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Simulation of propagation of ultra-short pulses in one-pump fiber optical

parametric amplifiers
Mostafa Taghizadeh‘, Mohsen Hatami', Hassan Pakarzadeh"

' Atomic and Molecular Group, Faculty of Physics, Yazd University ,Yazd, Iran

vPhysics Department, Shiraz University of Technology, Shiraz, Iran

Abstract- In this paper, we simulate the propagation of femtosecond pulses in one-pump fiber optical parametric amplifiers
(-P FOPAs). The coupled nonlinear Schrodinger equations (NLSEs) are solved using Runge-Kutta and Crank-Nicolson

method and the impact of pump power, fiber loss, second- and third-order dispersion coefficients on pulse evolution along
the fiber is investigated. The results show that including the dispersion and nonlinear effects changes the shape of the pump,
signal and idler as they propagate along the fiber.

Keywords: dispersion, nonlinear effects, one-pump fiber optical parametric amplifiers, ultra-short pulse.

\RAAY
ASb g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://opsi.ir/article-1-779-fa.html

[ Downloaded from opsi.ir on 2025-12-18 ]

5 6399 ol Sl sbay Ty s olys By oyl oo
Jo 0 gz wmylr Sy eal 6 Soplal Loy T
el amy Gl b 2S5 >

U, i Lps 02U, 1
1 Lsgn(gyp -0 2~ Logn(py, )-2s
& 2 Lop or L1p
U, 1
p
+—L U U Y
X N > Ds@pY p = {I: | s| (v)
+|Ua|2]]u +2UUU e'AﬁLDsf}
ou U, i o%u
: +59n(dsp) DS —=2 4 —sgn(fy) zs
o5 Lwsp 07 2 or
3
1 Lps OUp 1
_ESg (ﬂSP)q 3 +§LDSaSUS i " X (Y)

{|us|2 +2(|U p|2 +|Ui|2ﬂuS +UU i*e‘iAﬁLDsf}

. 2
P sgnfdyy 2= 2y Logn(p,) )
o0& LWIp or 2 or
Lps O U 1 Lps
——s +=L U =i ¥
gn (ﬂsl)LTp 873 > Ds?i ™ x (¥)

{|ui|2 +2(|U p| +|US|2ﬂUi +U guge“AﬂLDsf}

1(. d?n d3n
2o )

A8 = Blog)+ Blo)-2pley)

Febl el sl 09,8 cop Vg 5 Sl oo @
Sl Gl e (Sloy (walk-off) <3, (95
st wgmrme Jul b JiSew 5 qany G 05, S
cpe Mg Moddpe Sl coype Py 09b

]l cuss
Tloel 51 S 2 ln LU s s culpe by e
Oon Job b el zge oy (Sadyex pas AB
5 09,5 Sl Jsb Lp e ee Jsb L 24,

<YA

St S ~ oKisls Y YAY oLo..{O YO LYY
doddo —)

- o (FOPAS) (5,58 b (5ymell slooassS gl
Sl 5l dedie) (g5l )0 (rmws loo )5 ailys
IV ] aS oy oslsS 6,5, 5 Olasbrs b
5 Ty Jsb has b 4 izes o FOPA
Sy g Bl 4 b e Cusl (68 (SiS
(55 Olpbe ladalle ;o pe Bi> 4 Sasil
5 oell [5YT Wilos S s 595 4y |, SLLs as e
oS FWMY) (550 o> oS 5 anl b da FOPA
S b gy 3l g g )b 88955 0 ol yo a5
oy SLOFE (7o 50 5 S S WS Sl 058
0856 V] Wit o 0 T g ens sl S
5 009 dhwgn zlael lp ool sl la,ls i
oS oad alxl obisS bl gl sosane slals
50 Al e 035 <yl g (§kw ool L ol e }IW
P9d 4pe (Sorbl b cdl (285 L o b callio ()l
Obej 4 iy (s pe Volee 533 > 4 pow
s olg Jo=5 )b ool sl s milonise Kot
w55 oo o 6 Jsb o 1y el g JiSew ey
ol Ll o 1y oy b (63955 Ol A (oo
e g 518 aalllas 9550 Jaul 5 JUSews

ol Ll oY slee -Y

oy S ol 4T (RS g ez oS S bl o
9 o T30 99 ey (o0 B o 1) cenl (559,65 o
g ooliw)d 65,95 U S @ g S 5 (5,90 00iiS g
Sy o :Za)p —0; S5 L )J"\-"‘ RO Tye
oSl (NLSES") Suog,s s pé oVolao .09 o
A ey i 08 (S pSIl sl

Aodas L [l A Ty A Juses

Olde gasals

A =\RU,,z=L,ET =Ty, je{psi} (1)

sl T o5 6 ‘Uj A 90 e duw Caw> p
oAb sLasl Kby a8 [AL (F) b (7) @¥olas 5 S oo

Cawd 4 |y diie v SO 5,9 40 0 7 gl o

Fibre Optical Parametric Amplifiers '
Four-Wave Mixing "
Nonlinear Schrodinger Equations


http://opsi.ir/article-1-779-fa.html

[ Downloaded from opsi.ir on 2025-12-18 ]

=3 o

o ® -
|
&

Normalized Power
o
=

LA

0 05 1 15 25
Normalized Fiber Length
1y
\
08 i
g
Sos
3
o
go4r
]
z
02 /\
0 ~—— o —
0 05 1 15 2 25

Normalized Fiber Length

JUiSs 5 comy 90 Jobo Al o =0.5dBkm ™
Ol$ 9 cwldg =131um A, =1.33m S5«
byehl o 09d (o 28 Ps=4W  JuSe
cLys =0.64m Ly =04m :lasle
Lpp =1.26m .y; =0.039W 'm™ (Ly; =0.9m
«Lpj =1.93m «Lps =0.93m
Pos =—69ps?km™ B, =-5.06 ps?km
Lys =12m Ly, =1.3m Sy =-331ps%km !
<B3p =—0.395 ps*km ! Ly =1.38m
Bos =—0.37 ps3km L . g =—0.42 ps3km~?

Ol L) ey b UG 4 bgype SV ¥ S
“odb s e plas 1y JaT g JuSew (00 W (58454
P ol aw Sl g pwsl 1) JiSKw 5 ey slo
oo ,S (23 (Br <0) ole e Sorily 3,

\

-¥a

iy S oRils VYAV olays YO LYY
Ry Do & &S Cwl pow adpe a3l Job Ly
18] g o iy o3
Lwik :TO/|djk|1
3
Lj =T0/|/33j|

Lne = (7’pPo )71,

()
Lpj =T02/|ﬂ2j|,

(63Bos>  HeewYaae SISl (F)-(Y) oYolwe o
g (Sl E)09p (Jlie G5B e Ygoe
Bld WM T3 b o 450 Saiily 5 05,5
E¥olen (2l 4 pams 4o Gidce Lol SMlez il o
vt (oSS L Ve T sg0m) oisS 358 (slaglly sl
~ Sl Ghyy 4 SYsles nl B > L gl e &
S s Sfz Ol oS SIS byS
el glooass cosi o 1) Ll Js= 5 gl
e balbls )3 45 5,5 oy ey 5 (650

ool Cooal Bl L (5558

Silwamd s -Y

céx SYolre goae Jo 5l ol zoll (o ol o
2 OgelSs = STILST 9 oS =Ty gy 4 (F)- (V) e
5 ol s ) S5 g e ) i 5 o
Casi Jsb 5o 1y Pl JiSew ey 0ud e
() 5 B0 W (Gll) comy (59555 45 ls (sl oaiS
SzsS i Jsb b sla,b sl amo e Lis YOOW
1 sAl il oS g5k conl 52l 656 (Sul e
Sy @S & JUSew 5 WSl (S SIS 4 oy
Jls) sl 55 IS 08 4 FOPA b 51 035 e
&) gt 0590 (naiz o Jaul g JUiSew cnmy o Ol
5y JUK i a5 i il Bl o sl el
b asS oo alsd @ 9,0 ooy g wboo (RO ey
O B (Sab e a8 (bl s G Jeb o 6958
Ol 0pSer Dype J5 ok 4 JUiSKew 5 ey
6999 ooy Ol Slp rizred 9 o0 dden JLKm
SreS Jsb o 5B (Sadjer bl () 55,5

S (oo Dy S e JUiSe (g g w8l e 3L
FOPA ;5 Jasl g JUSims a0 iy ald (g5 Jooui 1) S5
ol ln Zlbos jlasilonds Jlmigy Job 5l (ol e 2 ey SO
J3ged Dly YOO (2) 5 08 () plp ooy Ol Sl & (oss
5 o o @ b ooy A ezl (e abl gy

el Ja]
- SO a by e g lwand Ho ool oolaiwl gous polas
cély L=2m Job o [A]l oy S5 GFOPA


http://opsi.ir/article-1-779-fa.html

[ Downloaded from opsi.ir on 2025-12-18 ]

Ol @ s (el hd e Jsb ey Ol
25 OgmYgde g 5B 09> (gmVgde a3 (as e
glrsel Jlars i JuKw JS4 5 Wb oo Gl 56
Slp a5 cwl sgpin (Q) Y USS jo ol (] 09l oo
o s JuSw olleg Gliee 25,5 Lasl sldsb

Dol

SrSazms -F

ol Cadx Sidgyd gt OVYolee o 5,k
2 Al g JiKew iy obsS 392 slaly jLa!
30 G b ﬁ,.m; Silwdrd oy SO sle FOPA
Soail Sl oy 0gd e 0338l JuuT g JiKew
Rl 45 Wgd oo glrsel g (Sud g sl el ples
SR bl i Jal Glp gl 5 (Sos Gy
SreS Job yo B (Sadyex bl «695,9 cwn Olg
& =05 s50> bl Lol abis o wdl . sl

.CM...\‘)L)

&=l

['] J.Hansryd, P. A. Andrekson, M. Westlund, J. Li, and P.O.
Hedekvist, Fiber-based parametric amplifiers and their
applications, IEEE J. Select. Topics Quantum Electron. A
(Y e Y) O T_

[Y1 M. E. Marhic, Fiber Optical Parametric Amplifiers,
Oscillators and Related Devices (Cambridge University
Press, Y+ + V).

[¥] J. M. Chavez Boggio, J. R. Windmiller, M. Knutzen, R.
Jiang, C. Bres, N. Alic, B. Stossel, K. Rottwitt, and S.
Radic, Y'Y *-nm optical parametric conversion from near-
to short-wave infrared band, Opt. Exp. Y% (Y+ Ay 0 £Yo,

[€] S. Watanabe, F. Futami, R. Okabe, and H. G. Weber, An
optical parametric amplified fiber switch for optical signal
processing and regeneration, |EEE J. Select. Topics
Quantum Electron. Y ¢ (Y++A)IVE,

[°] H. Pakarzadeh, M. Bagheri, and A. Keshavarz, Designing
one-pump fiber optical parametric amplifiers for an
insensitive amplification to dispersion fluctuation, Journal
of Nonlinear Optical Physics & Materials Y¥ (Y) (Y+)¢)
YEO LYY,

[ H. Pakarzadeh and A. Zakery, Modelling of noise
suppression in gain-saturated fiber optical parametric
amplifiers, Optics Commun. ¥+ 4 (Y + YY) ¥,

[V1 H. Pakarzadeh and A. Zakery, One-pump fiber optical
parametric amplifiers: experiments and simulations,
Proceeding of &" Iranian Conference on Photonics
Engineering ICPE Y+ ! T, University of Tabriz (Y+)Y)
VY.

[M Y. Li, L. Qian, D. Lu and D. Fan, Ultrafast four-wave
mixing in single-pumped fibre optical parametric
amplifiers, J. Opt. A: Pure Appl. Opt. A (Y + +7) TASQ,

[%1 G. P. Agrawal, Nonlinear Fiber Optics, °th edn.
(Academic Press, Y + 1Y),

R

St S ~ oKisls Y YAY oLo..{O YO LYY

Normalized Power

Normalized Power
4 =)
)

=)

0.06

Normalized Power
=)
=)

(OO W (53955 lg5 L) caey () Wby IS g Y IS
(8ole pd (Farsl w3, 50 Il (@) 5 JuSw (©)

o
~

Normalized Power
Fes [=]
o [

(@)

04

Normalized Power

oo

05 >

6933 ey hhite Glaly ey JUiSs SIS Jooo ¥ S
cgole e Sanily o) 50 ey YOO W (&) 9 VOO W ()

Sadye bid s 4 calay USG5l aS jghiles
Gy Ol 5 ool Heke lacl Jsb ilEl Lol
O )Q \)9..» <° 003)'é| )J«AJ] 9 JL&M U‘?" Le 9 awls
2 S o ol Sail Jds @ glsel ples >
Sgax gy Jsb lp rimes Wigd (0 ol
3 glrsel ryeS b JiSw cusis Sl £=0.5

SOl ey S Gy g WSS

Ol b ams o las goleye Soil w3, 4o |,

2


http://opsi.ir/article-1-779-fa.html
http://www.tcpdf.org

