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Design and Simulation of Graphene-based Terahertz Waves Absorbers

Alireza Dadkhah Tehrani*!, Seyed Mehdi Siadati!>, Mohadeseh Baghdadi'?,
Somaieh Salmani Shik!2, Mohammad Hossin Majles Ara*!?

1 Photonics Laboratory, Departmebt of physics, Kharazmi University, Karaj, Iran
2 Applied Sciences Research Center, Kharazmi University, Karaj, Iran

* Alireza.dadkhah.t@gmail.com * majlesara@khu.ac.ir

In this paper, four metamaterial absorbent structures in terahertz frequency range are designed and simulated
consisting of two types of monolayer graphene pattern on the dielectric surface with a refractive index of 3.5 and
a gold substrate. In this simulation, the intensity of the absorption spectrum is increased by changing the Fermi
level of graphene. Also, the influence of geometric parameters on the structure of attractions with different
patterns has been investigated. The 99% absorption peak at 70 pm is significant in two types of structures. The
distribution of electric field in the structures indicates the stimulation and amplification of graphene surface
plasmons at this wavelength, which is the main factor in maximum absorption. Suggested absorbents can be used
in sensors and detectors in the terahertz range.
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1. Introduction

In recent years, terahertz (THz) technology has
become one of the most attractive research topics,
because of its promising applications in the fields of
imaging, spectroscopy, security and
communications. The THz absorber is an important
branch of THz technology, which can find practical
applications in the above fields [1]. In the past
decade, metallic metamaterials and metasurfaces
have been used to develop THz absorbers.
Electromagnetic metamaterials are artificially
engineered materials that are designed to interact
and control electromagnetic waves in novel ways.
Photonic metamaterials are periodic optical
nanostructures often composed of metallic elements
on a dielectric or semiconducting substrate, where
the period is shorter than the wavelength of light.
More recently, graphene has been demonstrated as
a good complementary material in realizing THz
absorbers, because it can support surface plasmon
polariton (SPP) in THz and far-infrared regions [2].
Graphene, as a material of single-layered carbon
atoms arranged in a plane with honeycomb lattice,
has excellent mechanical, chemical, and electrically
tenable properties, which offer many interesting
possibilities for terahertz and optical technologies
[3]. The electromagnetic properties of graphene
approach those of a conductor at low frequencies
and those of a dielectric at optical frequencies.
Between the two limits, particularly in the terahertz
frequency region, graphene has sophisticated
electromagnetic properties that can be tuned
through varying its chemical potential [4]. For this
reason, graphene has very interesting plasmonic
properties that lead to many useful applications in
the terahertz region. Surface Plasmon Polariton or
SPPs are electromagnetic excitations that propagate
at the junction of metal and insulation and propagate
vertically on the damping surface. The simplest
structure for SPP excitation is a uniform boundary
between conductive and insulating. Graphene-based
SPPs have unique properties over metal SPPs, one
of the most important of which is the high
concentration of SPP on the graphene surface.
SPP is visible due to the metallic behaviour of
graphene in the terahertz or lower frequency range,
but is not achievable at optical frequencies due to

the insulating behaviour of graphene. In this paper,
using graphene monolayer, a double-band tenable
plasmonic ideal absorber in the terahertz frequency
range is designed and simulated. Also, the effect of
geometric parameters and chemical potential on the
absorption spectrum of the structure is investigated
and analysed [5]. Due to the geometric structure of
graphene in this paper, compared to similar works
[6], the construction of such an adsorbent is possible
in practice using chemical vapor deposition (CVD)
and surface lithography.

2. Design and analysis of structure

The designed absorber consists of a monolayer
graphene, a dielectric with refractive index 3.5, and
a gold reflective layer with conductivity o¢=4.5
x 107 S/m (Fig. 1). The thickness of graphene is 0.3
nm, the dielectric thickness is 20 pm and the
thickness of gold is 1 um.
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Fig. 1: Schematic of the terahertz absorbent
structure consists of a monolayer graphene layer,
a dielectric layer, and a gold reflecting layer.

We use for Graphene surface pattern of concentric
square structure to achieve broadband absorption.
The surface dimensions of these patterns are shown
in Fig. 2. In four different modes, the pattern
consisting of graphene and dielectric was
investigated. In the calculation, our method mainly
focuses on the material effect of the two-
dimensional flat surface while ignoring that in the
out-of-plane direction. At room temperature and
low THz frequency (Ef >> ksT, Ef >> ho), the in-
plane conductivity of the graphene can be
represented by a Drude model [7]:
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Fig. 2: Dimensions of the proposed absorbent
surface pattern.

The intrinsic relaxation time is expressed as
t = uEr leve?, where u is the measured carrier
mobility, and ve = 10° m/s is the Fermi velocity. The
adsorption of graphene monolayers in the visible or
near-infrared region is extremely low. But, in the far
infrared and terahertz regions, light absorption can
be increased due to the intensification of surface
plasmon. When the chemical potential (Fermi level)
of graphene is more than half the photon energy, the
intra-band transmission dominates the conduction
band and the graphene behaves as a metal. One way
to change the absorption frequency of the structure
is to change the geometry of the structure. However,
the dynamic adjustment of such structures to very
small dimensions is very difficult. By controlling
the chemical potential via electrostatic doping of the
graphene sheet, the peak absorption can be
continuously tuned from 0.0 eV to 0.5eV. Here we
simulated the graphene Fermi surface in the values
of 0, 0.1, 0.2 and 0.5 eV. The proposed structures
and their absorption performance have been
investigated with Lumerical FDTD Solutions
software based on finite element method. In the
simulation environment, symmetric boundary
conditions are applied in the x direction and anti-
symmetric boundary conditions in the y direction.
In the z direction, the boundary conditions of the
absorption layer (PML) are completely adapted.
The applied electromagnetic field was of plane
wave kind with a wavelength of 25 to 110 um,
which collided perpendicular to the absorbent
surface.

3. Results and discussions

In this section, four different structures for graphene
absorbents are investigated. The first two structures
(G1 and G) are graphene-coated absorbents on
which dielectric square patterns are engraved. The
second two structures (D; and D.) are placed on the
dielectric surface of the graphene strips absorber
in a square pattern. The absorption spectrum of
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Fig. 3: Absorption spectra and distribution of
electric fields in the absorbent structure G
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Fig. 4: Absorption spectra and distribution of
electric fields in the absorbent structure G,

absorption peaks at wavelengths of 30, 41 and 70
pm with Ef = 0.5 eV and © = 10 ps. The results of
changing the Fermi level of graphene can be seen
on the absorption spectrum. With an increase of Es,
due to the increase in the density of carriers, the
intensity of the absorption peak has increased. To
fully determine the physical origin of the three band
THz absorber, the normalized electric field
distribution. Due to the size distribution of the
electric field of the structure, 99% absorption
occurred at a wavelength of 70 um in the
dielectric pattern. The main reason for adsorption is
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the amplification of the surface plasmon due to the
presence of patterns on the absorbent surface. Then,
by adding a square pattern in the center of the
absorbent structure G, (Fig.4), we see a decrease in
the absorption peak at a wavelength of 70 pm. The
absorbent structure D, consistsof L-like graphene
patterns on dielectric surfaces (Fig.5).
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Fig. 5: Absorption spectra and distribution of
electric fields in the absorbent structure D1
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Fig. 6: Absorption spectra and distribution of
electric fields in the absorbent structure D,

The absorption spectrum of this structure indicates
low absorption at three terahertz peaks. But in the
center of structure D, with the addition of a square
pattern made of graphene, we see a 99% absorption
peak at 70 um (Fig.6). At the same wavelength, the
distribution of the electric field in the center of the
structure intensifies, which causes the maximum
absorption in the terahertz absorber.

3. Conclusions

In summary, we propose four terahertz absorbent
structures consisting of gold, dielectric, and
monolayer  graphene  patterns.  Numerical
simulations indicate that three absorption peaks at
wavelengths 30 pm, 41 pm, and 70 pm can be
realized. In two structures G; and D, we see 99%
absorption at a wavelength of 70 micrometers in the
terahertz region, which is related to the stimulation
and amplification of graphene surface plasmons in
the structure.
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Due to the geometric structure of graphene in this
paper, compared to similar works [6], the
construction of such an adsorbent is possible in
practice using chemical vapor deposition (CVD)
and surface lithography.
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The applied electromagnetic field was of plane wave
kind with a wavelength of 25 to 110 pum, which
collided perpendicular to the absorbent surface.
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By controlling the chemical potential via electrostatic
doping of the graphene sheet, the peak absorption can
be continuously tuned from 0.0 eV to 0.5Ev.
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Due to the geometric structure of graphene in this
paper, compared to similar works [6], the
construction of such an adsorbent is possible in
practice using chemical vapor deposition (CVD)
and surface lithography.
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