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Temperature- Controlled Parametric Gain in Photonic Crystal Fibers

Hassan Pakarzadeh, Fereshteh Hasanpoore
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Department of Physics, Shiraz University of Technology, Modarres blvd, Shiraz

Abstract-nowadays, photonic crystal fibers (PCFs) are good candidates for observation of nonlinear effects owing
to their characteristics of high nonlinearity and controlled dispersion. One of the important applications of PCFs
is to use as nonlinear medium for parametric amplification. In this paper, we investigate for the first time the effect
of temperature on the parametric gain control in PCFs. Parametric gain spectrum and saturation curve are
simulated using the four-wave mixing approach and solving coupled-amplitude equations. The results show that
as the temperature increases, the gain peak is shifted and the saturation power is reduced.

Keywords: parametric amplification, zero dispersion wavelength, gain spectrum, photonic crystal fiber, temperature

Y¥o
b o yiwd B WWW.OPSHIT Cols jo a5 cul jlael Gl)ls 5y90,0 dlis oyl


mailto:Pakarzadeh@sutech.ac.ir
mailto:Pakarzadeh@sutech.ac.ir
https://opsi.ir/article-1-2026-fa.html

[ Downloaded from opsi.ir on 2025-11-15]

Olpl Sgigd (659l8 5 (s (WS a3 3150 5 Ol nl SEgis8 5 Syl (ST et 9 S
VYA Crage 151D el eyt ez o olStils

2 = iy (14,17 + 21407 + 2|4 [*) 4, +

A2 A; exp(—iAﬁz)} — 2 ad, )
04; . 2

2 l]/{(|Ai|2 + 2|42 + 2|4, )Ai +

A2 A exp(—iAﬁz)} — a4, )

el o iy 5 5 o ek el Y b il Ol S
Gk S cl gge oy (o Sab je> pac AB
ol 03] Caws 4y olae

2mc

J}b w).:ddls 6/1p 62‘0 6)93 M.CJ.M)CC\JOL\AUJ‘)O
ad,S Sl j0 )b 50 JUSw § ey (( Sobl yho zge
Sl yho zge Jsb 4o b Fosil ol Sp il eals

[\“] Sl 00 ) 2

S0 @FOPA S o).eddSC,w:l a>g) J;Le

Ps,out

5 Psyout o] j0 a5 el oy <y 25 G=10log——

Ds,in
s JUSw 90 69959 3 79,5 b oy Psiin
[¥]
B, A? B,A?
ne(4,t) = |1 +}\2 =C, +}\2 " —ae(t —Tp)
()

Lzoe Job 4 caSls cupo (Sly dolas (1
ol joas Lams o ol Sellmier Jge 8 5l ool

(B, = - AY\AY, By = —- \0OAY, Cy = -+, - QY
um2, Cy = £4,0Y pm 2) [0]

Silw s g b
o |9.£b o).6.>/\ d“)‘o «s PCF J;)L}Lw \ J_i.i))o
4 pl5 9 A=1 M Lo 0,5 ad a5 ()] BME oo

Dgb oo 00ls i el ooy Sl A=5 UM

Y¥5

FRRV-P)

(Fiber Optical (5,5 b (syl,l la oo cugds
zo L4z oS5 » e Parametric Amplifiers)
Cogts opl [V]as oo Jee (Four-Wave Mixing)
sl aer 5l olsls e o lS s« e esnss
Vb s oy b Cosi (rge Job o (JUSem 3lo
03,5 il 053 arly ook axgs B sla ans o
4 FOPA S, sl obin Lasl o Syl (gl [V Tl
4 09h ol asie gae Job g Gl b5 S ol ren
Yo (as jé g oas JpuS (Sunsl cusls b b S
(Photonic Crystal Fiber) g8 ,ols slbo,b .o lo 5L
JrS ol e b lasme ol sl onbis 43S
s sl oji> salols cols s b Sarsl o
o S5 0lgen 9o a3 Shes s ojix slal 5 K0Sy
S 5k s (S 5l s Y e s e 0 ,Shes
asile Lalss ols esi b L3 sl Limghs o .ol bl
ot (8999 S Ol (S 5 Grey oo Job U Jsb
3 50 bl o 555 2 o o] by JWSws
Globos 136 b odsl sl allie ol jo . [¥] conl ous
glil s 5 (S5598 55k JU s elly 5 o pe p it

oS (o i )

S Sl
L zse ez oS 5 alws 4 65l Caol 5 58 50 50
3590 Cawd 4y 5 0al Cud SYolee leslatul b ylgs o0
(g oo Al cod ) 4 Al cAs cAp OYole ol o
)5 s o ey S5 FOPA Sy 0 Jul g JiSews

. [\‘,f] el 00
0A . 2
=2 =iy {(|4p]” + 21412 + 214:17) 4, +
24,4 A exp(idfz)} -2 ad, o)

b o yiwd B WWW.OPSHIT Cols jo a5 cul jlael Gl)ls 5y90,0 dlis oyl


https://opsi.ir/article-1-2026-fa.html

[ Downloaded from opsi.ir on 2025-11-15]

Olnl Sgisd (5)5l8 5 (ewdige RS Gredjles g (lpl SEgig8 5 Sl (S el 5 Cenn
VYWAA crage V81D il el ooanslss oSl

Jsb b (PCF) igish b 6 S, 3l 53 s ol 52
spolie b d=) um A= pum,L=0+m

cél oy @=V 0 Wkm e 8 el b il
S.=1/+AY Sasl cws L= /+dB/km
29,5 oolizul ps.nm” km™

Lod yuuti L 09 o0 coline ¥ IS )0 a5 jshailen
L aS) 0,00 Al opas 4 S (oo et (Sovie JSO
W 0gd oo > Al (Cunl ond asein K, cdle

zoo Jsb o ope i azx 0 Ve les o Jls lsie
az 00 Lo gl jlade (plas il o nm /N YPY

b oo el NM-/VYYY o

N
o

w
o
.‘\-._
.,

o
.-
Rk S
~.

Gain [dB]
N
o

é

10f ¢ !

4 : - bk Il I'
! e i W fx 8
P -4 LS %] \ )
0%‘ -Mt‘ ?“““M- M
1150 1200 1250 1300

A [nm]
9 Pp:SOdBm L Lo calize ﬁél}u 6‘)‘.’ L;J...al)b v b Y JS..A

Ps=-40dBm

oo sl slaie 51 2eS WAB oy o o o5 S ol
e sl mly job 4 a5 ol (oo gl Dl | 09
50 a5 b len [VA] ol ool Lasin 9+ sleo b
oo o5 eledl g Lo Ll b wgd oo omus T USE
s AYABM g am 0 Ve oo jo e Glgie 4 .09

Sy oo FodBmM @ gLl s laie A+ gles 4o

. G?in [d,B]

Signal po;ﬁler [dBm]

AV YYO/ [m] b Les iltsee jpolis sl gLt giote F IS5

YYv

o 0 i ,la8 a5 (g5l a0 0 ool (PCF) alafio mhaw 1\ JS&
£l st el A=5 pIm asis o8 4d=1 pm

ol B glalos gl 4 Sauily gove ¥ JSS o
Job Los jai Logd so 0030 a5 jshailen .l ouls ools

T=1

=20

=2

T=40°C
—T1es’c
T-ec

T=nC

Dispersion [ps/nm/km]

e T = 80° €

—Teg0%C

s L 1 n L L L P
1.205 1207 1209 1211 1213 1215 1217 1219 122
Wavelength [um]

flfsd:\ },lmL(ba)D)JaBbPCF &‘fual;;mok;..x...ub Y JS...:
[F1A=0 pm asss

(Cls | o Jsb

(nm) Fazs,
q- \YVih-
A YYD
Y. AR
7. YYAY/E-
g YYAY/A
' YYD
A AYAVYIVO
Y- YYYAOF
\- \Yya/e -

Al o yiwd BB WWW.OPSLIT ol jo a5 cul [Lel glyls 550, dllie oy


https://opsi.ir/article-1-2026-fa.html

[ Downloaded from opsi.ir on 2025-11-15]

(3]

[4]

[5]

[6]

[7]

(8]

Olpl Sgigd (659l8 5 (s (WS a3 3150 5 Ol nl SEgis8 5 Syl (ST et 9 S
VYWAA crage V81D il el ooanslss oSl

parametric amplification in a photonic crystal
fibre." Journal of Modern Optics 65.16 (2018):
1855-1859.

Pakarzadeh, Hassan, Mostafa Taghizadeh, and
Mohsen Hatami. "Designing a photonic crystal fiber
for an ultra-broadband parametric amplification in
telecommunication region." Journal of Nonlinear
Optical Physics & Materials 25.02 (2016):
1650023.

Taghizadeh, M., Tavassoly, M. K., Hatami, M., &
Pakarzadeh, H. (2018). One-pump fiber optical
parametric amplifiers: from the pulsed to the
continuous wave operation. Optical
Engineering, 57(5), 056103

Le Van, H., Buczynski, R., Trippenbach, M.,
Borzycki, K., Manh, A. N., & Kasztelanic, R.
(2018). Measurement of temperature and
concentration influence on the dispersion of fused
silica glass photonic crystal fiber infiltrated with
water—ethanol mixture. Optics
Communications, 407, 417-422..

Xuan, K. D., Van, L. C., Dinh, Q. H., Van Mai, L.,
Trippenbach, M., & Buczynski, R. (2017). Influence
of temperature on dispersion properties of photonic
crystal fibers infiltrated with water. Optical and
Quantum Electronics, 49(2), 8.

H. Pakarzadeh, A. Keshavarz, and M. Bagheri,
"Investigation of the saturation power of one-pump
fiber optical parametric amplifiers," Proceedings of
5t Iranian Conference on Photonics Engineering,
ICPE 2013, University of Sistan and Balouchestan,
Zahedan (2013).

Othman, N., Tay, K. G., Shah, N. M., Talib, R.,
Pakarzadeh, H., & Cholan, N. A. (2019). Saturation
behavior of a one-pump fiber optical parametric
amplifier in the presence of the fourth-order
dispersion coefficient and dispersion
fluctuation. Chinese Optics Letters, 17(11), 110603.

YTA

ELSl (g g oy ald aiinn zge Job polie iV Jyu

Lod
(°C)Les | Amax(nm) | Psa(dBm)
9. \YYY/ f/
A RARTE NE
Y- RART e
5. RARE $l
b VYYV/O $l
t VYY) v/
Y \YFa/- V/o
Y- \YOF - Al
. \YSE/ - AIY
S 25 Al

9 63w 4 PCF &G o (ol )b o0 callia ol yo
gl gomie g o b p Lo 86 L sl sl
Loo (yial38l b ooyen ald as” ols jlid b .0y )5 aslllas
ald ax,0 Ve glos o Jls gl a5 09l o b al>
50 Hlade plas all L VYYD NM zoo Job 10 0,00
Oy (e Wy VYV NM a4 a0 9 glos
Voogles ;o a5k 098 (oo oS Led Rl L gl
@ lade cplax 09 sl ,o g AVABM a4 g5 a0
Sly Ol (50 G ol @l 5l oo (ralSF/-ABM
cilizee Glanl glp Les 5l eolaiwl L FOPA 63 S's8

.o)fooLé.'l.w‘

b wo

[1] G. Agrawal, Nonlinear Fiber Optics. Academic

press, 2013

[2] Pakarzadeh, Hassan, and Mostafa Sharifian.
"Modelling of a variable optical switch based on the

Al o yiwd BB WWW.OPSLIT ol jo a5 cul [Lel glyls 550, dllie oy


https://opsi.ir/article-1-2026-fa.html
http://www.tcpdf.org

