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PAPERS

High-performance tri-band graphene plasmonic
microstrip patch antenna using superstrate

double-face metamaterial for THz communications

Sherif A. Khaleel1,2 , Ehab K. I. Hamad2 , Mohamed B. Saleh1

Recently, graphene-patch antennas have been widely used in communication technology, especially in THz applications
due to the extraordinary properties of graphene material. Herein, a graphene-based rectangular microstrip patch antenna is
designed on an FR4 substrate material (εr = 4.3). A single and double-faced superstrate MTM is placed upon the radiating
patch for different purposes, such as enhancing the overall antenna performance, protecting the patch from environmental
jeopardies, and generating a multiband resonance frequency. A single face superstrate triangle SRR unit was used to produce
a dual-band frequency at 3.5 and 4.331 THz. The S11 of the dual-band structure is achieved to be −26.78 dB and −46.25 dB
with a bandwidth of 400 GHz and 460 GHz, respectively. The double face superstrate MTM unit cell of the triangle SRR
printed on the opposite face gives another resonant frequency, so, triple frequency bands of 2.32, 3.35, and 4.38 THz with
a wide impedance bandwidth of 230, 520, and 610 GHz, were generated, respectively. The double-face superstrate MTM
not only enhances the antenna performance but also generates another resonant frequency that could be used in the next
6G communications. The proposed antenna is designed and optimized using two commercial 3D full-wave software, CST
Microwave Studio and Ansoft HFSS, to validate the results.

K e y w o r d s: double-face MTM, graphene, microstrip antenna, superstrate metamaterial, THz, triangle split ring
resonator

1 Introduction

The fifth generation of communication has been com-
pleted and should be commercially launched in 2024 [1].
Therefore, the 6G communication systems developments
should be taken into consideration for the future demand
of 2030 [2]. This new revolution in communication tech-
nology needs a huge amount of data transmission and
speed up to 10-100 Gb/s to meet the ever-increasing de-
mand for speed [3]. Consequentially a special frequency
band ranging from 0.1 to 10 THz is now considered cru-
cial in solving the ever-increasing data rate demand. This
band is the least studied frequency band. It supports ex-
tremely higher data rates, wider bandwidths, very high
resolution, and size miniaturization of devices in the hun-
dreds of gigahertz range [4]. Several types of antennas for
terahertz band applications have been developed such as
leaky wave antenna, bow-tie antenna, Yagi-Uda antenna,
MEMS antenna, and planar microstrip patch antenna,
[5]. The planar microstrip patch antenna has been used
in different applications over the last decades due to its
simple structure, low cost of production and can be eas-
ily integrated with other MMICs due to its possibility to
be miniaturized to micrometer range. The metallic pla-
nar patch antenna suffers from a series of drawbacks such
as low antenna efficiency, narrow bandwidth, low gain,
and low-power handling capability [6]. This is due to low

electron mobility in the metallic structure at the THz
frequency band. To overcome this limitation, a graphene-
based microstrip patch antenna is investigated in the ter-
ahertz frequency band. Graphene is an efficient material
for THz applications due to its two-dimensional nature
and unique electrical, mechanical, and optical properties
[7]. The most important property of graphene is the abil-
ity to support the propagation of the surface plasmon
polariton (SPP) waves at the THz window [8]. In ad-
dition, graphene conductivity can be dynamically con-
trolled with the use of an electric field applied via an
external gate voltage which changes the chemical poten-
tial and hence the conductivity [9]. A big effort has been
devoted to this research area for the past few years [10].
The main limitations of the graphene planar THz patch
antenna are its low gain and bandwidth which can be sig-
nificantly improved by several technologies such as meta
surfaces and metamaterial structures MTM [11]. Meta-
materials are engineering structures with properties not
existing in nature. MTM are artificially constructed ma-
terials with an even negative value of permittivity, per-
meability, and refractive index for a band of frequency.
Metamaterial structures can be capsulated in different ap-
plications such as biomedical applications [12], microwave
filters [13], Terahertz absorber [14], Polarization splitters
and refraction [15], and enhance antenna performance
[16]. The gain of the planar microstrip patch antenna
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Table 1. Graphene Properties, [7]

Property Value

Transparency ∼ 97.7%

Electronic mobility ∼ 2×105 m2 /Vs

Current density ∼ 109 A/cm

Fermi velocity ∼ 106 m/s

Thermal conductivity ∼ 5000 W/mK

Tensile strength ∼ 1TPa

Breaking strength 42 N/m

Elastic limit ∼ 20%

Band gap 0

Surface area 2360 m2/gm

Thickness 0.4–1.8 nm

could be much improved using MTM structures [17]. The
metamaterials are also used to generate multi-band fre-
quency windows [18]. One of the most important appli-
cations of metamaterial is the superstrate MTM on the
patch antenna, it is used as a dielectric cover that pro-
tects the patch from environmental hazards. In addition
to the protection purpose, superstrates have significant
effects on the antenna performance like antenna gain, di-
rectivity, and radiation efficacy [19-22].

Herein, we are presenting a high-performance graphe-
ne patch antenna on Rogers 5880 (εr = 2.2) substrate at
a 3.5 THz frequency band. The superstrate layer is used
for enhancing the overall performance of the designed an-
tenna as well as to protect the patch from environmental
hazards. This patch is designed to resonate at a single
frequency window, further; the metamaterial structure is
utilized to make the antenna resonate at dual and Tri
bands. The main contribution in this paper is the usage
of dual-face superstrate MTM unit cell thats used to gen-
erate dual and tri resonant frequencies in the THz entire
bandwidth with an acceptable antenna parameter such
as gain, bandwidth, and radiation pattern with the latest
published papers. Also, we discussed the performance of
the antenna with the usage of different substrate mate-
rial such as FR4, Rogers, polyamide, Arion and silicon
dioxide in the THz frequency band thats has a vital ef-
fect on the material properties and also the main antenna
performance.

2 Graphene material properties

Graphene is a single layer of graphite with a honey-
comb hexagonal structure of carbon atoms. The extrac-
tion of one layer of graphene from the bulk graphite crys-
tal structure was first carried out using a mechanical ex-
foliation technique. Over the decades, many other tech-
niques have been used for graphene preparation synthesis.
Such as chemical exfoliation, chemical vapor deposition
(CVD), thermal exfoliation, and carbon segregation [7].

This extraordinary material has high mobility, high trans-
parency, high flexibility, and high environmental stability
at the THz frequency band. So, it is suitable material for
usage in antenna applications. The graphene properties
are indexed in Tab. 1.

3 Graphene conductivity

The SPP occurs when a high frequency of the elec-
tromagnetic wave is incident on a metal-dielectric inter-
face. The graphene material is a good candidate that
promotes the propagation of SPP waves, rather than the
other nano-plasmonic materials such as gold and silver.
Graphene is preferable due to its low loss and its high-
quality factor.

The dispersion relation of transverse magnetic, TM of
SPP depends heavily on graphene conductivity given by
[9]

−i
σs

ωε0
=

ε1 + ε2 coth(KSPPtox)

KSPP

, (1)

where ε1 is the relative permittivity of the material over
the graphene layer (air) and ε2 is the second dielectric
material below the graphene layer FR4, tox is the mate-
rial thickness, and KSPP is the wavenumber of the SPP
wave which can be expressed by

KSPP = K0(ηeff), (2)

where ηeff is the effective refractive index of SPP and K0

is the free space wavenumber K0 = 2π/λ. The surface
conductivity of graphene consists of two parts is calcu-
lated by Kubo’s formula [23]

σs = σter + σtra. (3)

The intraband conductivity of graphene can be expressed
as
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The interbond contribution is given by,
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H(ǫ) =
sinhΛ

coshΛc + coshΛ
, (6)

where T is the temperature, KB is the Boltzmann con-
stant, ~ is the reduced Planks constant, µc is the chem-
ical potential, e is the charge of electron and τ is the
relaxation time. According to Pauli exclusion principles,
the interband conductivity can be neglected at a low THz
range and the intraband of the graphene conductivity is
the dominant part [24].
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Fig. 1. Surface conductivity of graphene for: (a) – different chemical
potential at τ = 0.1 ps, T=300 K, and (b) – different relaxation

time at µc=0 eV

4 Graphene modelling

Simulation and optimization of the graphene layer are
performed using Finite Element Method (FEM)-based
CST Microwave Studio. In this program, there are two
built-in models of graphene, namely “graphene” and
“graphene-Eps”. In the first model, the graphene layer
is a single layer with a thickness of 0.34 nm, the second
one is a multilayer of graphene sheet with different values
of thickness. In this work, we proposed an application
of a single layer of graphene sheet of 0.34 nm thickness
for our presented graphene plasmonic nanoantenna. Fig-
ure 1(a)(b) present the graphical representation for the
surface conductivity of the graphene layer that is identical
to the one presented in [25]. The real and imaginary parts
of the simulated graphene for different values of chemical
potential µc and relaxation time τ , respectively. These
figures show that the total conductivity of a graphene
slab is highly dependent on graphene chemical potential
µc and relaxation time τ. The chemical potential depends
on carrier density that can be controlled by an external
gate voltage or chemical doping. Increasing the chemical
potential µc leads to the increase of graphene surface
conductivity. In addition, the antenna resonances shift to
a higher frequency which enhances the flexibility of the

tunable antenna design in the THz bands. The variation
of µc enables the resonant frequency tunability features.
The relationship between the chemical potential and gate
voltage is explained by [26].

Vg =
2eµ2

c

ε~ v2f
, (7)

where h is the substrate thickness and ε is the per-
mittivity of the substrate material. The conductivity of
graphene can be changed with the relaxation time (τ) as
follows

τ ≃ µg~

√

nπ

evf
, (8)

where µg is the electron mobility of graphene and vf is
the Fermi velocity. The relaxation time increases with the
chemical potential values. Long relaxation time supports
the propagation of the SPP wave. For our graphene plas-
monic nanoantenna designed in CST,we choose the fol-
lowing parameters: Temperature = 300 K, chemical po-
tential µc = 0.4eV ,and relaxation time τ = 0.2ps .The
graphene chemical potential (c) depends on the operat-
ing resonance frequency fc of the antenna throughout the
relation

µc = Ef = ~ω = hfc. (9)
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Fig. 2. The proposed patch antenna: (a) – schematic diagram,
(b) – superstrate structure, and(c) – S11 of copper and graphene

proposed antenna
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Table 2. Dimensional parameters of the proposed antenna

Parameter Value (m)

Ws 120

Ls 95

Wp 40

Lp 35

Wf 12

Lf 30

Y0 8.3

h 10

Frequency (THz)
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Fig. 3. S11 of curves of the antenna with and without superstrate
layer

5 Antenna design and analysis

5.1 Conventional antenna

Graphene plasmonic microstrip patch antenna was de-
signed by using a single layer of graphene radiating patch.
The size is (40 µm×35 µm) over a Rogers 5880 substrate
material with a size of (120 µm ×95 µm), the thickness
of hs = 10µm and relative permittivity εr = 2.2. Table 2
shows the optimal dimensions of the graphene plasmonic
antenna at 3.5 THz. The single element of the patch an-
tenna is matched to a transmission line of 50 Ω character-
istic impedance as shown in Fig. 2(a). The ground plane
and the radiating patch of the antenna are designed using
high conductivity of copper and graphene plasmonic ma-
terial, respectively. Although copper has high electrical
conductivity in RF and MW frequency bands, unfortu-
nately, it changes in the THz frequency range. The skin
depth and conductivity of copper decrease at lower bands
of THz frequency consequently, the ohmic resistance part
is the dominant contribution to the surface impedance
of the copper, therefore antenna design has a significant
challenge when it comes to the THz region. The decreases
of the copper conductivity and skin depth in the terahertz
frequency band lead to high losses in the propagation
mechanism, hence degrading the radiation efficiency. The
return loss of the antenna for copper and graphene mate-

rials is shown in Fig. 2(c). The optimized dimensions of
the conventional patch antenna are tabulated in Tab. 2.

Fig. 4. S11 curves of the antenna for (a) – different chemical
potential, (b) – different superstrate materials

5.2 Superstrate structure

As shown in Fig 2(b), the design of a rectangular patch
antenna consists of a substrate layer over a ground plane
of graphene material. The radiating patch is placed upon
the substrate slab. A superstrate layer is placed upon the
radiating patch with the same dimensions of the patch
layer. Figure 3 shows the reflection coefficient S11 curves
of the proposed graphene plasmonic antenna. The de-
signed antenna operates at 3.5 THz without the super-
strate layer having a Temperature of 300 K, chemical
potential µc = 0.4 eV, and relaxation time τ = 0.4 ps,
which gives a good S11 of – 35 dB and VSWR of 1.003.
At the presence of a superstrate layer of FR4 (εr = 4.3)
with a thickness of 10 µm placed upon the radiating
patch, the overall effective dielectric constant of the ra-
diating antenna has been slightly changed, consequently
the resonant frequency is moved to 3.5 THz with an S11

of – 63.69 dB and VSWR 1.003 that makes the antenna
perfectly matched.

The graphene chemical potential µc is dominantly de-
cides the operating frequency of the designed antenna.
This parameter varies from 0.1 eV to 0.5 eV and its effect
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Fig. 5. G-TSRR unit cell(a) – schematic diagram, (b) – boundary
conditions

Fig. 6. The proposed G-TSRR unit cell – extracted relative per-
mittivity

Fig. 7. Proposed antenna with superstrate MTM unit cell structure

on the S11 parameter is shown in Fig. 4(a). This graph
informs us that, as the chemical potential increases, the
frequency shifts to higher frequency; which agrees with
that reported in [27]. At a value of 0.4 eV, S11 reaches its
maximum value of -63.69 dB at 3.5 THz. Also, the chemi-
cal potential has a vital role in controlling the bandwidth
of the antenna. As the chemical potential increases, the
operating bandwidth will be increased as reported in [28].
In addition, we will check the proposed antenna validity
for different dielectric materials for the superstrate layer.
Fig. 4 (b), shows the reflection coefficient S11 curves for
different superstrate materials. This figure illustrates that

the dielectric constant of the material affects the value of
the resonant frequency.

5.3 Graphene-based metamaterial design

The dual-band or multiband of the microstrip patch
antenna is desirable, especially for THz frequency ap-
plications. So, different researchers were concerned with
this point and used different methods to generate multi-
frequency bands such as changing the substrate height
or using different substrate materials of different per-
mittivity beside each other. A more effective method
used to generate multi-band frequency operation is the
MTM structures. There are different shapes of the MTM,
but the triangle split-ring resonator is an important unit
cell that gives high-performance parameters such as re-
turn loss and bandwidth. Graphene-triangle split ring res-
onator (G-TSRR) unit cell was proposed to resonate at
THz frequency having a structure and boundary condi-
tions as illustrated in Fig. 5(a)(b), respectively. The geo-
metrical dimensions of the unit cell are as follows: length
of the triangle edge LG = 15µm, width WG = 5µm of
the edge SG = 3µm. According to S− parameters the
unit cell resonates at 4.33 THz with a reflection coeffi-
cient of – 45.6 dB. The negative permittivity characteris-
tic of the G-TSRR unit cell has been extracted from the
S−parameters as reported in [29]. It can be seen that
the unit cell has a negative value at the desired operating
frequency as depicted in Fig. 6.

5.4 Superstrate analysis with the MTM

As the Antenna performance is significantly influenced
by the superstrate layer, a MTM superstrate unit cell (G-
TSRR) is placed above the radiating patch as shown in
Fig. 7. This layer is used to generate another resonance
frequency in addition to the main resonance frequency
of the antenna. The proposed unit cell is printed on an
FR4 substrate material with a height of 3µm. The sepa-
rated distance between the superstrate covering layer and
the radiating patch is very important as it is controlling
the antenna parameters. It can be investigated using the
theory of Fabry-Perot Cavity [18]

d =
(

1 +
ϕ

π

)λ

4
, (10)

where ϕ is the reflection angle of the superstrate layer
and d is the optimum spacing between the patch and
the superstrate cover. In the previous works, the super-
strate layer is designed to resonate at the same frequency
of the main antenna to enhance the gain and bandwidth
while, in this work, the superstrate layer is designed to
resonate at different frequencies rather than the main fre-
quency of the antenna to generate a dual-band structure.
The S−parameter shown in Fig. 8(a), presents a dual
resonance frequency at 3.503 THz is the main frequency
of the antenna and at 4.331 THz is the resonance due to
the graphene-metamaterial unit cell structure. The band-
width of the two resonances is 400 GHz and 460 GHz, re-
spectively. A parametric study is carried out to find the
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Fig. 8. S11 curves of dual-band MTM superstrate: (a) – verified
by CST and HFSS, (b) – different superstrate distance height

Fig. 9. E and H-planes of the dual-band MTM (a) – at 3.5 THz,
(b) – at 4.331 THz

h

Fig. 10. Double-face MTM unit cell structure

optimum separated distance between the patch and the

covering superstrate layer. This spacing is investigated

through the S-parameter as illustrated in Fig.8(b). It can

be seen that the optimum spacing d is about 5 µm above

the patch. The E- and H-planes of radiation pattern at

the two dual resonant frequencies at 3.5 THz and 4.331

THz are illustrated in Fig. 9(a,b). It can be seen that,

the radiation pattern of E and H plane in the second

resonant frequency in Fig. 9(b) has a wider beamwidth

rather than in Fig. 9(a). These results are agreed with

the S11 in Fig. 8 which gives a higher band width of 460

GHz.

5.5 Tri-band structure using double-face MTM unit cell

A design of a novel double-face graphene metamaterial
unit cell using the same structure of the triangle split ring
resonator is presented in Fig. 10. This structure is used as
a superstrate layer over the patch antenna. It is used to
generate a third resonance frequency at 2.32 THz besides,
the other two frequencies at 3.53 THz and 4.38 THz. The
structure of the Tri-band resonation is very interested
in the new technologies of communication systems and
aerospace applications. Massive iterations of the para-
metric studies were carried out to determine the optimum
position and optimum dimensions of the designed MTM
unit cell. The S-parameters of the Tri-band structure are
presented in Fig. 11(a). It can be seen that the band-
widths of the dual-band frequencies are increased due to
the double-face MTM superstrate structure. The band-
widths are 520 GHz and 610 GHz at 3.53 THz and 4.38
THz, respectively. In addition, a bandwidth of 230 GHz
at the third resonance 2.32 THz has been achieved. This
structure suffers from the frequency shift due to the cou-
pling between the double-Face MTM unit cell. Although,
it can be accepted as the shift is not divergent more about
the main resonance of the proposed antenna at 3.5 THz
and 4.331 THz. The substrate material of the superstrate
layer is the same as the main antenna’s substrate. One
of the most effective parameters on the Tri-band reso-



232 S. A. Khaleel, E. K. I. Hamad, M. B. Saleh: HIGH-PERFORMANCE TRI-BAND GRAPHENE PLASMONIC MICROSTRIP PATCH . . .

Table 3. Graphene antennas with the other designs

Band References
Frequency S11 (dB)

VSWR
Gain Bandwidth

(THz) and resonance (dB) (GHz)

[30] 5.5 -65.32 1.001 3.91 217.7

[31] 0.72 -59.97 1.007 - 270

Single [32] 6.99 -75.66 1.0003 7.29 386

band [33] 2.6 -27 - 2.8 145.4

[34] 0.99 -16.4 - 12.67 -

Proposed work #1 3.5 -63.69 1.003 1.37 450

[30]
4.33 -57.54 1.002 2.76 199.6

5.82 -22.95 1.153 2.47 138.6

[33]
2.48 -17 - 2.7 115.1

Dual 3.35 -22 - 6.03 140.5

band
[35]

1.96 -34 1.12 4.75 -

4.83 -38 1.16 4.3 -

Proposed work #2
3.50 -26.78 1.01 1.46 400

4.33 -46.25 1.002 2.34 460

1.95 -26.32 1.12 4.79 -

[35] 4.83 -24.84 1.14 5.05 -

5.44 -19.61 1.23 5.53 -

Tri- 7.1 -30.49 1.05 4.91 2880

band [36] 11.1 -18.01 1.28 17.5 1580

13.05 -22.01 1.17 11.6 1170

2.32 -38.04 1.05 0.998 230

Proposed work #3 3.53 -39.76 1.01 1.93 520

4.38 -40.34 1.007 2.58 610

Fig. 11. S11 curves of Tri-band MTM superstrate: (a) – verified by CST and HFSS, (b) – different superstrate distance height

nance frequencies is the substrate height (h) thats can

be affected by the coupling between the two elements of

the MTM unit cells. The optimum height will be 5 µ

m as shown in Fig. 11(b). It can be seen that the pres-

ence of the superstrate double-face MTM unit cell not

only produces a different resonant frequency but also, en-

hances the gain and bandwidth of the designed antenna

over the interested frequency band. The gain of the an-

tenna without the usage of the MTM is about 1.37 dB at

3.5 THz. This value is enhanced by using the dual-band
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Fig. 12. Co and cross polarization of the tri-band structure: (a) – 2.32 THz, (b) – 3.53 THz, and (c) – 4.38 THz; E-plane red, H-plane
black, Co-polarization -solid, Cross-polarization dashed

Fig. 13. (a) – ADS equivalent circuit model, (b) – S11 of ADS and
CST graphene patch antenna

Fig. 14. (a) – ADS equivalent circuit model TSRR MTM, (b) –
S11 , s21 of the unit cell

MTM unit cell as a superstrate layer so the gain will be
1.46 dB and 2.34 dB at 3.501 THz and 4.331 THz, respec-

tively. The novel structure of the tri-band MTM unit cell
over the patch is the optimum design that resonates at
three different frequencies at 2.32THz, 3.53 THz, and 4.38
THz with a radiating gain of 0.998 dB, 1.93 dB, and 2.58
dB, respectively. A comparison between the overall an-
tenna performances with the available latest literature is
reported in Tab. 3. The MTM unit cell is used in different
purposes such as increasing the gain, increasing the entire
bandwidth, and generating other resonant frequencies. In
our proposed structures, the graphene plasmonic double-

face superstrate MTM unit cell is used to generate three

resonant frequencies and also increases the bandwidth of
the antenna. Furthermore, the gain of the proposed struc-
tures is kept constant with a little shift but not noticeable.
Most of the reported structures have good results, while
our proposed antenna using superstrate material is not
only to enhance the antenna performance but, also, to
produce another resonance frequency beside increase the
antenna bandwidth.

As shown in Tab. 3, the proposed structure bandwidth
is quite wide in the single, dual, and tri band designs, but
in reference, the gain is high and the bandwidth is also
high rather than the proposed structures this is due to the
usage of different techniques of slots of bow tie antenna.
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Fig. 15. (a) – ADS equivalent circuit model of single face MTM, (b) – S11 of CST and ADS of dual band, and (c) – S11 of CST and
ADS of tri-band structure

Furthermore, introducing the double-face MTM structure
generates is a new way to generate three-resonant fre-
quencies in addition to increases the entire band width
by keeping the gain in a satisfactory level. So that; this
structure could be used for different applications in the
THz frequency band. The tri-band structure has good
gain, bandwidth, and radiation properties compared to
the other references. The radiation pattern of the pro-
posed antenna is shown in two planes, E-plane and H-
plane as well as the Co-polarization and Cross- polariza-
tion at 2.32 THz, 3.53 THz, and 4.38 THz frequency are
shown in Fig. 12. According to the radiation patterns, for
the proposed antenna, we observe a stable radiation pat-
tern the suggested antenna has semi bidirectional in H-
plane and semi omnidirectional in the E- plane.

5.6 The equivalent circuit models

The equivalent circuit model (ECM) of the designed
antenna structure is analyzed using ADS. The single
patch antenna equivalent circuit model and the S11 pa-
rameters are illustrated in Figure 13(a, b). A comparison
of the ADS software and the CST is introduced to make
additional verification for the results. The ECM of the
TSRR-MTM unit cell and its S−parameters are illus-
trated in Fig. 14(a, b). The Single face and double face
MTM equivalent circuit model has been deduced using
ADS software and the results give an asymptotic curve
for single, dual and tri band structures as shown in Fig. 15

and Fig. 16. The optimal RLC values of the ECM are tab-
ulated in Tab. 4.

Table 4. Lumped element component values of the equivalent
circuit model

Parameter
Value

Parameter
Value

(fF) (pH)

C1 0.7 L1 2.6

C2 3.1 L2 1

C3 8.55 L3 0.2

C4 8.55 L4 0.2

C5 5.4 L5 3.5

C6 0.62 R1 = R2 = R3 145Ω

6 Conclusion

In this article, a high-performance graphene microstrip
patch antenna is investigated to operate at a frequency
of 3.5 THz. A superstrate layer is proposed to cover the
radiating graphene patch to protect the antenna from en-
vironmental threats and enhance the overall performance
such as gain and bandwidth. A triangle split ring res-
onator unit cell MTM structure is printed above the su-
perstrate layer over the patch to create another resonant
frequency beside the main resonance of the antenna at
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Fig. 16. ADS equivalent circuit model of graphene patch antenna with a double-face MTM unit cell

4.331 THz. The dual-band structure has a gain of 1.46
dB and 2.34 dB with a bandwidth of 400 GHz and 460
GHz at the resonant frequencies of 3.503 THz and 4.331
THz, respectively. A novel structure of double-face super-
strate MTM is used to produce a third resonant frequency
at 2.32 THz with a higher gain and bandwidth making
it a good candidate for different applications in the THz
frequency window. The proposed design of the antenna is
re-simulated using HFSS to validate the results obtained
from CST software. As observed from the S11 results, the
agreement between the two software is moderated. This

divergence between the two signals is due to the different
calculation methods used in the CST and HFSS software.
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