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Abstract A novel affinity biosensor is proposed based on
the hybrid plasmonic platform. The proposed biosensor
benefits from the high sensitivity of the surface plasmon
resonance (SPR), while at the same time, it is capable of
performing measurements in both the TM and TE polar-
izations (p- and s-polarizations). Unlike the conventional
SPR biosensors, the polarization diversity of the hybrid
sensor allows for decoupling of the bulk index variations
in the fluidic channels (due to variations in concentration,
decomposition, temperature, and so on) from the surface
properties of the attached molecules. Compatibility of the
proposed hybrid plasmonic biosensor with standard Si-
processing techniques and the simplicity of its design are
other advantages of the sensor which makes its fabrication
straightforward. The best figure of merit for the biosensor is
defined based on the minimum detection limit and a genetic
algorithm is used to optimize the device. A method of de-
convolving the surface and bulk effects is also discussed.

Keywords Plasmonic . Polarization . Sensitivity . Limit of
detection . Biosensor . Dielectric waveguide

Introduction

Surface plasmon resonance (SPR) sensors have received
much attention in the last decade due to their potential in
biosensing [1–5]. A surface plasmon which is a coupling
between an incident electromagnetic wave and the collective
oscillations of free electrons at a metal/dielectric interface is
widely used in label free optical sensors due to its unique

properties. Because the intensity of the surface plasmon
field is very large at the metal/dielectric (or metal/fluid)
interface, the SPR is extremely sensitive to the changes in
surface and/or bulk refractive indices.

In general, there are several criteria such as sensitivity,
reproducibility, limit of detection, cost, device complexity,
and device size which can be used to evaluate the performance
of a sensor. To make a qualitative and quantitative analysis of
the biosensor's performance and also to make a comparison
with other available designs, choosing a figure of merit (FoM)
is necessary. Conventionally, “sensitivity”—which is the bio-
sensor sensitivity to the material of interest—is used as a FoM
[6–8]. However, care must be taken that an appropriate FoM
for a particular application is chosen. For example, in a sig-
nificant number of studies, bulk sensitivity [response per re-
fractive index unit] is considered to be the FoM, whereas high
bulk sensitivity is not a desirable property for affinity biosen-
sors, where a surface reaction is of interest. On the other hand,
while surface sensitivity is an important criterion for affinity
biosensors, for many sensing studies, the minimum detectable
amounts of analyte are an even more important characteristic.
Therefore, in studying and comparing the performances of
various biosensors, choosing the best FoM for a particular
application is the first steps to undertake. In this work, a FoM
for affinity biosensing based on the limit of detection (LoD) is
developed and this FoM is used to optimize and compare our
design with the conventional single interface SPR biosensor.

Although SPR sensors are widely used for affinity sens-
ing, the information obtained by this technique is rather
limited [9]. Since this method only relies on measurements
for a single polarization (i.e., transverse magnetic field,
TM), it is not possible to simultaneously distinguish be-
tween interfering effects such as changes in the biolayer
thickness, biolayer index of refraction, bulk refractive index,
and temperature. In this work, the hybrid plasmonic wave-
guide which was first proposed in [10] is used to form a
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reflection based biosensor. This structure, which is a com-
bination of SPR and dielectric waveguide, has several im-
portant properties all in one platform: (1) it allows for
excitation of both transverse electric (TE) and TM
polarizations which can be used to decouple the interfering
surface and bulk effects. (2) It uses the high sensitivity of the
surface plasmon waves (SPWs) to detect analytes. (3) The
fabrication of the device is entirely compatible with standard
Si-processing technology.

This paper is organized as follows: The principles of oper-
ation for SPR biosensors and their FoM are discussed in “The
Principles of Operation for the Plasmonic Biosensors.” The
proposed hybrid biosensor used in reflection mode with dual
polarization (TE and TM) is discussed in “Hybrid Plasmonic
Structure as a Biosensor Platform.” This section also describes
the use of dual polarization to decouple the interfering surface
and bulk effects. “Optimization Using Genetic Algorithm”
describes our approach in optimizing the proposed biosensor
via genetic algorithm. In “Results and Discussion,”we discuss
our results for the optimized hybrid biosensor. The advantages
and disadvantages of the proposed biosensor along with our
final thoughts and conclusions are presented in “Conclusion.”

The Principles of Operation for the Plasmonic Biosensors

There are several methods to excite the SPR which can be
categorized in to: grating, waveguide, or prism coupling
[11]. For the work presented in this manuscript, a reflection
setup with an excitation scheme similar to the one depicted
in Fig. 1 is chosen (the so-called Kretschmann configura-
tion). This choice was motivated by a number of consider-
ations: (1) the ease of fabricating the device, (2) similarity of
the measurement method with well-established techniques
such as ellipsometry, (3) the ease of coupling the light into
and out of the biosensor, and (4) the ability to study the

binding kinetics due to a small area illumination of the
biosample. In principle, one can use various characteristics
of the reflected wave such as intensity, wavelength, phase,
or incidence angle (which is equal to the reflection
angle) to detect the presence of biomaterials. Here, we
concentrate on measuring the incidence angle—the so-
called angular modulation technique.

As mentioned in “Introduction,” to formulate a proper
FoM, one must include the effects of various parameters
such as resolution, reproducibility, sensitivity, and LoD [11].
The sensor resolution is the smallest change in the measur-
and which produces a detectable change in the output and
depends on the resolution of the surrounding optical instru-
ments such as the spectrometer. On the other hand, repro-
ducibility is the ability of the sensor to produce the same
output for the same measurand at different times. The last
two parameters (i.e., sensitivity and LoD) are related to the
SPR spectra characteristics: spectral width, resonance angle,
and resonance depth [12]. Sensitivity and LoD play an
important role in defining a proper FoM and are discussed
in “Sensitivity” and “Limit of Detection.”

Sensitivity

Sensitivity is defined as the ratio of change in the sensor
output (angle of incident, phase, intensity, polarization, or
wavelength) to the change in measurand. In angular modu-
lation, the resonant angle is the output of the sensor and
therefore a change in the resonance angle with respect to the
change in measurand defines the sensitivity—or more
precisely the sensitivity factor (SF). What constitutes a
measurand, of course, depends on a particular application
of the biosensor. For example, if the analyte concentration in
the bulk solution is the quantity of interest, the measurand is
the bulk index (nb); therefore, the sensitivity or SF for this
application is given by:

SFbulk ¼ @θres
@nb

deg:

RIU

� �
ð1Þ

and is referred to as the bulk SF (i.e., bulk SF≡∂θres /∂nb).
On the other hand, if binding of analyte molecules to the
sensing surface is of interest, one can model the bounded
molecules as a homogeneous adlayer of thickness a and
refractive index na. If change in the thickness of the adlayer
is considered as the measurand, then the SF is referred to as
the surface thickness SF and is given by:

SFsurf ;thick ¼ @θres
@a

deg:

nm

� �
ð2Þ

Whereas, if change in the index of refraction of the
adlayer (na) is considered as the measurand, the

Fluidic Channel 
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Fig. 1 Schematic diagram of SPR setup for Kretschmann configura-
tion. The incident light is focused through a prism and excites the SPW
on the top metal surface. The reflected light is monitored and the
resonance angle is detected
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sensitivity or SF is referred to as the surface index SF
and is given by:

SFsurf ;index ¼ @θres
@na

deg:

RIU

� �
: ð3Þ

The refractive index (na) for most standard organic bioma-
terials can be obtained from references [13, 14]. Therefore, for
most applications, the refractive index of the adlayer is a
known variable and only the thickness (a) is to be determined
[9, 15]. However, for applications where the refractive index
and thickness of the adlayer are both undefined, an extra
measurement is needed [16–18]. In this work, a typical refrac-
tive index of na01.5 is assumed for a uniform molecular
monolayer of streptavidin protein (the adlayer) [19]. There-
fore, the parameter to be determined is the adlayer thickness.
For brevity, we will refer to the surface thickness SF simply as
the SF (i.e., surface thickness SF≡SF≡∂θres/∂a).

Although SF is an important parameter which should be
considered in the design of a biosensor, it is not the only
factor. By equating the biosensor's FoM to the SF only—a
practice, unfortunately not uncommon—one can come to
the incorrect conclusion that by broadening the reflection
spectrum, for example by increasing the intrinsic loss [20],
one can increase the SF and hence obtain a better value for
the sensor's FoM. However, optimizing a sensor based on
the SF only also results in decreasing the accuracy by which
the resonance angle can be resolved [7]. To remedy the
situation, another factor should be included in the definition
of a FoM. This quantity is referred to as the sensor merit
(SM) and in effect is a measure of the intrinsic loss for the
sensor [21]. In angular modulation scheme, SM is related to
the width and the depth of the resonance dip in reflection
spectrum as shown in Fig. 2 and is given by:

SM ¼ Rmax � Rmin

FWHM
; ð4Þ

where Rmax is the maximum and Rmin is the minimum
reflectance (see Fig. 2). The sensor FoM—also called com-
bined sensitivity factor (CSF)—is then the product of the SF
and SM given by:

CSF ¼ FoM ¼ SF � SM: ð5Þ
The reflectance of the TM-polarized incident light with

angular modulation is calculated for a single interface setup
[Kretschmann configuration of Fig. 1] and is shown in
Fig. 2. When energy is transferred from the incident photons
to the plasmons, a sharp minimum in the reflectance spec-
trum is observed.

Limit of Detection

The limit of detection is another important factor which
describes the performance of a biosensor. It is defined as
the smallest variation in the measurand that can be detected
by a reasonable certainty. In other words, the smaller the
LoD, the more accurately the sensor can detect small
amounts of analyte (measurand). The ability to detect the
smallest change in the measurand is constrained by the
standard deviation of the noise at the sensor output (σSO).
The standard deviation of the sensor output noise in reflec-
tion measurement is given by [22]:

σso ¼ K
σth

Rmax � Rmin
� FWHMffiffiffiffi

N
p ; ð6Þ

whereσth is the noise intensity at the threshold,N is the number
of the detectors, K is a constant which depends on the noise
type (additive, shot noise, or others), and FWHM is the full
width at half maximum as shown in Fig. 2. The LoD is related
to σSO, SF, and signal-to-noise ratio (SNR) according to:

LoD � 3σso

SF
� 1

SNR
� ð7Þ

From Eq. (7), it is clear that a larger SNR translates to a
smaller LoD. Using Eqs. (4), (5), and (6) in (7), the LoD can
be written as:

LoD � 3σso

SF
� 3K

3F

σso

Rmax � Rmin

FWHMffiffiffiffi
N

p 3Kσthffiffiffiffi
N

p 1

SF � SM

¼ 3Kσthffiffiffiffi
N

p 1

CSF
� ð8Þ

Equation (8) shows that CSF and LoD are inversely
proportional, i.e., a larger CSF ensures a smaller LoD.
Therefore, from these analyses, it is clear that neither SF
nor SM, but the CSF (SF×SM)—which is also inversely
proportional to the LoD—is the proper FoM when
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Fig. 2 Reflectance spectrum for a single interface biosensor of
Fig. 1 with 55 nm gold (ngold00.18+i5.4) on top of the prism
(silica, nsilica01.45) at the wavelength of 828 nm
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designing or comparing the performance of various sensors.
Berini also uses a comparable definition for the LoD in a
Mach–Zehnder interferometer [23]; except for the fact that
he uses extinction coefficient (k) instead of the FWHM
[which appears in Eq. (8)]. The reason for this difference
is that Berini considers phase modulation, whereas we are
investigating angular modulation.

In “Optimization Using Genetic Algorithm,” with the
help of genetic algorithm, we will use the CSF as a FoM
to design an optimized affinity biosensor to be used in
Kretschmann configuration. However, before proceeding
to “Optimization Using Genetic Algorithm,” in the next
section, we will describe a hybrid plasmonic structure which
will be used as a platform for our optimized affinity biosen-
sor. The hybrid plasmonic platform allows us to take advan-
tage of polarization diversity (both TM and TE modes are
present) in the design of our biosensor.

Hybrid Plasmonic Structure as a Biosensor Platform

A major shortcoming of plasmonic affinity biosensors are
their “sensitivity to interfering effects” [11]. Fundamentally,
these interfering effects are due to the fact that the surface
plasmon mode extends beyond the adlayer (typically an
adlayer is only a few nanometers thick) and interacts with
the fluid (bulk) on top of the metallic layer (often gold). In
other words, the SPW propagation constant is a function of
the adlayer thickness (a) and index of refraction (na) in
addition to the bulk index of refraction (nb).

1 In theory, an
ideal reference channel can be used to cancel out the inter-
fering effects. However, in practice, this requires the refer-
ence channel to be exactly identical to the sensing channel
in all aspects, with the exception of the one measurand being
measured. This is a requirement which is not easy to meet in
practice. Different techniques such as multi-channel sensing
[24], dual wavelength interferometry [15, 17], and dual
polarization sensing [4, 25] have been proposed to over-
come the aforementioned shortcoming. In general, given the
complexity of biological systems, the more measurement
techniques are available to an experimenter, the more reli-
able2 are the results. Unfortunately, among the techniques
cited above, dual polarization (polarization diversity) is not
an option for the plasmonic biosensors used in Kretschmann
configuration (Fig. 1). It is a well-known fact that such
sensors only operate in the TM mode (p-polarization), and
hence, the information obtained via the measurement is
limited to the existing TM mode [9].

In this work, a hybrid plasmonic waveguide is chosen as
the platform for our SPR affinity biosensor which can support
both TM and TE polarizations (p- and s-polarizations). Hybrid
plasmonic waveguides were first proposed by the University
of Toronto group [26] as the ideal compromise between the
confinement and propagation length for passive SPWs. The
structure consists of a low index dielectric layer adjacent to a
metallic surface which separates a high index dielectric layer
from the metallic surface. The TM component of the electro-
magnetic field couples to the SPW at the metal dielectric
interface generating a hybrid plasmonic mode which resides
in the low index layer. On the other hand, the TEmode resides
in the high index region. The strong mode confinement of the
hybrid structure has also been reported by Oulton et al. [27].
An analysis of the modes supported by the hybrid plasmonic
waveguide and its suggested application as bends, TE-pass
polarizer, TM-pass polarizer, polarization-independent cou-
pler, and a sensor with nano-fluidic channel can be found in
Refs. [26, 28–30].

The use of hybrid structure as a platform for biosensing,
as shown in Fig. 3a, has a few advantages. First, the polar-
ization diversity (the presence of both TM and TE modes)
allows us to distinguish two different unknown parameters
such as the change in the adlayer thickness (a) and the bulk
index (nb) from two polarization-independent measure-
ments. Second, the overall device design and fabrication is
simple due to the fact that it only requires planar deposition
of dielectric and metallic layers. Third, fabrication steps are
compatible with the standard Si technology, using the com-
mercially available silicon on glass substrate (SiOG) [31,
32]. Fourth, the biosensor is designed to operate in the
Kretschmann configuration with angular modulation which
is one the most commonly used configurations.

Figure 3b shows the TM and TE mode profiles for the
hybrid plasmonic biosensor of Fig. 3a. From the figure, it is
clear that the TE mode is mostly confined in the low index
region (SiO2), while the TM mode is strongest at the metal/
water interface. We have chosen silica as the material for the
substrate and prism in order to excite the leaky TE mode
which has a higher sensitivity to the gold surface properties
as compared to the guided mode. The plotted mode profiles
in Fig. 3b belong to the leaky TE and guided TM modes of
the hybrid structure, excited at the resonance angle.

In the following, we will describe an approach based on
the dual polarization measurement which can be used to
separate the interfering bulk and surface effects. The sensing
area (gold here) is functionalized with specific receptors
(antibody) before starting the measurement. Prior to intro-
ducing the antigens in the fluidic channel, two resonant
angles are measured for each polarization. After introducing
the antigens in the channel, as shown in Fig. 3a, antigens are
gradually captured by the antibodies immobilized on the
surface. The change in material composition near the metal

1 Moreover, the bulk index of refraction (nb) can change due to com-
positional variations and temperature.
2 The ability to provide the same output with measuring the same value
of measurand illustrates the reliability of the measurements.
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surface will affect the SPW characteristics which changes
the surface plasmon resonance angles (θ). In the experiment,
the change in the resonance angle for each polarization
[ΔθTM0

,ΔθTE0
] is measured. Since the SPWextends beyond

the antigen/antibody pairs (the adlayer) into the fluidic
channel and also the solution composition in the fluidic
channel can change with time and material composition,
then the measured change in the resonance angel (Δθ) is a
function of both the adlayer thickness (a) and bulk index
(nb). This functional dependency of the measured angle as
the result of the change in adlayer thickness (Δa) and bulk
index (Δnb) is given by:

ΔθTM0

ΔθTE0

� �
¼

@θTM0
@a

@θTM0
@nb

@θTE0
@a

@θTE0
@nb

 !
� Δa

Δnb

� �
: ð9Þ

Equation (9) can be solved for Δa and Δnb according to
[25]:

Δa ¼
@θTM0
@nb

�ΔθTE0 � @θTE0
@nb

�ΔθTM0

@θTE0
@a � @θTM0

@nb
� @θTM0

@a � @θTE0
@nb

; ð10Þ

Δnb ¼
aθTE0
@a �ΔθTM0 � @θTM0

@a �ΔθTE0

@θTE0
@a � @θTM0

@nb
� @θTM0

@a � @θTE0
@nb

: ð11Þ

In Eqs. (10) and (11), ΔθTM0
and ΔθTE0

are known from
the measurements, while ∂θ/∂a and ∂θ/∂nb (TM0 and TE0) are
the TM and TE surface and bulk SFs which are known from
the sensor design (see also “Sensitivity).” From the above
discussion, it should be clear that by using a hybrid plasmonic
biosensor, which supports both TM and TE polarizations, one
can determine the changes in the adlayer thickness (Δa) and
bulk index (Δnb) from a dual polarization measurement.
However, a question remains to be answered: Does the matrix
on the right hand side of Eq. (9) have an inverse so that Δa

and Δnb in Eqs. (10) and (11) can be uniquely calculated? In
the next section, we will first optimize the performance of the
hybrid plasmonic biosensor of Fig. 3a using a genetic
algorithm and then will answer the posed question.

Optimization Using Genetic Algorithm

Our goal in this section is to simultaneously optimize the
performance of the hybrid plasmonic affinity biosensor
shown in Fig. 3a for both TM and TE polarizations. The
“quantity” to be optimized is the sensor CSF (our FoM
described in “Sensitivity” and “Limit of Detection”) for both
polarizations. The design parameters which can be changed
in order to obtain the highest CSFs for both TM and TE
polarizations are: wavelength of operation, gold layer thick-
ness, spacer thickness (the SiO2 layer between the gold and
Si slab), and the Si slab thickness. The thickness of the SiO2

substrate3 and the prism (also assumed to be made of SiO2)
do not enter our optimization algorithm because they are
very thick compare to the aforementioned layers.

We have chosen the genetic algorithm to perform the
optimization for our affinity biosensor of Fig.3a. Genet-
ic algorithm is a simple and yet powerful optimization
technique especially when several design parameters
should be optimized simultaneously. Genetic algorithm
was first introduced by Holland [33] and has many
advantages such as its ability to work with large num-
ber of design parameters, its suitability for parallel com-
putation, and its ability to provide a list of optimum
parameters and not just a single solution [34]. Surpris-
ingly, while genetic algorithm has been successfully
used in the design of microwave and RF devices and
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Fig. 3 a The proposed
hybrid structure for biosensing
in reflection measurement. b
z-component of the Poynting
vector for both TM and TE
polarizations (p- and s-
polarizations) along the x-axis
at the resonance angle. The inci-
dent wavelength is 605 nm and
silica, silicon, and gold indices at
this wavelength are 1.45, 3.93+
i0.02, and 0.23+i3.11, respec-
tively. The resonance angle for
TM and TE polarizations are
80.76° and 48.27°, respectively

3 Most conventional glass used in SiOG substrates is EAGLE XG™;
however, the optical property of EAGLE XG™ is very similar to silica,
and hence in our simulations, we have used silica as the substrate [34].
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components [34, 35], its use in the design of sensors in
general and biosensors in particular has been limited to
the work of Roh et al. [36].

Genetic algorithm emulates the well-known biological
processes of genetics and evolution to find the exact or
approximate solution(s) to an optimization problem. In
the language of genetic algorithms, the CSF—which is
the same as our FoM—plays the role of a “fitness”
(also called “cost”) function. The fitness function is
the engine of the code which calculates the fitness of
each member of the randomly generated population.
Each population has several members, called chromo-
somes, which are the input to the fitness function.
Chromosomes consist of genes which are represented
by binary numbers. Several genes produce a design
parameter to be optimized and a combination of these
parameters generates a chromosome. The fitness func-
tion provides a fitness value for each chromosome of
the population. The first population is randomly gener-
ated and then evolves to better solutions after several gener-
ations. Each next generation is composed of the merit
chromosomes of the previous generation and the modified
chromosomes (recombined and randomly mutated).

The convergence rate of the genetic algorithm is shown
in Fig. 4. In order to find the value associated with the
global maximum of the fitness function (FoM), it is neces-
sary to trace the best fitness value of each population with
respect to the number of generations. The maximum fitness
reaches a constant value after a certain number of genera-
tions, which is considered as the optimized design in our
calculations.

Results and Discussion

Optimized structures (used in Kretschmann configuration)
for both the single interface SPR biosensor and the hybrid
plasmonic biosensor are presented in this section. To simul-
taneously enhance the CSF factor for both TM and TE
polarizations of the hybrid structure, the following fitness
function was used:

Fitness function ¼ CSFTM � CSFTE: ð12Þ

Table 1 summarizes our optimization results for the sin-
gle interface SPR and the hybrid plasmonic affinity biosen-
sors. The table lists: prism materials, various layers'
thicknesses, wavelength of operation, SFs (TE and TM),
SMs (TE and TM), CSFs (TE and TM), and the overall
fitness function used in the optimization. Reference [37]
was used to model the material dispersion over the wave-
length of interest.

Due to higher overlap between the biosample and the
TM field (Fig. 3b), the sensitivity factor for the TM
polarization is much larger than the TE, which leads to
a larger TM-CSF (CSFTM) than TE-CSF (CSFTE.) The
CSFTM for the hybrid sensor is close to that of a single
interface SPR biosensor, while its CSFTE is two orders of
magnitude smaller than its CSFTM. However, the TE
polarization is sensitive enough to the adlayer thickness
variations and is detectable by the available spectroscopy
methods which can detect resonance angles with high
resolution (∼10−5°) [38]. To further establish this point,
we have evaluated the determinant of the sensitivity
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Table 1 Optimized values for the design parameters obtained from the genetic algorithm code for: single interface SPR and hybrid structure
(optimized for high CSF for both TM and TE polarizations)

Structure Si
thickness
(nm)

Spacer
thickness
(nm)

Au
thickness
(nm)

Wavelength
(nm)

SFTE
deg :
nm

� � SFTM
deg :
nm

� � SMTE

1
deg :

� � SMTM

1
deg :

� � CSFTE
(nm−1)

CSFTM
(nm−1)

Fitness

Single
interface
SPR

– – 56 836 – 0.1 – 0.76 – 0.077 CSFTM

Hybrid
structure

25 SiO2 :30 52 830 1×10−3 0.1 0.125 0.74 1×10−4 0.074 CSFTE×
CSFTM
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matrix [Eq. (9)] for our hybrid affinity biosensor of
Table 1 to ensure it is not singular.

@θTM0
@a

@θTM0
@nb

@θTE0
@a

@θTE0
@nb

 !
¼ 0:1 135:7

0:0006 0:5

� �
!det 0:1 135:7

0:0006 0:5

				
				

¼ 0:03 6¼ 0: ð13Þ

Dual polarization measurements will allow us to decou-
ple the interfering surface and bulk effects. The TM polar-
ization of the hybrid biosensor is useful for detecting
analytes with low LoD, while the combination of TM and
TE polarizations is useful to decouple surface and bulk
effects from the output signal.

Figure 5 illustrates how the CSFs change with wave-
length for the hybrid structure and the single interface SPR

biosensor. Variations of the CSF with wavelength depend on
both SF and SM: SF decreases with wavelength while SM
increases with wavelength. The reason for this trend can be
found in opposite dependency of the SF and SM on losses.
SF is high when mode is highly confined to the metal/
adlayer interface which results in more losses due to the
presence of metal. Therefore, SF is directly proportional to
the propagation loss which decreases with increasing wave-
length. On the other hand, SM is inversely proportional to
the FWHM [see Eq. (4)] which is a measure of the loss in
the system. In other words, SM is inversely proportional to
the propagation losses, and hence, it increases with increas-
ing wavelength. It is apparent from Fig. 5 that the fitness
function for both CSFTM and CSFTE are maximized near the
wavelength of 830 nm which is consistent with the opti-
mized values obtained from the genetic algorithm.

The reflectance spectra for both the single interface SPR
and the hybrid plasmonic biosensors are plotted in Fig. 6a.
Both structures have a fairly similar sensitivity to the bulk
(fluid) refractive index change (i.e., bulk SF) and also rela-
tively the same SM. On the other hand, the lower bulk SF of
the TE polarization can be seen from the small variations in
the resonance angle due to change in the bulk index
(Fig. 6b). The same observation can be made for the SF
(i.e., surface SF) by changing the thickness of the adlayer on
top of the metal; however, the results are not presented here.

To further enhance the accuracy of measurements, the
CSF for the hybrid biosensor can be improved for the TE
polarization. There are several methods available to enhance
the sensor's performance. One of the most widely used
techniques is adding gratings on top of the metal layer
[39]. The effects of the grating on the SF for both polar-
izations for different gratings configurations will be inves-
tigated in our future work.
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Conclusion

SPRs are often utilized in affinity biosensors due to their
high field intensity at the metal/bulk interface. However,
these biosensors often suffer from bulk and surface interfer-
ing effects as the SPWs penetrate pass the adlayer and into
the bulk (channel). In such cases, the measured quantity
(measurand) depends on properties of both the adlayer and
bulk. Dual wavelength or dual polarization measurements
are possible solutions to overcome the interfering effects.
However, traditional SPR biosensors cannot be operated in
the TE mode (s-polarization). In this manuscript, we have
proposed a novel affinity biosensor based on the hybrid
plasmonic platform which is capable of performing meas-
urements in both TM and TE polarizations (p- and s-
polarizations). Fabrication of the proposed biosensor is
compatible with the standard Si-processing techniques and
the presence of the gold layer allows for the ease in “func-
tionalizing” the metallic layer. Furthermore, expressions for
de-convolving the adlayer thickness and bulk index of re-
fraction from the resonance angle variations are presented.
The best FoM for the angular modulation is derived, and
with the help of genetic algorithm, the hybrid biosensor is
optimized based on the defined FoM. The performance of
the optimized hybrid biosensor is compared with the con-
ventional single interface SPR biosensor. It is shown that for
the hybrid sensor, without sacrificing the performance for
the TM polarization, the sensitivity of the TE polarization is
high enough to decouple the interfering effects from the
signal output.
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