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ABSTRACT— In recent years, surface enhanced Raman Spectroscopy (SERS) method have been applied in
the area of biotechnology, nanotechnology and diagnostic issues. For that, nanoparticles have been arranged
near the flat film structure. By doing so, it is found that the local field enhancement can be greatly improved.
In this paper, using two type of nanoparticles namely Ag, Au, we have obtained a double resonance system
structure. The process is carried out by the application of nanoparticles, Ag and Au with Ag as a grating
coupler. The space and interspace of 3 nm and 5-20 nm for the two particles Au and Ag are considered,
respectively. A double resonance system structure has been proposed and simulated with the LUMERICAL
FDTD. Our result show that for nanoparticle-film coupling, the highest enhancement factor of (1013) can be
obtained for Ag nanosphere and Ag-grating coupler. Finally the simulation results show that application of
multiple couplings associated with Ag grating filed and tooth like binding of Ag grating coupling can be used
to significantly improve the near-field enhancement.
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is the conventional Raman intensity under the

|.INTRODUCTION same conditions, averaged over all possible

Surface enhanced Raman spectroscopy (SERS) orientations of the probe. Because if the
is a powerful technique in detecting low existing of two nano structure next to each
concentration analyte in order to obtain specific other, hot spots are created, causing the
information about physical and chemical amplification of the electric field st_reng_th,
characterization of analytes. One way to between two nanostruct'ure (8-1;). C9n3|der|ng
enhance the Raman intensity is due to the the fact that “Plasmonic coupling™ is the key
process of electromagnetic mechanisms that factor in this process, the maximum SERS
occurs because of an enhancement in the enhalmcement factor may be as high as
electric field strength, provided by the surface 101 (12). Of course the enhancement factor
plasmons (1-7). When the incident light may be used to detect the S_ERS signals fro_m a
impinges upon the surface, conduction single molec_ule (13-14). It is worth to mention,
electrons at the surface begin to oscillating the material ~structure, —geometry  and
causing the amplification of the SERS signals polarization of the incident laser beam can have
strength. This is because of the concentration of effect on the enhancement factor. For example
the local EM fields in the near field of the metallic structures are good for SERS, substrate
nanogap hot spots. SERS signal are typically due to their 5|gn|f|ca_nF effec_:t on the plasmonic
assumed to be proportional to the 4 power of resonance for the visible light spectrum. The
geometry of structure, can also have a good

the factor |=t2.| \We can define the SERS effect on the surface plasmonic resonance. The
0 role of polarization of plasmonic resonance due

enhancement factor as EF =lgqo/<lo > | to laser beam should not be underestimated,

where I, is the SERS intensity and < I, > because it has a positive effect on the SERS
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hotspots (15-21). Today, the geometry of SERS
substrate has taken much attention due to its
ability to support strong plasmonic resonance.
In particular, to achieve a smtrong local field
enhancement, nanoparticles have been kept
separate from a thin flat film in order to create
a strong local filed enhancement (12). To
investigate the plasmonic effect of this process,
numerical analysis of the electromagnetic filed
is needed. There are numerous method to do
that for example, finite-difference time-domain
(FDTD) (22), discrete dipole approximation
method (23), and finite element analysis (24) to
name a few. Among these, the most popular
method is FDTD, where the light scattering
from the particle is simulate. It should be noted
that in the FDTD method we can obtain electric
and magnetic fields at different locations in the
time domain by numerically solving Maxwell
equations (25).

In this paper, a double resonance system
structure has been proposed and simulated by
keeping in mind that metallic nanoparticles is
located close to the metallic grating coupler. By
doing so, the LUMERICAL FDTD has been
used and with the calculation of electric filed
distribution and enhancement factor. Our
simulation  results show the highest
enhancement factor of 1013as well as uniform
distribution for the enhancement. Figure 1
shows the schematic diagram of double
resonance coupling system under
consideration. Where the biomolecules are
located in the space between Ag-grating
coupler and Ag-nanoparticle.

Il. THEORETICAL MODELING AND
FDTD SIMULATION

A. Theoretical modeling

Electromagnetic modeling was performed by
application of Lumerical FDTD method. The
model consisted of a three dimensional Ag
nanosphere geometry (26) with dimensions
400 x 400 x 150 nm and Au grating coupler
with thicknesses of 1nm as a substrate. Slope of
each took-like binding was considered 90° with
the rate of each tooth height to the spacing in-
between was chosen to be 0.5 incident light was
taken to be normal to the surface of substrate,
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with polarization phase angle of zero degree.
The range of the simulation was considered to
be 5-50nm. A 1 nm global mesh was used; in
order to improve accuracy, the mesh size was
reduced in the gap region to 0.4 nm. The model
was simulated with 200 points of 5 nm each
with total interval of the simulation being (300-
1300 nm). A 3 nm spacer with index of
refraction (n) = 1 for initial calculation and
n=1.37-1.52 for biomolecule (proteins) (27-30)
was added. The surrounding boundaries were
the perfectly matched layer. The simulation
model is shown in fig 2.

B. FDTD Simulation

To investigate the surface enhanced Raman
scattering behavior of metallic nanoparticle and
metallic grating coupler, FDTD method was
carried out to simulate electric and magnetic
field intensity distribution. In order to build a
model that consist of infinitive metallic
nanoparticle and metallic coupler, we use
periodic boundary. In this model, firstly, we use
2 type of nanosphere which are gold and silver
with the radius 80nm, furthermore, silver
grating coupler with 5 different spacer (25, 20,
15, 10, and 5) was simulated in order to
calculate enhancement factor and intensity of
electric field in which intensity of electric field

E

Local

IS

Fig. 1 SERS substrate schematic, a schematic of the
Ag nanosphere as an example on an Ag grating
coupler film.
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Fig. 2 Schematic representation of nanosphere
coupling grating coupler system in the FDTD
simulation.

RESULT AND DISCUSSION

The results of the simulation are listed in table
1.

Table 1 illustrate effect of 5 teeth spaces and 80 nm
spheres on the a) enhancement factor b) field intensity.

a)

Enhancement factor

Nano sphere
(80nm) Snm 10nm 15nm 20nm 25nm

Ag 6.12x1013 | 1.48x101! | 3.27x1010 9.86x108 | 7.68x108
Au 5.18x101 | 3.28x101 | 1.02x108 8.35x107| 7.23x107
b)
Field intensity
Nano sphere

(80nm) Snm 10nm 15nm 20nm 25nm
Ag 1.05%107 | 3.45%105 | 9.48x10° 3.23x104| 2.77x104
Au 9.16x10% | 1.18x10° | 1.02x10* 8.35x10%| 7.23x10%

As it can be seen, silver nanosphere coupling
with subintervals of 5nm, has the largest
enhancement factor. Also, at is clear that there
exist an inverse relationship between electric
field, enhancement factor and spacing with
tooth like bindings. When the space between
teeth of grating coupler increase, one of the
resonance vanished so the enhancement factor
and electric field decrease. As can be seen from
the table 1, the absent of double resonance
phenomena for the interval 15-25 nm is very
clear.

Next, by considering gold and silver nanorod of
50nm radius Fig. 3 in each and the same grating
couplers before we notice, the highest
enhancement factor of 2.42x10%° for the nano
silver rod. The results are shown in table 2
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Fig. 3 Schematic representation of nanorod grating
coupler system in the FDTD simulation.

200 nm

150 nm

The effects of the incident laser beam
polarization on the enhancement factor, has
been investigated. By considering two types of
polarization, that is P and S-polarization with
the Ag grating coupler, as it be seen in the table
3, p-polarization has the largest enhancement
factor, also the p-polarization has caused a
considerable increase in the electric field
intensity. Because P-polarization is efficiently
coupled to the Plasmon resonance of the
substrate.

Table 2 illustrate effect of 5 teeth spaces and 50 nm rods
on the a) enhancement factor b) field intensity

a)

Enhancement factor

Nano rod (50nm) Sum 10nm 15nm 20nm 25nm

Ag 6.12x1011 | 3.49x101° | 3.27x10° 9.86x10% | 7.68x108

An 1.83x101 | 1.05x101° | 3,12x10° 8.35x108 | 3.83x108
b)

Field intensity

Nano rod (S0nm) | 5pp, 10nm 15nm 20nm 25nm

Ag 9.05x10% | 2.12x10° | 8.99x10% 7.83x104| 3.27x104

Au 8.36x10° | 1.01x105 | 5.35x10% 4.12x104| 2.83x10°

Table 3 illustrate two type of polarization effect on the
enhancement factor and field of Ag nanosphere and
grating coupler system.

polarization Enhancement factor field intensity

P polarization 6.12x10% 7.45x10°

S polarization 2.42x101 1.53x10"
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The spatial electric field intensity (|E/E,|?)
distribution is shown in Fig. 4. As we can see in
the figure. 3 the field intensity is in the order of
10°% which is in the spaces between grating
coupler and nanosphere. Our theoretical results
show the largest enhancement factor for Ag
nanosphere considering Ag nano grating
coupler.

z(nm)

0.0

0 100 200 300

x(nm)

Fig. 4 illustrate electric field distribution (|E/E|?)
around the Ag sphere and grating coupler in which
the highest electric field is between of grating
coupler teeth and grating coupler at the 501nm.

In the final step enhancement factor and electric
field intensity changes were calculated in terms
of refractive index changes. Table 4.

Table 4 illustrate enhancement factor and electric field
vs Refractive index

Refractive Enhancement Electric field
index factor intensity
1.370 4/20x10%3 FAY v
1.371 4/19x10%1 6809200
1.372 4/18x10%3 6808000
1.373 4/17x10%13 6807700
1.374 4/163x10% 6803200
1.375 4/16x10%3 6801540
1/38 4/13x10%3 6790000
1/39 4/08x10%3 6750000
1/40 3/96x10%3 6700000
1/45 3/29%10% 6030000
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1/50 2/31+10%3 5300000

1/51 2/15+101 5180000

1/52 1/97+10% 5001000
This  strong enhancement factor and

relationship to refractive index can offer a
system which can analysis single biomolecule
with the high sensitivity [14].

111.CONCLUSION

A metallic nanoparticle and grating coupler
structure is used as a nanoparticle-film coupling
system. The FDTD simulation was used to
calculate electric field distribution as well as
enhancement factor.

In doing so two types of geometry was
considered, that is nanorod and nanosphere.
The materials for our simulation were gold and
silver. Five different spacers (5, 10, 15, 20, and
25) along with s, p-polarization was chosen for
the Ag-grating coupler.

Our result show that for nanoparticle-film
coupling, the highest enhancement factor of
(101%) can be obtained for Ag nanosphere and
Ag-grating coupler. This enhancement factor is
due to the formation of double resonance
system structure. Finally, our results illustrate
the fact that our proposed system model can be
used in single biomolecule detection.
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