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Graphene-Based Planar Microstrip Patch
Antenna with Circular Polarization Capability

Maryam Yaghobi!, Pejman Rezaei! and Mohammad M. Fakharian?

Abstract— In this paper, a graphene-based patch antenna
structure is designed. Due to the use of graphene, the design of the
antenna is directly related to its chemical potential. The structure
of this paper is developed from constant chemical potential (u.) to
control the polarization of the antenna, which can provide a
specific radiation behavior for the field around the antenna.
Therefore, the possibility of achieving an antenna with optimal
adaptation in the frequency range of 2 to 4 THz with resonant
frequency 3.2 THz and return loss in the range of 2.9 to 4 THz has
been investigated. In addition, the possibility of creating antenna
polarization with constant potential in two modes of right and left-
hand circular polarization has been investigated. At around the 3
THz frequency range, an axial ratio of less than 3 dB is obtained.
For the frequency range of 2.9 to 3.05 THz, the polarization is
achieved in RHCP and LHCP modes. The method for attaining
circular polarization is to add circular layers at the edges of the
structure antenna. A considerable bandwidth can be obtained with
this technique.

Index Terms— Terahertz, Graphene surface conductivity,
Microstrip antenna, Circular polarization.

I. INTRODUCTION

I ncreasing bit rate and consequently bandwidth increment,
as the demand of today's telecommunications, research
motivates towards higher frequencies, THz, infrared, and optics
[1,2]. Redesign of communication devices known in the
microwave, such as antennas [3-8], filter [9,10], switches
[11,12], sensor [13,14], multiplexer [15,16], absorber [17-21]
and etc, is a requirement of this process.

Researchers in recent years have been fascinated by the
unique properties of two-dimensional plasmonic materials such
as graphene. Because graphene, like other carbon structures
such as diamonds, graphite, and graphene tubes, has high
thermal conductivity, it is composed of one element compared
to other two-dimensional materials. Graphene, with suitable
electronic transmission properties, is used to design various
plasmonic structures. Graphene is considered the thinnest layer
(0.335 nm thick), a honeycomb lattice with a width of one
carbon atom, which is an elastic material [22]. Graphene
material has attracted much attention due to its valuable optical,
electrical, magnetic, mechanical, and thermal properties
[23, 24].

With the realization of the elastic surface resistance
properties of graphene, widely used in many devices, including

antennas, waveguides, resonators, filters, multiplexers,
absorbers, modulators. Recently, many graphene-based
antennas have been proposed, such as Yagi-Uda, leakage wave,
the reconfigurable antenna [25, 26], graphene antennas have
shown broad capabilities in the terahertz band.

The parasitic elements are tuned using potential chemical
changes in the graphene-based Yagi-Uda antenna [21]. In [27],
a filtered pseudo-Yagi antenna (FIQYA) is implemented using
graphene. Graphene bipolar antennas have been used to
generate more accurate beams to improve the Yagi-Uda (PCA)
graphene antenna. A graphene optical antenna is used to
implement amplified biomolecular detection [26].

Near the light field, two graphene-based antennas [28]
describe the light in the THz region. The THz graphene antenna,
UT-shaped, in [29], to announce a plasmonic platform, in [30],
an optically conductive antenna, by using spatially dispersed
graphene nanoribbons (GNPs) to maximize conductivity, is
shown. Graphene fingerprint transistors for understanding a
THz multi-element sensor for multi-pixel parallel detection are
described in [31]. In [32], the realization of broadband antennas
based on the negative differential resistance characteristic of the
transistor, the graphene field-effect (GFET), is investigated. In
[33], a graphene leak antenna that can reconfigure the LWA
radiation pattern over a wide frequency range in the terahertz
band is proposed.

In this paper, the proposed antenna is designed to create
circular polarization in graphene patch antennas, which can
create circular polarization in two modes of right-hand circular
polarization and left-hand circular polarization with an axial
ratio of less than 3 dB at 3 THz. We know that circular
polarization occurs when two orthogonal field components are
excited by phase differences [22], and circular polarization
antennas are suitable when multidirectional interference and
wave reflection are problematic.

Several techniques for obtaining the circular polarization
behavior of microstrip antennas, including single-feed and
double-feed schemes, have been reported. The microstrip
antenna design with circular polarization with a single power
supply includes a square piece with shortened corners, a
diagonal slit and adding to the diagonal corners [23, 24] and a
U slot, and so on. The proposed physical structure of the
antenna is a square ring with a rectangular patch filled with
internal graphene in which a graphene ring is added at the
diagonal edges of the inner patch.
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I[I. ELECTROMAGNETIC BEHAVIOR OF GRAPHENE

The surface conductivity of graphene (o), using the Kobo
formula [21, 34] can be expressed as follows:
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Where t =T and 60(t) is the Heaviside step function. The
amount of energy required by an electron to transfer from one
layer to another of graphene is extracted from (EF= 100
mv). The first period in Equation (1) is similar to the Droid
model for metals and has an internal bond effect. The second
period of Equation (2) shows the impact of the middle band,
which depends more on the absorption losses.

The surface conductivity of graphene can be
electromagnetically modeled by the tensor [35, 36], shown in
the following [3].
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Where h is the Planck constant, e is the electron charge, the
Fermi energy level of the graphene layer, T is the
phenomenological constant of the dispersion rate at the
graphene surface, and T is the temperature of the graphene
layer. In Equation (3), the (f;(€)) function is the Fermi-Dirac
distribution [5]:
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Where is the Ks Boltzmann constant? In Equation (2), the
approximate derivative afaﬂ is substituted for the actual

&

possible difference of the electrons in the conduction or band
peak f 4(e +de) — f 4(¢) , indicating the intermediate band
transfer probability. The first integral in Equation (2) represents
the contribution of the intra-band transition, while the second is
due to the low-band effect.

The volumetric friction coefficient equivalent to the
graphene layer in Equation (4) can be obtained from the
following Equation [5]:

o(w)

& = iwAe, (4)

Where A is the adequate thickness of the graphene layer, in
the extraction of Equation (4), it is assumed that its thickness is
small enough that the flow is uniformly distributed along with
the thickness. The volumetric model introduced here is the

same size as the A<l nm level model.

I1l. RESULTS AND STRUCTURE OF GRAPHENE-BASED
MICROSTRIP ANTENNA

The configuration of the graphene patch antenna is shown in
Fig. 1 In this paper, one method of adding an extra section to

the edges of a patch is used to provide circular polarization. The
structure of the antenna is designed on a substrate with a
dielectric constant of 3.8. The substrate with thickness H is
placed on the ground. According to the following Figure, the
antenna base consists of a patch with dimensions and an internal
patch of graphene with dimensions and a circular ring in
diagonal corners with outer diameter ¢ and inner diameter a.
The dimensions of the proposed antenna are shown in Table (1).
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Fig. 1. Antenna structure (a) LHCP (b) RHCP.

Simulations are implemented using CST Microwave Studio.
The microstrip antenna is designed with circular polarization
using diagonal edges. Boundary condition settings are defaulted
by CST software that displays the structure in a colored cube.
The colors of the faces vary according to the type of boundary
condition defined, which applied the boundary conditions of
electric and magnetic fields, etc.

TABLE |
The Dimensions Of The Proposed Antenna
Variable Value (mm)
d 5
L, 40
X 160
L 40
a 10
Wg 10
c 16
y 40




Journal of Modeling & Simulation in Electrical & Electronics Engineering (MSEEE)

43

LN
a2 N
: :

S-Parameters [Magnitude in dB]
o

-24 Ir 1 t + i + T + t
2 22 24 26 2.8 3 32 34 36 38 4
Frequency / THz

Fig. 2. Antenna Sy, parameter diagram.

In Fig. 2, the parameter Si1; diagram of the antenna is shown.
Antenna adaptation at 3 THz has good conditions for
polarization in RHCP, LHCP antenna modes. In general, the
matching requirements of patch antennas at return losses are
acceptable for adaptation in the range below 10 dB.

The axial polarization ratio of the antenna at the central
frequency and the range of antenna application are shown in
Fig. 3.
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Fig. 3. Antenna axial ratio (a) RHCP (b) LHCP at 3 THz.

The axial ratio below 3 dB indicates the desired polarization
in RHCP and LHCP modes. The efficiency of this proposed
antenna is also shown in Fig. 4 As from the antenna's efficiency
diagram is apparent, the cost of providing RHCP and LHCP
simultaneously in the antenna topology is slightly lowering than
its efficiency. According to Fig. 4, it is observed that the
maximum radiation efficiency at the frequency of 4 THz, 85%.
In the range shown, the lowest radiation efficiency is 52% at
frequency 2 THz, and in the range
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Fig. 4. The radiation efficiency of the proposed antenna.

1.89t0 2.49 THz, it is higher than 70%, and at the mentioned
frequency of 3 THz, it shows 74% efficiency.

The E-plane and H-plane radiation patterns in the proposed
antenna for RHCP and LHCP at the center frequency of 3 THz
with the maximum gain are shown in Fig. 5 and 6.
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Fig. 5. E-plane radiation pattern of proposed antenna in RHCP and LHCP
mode at 3 THz.

The current distribution in the designed antenna changes so

that the result is two orthogonal electric fields with a phase
difference of +90°. The E-field and H-field distributions of
antennae for LHCP and RHCP radiation modes are visible in
Fig. 7 and 8.
Fig. 7 and 8 show the antenna's E-field and H-field distribution
profiles for RHCP and LHCP in the center frequency,
respectively. As this Figure shows, the diameter of the diagonal
edges is different from other surfaces. This difference is set to
provide CP in the antenna far-field.
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Fig. 6. H-plane radiation pattern of proposed antenna in RHCP and LHCP

-30

20

40

60

80 100
Theta / Degree

mode at 3 THz.

120

140

160

180

Fig. 7. The E-field distribution of the proposed antenna at 3 THz.
(a) LHCP, (b) RHCP.

(b)
Fig. 8. The H-field distribution of the proposed antenna at 3 THz. (a) LHCP,
(b) RHCP.

IV. CONCLUSION

In this work, a graphene-based microstrip patch antenna is
designed with a polarization control function. The properties of
graphene are used to create circular antenna polarization. The
antenna structure is designed to achieve RHCP and LHCP
through the Fermi energy level in graphene, where the
adaptation of the antenna in the frequency range of 3 THz has
good conditions for the polarization mode in the antenna. The
obtained axial ratio below 3 dB indicated a proper circular
polarization for the frequency range of 2.9 to 3.05 THz, and the
polarization is achieved in RHCP and LHCP modes. However,
due to the antenna'’s variety of active radiation elements in each
polarization, the efficiency is partly affected by different
operating methods and radiating edge levels. The return loss in
the operating range (2.9-4 THz) was more than 10 dB with good
adaptation behavior. Changes in the energy level of graphene
Fermi can directly affect the antenna. The structure of the
designed antenna with a constant chemical potential was
investigated, and finally, we achieved control of the circular
polarization of the antenna. This goal will be explored in future
research to adjust the chemical potential.
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