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Abstract—The limited bandwidth and availability of the elec-
tromagnetic spectrum below 100 GHz have led researchers to
explore higher frequencies to provide high data transmission
rates. This in turn requires innovative antenna technologies. This
paper investigates the possibility of using multi-layer graphene
to manufacture fully transparent antennas; i.e., antennas that
can be integrated on a device screen. Experimental results in
the D-band (110-170 GHz) show enhanced reflection behavior
with respect to the glass support. This phenomenon is applied in
constructing a transparent Fabry-Perot antenna. Simulated and
measured results show good agreement, confirming the proposed
design.

Index Terms—Graphene, Fabry-Perot Antennas, SubTHz,
Waveguide, Transparent Antennas.

I. INTRODUCTION

There has been an immense growth in the generation and
consumption of high-speed data from sources such as the
internet. This surge in data requires next-generation wireless
technologies to offer large bandwidth, unprecedented through-
put and low latency [1] [2]. To meet these challenges, scientists
and antenna researchers have shifted their focus towards high-
frequency bands, such as subTHz. The subTHz band, spanning
100-300 GHz, offers large bandwidth to achieve high capacity
[3][4]. However, this large bandwidth at these high frequencies
is limited by low propagation distance due to both free-space
and absorption losses [5].

A directive antenna system is required to improve the
performance of the sub-THz link. This has led scientists to
explore novel materials to achieve performance breakthroughs
[6]. The transparency of the graphene and its high conductivity
make it attractive to develop compact antennas that can be
hidden in the screen of portable devices.

Reference [7] showed experimental results on a mono-
layer graphene in the sub-Thz range. In [6], multi-layer
graphene has been characterized in X-band. In this work, we
provide experimental results of doped and undoped multilayer
graphene samples in the 110-170 GHz frequency range as a
function of the number of layers. On the basis of the achieved
material properties, we present the application of graphene in
constructing a transparent Fabry-Perot antenna in the D-band
(110-170 GHz). To the best of the authors’ knowledge, this
antenna solution is completely novel.

Fig. 1. Waveguide-based experimental setup in the 110-170 GHz frequency
band.

II. SAMPLE CHARACTERIZATION

Prior research has demonstrated that reconfigurable ab-
sorbers [6] and screens [8] can be obtained in the X band
(7-13 GHz) by incorporating properly-engineered graphene
layers. This concept has stimulated the characterization of such
advanced material in the sub-THz band. With this aim, we
conducted a series of experiments using multilayer graphene
samples placed on top of an open-ended rectangular waveg-
uide. Fig. 1 shows a straight section of WR6 (1.6 mm ×
0.8 mm) metal waveguide connected to the millimeter-wave
extender of a Vector Network Analyzer. A square-shaped
graphene-coated glass sample (edge length 9 mm) is placed
on top of such open-ended waveguide aperture. A set of such
samples has been manufactured by CNR NANOTEC varying
the number of graphene layers and doping. The samples
were prepared using chemical vapour deposition (CVD) grown
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Fig. 2. Measured results of non-doped graphene samples in the 110-170 GHz
frequency band.

graphene. In the measurement configuration of Fig. 1, the
graphene layers (not visible due to transparency) are placed
on the bottom of the sample i.e. in contact with the waveguide
aperture. This setup operates as a waveguide short-circuit.
The electromagnetic field is excited through the waveguide
aperture, and the reflection coefficient is measured after proper
calibration.

Fig. 2 and Fig. 3 present the experimental results obtained in
the frequency range 110-170 GHz for non-doped and SOCl2-
doped graphene samples [9], respectively. As the number of
graphene layers increases, a significant improvement of the
reflection coefficient is observed. The doping of graphene is
performed to increase the conductivity [8]. Therefore, doping
also improves the reflection coefficient of the graphene-coated
samples. The achieved reflection coefficients are far from the
0 dB of a metal conductor. This happens because the extracted
conductivity of the graphene (not reported here for the sake of
brevity) is lower than the metal one. Moreover, the thickness
of a graphene layer is in the order of 0.34 nm, which is
significantly smaller than the skin depth at this frequency
(about 200 nm). Nevertheless, a significant improvement of
reflectivity is visible with respect to the reference glass-
only sample (black solid curve). Such phenomenon has been
exploited to design and realize the transparent Fabry-Perot
antenna discussed in the next section.

III. FABRY-PEROT ANTENNA

The experimental measurements of composite layers of
glass and graphene behave as a partially reflective surface
(PRS). Such a PRS has been used to design a transparent
Fabry-Perot (FP) antenna. The FP antenna, also known as
a 2D leaky wave antenna [10], operates on the principle of
constructive interference of standing waves that occur inside
the FP cavity [11]. A FP antenna is formed by placing the PRS
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Fig. 3. Measured results of doped graphene samples in the 110-170 GHz
frequency band.

at approximately λ/2 from the fully reflective metal flange
of the WR6 waveguide, as sketched in Fig. 4. When the
electromagnetic field is excited by the radiator (open-ended
waveguide), part of the wave is transmitted through the PRS
while the remaining part is repeatedly reflected between the
two surfaces. The reflectivity of PRS can be controlled by the
number of graphene layers. Thus, the directivity of FP antenna
can be controlled by selecting the number of graphene layers.

Fig. 4. Conceptual model of FP antenna.

IV. EXPERIMENTAL RESULTS

A graphene-based transparent FP antenna has been designed
to operate at a central frequency of 140 GHz. The composite
layers of glass (0.7mm) and ll layers of doped graphene
(approximately 4nm) have been used as PRS. Dielectric spac-
ers were fabricated to maintain the PRS at a distance of
1.07mm from the waveguide metal flange. This configuration
was modelled in CST software [12]. The assembled prototype
was measured in farfield setup.
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Fig. 5. FP antenna boresight gain.
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Fig. 5 presents the measured and simulated boresight gain.
It is apparent that the antenna resonates at 140 GHz with a
maximum gain of about 12 dBi, which is an improvement
with respect to an open-ended waveguide (about 7 dBi).
Fig. 6 shows the reflection coefficient results, in the frequency
range of 110-170 GHz. The simulated and measured results
are in good agreement. The reflection level at 140 GHz is
only -6 dB because the present prototype did not include
any matching elements. This feature will be considered in
future developments. Fig. 7 and Fig. 8 show the measured
and simulated results for the H- and E- planes, respectively.
A sufficient agreement has been achieved. The discrepancies
are mainly due the small thickness of graphene (about 4nm)
compared to wavelength which caused significant convergence
and accuracy problems in CST software. As already mentioned
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Fig. 7. Antenna H plane farfield at 140 GHz.
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Fig. 8. Antenna E plane farfield at 140 GHz.

above, the graphene thickness is also smaller than the skin
depth. Therefore, such material was modelled as a penetrable
dielectric (and not as a lossy conductor) with a very small
thickness with respect to the mesh size.

V. CONCLUSION

This paper presented the experimental results of doped
and undoped multilayer graphene samples obtained in the
frequency range of 110-170 GHz. The number of layers
affects the reflection coefficient of such a composite partially
reflective surface. This phenomenon has been used to design
a transparent Fabry-Perot antenna operating at 140 GHz. The
measured data show good agreement with the simulated data.

Future work will deal with the design of a matching element
in WR6 waveguide and the exploration of reconfigurable



properties of graphene. We opted to build the FP antenna on
top of the WR6 flange to allow seamless integration with the
measurement setup (similar to Fig. 1). Future versions will
include different coupling strategies, e.g. ground plane slots.
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