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Summary:
This paper focuses on the optimazation of a localized surface plasmon resonance (LSPR) based sen-
sor element intended for biosensing applications. Finite element method (FEM) was used for the de-
sign of a digital twin of a physically realized plasmonic sensor consisting of hexagonally arranged el-
lipsoidal nanoparticle arrangements. The effect of light illumination conditions, namely polarization 
type and angle of incidence on the refractive index sensitivity of the particle arrangements is studied.
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Background, Motivation and Objective
In the past decades, the investigation of refrac-
tive index sensing-based label-free optical ap-
plications have been in the spotlight due to their 
fast analysis time and many potential applica-
tions [1]. Localized surface plasmon polaritons 
are formed by the electric and magnetic fields 
of the incident electromagnetic wave, which 
causes free electron oscillations at the surface 
of the metallic nanoparticles [2]. The amplifying
of scattering and absorption of the incident light 
can be utilized in many sensing applications [3]. 
The performance of these biosensors is highly 
affected by the geometrical properties of the 
nanoparticles, the refractive index of the sur-
rounding media and the incident electromagnet-
ic field. In a previous research linearly and cir-
cularly polarized electromagnetic waves were 
investigated, with the incident light’s propaga-
tion direction perpendicular to the plane of the 
nanoparticles [4]. This work focuses on the 
effect of various angles of the incident electro-
magnetic wave to enhance the refractive index 
sensitivity (RIS) of the sensor. The calculations 
were carried out with the finite element method 
(FEM), which is a numerical simulation method 
that can be used for analyzing different elec-
tromagnetic problems. It uses Maxwell’s equa-
tions by discretizing the geometry of the model, 
and it allows us to apply it for periodic nanopar-
ticle arrangements [5].

Description of the New Method or System
The design of the periodic structure of the digital 
twin of the ellipsoid nanoparticles, and the calcu-
lations were carried out using COMSOL Mul-
tiphysics 3.5 software’s Wave Optics module. A
hexagonal unit cell was created for the ellipsoi-
dal nanoparticles. The geometrical properties for 
the digital twin of the arrangement was calculat-
ed from experimental results and Scanning 
Electron Microscope (SEM) images (Figure 1.). 
Additionally, an SiO2 pillar was added to the 
model, to simulate the experiments more pre-
cisely. 

Fig. 1. SEM images of the nanoparticle arrange-
ment over the aluminum template. Reproduced from 
Hiba! A hivatkozási forrás nem található..

The meshing of the unit cell is presented in 
Figure 2. 

Fig. 2. The meshing of the (a) hexagonal unit cell 
with the substrate, and (b) the pillar.

EUROSENSORSXXXVI	 460

DOI 10.5162/EUROSENSORSXXXVI/PT6.257



Magnetic and electric modes were both investi-
gated with the help of a periodic port. With line-
arly polarized incident wave the lowest and 
strongest levels of coupling between the nano-
particles were investigated with various angles 
of the incoming electromagnetic wave. Fur-
thermore, the effect of changing the angle of 
the incident light was simulated with circularly 
polarized light. The sensors have been in their 
response of refractive index changes of the 
surrounding medium, thus the RIS can be de-
scribed as:        

 

Results 
The elevation angle of incidence (Θ) describes 
the deviation from the normal perpendicular 
angle of the incoming wave. Two cases of li-
nearly polarized light were investigated (Figure 
3.) 

 
Fig. 3. Normalized electric field distribution with p-
polarized light (a) ϕ =0°, (b) ϕ= 90° in air (n=1). 

The effect of various angles of the incident 
wave were further studied in S and P polariza-
tion, the results on the RIS is presented in Fig-
ure 4. 

 
Fig. 4. The effect of changing the angle of the inci-
dent light (Θ) in S- and P-polarizaton 

Figure 5. presents the changes in the electric 
field in case of circular polarization with two 
different angles of the incident light.  

 
Fig. 5. Normalized electric field distribution with cir-
cularly polarized light at (a) Θ = 15°, (b) Θ = 60° in air 
(n=1). 
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