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Abstract
For future wireless communication, low-cost, low pro�le, minimal weight and high performance antenna
is required to support high-speed data transmission. This paper presents a graphene based wideband
microstrip patch antenna at 1.10THz resonate frequency. Graphene has been used in the proposed
antenna for higher electrical conductivity, mobility, and saturation severity in THz band regime. The
proposed antenna is mounted on silicon substrate that employed Photonic Band Gap (PBG) having a
dielectric constant of 11.9. The outcome of this work has been described in terms of return loss (S11),
gain, directivity, voltage standing wave ratio (VSWR) and radiation pattern for both E-plane and H-plane.
The proposed antenna has minimal return loss − 48.95dB, gain 3.96dB, VSWR 1.054 and impedance
bandwidth 26% which may be an excellent candidate for wireless communication as well as explosive
detection, material characterization, medical imaging, homeland defense system etc. All the design and
simulations of the proposed antenna has been performed by using commercially available
electromagnetic software CST Microwave Studio.

I. Introduction
In 21st century graphene has termed as one of the signi�cant material in wireless communication due to
amazing electrical and optical properties [1]. According to Edholm’s law, wireless data rates tend to be
doubled in eighteen months [2]. Higher channel capacity is required for the next generation
communication system which demands the exploitation of higher frequency band for data transfer [3]. To
meet high-speed data transmission, one of the possible solutions is terahertz (THz) frequency band
which reduce the spectrum scarcity of current wireless communication system. The terahertz frequency
band lies between the 0.1THz to 10THz. Although the frequency band below and above these band have
extensively investigated but THz band is one of the least explored frequency band for future wireless
communication [4]. The higher bandwidth capacity and less attenuation is possible in THz frequency
band [5]. This frequency band has also different applications in medical imaging [6], defense and security
based technology [7] and ultra-�rst spectroscopy of materials [8] etc. Internet of Thing (IoT) based
devices may also be bene�tted from THz spectrum [9].

In addition, high performance antenna is required to support THz band wireless communication.
Microstrip patch antenna one of the possible solution to support THz communication. It has low cost, low
pro�le, planner con�guration, easy to fabricate and feeding, superior probability and easy to integrate
with antenna elements like Monolithic Microwave Integrated Circuits (MMIC’s) [10–11]. Microstrip patch
antenna has variety of application are mobile communication, personal wireless communications, radar,
radio frequency identi�cation (RFID), surveillance systems, aerospace telecommunications, weapons and
missile, Global Positioning System (GPS) and many others [12–13]. The radiating patch is an important
part of microstrip patch antenna. The uses of graphene as a radiating patch rather than copper materials
is increasing day by day. Graphene is an allotrope of carbon packed into a two-dimensional (2D)
honeycomb and hexagonal lattice structure. It is widely being used in Nano-photonics, Nano-electronics
and THz wireless communication for outstanding chemical, mechanical and optical properties [14–16].
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At room temperature, graphene carrier mobility is very high and may vary from 8000-200000 cm2 V − 1 s − 

1. The carrier interband transition and carrier intraband transition are the two parts of graphene
conductivity.

Different researcher has been studying on antenna that works in terahertz frequency for wireless
communication for various application. Singh et al., [17] has been presented trapezoidal microstrip patch
antenna for THz wireless application with Photonic Band Gap (PBG) based substrate. They have shown
that PBG substrate improves the performance of the antenna, like return loss, gain and bandwidth.
Graphene based patch antenna on polyimide substrate in the frequency range 0.725–0.775THz has been
analyzed and investigated by Anand et al., [18]. Singhal et al., has been reported [19] hexagonal slotted
antenna with microstrip feedline in terms of VSWR, input impedance, realized gain and radiation
properties for 0THz-12THz frequency using polyimide substrate. Graphene based dipole antenna with
tunable resonant frequency has been presented by Tripathi et al., [20]. An elliptical microstrip patch
antenna with polyimide substrate for THz wireless application reported by Singhal et al., [21]. Their
proposed antenna result has been described in terms of directivity, peak realized gain, radiation e�ciency
and VSWR. Rectangular microstrip patch antenna at 1THz resonant frequency has been proposed by
Nickpay et al., [22] for wireless communication.

In this paper, a graphene based microstrip patch antenna with using Silicon substrate has been proposed
for THz applications. The main novelty of the proposed antenna has achieved reduction in size and larger
impedance bandwidth. The photonic band gap (PBG) structure has been used in the propose antenna in
order to enhance the antenna performance. The objective of the proposed antenna design is to improve
the important antenna characteristics in terms of return loss, gain, VSWR and bandwidth. The simulated
result of this paper shows that, propose antenna has minimal return loss − 48.95dB, gain 3.97dB, VSWR
1.054 and impedance bandwidth 26% which would be an excellent candidate for medical imaging, bio-
sensing, explosive detection, chemical detection etc.

The rest of the paper is organized as follows. Section II presents design and con�guration of the antenna.
All the simulation results and discussion with previous studies has been reported in section III. Finally,
section IV concludes the works.

Ii. Antenna Design And Con�guration
The geometry of the proposed microstrip patch antenna at 1.10THz resonant frequency has been shown
in Figure-1. The antenna comprises with three plane are ground plane, substrate plane and radiating
patch plane. The copper material has been used as a ground plane with the dimension of 100x100 µm2.
The antenna has been simulated using silicon substrate with relative permittivity 11.9, the thickness of
30µm and loss tangent 0.00025. PBG structures exhibit wide band pass and band rejection properties at
microwave and THz frequencies. This material is formed by introducing periodic perturbation such as
dielectric rods, holes and patterns m waveguides and PCB substrates. The PBG structure is etched on the
substrate by drilling periodic circular cylinder. It has many applications especially in microwave circuit,
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optical communication, antenna and so forth [24–27]. The physical mechanism of the photonic band
gap suppresses the surface waves propagating along the surface of the substrate. The PBG structure in
the antenna re�ects most of the radiating electromagnetic energy to the substrate signi�cantly [28–29].
The different modes of electromagnetic wave propagation have different �eld distributions and
dispersions properties within photonic band gap based materials which differ signi�cantly from those in
free space.

The graphene material has been used as a radiating patch for their amazing electrical, mechanical,
thermal and optical characteristics in terahertz regime. The graphene based radiating patch is etched in
the top surface of silicon substrate. The value of length and width of the radiating patch is of
50µmX50µm. Different feeding techniques are used to excite the microstrip patch antenna. Microstrip
line, aperture coupling and coaxial coupling are the common feeding techniques used to feed the
antenna. Microstrip line feeding techniques has been used in the proposed antenna. Because, it has
simple fabrication procedure and good impedance matching with input signal. All the antenna dimension
for the proposed antenna at 1.10THz centre frequency have been tabulated on table-1. The optimized
dimensions of the proposed microstrip patch antenna are obtained by using the EM software CST
microwave studio.

Table-1 Geometric parameters of the graphene-based antenna for center frequency of 1.10THz.

Iii. Result And Analysis
In wireless communication, Terahertz (THz) band spectrum plays important role in ultra-wide band and
high speed secured data transmission. In this research, a high performance antenna has been designed
and analyzed for THz application using CST microwave studio. The performance of the proposed
microstrip patch antenna has been scrutinized in terms of return loss (s11), antenna gain, directivity,
VSWR, radiation e�ciency and radiation pattern for both E-plane and H-Plane. The return loss plot
illustrates that the proposed microstrip patch antenna is resonant at a frequency of 1.10THz with
corresponding return loss (S11) -48.95dB as shown in Figure-2. The impedance bandwidth of the
designed antenna is 280GHz ranging from 0.99THz to 1.27THz. Due to Photonic Band Gap (PBG)
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structure, the electromagnetic wave energy is radiated in the substrate signi�cantly [30] and minimal
return loss − 48.95 dB has achieved at centre frequency 1.10THz.

Voltage Standing Wave Ratio (VSWR) is a function of re�ection coe�cient which measure the mismatch
between the transmission line and antenna. The VSWR characteristics of the proposed antenna is
depicted in Figure-3 using blue squared solid line.

The impedance between transmission line and antenna must be well matched for delivering maximum
power to antenna [17]. In ideal, minimum value of VSWR is 1 which indicates entire power is accepted
and there will be no re�ection from the antenna. Photonic Band Gap (PBG) structure has also effect to
achieve minimum VSWR [31]. The proposed antenna has VSWR of 1.05 at 1.10THz resonate frequency
which is near to ideal cases. The value of VSWR is less than 2 are tolerable for the antenna in practical
application.

In addition, gain and directivity are the important parameters that must be taken into account for antenna
performance analysis. The directivity is an ability of an antenna to focus the energy in one or more
particular directions. The gain of an antenna is the measures of degree of directivity in the antenna's
radiation pattern. Figure-4 shows gain and directivity are about 3.96dB and 7.28dB respectively for the
proposed antenna which is basically encouraging result at 1.10 THz resonant frequency for wireless
communication. Due to substrate and ground plane losses, gain and directivity are increasing and
decreasing form which are said by Singhal et al. [21]. The high gain and directivity based antenna are
preferentially radiate in a particular direction.

The E-plane and H-plane far �eld radiation pattern of the proposed antenna has been depicted in Figure-5.
The value of main lobe magnitude, main lobe direction, 3dB angular width and side lobe level for the E-
plane are about 2.25dBi, 0.0 degree, 127.0 degrees and − 3.8dB respectively. Consequently, main lobe
magnitude, main lobe direction, 3dB angular width and side lobe level are about 6.33dBi, 51 degrees, 67.3
degree and − 4.0dB respectively for the H-plane.

The 3D far �eld radiation pattern has been shown in Figure-6 for the proposed antenna. It is observed that
the proposed antenna has good radiation patterns for both H-plane and E-plane at resonate frequency
1.10THz. A comparison study of the proposed antenna has been tabulated in table-2 with the other
design in the literature. The table-2 depicts the distinctive differences in terms of antenna size, resonant
frequency, return loss, directivity, impedance bandwidth and substrate type.

Table-2 Comparative Analysis of the Proposed Antenna with Previous Studies
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Reference Size (µm2) Frequency
(THz)

Return

Loss(dB)

Directivity

(dB)

Impedance
Bandwidth (%)

Substrate

Type

[20] 120x60 3.5 − 39.7 9.31 15.6 Quartz

[18] 208.98 ×
433.2

0.75 − 36 5.71 - Polyimide

[32] - 0.69 − 27 6.57 - Quartz

[33] 208.90x422 0.67 -81.18 5.08 5.85 Polyimide

[34] 800x600 0.63 -44.71 8.612 5.75 Polyimide

Proposed
Work

100x100 1.10 -48.95 7.28 26.25 Silicon

The analysis has been performed mainly in terms of antenna size and extended impedance bandwidth.
Since each of the reported antenna have unique in design, their − 10dB return loss and impedance
bandwidth are also different. The comparison table shows that propose antenna has highest 26.25%
impedance bandwidth. The size of the proposed antenna is also smaller compare to others. Even though
Tripathi et al. [20] has proposed small antenna in size but their impedance bandwidth is narrow compare
to our proposed antenna. The overall performance comparison of the antenna with other designs shows
that our proposed design has better radiation characteristics than the previously reported designs. The
proposed antenna is promising for future wireless application especially in explosive detection, chemical
detection, medical imaging and airport security analysis etc.

Iv. Conclusion
A graphene based microstrip patch antenna on a PBG substrate has been demonstrated in this research
at 1.10THz frequency. The performance of the proposed patch antenna has reported in terms of different
radiation parameter are antenna gain, directivity, return loss and impedance bandwidth by implementing
the periodic PBG structures on silicon substrate. The result of this paper shows minimum return loss − 
48.95dB, maximum directivity 7.28dB and optimized VSWR 1.054, which is near to ideal cases.
Furthermore, the achieved fractional impedance bandwidth of the designed antenna is 26.25%. Since
microstrip patch antenna is very popular for wireless communication, the proposed antenna would be an
excellent candidate for future wireless technology i.e medical imaging, defense and security based
technology, ultra-�rst spectroscopy of materials etc.
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Figures

Figure 1

The Schematic Con�guration of Proposed Antenna (a) Front view (b) Perspective View



Page 10/14

Figure 2

The Return Loss vs Frequency characteristics of the Proposed Antenna 



Page 11/14

Figure 3

The Voltage Standing Wave Ratio (VSWR) vs Frequency Characteristics of the Proposed Antenna 
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Figure 4

The Gain and Directivity vs Frequency Characteristics of the Proposed Antenna
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Figure 5

The Radiation Performance of the Proposed Antenna (a) Radiation Pattern and n 3D Form (b) Radiation
Pattern in 2D Form.

Figure 6
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The 3D Radiation Pattern of the Proposed Antenna 


