™?

!Isfahan University of Technology
’Fiber Laser Research Lab, Isfahan Optics Industry

In this paper, the simulation and optimization of Ytterbium-Doped Double-Clad (YDDC) fiber amplifier for amplification of
nanosecond pulses with kilohertz repetition rate is presented. First dynamic rate equation model for YDDC fiber amplifier is
presented and numerical solution with finite difference method (FDM) is explained. Using this model, several characteristics
of YDDC fiber amplifiers such as evolution of pulse waveform, output pulse energy and average output power of inter-pulse
Amplified Spontaneous Emission (ASE) versus input pulse energy is simulated. Eventually amplifier length is optimized for
maximum average output power in the 915-nm and 976-nm wavelength for forward, backward and bidirectional pump.

Keywords: Ytterbium-doped Double-Clad pulse fiber amplifier, dynamic rate equations, amplified Spontaneous emission,
optimization of pulse amplifier.

FAO
ASb g yiawd BB WWW.OPSILIT Colu o a5 cuwl jliel gl)ls a0 0 dlis )


http://opsi.ir/article-1-691-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

Byl g0 5l S diged (6,8 (GoAS usll S (g 0, S 1) S
9 (59959 6L®)L5§ :C2 9 C1 .YDDC ).4..3 Jg.!a Looods ol

6393 ,5Ys S sy sloogys 3 LD (29,5

N=N; +N, )
dP; (z,t)
pd—z=—Fp[O'a(lp)Nl(z,t)—ae(ﬂ,p)Nz(z,t)] o

<P (z,1)-ali, P (z,)
+
P o G Ny(a1)- o Nl 1)
xPH(z,t, 4 ) - a2 P* (2.t ) )
hc?
+20-e(/1k)N2(z,t)/1—3A/1 k=1...,K
k
. dP* P 10PF
e Ml)‘so 4z =% pe +; a L)‘ o as

wibios pomyl callsb cdale N (F) b (1) &Yoles
Ny 5 Np ool ond o8 ClgiSy b Job )0 a5
obey @b ©jge 4 YL 5wk 5l sleturer oSS 4
5wy Ole P;(Z,t) VGOV I A W ST
wt) wibe JUS 0 ASE g PH(z,t 4 )
2pa> 50 (Sl e g gl Ll b bl s
o5 seams olis PTZLA) s JiSew
ASE 5 oy 09,5 o Up 5 U el JUSe
che 55 4 0 9 g s JUB e o
385 s pe bl Gl JouS 5 03 slaghis
oy Toedsk (A )/1p el odls ool las ¥V S
slagg Vb 5l5 eedsb T (ASE slaJUI)
2t plabazhs A AF- g8 ln LosE) poe bl
O Slogred coye (I) Tpod gous Y
oy O el sad YT o8 0 (ASE)
SO cubh g M 8 g Ce el b Cins

Sz Sl Vol &y bgyye (5550 Lulpd ol
Sl 0l 03l (B) ;o (FIL (V)

dN,(z,t) _ Tpdp

St S e oKisls A YAY oLo..{O YO LYY

doddo —)
Go,l5 YL g gals b agligh oy sl
(S wile pollss jael g Dl e o o L9
Slpbee )99 o) 5l Gromw ¢ lialold ()5 (5 Sbs>
o9y e Dl Byl 0yl g lad dad Gleel b (5,90
51 eolil b sl sjleeoly
35 el (MOPA) Lol Silugi b ols3 g0 ey ois
GoanS sl Sy g Silugi S 551 Ghey o
oby sl Bg) cul b GRIB YL Gl
st o LS 5 e WSS el asle
Vb ol soaiS s (g3lwesly b Y] ojlu e S
35 o0 (YDDC) D —93 gyl VT L sl b b
Y 655 St wiile gy (goaiSusi gblse

asl4ils

ol g ope g (So,8 YU gl - lawebl YU 2050
5 Syss elow 4 allie ol o Y] oy oje il
bsgs MOPA il b 4l (ol 35 (s5loaieee
0 d.o‘o).s (FMOPA) dy&'jb 6)..9 dewwsﬁa
LS)"""B °‘>‘M§W5"’ SHes JJA Y- yu BN S|
GoaS Zugli (ludd @l Yogisu jo (ol
Cusl ange Job F- 25w )0 Ll 5 YDDC (5,0
@l 1, aibsl sl b sy YDDC (g pmd oaisS

.m.ﬁ»)‘sao

GONSS Ly gl (698 Juho 9 oo Sy -
YDDC (g ytd

Sk g0 5l a5 YDDC (goariSosi S (gan 0,5

olas VS 50 w0ad ey C2 4 C1 sl L oS lavsgs

Sl (60959 ;Yo pl IS Ko (pl jo .l 0ad oolo

3B oads oals Jloasgly b Ll IL Job 4y Jled 8

GodiiS Capogi 8 OYolas 04l (65 gl e UL
[f] e 135 &g 4 YDDC (6 pud (008 L pits

dt W[‘Ta(ﬁp)’\‘l(zlt)‘“e(lp)NZ(Z’I)]

Py (z.t)+ Pg(z,t)—&
’ )

+%k§;4k foa (i Ny (20) - 00 (N, (2.

X

X

P*(z,t, 4 )+ P (z,t, A4 )]

%


http://opsi.ir/article-1-691-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

w
W (=
T 1

E,=0.1pJ
E,=10n

[ N
(=3
T

E,=1nJ
E _=0.1nJ
in

Input (x 30)

—
(=3
T

S W
T

Instantaneous Output Power (kW)
&

10 20 30 40
Time (ns)

&lp YDDC (5,8 (goaiiS Cugli (29,5 slabad (g ¥ JSo

G -N-nd 5505 Vo NS (050 b (omsS— o 999 sl

RETN
0.3
802/
5
2
Z o1
E ' (6]
=
o
0% 5 s - »
10 10 10 10 10
101 ''''''
~~~~~~~ —— Forward ASE
g PO Backward ASE
5] )
g
A g
m 10 ¢
v
<
g 2
107t
o
3
10 ‘ ‘ ‘ ‘
10" 10” 10°® 107 10°
Input Pulse Energy (J)

355 JouS (D) cauiS g (29,5 db (555l @) Hloges :F S
e e R TS A S Y N
“$%955 ol (555!

Silwdamd s -Y

VS Gl 58 oaiiS Cas® Sl (o) 2 pokiie @
odb ln 1 YDDC (gymd goatiS gl (29,5
. 2 -
P 5 P/ salal, b s 5 5395
Loaes o plas A-pI B +/N-nd (s550 5 Ve ns b
ISl 5T e oo 4y Wil oo Algie Loditans a5
&5 89555 oIl @5 A Gl LA Sed e e
Ll enbise Gl 55 (WL nj cobas) (25,5 ol
ol Cae e gLl Gomay o i lBIL
Slr orzer b 28 (29 Wb 5!
glrosl Llas canSius® (2> S slasdss

FAY

St S e oKisls A YAY oLo..{O YO LYY

201
- —— Absorbtion
£ 16" = = —~Emission
S
2
\)(/12*
g
1)
5 8 REN
3 , \
2 4l A
0 T

900 950 1000 1050 1100
wavelength (nm)

ASOYD) pgersil slosse iz 5 JonS e s Jloges ¥ JS5

sl o ool (gle and o

Po(O=P  Py(L)=P
P*(0,t, 4 )=0,P~(L,t, 4 )=0 o)
k=0,...K, and k=s
P*(0,t,45)=P;,(t) P (L,t,45)=0

L S Jemilyans alolas Kws S (0)-()) wYoles
11, ASE Gl (315 285 (sl el alolas YKHY L
I, ASE wilh glgs g Ag =VV--nm L4y =V -Y-nm
5 epl o L7l o] 55 J> (FDM) sgame Jolis
25 ey 4 (Up-wind scheme) gwols ol 4y By a0 7 )b

[V] ool oy soliiul 358 SYolao (6 jlodinns sl

E_ P nk+1—PFnk E_ P nk —PFnoik
ot At oz Az

P~ _Ponkst=Pnk PPtk —Pnk
ot At 07 Az

*)

glael ey 4 P(zt) 5 PH(zt) «F) o¥olas o
@l gk aien cdie 4 g, 5 5l 4 ) onigd jaiie
Az ¢ At .l 156 g ey bl goasms olid s
G Glp S oo VAYAZ<L glal byl s b
ols e 2y Vol sl Lyls ooyl Cews
S J S -y LS5 b, L L, (9/0t=0)
FORTRAN-95 5508 laoxe ;0 (398 J> b,
B9 b 3l lagluwand ol jakwl ouls (g 5lwosly
9V plr eSS A ey B g At LB L pgn ]
zsedsk o YAB/M oy i oo 5 Foopm

ol o oolanl VS slaadaie mdaw 5 AYF NM


http://opsi.ir/article-1-691-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

Teedeb lr ae Job ol o Vg VO plp sy
b o1 Jds a5 el 2Y0 nm 5l 5elisS AV nm
Ol eizres adlbioe AYF M o 555 Qi ahaie
zredeb 5l 5SS R AVE MM zeeJsb o lawgie
YL eslsS aoil o] s a5 el 210 nm
9 (R e 4 gy ey sl AYE NN zoe Job
b5l o 1y (20,5 Ol (e sl a4 g ey
il 4 (g5 bawgle (g5 a5 05l o cvaline oSS
&S Conl las a8 dang Hlode 4 Sl ;08 (09
zeedsb 0 Yb o Gily ke 4l L8, ol Jds

S5 Azt -0

(Sl Fy OYole (goae J> L oalas cpl o
YDDC  (g,d (goouScusdi alize sbddasin

LA (e (o095 gm0 Gy 45 0 odaline 0l (o)
Sl o5bisn glrssl s gLl s & S Cus 1o
Opied g )Ms 5o W) oﬁ.é:) 63}3‘ J.clf C‘)ﬁd.u‘
LAVE M 5 N0 MM oy zooJob jo aige Jsb
T g (lg g wjls ol BB K
9y o Oeizred Wbl oo WVO NM I e, VS nm
bowgie ()lg5 (p S ol 4 ) ey g (i s &

&=y

[1] Wright M.W. and Valley G.C., Yb-doped fiber amplifier
for deep-space optical communications, J. Lightw.
Technol. 23 (2005) 1369-1374.

[2] Limpert, J., Hofer, S., Liem, A., Zellmer, H. ,Tinnermann,
A., Knoke, S. and Voelckel, H., 100-W average-power,
high-energy nanosecond fiber amplifier, Applied Physics
B. 75 (2002) 477-479

[3] Digonnet M.J.F., Rare-Earth-Doped Fiber Lasers and
Amplifiers, Revised and Expanded, Taylor & Francis,
2001.

[4] Hardy, Amos and Oron, R., Signal amplification in
strongly pumped fiber amplifiers, IEEE J. Quantum
Electron. 33 (1997) 307-313.

[5] Yong, Wang. and Hong Po, Dynamic characteristics of
double-clad fiber amplifiers for high-power pulse
amplification, J. Lightw. Technol. 21 (2003) 2262-2270.

[6] Yong, Wang., Optimization of pulse amplification in
ytterbium-doped double-clad fiber amplifiers, J. Lightw.
Technol. 23 (2005) 2139-2147

[71 Li X., Optoelectronic Devices: Design, Modeling, and
Simulation, Cambridge University Press, 2009.

FAN

St S e oKisls A YAY oLo..{O YO LYY

R NPT g -C TR L PRSI P oS SURE N
Uite a5 Jlo j0 0gl e Cugll jliwn pod o laddl
siP F IS s 1) S Capis Wb ol
sle 1y 60955 ol Gipl s 29 Wb
MM oy zoodsb 9 T+ NS o0 b (owsS sloull
L9y gy O3z e OLis e Wy (ls5 5 210
5, ASE I ojlgan e 4 9, ASE o)lg5 codds Jlac sl
i oS sgi e oanlive @F S 5l sl iy sl 4y
o A
6ok y® 69959 b 5 Eip =V 5l s
. . . . -A .
o pixr BB e Ep =V j0 cde a oy,
u.JL, 6'})—” u..ul)s\ L (b)Y S e Cowl (=Y W)
Ol aBbla gl (g39> 4 39> S o ¢ (59959
Iy 6995 ol 655 Wb JS ASE i (sl il oo

ot Job -F

Job cax p (295 bwgle ol Olpss 0 JSG
Ol 9 AYF M 5 VO MM zge Jsb 9o glp 1, o
D80 o LS ey Al gy dw glp Fr W oy
Sg g0 a1l ool Ol By =)
D35 ey iy 4 LB g e ok e o

4 AYF M V0 M zgeJob sl g 0,105 Ko

30
% 281
g
; 261
&
8 24f
g’ Backward Pump
2 22 = = - Bidirectional Pump
< |/ == Forward Pump
20 5 10 15 20 25
Fiber Length (m)
350
% 300
g
g 250
g
& 20 Backward Pump
g = = =Bidirectional Pump
<15 o Forward Pump

0 5 10
Fiber Length (m)

sk sl YDDC b Jsbo o 5 o35 st ofs5 ) IS
o2 Ole g ﬂ’p = aY#-nm (b) ’1p = 0-NM @) oy zoe
fo-w


http://opsi.ir/article-1-691-en.html
http://www.tcpdf.org

