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Abstract-Current research on tunable patch antennas for wireless
applications has mostly focused on the dimensional variations of
patch elements, such as geometry and substrate materials, using
different techniques to achieve the reconfiguration. The use of
different mixing materials to ensure reconfiguration and
improvement of antenna performance in microwave frequencies
has not yet been studied thoroughly. In this article, we consider
graphene as a patch material, due to its unique chemical,
mechanical, electronic, thermal and optical features, which assist
in providing a highly flexible and adaptive antenna. The
proposed antenna is a square plate excited by a coaxial probe,
operating at a 2.45GHz spectrum. Adding graphene to the
antenna structure and tuning its chemical potential, a frequency
reconfiguration from 2.36GHz to 1.26GHz is obtained. This
antenna can be deployed in many communication systems.
Results demonstrate the importance of this material in the
development of nanoelectronics in the future.
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1. INTRODUCTION

Reconfigurable antennas have attracted the attention of
many researchers due to their ability to operate at different
frequencies, standards and applications, replacing the use of
multiple antennas [1]. Such a multifunctional antenna that is
weight-, size- and cost-saving has innovative applications [2].
The reconfiguration of an antenna is usually accomplished by
readjusting its current or reconfiguring its radiating edges [3-5].
The antenna’s functionality is changed by redistributing some
of its properties using a variety of techniques. The techniques
that have been used since the rise of reconfigurable antennas
are grouped into four categories, namely electrical, mechanical,
optical, and smart material [6]. The techniques based on PIN
diodes [7-8], varactors [9-10] and micro electromechanical
systems (RF-MEMS) [11-12] represent the electrical
reconfiguration techniques, which are based on the connection
and disconnection of switches that redistribute the antenna
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current. On the contrary, the mechanical reconfiguration
technique studied in [13] is based on the antenna’s structure
alteration. The optical reconfiguration technique presented in
[14], introduces photoconductive switch elements. Moreover,
there are reconfiguration techniques based on smart materials
such as ferrites, graphene [15] and liquid crystals [16-17].
Frequency reconfigurable antennas can alter their resonant
frequency and several proposals have been described in [18-
20]. The radiation pattern reconfigurable antennas presented in
[9] can change their radiation pattern while keeping the same
resonant frequency. Moreover, polarization reconfigurable
antennas are able to change their polarization while keeping the
resonant frequency unchanged [21].

Due to the design complexity of reconfigurable antennas,
many researchers are studying new techniques to enhance their
performance, such as gain, stability, impedance and limit their
cost, losses, weight and length. One of these rising techniques
is the utilization of graphene. Thanks to its chemical,
mechanical, electronic, thermal, and optical properties [22],
graphene is the ideal candidate to elaborate frequency
reconfigurable antennas. This 2-D material is made of carbon
atoms, arranged in honeycombs. Its thickness is of the same
order as that of a carbon atom, i.e. 0.345nm and it is flexible,
transparent and more resistant than steel. Moreover, graphene’s
massless-Dirac-fermions and ultra-high electron mobility [23-
24] allows the development of high-speed devices [25], optical
devices [26], field effect transistors [27], and frequency
multipliers [28]. Its optical conductivity can be modulated by
applying an external grid voltage between the graphene layer
and a ground plane. Varying the applied voltage allows
modifying the behavior of the graphene layer, which can pass
from a dielectric behavior to a metallic behavior or vice versa
[29]. In this paper, we present a graphene based frequency
reconfigurable  square patch antenna for multiple
communication systems. A comparison between the
performance of a standard antenna using a varicap diode and
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the proposed graphene-based one shows that the latter can save
space and cost and also switch between different
communication frequencies through the adjustment of the
applied gate bias.

II.  GRAPHENE BEHAVIOR

Graphene is a flat mono-atomic layer of carbon atoms
distributed along a two-dimensional honeycomb lattice which
can be modeled by a surface conductivity ¢ [30]. The control of
electromagnetic wave propagation has attracted research
interest in various applications in microwave [31] and THz
domains [32, 33], due to its remarkable performance.
Compared with metallic materials, graphene could be more
efficient for use in antennas [34]. The surface conductivity of
graphene is expressed by the Kubo formula as a function of
frequency f, temperature 7, and chemical potential p. as [35]:
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where o is the radian frequency, ¢ is the energy, q, is the
charge of an electron, % is Planck’s constant and f;is the
Fermi-Dirac distribution described as (2):
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where p. is the chemical potential of graphene and K is the
Boltzmann’s constant.

III.  ANTENNA DESIGN

A. Antenna Structure

The geometry of the proposed patch antenna is shown in
Figure 1. It consists of a square patch antenna printed on a
CuClad substrate 1.6mm thick with relative permittivity of
£=2.2. A 39.2x39.2mm? patch is fed by an underneath located
SMA connector and an 80x80mm? ground plane. The proposed
antenna is optimized to operate at 2.45GHz.

39.2 mm
80 mm
Fig. 1. Geometry of the proposed patch antenna
B. Results

The antenna structure is simulated and investigated using
CST Microwave Studio. The patch antenna’s behavior
operating at 2.45GHz is studied without any additional
components. The magnitude of the antenna’s reflection

coefficient has to be below -10dB in order to reach suitable
matching impedance and is determined by Cuclad substrate.
Figure 2 shows the magnitude of the antenna’s reflection
coefficient, with a maximum peak value of -29.02dB for the
desired frequency of 2.45GHz.
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Fig. 2. Magnitude of the reflection coefficient of the initial antenna

We notice that the impedance bandwidth attained for the
proposed antenna goes from 2.434 to 2.469GHz for -10dB. For
this study’s simple configuration, the -10dB bandwidth is
achieved with a frequency of 350MHz. The voltage standing
wave ratio (VSWR) of the antenna shown in Figure 3 describes
how well the antenna gets its impedance matched, which
should be less than 2 for a well efficient antenna. The proposed
antenna achieves a valuable impedance matching of -29, with
2dB in the desired frequency with an ideal value of
approximately 1 for the VSWR at the corresponding resonant
frequency of 2.45GHz.

VSWR

T T T T T T T
2,40 2,42 2,44 2,46 2,48 2,50

Frequency(GHz)
Fig. 3. VSWR

IV. THE RECONFIGURABLE ANTENNA

Using graphene as a conducting material in the antenna is
anticipated to enhance both gain and bandwidth. The
simulation results of the graphene antenna compared to a
similar copper and varicap diode one are shown in Figure 4,
indicating much better impedance matching.
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Fig. 4. Comparison between antennas with varicap diode and graphene Fig.6.  The magnitude of the reflection coefficient at 1.42GHz

The antenna resonates at 1.87GHz for -34dB and for a
chemical potential u.,=0.3eV. It is noticed that varying the
chemical potential of the graphene antenna, a remarkable
amplitude improvement is established. Moreover the graphene
patch antenna achieves better impedance matching in
comparison to the metallic one. Figure 5 shows the improved
gain, as the graphene antenna attained 5.43dB compared to the
varicap diode one which attained 2dB.
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0

Fig. 5. Simulated 3-D gain given at 1.87GHz with 0.3eV

Comparing the reconfiguration behavior of the graphene
patch antenna to the metallic one using varicap diode, a
simulation was carried out without any modification on the
antenna’s geometric dimensions [29]. Figure 6 shows better
impedance matching for the graphene antenna, around
-22.14dB at 1.42GHz, which is a promising result for further
practical applications. When the chemical potential is altered to
u.=0.13eV, another resonant peak appears with a maximum
value of -22.14dB at 1.42GHz, as shown in Figure 6.
Embedding the patch antenna with graphene leads to an
improvement of -10dB in the reflection factors compared to the
varicap diode one. Altering the chemical potential improves its
gain, reaching about 3.76dB compared to the 2dB for the
varicap diode one, as shown in Figure 7. The use of graphene
has considerably affected the impedance properties and thus the
resonant frequency of the antenna.
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Fig. 7.

Simulated 3-D gain given at 1.42GHz

Figure 8 shows the results of using graphene instead of
other techniques usually used to achieve the frequency
reconfiguration of the antenna. The integration of graphene, by
replacing the copper substrate used for the patch by a graphene
layer, has allowed efficient control of antenna’s resonant
frequency. By altering the chemical potential of the graphene
antenna, the resonant frequency changes, achieving frequency
reconfiguration. Figure 8 exhibits the potential of using
graphene to realize tunability. The antenna was perfectly
adapted for different chemical potentials. Due to the use of
graphene instead of varicap diode, the antenna resonates at
2.36GHz with a chemical potential uc=2eV. By altering the
graphene chemical potential from 0 to 2eV, the antenna
operates at a frequency from 1.26GHz to 2.36 GHz. Graphene’s
conductivity changes when we change its chemical potential.
Therefore, a dynamic tuning of the resonant frequency of the
patch antenna can be accomplished. An impedance bandwidth
in the range of 300-375MHz is obtained for the proposed
graphene patch antenna at those different resonant frequencies.
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Fig. 9. Simulated (a) E- patterns (y-z plane) and (b) H- patterns (x-z

plane) of the patch antenna

The E- and H-plane radiation patterns of the reconfigurable
antenna presented in Figure 9 are obtained for different
chemical potentials of 0eV, 0.4eV and 2eV. It is clearly noted
that similar broadside radiation characteristics are obtained at
all E- plane patterns. Table I presents the performance
comparison of this frequency reconfigurable patch antenna
based on graphene with previous works [36-37]. It is clearly
noted that the proposed design has widest continuous tuning
range compared to these works and the highest gain value.

V. CONCLUSION

This paper investigated a frequency reconfigurable square
patch antenna based on graphene for communication systems.
The tunable resonant properties of the graphene patch antenna
have been investigated in the microwave spectrum. By
replacing copper in a metallic antenna with graphene, a
frequency reconfiguration can be achieved with better

impedance matching and remarkable gain improvement. These
results show the importance of graphene as a reconfigurable
rigid semi-metallic material in amplifying the antenna’s gain
and lowering its energy consumption. Also, graphene’s
particular properties proved to favor the tunability of the
antenna, which is attained through an interaction between the
graphene’s chemical potentials. Recent research has focused on
graphene as a promising material to achieve reconfiguration
without any active components and to create nano-antennas
through the process of miniaturization.

TABLE 1. PERFORMANCE COMPARISON
Antenna type Fmax/Fmin (GHz) Gain (dBi)
Slot loo antenna with 1.38 31
ferroelectric varactors [36] ) )
Patch antenna with diode 1.09 2
varactors [37]
This work 1.87 3.7
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