Optical and Quantum Electronics (2023) 55:1258
https://doi.org/10.1007/511082-023-05586-y

®

Check for
updates

Graphene-enabled terahertz dielectric rod antenna
with polarization reconfiguration

Saeed Fakhte' - Mohammad Mahdi Taskhiri’

Received: 4 July 2023 / Accepted: 13 October 2023 / Published online: T November 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

In this article, magnetically biased graphene is utilized to achieve a terahertz antenna capa-
ble of reconfiguring the polarization of the radiation pattern, transitioning between two
states of linear and circular polarizations. The antenna is structured in a way that allows
terahertz waves to enter through a slot aperture from a microstrip transmission line. These
waves are then coupled to a silicon dielectric resonator, which has a graphene layer on
top of it. Subsequently, the terahertz surface waves are launched within the silicon die-
lectric rod by the dielectric resonator. By applying a biased magnetic field perpendicular
to the antenna, the conductivity tensor of graphene exhibits non-diagonal elements. This
results in the production of circular polarization within the antenna. Furthermore, altering
the direction of the applied bias magnetic field causes a shift in polarization from right-
hand circularly polarized to left-hand circularly polarized. The modified relaxation-effect
model is employed at terahertz frequencies to calculate the losses of silver metal, deviating
from the accurate skin effect model used for microwave frequencies. Remarkable imped-
ance matching is attained for linear and circular polarization within the range of 2.86 to
3.14 THz. The article provides detailed insights into the simulated reflection coefficient,
axial ratio, gain, and radiation patterns. This device holds the potential for integration into
diverse subwavelength terahertz systems.

Keywords Terahertz (THz) antenna - Non-reciprocal graphene - Dielectric rod antenna
(DRA)

1 Introduction

The terahertz frequency band, ranging from 0.1 to 10 THz, has gained attention for its
unique properties and potential applications. Terahertz waves can penetrate various materi-
als, making them suitable for non-destructive testing and spectroscopic analysis. They offer
high bandwidths for wireless communication and find use in security screening, medical
imaging, quality control, and material research. However, realizing the full potential of
the terahertz frequency band requires technological advancements and overcoming signal
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propagation and generation challenges (Pawar et al. 2013; Song and Nagatsuma 2011;
Petrov et al. 2016; Elayan et al. 2018).

Terahertz antennas are essential for terahertz communication systems operating from
0.1 to 10 THz. They enable high-speed wireless communication, imaging, and sensing.
However, designing efficient terahertz antennas is challenging due to the unique charac-
teristics of this frequency range. The small wavelength size, ranging from 30 to 3000 pm,
makes it challenging to fabricate antennas with matching dimensions. Advanced fabrica-
tion techniques and precise materials are required to overcome this challenge (He 2020;
Fakhte and Taskhiri 2022; Singhwal et al. 2022).

Circularly polarized terahertz antennas are designed to radiate electromagnetic waves
with circular polarization. Circular polarization offers advantages over linear polarization
in robustness against signal fading caused by multipath propagation and improved signal
quality. Circularly polarized terahertz antennas find applications in satellite communica-
tion, radar systems, and wireless sensor networks. Circular polarization provides better link
stability compared to linear polarization. It reduces the impact of polarization mismatch
between the transmitting and receiving antennas, ensuring a more reliable and consistent
connection. Circular polarization helps to minimize the effects of multipath interference,
which can degrade signal quality. This is particularly important in terahertz communica-
tion systems where line-of-sight propagation is limited, and signals are prone to scatter-
ing and reflection. Circular polarization is independent of the antenna’s orientation or the
direction of propagation, making it suitable for applications where antenna alignment may
vary or change over time (Khan et al. 2023; Varshney et al. 2020; Aqlan et al. 2021; Wu
and Zeng 2019).

Terahertz antenna design faces the challenge of achieving reconfiguration between
polarizations. Reconfigurable antennas enable dynamic switching between linear and cir-
cular polarization states, enhancing the flexibility and adaptability of terahertz communica-
tion systems (Luo et al. 2019; Rasilainen et al. 2023; Venkatesh et al. 2022). To address
this, researchers are exploring metamaterials, plasmonics, and MEMS techniques. Meta-
material-based antennas utilize engineered structures with unique electromagnetic prop-
erties, while plasmonic-based antennas exploit surface plasmon resonance. MEMS-based
antennas incorporate micro-scale components for reconfiguration (Liu et al. 2022; Ali et al.
2022; Yang et al. 2022). In summary, efficient terahertz antenna design is complex due
to the unique characteristics of terahertz waves. Circularly polarized and reconfigurable
antennas offer promising solutions for addressing communication system challenges. Con-
tinued research in these areas will advance terahertz technologies with enhanced perfor-
mance and functionality.

Dielectric rod antennas offer numerous advantages in the terahertz region. They provide
high gain and directivity, which allows for a more focused beam of radiated energy. This is
particularly valuable in applications that require precise targeting and high resolution, such
as imaging and sensing systems (Ahmadi et al. 2023; Ali et al. 2022a, 2022b). Addition-
ally, dielectric materials used in these antennas have low losses at terahertz frequencies,
resulting in efficient transmission and reception. Dielectric rod antennas also offer design
flexibility, as the dimensions of the rod can be adjusted to optimize performance (Sugimoto
et al. 2022; Dukhopelnykov et al. 2020; "Rivera-Lavado et al. 2019). Furthermore, these
antennas can support multiple polarization states, making them suitable for applications
that require specific polarization for optimal functionality. Overall, dielectric rod antennas
are well-suited for terahertz applications such as wireless communication, imaging, and
sensing, where efficient and precise radiation is crucial. These advantages make dielec-
tric rod antennas well-suited for terahertz applications such as wireless communication,
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imaging, and sensing, where efficient and accurate radiation is essential (Nasir et al. 2019,
2022; Huang et al. 2019).

Graphene, an atom-thin carbon material arranged in a hexagonal lattice, garners interest
in terahertz technology. Its exceptional properties, including excellent electrical conduc-
tivity, high carrier mobility, and broad absorption, make it promising for circularly polar-
ized and reconfigurable terahertz antennas. By incorporating graphene into simple antenna
designs like dipole or patch antennas, circularly polarized radiation can be easily produced.
The unique characteristics of graphene, such as its controllable electrical conductivity with
an applied voltage, enable reconfigurable antennas to adapt to changing channel condi-
tions, interference, or user preferences. The electrical conductivity alteration influences the
antenna’s resonant frequency, providing tunability. Consequently, reconfigurable antennas
can operate in multiple frequency bands, accommodating various communication stand-
ards and wireless applications. Additionally, graphene’s high carrier mobility ensures swift
response times and low power consumption, making it an optimal material for reconfigur-
able terahertz antennas. The ability to dynamically reconfigure these antennas allows for
beam steering, spatial filtering, and beamforming, enhancing signal quality and reception
in THz communication systems.

The following review examines various examples of reported work on terahertz antennas
that involve polarization reconfiguration. A hybrid dual-frequency polarized reconfigurable
THz antenna was designed and studied in Zhang et al. (2021a). The use of graphene meta-
surface and TOPAS allowed for tunable polarization conversion and circular polarization.
The polarization state of the two bands could be changed without reconstructing the structure
by electrically shifting the Fermi energy of both graphene layers. Incorporating a monopole
antenna with a graphene-based dual-band active polarization converter meta-surface (APCM)
proposed a dual-band polarization reconfigurable terahertz antenna (Lv et al. 2020). The
APCM unit cell had two perpendicular slots on the top and two biased graphene patches on
the bottom. The chemical potentials of graphene could be adjusted from 0 to 0.5 eV to switch
the APCM from ON (polarization conversion) to OFF in dual-band. In Kiani et al. (2023a), the
study presented the design of a circular patch antenna with a cross-shaped slot using graphene.
The antenna could reconfigure its frequency and was designed for a central frequency of 1.6
THz. Placing the cross-shaped slot in the center of the circular patch resulted in two orthogo-
nal physical arms, enabling circular polarization. The antenna exhibited favorable character-
istics in terms of matching and polarization within the frequency range of 0.5 THz to 2 THz,
with a S11 parameter below — 15 dB and an axial ratio below 2 dB. In Kiani et al. (2023b), a
reconfigurable microstrip patch antenna was designed using a combination of graphene and
gold. The antenna could access different types of right-hand circular polarization (RHCP) and
left-hand circular polarization (LHCP) by simply switching the positions of its slots. The pri-
mary approach of the study was based on the principle that by rotating the position of the slot
by 90°, the polarization could be switched from RHCP to LHCP. Furthermore, the researchers
utilized the capacity of graphene to achieve frequency reconfigurability. In Moradi and Karimi
(2023), the research paper presented a patch antenna designed for terahertz frequencies with
a unique shape and feeding mechanism. The patch was capable of changing between three
different shapes (triangle, rectangle, circle) and also had a slot, all achieved through the use of
graphene. This allowed the antenna to simultaneously utilize the advantages of different patch
shapes within a single structure. The resonance frequency of the antenna could be adjusted
in the range of 3.8 to 5.3 THz, and the polarization could be changed between linear and cir-
cular polarization, resulting in a reconfigurable antenna for both frequency and polarization.
In summary, all the reported works incorporate structures with small graphene layers in the
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antenna structure. Nevertheless, the radiation patterns obtained in different polarizations do
not exhibit complete symmetry due to the loading of these layers.

This paper proposes a dielectric rod antenna that incorporates graphene to enable the
switching of polarization types and senses. The polarization and frequency band of operation
can be reconfigured using the chemical potential of graphene and an external magnetic bias.
Unlike previous studies that solely relied on the chemical potential parameter of graphene for
polarization reconfiguration, this research also introduces the magnetic bias field as an addi-
tional parameter. While previous studies focused on altering graphene’s chemical potential,
this work achieves circular polarization by implementing a magnetic bias on graphene, which
creates an anisotropic conductivity tensor within the material. In terms of innovation, this arti-
cle introduces a dielectric rod antenna with the capability to reconfigure between linear and
circular polarization. A thorough examination of the existing literature reveals the absence of
previous reports on a dielectric rod antenna with this distinctive capability, not only in the ter-
ahertz band but also across other frequency bands. This achievement has been accomplished
by incorporating anisotropic graphene into the antenna structure, which is a unique approach
that has not been previously reported in dielectric rod antennas.

2 Antenna configuration

The proposed cylindrical dielectric rod antenna incorporating a graphene sheet is illustrated in
Fig. 1. The dielectric rod, constructed from SiO, material with a relative permittivity of 3.8,
possesses a diameter (dp,,) and height (hp,,). A dielectric rod is placed on a dielectric resona-
tor loaded with graphene. The diameter and height of the cylindrical dielectric resonator are
d and hg;, respectively. The dielectric resonator is made of silica (Si). The circular graphene
sheet has a diameter (d,), and its thickness is assumed to be 1 nm. Graphene is often placed
on a SiO, (silicon dioxide) layer because of its unique properties and compatibility with sili-
con-based electronics. The thickness of the SiO, layer is hg;,. The dielectric resonator is also
placed on a slot with the dimensions of /; X w,. Terahertz waves are coupled to the antenna
from the microstrip transmission line placed at the bottom of the SiO, layer by using the slot
aperture on the ground plane of the antenna. To apply the magnetostatic field, a solenoid can
be placed beneath the antenna, as shown in Fig. 1b. It is clear that the magnetostatic field
applied from the solenoid to the antenna is primarily vertical with a z component. Adjusting
the current through the solenoid allows for easy control of the strength of the magnetostatic
field. This arrangement enables the examination of graphene’s anisotropic properties under
varying magnetic field intensities.

The surface impedance model is a helpful tool for simplifying the modeling of metals at
low terahertz frequencies. It considers relaxation effects and is employed to calculate the sur-
face impedance between 0.1 and 10 THz due to the significant wave penetration into the metal
and electron—phonon collisions (Lucyszyn 2007). While the skin effect model is commonly
used in microwave frequencies, it is not as accurate in terahertz frequencies. Therefore, in the
simulation of this antenna, its surface impedance model has been used instead of silver metal.

Zg(w) = > (D

°RT U T jor)

Silver metal exhibits the following parameter values at low THz frequencies: the
direct current intrinsic bulk conductivity is designated as o, = 6.1 X 10’S/m, the metal’s
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Fig.1 The geometry of the pro-
posed antenna, a The configura-
tion of a dielectric rod antenna
integrated with magnetically-
biased graphene. The design
incorporates a direct current
(DC) magnetic bias, denoted as
B,,, which is oriented along the
Z-axis, b Proposed magnetic flux
density application method utiliz-
ing a solenoid positioned beneath
the antenna
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permeability coefficient is expressed as y, = 0.99998, and the phenomenological scatter-
ing relaxation time for the free electrons is 7 = 38.182 x 10~'4s. The angular frequency is
denoted as m, while the permittivity of free space is represented by €, and the permeability
of free space by . The intrinsic bulk conductivity of the metal is symbolized as oy.

3 Design considerations

In this section, we will discuss the design of a rod antenna fed with a slot and a graphene-
loaded dielectric resonator. It is important to note that the antenna’s functional band is
determined by the resonant modes of the slot and the dielectric resonator (DR). Therefore,
it is necessary to provide formulas to calculate the resonance frequency of the graphene-
loaded DR modes. To simplify the process and obtain a preliminary estimate, we can use
the formula for the resonance frequency of the HEM ,; mode of graphene-loaded cylindri-
cal dielectric resonator mode. For this purpose, the following equations, which have been
proven by the authors in another work, are used (Fakhte and Taskhiri 2023):

_ 4nf,€,e0k X,
k,h ;= tan L (Sl S
) Z'*Si T+ ((2nﬁ)2(e,,80)2X§k3> (2)
3.682 2 2 2
<7> + k2 = 2xf,) e, g0
( dnfe eok X
k. hg = tan™! | ottt
) N =T+ <(27Ifr)z(5r50)2X§—k§ 3)
3.682 2 2 2
(T) + K2 = Qnf. e, eog

where c is the speed of light in free space, d is the diameter of the silicon dielectric resona-

tor, X, is the imaginary part of the graphene surface impedance, Hy; is the height of the die-

lectric resonator, and €, is the permittivity of the dielectric resonator. By solving Eqgs. (2)

and (3) simultaneously, we can obtain the values of two unknowns, f,, andk,. Using the

Kubo formula, the conductivity of graphene can be obtained as follows (Shiau 1976):
ekyTr He

—< 4+ 21n (e /BT 4 1) @)

%) = T oo | kT

This formula involves various parameters, including the reduced Plank constant (h),
angular frequency (®), Boltzmann constant (kg), relaxation time (t), and temperature (T).
For this particular study, a temperature of 300 K, a chemical potential of 0.23 eV, and a
relaxation time of 0.9 ps are considered. To modify the chemical potential of graphene
(4.), an electrostatic voltage source is utilized. The impedance of graphene is then deter-
mined using the following method:

1

0,()

Zg(cu) = 5)

Therefore, the value of the imaginary part of the impedance at the design frequency of 3
terahertz is equal to 800 ohms. By substituting Xg = 800Q and £, = 11.9 into Egs. (2) and
(3), we can determine that the dimensions of DR at a frequency of 3 terahertz are d = 34um
and Asi = 6.9um. The resonance frequency in the biased state with a DC magnetic field of B,
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closely approximates the dimensions obtained for unbiased graphene. To validate the struc-
ture’s performance, simulations were conducted using HFSS software. It is essential to men-
tion that the relaxation effect model for silver metal was employed in these simulations.

The rod’s diameter is determined by choosing a value within the range of d,,;, and d,,,,,
(Gusynin et al. 2006).
Ao
dmax N Y (6)
JZ'(Er - 1)
Ao
2.57r(£,. - 1)

where A represents the wavelength in free space that corresponds to the band’s middle
frequency. Consequently, considering a 3 THz central frequency, it is advisable to select a
rod diameter ranging from 21.3 to 33.7 pm. Furthermore, the recommended initial length for
the rod is set at 700 pm. To further enhance the antenna’s performance, the next step involves
utilizing HFSS software to optimize its gain, reflection coefficient, and impedance bandwidth.
The optimized values for all parameters are listed in Table 1.

To achieve circular polarization, it is necessary to generate two electric field components
with the same amplitude and a phase difference of 90° in the radiation pattern. This is accom-
plished by utilizing the anisotropic tensor of graphene conductivity. In our simulation analy-
ses, we utilize the Kubo model in conjunction with a surface conductivity tensor (Sounas and
Caloz 2012) to establish a graphene layer that encounters a perpendicular magneto-static field.

Oy —0y 0
oc=|oy, o, 0 (®)
0 0 O
The elements of the tensor, denoted as o,, and o, = —o,,, represent the diagonal and off-
diagonal components, respectively.
1+ jor

0.(@, By) = 06— . ©)
(w.7)" + (1 +jwr)?
,T
ayx(a), Bo) =0, 5 :
(cocr) + (1 + jwr)?
) (10)
6y = 2 LksT1n  2cosh all . o, =eByvr/u,
Th? 2kyT
Table 1 The optimized dimensions of the proposed antenna. Unit: pm
Parameter d hxi hSiOZ d;( dRud hRud l.x Wy l;{nd me Ziyuh
value 34 6.9 0.25 28 26 1000 16.5 2 120 35 1.6
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where u., e, kg, 7,T,h,0,vp, ®,, and By are chemical potential, electron charge, Boltz-
mann’s constant, carrier relaxation time, temperature, reduced Plank’s constant, Fermi
velocity, angular frequency, cyclotron frequency, and magnetic flux density, respectively.
Equations (9) and (10) are utilized with a chemical potential of 0.23eV, a temperature of
300K, a DC magnetic flux density B, = 4.6T, and a relaxation time of 0.9 ps. The resulting
diagonal and off-diagonal elements of the tensor are plotted in Fig. 2. These values were
chosen to achieve optimal reconfigurability between linear and circular polarization. Nota-
bly, the figure demonstrates that the frequency of 3 TH exhibits the most significant dispar-
ity between o,, and o,,, indicating the potential for circular polarization in the antenna.
To calculate the magnetostatic field of a solenoid, the following formula can be applied
(Johnk 1975):
NI
B = T (11)
where u represents the permeability of the core, N denotes the number of wires turns, /
represents the current passing through the solenoid, and L denotes the length of the sole-
noid. By utilizing a ferrite material with a permeability (u) value of 2000 for the core of
the solenoid, along with selecting the solenoid’s parameters as follows: N=7 (number of

10 T T T
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Fig.2 The tensor’s diagonal and off-diagonal elements of graphene surface conductivity, denoted as a o,
and b o, are analyzed for y. = 0.23eV,T = 300K, 7 = 0.9ps, B, = 4.6T
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turns), L=3.82 mm (length), and I=1A (current), it is possible to generate a powerful
magnetic field of 4.6 T along the axis of the solenoid. One specific example of a ferrite
material with a permeability of 2000 is TDK’s Mn-Zn ferrite (Corporation 2023).

While it is true that utilizing a static magnetic field source can introduce complexity to
the structure, the numerous intriguing features it brings to devices have led to the wide-
spread exploration of magnetically biased graphene in various studies. Despite the addi-
tional challenges, researchers have reported its potential and showcased its capabilities in
numerous works (Larki et al. 2019; Dolatabady and Granpayeh 2019; Tamagnone et al.
2018).

To estimate the power consumption, it is assumed that the diameter of the copper wire
used in the solenoid is 0.2 mm, and the diameter of the solenoid ring is 0.6 mm. Based on
these assumptions, the DC resistance of the entire solenoid wire is approximately 4.9 mQ.
Considering a current of 1 A flowing through the solenoid, the power consumption is
approximately 4.9 mW.

4 Results and discussion

The results of the proposed antenna’s simulation for linear and circular polarization states
were achieved by varying the magnetic bias value. In Fig. 3, one can observe graphs dis-
playing the reflection coefficient, axial ratio, and gain for two distinct DC magnetic bias
values. These graphs reveal that adjusting the B, value from 0 to —4.6T causes a shift in the
antenna’s polarization from linear to right-hand circular. The antenna exhibits an imped-
ance bandwidth of 2.9-3.98 THz in linear polarization mode, as demonstrated in Fig. 3a.
However, when a DC magnetic bias is applied, this bandwidth expands to 2.84-3.86 THz.

Terahertz spectroscopy, utilizing the 3THz frequency, can differentiate between differ-
ent hydrate forms. Lactose, a commonly used excipient in the pharmaceutical industry, has
three distinct hydrate forms: a-monohydrate, a-anhydrate, and b-anhydrate. These forms
exhibit terahertz spectra suitable for quantitative and qualitative analysis. The terahertz
region’s unique sensitivity to lattice structure enables the study of both crystalline and
amorphous materials qualitatively and quantitatively (Pawar et al. 2013; Song and Nagat-
suma 2011; Petrov et al. 2016).

Figure 3b displays the effect of changing B, on the antenna’s linear gain. The maximum
gain value of 17.5 dB transforms into a left-hand circular gain with a maximum value of
16.4 dB. The reduction in circular polarization mode’s gain is attributed to increased losses
caused by the rise in o,, and o, resulting from applying B, Furthermore, Fig. 3¢ depicts
that applying B, diminishes the axial ratio from above 50 dB to below 3 dB, indicating the
antenna’s favorable performance in circular polarization.

The shift from+2z to —z direction in the applied DC magnetic bias in Fig. 1 alters the
circular polarization mode of the antenna. It transforms the left-hand circular polarization
mode into a right-hand circular polarization mode. Surprisingly, despite this change, the
reflection coefficient, gain, and axial ratio diagrams remain constant, as shown in Fig. 4.
This consistent behavior demonstrates the high efficiency of the presented technique.
Moreover, the method’s effectiveness can be attributed to the symmetrical nature of the
structure. Compared to other reconfiguration methods that require structural manipulation,
such as insertion or cutting, this approach ensures no discrepancies between left-handed
(LH) and right-handed (RH) outcomes.
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Fig.3 The simulated results
of the polarization reconfigur-
able dielectric rod antenna

for two values of magnetic
flux density, B, = 0, —4.6T
(a) reflection coefficients, b
gains, and ¢ axial ratios. Other
parameters of graphene are

. =0.23eV, T = 300K, 7 = 0.9ps

The distribution of the electric field inside the dielectric rod antenna at a frequency of 3
THz is shown in Fig. 5. As can be seen in the figure, by applying DC magnetic bias equal
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to — 4.6 T, rotation in the electric field along the rod has been achieved.

In Fig. 6, the radiation patterns of the antenna are displayed. Various DC magnetic bias
values were examined. When the magnetic bias is oriented along the z-axis, with a magni-
tude of B, = —4.6Ta, (Fig. 6a, b), the pattern demonstrates a predominance of left-handed
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Fig.4 The simulated results

of the polarization reconfigur-
able dielectric rod antenna for

two directions of magnetic flux
density, By = +4.6a.T,—4.6a, T

a reflection coefficients, b

axial ratios, and ¢ gains. Other
parameters of graphene are

. =0.23eV, T = 300K, 7 = 0.9ps
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circular polarization. Conversely, in Fig. 6¢, d, when the magnetic bias is directed in the
opposite direction, the pattern exhibits predominantly right-handed circular polarization.
When the DC magnetic bias is deactivated, the pattern primarily shows linear polarization, as
shown in Fig. 6f, e. Also, in this figure, it can be observed that simulated patterns generated
by COMSOL and HFSS software are in good agreement across all three polarizations. More
specifically, the circular polarization shows excellent cross-polar discrimination between the
RHCP and LHCP components of the pattern. Furthermore, in the linear polarization, the cross
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Fig.5 The electric field distribution of the dielectric rod antenna at 3 THz for BO = —4.6a..
u.=0.23eV,T = 300K, 7 = 0.9ps

components are at least 17 dB lower than the dominant component. Furthermore, broadside
patterns have been obtained in both XoZ and YoZ pages.

To ensure the precision and dependability of the simulation findings acquired through the
HFSS software, we have used COMSOL, a different software, for validation purposes. We
aim to conduct a comprehensive analysis and comparison of the simulation outcomes from
both software programs, with the ultimate objective of establishing the consistency and cred-
ibility of the results.

Figure 7 showcases a detailed comparative examination of the simulation outcomes derived
from both HFSS and COMSOL software. It is worth noting that the figure presents a remark-
able correlation concerning the reflection coefficient, gain, and radiation patterns. These find-
ings serve as robust evidence, further substantiating the validity of the simulation results.

In Table 2, a comparison is shown between the newly developed terahertz antenna, which
offers polarization reconfiguration capability, and antennas discussed in prior research papers
(Zhang et al. 2021b; Kiani et al. 2020, 2021a, b, ¢, 2022, 2023c; Chashmi et al. 2019, 2020a,
2020b). The comparison reveals that the proposed antenna outperforms the reported antennas
in terms of radiation efficiency for both linear and circular polarization operations. Addition-
ally, unlike the proposed antenna, none of the antennas mentioned in Zhang et al. 2021b; Kiani
et al. 2020, 2021a, b, ¢, 2022, 2023¢c; Chashmi et al. 2019; Chashmi et al. 2020a; Chashmi
et al. 2020b ) exhibit identical LHCP and RHCP radiation patterns. Another important high-
light is the introduction of a novel approach in this study, which utilizes magnetically biased
graphene to achieve circular polarization. This contrasts previous references that employed
non-biased graphene for the same purpose.
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Fig.6 The simulated radiation patterns of the proposed THz antenna, a B, = —

plane, b By = —4.6Ta, at 3 THz in YoZ plane, ¢ B, =

4.6Ta_ at 3 THz in XoZ

4.6Ta, at 3THz in XoZ plane, d B0 =4.6Ta, at 3THz

in YoZ plane, e B, = OTa at 3.3 THz in XoZ plane, and f B0 = 0Ta, at 3.3 THz in Y0oZ plane. Other param-

eters of graphene are: y. = 0.23¢V,T = 300K, 7 = 0.9ps
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Fig.7 The comparison between
the simulation results with

two different solvers a reflec-

tion coefficients, b axial

ratios, and ¢ gains. Other
parameters of graphene are

. =0.23eV, T = 300K, 7 = 0.9ps
, By = +4.6a,

5 Conclusion
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This article discusses the use of magnetically biased graphene to create a terahertz
antenna that can change the polarization of the radiation pattern. The antenna allows
terahertz waves to enter through a slot aperture from a microstrip transmission line.
These waves are then coupled to a silicon dielectric resonator, which has a graphene
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Table 2 Comparison between the proposed polarization reconfigurable THz antenna and the other works
reported in the literature

References Structure JolTHz] Polari- Efficiency (%)
zation
control
parameter
Zhang et al. (2021b) Antenna Based on Graphene Meta- 1,25 He -
surface
Kiani et al. (2021a) Four-Leaf Clover-Shaped 0.65 He LP:25
CP: 14
Kiani et al. (2021b) Graphene-loaded microstrip antenna 0.65 He LP:62
CP: 21
Kiani et al. (2022) Graphene-loaded microstrip antenna 0.59 75 LP:50
CP: 16.2
Kiani et al. (2020) Graphene-loaded microstrip antenna 0.67 e LP:41
CP: 25
Kiani et al. 2021c) Graphene-loaded microstrip antenna 0.75 He LP:51
CP: 45
Chashmi et al. (2019)  Y-shaped graphene-based antenna 0.95 He 27
Chashmi et al. (2020a) Y-shaped graphene-based antenna 0.44 He >24
Chashmi et al. (2020b) Graphene loaded microstrip antenna 0.8-1.07 75 1640
0.975-1.025
Kiani et al. (2023c) graphene-based THz patch antenna 1.25 He 59
This work Proposed dielectric rod antenna 3 Magnetic LP:85
flux CP:70
density
By

layer on top. This setup enables the launch of terahertz surface waves within the silicon
dielectric rod. By applying a magnetic field perpendicular to the antenna, the graphene’s
conductivity tensor exhibits non-diagonal elements, resulting in circular polarization.
The authors employ the Modified Relaxation-Effect model to calculate the losses of
silver metal at terahertz frequencies. This model is more accurate than the skin effect
model used for microwave frequencies. The results show remarkable impedance match-
ing for linear and circular polarizations in the 2.86 to 3.14 THz range.
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