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ABSTRACT In this article, by placing a teflon tube around a circularly polarized dielectric resonator antenna,
a dielectric rod antenna with a directive radiation pattern is obtained. In fact, a new planar method for the
excitation of circularly polarized dielectric rod antenna is proposed, which produces lower back-lobe and
sidelobe levels in antenna radiation pattern compared to other planar feeding methods of circularly polarized
dielectric rod antenna. It can be seen that the use of dielectric resonator inside the Teflon tube has increased
the coupling of electromagnetic waves from slot aperture to dielectric rod. A prototype of the proposed
antenna has been fabricated and tested, and its results are in good agreement with the simulation results.
Antenna measurements display an impedance bandwidth of 15.9% from 7.96 to 9.33 GHz, an axial ratio
bandwidth of 13.4% from 8 to 9.15 GHz, and a LHCP gain between 11.8 and 14.4 dB. A radiation efficiency
of greater than 92% is achieved in the entire operating bandwidth of the antenna.

INDEX TERMS Dielectric rod antenna, dielectric resonator antenna, radiation pattern, planar excitation

method.

I. INTRODUCTION

For many years, dielectric rods have been used in waveg-
uide and antenna applications. They are used as waveguides
because of their low losses, and they are used as antennas
because of their tendency to radiate in discontinuities [1], [2].
Due to their attractive features such as wide impedance band-
width, high directivity, high radiation efficiency and stability
of the radiation pattern across the entire band, dielectric rod
antennas have attracted the attention of researchers, espe-
cially in the millimetre wave and terahertz bands [3], [4]. Due
to the minimal use of metal in the structure of the dielectric
rod antenna, it has a high radiation efficiency and can be
used in applications that require a high efficiency antenna
such as millimetre wave integrated circuits [5]. The dielectric
rod antenna has also been used recently in the terahertz and
optical bands, due to its high radiation efficiency in these

The associate editor coordinating the review of this manuscript and

approving it for publication was Ali Karami Horestani

frequencies. For example, in [6], it has been coupled to a
plasmonic coplanar waveguide line and appeared as an effi-
cient optical antenna. Or in [7], the dielectric rod antenna is
integrated with a photo-mixer and acts as a terahertz emitter.
Recently, dielectric resonator with linear polarization has
been used for feeding of linearly polarized dielectric rod
antenna [8]. There exist certain distinctions between the cur-
rent work and the study discussed in reference [8]. Firstly,
it is important to note that the published article [8] focuses on
linearly polarized dielectric rod antenna, whereas the present
work explores circularly polarized dielectric rod antenna.
This fundamental difference in polarization results in distinct
design considerations and performance characteristics. Fur-
thermore, the feeding mechanisms employed in the published
article [8] and the present work also differ significantly. While
the published article utilizes a simple slot for feeding, the
present work employs a cross-slot feeding technique. This
variance in feeding methods impacts the radiation pattern
and impedance characteristics of the antennas. Additionally,

© 2023 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
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it should be highlighted that the modes excited in the sub-
mitted work differ from those discussed in the published
article [8]. The specific mode configurations contribute to the
unique performance attributes of each design.
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FIGURE 1. Two Different Geometries for Creating Broadside and End-Fire
Patterns in Dielectric Rod Antennas, (a) Dielectric rod antenna with
broadside pattern, (b) Dielectric rod antenna with end-fire pattern,

(c) 2D planar array of elements with broadside pattern is easily possible,
(d) 2D planar array of elements with end-fire pattern is not easily
possible.

Circularly polarized antennas have been used in many
telecommunication systems to reduce multipath fading and
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interferences [9], [10], [11], [12]. For example, their appli-
cations in satellite communication and global positioning
system can be mentioned [13], [14]. Due to the interest-
ing features mentioned before for dielectric rod antennas,
they have also been used as a circular polarization radiator.
Most circularly polarized dielectric rod antennas reported
so far have end-fire radiation patterns. In [15], a broad-
band 3D-printed circularly polarized dielectric rod antenna
was reported, in which an impedance bandwidth of 60.3%,
an axial ratio bandwidth of 57%, and a peak gain of 11.5 dBi
was attained. In [16], by rotating the dielectric rod relative
to the matching cone, a circularly polarized dielectric rod
antenna across the millimeter wave band was obtained. It is
worth mentioning that the antenna pattern in this structure
is end-fire, and the maximum radiation occurs along the
substrate plane. In [17], the substrate integrated waveguide
(SIW) has been used to feed the dielectric rod antenna,
resulting in an impedance bandwidth of 28.3%, an axial ratio
bandwidth of 25% and a maximum gain of 10.7 dB. Two
antipodal cuts are engraved on the walls of an open-ended
substrate integrated waveguide, which origins the radiation
of two orthogonal electric field components. By adjusting
the size of the cuts, the phase difference desired to gen-
erate circular polarization was also produced. Bandwidth
of 41% and maximum gain of 12 dB are reported in this
work [18].

In some applications, such as base station antennas, it is
necessary to use a planar feeding system to excite the antenna,
because otherwise, it becomes difficult to array the antennas
and integrate them with microwave circuits. So far, several
methods for planar excitation of dielectric rod antennas with
linear polarization have been reported. In [19], folded slot
aperture in the ground plane was used to couple the elec-
tromagnetic waves from the transmission line to the linearly
polarized dielectric rod antenna. Also, in [20], the slot aper-
ture excitation was used for feeding an eight-element array of
dielectric rod antennas. Later, in the present work, a compar-
ison of the slot aperture excitation method with the proposed
method has been conducted.

In this work, unlike previously reported circularly polar-
ized (CP) dielectric rod antennas that had end-fire radiation
patterns, a CP dielectric rod antenna with broadside radia-
tion pattern has been introduced thanks to a planar feeding
system. In the proposed feeding system, circular polarization
is generated in a rectangular dielectric resonator antenna
(DRA) by placing it on a cross-slot aperture. The TE{1 and
TE{Borthogonal degenerate resonant modes of rectangular
dielectric resonator antenna are responsible for generation of
circular polarization [21].

Previously, the TE{ 11and TE{ 13rnodes were utilized to
design a dual-band circularly polarized dielectric resonator
antenna [22]. However, it is important to note that in this
study, a dual-band CP DRA was employed to stimulate sur-
face waves within the dielectric rod across a broad frequency
range. This resulted in a significant increase in the gain of the
antenna composed of both the dielectric rod and resonator.
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For instance, in [22], the gain was 8.49 dB, whereas in this
study, it reached 14 dB.
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FIGURE 2. The configuration of proposed antenna (a) Perspective view,
(b) Top view.

The cross slot is excited from below by the microstrip
line. Then, circularly polarized degenerate modes of DRA
have been coupled in the dielectric rod and propagated in
it as surface waves, resulting in high-gain radiation. It is
confirmed that compared to feeding with cross-slot aperture,
back-lobe and side lobe levels are smaller in the proposed
method.

A broadside pattern antenna produces maximum radiation
in the direction perpendicular to the substrate. This is in con-
trast to an end-fire pattern antenna, which produces maximum
radiation along the surface of the substrate.

Figure 1 illustrates the antenna configuration required to
generate the broadside and end-fire radiation patterns. One
advantage of using a broadside pattern antenna is that it

VOLUME 11, 2023

can be easily integrated with other driving circuitry on a
common printed-circuit board or a semiconductor chip using
microstrip lines. This allows for high dimensional accuracy
and convenient integration.

In comparison, designing a planar feeding network for a 2D
array of antennas for a broadside pattern antenna can be easier
than for an end-fire pattern antenna. Several methods have
been reported for the planar excitation of linearly polarized
dielectric rod antennas with a broadside pattern. However,
to the best of the author’s knowledge and based on a search of
available sources, no reports have been found of a circularly
polarized dielectric rod antenna with a broadside pattern and
simple feeding printed on a printed circuit board (PCB).

This high gain circularly polarized antenna has various
applications in the field of satellite communication, radar
systems, and wireless communication. This antenna can be
used for high-speed data transmission, remote sensing, and
tracking applications. One of the main applications of this
antenna is in satellite communication systems. It is used for
transmitting and receiving signals from satellites in orbit.
This antenna provides high gain and circular polarization,
which helps in reducing signal loss and interference. Another
application of this antenna is in radar systems. It is used for
detecting and tracking objects such as aircraft, ships, and
vehicles. The circular polarization of this antenna helps in
reducing the effects of multipath interference and improves
the accuracy of radar measurements. In wireless communi-
cation systems, this antenna is used for point-to-point links
between buildings or across long distances. It provides high
gain and directional radiation patterns that help in improving
the signal strength and reducing interference.

The organization of the paper is as follows: in section II
the geometry of the dielectric resonator fed dielectric rod
antenna and the modes responsible for CP generation are
discussed. In section III the measured and simulated results
are investigated. Finally, in section IV the conclusion of this
article is presented.

Il. GEOMETRY OF ANTENNA

Figure 2 shows the geometry of the proposed circularly polar-
ized dielectric rod antenna. Observe that a cross slot aperture
with sizes of Iy, I, wy, Wy is etched on the ground plane
with lateral dimensions of [gq X g4 . The cross-slot is excited
by a microstrip line with a width of 1.15 mm and a stub length
of I, printed on the bottom side of the Rogers 4003 sub-
strate with a thickness of 0.508 mm. Dielectric resonator
with dimensions of axax Hpg and Teflon cylindrical tube as

TABLE 1. The optimized values of the proposed antenna. unit: mm.

parameter Hpgr Hgop din dout lgna
value 19 74 16 28 60
parameter [ lg1 a L,
value 7.6 5.1 7.1 1.9
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FIGURE 3. The electric field distribution at different frequencies

(a) at 8 GHz in the zoomed area, encompassing the dielectric resonator,
(b) at 8.7 GHz in the zoomed area, encompassing the dielectric resonator,
(c) at 8.5 GHz within the whole antenna.

dielectric rod with inner and outer diameters of d;;, and d,,;
and height of Hg,, are placed on the ground plane.

The dielectric resonator is made of Rogers 6010 substrate
(e = 10.2, tans = 0.002) and the dielectric rod is made of
Teflon (e, = 2.1). The dimensions of the dielectric resonator
are calculated in such a way that the resonance frequencies of
the TE{Uand TE{IS modes are 8 and 8.6 GHz, respectively.

When designing the proposed antenna, it’s important to
note that its functional bandwidth is determined by the
resonances of the dielectric resonator modes. Placing a Teflon
tube around the dielectric resonator has a slight effect on

125112
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FIGURE 4. The magnetic field distribution at different frequencies
(a) at 8 GHz, (b) at 8.7 GHz.

the antenna’s reflection coefficient, but the frequencies at the
beginning and end of the impedance band remain largely
unchanged. As such, the resonance frequency formulas for
the TE{ 11and TE{ 13 modes of a rectangular dielectric res-
onator antenna can be used in the design process.

The design process for this antenna involves several steps.
In the first step, it is assumed that there is no Teflon tube
and the goal is to design a rectangular dielectric resonator
antenna with circular polarization radiation. To calculate the
resonance frequencies of the DRA TEf,mpmodes, the follow-
ing formulas are used [21], [22]:

1 [(er — 1) k2 — k2

kya = 2tan™ %
+(m— 7w
kY + k4 k2 = ok,
mi T
ke =" k= P ko = 21fy/c 1)

2Hpg

where the length and width of DRA is equal to a and its height
is equal toHpg, c is the speed of light in vacuum and &, is
the dielectric constant of the dielectric resonator. In the above
equation, ko and k, can be obtained by solving a system of two
equations with two unknowns. The resonant frequency of the
mode can then be calculated using ko. Given a value of 7.1 mm
for a and 19mm for Hpg, the resonance frequencies for the
TE{Uand TE{ 13 modes are calculated to be 8 and 8.6 GHz,
respectively.

To proceed, the DRA is encased with a Teflon tube, which
is carefully designed and positioned. The diameter of the tube
is determined by selecting a value between di, and dyqy,
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FIGURE 5. The fabricated prototype of the proposed CP antenna.

while the initial length is set at 21 [23], [24].

dmax ~ —m (2)
al 3)

dmin X —————
e 23w (6 — 1)

where A is the free space wavelength corresponding to the
middle frequency of the band. Thus, based on the central
frequency of 8.65 GHz, it is recommended that the diameter
of the tube falls within the range of 11.3 to 17.9 mm. Addi-
tionally, the initial value for the tube’s length is set to 70 mm.

To further enhance the antenna’s performance, the next step
involves utilizing CST software to optimize its Left-Hand
Circular Polarization (LHCP) gain, minimize side lobe level
(SLL), and maximize impedance bandwidth.

To calculate the resonance frequencies of these modes,
the theoretical formulas of the dielectric waveguide model
(DWM) method have been used [21] and [26]. DWM,
or Dielectric Waveguide Model, is a widely recognized
method used to determine the electric and magnetic fields
within a dielectric resonator, as well as calculate the reso-
nance frequencies of its TE modes [26].

The dimensions of this antenna have been optimized with
the aim of achieving the best impedance bandwidth, 3 dB
axial ratio bandwidth, gain and side lobe levels and are listed
in Table 1. The optimization process has started with the para-
metric study of the antenna. Then, by swiping the parameters
around the values of this step, the best possible results have
been obtained by the CST software optimization algorithms.

The values of the inner and outer radii of the dielectric rod
have been obtained considering that there is only single-mode
propagation in this structure.

Figure 3 illustrates the electric field vector distribution
in the zoomed area, encompassing the dielectric resonator,
as well as the overall electric field distribution within the
antenna structure.

The electric field vector distribution of the proposed
antenna at frequencies of 8 and 8.7 GHz and its electric

VOLUME 11, 2023
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FIGURE 6. The Measured and simulated results of the proposed CP
antenna. (a) Reflection Coefficient, (b) Axial ratio, and (c) LHCP gain.

field magnitude distribution at the frequency of 8.5 GHz
are shown in Figure 3. The vector distributions shown in
Figures 3a and b indicate that TE|; and TEj13 modes of the
rectangular dielectric resonator antenna resonate at frequen-
cies of 8 and 8.7 GHz, respectively. It can also be understood
from Figure 3c that the surface wave fields are excited in the
dielectric rod.

The transfer of power between the antenna and port is
affected by the position and type of the port in relation
to the antenna. Although numerical methods are typically
necessary to determine these values, knowledge of the field
distributions inside the rod and application of the Lorentz
Reciprocity Theorem can offer valuable insights. The source
can be represented as either an electric or magnetic current,
and by using appropriate boundary conditions with the reci-
procity theorem, one can determine the amount of coupling,
X, between the source and dielectric rod fields. The coupling
amount for electric and magnetic sources can be computed
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using following equations [26].

X & / Erop - 1) dV @)
\%

X o / (Hrop - My)dV )
1%

The electric and magnetic current sources are denoted by J;
and Mj, respectively, while the electric and magnetic fields
within the dielectric rod are represented by Egop and Hrop.
The volume in which the electric and/or magnetic current
sources exist is indicated by V.

FIGURE 7. The vector electric field distribution of fundamental mode of
CP dielectric rod antenna at 8.5 GHz for various phases of the feeding
(a)0 deg., (b) 90 deg., (c) 180 deg., (d) 270 deg.

Equation (4) suggests that for a robust connection with an
electric current source, it is necessary to position the source in
a region of the DRA with potent electric fields. On the other
hand, equation (5) indicates that to establish a strong bond
with a magnetic current source like an aperture or loop, it is
essential to place the source in an area with intense magnetic
fields.

An aperture slot can be considered as a source of magnetic
current. Figure 4 depicts the magnetic field distribution of
TE,; and TE| ;modes of dielectric resonator antenna.

The graph clearly illustrates that the magnetic field inten-
sity is particularly concentrated at the ground plane of the
antenna. Therefore, by placing a slot in this location, it is
possible to create optimal coupling between the transmission
line and DRA.

The proposed antenna utilizes cross slot aperture coupling
to generate circular polarization radiation through the exci-
tation of two degenerate modes, namely TE7, and TE{1 1
modes of dielectric resonator. Circular polarization requires
two perpendicular electric field components with a phase
difference of 90 degrees. These orthogonal components are
produced by the aforementioned modes. Additionally, the
phase difference of 90 degrees is achieved by incorporating
two unequal length orthogonal slots that form a cross slot.
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FIGURE 8. The measured and simulated LHCP and RHCP radiation
patterns of the proposed CP antenna. (a) at 8.3 GHz, (b) at 8.8 GHz.
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FIGURE 9. The simulated radiation efficiency of the proposed CP
dielectric rod antenna.

To achieve circular polarization in the antenna, two slots
intersecting in a cross manner with lengths of 1s1 and Is2
have been utilized, as illustrated in Figure 2. In this study,
the longer slot is positioned at an angle of ¢ = +45 degrees
while the shorter slot is placed at an angle of ¢ =-45 degrees,
resulting in the production of left-handed circular polariza-
tion. If the position of the two slots is altered, such that the
longer slot is located at an angle of ¢ =-45 degrees and the
shorter slot is positioned at an angle of ¢ = +45 degrees,
right-handed circular polarization is produced.

The cross-slot aperture excites two pairs of TEfi 1and
TEf%modes at two distinct frequencies. These modes pro-
duce electric field components that are perpendicular to
each other and have nearly equal amplitudes. By adjusting
the length of the orthogonal slots, a phase difference of
90 degrees is achieved, resulting in circular polarization.
The orientation of the longer slot determines whether the
circular polarization is LHCP or Right-Hand Circular Polar-

VOLUME 11, 2023
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ization (RHCP), with the direction of rotation indicating
the polarization mode of the antenna when viewed from
above.

Ill. RESULTS AND DISCUSSION

A prototype of the proposed CP dielectric rod antenna has
been fabricated and can be seen in Figure 5. The fabricated
antenna consists of a Rogers RO4003 substrate, a Teflon
tube and a rectangular dielectric resonator. The input port
of the antenna can be connected to the coaxial cable by the
SubMiniature version A (SMA) connector.

A vector network analyzer (VNA) has been used to test
the reflection coefficient of the antenna, the result of which
is displayed in Figure 6. The measurement results of axial
ratio and gain are also presented in this figure. The reflection
coefficient diagram shows an impedance bandwidth of 15.9%
(7.96 to 9.33 GHz). The measured and simulated reflection
coefficients have some discrepancy, which seems normal
considering the fabrication and measurement errors, espe-
cially in this frequency band where the sizes are relatively
small. As shown in Figure 6b, a 3-dB axial ratio bandwidth
of 13.4% is obtained from the frequency of 8 to 9.15 GHz,
which completely overlaps with the impedance bandwidth
of the antenna. Figure 6¢ shows the LHCP gain diagram of
the antenna, where the LHCP gain varies between 11.8 and
14.4 dB. Observe that the peak gain of the combined structure
of dielectric resonator and dielectric rod reaches 14.4 dB,
which is much higher than the usual gain of dielectric res-
onator antennas, which is often below 9 dB.

The electric field distribution in the XoY plane view of
the dielectric rod antenna at the frequency of 8.5 GHz is
shown in Figure 7. The rotation of the electric field vector is
evident by varying the phase of the input feed source from O to
270 degrees, which confirms the generation of LHCP circular
polarization in the antenna.

The left hand circularly polarized (LHCP) radiation pat-
terns of the proposed antenna at two frequencies of 8.3 and
8.8 GHz are displayed in Figure 8. Back lobe level below
-20 dB, side lobe level below -12 dB and cross polar discrim-
ination better than 20 dB are evident in the patterns.

A good agreement is observed between the simulation and
measurement results. The diagram of the radiation efficiency
of the proposed antenna is drawn in Figure 9, which shows
an efficiency of more than 92% in the entire band. This high
efficiency in these frequencies is due to minimal use of metal
in the antenna structure.

Finally, the CP dielectric rod antenna with the proposed
feeding has been compared with the one excited only by the
cross-slot. Figure 10 shows the comparison of reflection coef-
ficients, axial ratios, gains and side lobe levels of these two
antennas. The superiority of the dielectric rod antenna excited
by the proposed feeding method to the antenna excited only
by cross-slot is evident, especially in the gain and side lobe
levels diagrams.

VOLUME 11, 2023
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FIGURE 10. The comparison between the simulated results of the
dielectric resonator fed dielectric rod antenna and slot fed dielectric rod
antenna (a) reflection coefficient, (b) axial ratio, (c) gain, (d) side lobe
level in XoZ plane, and (e) side lobe level in YoZ plane.
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It can be understood from these diagrams that the cross-slot
alone is not able to properly launch the surface waves inside
the rod.

In Table 2, the proposed CP antenna has been compared
with several other CP dielectric rod antennas with both
end-fire and broadside patterns. As mentioned earlier, the
main advantage of this antenna over previous works is its
broadside pattern and relatively simpler planar feeding. Upon
reviewing the literature, only one example of a CP dielectric
rod antenna with a broadside pattern was found, as shown in
Table 2 [25]. Compared to the present work, its results show
narrower axial ratio and impedance bandwidths and a more
complex feeding system that uses a metallic waveguide to
feed the antenna. Its gain is higher compared to the proposed
antenna, which can be attributed to its length being almost
three times greater. In comparison to the other works listed
in the Table 2 that exhibit an end-fire pattern [15], [16],
[17], [18], this antenna demonstrates a higher gain despite its
shorter electrical length. Nonetheless, as mentioned earlier,
the proposed structure’s ability to be utilized in 2D planar
arrays is among its primary advantages when compared to
previously reported works. Table 2 indicates that the proposed
structure utilizes PCB manufacturing technology, which is
less complex in comparison to structures [15], [16], [18],
and [25] that employ metal machining technology.

The higher bandwidth of the proposed antenna, in com-
parison to the antenna reported in [25], can be attributed
to two main factors. Firstly, dielectric resonator antennas
typically exhibit a larger bandwidth when compared to patch
antennas [26]. So, when employing the dielectric resonator
as the feeding mechanism for the dielectric rod antenna,
abroader band antenna can be achieved when compared to the
patch-fed dielectric rod antenna. Furthermore, two radiation
modes of the dielectric resonator, specifically T7E7,, and
TE7 5, as well as their corresponding degenerate resonant
modes, TE7,, and TE7,; are excited. This multi-mode exci-
tation contributes to a broader bandwidth in comparison to
a single-mode patch antenna. As a result, these combined
factors contribute to the observed higher bandwidth in the
proposed dielectric resonator antenna.

The higher gain observed in the patch-fed dielectric
rod antenna, in comparison to the proposed antenna, can
be attributed to a couple of key factors. Firstly, the uti-
lization of a metal waveguide surrounding the rod and
patch in the patch-fed dielectric rod antenna has led to an
increase in antenna gain. This metal waveguide helps to
confine and guide the electromagnetic energy, resulting in
improved radiation efficiency and higher gain. Additionally,
the length of the patch-fed rod antenna is approximately
6.2 times the wavelength, which contributes to enhanced
directivity and focused radiation. In contrast, the proposed

antenna has a length of about 2.13 times the wavelength,
which may result in comparatively lower directivity. These
differences in antenna length directly impact the spatial

FIGURE 11. The comparison between the simulated results of slot fed
dielectric resonator antenna and the proposed dielectric rod antenna,
(a) Reflection coefficient, (b) LHCP gain, (c) Axial ratio, (d) Gain patterns
at 8.5 GHz in XoZ plane, (e) Gain patterns at 8.5 GHz in YoZ plane.
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FIGURE 12. The simulated results of the proposed CP dielectric rod antenna for various height, Hggp. (a) reflection
coefficient, (b) gain, (c) axial ratio, (d) front-to-back ratio, (e) side lobe level in XoZ plane, (f) side lobe level in YoZ plane.

distribution of the radiated energy, ultimately affecting the
gain performance.

The large volume and high height of the dielectric res-
onator antenna play a significant role in achieving good
directivity. These characteristics enable a strong coupling
of electromagnetic fields to the rod, allowing for a higher
concentration of radiated energy in the desired direction.
As aresult, the dielectric resonator antenna exhibits improved
directivity.

It is worth noting that the axial ratio and impedance
bandwidths of the proposed antenna can be enhanced by
utilizing a broadband dielectric resonator, as opposed to
the basic rectangular dielectric resonator employed in this
study.

Figure 11 compares the reflection coefficient and LHCP
gain results of the proposed CP dielectric resonator antenna
with and without the Teflon tube. The goal is to investigate
the effect of the Teflon tube on the antenna’s performance.
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As shown in Figure 11 (a) and (b), removing the Teflon tube
slightly improves the impedance bandwidth but significantly
decreases the LHCP gain. Thus, adding a Teflon tube to the
CP dielectric resonator increases the antenna’s gain by about
6dB. It should be noted that the addition of teflon tube slightly
changes the axial ratio and SLL, which is not significant,
so its graphs are not added. Figures 11 (d) and (e) showcase
the radiation patterns of the resulting antennas in the XoZ and
YoZ planes, respectively. These figures effectively demon-
strate the narrowing of the main beam of the final antenna
as compared to the dielectric resonator antenna.

Figure 12 illustrates the variations in reflection coefficient,
LHCP gain, axial ratio, front-to-back ratio, and side lobe
levels in two XoZ and YoZ planes of the antenna radiation
pattern for different values of dielectric rod height (Hrop)-
The figure indicates that a change of 5 mm in rod height
around the optimal value of 74 mm does not significantly
affect the reflection coefficient and axial ratio. However,
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FIGURE 14. The Simulated 3D radiation patterns of the proposed
antenna, (a) at 8 GHz, (b) at 8.5 GHz, and (c) at 9 GHz.

c

it has a significant impact on LHCP gain, F/B, and SLLs. The
gain increases with an increase in rod height, but to achieve
a balance between F/B, gain, and SLLs, the most suitable
choice is Hrop = 74mm.

Figure 13 demonstrates the impact of varying tube per-
mittivity on reflection coefficient, LHCP gain, axial ratio,
and side lobe levels in two XoZ and YoZ planes of the
antenna radiation pattern. The results indicate that altering
the permittivity from 1.1 to 4.1 does not significantly affect
the impedance bandwidth of the antenna. However, it has a
drastic effect on the other graphs. The optimal solution is
achieved with an ¢, value of 2.1, which corresponds to the
Teflon material utilized in this study.

The 3D radiation patterns of the proposed antenna at 8, 8.5,
and 9 GHz are depicted in Figure 14. It is evident from the
figures that the antenna exhibits a broadside radiation pattern
across its entire operating band.

To improve the clarity of the design process for the pro-
posed antenna, a flowchart similar to the one reported in [27]
is presented in Figure 15.
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FIGURE 15. Flowchart of proposed antenna design.

The circularly polarized dielectric rod antenna discussed
in this article offers a range of benefits, making it suit-
able for various applications, including medical devices,
ground exploration radars, and military industries. Its wide
impedance bandwidth and high gain contribute to its
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versatility. Additionally, this antenna can be utilized for
high-power radiation to effectively target and treat tumors in
the body. Its directional pattern and wide band capabilities
make it particularly well-suited for this application. More-
over, in the microwave frequency range, it can serve as a
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TABLE 2. Comparison with cp dielectric rod antennas.

Ref. pattern Feeding system IBW (%) ARBW (%) Gain [dB] Length Processing
technology
[15] End-fire Metallic 60.3 57 8.3~11.5 354 Metal
Waveguide machining+3D
printing
[16] End-fire Metallic >37 37 9~10 432, Metal machining
Waveguide
[17] End-fire SIW 28.3 25 9~10.7 5.084¢ PCB
[18] End-fire Metallic 529 41 10.1~12.9 6.4, Metal
Waveguide machining+PCB
[25] Broadside Metallic 6 2.7 15~16.74 6.24¢ Metal
Waveguide+ machining+PCB
Patch
This work | Broadside Dielectric 15.9 13.4 11.8~14.4 2.132, PCB
resonator+Slot

Ao is the wavelength that corresponds to the central frequency of the antenna's frequency band.

feed for the reflector antenna, enhancing the performance of
the system. Furthermore, it has potential uses in microwave
sensors, further expanding its utility [28], [29], [30], [31].

IV. CONCLUSION

In this article, a novel method for planar excitation of
dielectric rod antenna with circular polarization is presented.
In the previously reported works, circularly polarized dielec-
tric rod antennas all had end-fire radiation patterns, but in
this work, a broadside pattern is obtained. In other words,
the direction of the main lobe of the radiation pattern of
the proposed antenna is normal to the ground plane, which
makes it possible to use it in planar arrays. A prototype
of the proposed antenna has been fabricated and its test
results show an impedance bandwidth of 15.9%, an axial
bandwidth ratio of 13.4% and a maximum gain of 14.4 dB.
Also, the simulation and measurement results are in good
agreement.
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