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Wavelength conversion in normal dispersion regime based on optofluidic
infiltrated photonic crystal fibers

Hassan Pakarzadeh; Rezvan Derakhshan
Department of Physics, Shiraz University of Technology, Shiraz, Iran

Abstract- In this paper, the wavelength conversion in optofluidic infiltrated photonic crystal fibers is investigated for
achieving the suitable wavelength range in the telecommunication region. For this purpose, a photonic crystal fiber
with appropriate dispersion properties is selected and wavelength conversion via four-wave mixing process for a
given pump laser is studied. By changing the refractive index of the optofluidic and then varying the fiber dispersion
properties, the converted wavelength region can be tuned. The results show that for the ideal case, the PCF injected
with a refractive index of 1.32 in normal dispersion regime exhibits the maximum wavelength shift where this shift
increases with increasing the input pump power. This amount is much higher than that of in the anomalous dispersion

regime.

Keywords: photonic crystal fiber, wavelength conversion, optofluidic infiltrated, normal dispersion regime, wavelength shift.

I\
] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1277-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

VYA (poge VEIY

L Jbw G5 b bl yo g [A] ol onis ploxil sole pue
» 1825 R e T
el b ol g e o0 yesd o3le (Sl w3,
Olyee a5 383 oo Ol s oS o0 S5 ) (roedsb
gole (Sl w3, o sl Cawsy (e dsh plml>
Lol gole e Faril w5, 5l puden Jlws

Gilwdasd gl 9 5,5 (Gl -¥
Slso slaoja> Jold aiss opl ,o end sl PCF
Bk ainjmy S 20 =0.6(4m) 5 L sl yls
A=2(pm) as el ojll b i asn S o
N=06 _do s sabl> id p8 L dileads Sy
d, =2A—d =2.8(um) 55 L asle s3ie ol
Gy o dils cp 3 Bl sleosis a5 [AY] wib o
S o0 )18 Sl Sl

b i S b 5
&SL’“)"L" )l adl> 7 ULAL..J
vl [F¥

sty oole Hew GLPCF o (Saxsl, g, ¥ USo 50
o il lhcaSiog,s b iy etk Jols
ples V] el ool cowns (1320 <1.38) (5oL
Lo 0134MM oy zoesk lp 1) lagsloans
saer slp ol )3 a5 wlesls plowl o) 18 a5
SIE cpd a0 5 eole (Faily w3, G,

100 ! o
0011 ® Sie &
o
50| | o? -
° o .
= o o -
H o aiid R
g 'S E =
~ ° v & v
2 B
‘% ‘0 e o Uninfiltrated
g .
= v n.=132
4 l
% +100 —o—n,=1.34
a
nr=1.36
=0 ":. + =138
9,
201 - L L L L L i
%6 08 1 12 14 16 18 2

A(pm)

VD ons 8,55 5595 Jlw

Se g ksl ISk o pgeeYane (s)lubl
() UK Sl & 58 e sy o 55 e

9

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doddo -\

S by sbb (PCRS)  Sgigd ol sla)b
D] ssbse 9o sloo i 5l oo [isluy, alabeplaw
Sl Jed gl plbes G SRy Jdu oS
Gloslil YU ey hd il Cosls 5 ead S
5 Yk ol JEsles, 5 B 98 L6 Slpbee j5 0,8
Ble 2 glalo o el 5 sla K>
SR L A TUIRTE SRR SE 35
a8l Gl (e Cosls g 0 pa pamie (Saiily
ol Sl ails PCF (5550 45 Canl 00 s b )5
¥ g Faedab b Jed 5l (bt e )5 6
sl yo (aedob Joas all 5,5 il il JSO
GIRLL ply (ot onay Geluly o jlulinl ()50
T LT w55 » Koo S CMIY glod s Y ge
lex] co5 13 oy Oyge g odalin b s
goedob (3l (Sabyex Lo sla)l sl - Gl s
Sro Sl zoedsb 4 Soop b b Gy
Dbl gole pé  Fail sl o Yeene 5,5 @DWD)
oz I alide Slaal gl (698 Jlw B2y oSSl 0ol
2 g [YEol culons ooliiul jliwgn ol b 0Jg5 iy
2 609 b G5 Lk Odsl Glr ls wad iy o)
4>l )0 raedeb hus lp S lse sleo i
4 (Zeedob hod oS Sileand | gole Sul
SuSl wy2) By ppaty 5 (Sadl S 4 Dol
ARSI (Zaadsb has nl o)l (S (pge 4y
2 6ok sleo s Jlw b oals 3,5 sPCF e
2 ook o WS ol (5)95 Dlple slapta
Sl w3, 50 Gy Je booad G5 sLPCE

Photonic Crystal Fibers’
Scalar Modulation Instability "
Zero- Dispersion Wavelength *

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%AA%D9%82%D8%A7%D9%84_%D8%AA%D9%88%D8%A7%D9%86
http://www.opsi.ir/article-1-1277-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

VYA (poge VEIY

g(Q) = i% Im[(y/ 8, Q2 +123, x

VB +128,07 + 48P, )]
2 oSyl Bl g S gl zaedsb (omilS B sbuls
L sk 0y9e PCR s e s (Sansl glayiel )l el
o Jsiz 55 PCF (s3loannd 5 YU (sl Jsa s 5l osli
el ol (F4Y) sla JSi 5 (Y4))

(")

ITE 30 b )3 Slite glaceSis 5 b o5 o S
.sole axl BN )AA}JL’

Ne b, Ay Y
2 km
(ps?/km) | (um?) | G/Wkm)
un infiltrated -80.4 5.1 23.7
1.32 0.818 7.7 15.7
1.34 5.367 8.1 15
1.36 7.278 8.9 13.6
1.38 4,903 10 121

(58 b Gy b BN o ceShon e Gl b
o> 9 S e CuShcg o Sold liee
argi b ogdise ol Ay azel o Wb oo relS Sl
Sydise et Qasl 2Sos8 fy azpe () galsbas
2 pshilen S5dee i 5 abmlr alnle

G5 e Sl ) Br oS cusl Lasin (V) Jsaz
oS oo 29nlEe) TY oS, b

S,lge gl 00l howd (Zgedsb 5 (dlS plmlz V Joux
Job yo glite lacunSlicy po b oal )5 5585 Jbww Ao
.sole 4>t BN )a.,oyl; MRS Ty

ne Q, Q, AL
(Hz) (Hz) (nm)
un infiltrated | 1.3997e+15 | 1.3965e+15 2.4
1.32 2.433e+15 | 0.3616e+15 | 3864.4
1.34 2.1239%e+15 | 0.6707e+15 14615
1.36 1.9991e+15 | 0.7955e+15 1020.4
1.38 1.8158e+15 | 0.9788e+15 576.7

415 () S 5 (SSTy iy e foges (F) IS
&9 sldlw  cwShog o

Sl a () S Gllhe wmsie Gisled sdd,y

Y

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

sskr (S5l (ST 5 WSyl ilr slaail Gl 8
SIS 4 Ghe (S5519) qeoy 52 & Cus ()l
S el 00 00,91 (5, sl by aS ailass S )8
CS S A O 3@, 50, el o S 20, = @, + O

oS gl 5l g Sgtl ey glael slagly ulS 3

pl]ll'lp
stokes anti-stokes
), @, 0 0]

(]

oo ez w5 oy by eadiadgh (olS 8 glaadlse Y IS

ools alayly agi ey iS04 Cod 5,8 S'6STy

] 00
Q=w,-0, =0, -0, 1)
s ﬂs b a la

Aoy Ay 5 Sl sl slagly Sulsp Qas

3okl b il ge oS gl (Sly oS gl zaedsb

sl oy ) Qg 558 (Sadjex byd
k=(8,/12)Q" + f,Q% +2/P, =0 (3)

Qi = £~ 28, (3, ++9Z —68,7Py) /e
4
el LB as il a0V g ey 3d 69959 Oy By &S
Gamslxe gl bl o 1, (D) Sasl b B, ek,
(5) ~r‘>-.’.‘°°)5T ﬂz
— DJ“O2
B, = Y
b3 e oy Sl j5 S C g g zaadsb Ag &S
as (Aaff)“ Foe ghiomhw b p; sabal, 5b (7) By
Sl uSe sabal) wlod gl cawas [V] ]
_ N,  n,27 ©)

CAeff 2’0 Aeff

ol i a5 cul s e caSica,e ol jo Nyas
ol ol o N, = 2.6x107°(M? W) L el i,

o2lod gl Comsiy 1) 095 o iy 3 55 abaly Jasgi o571, 0
la]

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1277-fa.html

[ Downloaded from www.opsi.ir on 2025-11-13 ]

VYA (poge VEIY

S5 Ao Y

5 Zedsb Gab i gl b Gl sl Wlie ol o
shosliial sl a5l 9550 (2oedeb 4l (o5l
L o6y Jiw &3 L PCF S 5l PCR s
Gl Bhee 5o o ooli] Galise glbiwSiey o

L sy Jbew 6‘)" A 0y (e 0D oalazwl 89
Jelis 1y ﬂzu_,,,..oS aS ol sl VLYY caSics o

(A1=386x10°1m) (zse sl olml (e § Wiis

Loy Jbw slr oly Gl b sl csslie ol o
ot 9 8L (Rl (il olmlr VLYY CuSihen pd
@ oliws sloe 4 a5 ob ain 100V 4B ol jo
Lol ool Gy zoedsb 51 5i90 (Zoedsk >y
Tyedsk @lmlr Gl (89959 w4l Gy Rl
zoedsb Joee 5 (ol a0 g ol Gl e 5L 1,

25 JpS Ly e

&=y

[1] J. Leagsgaard, S. Barkou, K. Hougaard, M. Nielsen, J. Jensen
and A. Bjarklev."Dispersion Properties of Photonic Crystal
Fiber _ Issues and Opportunities”. Mat. Res. Symp. Proc.
VOL. 797, 2004.

[2] C.J. Knight; “Photonic crystal fibers”; Nature 424, No. 6950,
pp. 847-851, 2003.

[3] H. Stolen. Rogers; “Phase-matched-stimulated four-photon
mixing in silica-fiber waveguides”; Quantum Electronics,
IEEE Journal of 11, No. 3, pp. 100-103, 1975.

[4] Y. Ni, Zhang, L. An, J. Peng and C. Fan. “Dual-Core
Photonic Crystal fibers for Dispersion Compensation”. IEEE
Photonic Technology Letter, VOL. 16, No. 6, 2004.

[5] C.R. Rosberg and F. H. Bennetand D. N. Neshev and P. D.
Rasmussen and O. Bang and W. Krolikowski and A. Bjarklev
and Y. S. Kivshar; “Tunable diffraction and self-defocusing
in liquid-filled photonic crystal fibers”; Optics express 15,
No. 19, pp 12145-12150, 2007.

[6] M. Ebnali. Heidari and F. Dehghan and H. Saghaei and F.
Koohi. Kamali, and M. K. Moravvej. Farshi; “Dispersion
engineering of photonic crystal fibers by means of fluidic
infiltration”; Journal of Modern Optics 59, No. 16, pp 1384-
1390, 2012.

[7] M. Ebnali. Heidari and H. Saghaei and F. Koohi. Kamali and
M. N. Moghadasi and M. K. Moravvej. Farshi; “Proposal for
supercontinuum generation by optofluidic infiltrated photonic
crystal fibers”; Selected Topics in Quantum Electronics,
IEEE Journal of 20, No. 5, pp 582-589, 2014.

B AV ol wels (las s las, (e woollSL Al
allis (5,5 Jlow b ool 3,5 Joied job slayli o o>se sk
FYA-FYD AYAD ol Sy pud el S sl

[91 G. P. Agrawal; “Nonlinear fiber optics”; 5" edition,
Academic press. 2007.

A

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

4 ol lail owilS e gald VLYY clSlheg o
Sz e a4 Jele pl &5 gy e Hlade i
WYY CeaSliogyr booadiGy o Juw fp s

2 oLl T e (V) Jgo 50 a5 aib o

05
S4B * Uninfiltrated
- ILF:LSZ
04r frenning=134
035} s
——_=1.38
< 03 ! + N
£ 025 H ! i
s 3 H
o] H i H
o 02 1 : H
1 1
015 3 i :
04 :
i
005}
o Bl i :
£ ] 05 05 1 15
Q[Hz] x10"

8ol Gfd...wb TVE FEE Lt IWWES VP SV JOUES S KYDN I g L
PCF Jsb cabs,5 )9 Jlw ilizs slocusSiy o sl 4
R PXW ul?u.a‘ mnow Gl u‘y 9 ).._,a\ .

S 4y S STy g ot foged J
Loy o @l comy 6095 a8l alize j0lie
Gl ol imles (8) S 0 VY S
A1 5 s I et e a8 ol il b S
O 5 shP s Sean (Rl G 4 el
el g 3 S5l i 3 S il

36
3 p=10W ‘\\
----- p=30W LY
26 )
i p=50W W
— - W
o - - p=100W 3
E 2 k1
‘E‘ [}
'S 16 %
o L
"
1 [
]
"
06 H
[
n
fo3 1.032 1.034 1.038 1.0¢4
frequency detuning[Hz] x 10"

&l 4 SMI 51 5o sad bas slauils 2 slp o b 0 S
PCF jl e Ve Job 5 N =1.32 &b sl cem cilises laglss
Lo 4>l yo

Oliwe (V) sakaly 5 9 JS0 @ azgs b b e 0
il 85 pgiles e G 0l SRl b Qg
ko Jolite ok bl bl Ol 03
025y 5l e sl ole (Saiil @5, 0 (Zeedsb
s g (Fae]ob o Slaal gl 1wl gole e
Sl w3y 50 095 L8 e Zeedsb A8 &
o] Fslia ole

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1277-fa.html
http://www.tcpdf.org

