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Visible supercontinuum generation in silica-based photonic crystal fiber in
normal dispersion regime

H. Saghaei‘, M. K. Moravvej-FarshiY, and M. Ebnali-Heidari"

‘Department of Electrical Engineering, Science and Research Branch, Islamic Azad University,
Tehran YFYYAQYAND, Iran
YFaculty of Electrical and Computer Engineering, Advanced Device Simulation Lab,
Tarbiat Modares University, PO Box Y1V 1&-14¥, Tehran, YFY YV ATV # Iran

vFacuIty of Engineering, Sharekord University, Sharekord, AAYAZY ¥\ Y, Iran

Abstract- In this paper, we propose a silica-based photonic crystal fiber (PCF) for visible supercontinuum
generation. We, first engineer and optimize both dispersion and nonlinear parameters by varying the air-holes
diameter, lattice constant and the number of air-holes rings. Then simulation results demonstrate that by

launching an optical pulse with &- fs time width, £+ kW peak power and center wavelength of #¥¥ nm in

normal dispersion region of the fiber into a Y--mm long PCF, a supercontinuum in visible region can be
obtained at the end of the fiber.

Keywords: Optofluidic infiltration, PCF, Supercontinuum generation, and Dispersion engineering.

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


http://www.opsi.ir/
http://www.opsi.ir/article-1-616-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

g Slali coyo oy cdga g a d ol jo as
cord b kw722 50 )5 5 (siSos ol s e
(Vo] slacbe b iy ot ity oo e o

R(®) = U £)50) + £,1,(),

)
ol o aS s Y@, = o, /cA (@) g7, =0y/®
6lad o e laml cepm Con= YV mi W
g 0l5

. 2

(J'_“F(x,y)rdxdy]

Ak =~
jj|F(x,y)|4dxdy

= Ay

el By Olee hel e sl 5o ghitle
©ousS slo fr= VA ol (V) gakal, jo cogdleay

el STs W 3() 5 53l bl gl &b e
DT g oo aculne i alasl,y sllas hg(Y)

P +1l .
h (t) = 2552 exp(-t/z,)sin(-t/7,),
172 f)
(V) aal, o awe 7= YY S g ay= VY,V s a5

i 55 g 90 oo lbas e (Sadl oyl

LRy
B =1N, =n,/c, B, =(A*[27c)D,
n>3
By =d"p,,/de"
1/ D>y (a)

)aojﬁw%)&B;;sﬁHQBngl)oJM

g il b
o Ad’Re(n, (1)}
2

4 09,5 e (Saly 5l (GBU 09,5 Cae s (Saidly
P LU ol 1d She CanS cu b Netr 5 oo Jsb

Q‘ u‘h_g" «(V) 4-'4-3‘) ‘5&%)@ S5SS Q.'Z.».‘fa‘o )L.‘.“’;-""
7 53 (SSFM) 6l5 .S b 58 iy, 31 oolial L

o ol mlS &S sse gdas Jo b Sl b
g oo Al p)lox

Silwand gl 9 golpduiay LS Lw Y
Copde 5 JyuS il plo dedde [0 a5 4eSles
b adg e e g (Sail sleyielly loses
ol Ban oS ol el (55950 syl o

ARIAE

St S e olKisls A YAY ols ©o YOLYY

doddio —)

Sl @y Sl Sl b pogen (b [l pl ol
bome oI YL Gl LboolbsS Gl S see boaS
DT oz salgs adg Sgigd ok b aline s 2
Soild (S5398 job jd Gl p Hliwgn ol b g
b s syl JyuS y (Sadl 335 copoe
b sla et ) esiie slalisle i Y] col
Aloals slptieg g ol aub gy adgi Cuz Soish
ool s ¢ [V]od 00 0ps 4 Ul &
JUES RN PRVESENUETIN |  BPCOUJNCN N FVNRPIF P8
oo o IS s (oo Lbk‘j ooy s dadal>
PG ot e g o o b olge 5l solizul [0] 1sa
WDgom Bl oSl gloaind wlie Kl gl> «
FRNTITIN RIS O IR 2 ORI LPRRU N
i oy ogei o Lal [A V] (6,55 s slgn (slao i
aS ols alizes pole jo (g0l slao p,lS liwsw
el (i 59 Gy 598 Wi ol 5l oz o p)lS
4 8 slaaddse jpa> siels s 9 oy
Yoo Q_,.,J‘ Ya. LsLR’Cﬁ‘Q J9l¢ 00gdZte jO dlwgmy O g2
aY glo,ad 5l oolatul b oiize [A] el tegil
0 S0 9 gz ;0 Jlwgn 2l b a4 (65935
LIV] el cole o Saos oyl JSiw o5 wjls
SLSs Sad oad sl inb sboadlge a5 pl 4 4> g
355 BT Sgigd 55k yd 5l ooy sladsb po b il
eodige bocwl e il wesee ol
e lagull JmS g (Sl alaedss
» Slger b B oosd w8l bl
S e 00 iz Jsbo o (S0 55 Eae Job esgacme

s o oS5 1) dllie ol Glaal a5 548 Jol>

b 595 $y9 ol HLi! Joeo Y

Glgly il g A SO Sl lae hes b (5,9 by
syt 755y iy 5 b 52 0 5 0
[V Jos5n choogs s ek ;500055 saloleo sy

M

“i[rayring]

4 n
%+ZA+Zi(”’1)ﬂa A
oz 2 ~ n!ot"

<A (2 ,t)TR(t')‘A(z t —t')rdt

—o0


http://www.opsi.ir/article-1-616-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

[
=1
S

[=]

n
o
2

Dispersion (ps/(nm.km))
» b
S o
‘? (=]

@
o
=1

i I i i
0.4 06 08 1 1.2 14 1.6 1.8
Wavelength (pm)

N UK 8 lp g Jsb cs p (Sarsl Y s

©w

28
N
E 286
2
2
224
o
Z
T 22
&
pir}

[N

i i
0.4 0.6 0.8 1 1.2 14 1.6 1.8
Wavelength (pm)

VS5 b (sl 290 sl o st e e s Y S

Nonlinear Parameter (1/(\W.m))

i
0.8 1 1.2 1.4 1.8 1.8
Wavelength (pm)

N USS b ln mge Jsb ce GBS et oo S

0.4 06

gl ol do ln g 95500 Ol S0, (b s
X el S 4o sads Lols clo Jilg 5l alobes gl
ol &8 Sl 65902 6299 53 Toe Jsb 0 F o Y
J992 53 (639)9 55 5 Fegils PYY zge Job yo culyo
Lol Jo a doles cgsisl 5l mn ilonis @l )
(SSFM) o5 LS U ay,58 (o0 i, 5l oslial
3 o Gilwans mls aS wl el asl
ools olas & IS @lhae yud 5l e e Yo Job
>l )5 6995 & Toe Jsb allie (nl jo wloads
Sade a5l ol ad s s o Jbg Sl
SVYP psinmKm b ol zee Job ol jo (Sonil
Aoy Jlop (Saril ol Hlade 4 azgi b e
5 899> 5B gmaVode g pl b olml o
5o Sligind a4y Comd sl ol 4 Sl LSS,
Jol Cel Caye iz s dlie cnl anee cnl o
ol Jlog (Fail 4ol 5 camy gan s <S2]
dnlie )3 a5 Cesl fo e Vo dga> 3 b ok pgo

ARIAN

(g ey ozl AYAY ol 50 YO LYY

ool (Syo y58 00gume )3 Jlwg pl b wy allie
553 edgdme ;3 (SRl Cupde 5 S5 cnlple
b s eSS 4oy WY USE ed e plox]
Of ghie gl 5yl Yo b @ JLa 3,50 (Jgish
lo i (o 830 (laled (g b 40 L,
ook pe Wopls Blbl g 18 550 0 S S5 @
el Wk iz 5l b onims S5 (Lol
Aien Jgp slaojix Sibles ) (s iaS1S (slaopls
O Jan (sloo i a5 VA UM A b 5450
5,5 5,0 ¥ M C e s S5 5 ) pm
Foe ghie zho God Jolbs ol JJo a5 aileass
zoe Job oo Vb (bt pe cu o Sules )0 5 SasS
CeaS upe G5 0 bt 69955 g
L Sellmeier alal; slae zgo Job s p Kl
d Fge CanSll g 0 FDTD (goue g, 3l colaiul
() alal) bwgs o 958 o0 dmlne oo Jsbo 0 5o
S ogdoe Jol> zoe Job o p (Soril Jlyp
st 5| oolitad b el sad ) ¥ S o
Job s b Sge ghile mhaw ¥ JSS (goue
abl, 5l el L o9 wms e plis ) o
U s e b ey ) = manfed )
FUSS j0 0ud dulbone polide a5 068 oo dmlne 5o
Jsb 53 695 b ) (o p 4 ST ilons il
p9d AFu )3 & seboles mjlop e (S9is8 ok b
oo Loyt b 05y 5 b Sl w5 ol

@ Silica Air

l— wnu gz —>| t

(1

2= G (@ faidee Vo ok & (S9568 55l b (1Y S0

ol osle 3l (5 1uS15 K5, b Ign (sloo yi 45 1 alaie prlans |

5 V,8 UM L dp den slaoyas b ) A UM A (b gaSs
e ¥ UM AC (b et b


http://www.opsi.ir/article-1-616-fa.html

[ Downloaded from www.opsi.ir on 2025-12-17 ]

30 (Sl Gl glead e polie g as ol oo ) Jgos
9939 55 oo Job yegil FYV

)U.S.e sles ‘eLi

OWYWEmTt Y s pé o

vy s2 m 5, VoA ,e Sl cu e

a0 Tstm | B | Y A Seail cays

AT s | B, ¥ a,e Soxil oyl

YA st Imo 0 i ye Saily cuyd

vy Mst Im B, # adpe Saisl ey

AT | B, | Ve Stk eyt

&=y

[\ A. Husakou, and J. Herrmann, ‘“Supercontinuum
generation of higher-order solitons by fission in photonic
crystal fibers,” Phy. Rev. Lett, vol. AY, no. Y+, pp.
Yeraay Y,

[Y]  P. Russell, “Photonic crystal fibers,” Sci., vol. Y44, no.
o710 pp. YOAYVIY Y..¥,

[¥] J. Cascante-Vindas, A. Diez, J. Cruz, M. Andrés, E.
Silvestre, J. Miret, and A. Ortigosa-Blanch, “Tapering
photonic crystal fibres for supercontinuum generation
with nanosecond pulses at ©¥Y nm,” Opt. Comm., vol.
YAV, NO. ¥, pp. £YT-EFA YA

[¢]  J. M. Dudley, G. Genty, and S. Coen, “Supercontinuum
generation in photonic crystal fiber,” Rev. Mod. Phy.,
vol. YA, no. ¢, pp. AR KRR

[°] M. Yan, and P. Shum, “Air guiding with honeycomb
photonic bandgap fiber ”,Pho. Tech. Lett., IEEE, vol. 'V,
no. ", pp. 117 Yewo,

['] J. Hu, C. Menyuk, L. Shaw, J. Sanghera, and I.
Aggarwal, "Supercontinuum generation in an AsYSeY-
based chalcogenide PCF using four-wave mixing and
soliton self-frequency shift." pp. )-¥.

[V] M. Ebnali-Heidari, F. Dehghan, H. Saghaei, F. Koohi-
Kamali, and M. Moravvej-Farshi, “Dispersion
engineering of photonic crystal fibers by means of fluidic
infiltration,” Journal of Mod. Opt., vol. 4, no. V1, pp.
AFAEFAL YNy,

[A] M. Ebnali-Heidari, H. Saghaei, F. Koohi-Kamali, M
Naser-Moghadasi, and M. K. Moravvej-Farshi, “Proposal
for Supercontinuum Generation by Optofluidic Infiltrated
Photonic Crystal Fibers,” Sel. Top. Quant. Elect., IEEE
Journal of, vol. Y+, no. e.Y+1¢

[41 J. M. Stone, and J. C. Knight, “Visibly “white” light
generation in uniform photonic crystal fiber using a
microchip laser,” Opt. Exp., vol. Y%, no. €, pp. YiV.-
YV YA,

[Y+] G.P. Agrawal, Nonlinear fiber optics: Springer, Y+ ++

ARTANS

)L)-MJB—A-))-)‘ u...io A.Jy 03.04 o)l.w|

51 osliial b olgise Ll ol 502l

(it S olKisls AYAY oo (g0 YO LYY

Jsb o5 laadllis plu ;o 0l &il)l (Sgigd jols slayd L
g &S oo oolw | J ol g e il 0o v LQJT
Sga 50 oo Jsb b (69959 i 009 9z ge pm
2l el ClaskS P ols a5 egl PYY
ol & wb a8 glass
Gl 50,8 yg0le 00guze ;O Wik gl 0dgute p ogdle
ol Dad stz e
Soles 4y b Syl ;5 BG YA L s RG AD (sl yilé

Dyt Bd> 1, LQQT

Sy Az -F
e Sl b (o398 jsky b S ol e ol o
b rf uyd g (Sl by e 0D &l ond
e 603e g, 5l eolinul b zge Jsb o

S e SKu0g,d dole ool &l glo s
b aolee ol s ad (umgill 5598 el HLal
Ly odb slp a8 SIS Lo j58 b, 5l eolaal
S g Jsb 5 00 fs Ll (o £ KW lgs
Az oS ob Jo 5l se L Yoo Job 50 £YYIM
Sl )3 e y55 039950 53 Jltwg ol il wdes ]

,”"' “}‘“ '\ (I ‘

Length (mm)

400 500 633 700 850

Wavelength (nm)

S eisee Ve sk )0 (Sy0 558 03game 5o g pl il 0 JS5

(SP9 sk et


http://www.opsi.ir/article-1-616-fa.html
http://www.tcpdf.org

