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Design of Highly sensitive 2D plasmonic refractive index biosensor

Akram Sadat Nasiri, Tannaz Asadishad, Seyedeh Mehri Hamidi

Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran. M_hamidi@sbu.ac.ir

During the last few years with the significant developments in nanoscience and technology, a new field of science has been
introduced which made it possible for human to design and manufacture the applications such as nano biosensors. These
nanostructures with a dimension which is less than the wavelength of the exciting incident wave are made of metal and dielectric
layers. The surface plasmons are the result of the interaction between electromagnetic waves and free electrons mass at the shared
boundary of metal and dielectric. Since the propagation constant of these waves is strongly dependent on the changes in the dielectric
medium, this feature of plasmons are used to detect the changes in mediums. In this biosensor, the information of these changes in
mediums can be achieved by analyzing the structures optic response variation. The proposed plasmonic structure in this paper, as a
refractive index sensor, is a kind of sensor with a simple structure which has a period of 800 nm, which is easy to operate due to the
use of gold and Poly-dimethyl-siloxane polymers in the structure. Favorable results were reached by optimizing the structure in near
infrared range and studying the absorption spectrum of the structure for two samples of water and neurons, which showed that this
structure with 77% absorption, sensitivity 715 and figure of merit 12.4% is suitable for the sensor applications in the medicine.

Keywords: biosensor, Plasmonic, refractive index, surface plasmon resonance.

IRAA
Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1658-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

9 Sul Gl ST ey 5 S

g

oSS el g oLl Soget
Olpl Sgish 5,9l8 5 (owaige

s e ol D
ol s ),,JMJ

WY page V-4

rlo & Cand g 039 Seo e 5 69 e bl
g aily gyin Cwglie g el b Suscan)

wilse ol 5 505 mpbliag 2SI 5L
S $b b Ggedly oM wais il
obe slapiolesl ool sl pime by, SO s
S8 50w Loyl el (So5edsm 5 (leend
b (Siwols L 5 Comles 68 slo S
o albre (V) Ly, 5l oS ol s (29,5

Iv]wgs
An
s

FOM= tvim

Sl (S yxe
dgds oo Slpainn Alie cpl jo &S Sisewdy LSl
Gl Slol Clo collB 5 ool JLSlo b K> o5
Dl 0,8 segilie - \Y e o >0 Job (go3L yo AT
oals slas (M o Jbisle gdwaie a5 joblen
AcenmsAs -nm o>y Jolo slilo [Lsle pl 0d oo
Vbl i 4 oS slles g 58 gl g 5l as el
ok Gl Y g fegilVe e Culd 4 M a0
G5y 2 Fegb¥e s Culrs 4 plaslew Jie o0
90 Mo gy o el ool JSis gladad (g0 s SO
e 4 JIC il OIS

30 bl ] (653

S gV O

-

Sz JliS Lo axly Joko 5l gamans gawain ) S

\

oYY

Shiraz University

doddo

JLs & a5 conl Sigigdsil ple 5l slojom Sigensdly
53 eablineg 2SI plase (g3l 9070 Sl 2la>ol,
S logl asle o 3l s L zsalsh ol
S3loSzsS oSl 5 el (S gaedsb 5l S
Silocss mold | (Sl Sals Slgol (5lwosly 5 Lo o
o> Ollug Jdo 4y plaggais Ll fen o Dl
S Soslles g B Simie e e lagy Sl
Gazi)d Nyl 97y 4 Wigdoe oasel € emdly
9 b b oS oo QUL 38 mhans 5l aS (6555 00y (0l
1) Lg‘cda})l.o‘_}:ls u‘).....:.: ‘uol:} Lgl.muﬂ.ilfjé I (5’»
oyl coile gly Caols ol 5l a8 cusls anlys
oy ).i.«A}wu) 9 )§M.> s)fdudw.: O Ga.l..:m
Ogedly dais a5 VAAY Lo 5l Y] sen e as S
o Sl ol 5heas (Gore b sl sl (b

oolatwl 1 eel iy laore CuSl oo Sl

Oogedly wais sle S 5l soliial L Vo

ozl S35 By, oy laceie e a4 (haw
Y ol 4 g b, S g5 ol bz

@555l 5 iz 2l 4l pas g 25T
G fscan; o AFFl o5 oLl adee
oo slo by, bl (5l 55T cgr (Sdgandly
L anglio ;o oo (jaowdl ol yhg, 45 8,00 09>
6ol Jomliy gy ool Geizmen (a3 oo olml (YL
QSL.» Q‘)S 9;1.» )l solawl b ‘_g)'L..; Zoie Sguls LS‘)-.’

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1658-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

Olpl Sgig8 (553l g (qwiige ;85 a3l g (! Sigied 9 SUl il AT ezt g s
WY ot M-8 cpll 5l 3l oSl

ol 00 LSJL”"“"‘*"Q" caliSes éb)b‘)Lg preey)

ir
o :/
e
v
4
» X

XY sbiwl,y o jlisle gongs gawas ¥ o

B g cwlbro gl s gl 4 aS glaisS e
yogilh Voo g £ e Fe Gl e x> 0 (D)

saodslie ).A..oyl.: 7o )‘Aa.o 5O ‘_59-]4'-4’ C—M’l‘ «(f Ji“’)

o
I

B i
L L

Absorption(a.u}
o o o
w

o
w
b
#N,
.
4

02 Ty
0.1
0.0 T T T T T 1
900 950 1000 1050 1100 1150 1200
Wavelength(nm)

el Sslite polis (ol 4 Josbo wiz il ¥ S5

L) 5 gy Calhd i %o e
Tl a4 azgi bg 28,5 )18 ) p0y90 puolie (e
o0y L 1) sl Yo e B S 4 st
¥OSE 0 0 e LS dils g laggly oSl
el Fewly 50 (65K 508 il (el oabosls ylis
FISE 5 Gl S WS b S (i
Stz oy90 Gl 50 0,5 ealin |y Cuadly (pl (oo

A laslas o Ve agly USQL.»—l ol

\-

Slgs 05 pwd Ho Cde 4 cad Bre N
405005 g ool cole colB daaY (goaras LSS

29y50 sled 4 Cglhe  Sigendly LSl SG oy

Silwannd 9 Julox
Sl Sbgendly Hlle wpais L8, Jd=iga i sl
Gy o gl s el oaboolitul FDTD (Suss
b el Seiled JSases) ldle 5 5o siloand
U b gaman Sjgon B3l Gl gilead a0 8
OiSle gawsin b Glhe 235 plodl gl + (gon
Z Gy 5 g ool Y g X sbinl) jo (g5, Lyl
Toe St oSl S0 ln rizen 08 iy 5 PML
85513 oy p,00TM 5 TE (kS g0 b (lamio
TE o ool oanlio L5 ¥ S5 ;5 a5 jsbylan .cuu
Eroa® $O9e 1O S 9 phe (Sl gl il
coi C5 zen b sl e 1A bl e S0y

93,5 plxl TE (2o

= = TM, A, n=1.33
- - TE,A n=1.33

0.0 T T T T T
900 950 1000 1050 1100 1150 1200

Wavelength(nm)

TE ;TM sl pdsd (oljl & lislo i cas Y JSs

aolie slp ilwand Ll giloage Holaea
oS sle JSGC oo bt sla il b 5l glase
3 ae 8T O s il sdlin LB (Y) JSKG o
phaie saalo b plaagars 8l Lele gloaig,
L K lele gelate ol 4 ol QA (b o

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1658-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

Ol Sgish (659l 5 (wdige il 1S el g ol Sigigs g Sl el jaS ety g S
WY ot M-8 cpll 5l 3l oSl

Szgedsb Cow a4 WAL Zoe s (eSS o

Dgde JEe 50,8

T T T T T
900 950 1000 1050 1100 1150 1200
Wavelength(nm)

0908 5 2l lataSiey po sl 4 lile iz b gl A IS8
(s

)l.._‘>l.~.4 u.:‘ 6‘)4 o..\.oTwéAJ g_;i"‘“"l'“" )L.:.o 9 w..JLMo

5080 oS a4 VY e e 5 A0 o, slozas Jsb yo

=

S S A

zoedsb 4l o Sy Q3 G alie opl yo
"l R4 9 65> 95 gl (S gy
b )y p bl Gileand 5 (b (K
D dnden Glime omae ()98 9 ol SAge 90 6l
sl Jlas 9 VYO NM/RIU Cewls aiios 9 7YY
b Jols Y/

e wo

[1] S. A. Maier, Plasmonics: Fundamentals and Applications,
Springer, 2007.

[2] K. A. Willets and R. P. Van Duyne, Annu. Rev. Phys. Chem., vol.
58, pp. 267-297, 2007.

[3] C. Nylander, B. Liedberg, and T. Lind, Sens. Actuators, vol. 3, pp.
79-88, 1982.

[4] K. Jindal, M. Tomar, R. S. Katiyar, and V. Gupta, Opt. Lett, vol.
38, pp. 3542-3545, 2013.

[5] K. Lin, Y. Lu, J. Chen, R. Zheng, P. Wang, and H. Ming,

Opt. Express, vol. 16, pp. 18599-18604, 2008.

[6] C. Perrotton, R. J. Westerwaal, N. Javahiraly, M. Slaman, H.
Schreuders, B. Dam, and P. Meyrueis, Opt. Express, vol. 21, pp. 382-
390, 2013.

[7] S. Gaur, R. Zafar, and D. Somwanshi, IEEE Int. Conf. in Recent
Advances and Innovations in Engineering (ICRAIE), pp. 1-4, 2016

1.0

0.9 4

0.8

=
=
2 -
< 0.34
0.2 - - d=20|
§ - - -d=30
0.14 - d=40,
- d=50|
0.0 T T T T T
900 950 1000 1050 1100 1150 1200

Wavelength(nm)
by Oglite palie ) 4 Jluslo i il JS
Olseas 1) dal> g0 alold (2] CanS lgicas

wod> Slpedi wyp bg oS B ) oS

oS e ]y el Ve lade

1.0

0.9
0.8
0.7 4
0.6 -

054,

[\ o
044 N7 7

Absorption(a. u)

0.3

0.2

=+ = Theta =0|
|~ —theta=10
0.1 — - —theta=20
|- —theta=30
0.0

T T T T T
900 950 1000 1050 1100 1150 1200
Wavelength(nm)

0 sl b oglite polie gl 4 sl Cis Gl # JSS

T T T T
900 950 1000 1050 1100 1150 1200
Wavclength(nm)

I el clie ol lyl as bl i b v IS

Jols Joloo 5 ol aiged g0 4 Jlsle &l Jl>
g NEVYY iy @ lcasls oo b (cmas sy

Gl b el sasesls Glas A S5 e n= VYEA

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1658-en.html
http://www.tcpdf.org

