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The effect of adding graphene to sensors based on surface plasmon
resonance

A. Keshavarz, S. Zangeneh Zadeh

Department of Physics, Shiraz University of Technology, Shiraz

Abstract-sensors based on surface plasmon resonance due to high accuracy measurement of chemical and biological
parameters are considered by many scientists recently. In this paper, the effect of adding graphene to sensors based on surface
plasmon resonance is numerically simulated and investigated by using Fresnel reflection coefficient. For accuracy
investigation of performance of these sensors, surface plasmon resonance curve in different cases that is plotted versus
different number of graphene layers, different thickness of gold and silica and 252G prisms. Simulation results show that
adding graphene to sensors causes the increase of sensitivity.

Keywords: sensor, graphene, Fresnel coefficient, surface plasmon resonance

A
2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1576-en.html

[ Downloaded from www.opsi.ir on 2025-08-02 ]

VAP Goge VoY (0l Sigish (655L8 5 (qwaige il JiST (aedd 9 Sigigh 9SGl Guil a8 e slez g G

n:3.0+i%h) )

cail 0 C175.446pum ™ el
hass I8 M Y g0 o a5 31T cubks
sl 4y slaw L aS 048 o dewloe d=Lx0.34nm
1 695 555 WYV 35 aY Lo [8] cosl 31,5
2l oo 228 Gy e HILT sl Y slass Gl
Sysie Jad o jeiie Gy 9 sln V]
bl Ese Sug w0 gy 5 SUSL jeiie L8
Sl by WS oo 3583 38 AY 4 oS 0T e S0

& - — . 27[ & .
Sgui (oo s X <5l3-”"|) I kx= Nprism % )LJ...’Z.:\

yice oy 4 Y P Jels adllae 3,90 L5l [Y]
sals Lis ) USS o aF ol digas Lo 5 3L5 S

Sl 00

.
*®

Sessessssssnstan e’
Ory

D)
s 8000000 0sssese

Incident light Reflected light

Jolss (b gandly Wowts 5 i sla K> LSl ) S
- dges Jase g 81,5 Y b S3L (5 485 ¢ jeiie

b 998 agly 4 o QU3 ud Sl (S
Ol e sl ikl oo (v gewdly Byaid  povie
S 55 Slp 09 (o dmle Ji iy, 5l LSl
() abaly 51 B3 Gbsh oo plk Y 4 ol &Y 5

( kzi _ kzk)
_ Ei €k

AL LA v
- (kzi kzkj ™
I S
€i &k

Kzi= % &i-€0 (sin@)2 )

doudio )

WALy (S Cowles 65 ojlail e s,
Sx5 ol 50 (oamy o5 (s (gendly
oy bl G g plerd oyl Olss
JRERINE WS W IS SIS IR CR I &1
gl S 0 b JsSseg (g5l 5T (sl wigd 0
ool 5l oy ghie o [V]wed e eolitl smyle
9 b wile oz 38 Sl 6518 SHL Y S b K
3 09h (oo Sl AY Heiie S mhe 5 4 o)l
AWl e ©ix B L b JoSgesn ele gl
v (K03 50 TSl oy e > ge &S Wil o
sl Sl b (b Qx> Sle @ [V]ogd (0 5
o815 0gd (oo oolaiul 815 5l s S o Slos 390
15 ey S5 oy1,S (gl il sl 5l solial
DS oo obml roxban (035 55 CanSd o 0

5 osliial b dlie cpl o ond sl glo (g3le ands
oo @) b b &S aites By OBl ulps Lbs
&yl Slaeen MalS [Y]az 1o y0

S Sl

Goy 4 Pl b o098 9 Ll b a5 Sl
(SPW) b (godly oo JLasil il 5 j5iie whaw
Lgd (oo ALKl p (s sl Gaendly Wsd
59 b aS Wl e Bl ohg agly SOy slas ol
ol g sy (oo Pla et mlaw 5l oad UL
DT 0ss oo oy (V) alaly lawgs oy

] M

coype N b CanSld coypo M akly cpl o
Ospr 9 )1.9 ASJ).»SJ‘ ) wb E€m digos haua S

] (K Sl Sl po (699,84l
w5 opn ) GBS el el oY S
Olis B35 5l o 5 89y @ sl 5 ol
A aS Cul Sl col SO 31T coslad oS e e
9 S Sl 6o ol [Y]owws annily 699,8 oo Jsb

2 .
— n1SinOspr=Re
0

If]osl oo covay 8

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls (590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1576-en.html

[ Downloaded from www.opsi.ir on 2025-08-02 ]

VWA age V)Y

5 b Sglize b g0 (gl SPR iiie ¥ IS5 4o
e el oad sy GEIS AN S g3l Sl s
&9 OIS 0093l 5l an 1) raw Qiz e gl
Sy 53 dagly JUSl s (oo (LaS (315 39331 5l 3
Ol a5 el S YYY 5 YT @ pss 5 s
Sgue 1) K Gl (815 0,5 ddlal was oo

0.9
—— L=0 before adsorption
0.8 — — L=0 after adsorption
N —— L=1 before adsorption
0.7 N — — L=1 after adsorption
_ 06
=
=
=05
Z
S
@D 0.4
T
o
0.3
0.2
0.1
0
35 40 45 50 55

Angle(degree)

998 Too Job )3 (b Ogendy wais jloges Y JSH

sl LY slaw b K> 6l SPR e £ S0 50
oanlie a5 jghilen .cul 0al o, 815 alixe
aas o Ly pled 315 Y slaws olpdl b asS
i opl g b oo ilidl loged (FWHM) aiies
Gl ol il 5 28l S 3l IS8T B

Reflectivity(a.u)

Angle(degree)

PYYVANM zg0 Jsb jo ohw (gedly dpais jloges :F S
SIS alizee slo Y slass gl

e o K 5 Slae iomiw (0 jige Julge S50 5
O b Cwlbrs s e e o

FEY

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 Sigied 9 SUbl il A e slez g S

Mo s g Ka sl (63958 45030 (T y0 a8
S5k e o s Y Gell S 2SIl g0 2l 5 g
] o Casay 5 alal, 1 sl
ror+rizexp ( 2ikzdz)
1+I’01I‘126Xp(2ikz2d2)

®)

lo12=

Rl bas el gl Y an lsle 6l ) akal,
IV] ol (oo o Y L 4y 112 (1> 4 M1z

B9 (oo odezmin Jolo 93 bl b K ol 0 Shoe
A ol gly Skl Cawd &5 S Cowlis
D ilo ol c85 pgd g Caml CanSs sy i
e (FWHM) aiciy Ghai o gy plas oSe oS
18] sl aombs (ygdly s

00spr
S= *)
On
D= ; )
FWHM
ula.wl:u _\“

5 Wlw Oglase jgiie 99 sl SPR sieine ¥ S5 5o
90 50 dygly JLl el odds e, (252G) wulis oSl
Gl VYYD 5 VY clSs colpo b glaie aiged
ol sl oo 2 YYY 40 ¥FF (o 4 252G 5 KL
252G jaicw (o938l LS wims o ol ba ools
plod 5285 S5 o b 0gd (oo iy S ol
IS (oo odalin jaiie 90 (gl anier Gal yo Ly

Ll 5YL 282G jgiie (sl (55, Ko Cds a5

—— 1.330(252G)
0.9 — — 1.335(2826)
——— 1.330(SILICA)

— — 1.335(SILICA)

Reflectivity(a.u)

35 40 45 50 55 60 65 70
Angle(degree)

Solae Hpiie 50 glp odaw aewdl waid Jloges Y IS
FYVANIM (559,8 g0 Jsb (sly Sl 9 252G

a3l (g yiws BBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1576-en.html

[ Downloaded from www.opsi.ir on 2025-08-02 ]

VAP Goge VoY (0l Sigish (655L8 5 (qwaige il JiST (aedd 9 Sigigh 9SGl Guil a8 e slez g G

1 T T T T T

0.8

0.6

Reflectivity(a.u)
z

0 . L L L .
36 37 38 39 40 41 42 43

Angle(degree)

FYVANM zgo Jsb ;o xaw aewdly wpaid jloges iV S
[\“]&)n )'| u.el)f calie glo Y slass 61)%

Wgd bl dge Ojygpe 4wl 315 la Y olaw
Salidl e WSS il S 6)'@)&..;‘31 cés b
)i.“> dju)MT cds el g Mo Y Cwlxs

Yonm slo s )3 S o ,Shes (e 9 995 (0
A8 (oo cdwlin a5 jghiles ol oo Mo OeNM
55 JYaul Vg F slo JS& 09,5 anslie I lgee
ol ooy b IYT a2y 5o ol &1l la ames oS
sl b o aslsie 5 Wyl Slgtes LIS ABCD

8 18 colainl 050 wlice

&=y

[1]R. Verma, BD.Gupta, R. jha, Sensitivity enhancement of a
surface plasmon resonance based biomolecules sensor using
graphene and silicon layers, p. 623-631, Sensors and Actuators
B: Chemical 160, 2011.

[2]Wu. L., HS. Chu, WS. Koh, EP. Li, Highly sensitive
graphene biosensors based on surface plasmon resonance,
p.14395-14400, Optics express 18, 2010.

[3] PK. Maharana, R. Jha, Chalcogenide prism and graphene
multilayer based surface plasmon resonance affinity biosensor
for high performance, p. 161-166, Sensors and Actuators B:
Chemical 169, 2012.

[4]M. Bruna, S. Borini, Optical constants of graphene layers in
the visible range, p. 031901, Applied Physics Letters 94 ,2009.
[5]T. Tsukamoto, T. Ogino, Morphology of graphene on step-
controlled sapphire surfaces, p. 075502, Applied physics
express 2, 2009.

[6IN. Mehan, V. Gupta, K. Sreenivas, A. Mansingh, Surface
plasmon resonance based refractive index sensor for liquids,
2005.

[7]1K. Choi, H. Kim, Y. Lim, S. Kim, B. Lee, Analytic design
and visualization of multiple surface plasmon resonance
excitation using angular spectrum decomposition for a
Gaussian input beam, p. 8866-8874, Optics express 13, 2005.

sle culxs Gl Jloges & S o all oo Sl
Y ol loges (pl 5o .l oo ey b Y glate
Olye JS& pl 5l ool GBI LY 3815 sla
8wl i b 4Y Cwlks ax e a5 85 A

IS o gy (S (g3 ST

Reflectivity(a.u)

Au(30nm)
— — Au{50nm)
<eeees Au(70nM)
—-—- Au{g0nm)

35 40 45 50 55
Angle(degree)

Cubrs oMb 4 gl o gendly Baid Jloged 0 IS
YV ANM oo Jobo jo Aenm g Yenm 8enm Xenm s

A2 <*

=)

T - 7
552 -
£ ’ -
H

‘@

=

@

W

50 e

48 it LT

aef T

44
133 134 135 136 137 138 139 14 141 142
Refractive Index

61;} Sl g o u‘).u.-.t o> Cowlo )la5.o.i FUss
S Sglate la Y slass

PLL I
3 LS 0998 5L adls ©jge 4 dlis cal o

OQLK.L'L...:‘ lJ 9 MB; )‘)3 R \))5.;6 ..\_...S LSA)IS ’_zla..,
ol b ezt ad ilo and i OBkl s

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls (590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1576-en.html
http://www.tcpdf.org

