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Sensitivity optimization of bimetallic film surface plasmon resonance sensor
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Abstract: To optimize the sensitivity of surface plasmon resonance ( SPR) sensors, the reflectivity and sensitivity variances
of bimetallic film SPR sensors with the change of silver-gold film thickness were studied based on thin film theory. The thickness
of silver film and gold film had a certain range under the condition that resonance angle reflectivity was less than 1% . In the
range of thickness, the sensitivity of bimetallic film SPR sensor increases with the increase of the thickness of silver film (or gold

film). The increment of sensitivity was up to 5°/RIU. The results indicate that the sensitivity of bimetallic film SPR sensor can

be improved by increasing the thickness of bimetallic film under the premise of certain resonance angle reflectivity.
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Fig. 1 Schematic of bimetallic film Kretschmann
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Fig.2 Equivalent bi-layer mode of bimetallic film SPR sensor
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Fig.3 Contour map of reflectivity R, at resonance angle vs. silver-gold

thickness
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Fig.4 a— thickness bandwidth of Au film Ad, vs. thickness of Ag film d,
when R, <0. 01  b— thickness bandwidth of Ag film Ad; vs.
thickness of Au film d, when R, <0.01
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Fig.5 Contour map of sensitivity S of bimetallic film SPR sensor vs. thick-
nesses of Ag and Au films (d, - d,)
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Fig. 6 Relationship between reflectivity of bimetallic film SPR sensors and

0 with two different thickness combinations
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Table 1 6, and S, of two configurations
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bimetallic layer | 70.0096  71.3538  134.4231

(d, =30nm,d, =14. Inm) ’ : ’
bimetallic layer II

i 70.275 71.6538 137.8846

(d, =30nm,d, =16. Inm)

71.3538° % j (1) S AFE (E N 134. 4231°/RIU; X4 &
JZE5 T, X 7 AH [R] 9 A 5 3 5 2R AR 1k, S 4R 1 A
70.275°745 71, 6538°, Xif Jii [ 7 4 B Ky 137. 8846°/
RIU, *ﬁtmﬂ{\lﬁﬁéﬁml W4 JE 24549 T 1) SPR
TR IRERAE LR UF TR0 S SR (E /N1 0. 01 [ RITHE T,
B BUBTE %ﬁﬂ%ﬁ&*,iﬂiﬁ&%%? 3.4615°/RIU,
EEJH:THE,T PRUE % B IR £ S 5 e e o 1 i 42
T, T S e 3 2 R R e e %) R T R A v A SR 1Y
RIPUE

3 & it

FEPRAE LRI S 515 R, <0. 01 Firde T, 4R~ XL
JRJZ SPR AL AR 14 HR 5 A <53 V5 B2 HU(ELAT A — 5
AOIUEYE R, O L4 52 32 1) BU(EL 9 B o 1 Al o
%Eﬂﬁﬁﬁﬁﬁiﬁﬁﬁmd\ 17T 4L V5 HE 114 (LY 1R B A%
S T < P JEE A3 R LT DR ANAL 5 TR, L S =
SPR fglu\%‘%lﬁ@iﬁf{}{%i\}%’%ﬂ%(ﬁz‘ﬂ%%%ﬁﬂ%)J?J?i
SR o PR, P a3 2 42 = g Js J= SPR
e Tl b 1) < R T P 52 R S B RBURE i L

2 £ X

[1] NYLANDER C, BO L, LIND T. Gas detection by means of surface
plasmon resonance[ J]. Sensors and Actuators, 1982, 3(82) . 79-
88.

[2] MALIC L, CUI B, VERES T, et al. Enhanced surface plasmon reso-
nance imaging detection of DNA hybridization on periodic gold nanop-
osts[ J]. Optics Letters, 2007, 32(21) : 3092-3094.

[3] SHANKARAN D R, GOBI K V, MIURA N. Recent advancements in
surface plasmon resonance immunosensors for detection of small mole-
cules of biomedical, food and environmental interest[ J]. Sensors and

2007, B121(1) . 158-177.

[4] HOMOLA J. Present and future of surface plasmon resonance biosen-
sors[ J]. Analytical and Bioanalytical Chemistry, 2003, 377 (3):
528-539.

[5] GUPTA G, KONDOH J. Tuning and sensitivity enhancement of sur-

face plasmon resonance sensor[ J]. Sensors and Actuators: Chemical ,

Actuators; Chemical,

[7]

[8]

[11]

[15]

[16]

2007, B122(2) : 381-388.
LECARUYER P, CANVA M, ROLLAND J. Metallic film optimiza-
tion in a surface plasmon resonance biosensor by the extended Rouard
method[ J]. Applied Optics, 2007, 46(12) : 2361-2369.

HOMOLA J, KOUDELA 1,
sensors based on diffraction gratings and prism couplers;

Chemical, 1999, B54 (1/

YEE S S. Surface plasmon resonance
sensitivity
comparison[ J ]. Sensors and Actuators;
2): 16-24.

ALLEYNE C J, KIRK A G, MCPHEDRAN R C,
SPR sensitivity using periodic metallic structures[ J]. Optics Express,

2007, 15(13) . 8163-8169.

HU C. Surface plasmon resonance sensor based on diffraction grating

et al. Enhanced

with high sensitivity and high resolution [ J ]. Optik—International

Journal for Light and Electron Optics, 2011, 122(21) . 1881-1884.
SHUKLA S, SHARMA N K, SAJAL V. Sensitivity enhancement of
a surface plasmon resonance based fiber optic sensor using ZnO thin
film; a theoretical study [ J]. Sensors and Actuators: Chemical,

2015, B206(23) . 463-470.

BENKABOU F, CHIKHI M. Theoretical investigation of sensitivity

enhancement in dielectric multilayer surface plasmon sensor [ J ].
Physica Status Solidi: Applied Research, 2014, A211(3):. 700-

704.

FUY L, KONG L G, FU J, et al. Surface plasmon resonance opti-

cal sensor by using a Ag-Sn0O, thin film layer[ J]. Laser Technology,

2007, 31(3) :250-252 (iin Chinese).

LAHAV A, AUSLENDER M, ABDULHALIM I.
hancement of guided-wave surface-plasmon resonance sensors [ J ].
Optics Letters, 2008, 33(21) ; 2539-2541.

SHALABNEY A, ABDULHALIM I. Electromagnetic fields distribu-

tion in multilayer thin film structures and the origin of sensitivity en-

Sensitivity en-

hancement in surface plasmon resonance sensors[ J]. Sensors and
Actuators; Physical, 2010, A159(1) . 24-32.

WU S, HO H. Sensitivity improvement of the surface plasmon reso-
nance optical sensor by using a gold-silver transducing layer[ C]//
Proceedings of Electron Devices Meeting. New York, USA: IEEE,
2002 63-68.

ONG B H, YUAN X, TJIN S C, et al. Optimised film thickness for
maximum evanescent field enhancement of a bimetallic film surface
plasmon resonance biosensor[ J]. Sensors and Actuators: Chemical,
2006, B114(2) . 1028-1034.
YUAN X, ONG B, TAN Y,
surface plasmon resonance sensing with double metal layers [ ] ].
Journal of Optics, 2006, A8(11) : 959-963.

CHEN Y, ZHENG R, ZHANG D, et al. Bimetallic chips for a sur-
2011, 50

et al. Sensitivity-stability-optimized

face plasmon resonance instrument[ J]. Applied Optics,
(3):387-391.

KIM S. Nearly perfect absorption by bimetallic surface plasmonic
IEEE Photonics Technology

crystal and its application as sensor[ J].

Letters, 2014, 26(12) ; 1259-1262.





