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Abstract

The tunable graphene-based short band absorber has been numerically examined in this article. The absorption response of
the proposed design has been analyzed with the variations of chemical potential, the radius of the resonator, width of the
resonator, height of silver (Ag) resonator and the height of silica substrate. The proposed structure provides narrow band
absorption and wideband response over an infrared wavelength of 1.5-1.6 pm. It has been reported that abortion amplitude
was up to 99%. Metamaterial behavior was analyzed by the calculation of permittivity, permeability and refractive index.
We have also investigated the absorption and reflectance response of 2X 2 and 3 X 3 array-based structures. Comparative
analysis with the previously published article is also represented. Thanks to its tunability, efficiency, and self-alignment, the
proposed absorber can find application as a compact high-contrast filter in infrared optical systems. This research work can

also apply to the different research filed of designing sensors, polarisers, modulators, and many more.

1 Introduction

The research in the metamaterials field has grown extremely
wide in a short period. It was back in the year 1898, an intro-
duction of artificial materials for microwave applications was
experimented with by Jagadis Chunder Bose which is now
commonly known as chiral characteristics [1]. Since then
there was a wide range of experiments performed like in the
year 1914-1948 [2, 3], scientists procured a wide dimension
of study regarding customizing the external properties of
the material by fabricating artificially structures of various
shapes and sizes. This new aspect of changing properties
or creating material with non-existing properties generated
a wide range of research into the field of metamaterials. It
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offers some unrealistic exotic properties like negative per-
meability and permittivity [4]. Also, properties like nega-
tive refraction [5—7] perfect lensing [8] or superlens [9], and
invisibility cloaking [10—12] are also created with the help
of this kind of material.

On the contrary, another material which is researched
widely in recent years is a 2D lattice structure named gra-
phene [13]. Despite being monolayered, it outcastes some
of the unique properties like flexibility, optical transparency
[14], conductivity [15], and high electron mobility [16].
Also, ultra-wideband tunability can be achieved through
an electrostatic field, magnetic field, or chemical doping by
graphene [17, 18]. It depends on the different values such
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as scattering rate, wavelength, and temperature based on the
numerical study [19]. Owing to these aspects of graphene, it
leads to one of the emerging possible platforms using electri-
cally controlled nano-plasmonic for new-generation devices.
Thus, graphene outsets a wide opportunity to achieve fre-
quency tuning for metamaterial absorbers.

Owing to their properties, metamaterial- graphene-based
perfect absorbers are the most research domain for the past
few years. A significant amount of exertion has been inten-
sive for achieving reduction in the loss in devices by develop-
ing numerous structural geometries. Recent researchers have
observed strong circular dichroism effects in the region of
near-infrared using summing up graphene layers strongly help-
ing in the fields of optoelectronic devices and biosensing appli-
cations [20]. Based on the literature survey different shapes
of tunable metamaterial absorber (MMA) is designed for
near-infrared (NIR) wavelength between 1200 and 1600 nm
to show the maximum absorption. A plasmon-induced tunable
metasurface is engineered to have an overall linear absorption
[21]. A multi-band tunable absorber coupled with a structured
nanostructured material is proposed in [22] for sensing appli-
cations at wavelengths of about 800—-1000 nm, which can be
applied for manufacturing high sensitivity sensors. A triple-
band MMA with an Au nanocuboids array is investigated in
[23] and observed to have a triple-band tunable perfect absorp-
tion peak in the NIR band. In [24], a NIR Fano resonance in a
hybrid metal-graphene metamaterial is clarified, where it has
high-performance in the mid-infrared region with 0.93 pm/
RIU for sensitivity and about 158.7 for figure of merit (FOM).
A circular and elliptical series of patterned graphene resona-
tors on a silicon substrate with a silicon dioxide insulating
coating is introduced in [25, 26], Where it can be beneficial
for the detector, filter and sensor of far-infrared range. On the
other side, for two related purposes, such as absorber and sen-
sor, a multifunctional nano-imprinted metamaterial surface is
synthesized and the metamaterial surface absorption ranges
from 100 to 550 nm and provided strong peak absorption [27].
For a complete double band absorber consists of double asym-
metric L-shaped graphene resonators, another analysis can be
observed. In the mid-infrared field, this form of absorber dis-
played two and more resonance peaks, where their absorption
coefficients are on average greater than 98.77% [28, 29]. An
absorptivity rating of almost 100 percent can be achieved with
an adjustment spectrum of absorption up to 16 THz as seen in
a multi-layered graph structure known as the coherent graphic
dependent absorber [7, 30]. In [31], the dialectic surface coats
multilayer of graphene to shape the metal resonant multilayer
graphene-dielectric-metal flooring system, which essentially
shows that the absorbing breadth, as well as the magnitude of
the graphene layers, expand dramatically, whereas large gra-
phene layers appear. The absorber architecture as suggested
in [33] uses double-layer graph-spectrum, plasmonic field
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enhancement and near-field coupling. The new two-layer spa-
tial absorber [34] has been clarified to have maximum absorp-
tion and to be calibrated to the infrared spectrum electrically.

Inspired by the properties of the graphene and the metama-
terial, we proposed a novel tunable graphene-assisted absorber
for the infrared wavelength. The suggested absorber is ana-
lyzed for the TE mode of the excitation over a wavelength of
1.5-1.6 pm. The perfect absorption is achieved for multiple
short bands. The proposed absorber can be easy to fabricate as
it required the fabrication setup for the single-layered graphene
silica composition which can be possible with the chemical
vapors deposition process.

2 Design and modelling

Figure 1 represents a proposed tunable graphene-based
absorber structure. Figure 1a shows the three-dimensional
outlook of the structure. Figure 1(b) shows the lateral
structure view. The proposed structure dimensions are
L, =2pm,S, = 5pm, G, = 1.5pm, W = 0.5pm, r = 0.1pm,
W,, = 0.1pmandS, = 0.1pm. Voltage Vg regulates the gra-
phene layer. The ground layer and the top of the structure
are made of silver (Ag) material. Graphene layers may lead
to biomolecular absorption and hence to amplified the local
refractive index [32].

The Kubo formula will express the conductivity values
of single-layer graphene [19]. The response of structure also
changes by the parameters such as fermi voltage, tempera-
ture, frequency, and scattering rate. The permittivity (e(w))
of the graphene sheet based on Ref. [33] is shown in Eq. (1).
The formula predicting the conductivity of graphene is repre-
sented by Egs. (2 to 4). Graphene was described as a single
layer structure in the proposed polarizer structure as a surface
conductivity model. The surface current destiny for both of
the axis is defined by J, = E c.andJ, = E, o,. The structure
is investigated for the periodic boundfy condtions over X and
Y direction. The input wave is incidet from the Z diection.
The input wave is set on top of the structure from Z direction
as illustrated in Fig. 1. The bottom Ag layer is work as mirror
for the reflected wave. The material property of the silver is
taken form [34]

(o3
=1+—
c@ =1+ (1)
Os = Ointer + Cintra (2)
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Fig. 1 Proposed tunable (a)
graphene-based absorber struc-
ture. a Three-dimensional
structure view. b The structure's
side view. ¢ Structure top view.
The material for the substrate is
selected as silica. The top layer
of the silica is set as graphene
material. The voltage Vg con-
trols the external voltage of the
graphene sheet. The silver (Ag)
material forms the ground layer
and top resonating structure

Graphene
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where w is the radian frequency and I’ is the scattering rate.
Fermi voltage () ranges from 0.2 to 1 eV and it is a bias
voltage function of gate terminal is defined by Eq. (5). C is
unit area-wise electrostatic capacitance. g, is the free space
permittivity, €, is permittivity (2.25) of the silica material. S,
is the thickness of the silica layer (5 um), Temp. considered
is of 300 K, Relaxation time (') of the electron is 1073 s
(t~'=T). The basic methods of rendering two-dimensional
materials of single-layer graphene substance are Cleavage
[35], MBE [36], CVD [37] and techniques. Structure design
can be manufactured by a nano-spherical lithograph on the
graphene substance top layer [38] and nano-plasmonics
lithography [39].

3 Results and analysis

The absorption response of the proposed metamaterial-based
tunable perfect absorber can be studied into four different
stages. We have observed the responses based on a differ-
ent number of graphene layers, numbers of silicon layers,
altering the parameters of the wing structure by concerning
the graphene chemical potential variations. Figure 2a rep-
resents the absorption for the single-layered graphene silica
structure, Figure 2b represents the reflection range of the

Input Port

' (b)

single-layer silica graphene system. The absorption reaction
is extracted from the various values of 4. It is observed that
the two narrowband and one wide band of the absorption at
1.56 um and 1.585 um wavelength are in a single-layered
structure. 99.3% of the highest absorption (HA) for the sin-
gle-layer structure is observed for y, = 0.6 eV at 1.56 um.
For p, = 0.4eV, the highest absorption rate is around 94%
at 1.56 um. For u. = 0.6eV, the highest absorption rate is
around 96% at 1.55 um and 99% at 1.56 pm. For y. = 0.8¢eV,
the highest absorption rate is around 98% at 1.55 um, 98%
at 1.56 um and 93% at 1.58 um. For u,. = 1eV, the highest
absorption rate is around 98% at 1.55 um, 96% at 1.56 um
and 96% at 1.58 um. The absorption peak is often found to
be higher for the upper values of u..

Figure 3a, b shows the absorption and reflectance graph
for a double layer of graphene. Absorption response is
extracted from the various values of .. There are two
main narrowband responses around wavelength 1.55 um
and 1.57 um. For y, = 0.2¢V, the highest absorption rate
is around 88% at 1.57 um. For u. = 0.4eV, the highest
absorption rate is around 94% at 1.55 pym. For p, = 0.6V,
the highest absorption rate is around 99% at 1.55 pum.
For u. = 0.8eV, the HA rate is around 99% at 1.55 um.
For p, = 1eV, the highest absorption rate is around 98%
at 1.55 pum. Figure 4a, b shows the absorption and reflec-
tance graph for a triple layer of graphene for the different
values of u.. The graph indicates three narrowband and a
wideband response of the structure. The first narrowband
response can be observed at 1.517 and 1.527 pm having 90%
absorption for y, = 0.2eV. The second narrowband response
can be observed at 1.516 um having 96% absorption for
u. = 0.4eV. The third narrowband response can be observed
at 1.516 ym having 95% absorption for u,. = 0.6eV. The
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Fig.2 Absorption and reflection spectra of a single-layered silica gra- the proposed design. The perfect absorption was observed at 1.56 and
phene design. a Side view of a single-layered silica graphene design. 1.58 um

b Absorption response of proposed design c¢ reflectance response for
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Fig.3 Absorption and reflection spectra of the two-layer silica gra- response for the proposed design. The perfect absorption is generated
phene design. a Side view of the proposed two-layered silica gra- near to 1.56 um and 1.575 pm wavelength. The absorption band is

phene design. b Absorption response of proposed design ¢ reflectance very narrower as compared to the single-layered graphene structure
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Fig.4 Spectra of absorption and reflection of the three-layered design
of silica graphene. a Side view of the composition of the three-lay-
ered silica graphene. b Absorption response of proposed design ¢
reflectance response for the proposed design. There is a total four

third narrowband has an absorption rate lower than the other
two bands. The wideband response for the triple-layer can be
observed from the range of 1.58 to 1.6 um. The highest aver-
age absorption rate for the different chemical potential (g,
0.6, 0.8 and 1 are respectively 99.71%, 99.71% and 99.92%.

Figure 5 represents the behavior of absorption and reflec-
tion property of four-layered silicon graphene design. Four
narrow bands are observed. The highest absorption is about
90% at 1.56 pm, 92% at 1.539 pym, 91% at 1.58 pm for p,
=0.2 eV. The highest absorption is about 93.5% at 1.539 pm,
91.7% at 1.564 pm, 90% at 1.581 um for the ¢,=0.4 eV. The
highest absorption is about 94% at 1.56 um, 87% at 1.582 um
for pc=0.6 eV. The highest absorption is about 93% at
1.563 pm, 93.5% at 1.563 um for the u,=1 eV. It is clari-
fied that an increase number of silicon graphene layers will
increase the number of narrow bands. Figure 6 represents
the absorption of the proposed design by the variations of
the radius of structure for the range 200 nm to 500 nm. The
highest absorption is about 94% at 1.55 um, 92% at 1.56 pm,
91.5% at 1.56 um, 91.2% at 1.58 um for r=200 nm. The
highest absorption is about 95% at 1.54 um, 92% at 1.56 pm,

absorption band observed at 1.515 pum, 1.525 um, 1.565 um, and
1.58 pm-1.6 pm. The bandwidth of the absorption band is higher for
this three-layered structure

91% at 1.55 pm for r=300 nm. The highest absorption is
about 85% at 1.50 um, 95% at 1.53 um, 97% at 1.55 pm and
90% at 1.59 pm for r=400 nm. The highest absorption is
about 94% at 1.527 ym for »=500 nm.

The perfect absorption in the proposed structure is
generated because the resonance and electric field con-
centration increase at a specific wavelength. The rise in
the electric field concentration because of the impedance
matching between two materials results in the strong
dipole moment generation [40]. The impedance matching
condition generates the variation in the refractive index.
The real and imaginary parts of the refractive index varia-
tion will ultimately result in high absorption or reflectance
amplitude generation. Narrowband and wideband of the
absorption spectrum are generated because of the vari-
ation in chemical potential and the constructive/destruc-
tive field concentration at the graphene patch sheet. The
comparative analysis of all types of graphene silica layered
structure is presented in Table 1. The comparative Table
is clarifies the variation in terms of the number of bands,
graphene chemical potential, and absorption band range.
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Fig.5 Spectra of absorption and reflection of the four-layered design
of silica graphene. a Side view of the composition of the four-layered
silica graphene. b Absorption response of proposed design ¢ reflec-
tance response for the proposed design. There is three absorption

band observed in the four-layered structure at 1.54 pm, 1.565 um, and
1.58 um. The graphene chemical potential of the graphene sheet is a
tunable parameter for controlling the absorption peaks

Fig.6 Absorption for vari-

ous resonator radius values is
mentioned as r in Fig. 1c. The
circle radius varies between 200
to 500 nm

1.52

The range of the absorption in this Table is considered
for >85% of amplitude. It is clarified that for the different
chemical potential values the absorption wavelength range
is different.

Figure 7 represents the absorption of the proposed struc-
ture is also analyzed by the variations of width (w) of struc-
ture for the range 200 nm to 400 nm. The highest absorp-
tion is about 92% at 1.54 um for W = 200 nm. The highest
absorption is about to 86% at 1.50 um, 94% at 1.543 pm,
91% at 1.55 pum, for W =300 nm. The highest absorption is
about 89% at 1.50 um, 94% at 1.54 um for W =400 nm. Fig-
ure 8 represents the absorption of suggested structure is also
investigated by the height of silver (W) resonator for the
range 100 nm to 600 nm. The respective highest absorption
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is 99.8% at 1.544 um for w;, = 100 nm, 99.8% at 1.55 um
for w;, =200 nm, 85% at 1.578 um and 90% at 1.598 um for
w;, =200 nm, 99% at 1.6 um for w, =400 nm.

Figure 9 represents the height of silica substrate (S,)
ranges from 200 to 1200 nm for the rate of absorption anal-
ysis. The highest absorption are 92% at 1.55 um and 99%
at 1.568 um for S, = 200 nm, 97% at 1.571 pym for S, =
400 nm, 84% at 1.517 um and 97% at 1.564 pm for S, =
600 nm, 90% at 1.564 um for S,= 800 nm, 92% at 1.554 um
for S, = 1000 nm, 83% at 1.55 um, 97% at 1.554 um and
99.9 at 1.565 um for S, = 1200 nm. Figure 10 represents
the absorption observed for the 2 X 2 array structure for the
variations of the chemical potential in the range of 0.2 to 1.
The maximum absorption of 93% at 1.505 um and 99.8% at
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Table 1 Comparative table of all structures with number of absorp-
tion bands, chemical potential, and absorption range (> 85%)

1.522 pm for p, = 0.2¢V. The maximum absorption of 89%
at 1.504 pm and 91% at 1.522 um for u, = 0.4¢V. The maxi-
mum absorption of 80% at 1.5 um for y,. = 0.6eV. The maxi-
mum absorption (MA) of 84% at 1.5 pm for . = 0.8eV. The
MA of 85% at 1.5 um for u, = leV.

Figure 11 represents absorption for the 3 X 3 array struc-
ture for the variations of chemical potential in the range of
0.2 to 1. Array structure of 3 X 3 provides a wide band spec-
trum for the chemical potential (u 0.6 to 1. More than 80%
absorption observed for the range 1.5150 um to 1.5190 pm
for the y, = 0.6 eV, 1.5135 ym to 1.5200 um for the y. = 0.8
eV and 1.5125 pm to 1.5205 um for the p,. = 1eV. Trans-
mission and reflection values use for the refractive index
calculation of the proposed absorption structure expression
suggested in [41]. Figure 12 shows the calculated refractive
indices for the proposed designs of the absorber structure. It
is detected that the effective refractive index values at differ-
ent resonance peaks become negative. This effect proves the
behavior of the different designs of the proposed absorber
stature as a metamaterial. In general, the refractive index

—w=200 nm
—w=300 nm
—w=400 nm

Number of Number  Chemical Wavelength Range
Graphene layered of Bands  Potential (um)
structure V)
1 3 1 1.558-1.559
1 1.560-1.561
1 1.582-1.585
2 2 0.2 1.576-1.577
1 1.556-1.558
3 3 1 1.515-1.518
0.2 1.526-1.527
1 1.583-1.6
4 4 0.2 1.5-1.501
0.4 1.538-1.540
1 1.562-1.564
0.8 1.581-1.583
Fig.7 Absorption for vari- 1
ous resonator width values is
mentioned as w in Fig. 1c. The
width of the resonating wing 0.8
varies between 200 to 400 nm
0.6
0.4
0.2
0 ‘ 1
1.5 1.52
Fig.8 Absorption for various 1

height of silica resonator values

is mentioned as Wh in Fig. lc.

The silica substrate height 0.8
changes between 100 to 600 nm

k. 1.52

1.54 1.56 1.58 1.6

Wavelength(pm)

—W =100 nm
—W, =200 nm

| —W =400 nm

h
h
|.
h
f h
/ —W h—Mﬂ nm

1.54 1.56
Wavelength(zzm)

1.58 1.6
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Fig.9 Absorption for the vari-
ous silica layer height values is
mentioned as Sh in Fig. 1c. The
silica substrate height changes
from 200 to 1200 nm

Fig. 10 Absorption and reflection spectra of 22 array structure of
the top resonator. a Top view of the proposed 2 X2 array structure. b
Absorption and c reflectance response for the proposed design. The

values of the entire structure affect absorption and reflec-
tance. The refractive index imaginary part contributes to
absorption while the real part contributes to reflectance. As
presented in Fig. 12, all the absorption peak is generated
at the places where the refractive indices real part reduces
and refractive indices imaginary part increases. This effect
is observed in all the structures. These effects are generated
because of the light interaction between two mediums from
Air-Ag and Air-Ag-Graphene.

The metamaterial effect of the proposed structure is
generated due to the dipole moment generated at various

@ Springer
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other proportions of the entire design are kept the same as defined in
Fig. 1. The dimension of the resonator was reduced by a scaling fac-
tor of 2 for 2 X2 geometry

resonating points as illustrated in Fig. 13. The propaga-
tion properties of electromagnetic fields suggest magnetic
dipoles can be caused to release radiation [42]. Figure 13
represents normalized electric field intensity with surface
current distribution on the cut plane of XY direction for
the single-layer graphene structure. Every resonance point-
wise dipole moment is observed on the graphene surface.
Resonance points of electric field intensity are located on
1.447 pm, 1.559 pm, 1.561 pm and 1.585 pm. Figure 14
shows the absorption and reflectance amplitude of the dif-
ferent array structure that is placed on the upper side of
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15

Fig. 11 Absorption and reflection spectra of 3x3 array structure of
the top resonator. a Top view of the proposed 3 X 3 array structure. b
Absorption response c¢ reflectance response for the proposed design.

the graphene sheet. Figure 14 is derived for the single-
layered graphene silica-based structure. It is visualized
that the absorption peaks are varied for all the resonating
arrays. The higher array of the same size results in the mul-
tiple absorption peaks due to the multiple dipole moment
generations.

Figure 15 clarifies the absorption peak variation for the
different material conditions. The absorption spectrum is
investigated for the three conditions, (i) single-layer gra-
phene structure as illustrated in Fig. 2, (i) Without graphene
structure, (iii) Without graphene structure with gold (Au) as
resonator structure. It is clarified that the resonance peaks
are different for every material condition. It is also clarified
that the resonance conditions with graphene structure are

06
=
0.2
1 1.54 1.56

1.56
Wavelength(zzm)

1.58

1.6
Wavelength(pzm)

The other dimensions of the entire structure are kept the same as
defined in Fig. 1. The dimension of the resonator is reduced by a scal-
ing factor of 3 for 3 X3 geometry

also different as compared to the without graphene struc-
ture. The graphene-based structure provided the flexibility
to tune the resonating band in terms of absorption ampli-
tude which was not directly possible with other materials.
Ag and graphene patch both generates the dipole moments
as shown in Fig. 13 which is the main reason to generate
the high concentrated field at a specific wavelength point.
Hence the graphene and resonating Ag offer the construc-
tive resonating condition over 1.5-1.6 um range of the
wavelength. Figure 16 shows the variation in the absorp-
tion for various sizes of the graphene patch. It is clarified
that the variation in the absorption is large for various sizes
of the graphene patch. The reason for the large variation
is because of the impedance matching values and dipole

@ Springer
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Fig. 12 Absorption, real refractive index and imaginary refractive
index values for the different proposed structures. Refractive index
and variation in the absorption for a one layered graphene, b two-lay-

moment response is different for the different size of the
graphene patch. The fabricated response is going to differ
if the variation in graphene size. In terms of fabrication
tolerance, the shape of the graphene is a major factor to
identify the resonance bandwidth. Other parameters such
as resonator shape, substrate high are also affecting reso-
nance conditions. To achieve the perfect absorption and at a
specific wavelength, we can choose the suitable parameters
presented in the manuscript.

@ Springer

(b)

sl ”I-u

<05

—— s =

|
il s .
_———'"'"i L b Jrlm\-v_JJUJI'.FYr«"H"'m

] =3
1500 1520 1540 1560 1580 1600
Wavelength(nm)

d
@ : I
L, y 4 b I’ "iL [
v 41 | Il
1A Mt Mg ' rv; ' | 4
<5 11 1 =
0.2 r; l‘ 1! AR 5
‘@ viviviw
i |
A \JV \_/ Lm
0 -2
1500 1520 1540 1560 1580 1600
Wavelength(nm)
1 ® 10
—-q]—-l"‘- "hq
b IIL g
<1 il' - :'.L g
E_w: ———’:-—_—-— -
1 ¢ - ]
1+ l‘"{ ‘ 1'. "ﬁ‘*
1] — “_':,
15040 1520 1540 1560 1580 1600
Wavelength(nm)

ered graphene, ¢ three-layered graphene, d four-layered graphene, e
22 array structure f 33 array structures

Comparative research with previously published work of
the proposed framework is represented in Table 2. Com-
parative research of various layered structures is conducted
based on structure dimensions, operational wavelength, total
absorption value, and material.

Sila (single layer), Mula (multi-layer), Ag (silver), Si
(silica), Gr (graphene), M (metal), D (dielectric), Au (gold),
Al (aluminum).
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Fig. 13 Normalized electric field intensity with surface current distribution on the cut plane of XY direction. a Absorption for the one-layer
absorber structure. Electric field intensity at a 1.447 pm. b 1.559 pm, ¢ 1.561 pm, d 1.585 pm resonating peaks
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Fig. 14 Comparative analysis of absorption and reflectance for the different layered graphene silica designs. N defined the number of the gra-
phene silica layer

@ Springer



40 Pagel12of14

V. Sorathiya et al.

Fig. 15 Comparative absorption 1
spectrum for the various condi- —31:: G:sphene
tions of the materials e s
0‘8 g’itl‘::lll Ve
Graphene (Au)
0.6
<
0.4
/ /
0.2 el J
0 \ <7 ¥
1.5 1.52 1.54 1.56 1.58 1.6
Wavelength(zm)
Fig. 16 Absorption for various 1 =—RTE :
shapes of the graphene patch I G"; 100 On;nm
for identifying the tolerance and 0.8 - . G":l 506 mm 4
dependency on graphene shape L
0.6 -
-
0.4 ]
0.2
O . 1
1.5 1.52 1.54 1.56 1.58 1.6
Wavelength(zm)
Table 2 Comparative research with other recently published studies
References Number of layers Materials Dimensions of structure Operating band (um) Peak absorption
Proposed work SiLa and MuLa Ag-Gr-Si-Ag 2%2x 0.5 pm? 1.5 tol.6 ~99%
[43] Sila Gr-Si-D 2.5%2.5%0.3 pm® 20 to 40 ~20%
[44] MuLa D-M 0.32%0.9%0.8 um? 1.4t01.7 ~90%
[45] MuLa M 0.104x0.052%0.16 pm? 0.4 t0 0.6 ~97%
[46] SiLa Au 0.3x0.5 um? 1.8t024 ~95%
[27] Mula D-M-Au 0.3%0.3x0.74 pm? 9to 14.0 ~99%
[47] Sila M-T-Si-Ag 0.48%0.48x0.3 pm® 0.7to1 ~95%
[48] Mula Al-D 70x70% 72 pm? 150 to 200 ~98%
[49] Sila Al-D-Au - 1.6t03 ~99%
[50] Mula D-Au-MgF, 0.6x0.6x0.6 pm® 1.36 to 2.14 ~99%
[51] Sila M-D-Ag 0.09 x0.05 x 0.09 um® 241t03.2 ~98%

4 Conclusion

In conclusion, graphene-based tunable short-band absorb-
ers have been numerically examined for the infrared wave-
length changes from 1.5 to 1.6 pm. The absorption behav-
iour of one layer, dual-layer, three-layer, as well four-layer
graphene-based structures has been analyzed. The tun-
ability of the proposed absorber has been controlled by
the graphene Fermi/chemical potential that can further

@ Springer

be adjusted by an external power supply. It is clarified
that more silicon graphene layers will increase the nar-
row bands. All proposed structures provide metamaterial
behavior. It is clarified that 99% of the absorption ampli-
tude in single, double, and triple-layer structures can be
happened. The structure is also compared with the struc-
ture where the graphene is absent to identify the change
in the absorption. It is identified that the graphene-based
absorption structure will give the constructive resonating
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effect with a tunable resonating band facility. The pro-
posed absorber structure is compact and easy for experi-
mental studies because of the simple layered architecture.
This structure can become part of the large THz photonics
system that works in the infrared domain.
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