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ABSTRACT ARTICLE HISTORY

In this paper, we studied the impact of material characteristics on Received 2 July 2019

the optical response of a perforated surface plasmon system as a Accepted 7 August 2019
general trend by employing dielectric function of metallic film. To KEYWORDS

this end, different artificial materials were modeled based on a sin- Material characteristics;
gle interband transition peak in the form of a Lorentzian function dielectric function; surface
in the imaginary part of dielectric function &, as well as a Drude plasmon system; interband
term for free electron feature. The impact of place, strength and transmission; optical loss
broadening of interband peak of metallic film were evaluated on

the optical transmission spectrum. Our results revealed that these

peaks affect the excited modes in the form of a decrease in the inten-

sity of transmitted beam at corresponding frequencies. This decrease

was proportional to the strength and width of the peak, and inter-

preted as an optical dissipation coming from material specifics. The

present study provides a better insight into how the optical trans-

mission response of such systems can be tuned for a particular goal

or application using material characteristics.

Introduction

Studies about the optical behavior of perforated surface plasmon systems can be cate-
gorized into two main parts. First, the investigations that focus on seeking the relations
between geometrical parameters, including hole dimension, lattice constant, thickness of
metallic/dielectric layer, and excited surface plasmon modes of the system [1-5]. Second,
the studies devoted to find new materials with improved optical properties to be employed
in surface plasmon applications or replace conventional metals such as Au and Ag [6-10].
The proposed materials in such papers should have an acceptable optical quality factor
for surface plasmon behavior [11-13], and simultaneously meet the particular conditions
required for desired applications. These research studies are limited to a few known cases,
such as ZrN, AZO, TiN, which were separately presented as some individual case stud-
ies. Thus, they are not able to provide a general view on how the material characteristics
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can affect the surface plasmon behavior. As a result, it can be said that the general rela-
tion between the material used in such systems and excited surface plasmon modes has
remained unknown and more investigations are essential to be done in this field.

In this paper, we provide a comprehensive study to explore governing optical relations
between the material property and the mesoscopic geometry. In fact, a general trend is
sought during the paper by employing a surface plasmon system and focusing on optical
transmission responses. Since all optical features of a material could be found in the dielec-
tric function, we concentrate our studies on evaluating the impact of dielectric function on
the optical transmission spectrum of a perforated surface plasmon system.

Dielectric function is known as the main quantity to describe the optical behavior of
a material in solid state physics [14-16]. It is known as a fingerprint for different materi-
als demonstrating their interaction with incident electromagnetic fields in the form of a
response function for a wide range of energies or wavelengths [17-19]. The real part of
dielectric function (¢1) shows the ability of being electrically polarized, while the imagi-
nary part of dielectric function (e;) denotes the optical loss in material [6]. In addition to
the optical properties, the dielectric function provides other useful information such as the
conductivity nature of a compound, including metal and insulator. This implies that in a
metal there is an infinite value for g5 in energies near zero [20-22], attributed to free elec-
trons effect, while an insulator or semiconductor has a finite value at zero energy (usually
zero) due to the band gap [23-25]. The dielectric function is also used in sensing appli-
cations, where it exposes a shift in energy when an atom or molecule is absorbed on the
surface of structure [26-28]. In spite of the numerous usage of dielectric function in the
literature, which is representative of its importance in analyzing the optical behavior of
materials, it seems to have potential for further investigations on its unknown aspects in
the interdisciplinary fields, specifically, in solid state physics and optics.

In order to bridge the gap between material characteristics and geometry, we designed
an unrealistic set-up in which the effect of dielectric function, as a common quantity
between solid-state physics and optics, was investigated on the optical transmission behav-
ior of a perforated surface plasmon configuration. In other words, the impact of a quantity
that comes from atomic scale interactions was studied on the transmission spectrum of a
known system with the mesoscopic scale.

To this end, an artificial dielectric function was selected in the form of a single Lorentzian
peak for g5, which is representative of a series of electron interband transitions in a specific
range of energies. This single peak is completely unrealistic as no matter could be found
with this characteristic in the nature. It is interpreted as (i) an electron transition from occu-
pied states to empty states around the Fermi energy from solid state physics view and (ii)
an energy dissipation of an incident electromagnetic wave originated from the absorption
and re-emission mechanism of light by electrons in any random directions from optics view.
Subsequently, each proposed material (modeled Lorentzian peak) was used in the metallic
film of perforated system in order to investigate the material effect.

We hope our results can pave the way for tuning the optical properties of the each arbi-
trary geometry by manipulating the optical characteristics of constituent materials. It is
possible, for instance, by employing engineering methods, such as doping guest atoms
into a compound in order to modify or improve the optical properties. Such a study was
performed in our previous work where the transmission behavior of a perforated surface
plasmon of Au-doped TiN was investigated as a function of Au concentration by using
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a combination of Density functional theory and finite-difference time-domain method
(FDTD) method [29]. It was observed that the doping process affects the electronic fea-
tures of the compound such as density of states through atomic scale interactions which
directly influences the optical dielectric function and consequently, transmission spectrum
behavior.

This paper is organized in four sections. The second section is devoted to computa-
tional parameters used in the simulations. In the third section, the main aim of this research,
including interpretation and analysis, is discussed, and all obtained results are summarized
in the last section.

Optical simulation

The Optiwave package was employed to simulate our proposed geometry containing a
metallic thin film on the top of a dielectric substrate. As shown in Figure 1, a periodic array
of square holes were placed within the metallic film in which the distance between two
successive holes was the same and equal to the 250 nm for both x- and y-directions. Other
structural parameters including size of holes, thickness of metallic film and dielectric layer
were 150, 20 and 50 nm, respectively. After full convergence calculations, a mesh param-
eter 5 nm was selected along the x-, y- and z-directions and the system was irradiated by
a Gaussian modulated continuous electromagnetic wave with time offset 4e-15 s and half
width 0.8e-15 s which propagated along the z-direction and linearly polarized in the x-axis
direction (as shown in Figure 1). Since the simulated geometry lies in the x-y plane, the
periodic boundary condition was used for the x- and y-directions and absorbing perfectly
matched layer for the z-direction. The Optiwave package uses FDTD to solve Maxwell equa-
tions for electromagnetic waves through discretizing them by means of the fundamental
definition of derivative equation [30]. By using this method, temporal and spatial depen-
dencies of electric and magnetic fields are found at any point of the simulated geometry
[31]. Finally, the calculated time-dependence electromagnetic fields are converted to the
frequency- dependence quantities by means of Fourier transforms.

In order to generate our artificial materials with different optical characteristics, we
employed Lorentzian function distributions with bell shape in &3, given by Equation (1),
indicating a series of electron interband transitions.
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Here x is the location of distribution center, while y specifies the full width of function
in half the maximum height and / shows the height of peak.

Subsequently, to extract optical parameters required for the simulation of modeled
materials in the proposed configuration via the Optiwave package, the Drude-Lorentz
model was used with only two terms in &,. This model includes the effects of free-electrons
as well as a particular range of interband transitions, which is given by Equation (2):
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Figure 1. Schematic view of a perforated surface plasmon system (top panel) consisting of a square
array of subwavelength air holes introduced into a dielectric layer. The periodic lattice constant and size
of hole are shown by a and S, respectively. Cross-sectional view (bottom panel) containing geometrical
parameters values used in the simulations. All values are in the nanometer scale.

where wj, y; and f; are oscillator resonance frequencies, bandwidths and oscillator
strengths, respectively. The background permittivity is described by e and w, is the
plasma frequency. We set oo = 1 and wp =13.67 x 10'® Rad/s in all simulations [32].

Results and discussion

At first, we investigated the transmission behavior of the perforated surface plasmon
system with respect to the metallic film replaced by different materials with difference
only in the place of resonance peak in &;. The resonance frequency changed from 1.5
to 2.5 x 10'> Rad/s, while other parameters such as the height and width of peaks were
kept constant. Since each individual peak is in the form of a Lorentzian function, we can
easily extract those parameters required for defining our unrealistic material into the Opti-
wave simulating package by comparing Lorentzian function parameters and the optical
quantities of 5.

The corresponding physical quantities for each material (three peaks in Figure 2), includ-
ing resonance frequency, strength and damping coefficient, are listed in Table 1. By irra-
diating of the proposed two-dimensional system, containing periodically a perforated
unrealistic metallic film and a dielectric layer, one can see that some peak and dips appeared
within transmission spectrum (shown in Figure 2(b)) [33,34], which show different orders of
excited surface plasmon modes in a perforated surface plasmon system. In addition, the
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Figure 2. (a) Imaginary part of dielectric function for three proposed materials based on Table 1. Each
individual peak is representative of a resonance and indicator of a specific material. The Drude term is
the same for three materials. (b) Optical transmission spectrum of a perforated surface plasmon system
with respect to different modeled materials as a metallic film. (c) The amplitude of Pointing vector in the
z-direction (Sz) at metal-dielectric interface for the materials at the wavelength of A = 753 nm.

broad peak with highest intensity is the main characteristic of such a metal-dielectric sys-
tem which is known as an extraordinary optical transmission (EOT) peak [35,36]. It is seen
that the same order of excited modes in all three materials occurred approximately in the
same wavelength. A small difference in the place of identical peaks can be explained by

equation Asp = ﬁ %, which shows the relation between wavelength of excited
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Table 1. The Lorentzian peaks parameters for three proposed materials including /, y and x. and corre-
sponding Drude-Lorentz quantities for dielectric function comprising resonance frequencies, oscillation
strength and damping coefficient.

Material wr(10' Rad/s) y (10'° Rad/s) f wp(10'5 Rad/s)
Drude term 0 0.2 1 13.673
I=30,y=1x=15 1.5 1 0.153315 13.673
1=30y=1x=2 2 1 0.2043 13.673
I=30,y=1x=25 25 1 0.255525 13.673

Notes: The difference between materials is only in the resonances frequencies. The Drude term is the same for all materials.

modes, geometrical parameter and material’s quantities [37,38]. It implies that changes
of the dielectric function of metallic film in such system will result in a slight shift in the
wavelength of excited surface plasmon modes.

It was reported in our previous study that the place of these modes only depends on the
lattice constant of the structure [39], as this expression is in agreement with the aforemen-
tioned equation. Here, we fixed all geometrical parameters which also include the lattice
constant, because our intention is just to evaluate the effect of dielectric function (material
in used). By comparing transmission spectrum with the imaginary part of dielectric function
&2, it is found that at frequencies which we have a resonance peak in g3, there is a sig-
nificant decrease in the transmission spectrum for corresponding wavelengths. It is clear
from Figure 2(b) that the lowest value for x. = 1.5 material compared to two other cases
occurs around A = 1255 nm (red arrow) which is due to the peak in ¢, at the frequency of
®=1.5 % 10" Rad/s. In addition, the transmission spectrum of x. = 2 material has the low-
est value around EOT peak which corresponds to the peak at w =2 x 10" in &;, while for
the material with a peak at w =2.5 x 10'° in & the transmission spectrum has the lowest
value around A =753 nm (dark cyan arrow). It can be concluded from above that wher-
ever we have a peak in &;, a decrease in transmission spectrum will be expected at the
corresponding region.

There are several phenomena in such a structure that affect the intensity of excited
modes. First, surface plasmon polariton effect which occurs at metal-dielectric interface
due to coupling between propagating component of electromagnetic field and free elec-
tron sea accumulated at the interface [40,41]. Second, localized surface plasmon resonance
(LSPR), which is known as a collective movement and same phase oscillation of free elec-
trons at sharp edges and tips of metallic film, originated from the action of mimicking
incident electric field by electrons [42]. This phenomenon is limited to the nanometer scale
of holes and it is responsible for hotspots in the field distribution pattern because of the
irradiating nature of oscillating electrons. It was shown that more LSPRs lead to stronger
hotspots that finally enhance transmission intensity [43]. Third phenomenon is related to
the mechanism in which electromagnetic waves directly pass through the holes with mini-
mum interaction with geometry which results in an improvement in transmission spectrum.
This is called waveguide mode effect which is a characteristic of surface plasmon systems
with subwavelength holes [44]. Moreover, there is a coupling between LSPRs at sharp edges
and tips that could strongly affect the optical behavior of the system [40].

In order to confirm previous discussion and show the impact of chosen materials on
the mentioned optical phenomena of the system, z-direction component of transmission
power calculated by FDTD modeling was depicted for three supposed materials at the
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wavelength of A =753 nm. Figure 2(c) shows the S, distribution pattern for each material
in a separate window, which includes a region with six square holes. The LSPRs at edges
and corners of holes, waveguide mode within the central hole and LSPR interaction in the
form of contour lines in the metallic region between holes, are clearly observed. It is found
that hotspots for xc = 2.5 case have the lowest brightness in comparison with x. = 1.5 and
2 materials, which is representative of the weakest LSPR; therefore, the lowest enhanced
local field. In contrast, the xc = 1.5 material not only has the highest brightness and the
largest size of hotspot but also shows the most relative LSPR interaction between hotspots
due to high-contrast contour lines on the metallic film. All the aforementioned phenomena
indicate more enhancement for transmission intensity of x. = 1.5 material at A =753 nm
compared to two other cases, which is in agreement with the calculated optical transmis-
sion spectrum in Figure 2(b). Since the single resonance peak in g>for the case of xc. =1.5
(red arrow) is far enough from the discussed area around A =753 nm, the x. = 1.5 material
faces the least reduction in transmission intensity compared to two other cases. The similar
discussion can be considered for two other regions of transmission spectrum in Figure 2.

It can be concluded that the electron interband transitions are responsible for the opti-
cal loss observed in the simulation as they play an important role in the energy dissipation
of incident electromagnetic waves. By considering the band structure view in solid state
physics, the incident beam can be absorbed by electrons in occupied states below the Fermi
energy which causes their transition to unoccupied states. The excited electrons return to
the lower energy states by emitting electromagnetic wave in the spatially random direc-
tions. This phenomenon causes fewer beams to reach to the observation area behind the
structure which measures the transmission spectrum of the electromagnetic wave, thus
there would be less intensity for the transmitted beam in the specific range of frequencies
or wavelengths.

The obtained results show that the optical behavior of such geometry is strongly depen-
dent on the material used in the system and imply a general trend, exhibiting a competition
between material and geometry in controlling optical characteristics of the system. This
provides a clear insight into how the optical properties can be tailored for a specific purpose
or particular application. For instance, regarding the sensing application by utilizing perfo-
rated surface plasmon system, having a sharp and distinct EOT peak is highly demanded. It
implies that if we could find a material with two interband transition peaks in ¢ at frequen-
cies of w=1.5and 2.5 x 10'> Rad/s, one can expect a sharp and distinct EOT peak, proper
for sensing applications.

In the next section, the impact of peak strength in &; was chased on the excited plas-
mon modes of transmission spectrum. In this unrealistic case, we introduced seven different
materials with only one resonance at the frequency of 2 x 10" Rad/s in which all materi-
als have the same plasmon frequency and damping factor but different in the resonance
strength, originated from various heights of Lorentzian peak. In order to do that, we con-
sidered different values for | parameter in Lorentzian function ranging from 1 to 30, given
by Table 2. Moreover, the Drude model used in the previous simulations was employed
here to provide metallic behavior with the characteristic of the Electron Sea. It should be
noted again that the final amounts of ¢; for a material are obtained by the summation of
Drude model and related Lorentzian distribution. In fact, each peak is attributed to a new
material in which the difference in optical behavior of these materials stems only from their
resonance intensity in the given frequency.
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Table 2. The Lorentzian peaks parameters for the proposed materials including /, ¥ and x and corre-
sponding Drude-Lorentz quantities for dielectric function comprising resonance frequencies, oscillation
strength and damping coefficient.

Material (10" Rad/s) ¥ (10'® Rad/s) f wp(10' Rad/s)
Drude term 0 0.2 1 13.673
I=1y=1x=2 2 1 0.00681 13.673
I=5y=1x=2 2 1 0.03405 13.673
I=10,y=1x=2 2 1 0.0681 13.673
I=15y=1x=2 2 1 0.10215 13.673
1=20y=1x=2 2 1 0.1362 13.673
[=25y=1x=2 2 1 0.17025 13.673
1=30,y=1x=2 2 1 0.2043 13.673

Notes: The difference between materials is only in the oscillation strength. The Drude term is the same for all materials.

The Drude-Lorentz model was used to extract the optical parameters required for defin-
ing our proposed materials into the Optiwave package for FDTD simulations. The results are
listedin Table 2.1t is seen that w,, y and wp are the same for all peaks while f;, which is known
as oscillator strength, is different. We replaced the metallic film of dielectric-metal config-
uration with these unrealistic materials in order to see the impact of f; parameter on the
optical behavior of the simulated geometry.

As it is clear from Figure 3(b), since all materials have only one resonance around
w=2 x 10" Rad/s, it is expected that all changes occur around the EOT peak. One can see
that the material with | = 1, which corresponds to the smallest peak in &;, has the most
optical transmission at EOT peak, while by increasing /, the intensity of transmitted beam
gradually decreases as it reaches to the lowest amount for /| = 30. For | = 30 material, the
peaks showing excited surface plasmon modes have the lowest sharpness and contrast
compared to/ = 1 and 5 even the EOT peak disappeared for this material. It is completely
in agreement with our previous explanation about relation between ¢, and optical loss of
system: increasing the peak height of a resonance in ¢;, intensifies the energy dissipation
at corresponding frequencies which leads to the less intensity of transmitted beam.

Figure 3(c) demonstrates S, distribution calculated by FDTD simulations for/ = 1,10, 20
and 30. Itis seen that there is more intensity for | = 1 at sharp edges and tips in comparison
with others which is presumably due to the more excited LSPRs and consequently, stronger
hotspots and enhanced local fields. Moreover, there are more contour lines between square
holes for | = 1 case which are indicators of more interaction between LSPRs, resulting in a
growth in the intensity of transmitted beam for the lowest value of | parameter. This trend
confirms the behavior observed in the optical transmission spectrum of Figure 2(b).

In the following, we evaluated the effect of broadening of interband transmission peak
on the optical behavior of the proposed mesoscopic system. For this reason, four unreal-
istic materials were suggested with only one resonance at w =2 x 10'> Rad/s in the form
of a Lorentzian peak in ¢, while y parameter varied from 0.4 to 1 (see Figure 4(a)). For all
materials the peaks height and plasmon frequency were the same. Similar to the previous
simulations, metallic behavior was included to the materials by adding the Drude term into
theimaginary part of dielectric function in order to expect the surface plasmon phenomena.

According to Table 3, all materials in this section have the same optical quantities expect
the y parameter which is approximately equal to the full width in half maximum of an inter-
band transition peak. It is also known as a damping coefficient of resonance and associated
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Figure 3. (a) Imaginary part of dielectric function for different unrealistic materials introduced in Table 2.
The Drude term is the same for all materials. (b) Optical transmission spectrum of a perforated sur-
face plasmon system with respect to different modeled materials as the metallic film. (c) The amplitude
of Pointing vector in the z-direction (Sz) at metal—dielectric interface for the selected materials at the
wavelength of A = 941 nm (EOT peak).

with the relaxation time of an excited state [45]. By replacing the metallic film of surface
plasmon configuration with the proposed materials, one can see from Figure 4(b) a higher
relative transmission intensity around the EOT peak for the y = 0.4 material compared to
other three cases. It is also observed that by approaching to the center of resonance, the
difference in transmission intensity of model materials decreases because all four materials
have the same peak strength in the imaginary part of dielectric function &, (Figure 4(a)).
The obtained behavior implies that the y parameter is directly related to the effectiveness
and coverage range of a resonance peak in decreasing the intensity of transmitted beam.
It means those materials with smaller damping factor have a shorter coverage range for
influencing on the system via decreasing the optical intensity, as it is seen for y =0.4. In
contrast, materials with larger y decline the transmission intensity of electromagnetic wave
in a wider spectrum because of their more coverage range, as observed forthe y =1 case.In
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Figure 4. (a) Imaginary part of dielectric function for different unrealistic materials with various damp-
ing factors of resonance based on Table 3. The Drude term is the same for all materials. (b) Optical
transmission spectrum of a perforated surface plasmon system with respect to different modeled
materials as the metallic film.

Table 3. The Lorentzian peak parameters for the proposed materials including /, ¥ and x¢ and the corre-
sponding Drude-Lorentz quantities for dielectric function comprising resonance frequencies, oscillation
strength and damping coefficient.

Material (10" Rad/s) y (10" Rad/s) f wp(10'® Rad/s)
Drude term 0 0.2 1 13.673
I =14,y =04,x=2 2 0.4 0.095 13.673
1=21,y=06,x=2 2 0.6 0.143 13.673
| =28,y=08x=2 2 0.8 0.190 13.673
I=35y=1,x=2 2 1 0.238 13.673

Notes: The difference between materials is only in the damping coefficient of resonance. The Drude term is the same for all
materials.

other words, by increasing y parameter, the optical loss becomes active in a broader range
and causes the decreased intensity to occur in a more extended region.

The mentioned discussion shows the role of y parameter in controlling the optical
behavior of a system and as it is clear from its name, the damping coefficient is a factor
showing the rang of optical loss. It is worth mentioning that the usage of optical loss term
completely depends on the research aim and application which is intended to be done. For
instance, in the present study, one expects to have a material with the maximum of trans-
mission spectrum stems from surface plasmon phenomena while according to the nature
of interband transitions which is based on the absorption and randomly spatial re-emission
mechanism of incident electromagnetic wave, using the term of optical loss seems to be
meaningful in this case. In contrast, there are particular applications in which the absorption
process plays a vital role in the performance and efficiency of those application such as light
emitting diode (LED) and solar cell devices, which require materials with high absorption
rate in particular ranges of frequencies. This indicates that applying the term of optical loss,
caused by interband transitions, would be meaningless in such cases.
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Figure 5. Optical transmission spectrum of perforated surface plasmon system (top) containing Au
(solid blue line) and Ag (solid red line) as the metallic film, and reproduced imaginary part of dielectric
function &, (bottom) for Au (dotted blue line) and Ag (dotted red line).

In order to confirm the previous results and evaluate the validity of our discussion for
real materials, we calculated the optical transmission spectrum of a perforated surface
plasmon system for two known metals: gold and silver. To this end, we employed default
values of the imaginary part of dielectric functions ¢, embedded in the Optiwave pack-
age, which were taken from Ref. 32 and obtained based on the experimental studies. In the
following, the imaginary parts of dielectric function of Au and Ag were retrieved by employ-
ing the method used in prior sections except that the process was completely reversed
as we had some known physical quantities for ¢; and needed to plot them by modeling
corresponding Lorentzian functions.

In Figure 5, we depicted both optical transmission spectrum of a perforated surface
plasmon system containing Au and Ag as metallic film and reproduced imaginary part of
dielectric function in order to seek the effect of material characteristics. Different excited
modes are observed for both cases which are due to the nature of such geometry in cou-
pling the propagating in-plane component of incident electromagnetic wave and orderly
subwavelength holes.

The surface plasmon modes for both metals are approximately excited at the same
wavelengths. It is because of a relatively close value for plasma frequency of Au and Ag:
wpau=13.69 x 10'> and wpag = 13.67 x 10'° Rad/s. Moreover, it is seen that Ag has more
transmission intensity than Auin most wavelengths, especially at the place of excited peaks.
The obtained results are completely consistent with our previous discussion, indicating that
more imaginary part of dielectric function leads to the less transmission spectrum. By com-
paring two plots in the bottom of Figure 5, it is observed that Au has relatively greater
dielectric function than Ag in entire wavelengths which results in more optical loss, and
therefore less transmission intensity for that. A greater damping coefficient for Au at reso-
nance with zero energy (Drude peak) as well as lower-energy excited interband transition
peaks, which appear in Vis-IR window compared to UV peaks of Ag, makes a larger imagi-
nary part of dielectric function for that. Furthermore, it should be noted that since there is a
small difference in the imaginary part of dielectric function for Au and Ag, it is expected
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that the optical transmission intensity has also a slight difference at excited peaks, as it
was observed for the modeled unrealistic materials in Figure 3(b) that a 60% increase in
the imaginary part of dielectric function between | = 15 and 25 led to a 9% decrease in
transmission spectrum.

Conclusion

In this paper, we sought a general trend between material characteristic and optical behav-
ior of a mesoscopic system. We presented our study in the framework of an example for
optical transmission spectrum of a perforated surface plasmon configuration with respect
to various unrealistic and artificial materials modeled as metallic film. The optical char-
acteristic of the proposed metallic materials were demonstrated in the imaginary part
of dielectric function which included a single interband transition peak with Lorentzian
distribution (different place, height and width of resonance) as well as a Drude term for
metallic behavior. It was revealed that the optical transmission response of such a struc-
ture was influenced by two effects. First, different excited modes of surface plasmon at
metal-dielectric interface appeared as separate peaks and dips, and second, optical loss
in the form of a decrease in transmission spectrum originated from interband transition
peaks in the imaginary part of dielectric function. This decrease was proportional to the
height, width and place of resonance peak. The same simulations were done for some real-
istic materials including Ag and Au that confirmed the obtained results. This study provided
a comprehensive view on how material characteristics control general optical behavior of
a mesoscopic system and showed the importance of material selection for particular goals
and applications.
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