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Abstract—This paper proposes a novel method to suppress
the side-lobe level of pyramidal horn antennas using graphene
sheets. Using numerical full wave simulation, it is shown that
loading graphene sheet inside the horn antenna leads to a tapered
aperture field distribution, resulting in side-lobe level reduction.
Graphene length and surface impedance are optimized with
the purpose of achieving a low side-lobe level of −31dB while
keeping the antenna gain as high as possible. In comparison to
traditional metallic horn antennas (Metal-based horn), hybrid
graphene-metal horn (Graphene-based horn) presents a truly
smooth radiation pattern and improves the side-lobe by 17.6dB.
In essence, graphene sheet acts as a high impedance surface
(HIS) and hinders electromagnetic energy from reaching to
horn aperture edges, so diffraction phenomenon is drastically
diminished. Consequently, ripples and minor lobes are excluded
from the radiation pattern of the proposed antenna .
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I. INTRODUCTION

Graphene with a gapless and linear electronic band-
structure has opened up new developments in currently high-
tech researches. It is truly a monolayer of carbon atoms packed
into a honeycomb lattice. This quasi-two-dimensional (2D) is
the thinnest and strongest material has been discovered up to
now. Furthermore, Furthermore, its performance surpasses that
of any other material as a conductor of heat and electricity.
These advantages of graphene and its controllable behavior
with an external bias voltage has engrossed researchers atten-
tion around the world [1]-[4]. Graphene surface conductivity,
one of the important characteristics of this extraordinary ma-
terial, can be tuned by an external magnetic or electrostatic
bias field. Graphene flakes could be grown on copper with the
appreciable size of 30 inches by chemical vapor deposition
(CVD) using methane [5]-[7]. The possibility of manufacturing
graphene in large sizes has provided situations for using this
material at microwave and millimeter-waves frequencies. In
recent years, graphene has been manipulated as an electromag-
netic waveguide medium to improve passive RF components
(i.e. transmission lines , filters, couplers, and interconnectors)
[8]-[11].

Low side-lobe level (SLL) antennas are extensively used
for applications which require high directivity such as radar
systems, tracking devices and getting rid of electromagnetic

interference [12]-[13]. Diffractions from horn antennas aper-
ture edge, strongly distort their radiation pattern and cause
undesired radiations [14]. For decades, distinctive methods
have been suggested to control side lobe in horn antennas.
Metamaterials [5]-[6], wire mediums [12], corrugated surfaces
[15]-[19], non-uniform slot arrays [20], frequency selective
surfaces [9] and forming the edges of aperture [21] are some
of these typical methods exploited to moderate the side lobe
level of horn antennas.

Aforementioned approaches have some conspicuous defi-
ciencies like fabrication difficulties and incontrollable far-field
radiation specification. Therefore, a flexible method which can
reduce the side lobe level of the antenna and control it at the
same time would be beneficial in designing high-gain antennas.
High impedance surfaces (HIS) can decrease the side-lobe
level of an antenna by suppressing surface currents [22] .

This paper suggests a new method to adjust and reduce
the side-lobe level of horn antennas using graphene sheets.
Here we exploit the high impedance property of graphene to
suppress surface currents, and control the side lobe in horn
antennas. Since the surface impedance of graphene sheet can
be altered by applying an external voltage, graphene can be
used as a controllable HIS for adjusting the far-field radiation
pattern of microwave antennas.

The advantages of the proposed method in comparison,
with previously developed approaches is its ability to control
the side-lobe level of Metal-based horn antennas, and also
simple fabrication.

II. MODELING OF GRAPHENE SURFACE CONDUCTIVITY

Graphene surface conductivity which can describe elec-
tromagnetic properties of graphene is an extremely important
parameter in modelling of this material. In the absence of the
magnetic bias field, this surface conductivity can be defined by
Kubo formula [23]. At microwave, and low terahertz frequen-
cies, intraband contribution of graphene conductivity simply
prevails over the interbnad contribution at room temperature
[24]. Therefore, graphene surface conductivity at microwave
frequencies can be expressed by intraband contribution, as
follows [24]:
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where ω is the radial frequency, −qe is the charge of an
electron, ~ is the reduced Planks constant, Γ = 1/2τ is the
electron scattering rate, while τ is the electron relaxation time,
T is the room temperature, KB is the Boltzmanns constant,
µc is graphene chemical potential. The Fermi velocity is set
to vf = 9× 105m/s , temperature is T = 300K and electron
relaxation time is τ = 0.1ps throughout the paper.

Another important characteristic of graphene is the surface
impedance which is correlated to graphene conductivity as
Zs = 1/σ . As shown in (1), graphene surface impedance
can be dynamically tuned by controlling graphene chemical
potential µc, which may be adapted by material initial doping
or by applying a transverse electrical field. So, graphene
chemical potential can be adjusted by an external bias voltage
Vb through [25]-[26]:

| µc |≈| Ef (Vb) |≈ ~vf [πa0 | Vb − VDirac |]1/2 (2)

where a0 = 9× 1016m−2V −1 is calculated from a single
capacitor model[26], and VDirac = 0.8V is the voltage offset
produced by natural doping of graphene.

III. CONTROLLING AND SUPPRESSING SIDE-LOBES
RADIATIONS OF HORN ANTENNA BY LODING GRAPHENE

SHEETS

The configuration of the proposed hybrid graphene-metal
horn antenna (Graphene-based horn) is shown in Fig. 1. As
shown in this figure, graphene sheets are deposited on the inner
walls of the traditional pyramidal horn antenna (Metal-based
horn) designed to operate at the frequency of 10GHz. The
standard X-band waveguide is used in the proposed structure,
to feed the antenna. The waveguide dimensions are a = 0.9in

Pe=Ph

L

b1

a1

a

b

graphene

copper

Fig. 1: The proposed horn antenna in which graphene sheets
are used to suppress the sidelobes a = 0.9in,b = 0.4in, Pe =
Ph = 10.06in, a1 = 4.87in and b1 = 3.62in.
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Fig. 2: The E-plane radiation pattern of Graphene-based horn
for different surface resistances(Rs) of graphene. Insets illus-
trate the antenna side-lobe level and gain variations.

and b = 0.4in. The aperture sizes of the horn are a1 = 4.87in
and b1 = 3.62in.

Furthermore, Pe and Ph are antenna dimensions measured
from the antenna phase center in E− and H−planes, respec-
tively. Graphene sheets are grown on upper and lower walls of
the antenna by chemical vapor deposition (CVD). Their length
(L) is measured from the antenna aperture, as shown in Fig. 1.
We simulate the proposed structure by the frequency-domain
solver of CST Microwave studio. In this paper, graphene layers
are modelled as an infinitesimally thin sheets (2D sheets), with
the surface impedance (Zs = 1/σ = Rs + jXs) calculated
using Kubo Formula as explained in section II.

Here, we perform a parametric study to achieve optimal
values for parameters of the graphene sheets. The graphene
sheets surface impedance (Zs) and their length (L) play a
decisive role in the side-lobe level (SLL), front to back ratio
(F/B) and gain of the horn antenna. Varying graphene sheet
length in the range of 1in ≤ L ≤ 11.6in, where its surface
impedance assumed to be Zs = 422Ω, the side-lobe level is
reduced as the graphen length increases, but at the same time
F/B is reduced too. As previously mentioned, the diffraction
happens at the antenna aperture edges, so increasing graphene
sheets length produce further losses without any alteration in
SLL and F/B of the radiation pattern. Consequently, we
choose sheets length as L = 2.8in resulting in SLL equal
to ∼ −31dB and F/B ∼ 40 dB.

Another parameter which deserves some investigations
is graphene surfaces impedance (Zs). We vary the surface
impedance in the range of 50Ω ≤ Zs ≤ 1KΩ, while graphene
sheet length is considered to be L = 2.8in. Simulated
results indicate that side-lobe level takes its lowest value at
Zs ≈ 450Ω resulting in SLL ≈ −31dB and front to back ratio
equal to F/B ≈ 40dB. As a matter of fact, graphene sheet can
act as a high impedance surface at 10GHz. Thereby, it doesnt
allow surface currents to reach antenna aperture edges. Also,
graphene eliminates diffractions which causes undesired minor
lobes and ripples in the antenna radiation pattern. Up to now,
we have optimized graphene physical and electrical parameters
in order to achieve a low side lobe radiation pattern for the horn
antenna. Another important parameter is antenna gain which
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Fig. 3: Radiation pattern of the proposed Graphene-based horn
antenna is comapred with that of regular metallic horn. (a) E-
palne pattern,(b) H-Plane pattern.

can be affected by variation of graphene surface impedance
and its length.We have shown the numerically calculated gain
of the pyramidal Graphene-based horn antenna in Fig. 2. As
the results of this figure shows, as the surface impedance
of graphene sheet increases the gain decreases, however for
the impedance Zs ≈ 450Ω, the gain is acceptable and only
decreases from ∼ 21dB to ∼ 18.5dB. In the rest of this paper,
graphene sheets length are fixed at L = 2.8in for all of the
presented simulations.

To have a comprehensive contemplation on simulated re-
sults of proposed structure, here, we investigate how graphene
surface resistance (Rs) controls the radiation pattern, side-
lobes and the main-lobe. Fig. 2 demonstrates the E-plane radi-
ation pattern of the proposed antenna for various graphene film
surface impedances. As shown in this figure, we could adapt
the side-lobe level of the radiation pattern to make it suitable
for different purposes. The large variation of the radiation
pattern SLL with the bias voltage is the fascinating feature of
the recommended method, which is depicted in the left inset of
Fig. 3. Besides, the gain variation is shown in the right inset of
this figure. We recognize that variation of the side-lobe level in
the range of −15dB . SLL . −31dB, results a variable gain
within the range of 18.5dB . Gain . 21dB, where graphene
surface resistance (50Ω ≤ Rs ≤ 450Ω) can get any feasible

(a)

(b)

Fig. 4: Amplitude of the electric field on the antenna aperture.
(a) Regular Metal-based horn,(b) Proposed Graphene-based
horn.

values. In the rest of this paper, graphene surface resistance is
chosen as (Rs = 450Ω) to achieve the lowest possible level
for the side-lobe level.

Now the proposed Graphene-based horn is compared with
the regular Metal-based horn antenna which doesnt have any
graphene in its structure. The E− and H−plane radiation
patterns of these two structure at the frequency of 10GHz
have been illustrated in Fig. 3a. and Fig. 3b. In comparison
to SLL of the Metal-based horn, the SLL of the proposed
Graphene-based horn has been significantly decreased around
∼ 17.6dB, according to Fig. 3a. However, Due to negligible
current distribution on the side walls of the horn antenna, the
H-plane radiation pattern of these two structures do not have
any noticeable difference with each other .

Fig. 4. compares the E-field distribution at the aperture of
the two antennas. As shown in this figure, the electric field
distribution over the antenna aperture is tapered along the H-
direction (x direction) and almost uniform along E-direction
(y direction). The aperture distribution in the normal antenna
causes a narrow beam-width and high side-lobes in the antenna
E-plane radiation pattern, as shown in Fig. 3a., and also in
Fig. 5a. However, as shown in Fig. 4b., the horn antenna with
Graphene deposited on the inner walls, has tapered E-field over
the antenna aperture. As shown in Fig. 4b., the amplitude of
the electric field is tapered in E-direction. Besides, it is mostly
concentrated on the central part of the antenna and drastically
decreased on edges of the antenna aperture. As shown in Fig.
5b., this tapered aperture field results in radiation pattern with
significantly smaller side lobes.

To investigate more about the reason behind these results,
here we look at the current distribution on inner walls of
these two structures. For Metal-based horn, surface currents
reach to aperture edges of the antenna without any percep-
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Fig. 5: 3D radiation pattern. (a) Metal-based horn antenna, (b)
Graphene-based horn antenna.

tible reduction in its amplitude, as shown in Fig. 6a. As
a result, they trigger diffractions from aperture edges and
unwanted radiations. According to Fig. 6b, graphene sheets
can significantly suppress surface currents. As a result, by
adjusting graphene surface impedance surface currents will be
diminished correspondingly.

To wrap it up, results expressed a substantial improve-
ment in SLL of the proposed horn antenna (Graphene-based
horn) compared with the traditional one (Metal-based horn),
as summarized in Table. I. Numerically calculated results
illustrate that return loss of the suggested structure (Graphene-
based horn) has remained under −25dB in a broad frequency
band. Therefore, graphene sheets did not cause any impedance
mismatch in suggested antenna. However, the beam-width of
the Graphene-based horn increased due to gain reduction and
the tapered distribution of the aperture electric field.

TABLE I: Radiation Characteristics of the Proposed Antenna
Is Compared with Traditional Horn Antenna.

Antenna Antenna far-field specification
Type SLL (dB) F/B (dB) Gain (dB) Beam-Width (degree)

Metal-based
horn

−13.4 37 20.9 16.6

Graphene-
based horn

−31 40 18.5 21

IV. CONCLUSION

We have presented a novel graphene-based method to re-
duce and control the side-lobe level of the traditional pyramidal
horn antenna at microwave frequencies. Graphene length and
surface impedance have been optimized in order to achieve a

(a)

(b)

Fig. 6: Amplitude of the surface currents on the antenna lower
wall. (a) Metal-based horn, (b) Graphene-based horn.

low side-lobe level of −31dB. The advantage of the proposed
method over previously developed methods is its simple fab-
rication, and also its ability to achieve a desired side lobe
level by adjusting the surface impedance of graphene through
external biasing voltage.
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