[ Downloaded from www.opsi.ir on 2025-11-09 ]

tonics
Q0O S"c,‘

) ; “ w2 g 3 z .’ :’
A 3 semts sl s s |[$IGE
K

Lige e oKl A TAY ola (65 YO b YY

Optjc, ~
.
)

N\

s AN S (b Qgamdly LIS AL BT BTCIST W LNV PIEY IR
P95 Sezmo (5070 Lungeo
Ol ey «Sa3ed 09,5 eyl e oDl S5 ol il

33§99 ek (b aewdly Wald (wlwl (5598 b SR ;0 38 s 4 GU I eoliiwl ColslB Alio () yo — cuuS
¢ @Y ilio gla cwls g (0,8 g Mb) lize 35 90 b (xbaw (9ol Waldd 4l 2 (6595 jd Hgmow Camwlins ol 00
s il 3 36 Y el Shol33l b a8 Wil 0318 Lid Srlesle ol ol sl Cawds S04 jokas P T30

G rd g Comlins L8 90 lp (LS Sldnlis Il 50 &5 Cuwl ould (asdo ol il (o0 1P 3 o9 et
ol 035 31 ot Mo ¥ b (oxbaun (ygomdly A alS 1 (e

L5)9‘ )....3 ‘)i.o ‘wLo “_sz!a...: QWM‘ oLl 703‘5 AJS

Investigation of Sensitivity of the Surface Plasmon Resonance Based Fiber
Optic Sensor with Metal Nanolayer

Mahsa Moharrami, Mohammad Kouhi
Department of Physics, College of Science, Tabriz Branch, Islamic Azad University, Tabriz, Iran.

Abstract- In this paper the capability of metals nanolayer used in surface plasmon resonance (SPR) based fiber optic sensing
is investigated theoretically. The sensitivity of the SPR based fiber optic sensor with two different metals (gold and silver)
and various thickness of the metal film is obtained numerically. The calculation results are shown that with increasing of
thickness of the metal film the sensitivity of fiber optic sensor is increased too. Furthermore, it is found that in the SPR based
fiber optic sensor with same thickness of two metals, Au metal film has further sensitivity than Ag.

Keywords: surface plasmon resonance, sensitivity, sensor, fiber optic

\YY
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-1-494-en.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

o996 Y

ol |y allie cpl o adlhe 5y50 K slads VS5
LU 6yy pd e Slbl Sl iligy oo oo
Loy oo axslyy Sl coond 3l ol aly canSs o

5 ool LS Y o oMb lls 51 SU s A
8ls Ll S5l 9 ogdie ablsl wlis lawe Lawgs

A8 sl jo (Jlge (IS sleebsl 5l am g ot 50
beome conSs 2 (S i 055 (o0 (5L SIS

Al aely b 5l gy0ee 598 DAl s Eel ol
Lol )5 Gome Ol amlre lp allie ol o
coyo lanl [B] ol YN Joo (ows e (o, 5l oolicl
o ol e Sy Pop b ol s 1y bk

2
2 Oables Gbos abeeRy =[rp|” (Sasbil
2565 (o0 )1 odliul 8590 03 le 5 (5 pgme (g e

50&y”‘d§6mu&)|MMJ9|6my
O yoelin SuSTy 6 dal) il QTMMSM;»J.@

313 (K goo Job
2 2 2

mA) =1+ ;M >+ 2321 >+ :‘31 5 o)
A=bS A7y A°-Dbs

Sensing Medium

Metal Nanolayer

Surface Plasmon Wave

GoF by s P gendly ais S 1) S

polie g 00g o 9,80 e A zee Job &S

a, = 0.6962663a, = 0.4079426 a5 = 0.8974794

b, =0.0684043um,b, =0.1162414,m,b; =9.896161.m

6o ol adlas pate Glebes b Sl3ls 6 pgo Y
] Al BB 0g,0 Jow llas 38 2 S SIS

222,

Em(A) =1-— L —
22 (A +i2)

D)

\YY

(it S olKasls AYAY ol (g0 YO LYY

doddio —)

Sl (ol sla oy 5l (So (b gedl Wi
Sgigd 9 Suul saxie glao IS mils o oS
Sys0 Oelsl sl a8 5 18 gob) udize azgi )90
6y (SPR) b ogendly  apais  eolitl
Jo s Dgslies 5 Sl by Lo ISl
5 2y Olidss am 4 ol 51l ool ()55 VAAY

Lo-Ylcwl a8 5 plosil aie) ol 5o 5L 5,95

Loy gl yo 051 (sladg Sl grozr diws (oS
S Slilse a4 (g8 (punbliney xSl zse Lasil el
Oy oo Seogd (oo S Sl o3l S i
05 AL by (b Geendy Zaeielie (ol
Silse S e 5100 TM= 05 3 55) P oy )2
o9 kel ol 28y g aB Sl (6998 axio
S5 il plp e b (rlaw Gpedy Zse 5 (S0
5 ol agly 4 (S o hylps asl  sl!
e oSl calpd izen 5 26 8 zse Jsb
NS gy 2 Sl P9y 99 9l SSIl g0 5 5 sle
69 e Job ST ol v92y (s gedly
S sl angly Gl 4 agd ools pss B a5 <ol
SOl e al jo was cal b asl e slesl wass
0 03l (sl gl oy By (nl b pealys axlse
L ozge Job b b (o) p (G 90 by 0 05
S e 58 mae Jsb G asly prdls a5 el
AWl ol zge Jsb o 0 ot oS 0gh e 00l
@ S (zoe Jsb b asly ) wois yul)l wdl .

D)l 518 5 S Sl (60 Lame Sl ol o

e (s gendl wais Ko Slgol S5 o5l
Dyd (oo (Sl S Cudgie czge jedie
G5 0 wily oo S g58 Gl coizren
S,z )0 555 )8 eoliial 5550 590 ol 5l S
Cudgice (§)95 yd g (e (e Hgendly oS
OY gl Culrs dlas opl jo .l ool > 399 sl
ol b g Sl 5 el 08 5 Ml LB
ol dle (g3 Djpar (2oe Jsb (onn OB, )
G Y culxs gl L aes o olid bl cwl

oo ! o w0, Sl 18 53, sl


http://www.opsi.ir/article-1-494-en.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

zse Jsb 5l b Sope @ erdle s some Oy (S
Aol CaSs oo Jlaie SO sl 0ad oo dle
o S5 OlF WAl zae Jsb sl 4 el
ojlail & ulis lare CanSls oo ST 0l dales
Lul> Opeg o3l a4 wauis zae Job WS s AN
Oty WALS (688 Hge Comwles 090 o0
Il s Dy (5y5 b g (e (b
ConSlls gyl pdd & WAL zge Job obul>
Mres

S
Con g s -Y

b oae (SosiS dlas (pl jo oae Slawlrws sl y
4 Jyb 5 D=600UM (5,305 b NAZ0.18 (55
Cwles 90 glp sl suls ol L=15mm . ol
s boo,al 9 b S5 sle 4Y d=40nm 4 d=10nm
Sz o5lley g el 4l CSs oyl ol

el 00 dlxe (g00s glay

b6y md S 3l syoee 59 opdloy lgs ¥ S
e oo oLa oe Job 5l (b Sjpa )0l Y ol
Sl el leie 4 wles 4ol calSs oyl
Sy u‘y )‘Lb AJYle e Cwlbus sé 6‘,1 9 03

el 00l oalo uL.M.»

ool 4l CaSS upe Gl LY SO Gillae
Jsb b Rl ol b (oo Rl oS e Jsbo
o lp b b CalSh oo b il 20
@ arg bWl o il aVel slebis polis
B dzgi (aw Gedly gleel jlasl Cul Sl s
Oyl glosl jlasil cub e o ¥ oalal) b
Sl oyl swlol i wpais bl il s o xdaa
i 5 el e 2SS CwSS oyl s
5 039 SSZsS (e eendl glesl jlasl ol
03,510 SSzsS Slezrge Jsb po wats bl onlpls
5 op casd culys lp alin ey [flogs
b o 555 Juds a4 wais buyld el laiore
For Slhzse Jsb o e el glsel jLicl

a3l

YO

St S e olKisls VYAY ols ©o YOLYY

AT a5 e 08 5 Wb 5,95 5 5 Lowdly (slzse 5o

for Gold 4, =0.16826.m, A; =8.9342um
for Silver 4, = 0.14541um, 4. =17.614 um

u.‘]o oby (&]&ll 60) U"L‘“} Jam Py AJY
Jo).u R PR WA K S VY2 BYLYe )| QT S

2 . v
7n1 sin 6 = Re{K¢p} QD)

b Ggedly el culig, 22 | fnfs T s as
2 PT % Em + £

ams o L 1) oxdan gendly jLasil ool i

oo aidlety (il glagiy el asil (28 L
ol gl Sk Oles sl asly mis eed (5,98 e
91T oo sy o5 Al 51 ()95 b SB35 0

n12 sin g cosd

dPoc ——————
- nl2 cos? 6)2

do 49
9 ped At mhans g ogas b L aSo b o aigly 0 a5
‘5‘).1 | ).».:_‘3 d S w).o n19 039 w.wy
slawi gl a1y (Sanlbsh fee sy le amlxe

S Oly g odile) pwlo axb Jsb o Labisl

14,51 0yl oo vy 5 alaly 511 05dle 5
[F Ryt @ _m?singcoso |
O " (1—n12 cos? 0)2

z 2 ©®
J‘z { M sin #cosd }d@

Prans =

Or | (1- n12 cos? )>

. . L T
LJsb jo (L5 slealisl olaws Nref(a)zmdl 4 aS
v g oges b L aS ) 4G L gl p les Lo
ol |y S oo ey B agly G 4Y - 08 an)
ol oal 0ol LIS D L (5,80 jud din Hhad 020 oo

e M e s Sl 4l 23

gzsinl(nclj alnyl, 5l o aely Wgd ools lasNg b
r.]l


http://www.opsi.ir/article-1-494-en.html

[ Downloaded from www.opsi.ir on 2025-11-09 ]

e b zse b cmz iy Goges o5dley ol ¥ S
Zn oo s & S )3 ns o ol o5 4Vl
SL Y 5l 28y b 4l CanSll o po b il

] 00 00l QL‘*‘" Sgl < oolazwl 0,45

CaSl o po pmedd UMb Y jlegil o culbes o
Jsb 5l wads e Job VYZ LY Sl wles 4l
adly JU ey San + FYY e 4 ZagSae PV A0z
OFewdly WAET ()85 Hpeie Comles S ol
254um/RIU Mo 4¥5ib b (659 500d 1 oo sxbas
EON T ORIV E - S ON- LAV IWEP L W | ES e

el 2.39uM/RIU s 5

G S axms -
pedly AT (6,55 Kar Sl K Wlie ol 4o

Coltud podi b ol (Syme (5598 jd (S (b
oéw‘b)wwb ‘o).c;5)Uos_:‘)l.9‘_;c\.>Y5;L:

A b (s00s Ojsar (Zae Job owyp B9, )
G A gl cwlbs mldl Loy o olis ol

3l (oo Gl Sl coyiig b 518 5008 ol
Gl 3 g ol yiagl Fr GlaSy Calis

ol 0,85 0450 3 i M 51 oolazul

&=y

[1] Liedberg B., Nylander C., Lunstr I., Surface Plasmon
resonance for gas detection and biosensing, Sensors and
Actuators B, 4 (1983) 299-304.

[2] Sharma N.K., Gupta B. D., Absorption-based fiber optic
surface  plasmon resonance sensor:a theoretical
evaluation, Sensors and Actuators B, 100(2004)423-431.

[3] Diaz-Herrera N., et al., In situ salinity measurements in
seawater with a fibre-optic probe, Measurement Science
and Technology, 17 (2006) 2227-2232.

[4] Sharma N.K., Performances of different metals in optical
fibre-based surface plasmon resonance sensor, Pramana
—J. Phys., 78 (2012) 417-427.

[5] Rani M., Shukla S., Sharma N.K., Sajal V., Theoretical
study of nanocomposites based fiber optic SPR sensor,
OpticsCommunications , 313 (2014) 303-314.

[6] Sharma N.K., Gupta B.D., On the performance of different
bimetallic combinations in surface plasmon resonance
based fiber optic sensors,J.Appl.Phys. 101(2007) 093111.

[7] Ghatak A.K., Thyagarajan K., An Introduction to Fiber
Optics, P.82-83, first ed., CambridgeUniversity Press,
Cambridge (UK), 1999.

[8] Ordal M. A, et al, Optical properties of the metals Al, Co,
Cu, Au, Fe, Pb, Ni, Pd, Pt, Ag, Ti, and W in the infrared
and far infrared, Appl. Opt. 22 (1983) 1099-1120.

[9] Gupta B.D., etal., Evanescent wave absorption sensors
basedon uniform and tapered fibers: A comparative study
of their sensitivities, Int. J.Optoelectron., 8 (1993) 409—
418.

\YF

L dged olKasls VYAV ole (55 YO b YY

Gold Film (L=15 mm)

T

T

o
©
T

o
o
T

o
~
T

o
N
T

Normalized Transmitted Power

r r
0.3 04 0.5 0.6 0.7 0.8 0.9
Wawelength (um)

Mo Y b (sl g Jsbo e 53 03elley oy Y S

Gold Film ( L=15mm)

o
o
@

o
=)

o
15
@

05

Resonance Wavelength (um)

; ; ; ; ; ;
13 131 132 133 134 135 1.36
Refractive Index Of Sensing Medium ( RIU)

Ol (5 4Y5b) CenSl g 5 iy 25 T3 Jobo 7 S

Silver Film (L=15mm)
1 T T T T

T T

Normalized Transmitted Power

03 0.4 0.5 0.6 0.7 08 0.9
Wavelength (um)

05 43 55 5 50 Jsb o 5508 o3l ol F U

Silver Film (L=15mm)

0.45-

04r-

0.35r

Resonance Wavelength (um)

0.25r

r ¢ ¢ r r r r
13 131 1.32 133 134 135 1.36
Refractive Index Of Sensing Medium (RIU)

(o558 5 A ) oSt 8 o 2055 30 o D S


http://www.opsi.ir/article-1-494-en.html
http://www.tcpdf.org

