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Abstract—This paper presents a multilayer surface plasmon
resonance biosensor (SPRB). The aim of the proposed multilayer
structure is to improve the sensitivity of the SPRB through
monitoring of the biomolecular interactions of DNA
hybridization. For this purpose, the sensing surface is
immobilized with the ssDNA specific to the corresponding cDNA
to allow the hybridization reactions. The binding of the target
DNA (cDNA) to its receptor counterpart produces a Rl change
which is gradually increased during the course of the DNA
hybridization reaction. Our numerical results show that the
proposed SPR substrate with a dielectric grating can provide a
better sensitivity due to the field distribution at the binding
region .This paper presented the design of a multilayer SPRB
with theoretically and computationally developed frameworks for
analysis of its performance. A comprehensive numerical analysis
was carried out to investigate the effect of the design parameters
including grating configurations, grating height and grating
period on the performance of this biosensor.
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l. INTRODUCTION

Many optical biosensors are based on the phenomenon
of surface plasmon resonance (SPR) techniques. In other words
SPR is an optical sensing technique based on electromagnetic
phenomenon in which surface plasmon polaritrons (SPP)
waves are used to probe the interactions between target
biomolecules and receptor molecules [1].

Since the SPR condition is modified based on the refractive
index change, the method becomes an important tool for
studying bimolecular interactions in pharmaceutical and
biomedical research [2]. During the sensing operation, the
adsorption of biomolecules to the receptor molecules will
produce a local change in the refractive index (RI) at the metal-
dielectric interface. The RI change will then further affect the
propagation constant of the SPPs [3].

One of the issues with the conventional SPRBs is
insufficiency of the detection sensitivity faced with low
concentration analytes.
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A multilayer SPRB is one of the newly introduced
approaches for improving sensitivity and accuracy of
biosensing [4]. Nano grating structure is one of the best ways
to improve sensitivity that recently which has recently attracted
the attention of researchers. It was demonstrated that the field
distribution at the binding region due to the presence of grating
improves sensitivity [5].

The proposed SPR biosensor consists of gold layer that is
covered with periodic dielectric grating. The use of nano
grating allows strong optical coupling of incident light (through
surface plasmon polaritons (SPPs) excited on a thin metallic
film) to localized resonances in nano grating, (localized surface
plasmons (LSPs)). The strong interaction between SPPs and
LSPs and between LSPs can present different resonance
properties, resulting in an additional shift of resonance angle.

This proposed multilayer biosensor, modelled, and
simulated using the finite element method (FEM) and the finite
difference frequency domain (FDFD) methods. In this paper
sensitivity enhancement as regards to varying S-parameters
will be studied. In this way some parameters as changes of
refractive index (RI) resulted during the course of DNA
hybridization reaction, grating configurations, grating height,
grating period will be applied.

Il.  MATERIALS AND METHOD

A schematic of the proposed SPR biosensor is shown in
Fig.1. To excite the surface Plasmon to match the evanescent
wave, the laser beam is coupled with a prism (flint glass
prism). The base of the prism is covered by a thin gold
film. The thicknesses of the gold layer fixed at 50 nm. One
dimensional rectangular grating with a period of (pg) width
(wg) and height (hg), patterned on gold/flint glass prism that
supporting the SP waves. The initial value of pg wy and hg
selected at 35 nm, 60 nm and 200 nm, respectively.

TM-polarized plane wave light of fixed wavelength 632.8
nm to excite SPs illuminates the prism.
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Figure 1. Schematic of the proposed SPR biosensor

Materials used in this simulation are defined using
introduced articles and related dispersive theory. For example
RI of gold is defined from the Drude model [25]. The RI of the
fused silica glass prism is described by the Sellmeier dispersion
formula [26]. And, the optical constants (n,k) of dielectric

grating selected (1.50, 0) [e.g., polymethyl methacrylate
(PMMA)].

I1l.  RESULTS AND DISCUSSION

The base of proposed biosensor performance is DNA self
assembly characteristics. the result indicated that due to the
hybridization between single-stranded DNA (ssDNA) and
complementary DNA (csDNA) (based on the self assembly
property in DNA) to from a double stranded DNA (dsDNA) on
the surface of biosensors, the RI of surrounding medium
changes which leads to changes in the characteristics of SPR
and change in the output of the sensor (e.g., change of
reflectance and transmittance intensity, far field and magnetic
field, etc.). In other words the refractive indexes resulted from
the DNA hybridization will then further affect the propagation
constant of the SPPs and shift of the optical characteristics like
S-parameter. The changes of S-parameter caused by
biomolecular interactions onto the sensing surface considered
as detection of target biomolecules [8].

With the attachment of the ssDNA, the initial refractive
index of the immobilized ssSDNA is assumed to be 1.452 for a

density of 0.028 g/cm® obtained from the ellipsometry

measurements [6]. This amount of RI During the course of
DNA hybridization reaction increases and Refractive index of
dsDNA in the end reported to be 1.52 [7]. As a quantitative
measure of the biosensor performance a quantities may be
introduced. Sensitivity enhancement factor (SEF), a ratio of S-
parameter shift due to target analyte binding on a grating based
biosensor to that of a conventional SPR structure using a thin
gold film with equal thickness is defined as:

ASngspr (1)

SEF =
ASspr

SEF
Snespr (With analyte) — Syespr (Without analyte)| @)

Sspr(With analyte) — Sgpr(Without analyte) |

The following condition must be maintained to excite the
SPs on the metal- dielectric interface [8]:
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where ks, and key are the wave vectors of the propagation

constant of the surface plasmon and the evanescent wave,
respectively, and c is the speed of light. ¢, and ¢ are the
dielectric constants of metal and dielectric layer, respectively
and gy Is the effective permittivity of grating layer and

surrounding dielectric analytes.

Mth-order momentum matching between an incident
photon and a surface plasmon, In the presence of the grating is
given by:

(m) _ ;
ksp - kx,photonSlnei t mkgrating
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where Kypnoon @and Kgrating are the wave vectors of an incident

photon and grating respectively, ké’f,‘)is the wave vector of
surface plasmon polariton mode excited by the mth order of
diffraction, m (=0,1,2...) is the diffraction order, P is the
diffraction grating period [8].

A. Effect of Grating period

Reduction of a grating period P is another effective way to
increase the surface reaction area. For the subewavelength
grating-mediated interactions between LSP and target
bioanalytes, the following momentum matching relation is
preserved:
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According to equation (5) if A > P, meaning that no
higher order diffraction is excited. On the other hand by
increase in P above a certain limit the effect of radiation
damping, which indicates that the incident light is interfered
by the diffracted beam can affect the sensitivity of the sensor.
Hence, the optimized diffraction grating period can be
fashioned to obtain the required SPR condition [8].

TABLE I. SENSITIVITY ENHANCEMENT FACTOR FOR DIFFERENT
GRATING PERIODS
SEF Period, P (nm)
5.616219951 150
4.263583955 200
3.22256317 250
3.06025472 300
2.99687415 350
As shown in Table 1, the SEF decreases almost

exponentially with P.

Fig. 2 shows the SEF versus the grating period. It is
demonstrated that the SEF decreases almost with P.
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Figure 2. SEF versus the nano grating period

B. Effect of Grating Configurations

As shown in the Fig. 3 sensitivity enhancement increased
with the increase of RI. Based on the results the best SEF for
proposed structure obtained for sinusoidal gratings.

C. Effect of Grating Thickness

As shown in the Fig. 4 as a grating thickness hy increases
from 5 to 100 nm, at initial stage sensitivity increased with the
grating thickness. However, when h; exceeds 35 nm,
sensitivity becomes decreased.

In general, if LSPs are dominated by SPPs, local field
enhancement and sensitivity improvement over conventional
SPR structure is rather weak. On the other hand, if LSPs
dominate SPPs in thick nano gratings, resonance characteristics
tend to be so broad that resonance can effectively disappear.
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Figure 3. Sensitivity enhancement factor in response to the refractive index
changes
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Figure 4. SEF versus the nano grating height

In Fig. 5 show that the field amplitude reaches a maximum at
the metal surface and then falls exponentially along the z-axis.
The peak amplitude of Ex increased with the grating thickness
until hg=35 nm, with a larger increase in thickness the Ex
become weak.

On the bottom a summary of the investigations of the
SPDM for the proposed SPRB is shown in Fig. 6. As is clear
from Fig. 6 the proposed structure can enhance sensitivity
compared to the conventional SPRB. It was found that a
periodic grating of comparatively narrow width, lower VF,
lower period, and moderate depth can lead to a higher SEF of
up to five.

IV. CONCLUSION

We have presented in this paper the design and analysis of
a multilayer SPR biosensor using the FDFD method. A
numerical analysis was carried out to investigate the effect of
the design parameters including grating configurations, grating
height, grating angle, VF, and grating period on the
performance of the SPRB.

In this paper by employing the S-parameters-based
detection it was demonstrated that proposed structure will
improve sensitivity and the speed of detection. The SEF of up
to five can be obtained with the hg=35 nm, pg =150 nm, while
this factor is equal to 4 for conventional biosensors. So it was
found that a periodic grating can lead to a higher SEF
compared with conventional biosensors.
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Figure 5. Vertical field of E, along z axis when the SPR structure process dielectric grating of h, = 10,35,70,100 nm
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