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Hydrogen Sulfide Gas Sensor Based On Photonic Crystal Fiber
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Abstract:In this paper, a new geometric structure is designed for a photonic crystal fiber as a hydrogen sulfide
gas sensor. The PCF based gas sensors can detect the concentration of chemical material such as hydrogen sulfide
.The geometric structure design is such that it enhances the interaction of light and gas in the fiber core and
decreases the confinement loss and increases the relative sensitivity of the sensor.

The overall calculation is completed by using a finite element method (FEM) with a perfectly matched layer (PML)
boundary condition. The investigated results reveal the relative sensitivity of %¢¢V,¥3¢ and confinement loss of
V,1x10°° dB/cm at the 1.55um wavelength.
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® Absorption spectroscopy
* Beer-Lambert
¥ Reduction Factor

' Index Guiding Fiber

¥ Bandgap Guiding Fiber

¥ Solid-Core Photonic Crystal Fiber (SC-PCF)

¥ Hollow-Core Photonic Crystal Fiber (HC-PCF)


https://opsi.ir/article-1-2526-fa.html

[ Downloaded from opsi.ir on 2026-02-07 ]

VR ot VE VY ol eliss 3lsal ol yan anged olSitils

072 s> S g (s Cesl 1) T Sl e 51 S
el 00,5 QB K (sl a0k Wil 5 05 (o0
o9k 65 S g (oo JliS b 5si b s a5 j5b ples
aS job slen L3 sla adl yulsl o e |, Sogid
oS oo i i Lo [9] means e 5 bl allio 5o
&z e dlie g5k 5o (b sl abl> sl oyie jlad l58l L
e b eyl sl Lo yoran il a8l o il Lo
S B gy 4l (6l 0,05 a4 > (sl 0 i
)_:zp..,.;lj;;., GU o a8, )15 4 oole) die) (g CnSlls oy
o Olali g s Gl 5l ol (U Gl dasin I S
oS g |

S5 55k b sl p soleiig Lol ol JS

dwain HiSle yeomen Jud WYl Olpss Jlasl b > ol o
G el g o T ol g ((oxko cutmy alo Lid) s o i
LSl (g Al eSS o g (A)asSs o8
sl gl el SIS e sl a5 [9] ez
o> Sl g e Celes gl a5 o il lagan

EL 65 ool

B sl suu Sl 09d (oo (o Wlis cpl o
3 G5 1, o ol e o 4y 5 35 ol b
ly golpin Jisle 1 S ans oo 2alS | cas olals
dng)‘fJ.o sl 00> lad ‘_o;l.x'za).';.,o‘)l.:~ shls as .aas = olad
)L._‘>L~u u.")\) w‘/\ 45.‘..» wl) u’-’-"‘“""sdll—‘” o).a.>)aLw5
coys (Sly 38 il adyog oo S0 ane ool
b 5155 Ul ol o 428,585,555 e o &0 St

=L gl g cli ) st po Y, d925e glo
s B8 Yo (pl gl ases (o as Wil s 5 ks 01/5

355 (oo iy 2) alad,

=
=l @

oS el (gl oole Sl S hek Ceand N o] 0 oS
a8 5l 50l Loy e 5B (6l 09d odummin ol 13
0dd Colud 350 ige CanSll (b Rl Coowd Mg 5 00l
o D7 ] wges dibte )58 Oy o Falad; al 5o o

B985 oo Gl (V) doles Blas g el IS les

f — thIes, core(ExHy - Eny)dXdy ( 3)
(E.H, — E,H,) dxdy

ftotal

ad, L5 olge g U jlsle a4 )b pond Conlis (Cid> o
aad allie cpl o a8 Coul aiudly (63959 595 3o Jsb o o)1 50
s Sl pdd (50 alizee (la el )l 5aad b ool
S el

> olals
e 2o a4 o (6550 5 a8 U S ls jo g8 Ll
odpol ol se puem lali BNl £g5 (] WS oo s B
[V]-255 0
Sl wassl vgaomel ids 4l o op> a5 Jise o
S ot ol ol Jog 53 Ul 355 (g0 i (o ) (253
Sl iogaome 39250 olep sla 0,0 ATl Lo 4 g ol
(@) alayly 5l as cils wales 892y o lal Glgie Co
[¥-A] ol e ey

L. = 8.686kyIm[n,] )

b (ile s coro )l loebl gl lanl cwed ol o

25 b ol Gl e g eSS (o e 1y el Al o
2 e 3 o i St gl5 b ol sha sl


https://opsi.ir/article-1-2526-fa.html

[ Downloaded from opsi.ir on 2026-02-07 ]

VR ot VE VY ol eliss 3lsal ol yan anged olSitils

IR pr b (9,5 (oo Sl logas oY oleds SO

&l Fowlew
o5 soudile gl 55 oYL o5 )5 1ol > LL o
alie ol 5l a5 dgie axly oDl o1 oKl § ) LSSl
b 6oliRlw ol sl 03,5 Colex iy cale
s el

Lz

[1] S.G. Johnson.“Photonic Crystals: From Theory to
Practice.” Ph.D. Thesis, Massachusetts Institute
of Technology(MIT), U.S.A. 2001.

[2] Y.L.Hoo, W.Jin, Ch. Shi, H. L. Ho, D. N. Wang, and
Sh. C. Ruan, "Design and modeling of a photonic
crystal fiber gas sensor,"Appl. Opt., vol. 42, pp. 3509-
3515, 2003

[3] J. Park,S. Lee,S. Kim,and K. Oh, “Enhancement of
chemical sensing capability in a photonic crystal fiber
with a hollow high index ring defect at the center,”
Optics Express, vol. 19, No. 3, 2011.

Ol i o &8 18 adl 65, aeliyy poee g0l b el l gola [

daliale « "anilp (39,008 5 3,555 31 AU (Faje 5l Ay e
ATAY Qo lader)pl 58 5 o adg g BlasST gy oole

[5] F. Poli, A. CucinottaAnd S. Selleri. Photonic Crystal
Fibers Properties and Applications, Netherlands:
Springer, 2007.

[6] M. Morshed, Md. Imran Hasan, and S. M.
AbdurRazzak, “Enhancement of the Sensitivity of Gas
Sensor Based on Microstructure Optical Fiber,”
Photonic Sensors, vol. 5, No. 4, pp. 312-320, 2015.

[7]1 C. Sibilia, T.M. Benson, M. Marciniak and T. Szoplik.
Photonic Crystals: Physics and Technology, Italy:
Springer, 2008.

[8] S. Olyaee, A. Naraghi and V. Ahmadi, “High
sensitivity evanescent-field gas sensor based on
modified photonic crystal fiber for gas condensate and
air pollution monitoring,” Optik - Int. J. Light Electron
Opt., vol. 125, pp. 596-600, Jan. 2014.

[9] S. Olyaee, H. Arman, and A. Naraghi, "Design,
simulation, and optimization of acetylene gas sensor
using hollow-core photonic bandgap fiber," Sensor
Letters, vol. 13, no. 5, pp. 387-392, 2015.

[10] L. Bagio, "Finite element modeling of
electrochemical biosensors,” California  State
University, Northridge, 2019.

Sobply bboojie S e sl el il
g ,hs A=LB6 pm as col olgriy pCfjscel
Ab g =102 UMy gy 6 ail> sla o iyl
ol 0 a3 5 a5 s dyy =0/45 UM il 5 655 0 sl 00>
Olew was oo LAy absge Glae Db @ Ko JS2
Sy ped 35 pe )0 il 390 05l oo oamline IS0 a5 b
el 165 s (o OlalS A 05 00

ol b oyi jlad S Gl L Ol (oe)liSle cnly
Aot Sl RS Ll ol Al (oo Sl oS0
I3 (gin 42 s il o I3 gy 5 Iy S S
(§ 0> b 4z m b el s i (5,8 S ol S
o) Gl eSSl aBly Sz 655
0F OlF e g 3l dlugy (Ll (g tin Syl da
Combus 2818 0 lg0 el jolologds sodgums atnd axlyo
S gt Iy Senl JSie lojen ol 4y (pu Al 5 YL
S, ol asdlas b o] o Bligsgd oo (6,550 B
Sl g a0 445 s canlas 00l vy p ms [7]
VOO zge Job p0 e Blw | b oo VY x 1077 s
e o i3, e oo

Effective mode index=1.1334 Surface: Electric field norm (v/m) a

y‘va

1o ol b JomslS J33 5 b (55 e Y o les IS5

oad ,S3
Global: (1) o
T T T T T
501 — Solution=1 | 7
a5} s —— Solution=2 | |
S~ el — Solution=3
40 /// 4
SIED /
oy "
2 30 /S
2 2
@ 7
§ 2t 1
20 / C
%
15 /
L/ 4
10 Y'/ Il 1 L Il 1
1 1:2 14 1.6 1.8 x107°

lam0 (m)


https://opsi.ir/article-1-2526-fa.html
http://www.tcpdf.org

