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Abstract

In this paper, we theoretically studied the role of the prism material in sensor design of SPR-based
sensor. We analysed the performance of three prisms of different refractive indices coated with composites
of Indium tin oxide and gold with different thickness values. We studied the reflection spectra under the
angular interrogation mode and the performance are evaluated by employing two main parameters such
as sensitivity and Full width Half Maximum (FWHM) of resonance curve. It is found that 10% of ITO
hosted in metal matrix of gold gives the highest shift (8.14°) in resonance angle and least FWHM (5.15°)
of the resonance curve for the film thickness of 50nm for the prism of n,=1.456.

Keywords: Surface Plasmon Resonance, Kretschmann configuration, N-layer model, Refractive Index,
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1. INTRODUCTION

Surface plasmon resonance (SPR) is a simple
and direct optical sensing technique that is used to
probe refractive index changes that occur in the very
near vicinity of a thin metal film. In SPR based sensors,
the Kretschmann configuration (Kretchmann et al.
1968, Kretchmann et al. 1971) is most commonly used,
in which a thin metallic layer is deposited directly on
the base of a coupling prism. The dielectric whose
refractive index is to be determined is kept in contact
with the metallic layer. Surface plasmon waves are
excited by evanescent wave from a high refractive
index prism at the total reflection condition. For any
SPR-based sensor, the width of the SPR curve
determines how precisely a sensor can detect the
resonance wavelength for a given refractive index of
sensing layer, and therefore the width should be
determined with utmost accuracy. Au demonstrates a
higher shift and is chemically stable. It has become
possible to achieve surface plasmon resonance by using
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transparent conducting metal oxide thin films. Further,
highest accessible transmissivity for visible light,
lowest electrical resistivity, reflection spectra in
infrared region and wide band gap semiconductor,
makes indium tin oxide (ITO) (Navneet et al. 2014) as
one of the most extensively used transparent
conducting metal oxides. Besides, ITO thin films are
continuous (i.e. no agglomeration as islands) and no
involvement of band to band transitions. In recent
times, utilization of ITO thin films in SPR based fiber
optic sensing is studied theoretically as well as
experimentally in many research explorations (Verma
etal. 2010, Mishra et al. 2012, Rani et al. 2013, Sharma
et al. 2013).

In the present work, we have theoretically
studied the performance of SPR-based sensor with
prism of three different refractive index 1.456, 1.51391
and 1.597 and numerous innovative composites
comprising of gold (Au) with their varying volume
fractions embedded in host dielectric matrices of
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indium Tin Oxide (ITO) are considered. SPR based
optic sensor with each composite layer (one at a time)
coated on the prism is theoretically analyzed.
Performance of the sensor is validated in terms of its
shift in resonance angle, FWHM, sensitivity and
accuracy.

2. THEORY

The SPR sensing is based on the principle of
attenuated total reflection (ATR) with Kretschmann‘s
configuration. In the proposed prism based SPR sensor,
the sensing system comprising of a prism-composite of
metal with ITO-sensing medium is considered as
shown in Fig.1. When the wave vector of the incident
TM polarized electromagnetic wave parallel to the
prism—metal interface matches with that of the surface
plasmon, a strong surface plasmon wave (SPW) is
generated at the metal-dielectric interface. This
resonance phenomenon can be mathematically
expressed by equating the x-component of the input
wave vector, ky, with the real part of the wave vector of
the SPW, k;, as shown in the following equations.

k, =k,n, sin 6, (1)
£l
ksp = k0 m 2

ko=2I1/A¢ is the wave vector in free space, Ao
the free space wavelength, n, the refractive index of the
prism, ny the refractive index of the dielectric sample,
and &, the complex dielectric constant of the metal.
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Fig. 1: Schematic diagram of prism based SPR
sensor

2.1. Layer 1

Layer I is made of prism. The performance of
the SPR sensor is investigated by three types of prisms
which is having the refractive index of n,=1.456,
1.51391 and 1.597.

2.2. Layer 11

Layer II is made of composite. In a composite
material, particles of one component material are
embedded in a continuous host dielectric matrix of
other component (Singh et al. 2010). According to the
Drude formula, the dielectric function (em) of any metal
can be written as

o AA
22(, +12)

The dielectric constant of host dielectric
matrix ITO is written according to the Drude model as

e, D) =¢,, +ig,; =1 (3)

A2,

/1; (A, +14)
Where Ap=1.6826 x 107m) and A-8.9342 x 10°m)
denote the plasma wavelength and the collision
wavelength for gold respectively. If en is the dielectric
constant of metal/metal oxide particles of component 1
and emy is the dielectric constant of host dielectric
matrix of component 2, the effective dielectric constant
of composite is given by (Roy et al. 2003)

ea(x, A) =x6, () +(1-X)&,(4) )

Where x is the volume fraction of the nano particles of
the first metal.

e, =¢, +ie,; =3.8 “)

2.3. Layer III

Layer III is made of sensing medium. The
dielectric constant of the sensing medium is & .If n, is
the refractive index of the sensing medium, then g:=ng’.

2.4. Reflectivity

We have used the matrix method for N-
layer model in order to obtain the intensity of
reflected light (reflectivity) because the matrix
method is very accurate as it contains no
approximations. The expression for the reflection
coefficient (reflectance) of p-polarized incident light
can be obtained by using the matrix method for N-layer
model (Rhodes et al. 2008, Hecht et al. 2002).The
layers are assumed to be stacked along the z-axis.
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3. RESULTS AND DISCUSSION

Fig.2 (a) shows the measured value of shift in
the resonance curve corresponding to various
thicknesses and compositional percentage of ITO
embedded in the host metal matrix of pure gold for the
change in refractive index of the sensing medium from
1.33 to 1.36.. It is observed from Fig.2 (a), the shift in
resonance angle is found to be greater for the composite
having 10% of ITO in pure gold for all the film
thickness considered above 40nm for the prism of n,
=1.456.However for film thickness of 40nm, the larger
shift is obtained for the volume fraction of 20% of ITO
in pure gold. The maximum shift 8.14° is observed for
the film thickness of 50nm having 10% volume fraction

of ITO. Fig.2 (b) shows the measured value of FWHM
of the resonance curve corresponding to various
thickness and compositional percentage of ITO. It is
observed from the figure, the increase in FWHM value
of the resonance curve is found to be minimum for the
film thickness of 50nm.The FWHM value obtained for
the ITO fraction volume of 10% is observed as 5.15°
corresponding to the film thickness of 50nm. Hence by
choosing a composite of 10% ITO in the host metal
matrix of pure gold and film thickness of 50nm one can
get maximum shift and minimum increase in FWHM
value of resonance curve. The shift in resonance angle
and FWHM of the resonance curve are 7.39° and 4.4°
respectively for the pure gold film of thickness 50nm.
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Fig. 2: Variations of the shift in resonance angle and FWHM of prism based SPR sensor for ITO hosted
on the dielectric metal gold (a)and(b) for the prism of np=1.456 (c)and(d )for the prism of n,

=1.51391 (e)and(f) for the prism of n, =1.597
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However for the prism with n, =1.51391, the volume
fraction of 40% of ITO gives maximum shift
corresponding to the film thickness of 40nm, 45nm and
50nm and are shown in Fig.2(c). It is also found greater
shift is obtained for the fraction of 30% of ITO
corresponding to the film thickness of 55nm and 60nm.
It is also observed that maximum shift of 7.45° is
obtained for the film thickness of 45nm having volume
fraction of 40% of ITO. Fig.2(d) shows the calculated
value of the FWHM of the resonance curve for different
volume fraction of ITO and for different film thickness.
It is observed from the figure, the increase in FWHM is
found to be smaller for the film thickness of 60nm.Thus
by using a 30% volume fraction of ITO and film
thickness of 60nm, one can obtain better shift in
resonance angle about 6.99 with FWHM of the
resonance curve 5.73°. However, the shift in resonance
angle and FWHM of the resonance curve are measured
as 4.35° and 2.35° respectively for the pure gold of

4 CONCLUSION

We analysed the performance of three
prisms of different refractive indices coated with
composites of Indium tin oxide and gold with different
thickness values. It is observed that by selecting the
suitable composite combinations, one can able to tune
the position as well as the width of the SPR curve
depending upon the prism and which metal is coupled
with ITO. It is observed that by using prism with
refractive index 1.456, the film thickness of 50nm with
10% volume fraction of ITO gives shift of 8.14° and
FWHM of 5.15°.Thus as far is the gold is considered,
prism with low refractive index shows the higher
performance when compared to the prism with higher
refractive index. On a whole, the choice of prism
material and a suitable composite of metal — ITO and
film thickness proves to be a vital design parameter and
is significant for tuning and optimizing the sensor’s
performance.
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