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ABSTRACT—In this study, a bidirectional
absorber with broadband and narrowband
absorption capabilities is designed and analyzed.
The structure consists of two sides: the top side
is composed of Au disks and indium tin oxide
(ITO) as an epsilon-near-zero (ENZ) material
for broadband absorption in the near-infrared
region, whereas the bottom side features a simple
metal-dielectric-metal configuration for
narrowband absorption. Broadband absorption,
covering more than 90% of the spectrum within
the wavelength range of 1470-2290 nm, results
from the coupling of the ENZ modes with the
plasmon modes. Narrowband absorption with
near-unity efficiency at a wavelength of 1550 nm
was achieved because of the localized plasmonic
resonances in the Al disk arrays. The numerical
simulation results demonstrate that this
structure can achieve nearly perfect absorption
in both light propagation directions (+z and —2)
through the optimization of geometric
parameters. In addition, this design has potential
applications in color filters, energy storage
systems, and advanced optical devices.
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I. INTRODUCTION

The absorption of electromagnetic waves is a
critical phenomenon that involves energy
conversion upon the interaction of light with a
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material. This process has applications across
various domains, including defense, sensing,
imaging, medical treatments, cloaking
technologies, and solar energy harvesting [1]-

[7].

Metamaterial ~ absorbers  have  garnered
significant attention from researchers owing to
their thinness compared to traditional
absorbers. Recently, a class of materials known
as epsilon-near-zero (ENZ) materials has been
identified, characterized by their near-zero
permittivity [8]. The frequency at which the real
part of permittivity approaches zero is referred
to as the ENZ frequency [9]. The region
surrounding the ENZ wavelength, where
IRe{e}|<1, is defined as the ENZ region [10],
[11]. Owing to their remarkable optical
properties, these materials have found many
applications in various fields such as switches
[12]-[16], optical modulators [17]-[23],
isolators [24], sensors [25], absorbers [26]-[31],
filters [32], [33], and image resolution [34].
Transparent conducting oxides (TCOs) are the
most popular ENZ materials owing to their
functional feasibility and unique properties.
One of the most widely used TCOs is indium
tin oxide (ITO), which has a high electron
density in the range of 10° to 10%* cm™ [35],
[36].

In various research fields, absorbers with either
broadband or narrow-band absorption have
been developed, depending on the application
requirements. These structures play an
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important role in various devices, such as
thermal emitters [37], [38], color filters [39],
and chemical sensing [40], [41]. Recently,
perfect absorbers with the ability to achieve
broadband and narrowband absorption have
opened up new research areas in many fields
[42], [43].

A tunable absorber comprising an array of
silicon pillars embedded within a Liquid
Crystal (LC) layer controlled by graphene
electrodes was reported. By altering the applied
bias, the orientation of the LC can be adjusted,
enabling achievement of the desired absorption
peaks [43]. A perfectly tunable absorber was
introduced by employing a graphene layer as an
optical switch specifically designed for infrared
applications [44]. A multilayer absorber with
tunable functionality that leverages vanadium
dioxide (VO2) as the switching material is
presented. The device exhibited broadband
absorption in the metallic state of VO and
narrowband selective absorption in its
insulating state [45]. A terahertz absorber
capable of switching between four narrow
bands and a single broadband absorption mode
is introduced. The structure leverages a
combination of graphene and VO, both of
which exhibit tunable electrooptical properties.
By controlling the phase transition of VO: and
adjusting the Fermi level of graphene, the
absorber performance can be switched between
different operational states [46]. A combination
of cross-patterned graphene and square frames
was utilized to achieve wideband and
narrowband optical switching. By applying an
electric field to the graphene layer and adjusting
its relaxation time, the desired wideband and
narrowband absorption characteristics were
achieved [47].

Although it is possible to achieve both
broadband and narrowband absorption in a
single-sided structure, this approach increases
the device complexity. Moreover, a portion of
the broadband absorption bandwidth is wasted
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to meet both the broadband and narrowband
absorption requirements [48].

In this study, we designed a bidirectional
absorber that enables broadband and
narrowband absorption without any external
mechanisms. The use of ITO in the top layer,
which functions as an ENZ material in the near-
infrared region, provides broadband absorption
through the excitation of ENZ modes and their
coupling to plasmon modes.

The coupling between ENZ modes in the ITO
layer and plasmonic modes in the gold (Au)
disks plays a critical role in achieving high
absorption  efficiency.  This interaction
markedly enhances the local electric field and
broadens the spectral bandwidth of light
absorption. For the bottom layer, which enables
narrowband absorption, a conventional metal—
dielectric—-metal configuration is employed,
where localized plasmonic resonances are
supported by Al disk arrays.

The proposed bidirectional absorber addresses
the challenges of design complexity and
bandwidth reduction when switching from
broadband to narrowband states. This structure
has potential applications in energy storage
systems, color filters, sensors, and
optoelectronic devices.

In the top layer, the generation of plasmonic
modes is primarily facilitated by the Au disks,
which induce collective oscillations of free
electrons at the metal-dielectric interface,
resulting in localized plasmonic resonances.
Conversely, ENZ modes are excited within the
ITO layer. The coupling between these two
modes-ENZ in ITO and plasmonic in Au
substantially ~ enhances  absorption by
intensifying the local electric field and
broadening the spectral response.
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Fig. 1. (a) The cross-section view of the bidirectional perfect absorber. (b)-(c) Top views of the layers in the (+2)
and (-z) directions, respectively. (d)-(e) Parameter representations for the upper section and lower section,

respectively.

I1. MODELS AND METHODS

Figure 1 illustrates the proposed design of a
bidirectional switchable perfect absorber. The
structure exploits the simultaneous excitation of
ENZ modes in the ITO layer and plasmonic
modes in the Au disks to achieve tunable and
efficient light absorption. The top side of the
absorber comprises triangularly arranged Au
disks, a SiO: spacer, and a thick Au plate that
functions as a ground plane. To achieve
broadband absorption, the ENZ material was
incorporated into the structure. For excitation of
the ENZ mode, the film thickness must be much
smaller than the critical thickness of Aenz/50,
where Jenz is the wavelength at which the real
part of the dielectric permittivity reaches zero
[49]. A 12 nm ultra-thin coating of ITO,
exhibiting ENZ properties at a wavelength of
1550 nm, was placed between the Au array and
spacer. Additionally, ITO coatings covered the
sides and tops of the disks with thicknesses of
tc=20 nm and he = 80 nm, respectively. This
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further enhances the absorption, resulting in
robust and efficient performance.

The lower absorber segment employed a similar
metal-dielectric-metal ~ configuration,  and
consisted of a square periodic array of Al disks
placed on an Al>Oz dielectric layer. This design
is supported by a thick Au ground plane
mounted on a glass substrate. In this model, the
structural parameters are optimized to achieve
perfect absorption. The optimized dimensions
included the radius of the Au disks (ro) of 185
nm and their height (ho) of 50 nm. The radius
and height of the Al disks were determined as
=153 nm and hy=30 nm, respectively.
Furthermore, the thickness of the ground Au
layer was set to ta,=190 nm on both sides to
ensure effective absorption in both the
directions. The spacer layer thickness was
investigated in both directions and the optimal
dimensions were ts=185 nm for SiO: and t,=28
nm for ALOs. For the top of the absorber (+z
direction), the periodicity in the x and y
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directions was 750 nm and 1275 nm,
respectively. In addition, for the Al square
arrays in the x-direction, the periodicity was
800 nm.

Appropriate  selection of the lattice
periodicities, disk dimensions, and ITO coating
thickness is critical to precluding inter-element

filling and sustaining robust absorption
performance.
In the absorber design, the absorption

coefficient (A) is mathematically defined as a
function of the reflection (R) and transmission
(T) through the relationship A=1-R-T. In this
study, the transmission was completely
eliminated because the optically thick Au layer
effectively prevented light from propagating
through the structure. Consequently, the
absorption is primarily determined by the
reflection properties.

To accurately simulate the interaction of a
propagating plane electromagnetic wave with
the absorber, periodic boundary conditions
were applied along the x and y directions, while
a perfect matching layer (PML) was utilized
along the z direction to effectively suppress
unwanted boundary reflections. The reflectivity
of the device in both forward and backward
directions is calculated using the finite-
difference time-domain (FDTD) method under
plane wave illumination, from which the
absorption spectrum is subsequently derived.
The optical constants for SiO2, Al2Os, Au, and
Al were sourced from the Palik standard
database [50] to ensure the reliability of the
input parameters. The optical response of the
ITO, which is essential for identifying the ENZ
region, was derived using the Drude model.
This model is described by the following
equation [51]:

2
Wp

)

SITO((U) = &0 T w?+ilTw
where &, is the high-frequency dielectric
constant, wp is the plasma frequency, I' is the
electron attenuation rate, and w is the angular
frequency of the incident wave. Parameters wp
and T" were determined using the following
equations:
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where ¢o is the permittivity of free space, e is
the electron charge, m* is the electron effective
mass, n is the free carrier density in ITO, and u
is the electron mobility. These parameters
enable precise characterization of ITO's
dispersive properties within the ENZ regime.
To achieve ENZ properties in ITO at a
wavelength of 1550 nm, specific material
parameters were utilized, as outlined in [52]:

u=38 cm?/V.s, &.=3.49, n=7.5x1019 cm?,
p=8.24x10" rad/s, and m*=0.35mg (Mo is the
mass of the electron in free space). These
parameters enabled ITO to exhibit ENZ
characteristics by fine-tuning the carrier density
(n) within the material. This tunability is
essential for ENZ applications and can be
accurately  controlled  during  material
fabrication using techniques such as atomic
layer deposition, sputtering, and other
deposition methods [53]. Such control over the
ENZ is critical for designing devices in fields
such as nanophotonics and metamaterials,
where specific optical responses are required at
telecommunication wavelengths. Moreover, by
tailoring these parameters, 1TO-based devices
can achieve enhanced light-matter interactions.
In this regard, the relative permittivity curve of
ITO, as shown in Fig. 2, indicates that Aenz is
1550 nm.

The optical response of the structure was
characterized by its absorption behavior under
normal light incidence, as shown in Fig. 3. The
results indicate that the structure exhibits near-
unity absorption, with reflectance approaching
zero in both the forward and backward
directions. This high absorption in both
directions demonstrates the high efficiency of
the structure in trapping and utilizing the
incident light. Under forward incidence, the
confinement of the electric field within the ENZ
layer significantly enhances the interaction
between the electromagnetic waves and the
material. This confinement enables coupling
between the excited ENZ and the plasmon
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modes. The coupling effect amplifies the local
electric field intensity and broadens the spectral
range of light absorption. Consequently, this
interaction leads to a substantial increase in
light absorption over a range wider than the
typical bandwidth, thereby improving the
optical response of the system.
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Fig. 2. Permittivity spectrum of ITO

As is evident from Fig. 3(a), the structure
achieves absorption levels exceeding 90%
across a broad wavelength range from 1470 to
2290 nm. This behavior highlights the potential
of the structure as an effective broadband
absorber suitable for various applications
requiring high-efficiency light capture, such as
energy harvesting, photodetectors, and thermal
emission control. As shown in Fig. 3(b), under
backward incidence, the structure maintains its
remarkable optical performance. Specifically,
near-unity absorption was observed at a
wavelength  of 1550 nm, indicating a
pronounced resonance. The high absorptivity at
this resonance wavelength highlights the
suitability of the structure for applications
where precise spectral selectivity is critical,
such as optical filters, sensors, or
communication systems. Furthermore, the
minimal reflectance in both directions confirms
efficient impedance matching between the
structure and the surrounding medium, which
facilitates  maximum  light  absorption.
Therefore, the device enables simultaneous
access to both broadband and narrowband
absorption states, depending on specific
application requirements. Additionally, it can
function as a switch between two distinct
absorption conditions.
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Fig. 3. Simulated absorptivity response of the
bidirectional absorber for a normally incident plane
wave propagating in the (a) forward and (b)
backward directions.

I11. RESULTS AND DISCUSSION

The thickness of the SiO. layer, which
functions as a spacer, plays a crucial role in
determining the absorption rate of the system.
Figure 4 illustrates the variations in the
absorption rates corresponding to the different
spacer thicknesses. The peak I in the absorption
spectrum, occurring near the ENZ wavelength,
was attributed to the ENZ mode, while the peak
Il was attributed to the plasmon mode. When
the spacer layer is excessively thick, the
interaction between these two modes—the ENZ
mode and plasmon mode - is significantly
weakened owing to the reduced spatial overlap
of their electromagnetic fields. This weak
coupling led to a decrease in absorption
efficiency. In contrast, with an excessive
reduction in the thickness of the Si0: layer, the
spatial overlap between the ENZ and plasmon
modes increased, thereby enhancing the
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coupling strength between them. This strong
coupling results in the emergence of two
distinct peaks in the absorption spectrum. The
interplay between spacer thickness, coupling
strength, and absorption behavior highlights the
importance of precise spacer design for
optimizing the performance of plasmonic or
photonic devices.
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Fig. 5. Electric field intensity distributions
corresponding to the absorption peaks at 1900 nm (a
and c) and 1300 nm (b and d): (a)—(b) in the x-y
plane, and (c)—(d) in the x-z plane.

To demonstrate the effect of ITO on the
bandwidth, the electric and magnetic field
distributions at 1900 and 1300 nm,
corresponding to wavelengths inside and
outside the absorption band, respectively, were
simulated and are presented in Fig. 5. As
observed in Figs. 5(a) and (c), at the wavelength
of 1900 nm, the electric field is strongly
confined within the ENZ layers, leading to
enhanced optical absorption over a broad
bandwidth owing to excitation of the ENZ
mode. In contrast, at the wavelength of 1300
nm, the ENZ modes could not be effectively

Normalized Absorption
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Fig. 4. Simulated absorptivity for various thicknesses
of the Si0: layer.

excited, limiting the confinement of the electric
field within the ITO layer. Consequently, only
a minimal penetration of the electric field into
the adjacent SiO: dielectric layer was observed.
This weak interaction restricts optical
absorption at 1300 nm (Figs. 5(b) and (d)).
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Therefore, the excitation of ENZ modes within
the ITO layer and their coupling with plasmonic
modes result in broadband optical absorption.

The bandwidth and absorption peak could be
tuned by altering the geometric parameters of
the designed device. To determine the optimal
value for each parameter, a numerical
investigation was performed in which the effect
of one parameter was evaluated while keeping
the other parameters constant. Achieving the
maximum absorption peak value and broad
bandwidth necessitates a tradeoff between these
two characteristics, ensuring that an optimal
balance is chosen.

Figure 6(a) illustrates the effect of varying the
Au disk radius in the range 145-195 nm in
increments of 10 nm. In the initial stages of
increasing the disk radius, the stronger coupling
between the disks and ITO enhanced the
absorption intensity at peak IlI. However,
beyond approximately 165 nm, the disk
distances become sufficiently small such that
plasmonic modes exhibit significant overlap,
leading to the weakening of the effective
coupling and a subsequent reduction in
absorption. As the radius increased and the disk
gaps decreased, the plasmonic modes in the gap
region abnormally intensified, resulting in a
reduction in the plasmonic resonance energy
and a redshift in the resonance wavelength. In
contrast, peak I, associated with the ENZ
modes, continuously increased as the
enlargement of the disk radius enhanced the
coupling between the plasmonic and ENZ
modes, thereby strengthening the light
absorption in this mode. Furthermore, because
the ENZ mode is primarily governed by the
dielectric properties of ITO rather than its
geometrical dimensions, no significant shift in
the peak | wavelength was observed.
Ultimately, considering the balance between
maximum absorption and bandwidth, an
optimal radius of 185 nm was selected, as it
maintains a high absorption intensity while
maintaining the bandwidth reduction within an
acceptable range.

Next, simulations were conducted to determine
the optimal height of the Au disks with values
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of 30, 40, 50, 60, 70, and 80 nm. As illustrated
in Fig. 6(b), increasing the disk height has
different effects on the plasmonic and ENZ
modes. Peak Il exhibited a reduction in the
absorption intensity, a shift toward shorter
wavelengths (blue shift), and a decrease in the
bandwidth as the height increased. In fact,
increasing the height enhances ohmic losses,
reduces the surface field intensity, and weakens
plasmonic coupling with the ITO layer, leading
to a decrease in the absorption of the plasmonic
peak. Moreover, as the height increased and the
concentration of electromagnetic fields at the
surface decreased, the oscillation rate of surface
charges increased, resulting in a higher
resonance frequency and, consequently, a blue
shift of peak Il. Conversely, peak | remains at a
constant wavelength, whereas its absorption
intensity increases. This phenomenon occurs
because increasing the height enhances the
coupling between the plasmonic and ENZ
modes, increases the contact area between the
disk and ITO layer, and reduces the energy
leakage. As a result, more electromagnetic
energy is confined within the ITO layer, leading
to a higher absorption in this mode. In addition,
because the ENZ mode is primarily governed
by the intrinsic properties of ITO, increasing the
height induces only a minor change, causing a
slight redshift. Among the investigated heights,
50 nm provided the most uniform absorption
across the entire spectrum. This balance
establishes an optimal point between the
absorption intensity, bandwidth, and spectral
position of resonance peaks. Therefore, an Au
disk height of 50 nm was selected as the optimal
value.

In subsequent simulations, the optimization of
the ITO coating on the sidewalls and top surface
of the metallic disks was investigated. Initially,
the optimal thickness of the ITO coating on the
sidewalls of the disks was determined
(Fig. 7(a)). A reference case with no coating
was considered, followed by a variation in the
thickness from 10 to 50 nm in steps of 10 nm.
The results indicated that increasing the
thickness led to a broader absorption bandwidth
but a reduction in the absorption intensity.
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Fig. 6. Absorption spectrum as a function of Au disks
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The oscillatory behavior in the absorption of
peak Il arises because of the interference of the
plasmonic modes, changes in impedance
matching, and variations in the coupling
between the plasmonic and ENZ modes.
Furthermore, the presence of ITO slows the
propagation of the electric field within the
material, inducing a phase delay in the
plasmonic mode and shifting the absorption
peak toward longer wavelengths. For peak I,
adding an ITO layer and increasing its thickness

to 10 nm reduced reflection, enhanced
impedance  matching, increased  field
confinement in the ENZ region, and

strengthened the coupling between the
plasmonic and ENZ modes, thereby improving
the absorption. However, at greater thicknesses,
the resonance is weak, leading to a reduction in
absorption. In addition, as the ITO thickness
increased, the effective refractive index
increased slightly, resulting in a minor increase
in the resonance frequency and a slight
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reduction in the resonance wavelength. Under
these conditions, a thickness of 20 nm yielded
favorable results.

For the top ITO coating of the disks, the
absence of ITO and coatings with thicknesses
of 60, 70, 80, 90, and 100 nm were considered,
and the results are presented in Fig. 7(b). At
higher thicknesses, the ITO layer moves away
from the ENZ regime and begins to exhibit the
behavior characteristics of a conventional
dielectric material. This change directly
influenced the resonance peaks.
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Fig. 7. Variations in absorption rate with (a) changes
in the ITO coating thickness on the sidewalls of Au
disks and (b) changes in the ITO coating thickness
on the top of Au disks.

In Peak Il, increasing the ITO thickness to 80
nm enhanced the overlap between the electric
field and the plasmonic modes. This stronger
coupling improves the light absorption and
increases the peak intensity. However, for
thicknesses exceeding 80 nm, the electric field
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became more widely distributed within the ITO
layer and moved further away from the Au disk
surface. This reduced field confinement near
the Au disks results in a lower absorption
intensity and a redshift in the resonance
wavelength. In Peak I, introducing an ITO layer
with a thickness below the critical threshold
optimized the impedance matching between air
and the structure, leading to reduced reflection
and enhanced absorption. For thicknesses
greater than the critical value, the electric field
is no longer confined solely near the Au disk
surface but is instead distributed over a larger
volume within the ITO layer. Nevertheless,
because the overall field strength remained
nearly constant, the absorption intensity
exhibited negligible variation. Under these
conditions, the optimal ITO thickness of 80 nm
was selected to achieve the highest absorption
efficiency.

Parameter optimization was conducted when
the light was incident on the device in the
backward direction. In the first stage, the radius
of the Al disks was optimized. To determine the
optimal value, a radius in the range of 125-175
nm was considered with steps of 10 nm. As
illustrated in Fig. 8(a), increasing the radius of
the Al disks in the periodic structure led to a
redshift in the absorption peak, while the
absorption  magnitude remained nearly
constant. This redshift is attributed to the
capacitance enhancement between the disks,
reduction in the restoring force of plasmonic
oscillations, and enhancement of the effective
optical path in the structure. As the disk radius
increased, the surface charge density decreased,
leading to a weaker electrostatic force that
restored the oscillating electrons.
Consequently, the resonance frequency
decreases, shifting the absorption peak to
longer wavelengths. Meanwhile, the absorption
level remained unchanged because the increase
in the disk surface area compensated for the
reduction in the charge density, thereby
preventing a significant alteration in the
coupling intensity between the plasmonic
modes and incident light. According to the
obtained results, the wavelength of 1550 nm
lies  between the  absorption  peaks
corresponding to radii of 145 and 155 nm. To
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determine the radius at which resonance
occurred at 1550 nm, additional simulations
with smaller steps within this range were
performed. As shown in Fig. 8(b), the radius at
which absorption occurred at the target
wavelength  was  determined to  be
approximately 153 nm.
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Fig. 8 (a) Absorption spectra based on variations in
the radius of Al disks, (b) Absorption curve with
higher precision in radius variations of Al disks for a
more detailed analysis of changes.

In Fig. 9, the effect of the Al disk height on the
narrowband absorption is investigated for
heights of 20, 30, 40, 50, and 60 nm. The
observed variations indicated that the
absorption peak initially increased from 20 to
30 nm and subsequently exhibited a decreasing
trend. The initial enhancement in absorption up
to a height of 30 nm is attributed to the
strengthening of plasmonic mode coupling,
whereas the reduction in absorption at greater
heights is associated with scattering effects,
reduced field confinement, and the weakening
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of the effective coupling between plasmonic
modes and incident light. Accordingly, the
optimal height was determined as 30 nm, which
represents the maximum absorption level.

Finally, the optimal thickness of the AlOs
dielectric layer (1) is determined. Simulations
were conducted for dimensions ranging from 20
to 36 nm with 4 nm increments. As illustrated
in Fig. 10, at lower thicknesses, the strong
coupling between the disks and ground plane
enhances the absorption peak. As the thickness
increased, plasmonic coupling weakened,
leading to a reduction in the peak absorption
intensity. As the thickness increased, the
capacitance between the disks and the
backplane decreased. This reduction in
capacitance leads to an increase in the
resonance frequency, resulting in a blue shift of
the absorption peak toward  shorter
wavelengths. The optimal thickness of t,=28
nm resulted in the highest absorption at the
target wavelength.
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Fig. 9. Influence Al disks height on narrowband
absorption.

The performance of the proposed structure in
this study was compared with that of previous
investigations that implemented various
absorption conditions within a single device. As
shown in Table 1, our absorber exhibits
significant differences from those reported in
previous studies in terms of the absorption
mechanism,  materials used, switching
capability, and absorption directionality.
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In most previous studies, external switching
mechanisms, such as phase-change materials
(VO3) or tuning of the Fermi level of graphene,
have been employed to control absorption.
However, in this study, an external mechanism
was not used to achieve the desired absorption
characteristics. Furthermore, ENZ materials
with exceptional properties were incorporated
to achieve broadband absorption. One of the
most critical differences between this study and
previous studies is the direction of absorption.
Although most prior studies have been limited
to unidirectional absorption, the proposed
structure in this research is capable of absorbing
light in both the +z and —z directions, thus
enhancing its flexibility for practical
applications. Overall, by utilizing a simple
structural design and enabling bidirectional
broadband and narrowband absorption without
an external mechanism using an ENZ material,
this study demonstrates superior performance
compared with many previous investigations.
The proposed absorber presents an efficient
solution for various absorption applications
over a wide frequency range.
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Fig. 10. Effect of AlOs thickness variation on the
absorption spectrum.

IV. CONCLUSION

In this study, a bidirectional absorber with
broadband and narrowband  absorption
capabilities is designed and analyzed.
Numerical simulation results demonstrated that
the combination of plasmon modes with
epsilon-near-zero (ENZ) modes in the top side
and localized plasmonic resonances in the
bottom side significantly enhanced the light
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absorption efficiency. The incorporation of
indium tin oxide (ITO) into the device improves
broadband absorption in the near-infrared
region, whereas the Al disk array described in
the bottom side ensures precise narrowband
absorption. Through optimization of the
geometric parameters, the structure achieves

Vol. 18, No. 1, Winter-Spring, 2024

directions of light incidence. This absorber
shows great potential for applications in
photovoltaic systems, optical filters, advanced
sensors, thermal emission control, and
optoelectronic devices, serving as a reference
for the development of multifunctional optical
absorbers in advanced photonic technologies.

near-perfect

optical

absorption

in

both

Table 1. Comparison of performance of the proposed absorber compared to other absorbers.

ENZ
Ref Direction of Absorption Switching Material Absorption Absorption
' Absorption Capability Mechanism | Utilization in Bandwidth Amplitude
Absorption
broadband and
[45] |Unidirectional narrowband Vr? > (Phase No 0.393-0.897 THz 5900/00
Switchable Change 0.677 THz ~100%
broadband and .
e Fermi level of 1.27-2.16 THz >90%
[47] [Unidirectional g?l\r/irfcvr\]/;)glned Graphene No 172 THz 99%
broadband and
[54] |Unidirectional narrowband gr? > (Phase No 2(;?72%1 Hz 1 90% 99.99%
Switchable ange) 17 THz
VO: (Phase
S dual-broadband Change) & 1.10-2.30 THz
[55] |Unidirectional switchable Graphene No 2.05-4.30 THz >90%
(Fermi level)
VO: (Phase
broadband and
[56] |Unidirectional narrowband Change) & No 0.75-1.15 THz >95%
Switchable Grap ene 2.5-45THz >90
(Fermi level)
. Simultaneous
This Bidirectional broadband and NO. external Yes 1470-2290 nm >90%
work narrowband switch needed 1550 nm 99.99%
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