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Investigation of Supercontinuum Generation in Photonic Crystal Fibers for
Optical Coherent Tomography in Dental Applications

Hassan, Pakarzadeh?; Tahere, Ezatkhah? ;
Physics Department, Shiraz University of Technology, Shiraz

2Department of Physics, Faculty of Sciences, Islamic Azad University, Fars Science and Research Branch

Abstract- In this paper, we investigate the supercontinuum generation in photonic crystal fibers in the center wavelength
of 1310nm which has applications in dental optical coherence tomography (OCT). Supercontinuum generation in a nonlinear
photonic crystal fiber (PCF) is simulated by solving the generalized nonlinear Schrddinger equation (GNLSE) using the split-
step Fourier (SSF) method. To increase the accuracy of the simulated spectrum, four-order dispersion coefficient, Raman and
self steepening effects are considered. Results show that by properly adjusting the input pump parameters such as the peak
power and the pulse width, as well as the PCF length, a very wide and smooth supercontinuum is generated which leads to a
high-resolution OCT for dental applications.

Keywords: Photonic Crystal Fibers, Supercontinuum Generation, Optical Coherent Tomography, Dental

VoA
Db g s BB WWWLOPSEAT cole j0 a5 el jliel slls 5 )g0 50 allie oy


http://www.opsi.ir/
http://opsi.ir/article-1-548-fa.html

[ Downloaded from opsi.ir on 2025-12-14 ]

5 oIl il sl b OCT (597 909 54
cib Gll nlp b el 65 e e sk L
2,5 aie leie 4 wilg oo n PCF 51 st SCG
Jyol 0K )13 colawl 5,40 OCT oKiws
Szlaio 5o ol 05 5 5 ugten S50
el 00 0018 g [0] g o 0 JolS ok
sy s e dobe goue o L olas opl o
Gibe ared @y e a5 (ga,58 bs,y 4 Al e
02300 Yo (ot e et LPCEF S 50 SCG
10 OCT slao )5 sl VY)Y e NM b 4ol )
S0 ze Jsb (nl a ]y 093 azgi (el ppe (S5
o syl b @l b S (o0 Sslane
ot 6 Jsb 9 (GIh sl 5 Ol Jed3D 6299
b S obodnd ;) b nloen 5 (0
o9b Jol> OCT sl zgo9 0 yen

S Gl =Y
gilslbe o Jlusnpl oy gileand Sl
e a9 by, 4 Al press Suogd Syl
Sdg s sy Aol olo oo (SSF°%) e

7] 05 anlss 5 ISs 4 a8l rens

M:_KA(Z T)-
oz ’

-m—l m
(Zﬂm T AE T ) )

«(AZ,T) I RE)AEZ,T -t)dt)

—00

Glise clys B il 00 Gl e A ST e a8
it ol PCF (s 2 il 7 5 Sl
Lol &b &b R(t) 5 ok 6550 6% @

IV ¥lams o olis
Cod s é Sz Lemlyiss galolas K (V) aolas
Srx d> el bl (Fn e ma B b a s
G ol slp goae Jo Gl o3 Clel pl by ol
J> slp xS18 gy S SSF (g, 058 00y 8

Split-step Fourier °

*AY

St S e olKisls VA YAY ols ©o YO LYY

doddio —)

s pbie bl ghls PCRSHGgss sl slayl
30 a5 S e Connd [0 Iga slo 0,0 5l Cglie
Sl s 5o L"5-°-° 6 sme b (s5lee 9 (g% S
Sl syae b S5sd sk sl s D] wgs o sl
B 4y S (g i CenSl  pS (G50 @Bl 0 a5
Kol ey Gk
Plsr 5l S Ned oo ulae (gike (g0 Al oS
Febly a5 cool opl wal> (5500 slo PCF 295 LI
Wlibn] g8 b b awlio o oyl Jas e
Sl e e (Sad e Iny el 555 LS
1008 oo e 4o b e Ol cad ilEl cels
Slasl @ plgi e G55s8 ok o)l slocee Koo
L oS e o o plb (b o Ll YL gy
B R e B e
Al b Gyl ol dso slo opi> Al L o5l

IY]s 5 slmy) @glie Ty (5,55
Sy sl (b e sl (ke 5l e WPCF
&ly 33 Jlimgey pl Nigd go Cgmire (SCG,ligy |
Sl gy Sle 4y oardl e 3 (Al (Sad g
Wlion Sy (WlRin b 0 gy el (Sl
Lozse Job & oo oad ey b g9 Jgb &5
o Ivlast das é e (ZDWD) a0 Sassl
G g 50 Sl pl gl oo p)l5 (n et |
woe 5,0l8 Sy OCT el (OCT N 5 oo

g sleging wle

Slopngai 1 o5 (ougden b (v JEI5 el
oS gy orl el Cape ol (Sidlsdiee sl
S palas sbml s Vb #5205 Seki Bes ()l y

Iflewl oaly e
AZ )50 2905 (o35 b @i b e Su sl
Dipa S5 ke gagen ok bug Ysol
2n2

T AA
Gl sl o i Sl AL 5 ps 635 50 o0 Jsb

Photonic crystal fiber
Supercontinuum generation *
Zero-Dispersion Wavelength *
Optical coherence tomography *


http://opsi.ir/article-1-548-fa.html

[ Downloaded from opsi.ir on 2025-12-14 ]

Ol 5 Gl a5k 5 0 Sl sl b 2l (S
okl S ol Sk it AW
Slessas oAb s Olp LBl LS el s
B s ems s 5 GPM) B s 0ok
- ol gl LG gk oF 51 6 ks s
Spdeh e b (SUS gy Seliagt ol St

[45V]

o
o

A
)

201

Input Pulse Power [dB]

(Co)

1200 1250 1300 1350 1400 1450
A [nm]

Ouput Pulse Power [dB]
>

200 1250 1300 1350 1400 1450
A [nm]

ol Gl glo oly gy gl b Sl ) JSS
OseYge Jod 5l (e SIS 63955 Ol GBI L 09
e ol (6 Farmy S ME0 A 50 5 S S 295
ek 1, (To) 59505 ok sl 56 (V) Jss
VOW ol (6899 ol slil 0 oads adgs jbiwgn
S Sl Jb e, 4 g b aasge ol

| eoes L T?
Sl SRl 0sd oo iy Lp = %’J &g

OM 05 s S bl Sl el el (695,9 b
cirb sy SRl L 0gd oo (699,9 b b sl
09 obly FaSTn ded 5l (e SIS 95
el ;o5 el Bl 5B eeVaae 5 g ol
Jlis o [35P] b oo 20lS (255 il (S
9 sugd b e Sl 4y e 2alisS (69959 slemdly
» a8 pshiles (plply Wedioo (e Zar b
Ghls IV PS slian b 539)9 ol e09h o0 o JS4
o Gl 500 4 Cond S (29 SHAoR

]

St S e olKisls VA YAY ols ©o YO LYY

bt i gonitly slalame s ol lesil bl
Dy adlgz g S 4 (V) dolse SSF D99y 9O

%:(Iﬁ+N)A D)
oz
Soge 4 (Sarsly Slee ol ;o a8
D=-35 LA )
LI LI
Oygo & bt e Sles
— . i 0
NA=iy(+——-<
et ar)
9

x (A(Z,T)TR(‘[’)|A(Z,T —t)dt’)

(bt SISy (Sadl (5 ok 4 0gd o0 s
b9y o 4SSl wiS oo Jos 6 Jsb 5o plesen
65 ol sLasl s a8 el gl culy s, SSF
Sl g (b e Sl N e o8 S )
L b Job dowlye [8] aiS o Joe St &g
Cao*ué )Q )b aS oj&iLsA ﬂ%ﬁuﬁj h LSL&AEf b CﬁOmMé Pq

5,08 o 36 e 5k N g D sla Shoe

abgy o ld ey g b - ¥

L (V) salolee oo 1580 05 5l oslinnl b o2 cnl 5o
L PCF &l bxyl jo oS o J> SSF g,
sk b 7 =01108W "M oy a1 ol
S FOR0! B P ROV S F 0 C ON R
L oy ) wpe b o) o6 HNL_GePCF
& o> b o> alol sdge =1.12A
ail> o lep olo 0,80 Jad yioren 0 A =0.73um
b Cwl plp e 4 ey g ok poe ped Jdl

dy =0.29A,d, =0.78A,dg = 0.83A,d, = dg = 0.95A

<AY

VIOPS Sloy sl LAYV -NM b (655 70 z5e Job
IS 55 09 e 0oliw 3 PCF 50 4, VOW lss o
SO18 ok M Sl g ol il Ol s (V)
OLL YIOPS ol sl b a5 el cilses gla
Vs s ol cab () ) K o e sl
S oslilen das o Ll ) (ors 2 HL b (O


http://opsi.ir/article-1-548-fa.html

[ Downloaded from opsi.ir on 2025-12-14 ]

9 O b el b Sling ol e SO «OCT) i,
sl wdel Cawny o 4 axgi b cwnl p3Y lsen
£+ Wisos,5 oI5 5 /VPS sligg b oS )Ly by S
4 PCF o g0 YV MM (655 10 zye Job o
5 Ot b Hliwg ol SO 0gd ool B Ve M ol
@ yie a5 Wl o Cawds (Yoo NM 550> 10) Jlsen
» OCT 5las gl YYASNIM  Job 7554
A dwlem Siglass

&l

[1] Russell, Philip (2003) Photonic Crystal Fibers. Science,
Vol. 299, No. 5605, 358-362.
[2] F. Poli, A. Cucinotta, and S. Selleri (2007) Photonic

Crystal Fibers Properties and Applications. Springer

[3] Dudley, J. M. Genty, G., and Cohen, S. (2006)
Supercontinuum generation in photonic crystal fiber.
Reviews of Modern Physics, Vol. 78, No. 4, 1135-1184.

[4] Sander, Birgit and Qiang Li, Xiao (2011) Optical
Coherence Tomography: A review of current technology
and its implications for clinical applications. SJOVS, Vol.
4, No. 2 - Review (in English).

[5] Drexler, Wolfgang; Fujimoto, James G. (2008) Optical
Coherence Tomography Technology and Applications.
Springer-Verlag Berlin Heidelberg.

[6] Agrawal, Govind p. (2013) Nonlinear Fiber Optics. Fifth
edition, California: Elsevier.

[7] Zheltikov, A.M. (2006) Let there be white light:
supercontinuum generation by ultrashort laser pulses.
Physics — Uspekhi, 49 (6), 605 — 628.

[8] Hossain, M.A., Namihira, Y., Razzak, S.M.A., Islam,
M.A,, Liu, J., Kaijage, S.F., Hirako, Y. (2012) Design of
all normal dispersion highly nonlinear photonic crystal
fibers for supercontinuum light sources: Applications to
optical coherence tomography systems. Optics & Laser
Technology, Vol.44, Issue 4, 976-980.

[9] Dudley, J. M., Taylor, J. R. (2010) Supercontinuum
generation in optical fibers. Cambridge University Press.

(i gl oKl AYAY ole 5o YO LYY

N
(=]

w
o

Ouput Pulse Power [dB]
= N
(=} o

o

"800 1250 1300 1350 1400
Alnm]

bl ooy sl b biogn pl cib Slpss oY S
090 Obly (FasSly ed 1 s DA GG sl Gl

Sgdbon o5 b Gl g b o 2olS b
oy sy sl stsm pl b PCE ok sty
oals las ¥ IS jo s W 9959 oles 9+ /\PS ol
‘)U J}.’o u»«u‘ﬁl gl (o sdalin a5 )5.|44Lo.lb Cewl 00l
Dedoe yugd olly Bl e b )i pae el
Slrge Job 5l OlsF a5 958 (oo sl (el ST &g o

b 5L 555 sl ge Jsb G 4 S oS
50
40}
3
= 5
g
§ 20}
H
5 10
3 —L=50m
of ~--L=100m
L=200m
s 1200 1250

1300 1350 1400 1450 1500
A [nm]

b5l il sla Jsb 6li) 4 Jliwga p) b Sl s ¥ JSS
£ W (50955 055 50 1VPS b Wy sl sln 59958 55k

Sl b oy 5 e Vv Jobl PCF & (sl o s
Ot e SLise ol So 4 F e W 5955 ls5 5+ /VPS
Sy S5 @ azgi L) Jloes Jlown 5 Voo M S50 50
Sopslais glao IS 0 (58 wgden (S8l Seeg
.05_3 AQ‘P &.)91]44 )L.u.s

S5 am ¥

o5e) Al e S g s oS Ll
R >_la:>)..c ‘_;o..\.;..i)lg: Lo S O ol il
sl Shs Jdo PCF) Ssisd job o )b 5l s e
é‘ﬁ .D; oolaw! )L.wj.uf»‘ A.Jy 6‘).3 uL.m))m pazuse
g (Sl 505 10 pglal zeds (p e 4 ol


http://www.sciencedirect.com/science/journal/00303992/44/4
http://opsi.ir/article-1-548-fa.html
http://www.tcpdf.org

