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Abstract: Broadband response metamaterial absorber (MMA) remains a chal-
lenge among researchers. A nanostructured new zero-indexed metamaterial
(ZIM) absorber is presented in this study, constructed with a hexagonal shape
resonator for optical region applications. The design consists of a resonator
and dielectric layers made with tungsten and quartz (Fused). The proposed
absorbent exhibits average absorption of more than 0.8972 (89.72%) within
the visible wavelength of 450-600 nm and nearly perfect absorption of 0.99
(99%) at 461.61 nm. Based on computational analysis, the proposed absorber
can be characterized as ZIM. The developments of ZIM absorbers have
demonstrated plasmonic resonance characteristics and a perfect impedance
match. The incidence obliquity in typically the range of 0°~90° both in TE and
TM mode with maximum absorbance is more than 0.8972 (~89.72%), and up
to 45° angular stability is suitable for solar cell applications, like exploiting
solar energy. The proposed structure prototype is designed and simulated by
studying microwave technology numerical computer simulation (CST) tools.
The finite integration technique (FIT) based simulator CST and finite element
method (FEM) based simulator HFSS also helps validate the numerical data
of the proposed ZIM absorber. The proposed MMA design is appropriate for
substantial absorption, wide-angle stability, absolute invisible layers, magnetic
resonance imaging (MRI), color images, and thermal imaging applications.

Keywords: Hexagonal resonator loaded; star shaped; polarization insensitive;
compact broadband metamaterial absorber; optical region applications

1 Introduction

Metamaterial research has explored having its sophisticated electromagnetism properties. Vese-
lago explained the dielectric properties of a substance that generally does not match ordinary material;
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since the values of permittivity and permeability are negative [1]. Double negative metamaterial (DNG)
achieves negative permittivity and permeability by varying geometric structures [2]. For a substantial
variation in metamaterial operating frequency, wavelength free space should remain high in the unit
cells [3]. This particular characteristic enables metamaterials to be used as antennas, waveguides [4],
invisibility cloaking [5], absorbers [0], and various kinds of sensors [7]. Absorbers at the specific
resonance frequencies depend on the materials. An absorber is a block of material used to block the
energy of an incident particle. Depending on the purpose of its uses, the absorber can be made of
a variety of materials (lead, tungsten, liquid hydrogen) [¢]. Broadband absorbers in metamaterials
are the main causes of incident radiation material properties independent of frequency [9]. The
effective permeability at the negative real part in the metamaterial absorber (MMA) is explained on
electromagnetic wave transmission. Perfect absorbers (PA) are related to the real and imagined parts
of permittivity, € and permeability, u [10].

Metamaterial absorbers at the terahertz frequency region were made and demonstrated by [11].
Periodic structure-based metamaterial showed a high absorbance [12]. For this reason, as opposed
to small thicknesses materials, this material’s high frequency could take the form of terahertz to the
infrared through a simpler design and less expensive manufacturing process [13]. In 2012, the perfect
broadband absorber (PBA) introduced and measured 99.5% absorbance at the 13.5 GHz frequency
band, where the researchers used FR-4 and copper as the dielectric layer and copper as metal,
respectively [10]. For the application of detecting and sensing, an air-spacer metamaterial absorber
can be used, which is made by using silicon, silicon nitride, gold, and polyamide with a complete
procedure [7]. At the visible wavelength from 400 to 700 nm, almost 0.80 (80%) average absorption has
been found with the Cu/Si;N,/Cu stack coating on a silicon substrate [14]. The damper four-layer near-
perfect absorber exhibits four resonance peaks and consists of a dielectric place with two gold’s [15].
Damper dual-band four-layer gold, gallium arsenide (GaAs), and Pyrex (glass) demonstrated 99.99%
and 99.90% absorbance [16]. A three-layer thin light absorber is exhibited more than 90% absorbance
in visible and infrared regimes [17]. Damper three layers using silicon-gold-gold dioxide broadband
absorption of 90% in the range of visible wavelengths and infrared regimes, both polarization using
a genetic algorithm (GA) [18]. A three-layer metamaterial absorber with silver-silicon dioxide-silver
had absorbance greater than 60%, with a 95% peak value in the optical wavelength [19]. A topology
optimization method is a manipulative light-trapping structure for thin-film cells. GA based non-
gradient topology optimization (NGTO) is exposed a nanophotonic light-trapping which is a new
getaway to enhance absorption efficiency. This method is demonstrated the optimal light trapping
with broad bandwidth absorption efficiency about 48% [20]. The absorption capability of a solar thin
film can also enhance by designing a systematic light-trapping structure [21]. This technique increases
the light path length in the active layer and improves solar cell efficiency. A structure comprising two
layers of gold (Au) and silicon (Si), having 93.3% above absorptivity in visible ranges complete with
99.1% peak at 453 nm wavelength [22]. A metasurface resonator base absorber with three crossed
layers of gold-dielectric glass is above 70% from 400—1000 nm [23]. An ultra-wideband matrix-shaped
MMA is exhibited 80% absorbance between 474.4 nm-784.4 nm [24]. A thin film resonator having
with aluminium (Al) and indium tin oxide (ITO) has a more significant specific absorption of 90% for
large transmission capacity utilizing 100 nm P3HT, PCBM and P3HT: PCBM heterostructure [25].
Three-layer ultrathin absorber is exhibited 98% absorbability with a bandwidth of 300 nm and has a
more excellent absorption at 80% [26]. However, as the above discussion shows, a perfect broadband
absorber (BPA) rarely covers all optical wavelengths with more than 90% absorption at all points.
Therefore, to use BPA in optical wavelength applications is highly required.
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The proposed ZIM absorbers incorporate another BPA comprising metal-dielectric-metal
between the wavelengths of 450-600 nm. From the observation of literature reviews, broadband
in optical regions is not easily obtainable. Receive tungsten makes a difference in the anticipated
design to resist high temperatures and coordinated impedance with free space for a particular optical
range. Quartz (fused) is also associated with the design’s advantage since it has minimal comparative
permittivity with lossless properties inside the optical ranges and an extraordinary softening stage.
This proposed geometrical structure also produces plasmonic reverberation characteristics. This
article designed and simulated a particular BPA to operate optical wavelength sensing applications,
and electromagnetic emission from the sun normally consider as the primary source of the optical
wavelength. The perfect absorbance is found at 99.99% at the wavelength 461.61 nm and 95.52% at
600 nm. The proposed design provides more than 89.72% absorbance between 450-600 nm
wavelengths. To find the most effective absorption mechanisms, BPA changes the shape by regulating
the unit cell parameters. In addition, a metal ground plane is used to minimize reflection and
transmission to increase the specific absorption. To explain the maximum absorbance and BPA
apparatuses change the shape of the unit cell by tuning parameters. The proposed MMA design
is appropriate for substantial absorption, wide-angle stability, absolute invisible layers, MRI, color
images, and thermal imaging applications. Moreover, this characteristic enables metamaterials to be
used as antennas, waveguides, invisibility cloaking, and various sensors.

2 Methodology of the Nano-Meta Absorber Design
2.1 Materials Choice

The proposed unit cell consists of hexagonal-shaped resonators loaded with stars on the top side of
dielectric material and a metal plate on the backside of dielectric material. The metal and the dielectric
layer are designed of tungsten and quartz (fused), respectively. The most determinations behind
picking tungsten as a resonator layer are that tungsten has a high impedance matching capability in
the optical region, reducing the reflection and transmission near zero. Lossless characteristic quartz
(fused) is chosen as the dielectric layer. Resonance characteristics support the design to impedance
match, and tungsten exhibits arbitrary absorptivity inside the optical region. However, because almost
lossless in the optical wavelength region, ignoring the absorption of whichever one. Therefore, this
geometric structure plays a vital role in capturing the resonance wavelength. The resonator structure
changes in different shapes in metamaterials such as saw tooth and star-shaped cross hourglass-shaped
also; an organic and inorganic film is used to adjust absorption respectively [27,28]. G. Ghosh gives
the scattering condition, optical properties, and band structure of W and quartz (Fused) [29,30].

2.2 Geometric Layout of the Nano-Meta Unit Cell Structure

The proposed design comprising with metal-dialectic-metal structure, and the hexagonal res-
onator is loaded with star shape. The length and width of the square shape structure are defined
as “a=1000 nm”. The defined as tm = 10 nm, td =60 nm, and 7b = 150 nm, respectively. The outer
radius of the hexagonal shape is defined as R/ =200 nm, and the inner radius of the hexagonal shape is
defined as R2 = 150 nm. The star shape radius is “Rs =100 nm,” The distance between the hexagonal
shape’s outer and inner edge is denoted by “wh =25 nm”. To obtain near-zero transmission in an
optical region, the metallic layer thickness must be higher than the skin depth, (§) = (2p/27 fitgu, ).
Fig. 1 shows the three-dimensional view, front view and side view, respectively. The red color and light
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green closure are indicated tungsten and quartz (fused). Parameter sweeps are performed to achieve
the most acceptable value of the parameter, where Tab. | demonstrated all the parameter values.

a

- Tungsten (W)
Quartz (Fused)
&tb

A L.
(a) (b) (c)

Figure 1: (a) Three-dimensional view of the unit cell, (b) Front view, and (c) Side view

Table 1: List of the parameter of this unit cell

Parameters a RI1 R2 Rs th td tm wh
Value (nm) 1000 200 150 100 150 60 10 25

2.3 Simulation Setup of Nano-Meta

The numerical simulations are carried out by using terahertz mesh in frequency-domain solver
based Computer Simulation Technology (CST Microwave Studio 2019) software. Fig. 2 shows the
proposed MMA'’s boundary conditions, array configuration, and tetrahedral mesh properties. The
positive and negative z-axis is used as a port position for transverse electromagnetic (TEM) propaga-
tion mode, as shown in Fig. 2a. Throughout the positive z-axis, the incident wave travels between
the free space and met surface for impedance matching. Furthermore, for the TEM propagation
mode, boundary conditions are set along the x and y-axis, where the positive z-axis is considered
open-add-space boundary conditions. Meanwhile, perfect electric conductor (PEC) and perfect
magnetic conductor (PMC) boundary conditions are set in the x-axis and y-axis, respectively. The
perfect electric and magnetic conductor has been used to prevent the transmission of the proposed
design. Polarization-independent electromagnetic response a schematic diagram of crossed trapezoid
array. These symmetric 3 x 3 array configurations yield the same optical responses for TM and TE
propagation mode which is shown in Fig. 2b. The unit cell boundary conditions of TE and TM
mode are set along with the x and y-axis. Additionally, Fig. 2¢c shows the tetrahedral mesh properties
where the maximum of five cells per model box edge is taken. Tetrahedral mesh with adaptive mesh
refinement technique was adopted to perform the simulation. The scattering parameter in both ports
becomes available for further reflection analysis and characterization during the electromagnetic wave
propagation. The minimum and maximum edge lengths are 5.9427 nm and 176.343 nm, and this
tetrahedral mesh analysis maintains a quality of 0.0300454 to 0.997996. “In total, 27821 number of
tetrahedrons (the number of mesh cells) and keeps the average quality of 0.757251 (The average of all
mesh cell quality values).
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Figure 2: Boundary conditions setup (a) PEC and PMC boundary conditions for TEM mode (b) TE
and TM mode (array configuration), and (c) Tetrahedral mesh properties

2.4 Design Evaluation

The proposed structure is compact with six hexagonal and six-star shapes Fig. 3a show the
evaluation of the different shapes of the proposed unit cell. In addition, this study discusses the
significant effect of circular and star shape loading in the center of six hexagonal. The transmission
coefficient (S,;) and absorbance of the proposed MMA unit cell is shown in Figs. 3b and 3c. Before
adding any shape at the centre of the hexagonal shape, this structure is achieved —12 dB maximum
magnitude and 93.68% peak absorption at the wavelength of 471.477 nm. Furthermore, this structure
is completed average bandwidth of 25 nm between 460-485 nm. Meanwhile, the Hexagonal shape
is loaded with five circular shapes. As a result, bandwidth is increased from 25 to 45 nm with a
maximum magnitude of —33 dB. Moreover, this circular shape helps increase the peak absorption
of 99.60% instant of 93.68% and is achieved an average absorption of 89% between 450 nm-501.77
nm. Adding a one-star shape increased its peak absorption from 93.68% to 95.12% at 475.78 nm. It
also increases the bandwidth from 25 to 31 nm. In the stage of two-star shape loading, its maximum
transmission coefficient S,, value is —22.72 dB in between 459.43-496 nm. Moreover, in this condition
proposed structure is achieved a peak absorption of 99.90% at the wavelength of 473.76 and 54 nm
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bandwidth. After that, with the loading of another star shape, its transmission coefficient was —22.72
dB to —27.19dB. As a result, it increased its bandwidth from 54 nm to 78.8 nm and achieved peak
absorption of 99.77%. In the cases of four-star shape loaded, its absorption is decreased dramatically.
Still, its transmission coefficient value is increased —35.59 dB, and peak absorption is increased 99.99%
at the wavelength of 471.09 nm. Finally, when five hexagonal shapes are loaded with the 5-star shapes,
this structure achieves peak absorption of 99.90% at the wavelength of 466.60 nm and again increases
its bandwidth from 51.71 nm to 81.62 nm. Finally, the proposed ZIM absorber structures demonstrate
a wide bandwidth (450-600 nm) of visible wavelengths and exhibited almost perfect absorbance with
99.99% at the wavelength of 461.61 nm. Furthermore, the proposed structure is presented an average
absorption of 0.8972 (89.72%) with polarization sensitivity and angle of incidence characteristics.
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Figure 3: (a) Different shape of metamaterial design (b) Magnitude in dB scale (c) Absorbance

2.5 Methodology for Calculation of Absorbance

Maximum absorbance (A) of the proposed unit cell is conversely corresponding to the transmis-
sion T (w) and reflection R (w) at the same frequency range. As a result, absorption A (w) of the
proposed unit cell can be calculated [31] with the help of Eq. (1).

A =1-R(@) —T(@) =1 - [S], ()" = IS, (@)’ (D

Here, Reflection, R(w) = |S;,| and Transmission, T(w) = |S;,|
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The actual permittivity and permeability take out from the S parameters using Nicolson Ross
Wire (NRW) [32]. Then, from the S parameters, achieve reflection, transmission magnitudes, and
wave phase, respectively. Finally, manipulate the effective permittivity and permeability to perfect
impedance matching and realized the perfect resonant in the free space. The unit cell characteristics
impedance Z(w) and calculated from Eq. (2) and Eq. (3).

Z(w) = {pe(w) X o /[e:(w) x &)} (2)
Vacuum permittivity, &, = 8.854 x 107 F/m
Vacuum permeability, 1, = 1.256 x 10°H/m

Zo=(1./e,)"*=376.73 > 37782 3)
Relative permeability, p, and Relative permittivity, &,

The reflection coefficient S11 (w) and transmission coefficient S21 (w) where transmission
coefficient is zero, then the absorption A (w) can be calculated by following Eq. (4) [31].

A@) =1—-Rw) =1—|S} (o)’ 4)
Here, |S},(@)|* = 0 as T(w) = 0

3 Results and Discussions
3.1 Absorption Characteristics Investigations of the MM A

The tungsten has an extraordinary exhibition to impedance match in free space, and there is no
surface plasmon of tungsten in optical wavelengths. The proposed MMA absorber is used tungsten as
a resonator layer and the back layer. As seen, the value Z, is barely lower than the value of Z (w); this
kind of absorber has to perform as an excellent potential super absorber. Incidents electromagnetic
waves are controlled through the symmetrical structure. The back-layer metal plane wave incidents
affected anticipate low transmission, and additional layers maintain the front-wave resonator and the
dielectric layer. For low thickness characteristics, quartz (fused) supports to reduce the wavelength
distance. Intrinsic losses characteristics of the front layer and the resonance characteristics of dielectric
layers also help understand the impedance matching with the free space optical region. This singularity
is caused by infiltration of the corresponding wave absorber of high performance and efficiency.
Moreover, these wonders will display more excellent absorption if utilized the evenly organized
hexagonal-shape resonator. The resonator appears the wave from the first stop as metal screens back
layer wave once more consequently. The front layer comprises a metal resonator conjointly with a
dielectric substrate (quartz), and the back layer is composed of a metal plane (tungsten). Fig. 4a
illustrates the front layer subsidized greater to the absolute absorption while the back layer supports
a complementary. In addition, this study observed that the front-layer absorption was reliable when
back layer retention in the proposed structure. Fig. 4b is demonstrated the absorption, reflectance,
and transmittance to the specified dimensions by tungsten and quartz (fused). The proposed design
is exhibited perfect absorption of 0.9099 (99.99%) at 461.61 nm and an average absorption of 0.8972
(89.72%) between the wavelength of 450-600 nm. Light scattering in metamaterial absorbers decreases
significantly from the UV to the near-IR. Recent studies employing near-IR transillumination and
reflectance imaging, including optical coherence, indicate that this wavelength region is ideal for
the high absorption polarization of materials. The opacity of developing metamaterial absorbers is
essential in optimizing the contrast of polarization in reflectance measurements. It also influences
proper EM wave propagation lesions in transillumination for TE mode compared to TM mode.
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Furthermore, light scattering in the absorber is more significant than in typical material; it is highly
anisotropic and has a different spectral light scattering dependence. The objective of this study was to
analyze the EM wave attenuation and absorption through absorbers at the optical range. Attenuation
increased significantly with increasing wavelength, and the increases were not entirely consistent with
increased EM wave absorption. Hence, the TE and TM mode PCR varies at the lower wavelength
(~ 460 nm).

1.0 e : - 10 : k
/ W e -/ W-
-
0.8 o 0.8+ Optical wavelength ~ “seeees” N |
e Bandwidth-150 nm -
Front layer = - . -
& 2 Average Absorption- 90.41% (TEM)
206 - £ 06 Average Absorption- 88.73% (TE) r
E % 054 Average Absorption- 90.34% (TM) |
2 —u— Absorbance| Back layer g —=— A(TEM)
2041 (—e—Front - 2049 —e—A(TE) r
—i— Back '5 A— A(TM)
L e ) é 034 |—»—R(TEM) r
atiiiiee TV - 2 +— R(TE) .
0.2 L . /"". ‘t‘v—-’.‘/ E e |—¢—R(TM) __,,,,::;3"'“\ ."1-:““"-. 3 r
....... e ey il P 0.14 P“ﬂ:m’ \ ‘,:f' \_.‘1 +
e p o ha s
0.0 Y - 0.0 +—=== r T
450 500 550 600 450 500 550 600
Wavelength (nm) Wavelength (nm)
(a) (b)

Figure 4: (a) Front and back-layer absorbance (b) Graphical representations of absorbance,
reflectance, TE transmittance, and TM, TEM mode

3.2 Analysis Co-Polarization and Cross-Polarization Conversion Ratio (PCR) with MM A

The absorption curve of the proposed absorber is evaluated using Eq. (1) and Eq. (4). MMA
unit cell cannot function as a polarized converter and provide PCR value instead of absorption.
Co-polarization and cross-polarization conversion ratios are calculated with the help of S;; and S,,
parameters show in Figs. 5a and 5b. The PCR indicates that the cross-polarization component is
almost zero for the TM wave propagation mode on a linear magnitude scale. In a TE and TM mode of
propagation near-zero, PCR value is observed different wavelength. Therefore, the unit cell should not
function as a polarization converter and give a value of polarization conversion ratio (PCR) instead
of absorbance [33].

|S11(w)|2 = |STE,TE(0))|2 + |STE.TM(CU)|2

=R, + R, S
|Sll(w)|2 = |STM,TM((U)|2 + |STM,TE(CU)|2 (6)
=R, + R,

The unit cell PCR can be calculated using Eq. (7) and Eq. (8) [33], as shown in Fig. 5a. The
reflection coefficient (S,;) of TE and TM mode is demonstrated in Fig. 5b.

PCRy; = R /(R + RY) )
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Figure 5: (a) PCR for both TE and TM mode of optical region (b) Reflection coefficient (S,,) for TE
and TM modes

3.3 Polarization and Incident Angle Stability of the Proposed MM A

The absorption of the proposed unit cell is calculated with different polarization and incidence
angles at a transverse electromagnetic mode of propagation. The proposed design shows a wide-angle
stable for both TE and TM modes. This study discusses the MMA performance with the various
oblique incidences of TE and TM waves. The symmetrical structure of the MMA absorber is achieved
entirely polarization-insensitive (0°~90°) shows in Figs. 6a and 6b.

The symmetrical structure can console such independent behavior angles of MMA with high
absorption with suitable impedance matching. Besides, it can be used for optical sensors and does not
need to change the sensor position with the position of the source’s wavelength. The computational
analysis is found 89.72% absorption on average, better than 32% with lossy semiconductor/metal
potential as a solar energy harvester. However, perfect MMA must also be stable to the incidence
angle before being used as a solar cell or energy harvesting, solar sensor, detector, and many other
essential applications. Fig. 6¢c demonstrates the angular stability up to 45° for various incident angles
at TE mode. Here, the unit cell changes the least, the average absorption at all incident angles is higher
than 80%, and the peak absorption is 71%. Since the path length is proportional to the incidence angle,
the greater the angle, the greater the path length. The confinement of waves in the dielectric layer is
affected by this phenomenon and produces a lower absorption rate. For the TM mode, a different
scenario occurred, shown in Fig. 6d instead of the TE mode we discussed above. Better stability and
average absorption rate change from 90.1%-80.24% for incident angle 0°—45° this time. The proposed
MMA absorption level does not change as much as the incident angle in TM mode. The larger electric
field related to the normal incident angle rather than the parallel component is why the better stability
in the TM mode. Excellent coupling and perfect wave confinement make this design an MMA with
stable polarization and incident angle, thus enriching its application standards in many fields. The
localized surface Plasmon (LSP) resonant has also been observed for TE and TM mode regarding the
field interaction. LSP commonly seen as a confinement of surface plasmon inside a nanoparticle which
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have a comparable or small size with respect to light wavelength used for exciting the plasmon. The
proposed structure have an asymmetric star inside each hexagonal loop with diagonal distance varying
from 117.14 nm to 198.29 nm. The dimension is comparable to operating wavelength as the absorber
numerically shows significant response at visible spectrum. Particularly at 458.54 nm the E-field and
H-field shows a single resonance —34 dB and the remaining resonance points are not so dominant. The
proposed structure vertical two hexagonal conducting part concentrate significant field and therefore
contribute to LSP resonant.
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Figure 6: Absorption with different polarization angles at (a) TE mode (b) TM mode, (c) Absorption
with different incident angle at TE mode (d) TM mode

3.4 Geometric Parameter Sweep of the MM A Unit Cell

The sweeping parameter helps determine the absorbance of the most excellent design and
utilization. Sweeping the important parameter “R1,” the proposed hexagonal shape’s external radius
increases and decreases are observed. There are six hexagonal shapes presented in this design. The
impact changing R/ parameter with an interval of 10 nm, hexagonal shape dimension also varies 180—
220 nm shown in Fig. 7a. These changes include five steps and the adjusted difference between the
hexagonal outer radius 10-40 nm. The extent of absorption of all values of the deviation from the
hexagonal radius is greater than 90% identical, and at the resonance frequency, it gets 0.999 (99.99%)
absorbance. The perfect absorbance finds at a radius of 40 nm, which seemed to be at R/ =200 nm.
Particular resonance wavelength shifts with the enhancements made to the outer radius “RI” of the
hexagonal shape. Changing the second parameter, “R2,” the hexagonal shape’s inner radius increased
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and decreased. In the middle of the absorption, the curve observed a minor up-down whenever it
changed the particular parameter “R2” illustrated in Fig. 7b. The hexagonal inner dimension R2
varies from 130-170 nm at intervals of 10 nm. This specific alter included five steps and changes the
contrast between the hexagonal internal sweep 10-40 nm. The resonance frequency varies insufficient
but continuously stays up to 0.90 (90%). The absorption at the resonance frequency is 0.9999 (99.99%),
and the magnitude of the absorption at operating wavelength 450—-600 nm is more than 0.90 (90%).
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Figure 7: Wavelength response to a parameter sweep (a) Outer radius of hexagonal shape “R1”, (b)
Inner radius of hexagonal shape “R2”, and (c) Radius of star shape “Rs.”

The perfect absorbance finds at the radius of R2 =150 nm. Continuous increments of “R2”
decreased the self-inductance but increased the typical inductance and the metal layer since the
resonator shape expanded. These types of shared inductance developed the reverberation wavelength
directly. These parametric types consider making a difference to all of us to decide the resonator’s ideal
measure. Varying the third parameter, “Rs” increased and decreased the star shape radius. Thus, the
initial value slightly changes with the Rs value. Still, the end value is considerable up-down, shows in
Fig. 7c. The impacts of star measurement Rs alter from 80-120 nm at an interval of 10 nm, and the
perfect esteem was found at Rs= 100 nm. The resonance frequency varies insufficiently but remains
permanently up to 0.90 (90%). Tab. 1 listed all the perfect parameters values of the propped unit cell.

3.5 Metamaterial Characterization of the Proposed Absorber
Metamaterial characterization refers to NRW [32] related to S;, and S,, expressed as complex

relation in Eq. (9) where Sy =+ 1 and M = %

SO, 521 =jSOS11M (9)

where, Polarity of S, changes and S;, remains unchanged. Polarization angle ¢ can change from +x
to —m because of four (4) distinct polarity variations. In free space, both perpendicular and parallel
polarization in basic waveguide mode (for example, TE,,) shows a relationship between the square of
wave vector |k|?and susceptibility tensor x of oblique incident wave [34]. The reported article reveals
that |k|* < «? a real part of ¢, and ., should have the same sign, where the imaginary part will have
an opposite sign for perpendicular polarization. In parallel polarization, if |k|> < sin’f,where 6, is
the incident angle. Real and imaginary parts of the relative permittivity (e,) are almost different,
except for lower wavelengths such as 468 nm shows in Fig. 8a. The tensor value of quart (fused)
is typically high compared to tungsten, and the dipole tensor point deflects the visible spectrums
in higher wavelengths. Thus, the proposed absorber’s significant wavelength illustrates the opposite
values of dielectric parameters shows in Figs. 8a and 8b. However, a significant negative ¢, of —0.08
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exists between 500-526 nm wavelength, whereas negative |, achieved at 581 nm with a value of —0.15.
Eventually, refractive index (), all over the operational spectrum, remains approximately close to
zero ( 460-600 nm) except between 450—458 nm due to the relationship of n and dielectric properties
parameters is shown in Fig. 8c. Therefore, based on computational analysis, the proposed absorber
can characterize Zero Indexed Metamaterial (ZIM).

0.3 0.50+ 0.2
3
£0.254 =0.1
% C
£ 0.0 = 0.0 ey, "
S =
A =
o (¥
20.25 L b e SO
% —e— 4 *real g el
03 ; ; g P ; AImE 0 ; - 7. jmg
450 500 550 600 450 500 550 600 450 500 550 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(a) (b) (c)

Figure 8: The dielectric properties characterization of the proposed MMA (a) Relative permittivity (b)
Relative permeability (c) Refractive index

3.6 Electric Field, Magnetic Field, and Surface Current Analysis

The electromagnetic field and surface current distribution from 458.54 nm, 480 nm, and 540nm
wavelength are presented in Fig. 9 to understand the proposed design’s propagation energy. The
electric field, magnetic field, and surface current distribution are shown in Figs. 9a-9c, respectively.
Complete dissipation shown on the E-field at 458.54 nm resonance wavelength has the most significant
absorbance with high resonator excitation. The magnetic field had an anti-parallel conveyance
concerning the coupling impact of the resonator and metal. It appeared with exceptional appreciation
at458.54 nm but was energized mainly by the wavelength at each point. Fig. 9 seems the surface current
conveyance, 480 nm, had a less strong surface current taken after by 458.54 nm, separately. Fig. 9c
illustrated that surface current dispersion was exceptionally significant at 458.54 nm. Less energized
in the back-layer was than the front-layer in all three phenomena.

3.7 Demonstrates the Simulated Data with CST and HFSS for Validation

The finite integration technique (FIT) based CST STUDIO SUITE" 2019 [35] software and finite
element method based (FEM) based High-frequency simulation software package ANSYS HFSS 2017
is conducted to design, studies, and validates the performance of the proposed structure. Figs. 10a and
10b respectively present the S;, parameter and absorption of the proposed structure. The maximum
absorption stays nearly equal at 0.9999 (99.99%), and the average absorption is above 0.8972 (89.72%)
in the visible wavelength. Additionally, this study observes that the magnitude of the typically S
parameter likewise synchronized quite well, which is an objective behind the match inside absorbance.
The perfect absorption depends on the scatters (S,;) parameter match very well in the operating
spectrum. The back-layer has been made with tungsten, and the impedance coordinate with the free
space, mainly the optical frequency, was the primary explanation behind this specific. Capacitive and
inductive properties in the front layer from the resonator and lossless quartz (fused) were the cause
for the absorption. Although overlooked silicon dioxide assimilation, that shows superb absorption
consisting of a metal resonator. These design Comparisons with tungsten and quartz (fused) also
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simulated data verified by the finite element method (FEM) based high-frequency software (HFSS).
However, there is a slight difference between the absorption curve and reflection coefficient because
of the different methods is used in CST and HFSS software. Moreover, In CST software, we have used

a reference plane, but in HFSS software didn’t use any reference plane.
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Figure 9: The E filed, H field and surfaced current at the wavelength of 458.54 nm, 480 nm, and 540

nm is presented in a, b, ¢; d, e, f; g, h, 1, respectively

3.8 Aspect Ratio and Viability About Practical Fabrication

In general, aspect ratio refers to width to height dimension of any material structure. If the
aspect ratio is high, then the structure has high possibility to maintain the pattern, thickness and
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molds of metal layer intact. The proposed structure aspect ratio is unity since the length and width is
1000 nm on both side. Due to thick ground layer of tungsten, creates a balanced front to back metal
layer. Besides, the absorber structure likely to be suitable for ‘Microforming’ process. Microforming
processes, also known as high aspect ratio micromachining (HARM) processes, use especially thick,
patterned photoresist layers as molds for metal layers deposited via electroplating. In the LIGA
microforming method, X-ray-based photoresist PMMA can be patterned in thick layers without
worry of diffraction to create very high aspect ratio devices [36,37]. Another potential approach for
nanofabrication is ‘Soft Lithography’ and ‘Nanoimprint Lithography’. Soft lithography basically a
soft stamp that uses the method of microcontact printing (WCP) and nanoimprint lithography (NIL)
and replica molding (REM) [36]. The basic concept is, first the master layer formed by the substrate
material for example in the proposed structure it is Quartz (fused). Than elastomeric element used to
create a soft mold for imprinting. So, all these fabrication process certify that the proposed nanoscale
structure is feasible to fabricate.
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Figure 10: Comparison of different simulation methods (a) S,, parameter magnitude in dB (b)
Absorption

3.9 Comparative Study

The proposed design is finding a remarkable absorption rate compared with the previous work.
The evaluation of the proposed design and the previous work is demonstrated in Tab. 2. Culminate
optical wavelength absorbers that could function in entire areas are once in a great exceedingly large
area. A rare absorbance, almost perfect than 89.72% at all points with 99.99% peak points throughout
optical wavelengths, is identified in the proposed design. A fantastic impedance organize of tungsten
is perhaps the most reason for significant absorbance. This design utilizes a distinctive geometric
structure compact with five hexagonal shapes, improving the property of absorption. The resonator
and the back-layer metal are high with the equivalent capacitance. The exceptional softening level
of tungsten and quartz (fused), effectiveness and operational area contrasted, and different materials
utilized in Tab. 2 make this structure exclusive.
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Table 2: Comparison of the proposed research with existing research

Ref. Publication Layers Material Substrate Bandwidth  Absorption Peak
paper years numbers used (nm) (%) value
(7o)

[6] 2016 Three Silver Fused 300 Above 90 98
Quartz

[14] 2012 Four Copper Silicon 300 Above 80 97

[19] 2011 Three Silver Silicon 300 Above 71 95
Dioxide

[24] 2018 Periodic Gold Lattice 310 Above 80 99

array

[26] 2014 Three Silver Silicon 300 Above 80 98
Dioxide

[28] 2014 Three TiN SiO, 400 Above 87 95

[34] 2020 Three Tungsten Silicon 308 Above 99.99
Dioxide 91.24

[39] 2017 Three Metalliclayer Al,O; 117 Above 95 99.98

Proposed 2021 Three Tungsten Quartz 150 Above 80 99.99
(Fused)

4 Conclusion

This paper reported a ZIM absorber based on tungsten and quart (fused). The proposed ZIM
absorber structures demonstrate a wide bandwidth (450 nm-600 nm) of visible wavelengths and
exhibited almost perfect absorbance with 99.99% at the wavelength of 461.61 nm and an average
absorption of 89.72%. Furthermore, this structure is demonstrated polarization sensitivity and angle of
incidence characteristic for both TE and TM modes. The symmetrical structure of the MMA absorber
is achieved entirely polarization-insensitive (0°—90°). The proposed MMA has demonstrated angular
stability up to 35° for various incident angles at TE mode. This absorption level does not change as
much as the incident angle in TM mode. Due to the adaption of tungsten and lossless characteristics
of quartz (fused), perfect absorption is taken out. Excellent coupling and perfect wave confinement
make this design an MMA with stable polarization and incident angle, thus enriching its application
standards in many fields. This ZIM absorber can be used as an optical sensor to shift the resonance
and changes in the dielectric layer and the resonator thickness. A high combustion point of quartz
(fused) would help to resist high temperatures naturally absorb. The exceptional combustion material
has applied this study to achieved substantial absorbance, which may be effectively used in solar cells,
optical sensors, color images, and thermal imaging applications.
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