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ARTICLE INFO ABSTRACT
Article Type: Periodic arrays of dielectric nanoholes have received much attention
Original Research due to their high ability to control the interaction of plasmonic modes.

This research studies the arrangement and composition of plasmonic
two-dimensional periodic arrays of cylindrical nanoholes made of air

Received: in the Al metal layer. We investigate the plasmonic modes of this
Revised: nanostructure using the time domain finite difference numerical
Accepted: method under normal s-polarized radiation in the range of 300-750

nm. In this work, we try to create strong surface lattice plasmon
modes in the attenuated total reflection spectrum in the visible region

Xl?:)\:g;?n by using appropriate dimensions of nanoholes. By changing the
Finite Difference Time Domain period and radius of the nanoholes in the periodic period of 300 nm
Nanohole and the radius of 80 nm in the wavelength of 477 nm, the Lowest
Plasmonic amount of reflection is created near the diffraction modes of the
Sensor dielectric substrate. The plasmonic mode allows us to obtain strong

alternating fields. In this regard, by changing the refractive index of

nanoholes and the surrounding environment, we observe noticeable
*Corresponding Author: changes in the position and intensity of the modes by changing to
Mohsen Bahrami higher wavelengths. The sensitivity of the mode is equal to 20
Email: Bahrami.m@lu.ac.ir nm/RIU. Therefore, the results of this research can show the designed

nanostructure as a suitable option for use in refractive index sensors.
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EXTENDED ABSTRACT

Introduction

Surface lattice resonance (SLR) modes have a significant effect on the performance
of plasmonic devices by improving near-field intensity, reducing line width along with
increasing light energy storage. In this research. using FDTD numerical method. we
study the attenuated total reflection (ATR) spectrum in the visible region with the aim
of investigating the plasmonic performance of aluminum thin metal layer coupled to
periodic arrays of nanoholes with the aim of improving absorption.

Methodology
Figure 1 (a, and b) shows a schematic of the proposed plasmonic nanostructure. In this
research, we have used different sizes and periods of nanoholes to reduce light reflection.
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Figure 1 a) Schematic of a nanostructure with Al metal layer and air nanoholes located on
a transparent dielectric substrate, b) A view of the designed unit cell

We calculated the light absorption using the relationship A=1-R-T, where R and T are
the reflected and transmitted light, respectively. The amount of absorption in this
nanostructure is equal to A=1-T. The following equations calculate the value of the
resonance wavelength in periodic nanoarrays and the wavelength of Rayleigh
anomalies, respectively.
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Results and discussion

In the first step, in order to understand the role of dielectric nanoholes, we
calculated the reflection and optical response of the Al metal layer with a thickness of
100 nm with and without nanoholes. We designed the nanoholes with a height of 100
nm and a radius of 60 nm. The main peak and the highest amount of absorption is
located at the wavelength of 465nm, close to the diffraction modes in the period of
300nm of nanoholes. At this wavelength, surface plasmon modes and nanoarray plane
diffraction modes interact, resulting in the formation of SLR hybrid modes.
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Figure 2 a) Reflection spectrum diagram in Al metal layer, b) Reflection, transmission and
absorption spectrum diagram in Al metal layer with the presence of air nanholes

Next, we examine the period changes of air nanoholes, a key parameter for amplifying
electromagnetic resonances in the spectral region (Figure 3a, b). In the periodic period of
300nm, when the A; spg of the nanoholes is in wavelengths shorter than the diffraction, the
light scattered on the nanoarray plane leads to the strengthening of the plasmonic modes.
By reducing the distance between the nanotubes, dipole plasmons interact in phase with
the metal-dielectric interface, which enhances this near-field process and improves the
localizing and absorption of light in the nanostructure.

In the continuation of the calculations, with the increase in the radius of the
nanoholes, the resonance wavelength changes from 465 nm to 477nm and the amount
of light reflection decreases. At a radius of 80nm, we obtain the attenuated total
reflection (ATR) spectrum. By increasing the radius of dielectric nanocavities, the
plasmon resonance of one nanoparticle overlaps spectrally with the resonance of
another nanoparticle. This coupling enables more energy storage in the nanostructure.
In this regard, the localazing fields caused by the Coulomb interaction between the
surface charges of two particles are strengthened and lead to a decrease in reflection
and an increase in light absorption (Figure 4 (b)).
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Figure 3 a) reflection spectrum, b) resonance wavelengths according to different periods
of air nanoholes
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Figure 4 a) reflection spectrum, b) reflection, transmission, and absorption spectra at
477 nm wavelength

In this step, we changed the refractive index of dielectric nanoholes to MgF, (n = 1.3).Al,05 (n =
2.89), and Si (n=3.44) (figure 5a). According to the quasi-electrostatic approximation, as the
refractive index of nanoholes increases, their dielectric constant also increases. This increase
leads to a decrease in resonant frequencies and a shift to higher wavelengths. Then, to use the
designed nanostructure in sensors, we changed the refractive index of the surrounding
environment (figure 5b). According to the figure, with the increase of the refractive index of
the environment from 1 to 1.45, the resonance peaks change to higher wavelengths and the
resonance wavelength changes from 477 nm to 486 nm. In this regard, we calculated the
sensitivity in different environments according to the table below. Based on this, our proposed
nanostructure has a good sensitivity in this wavelength range compared to previous studies.
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Figure 5 Reflection spectrum diagram in different refractive index a) dielectric
nanoholes, b) dielectric environments

Table 1. Sensitivity of nanostructure with different refractive index of environment
Refractive index A(nm) Al((nm) S(nm/ RIU)

1 477 - -
1.25 479 2 8
133 481 2 25
1.45 486 5 41

Conclusion

Our calculations showed that the presence of cylindrical dielectric nanoholes made
of air in the aluminum metal layer minimizes the amount of light reflection. By using
appropriate dimensions of nanoholes, we created strong SLR modes in the attenuated
total reflection spectrum in the visible spectrum region. In the period of 300 nm and the
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radius of 80 nm at the wavelength of 477 nm, the highest amount of absorption was
observed near the diffraction modes of the dielectric substrate. With the presence of
nanoholes in the metal layer, the amount of light reflection decreased and high
absorption was obtained in the created hybrid mode. Then, by changing the periodicity
and radius of the nanoholes, we observed that the amount of the reflection spectrum
was weakened and the position of the wavelength of the resonant modes was changed.
By changing the refractive index of the surrounding environment, we achieved the
sensitivity in this mode equal to 41nm/RIU. Therefore, the results of this research can
show the designed nanostructure as suitable option for use in refractive index sensors.
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