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A B S T R A C T

Optical wavelengths considered as the key source of electromagnetic waves from the sun, and metamaterial
absorber (MMA) enables various applications for this region like real invisible cloaks, color imaging, magnetic
resonance imaging, light trapping, plasmonic sensor, light detector, and thermal imaging applications.
Contemplated those applications, a new wide-angle, polarization-insensitive MMA is presented in this study. The
absorber was formatted with three layers that consisted of a sandwiched metal-dielectric-metal structure. This
formation of metamaterial absorber showed a good impedance match with plasmonic resonance characteristics.
The structure was simulated using the FIT and validated with the FEM. A variety of parametric studies were
performed with the design to gain best physical dimension. The mechanism of absorption also explained im-
mensely by various significant analysis. The design had average 96.77% absorption from wavelengths of
389.34 nm to 697.19 nm and a near-perfect absorption of 99.99% at a wavelength of 545.73 nm for TEM mode.
For an ultra-wide bandwidth of 102 nm, the design exhibited above 99% absorbance. The proposed is wide-angle
independent up to 60° for both TE and TM mode, which is useful for solar energy harvesting, solar cell, and solar
thermophotovoltaics (STPV). This MMA can be used for an optical sensor or as a light detector. Moreover, this
proposed design can be employed in some applications mentioned above.

Introduction

After V. Veselago’s theoretical explanation in 1967, Smith et al. il-
lustrated a double negative (DNG) metamaterial with negative perme-
ability and permittivity [1,2]. For significant variations at the opera-
tional frequencies of the metamaterials, the free space wavelength
should be kept high in the design of a unit cell [3]. These kinds of
metamaterials properties depend on their physical structure rather than
their chemical characteristics with uses like invisible cloak [4], antenna
[5], absorber [6], specific absorption rate (SAR) reduction [7], super-
lenses [8], filter [9,10], waveguides [11], imaging [12,13], determine
physical properties [14], sensors [15–22]. Metamaterials give the ben-
efit of interacting with the EM waves with a

substance by artificially designing or review a unit cell, ena-
bling a wide variety of absorbing applications [23–25]. Due to the per-
iodic structure of a metamaterial absorber (MMA), its absorbance is
high, and is it will absorb high frequency instead of the small thickness
of the unit cell [26,27]. An absorber can be described as a perfect or
near unity absorber if it can absorb all the incident radiation that falls
into it. In the phenomenon of transmissivity, scattering, reflectivity, and
further light propagation channels are ineligible. At specific wave-
lengths, resonant absorbers rely on materials and incident radiation
[28]. Perfect absorbers indicate that the real part of the magnetic
permeability must be equal to the real part of the electrical permittivity,
and the imaginary part should be much more significant to dissipate the
maximum energy of the EM wave of the PA medium [29]. The
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absorbance of the material-based absorber [30,31] was high because of
its periodic structure. For this reason, unlike low thickness materials,
this material could absorb high-frequency from terahertz to infrared
with a more comfortable and less costly fabrication process [32–35].
The main reason for a broadband near-perfect absorber is the im-
pedance match of plasmonic metamaterials with the confinement of
waves by dielectric and resonator layer. Perfect resonance character-
istics of the dielectric layer also a very good reason for high absorption
[36,37]. A high thickness metal layer also helps any MMA to eradicate
the transmission and to obstruct the light completely [38]. A stable
dielectric constant substance will help a unit cell design to achieve a
high resonance wavelength said by Landy et al. when they first exhibit
an MMA. They found almost 88% absorbance at 11.5 GHz by using FR-4
and copper [39]. In the same year, Tao et al. introduced the first Ter-
ahertz MMA, which has 70% absorption at 1.3 THz [37].

The first broadband perfect absorber (MMA) was introduced by Lee
et al. in 2012. Using FR4 as the dielectric layer along with copper as the
metal layer, these researchers measured a 99.5% absorbance at
13.5 GHz [29]. A new type of MMA designed with a periodic array of
the sandwiched dielectric cylinder of Si with Metal Ni, which found
above 90% absorption for the full optical region and above 99% from
500 nm to 560 nm for transverse electric (TE) and transverse magnetic
(TM) mode [40]. A three-layer metamaterial absorber with a fish-scale
structure having above 70% average absorption for the whole visible
spectrum consisted of silver and fused quartz for TE and TM mode [41].
Metasurface based three-layer MMA consisted of metal-dielectric-metal
found average 83% absorption in full visible wavelength with a peak of
92% absorption [42]. Nearly perfect absorption of an average of 80% in
the visible wavelength of 400 nm to 700 nm was found with the Cu/
Si3N4/Cu stack layer on a silicon substrate [43]. A four-layer dual-band
absorber with gold, gallium arsenide (GaAs), and pyrex (glass)evi-
denced 99.99% and 99.90% absorbance [44]. A three-layer absorber
using a slender silicon dioxide (SiO2) plane separating two gold metal
planes executed a higher than 90% absorbance in visible and IR regimes
[45]. Al-SiO2-Al based three-layer MMA exhibited an average 95%
absorption from 450 nm to 600 nm in visible wavelength [46]. A three-
layer absorber using gold–silicon dioxide-gold had broadband over 90%
absorption in the visible wavelength range and IR regimes at both po-
larization using a genetic algorithm (GA) for TE and TM mode [47]. A
two-layer MMA structure consists of metal gold (Au) and diamond
shape dielectric silicon (Si), which have above 93.3% absorptivity in
full visible ranges with peak 99.1% at the 453 nm wavelength [48]. An
ultra-broadband MMA formed of a repetitive array of metallic–di-
electric multi-layer edconical frustums that consisted of seven homo-
geneous metallic or dielectric pairs had an absorption efficiency of 80%
from 474.4 nm to 784.4 nm for TE and TM mode up to 55° incident
angle [49]. An ultrathin three-layer absorber with a 300 nm bandwidth
consisting of Silver-SiO2-Silver had an absorption above 80% with a
peak value of around 98% [50]. An organic thin-film with aluminum
(Al) resonator and indium tin oxide (ITO) gave an absorption of over
90% for a wide bandwidth of 100 nm using P3HT, PCBM, and
P3HT:PCBM hetero-structures [51]. A tungsten-based MMA with SiO2

as dielectric layer demonstrated an average 96.7% absorption for the
whole visible spectrum has been proposed by Mahmud et al [52].

Metamaterial absorber also can be found in other frequency ranges
like Hz [53], KHz [54], MHz [55], GHz [56], THz [57,58], UV [59], IR
[60,61] along with visible ranges vastly discussed above, with various
uses like light trapping [62], light absorption switch [63], sound ab-
sorption [54], underwater sound absorption [64], photodetector [65],
state of art [66], magnetic resonance imaging [67], solar cell [68],
communication system [69], sensors [70–74], energy harvesting
[75,76]. detector [77], waveguide [78], metal grids [79], filter [80],
cryptography [81], antenna [82], THz light detection [83], integrated
photonic circuits [84], solar thermophotovoltaics [85], stealth tech-
nology [86]. As the above discussion shows, Broadband near-perfect
absorbers that cover the entire optical wavelength with more than 90%

absorption at all points are rare. However, using MMAs in the optical
wavelength is desirable with various applications.

A new MMA has been designed is this work, which is composed of
metal-dielectric-metal ultrathin nanostructure called metasurface form
389.34 nm to 697.19 nm wavelengths (430THz to 770THz) and ana-
lyzed it in TEM, TE, and TM mode. Previous literature reviews indicate
that broadband MMAs with wide-angle and above 95% average ab-
sorption in the optical region is not readily procurable. Adopting
tungsten helps the proposed design to withstand high temperatures, and
its impedance is matched with the free space for the optical spectrum.
Silicon-dioxide is also used to benefit the design because it has low
relative permittivity with lossless characteristics in the optical region
and a high melting point. Plasmonic resonance characteristics are also
generated by this proposed geometrical structure for the whole spec-
trum. Optical wavelengths considered as the primary source of the sun’s
electromagnetic emission. The unit cell design is simulated in FIT and
verified it with FEM. Here, the MMA has the highest absorption, which
is 99.99% at 545.73 nm and an average 96.77% absorption for the full
optical spectrum. It had up to 99% absorption in a wideband between
498 nm and 600 nm. To determine the best absorbance and mechan-
isms of the MMA, we changed the shape by tuning the parameters of the
unit cells. The real part of the normalized impedance of this design
meets to unity, and the imaginary parts to zero are the main reason for
the MMA to exhibit this kind of high absorption. There is some other
important mechanism that works for the high absorbance, which has
been discussed later.

Design and simulation setup

Materials choice and design procedure

Approaching an MMA with materials like excellent optical proper-
ties along with high-temperature resistance is the main discomfort
nowadays. Although broadband near-perfect absorber with plasmonic
materials is ongoing work. For eliminating these discomfort, a new
MMA design has been proposed, which was composed of a resonator
and a metallic plane made with tungsten (Wolfram [W]), and the di-
electric layer was made with lossless silicon dioxide (SiO2), respec-
tively. In the simulation process W (optical, Palik) and SiO2 (optical,
Ghosh) dispersion equations, optical properties, and band structures
were taken from reference [87] and [88,89], respectively. The main
reasons for choosing tungsten as metal-layer and resonator because of
its high impedance matched with the free space in the optical spectrum
and high intrinsic losses, which decrease the reflection and transmission
near to zero. Also, tungsten itself shows high absorptivity in the optical
region. Lossless characteristics of SiO2 give us the intention to choose it
as the dielectric spacer. MMA shows very high absorption if the di-
electric constant of the dielectric layer has a large imaginary part for
the whole broadband. Its resonance characteristics also help the design
to impedance match. However, as it is nearly lossless in the optical
wavelength region, any absorption with itself was ignored. For cap-
turing the resonance wavelength, the geometrical structure also plays a
vital role. So, the designed resonator varied by utilizing various meta-
material shapes, such as a cross, sawtooth, and star shape, hour-glass
shape, nanorod, meander-ring, stacked, split-ring, double asterisk shape
with utilizing organic and inorganic film [90–102] for tuning the ab-
sorption. The resonator resembled a cross shape with three cylindrical
in it, which produced a star shape resonator (SSR) was used in our
proposed design.

Fig. 1, (a) - (d) showing the steps of the design procedure for the
proposed structure and (e) showing the three-dimensional view of the
final design where (f) and (g) showing the physical dimension of the
proposed structure with the front and the side views. The design used
an SSR, which is a very good symmetrical structure, proved later. The
width and length of the structure were 1000 nm, and the thickness of
the SSR, dielectric layer, and a metal plane was 15, 60, 150 nm,
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respectively. In step 1 two square boxes of width and length of 600 nm
inserted in the top of the dielectric layer with a 45-degree angle be-
tween them. Then in step 2, cylindrical circular cuts of outer radius
270 nm and inner radius 250 nm implemented in the resonator. In step
3 and 4 cylindrical cuts of outer radius 170 nm and 70 nm with inner
radius, 150 nm and 50 nm applied in the resonator, respectively. Then
in the final step, a cross shape of with 40 nm and length 140 nm enact
in the design which completed the design procedure for the resonator.
The dimensions with the best parameter values were achieved using
parameter sweep. As the total thickness is bound to 225 nm of the
structure, which is ultrathin, it can be easily used as a sheet to roll over
any photovoltaic (PV) cell-like solar thermos-photovoltaics (STPV) for
solar energy harvesting. Due to the theoretical studies estimating effi-
ciencies up to 85%, STPV will be highly useful for future applications.
Also, the high-temperature stability of the materials will make the de-
sign efficient and effective for practical STPV applications though the
thicknesses are very low, and the structure is in the nanometer scale
[103]. Note that, in Fig. 1, W represents as yellow color and SiO2 as
olive color. The design parameters are listed in Table 1 below.

Simulation setup

Here a unit cell of the proposed design has been simulated with
periodic boundary conditions to evaluate the results and for further
discussion. Perfect electric conductor (PEC) and perfect magnetic con-
ductor (PMC) were taken for y-z and x-z planes, respectively, in the
simulation process for TEM. The z-axis was considered an open space
where the linearly polarized planar wave would pass through the
structure from the front side. The x-axis and y-axis were taken as an
electric boundary and magnetic boundary, respectively. The boundary

condition was sufficient to obstruct the near field difficulty. The electric
and magnetic fields and direction of propagation followed the ×, y, and
z directions, respectively. Here, the electric field, the magnetic field,
and the open space were perpendicular to each other. For TE and TM
mode, the floquet port with master and slave has been used. For the
simulation and the results of the absorber and parameter sweep, CST
microwave studio has been used, which is based on the FIT. Further
data analysis was conducted, and a graph was produced with CST-
MATLAB interference demonstrated in the results and discussion sec-
tion.

Results and discussion

Methodology and absorbance of the proposed unit cell

From the S parameters, effective permittivity and permeability have
been extracted by using the Nicolson-Ross-Weir (NRW) equation [104].
Wave phases, reflection, and transmission magnitudes were used to
obtain the S parameters. The absorption response of the proposed
structure A(ω) could be calculated using the absorption equation. The
Absorption A(ω) formula was:

A(ω) = 1 − R(ω) − T(ω) = 1 - |S11(ω)|2 - |S21(ω)|2 (1)

here, the Reflection, R(ω) = |S11 (ω)|2 and Transmission, T(ω) = |S21
(ω)|2.

Here, the impedance of the proposed unit cell is Z(ω), which can be
measured from eq. (2), and characteristics impedance from eq. (3).

Z(ω) = {μr(ω).μ0/[ εr(ω).ε0]}1/2 (2)

Z0 = (μ0/εr)1/2 = 376.73≈377 Ω (3)

here, μ0 = vacuum permeability, ɛ0 = vacuum permittivity,
μr = relative permeability, and ɛr = relative permittivity.

If the intrinsic impedance is equal to free space impedance (Z
(ω) = Zo) by adjusting the geometric shape of the resonator and size of
the structure, the absorption will be near unity or unity. Also, absorp-
tion is inversely proportional to reflectance and transmittance. These

Fig. 1. The design procedure of the unit cell with three-dimensional view of (a) step-1, (b) step-2, (c) step-3, (d) step-4, and (e) final proposed design and physical
dimension of the structure from (f) front view from z-axis and (g) side view from x-axis.

Table 1
Parameters list of the unit cell.

Parameter r s c a l i tb td tm

Value (nm) 270 250 20 500 70 300 150 160 15
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values are frequency-dependent because of their dispersive properties.
However, as tungsten blocks the maximum transmittance (T(ω)), so the
transmission T(ω) is too small, and the absorption is proportional to
reflection R(ω). So absorption can be extracted by evaluating eq. (4).

A(ω) = 1 − R(ω) = 1 - |S11(ω)|2 (4)

here, |S21|2 = 0, as T(ω) is very closed to zero.
Fig. 2(a), demonstrated the absorbance, reflectance, and transmit-

tance for the given dimensions with tungsten and silicon dioxide. As
mentioned earlier, the impedance match is shown in Fig. 2(b). If the
real part of the normalized impedance is near unity and the imaginary
part is near zero, then it will make a metamaterial to a near-perfect
absorber. Both phenomenon are illustrated in the proposed design,
which can be seen from Fig. 2(b). The proposed structure had 99.99%
absorption at 545.73 nm and above 99% absorption from 599.53 nm to
497.6533 nm with a wide bandwidth of 102 nm. It had absorption
significantly higher than 91.24% in the all-optical region from
389.19 nm to 697.39 nm with an average 96.77% absorption. The
design shows 32% better energy absorption than lossy semiconductor
or metal absorbers.

In this proposed structure, tungsten is used as a metal plane and
shows an excellent impedance match with free space. Also, Surface
plasmons of tungsten do not exist in optical wavelengths. As can be
seen, the value of Z0 was slightly lower than the value of Z(ω) and
showed near-perfect absorption. An absorber of this kind has the po-
tential to act as a super absorber. The incident wave was confined by
the structure and shows a good absorbance for high bandwidths. The
back-layer metal plane prevents the incident waves caused low trans-
mission, and the front-layer also absorbs the waves with the resonator
and dielectric layer. Here, SiO2 helps to minimize the distance of the
wave because of its low thickness. Intrinsic losses in the front-layer and
resonance characteristics in the dielectric layer also help in perceiving
the impedance match with free space in the optical region. These
phenomena are the reason for the proper infiltration of the wave and
high-performance absorber. However, these all phenomena may not be
able to exhibit this kind of higher absorption if the SSR with three
circular cuts had not been used. For high absorption, the incident wave
must be confined by the MMA structure. The SSR helps the structure to
confine the wave with complex dispersion. The resonator reflects the
wave from the front end as back-layer metal reflects the wave from the
back end.

However, one question always arises when designing an MMA that
is the MMA converting the polarized wave instead of good absorptivity.
For diminishing the question, co-polarization and cross-polarization
phenomenon demonstrated here with the polarization conversion ratio
(PCR). Co-polarization and cross-polarization components can be
measured form eq. (5) and (6) demonstrated in Fig. 3(a).

| S11(ω) |2 = | Ryy |2 + | Ryx |2 (5)

| S11(ω) |2 = | Rxx |2 + | Rxy |2 (6)

Here, Ryx and Rxy is the cross-polarization component, Rxx and Ryy is
the co-polarization component. Using the linear value of Ryy, Ryx, Rxy,
and Rxx PCR can be calculated by using eq. (7) and (8) exhibited in
Fig. 3(b).

PCRTE = Ryx
2/(Ryy

2 + Ryx
2) (7)

PCRTM = Rxy
2/(Rxx

2 + Rxy
2) (8)

From Fig. 3, it can be readily comprehensible that, the design it not
converting the polarization wave, and the PCR value is near zero for
both modes. Excellent symmetrical SSR is the main reason for this kind
of result.

To grasp the absorption characteristics with the structure, it was
separated into two layers. The front-layer was comprised of a metal
resonator along with a dielectric substrate (SiO2), and the back-layer
consisted of only a metal plane (tungsten). As shown in Fig. 4, the front-
layer contributed more to the complete absorption, while the back-layer
also contributed a subsidiary. At 584 nm wavelength, the absorption
level rhymed with each other but then detached. The front-layer ab-
sorption was consistent then back layer absorption in the proposed
structure. The back-layer was made with tungsten, and the impedance
match with the free space in the optical wavelength was the main
reason for this. In the front-layer, the capacitive and inductive prop-
erties of the resonator and the lossless characteristics of silicon dioxide
were the reason for the absorption. Though SiO2 absorption ignored, it
shows excellent absorption composed of a metal resonator.

To validate the simulated data (FIT) with tungsten and SiO2, the
simulation of the proposed design with the finite element method
(FEM) in ANSYS high-frequency simulation software (HFSS) has been
done here. In Fig. 5, the comparison of the acquired data from CST and
HFSS is shown. Peak absorption remains almost the same at 99.99%,
and the average absorption is above 89.14% in the full visible wave-
length. There was a small inconsistency in both simulated results,
mainly because of the two different simulation environment setup. The
optical properties of W and SiO2 also differ a little in both environ-
ments. Also, the refractive index of SiO2, which consider a very im-
portant parameter, was little different in both simulation setup for CST
and HFSS in the full visible region. Moreover, the method of extracting
s-parameters is also very different from each other, even a good reason
for this kind of small inconsistency. However, the magnitude of the S11
parameter matched very well, which is a reason for the good match in
the absorption level in both simulation setup.

Fig. 2. Graphical representation of (a) absorbance, and reflectance for TEM, TE, and TM mode (b) real and imaginary parts of normalized impedance for the proposed
design in linear scale.
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Polarization and incident angle independency

As mentioned earlier that the design is wide-angle sensible; here in
this section, the consequence will be proved. The design was under
consideration for a different oblique angle for both TE and TM mode
which has been demonstrated in Fig. 6, with the visual representation
of the normal and oblique incident angle in Fig. 6(a) and (b). As the
design is symmetrical (proved previously), different polarization angle
hasn’t affected the design, and the absorption remain same for angle 0-
45° shoed in Fig. 6(c) and (e). However, different incident angles pro-
duced a different level of absorption for both TE and TM mode ex-
hibited in Fig. 6(d) and (f). For TE mode, the incident angle increases
stepwise from 0° to 60°. For 0° to 50°, the design showed almost average

absorption of around 95%, and for 60° it is decreased by 85.28%, but
the absorptivity is remained up to 70%. And in TM mode, average
absorption up to 96% for all incident angle from 0° to 60°. These two
particular characteristics are very useful for uses in solar cells and solar
energy harvesting and STPV, as it has known that the higher the in-
cident angle, the higher the path length, the lower the coupling effect.
This decreased coupling effect weakens the electromagnetic dipolar
resonance for the structure, which caused the less confinement of the
wave in the dielectric layer. But, in TM mode, the confinement hasn’t
affected as the wave component is parallel with the mode.

Parametric analysis of the unit cell

Here important parameter sweeps from Table 1, has been shown
with their shape chance along with the graph. Parameter sweeps help
determine the best absorbance and use of the design. The parameter
sweep “c”, “l”, “tb”, “a” were not expressed here as they did not de-
monstrate any meaningful consequences. The first parameter sweep
was the parameter “r”. By changing this parameter, the gap between the
circular gaps increased and decreased. The effect of the circular gap “r”
changed from 260 nm to 300 nm at an interval of 10 nm, and the results
are shown in Fig. 7. This change involved five steps and changed the
gap between the circular cylinders from 10 nm to 50 nm. There were
three circular gaps in the design. The absorption magnitude for all
values of the gap to the circular gap was above 99% at the resonance
frequency. The best value we found was at a gap of 20 nm, which was at
r = 270 nm. Here, the resonance wavelength shifted with the change in
the gap between the shapes.

At the starting and end value, there was a slight up-down when
parameter “i” changed, exhibited in Fig. 8. The resonance frequency
differs skimpy but always dwell up to 99%. Successive increments of “i”
decreased the self-inductance but increased the mutual inductance with
the metal layer as the resonator shape increased. This mutual in-
ductance increased the resonance wavelength linearly. This kind of
parametric study helps us to determine the optimum size of the re-
sonator.

A major variation was evident at the change of the parameter “td,”
which refers to the thickness of the dielectric material exhibited in
Fig. 9. After altering the thicknesses from 40 to 80 nm, a major change
in the absorbance has been observed, and the resonance wavelength
also sweeps a lot. Dielectric layer thicknesses of 40, 50, 60, 70, and
80 nm showed resonance values of 97.15%, 99.47%, 99.99%, 99.78%,
and 99.18%, respectively. A dielectric layer thickness varied the re-
sonance wavelengths linearly at 452.24, 488.58, 545.73, 604.88, and
663.61 nm, respectively. The resonator capacitance change could ex-
plain this dielectric layer thickness variance with the parameter change.

Fig. 3. Graphical representation of (a) co-polarization and cross-polarization component in magnitude (dB), and (b) polarization conversion ratio (PCR) for both TE
and TM mode.

Fig. 4. Absorbance evaluation with front (resonator and dielectric) and back
(metal) layers.

Fig. 5. Comparison of absorption with different simulation methods FIT and
FEM, by CST and HFSS simulation software respectively. Insets: S11 parameter
(magnitude (dB)) with both CST and HFSS simulation software.
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Fig. 6. (a) Visual representation of normal and oblique polarization angle, (d) normal and oblique incident angle, (c) absorbance for different polarization angle in
the TE mode from 0 to 45°, (d) absorbance for different incident angle in the TE mode from 0 to 60°, (e) absorbance for different polarization angle in the TM mode
from 0 to 45°, and (f) absorbance for different incident angle in the TM mode from 0 to 60°.

Fig. 7. Absorption response for parameter sweep “r”. Fig. 8. Absorption response for parameter sweep “i”.
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The capacitance value between the metal and resonator was inversely
proportional to the dielectric layer thickness. The equivalent capaci-
tance of the system was reduced as the upper metal structure capaci-
tance was in series with others. The decrease in the capacitance in-
creased the resonance frequency. The inductance and capacitance of the
structure are thought to be responsible for this observation, as the re-
sonance wavelength was seen to shift to the right as the dielectric
material thickness increased. This phenomenon could be utilized in
optical sensors or detect the thickness of any dielectric layer.

The last and vital parameter sweep involved sweeping the thickness
of the resonator with “tm” which was altered from 10 nm to 20 nm with
an interval of 2.5 nm, as shown in Fig. 10. As the resonator thickness
increased, the resonance wavelength also shifts its position linearly.
Here, the resonator illuminated to an electric field component of the
electromagnetic field had an inductance. The resonator and metal
created a capacitance and inductance that was proportional to incre-
ments in the thickness, and all resonance frequencies were greater than
99% at all thicknesses. The right shifts of resonance wavelengths with
the change in the metal resonator thickness could also be observed.

Absorption with different dielectric materials

The material of the dielectric has been changed here, which shown
in Fig. 11(a) with a different refractive index. Here, silicon dioxide,
silicon nitride, silicon amorphous, gallium arsenide, and graphene has
refractive index 1.5, 2.0, 4.4, 3.9, and 2.6, respectively. As it is known
that lower the refractive index, the higher the absorbance and the larger
the bandwidth [105]. As can be seen, a perfect result was found with
SiO2 as it has the lowest refractive index than others. Silicon nitride
(Si3N4) showed unique results with a linear absorbance. This property
enables this kind of structure to be improvised as a visible light detector
because it shows different absorbances for individual colors of light. It
may be used as an invisible cloak, as it absorbs the light spectrum ef-
ficiently. The other two results with silicon amorphous and gallium
arsenide showed half-power absorbance in a wide range of wave-
lengths, which could be utilized in half power solar cell applications.
With graphene, the absorbance exhibit over 74% in all-region. Varying
the materials could also vary the application of the design of the same
metamaterial.

The absorbance of glass (Pyrex) is shown in Fig. 11(b) which
showed similarities to silicon nitride in Fig. 11(a). It could be used as a
light detection sensor as its absorption level changed linearly with the
change in wavelength. Assuming that there was a fall in blue light in the
design with 470 nm, this would produce absorbance of around 70%.
The absorption level would determine the color of the light, and the
wavelength level and could be used to help devices or artificial in-
telligence robots detect color or wavelengths.

E-Field, H-field and surface current analysis

It is known that absorption characteristics and energy dissipation
highly depend on the electromagnetic field and surface charge dis-
tribution. In this section mechanism of absorption based one-field, h-
field and surface charge distribution will be discussed for three corre-
sponding wavelength λ = 400 nm, λ = 545.73 nm, and λ = 690 nm.
Here three-wavelength chosen as three different absorption level,
λ= 400 nm (93.5% - mid-level), λ= 545.73 nm (99.99% - resonance),
and λ = 690 nm (91.74% - low level). The high electromagnetic field
has been created by the absorber, which was shown in Fig. 12, (a)–(f)
for both TE and TM mode in wavelength λ = 400 nm, λ = 545.73 nm,
and λ = 690 nm. From Fig. 12, (a), (c), (e) it can be seen the con-
finement of electric wave is done by dielectric layer very well. And,
Fig. 12, (b), (d), (f), exhibited the good confinement of magnetic wave.
They both created a very good dipolar moment for both TE and TM
mode [106,107]. So, surface plasmons increased and created a very
good polarization-insensitive absorber for both modes along with a
good impedance match of tungsten. Also, the high dipolar moment is
situated in the interference of the metal/dielectric caused a very good
absorption level [108]. Here, the direction of propagation only changed

Fig. 9. Absorption response for parameter “td”.

Fig. 10. Absorption response for parameter “tm”.

Fig. 11. (a) Absorption phenomenon with silicon dioxide, silicon nitride, silicon amorphous, gallium arsenide, and graphene as dielectric layer and (b) The illusion of
increasing absorbance concerning wavelength in glass (Pyrex).
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concerning the change of EM mode. As discussed above, it was stated
that the back-layer blocks the transmission as the metal is chosen in a
particular thickness to do so. This phenomenon is seen from Fig. 13, (a),
(b) for λ= 545.73 nm in TE and TM mode. It is also clearly to represent
that the EM wave is mainly confined by the dielectric layer, not the
metal layer. With good E-field and H-field, a good anti-parallel circu-
lating current create in the structure showed in Fig. 14, (a)-(f). Surface
charges are very highly distributed in the full structure, especially for
the resonance wavelength, where they found the best results of peak
99.99% for TE and TM mode. The dipolar magnetic moment with the
magnetic field, which causes a high electromagnetic field in the spacer
layer, helps the design for fewer reflections [38,109]. From the above
discussion, it can be clearly said that the design is a very good absorber
for the whole optical region with high electromagnetic field and surface

current distribution, which will help it to use in related fields.

Comparative study

Table 2 discusses the comparison of previous designs (for optical
wavelengths) with familiar features like bandwidth layer, dimensions.
It can be easily procurable from the table that this work found an ex-
cellent absorption level compared with previous work with a wide-
angle sensibility. Perfect optical wavelength absorbers that can operate
in full regions are rarely found. Moreover, a rare nearly perfect absor-
bance with an average absorption of 96.77% with resonance absor-
bance of 99.99% in optical wavelengths was found in our design. A
good impedance match of tungsten is one of the main reasons for high
absorbance. In our proposed unit cell, we use a distinctive geometric
shape with an SSR with three cylindrical cuts inside across, which also
improves the absorption property from other designs we demonstrated
below. Equivalent capacitance with the resonator and the back-layer
metal is high too. High electromagnetic field and reasonable surface
charge distribution differentiate our design from others. In terms of the
extreme melting point of tungsten and SiO2, low-materials cost, effi-
ciency, and operational region compared with other materials used in
the table below, makes this design a sole.

Conclusion

Broadband near-perfect polarization-insensitive, wide-angle MMA
for optical wavelengths from 389.34 to 697.19 nm was designed in this
study. The conventional methodology of three-layers with a metal-di-
electric-metal structure was utilized. The structure showed a broad
bandwidth and evidenced nearly perfect absorbance above 91.24% at
all points with peak points of 99.99%. It also showed polarization and

Fig. 12. Demonstration of E-field for TE and TM Mode in three wavelength (a) λ = 400 nm, (c) λ = 545.73 nm, and (e) λ = 690 nm in y-x axis and H-field for TE
and TM Mode in three wavelength (b) λ = 400 nm, (d) λ = 545.73 nm, and (f) λ = 690 nm also in y-x axis with color bar scale.

Fig. 13. The cross-sectional view of H-field in (a) TE mode and (b) TM for
resonance wavelength 545.73 nm in z-y axis with the color bar scale.
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incident angle independent behavior with an average 96.77% absorp-
tion. As a result of the good impedance match of tungsten and the
lossless characteristics of silicon dioxide (SiO2), better absorption was
achieved with the structure. Investigations were performed with four
other dielectric materials, and a variety of useful results were found.
Using Si3N4 or glass (Pyrex) as dielectric substrates, the absorbance
shifted linearly with the wavelength. Therefore, this structure may be
applied as a light wavelength detection sensor. This metamaterial ab-
sorber could be utilized as an optical sensor, as it shifts its resonance
along with the change in its dielectric layer and resonator thickness.
Based on its angular independent characteristics, it may be utilized in
solar energy harvesting applications or a solar sensor. The high melting
point of the materials will be helpful to withstand the high temperature
when the design absorbs photons from a higher energy source.
However, the high melting points of the materials used in this study and
the high absorbance of the broadband absorber could also be efficiently
used in solar cells, optical sensors, real invisible cloaks, color imaging,
and thermal imaging applications. The improved performance of these
MMAs and their multiple potential applications open new doors in the
optical wavelength paradigm.
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