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Reconfigurable Graphene Annular Ring Antenna for Medical
and Imaging Applications
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Abstract—In this article, we design a reconﬁgurable bandwidth based on a concentric ring slot antenna
using graphene. The developed antenna has good agreement between simulated and experimental
results. The use of graphene in Terahertz (THz) has shown better performance than metal, and the
variation in the chemical potential of graphene provides excellent performance properties, good return
loss reaching −33.288 dB, bandwidth reconﬁguration from 255 GHz to 406 GHz, and a good gain. These
results are promising for THz applications and particularly for the application of medical imaging. The
modeling and validation are performed using the CST Simulator.

1. INTRODUCTION
In recent years, microstrip patch antennas have been very popular because of their use in various wireless
applications due to their low cost, ease of manufacture, miniaturized size [1], as well as a simple patch
antenna, and a simple microstrip patch antenna has a single resonance frequency [1, 2]. In this class
of microstrip patch antennas, annular ring antennas are characterized by an even smaller size in the
fundamental mode than the circular or rectangular patch antennas, which makes them more compact,
ﬂexible which is important for the communication and high-frequency applications [3, 4].
However, an antenna is considered to be reconﬁgurable when at least one of the characteristics
is modiﬁable after its manufacture, by application of a command [5]. It must be able to adapt to its
environment by modifying its operating frequency, and/or its polarization and/or operating diagram,
thus oﬀering the possibility of realizing part of the functions generally reserved for the radio stage or the
treatments digital signal [5, 6]. While the concept of a reconﬁgurable antenna is not new, the integration
of components on so-called “active” antennas going back to the 1960s, and it attracts increasing interest
in this context where ﬂexible radio approaches are developed [7–9].
As previously impossible, in 2004 at the University of Manchester (England) two physicists
discovered that by isolating a layer only one atom thick, graphene is obtained from graphite as its
name suggests. The latter is a simple two-dimensional sheet; it has the shape of a hexagonal pattern
composed of carbon atoms [10]. Graphene is the material most studied by the scientiﬁc community
for its new and unique physical properties. Indeed, it is characterized by high electric mobility greater
than 2.105 cm2 V−1 s−1 as well as an unusual quantum Hall eﬀect and a modulable forbidden band
with good ﬂexibility and excellent mechanical resistance, and most importantly, it is characterized by
a thermal conductivity ten times higher than that of copper [11, 12].
According to its discovery, the interest for graphene has been increasing in the scientiﬁc
community, thanks to its unique physical and chemical properties, and graphene is used in diverse
ﬁelds like nanoelectrics, material science, photovoltaics, and engineering. In addition, graphene is
already exploited in biotechnology, antibacterial materials, disease diagnosis, drug delivery, and cancer
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targeting [13–15]. In this article, to reconﬁgure and expand the bandwidth, a graphene-based concentric
annular patch was placed inside a circular slot and low impedance feed line.
The increase in the thickness of the substrate allows us to have a wider bandwidth of the antenna,
but this has a bad inﬂuence on the stability and radiation [16]. In terahertz, to facilitate the manufacture
and improve the performance of the antenna we use the characteristic impedance of graphene to have
a UWB antenna. The use of graphene improves the gain as well as avoids the skin eﬀect of the metal
and decreases the loss of the antenna [17, 18].
The paper is structured as follows. Section 2 will be devoted to the structure and dimension of
the proposed structure. Section 3 deals with the conductivity of graphene. Next, Section 4 will present
the comparison between metal and graphene as well as reconﬁguring the bandwidth using the chemical
potential of graphene. Finally, Section 5 concludes the paper.
2. DESIGN OF THE PROPOSED ANTENNA
The annular ring antenna is characterized by a miniaturized size compared to the circular patch with a
wider band. In this article, in order to reconﬁgure the bandwidth of the antenna, a concentric annular
plate is placed inside a circular slot. The relative permittivity of the TRF-43 substrate is 4.3, and a
feed line is placed inside the substrate, and the substrate TRF-43 is characterized by a permittivity
ε = 4.3 and a thickness of 2 µm. The concentric and circular patch is designed in graphene of thickness
0.01 µm. Table 1 gives the optimized dimensional parameters of the proposed antenna.
Table 1. Parameters of the proposed antenna.
Parameters
Wave length
Groundplan thickness
Width and length of the Substrate and groundplan
Substrate thickness
Graphene thickness
Width and length of the patch
R1
R2
Feedline length
Feedline thickness
h
L1
L2
W

Value (µm)
104
0.1
104 × 104
2
0.01
92 × 92
10
26
23.59
0.30
2.11
24.59
16.82
20

3. GRAPHENE CONDUCTIVITY
The surface conductivity of graphene that is modeled as a sheet conductor is composed of two terms.
One term represents the inter-band conductivity, and the other represents the intra-band term. The
surface conductivity in the terahertz band can be expressed using only the ﬁrst inter-band term and
neglecting the second term in-band as it has no signiﬁcant eﬀect [19, 20].
The surface conductivity is as follows



μc
e2 KB T
− KµcT
+ 2ln e B + 1
(1)
σintra = −j 2
π (ω − j2Γ) KB T
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Figure 1. Proposed antenna design: (a) top view, (b) side view.

Figure 2. Real part of conductivity.
The inter-band conductivity is
σinter



e2 2 |μc | − (ω − j2Γ)
= −j
4π 2 |μc | + (ω − j2Γ)

(2)

where e is the electron charge constant, Γ the scattering rate, T the temperature, ω the angular
frequency, KB the Boltzmann,  the reduced Planck’s constant, and μc the chemical potential. Intraband conductivity is a complex entity that can be expressed by
σ= σr + jσi

(3)

with σr the real part of the conductivity and σi the imaginary part.
Figures 2 and 3 represent the real and imaginary parts of the conductivity of graphene, respectively,
as a function of frequency for diﬀerent values of the chemical potential ranging from 0 eV to 0.4 eV. Here
the temperature is ﬁxed at 300 K, and the relaxation time is selected as 0,1 ps. The eﬀect of modifying
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Figure 3. Imaginary part of conductivity.

Figure 4. Voltage applied to graphene.
the chemical potential on the conductivity by the control of the polarization voltage (carrier density)
can be seen from the two previous ﬁgures. The relation between the chemical potential and bias voltage
is shown in Fig. 4, deﬁned by the following equation.
Vg =

eμ2c h
πh2 Vf2 ε0 εr

(4)

where h is the thickness of the substrate, Vf the fermi velocity in graphene, and εr the permittivity of
the substrate.
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4. RESULTS AND DISCUSSIONS
The structure in Fig. 1 is simulated by the software CST Electromagnetic (computer simulation
technology). In order to reconﬁgure the bandwidth of our proposed antenna, we use three values
of μc = 0 eV, μc = 0.2 eV, μc = 0.4 eV. We use graphene with a thickness of 0.01 µm to the top layer
and metal for the patch inside the substrate with a thickness of 0.2 µm.
4.1. Comparative Study between Metal and No-Doped Graphene
The ﬁrst simulation aims to compare the proposed antenna in the case of no-doped graphene and the
same structure but replacing the graphene by the metal. Fig. 5 shows the return loss for the two
simulated conﬁgurations. Fig. 5 shows that the reﬂection coeﬃcients of the metal-based antenna are
less adapted than that of graphene. It is quite reasonable because metal is not used in the order of
THz band. On the other-hand, graphene gives better performance in terms of reﬂection coeﬃcient. The
return loss is reduced from −6.440 to −15.125 dB. Fig. 6 shows the distribution of the current in the
antenna surface, and graphene shows better results than metal.

Figure 5. Comparative curves of the return loss S11 of no-doped graphene antenna and proposed metal
antenna.

(a)

Figure 6. Current distribution surface: (a) graphene, (b) copper.

(b)
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Figure 7. Return loss for the diﬀerent values of the chemical potentials.

Figure 8. The simulated gain of the antenna.
4.2. Reconfigurable Antenna Proposed Using Graphene
In Fig. 7, we present results of the chemical potential reﬂection coeﬃcient for diﬀerent values of μc ,
which varies from 0, 0.2 to 0.4 eV. There are three resonance frequency bands for these last three values
of μc , which cover the range of 4,667 THz to 5,055 THz. To obtain these three reconﬁgurations of the
bandwidth, it is necessary to vary the chemical potential μc . For the ﬁrst value of the chemical potential
μc = 0 eV, we obtain a BW = 255 GHz (4.739–4.994 THz). For the second value of the chemical potential
μc = 0.2 eV, we obtain a BW = 295 GHz (4.729–5.024 THz). The bandwidth is increased by 40 GHz,
and the return loss is reduced from −15.125 to −20.896. The last value of the chemical potential
μc = 0.4 eV. We obtain BW = 406 GHz (4.667–5.073 THz). The bandwidth is increased by 111 GHz,
and the return loss is reduced from −20.896 to −33.288.
Figure 8 shows the obtained gain values, 6.66 dB, 8.13 dB, and 8.6 dB, according to the frequency
for the diﬀerent values of μc . We observe that for μc = 0.4 eV we obtain a better gain of 8.6 dB with
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Figure 9. Real and imaginary parts of input impedance for (μc = 0 eV).

Figure 10. Real and imaginary parts of input impedance for (μc = 0.2 eV).
Table 2. Performance of the proposed antenna for various chemical potential value.
μc (e·V)
μc = 0
μc = 0.2
μc = 0.4

fr (THz)
4.854
4.862
4.878

BW (GHz)
255
294
406

VSWR
4.860
4.866
4.852

Gain (dB)
6.66
8.13
8.6

Return loss (dB)
−15.125
−20.896
−33.288

BW = 406 GHz.
According to Fig. 9, Fig. 10, and Fig. 11, μc = 0.4 eV shows better adaptation.
The simulation allows us to also have the radiation patterns for the E-plane and H-plane of the
antenna which are presented in Fig. 12, Fig. 13, and Fig. 14 for diﬀerent values of the chemical potential,
respectively. There is a variation of the antenna lobes in the E and H plans noting that the back and
front lobes allow us to have a good ratio, and the radiation patterns are almost unidirectional.
The values are obtained for bandwidth (BW) and voltage standing wave ratio (VSWR) of the
resonant frequency for chemical potential values from 0 to 0.4 eV. From Table 2, it can be seen that by
tuning the proposed antenna, the BW increases from 255 GHz to 406 GHz, and the resonant frequency

60

Ben Krid, Houaneb, and Zairi

Figure 11. Real and imaginary parts of input impedance for (μc = 0.4 eV).

(a)

(b)

Figure 12. Radiation pattern of the proposed antenna (μc = 0 eV): (a) E-plane, (b) H-plane.

(a)
Figure 13. Current distribution surface: (a) metal, (b) graphene.

(b)
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(b)

Figure 14. Radiation pattern of the proposed antenna (μc = 0.4 eV): (a) E-plane, (b) H-plane.
varies from 4.85 GHz to 4.87 GHz. We also notice from this table that the proposed antenna has a
maximum peak gain equal to 8.6 dB at the resonant frequency for the applied chemical potential value
of 0.4 eV. A second valuable observation is that as the value of potential chemical increases, the antenna
becomes more adaptable, and it can be seen that the best conditions are achieved with 0.4 eV for the
chemical potential and with return loss reaching the maximum value of 33.28 dB.
5. CONCLUSIONS
In this paper, a graphene annular antenna intended for medical applications is proposed. The simulation
is performed using the CST software while varying the chemical potential. Graphene shows better results
than metal in terms of performances with a well-adapted resonant frequency. Graphene gives a tunable
results in terms of bandwidth which varies between 255 GHz and 406 GHz. The variation of the chemical
potential (μc ) gives, as a result, a reconﬁguration of the bandwidth with a change in the performance
of the antenna.
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