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Abstract: This paper presents the design of a two-port dual-band dual-circularly-polarized dielectric
resonator antenna (DRA). The proposed DRA is formed by stacking two dielectric resonators (DRs) of
different shapes, including a hexagonal DR on top and a cross-shaped DR on the bottom. It is designed
to resonate at two near-degenerate orthogonal modes of TE1q; and TE;;3, and an aperture-coupled
feeding through a cross-like slot is used to achieve dual-band impedance matching simultaneously
for right- and left-handed circular polarizations. Tests were conducted on a prototype working in
C-band to verify the design concept. The experiment results demonstrate that the proposed DRA
has exceptional performance with measured —10 dB reflection bandwidths of 24.4% and 17.4%, 3 dB
axial ratio bandwidths of 21.2% and 16.3%, and maximum gains of 5.64 and 8.13 dBic for the lower
and upper bands, respectively. Moreover, the measured channel isolation is more than 15.8 dB. The
results obtained from the experiments show good agreement with the simulation, and hence, it can
be concluded that the proposed DRA is a promising solution that can be used for various wireless
communication applications.

Keywords: circularly polarized (CP) antenna; dielectric resonator antennas (DRAs); dual-band;
dual-CP; satellite communications

1. Introduction

Circularly polarized (CP) antennas have gained considerable attention due to their abil-
ity not only to mitigate multipath propagation effects and decrease polarization mismatch
loss, but also to suppress Faraday effects caused by the ionosphere [1,2]. Additionally,
circularly polarized antennas do not require polarization alignment and are widely used in
modern wireless communication, including satellites, unmanned aerial vehicles, wireless
sensors, global navigation satellite systems (GNSS), and worldwide microwave access
(WiMAX) [3]. This has therefore led to an increase in research on circularly polarized
broadband antennas. Besides achieving circular polarization by various techniques, patch
antennas are generally low-cost, low-profile, easy to manufacture, and they are used in
numerous applications such as satellites, radars, GNSS, and wireless networks. However,
microstrip patch antennas have relatively narrow impedance and 3-dB axial ratio (AR)
bandwidths [4,5].

Dielectric resonators (DRs) manufactured with a low-loss and high-permittivity ma-
terial were implemented for the first time as an antenna by Long et al. [6] in 1983. Since
then, dielectric resonator antennas (DRAs) have become one of the most popular mi-
crowave antennas. Compared to a patch antenna, a DRA has a higher radiation efficiency
since no conductor loss occurs. Other attractive features of the DRA include its wide
bandwidth, simplicity of excitation, and versatility in shape and material [7,8]. These
attractive features make the DRA an excellent antenna candidate for modern wireless
communication systems [9]. Circular polarization can be achieved through DRA antennas
primarily by modifying either the excitation mechanism or by using a special dielectric

Appl. Sci. 2024, 14, 4062. https:/ /doi.org/10.3390/app14104062

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app14104062
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-5866-5302
https://orcid.org/0000-0002-8074-1137
https://doi.org/10.3390/app14104062
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14104062?type=check_update&version=1

Appl. Sci. 2024, 14, 4062

2 of 15

resonator (DR). A variety of CP DRAs have been reported so far, including wideband
CP DRAs [10,11], broad beamwidth CP DRAs [12,13], dual/multi-band CP DRAs [14-16],
and so on. Among these CP DRAs, dual-band dual-circularly-polarized (DBDCP) DRAs
have gained intensive research interests, especially for satellite communications (SAT-
COMs) [17,18].

The dual-band antenna offers a low interchannel interference and a reduced size and
weight since it works in two frequencies to simultaneously facilitate the uplink and the
downlink channels. In addition, the CP rotating sense for each band is opposite to each
other, thus further improving the interchannel isolation. However, despite these technical
potentials, there are only a few works on DBDCP DRAs [17-21]. A metallic strip-loaded
DRA reported in [18] produces a DBDCP performance, but with narrow axial ratio (AR)
bandwidths of 5.2% and 4.1%. In [19], a cylindrical DRA excited by a microstrip feedline
through an asymmetrical Swastik-shaped aperture was developed, reportedly showing the
DBDCP performance of 5.5% for left-handed CP (LHCP) at the lower band (LB) and 8.8%
for right-handed CP (RHCP) at the upper band (UB). In another work [20], three pairs of
near-degenerate orthogonal modes of the fundamental TE;1; and the higher-order TEj3;
and TE;j3; of a rectangular DRA were excited simultaneously to yield a large AR bandwidth
of 19.8% for LHCP at the LB and 6.1% for RHCP at the UB. The design using a combination
of the DRA mode and slot mode in [21] achieved broad AR bandwidths of 27.1% for LHCP
in the LB and 12.8% for RHCP in the UB.

In this paper, we propose the design of a two-port DBDCP DRA. The DRA is fed by
two 50-0) microstrip feedlines through a common cross-slot-coupled aperture to resonate
at two pairs of near-degenerate orthogonal modes of TE;1; and TEq;3 for simultaneously
achieving dual-band impedance matching with RHCP and LHCP performances in the
LB and UB, respectively. The antenna performance is first studied using ANSYS HFSS
and is then verified through an antenna prototype that works in C-band. Experimental
measurements demonstrate that the proposed antenna exhibits broad dual AR bandwidths
of more than 16% with dual-CP performance, making it become an excellent candidate
for downlink and uplink SATCOM. Simulation and measurement results of reflection
coefficients, ARs, gains, and radiation patterns are in reasonable agreement.

The paper is structured as follows: In Section 2, the DRA design and analysis are
presented. This includes Section 2.1, which introduces the configuration of the proposed
DBDCP DRA with the final optimal parameters. Section 2.2 covers the working mecha-
nism, evolution process, and AR enhancement techniques for the DRA structure, which is
designed to achieve dual-band and dual-circular polarization. To obtain optimal perfor-
mance, parametric studies have been performed, as shown in Section 2.3. The experimental
results of the fabricated DRA are summarized and discussed in Section 3. Finally, in
Section 4, the proposed DRA is compared with some previously published DBDCP DRAs,
and conclusions are drawn.

2. Antenna Design and Analysis
2.1. Antenna Configuration

The geometry of the proposed two-port DBDCP DRA is shown in Figure 1, with the
corresponding optimized design parameters listed in Table 1. As illustrated in Figure 1a,
the proposed DRA consists of a main DR, a cross-slot-coupled aperture etched on the
ground plane, and two 50-() microstrip feedlines printed on a dielectric substrate. The
main DR is constructed with two stacked DR layers with different shapes, including a top
hexagonal DR and a bottom cross-shaped DR, and is made of microwave ceramic material
with a dielectric constant of 10.
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Figure 1. Configuration of the proposed two-port DBDCP DRA. (a) Disassembled view, (b) upper
view of the substrate, and (c) bottom view of the substrate.

Table 1. Optimized parameters of the proposed two-port DBDCP DRA.

Parameter Value Parameter Value Parameter Value
a 22.71 e3 7.07 Ifs 47
a 26.46 I 6 Is; 124
as 32.11 hy 8.9 Isy 22.3

b 15.06 Iy 3.41 wsq 3.2
o 2.26 Ify 12.49 wsy 13
c 2.25 If 8.45 wh 2.3
dq 19.49 If3 10.86 wfr 0.65
dy 441 Ifs 7.31 w3 0.73
ds 14 Ifs 10.28 teub 0.762
e 424 Ifs 7.33 Weup 41
e 2.83 1f; 2.75

Unit: mm.

The hexagonal DR is formed by a square DR of dimension a; x a1 x dj with two
opposite truncated corners of side length b. The diagonal lengths of the crossed-shaped
DR are different (a, # a3) because tuning a3 appropriately enhances the AR bandwidths
at both two operating bands. Two diagonal grooves having size of c; x h; are etched on
the cross-shaped DR for tuning the AR bandwidth of the LB. A longitudinal groove of size
c1 % hy is engraved on the top of the hexagonal DR for tuning the AR bandwidth of the UB.
The main DR is arranged diagonally relative to the x- and y-axes.
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The dielectric substrate used here is a Taconic TLY-5 substrate (¢, = 2.2 and tand = 0.0009)
with a size of wg,;, X wg,; and a thickness of t;,;, = 0.762 mm. The ground plane and the
50-0) microstrip feedlines are arranged on the top and bottom surfaces of the dielectric
substrate, respectively, as displayed in Figure 1b,c. Two feedlines P1 and P2 are used to
excite the main DR through the cross-slot-coupled aperture etching, which is constituted
of a vertical slot and a horizontal slot etched on the ground plane. The 50-() microstrip
feedline P1 is bent into a I'-shaped strip line and coupled through the vertical slot to excite
the fundamental TE;1; mode of the main DR, whereas the 50-Q) microstrip feedline P2 is
connected to a fork-shaped strip line and coupled through the horizontal slot to excite the
higher-order TE;13 mode of the main DR. Owing to the diagonal arrangement of the main
DR, its two operating modes, the fundamental TE;1; and the higher-order TE1;3 modes,
split into two pairs of near-degenerate orthogonal modes of near-equal amplitudes and
90° phase difference. The proposed two-port DRA is optimized such that it yields RHCP
radiation at the LB with excitation from the feedline P1, while it produces LHCP radiation
at the UB with excitation from the feedline P2.

2.2. Working Mechanism

The design goal of this work is to obtain a compact two-port DRA antenna that can
generate the dual-band dual-circularly-polarized response. There are two main stages
in the design process of the proposed antenna; the first is the realization of the two-port
dual-band DRA operating in two close frequency bands, and the second is the realization
of circular polarization at each of the operating bands with an opposite sense of circular
polarization. The following sections describe in detail the design process of the proposed
DBDCP DRA.

Figure 2 shows the evolution toward the dual-band DRA design (first step). We start
with a square DR, with a diagonal length of 2, and a height of (d; + d5), fed by two 50-Q
microstrip feedlines through a cross-slot-coupled aperture etched on the ground plane
(Design 1). To realize the dual-band operation, the bottom portion of the square DR is
replaced by a cross-shaped DR (Design 2). The simulated results of S-parameters of these
two DRAs are illustrated in Figure 3. As observed, Design 1 exhibits a poor impedance
matching over the frequency of interest when excited by P1. Meanwhile, when excited by
P2, Design 1 produces two impedance bandwidths of 4.35-4.65 GHz and 4.85-5.75 GHz
with corresponding dips found at 4.0 GHz and 5.5 GHz.

Bottom view DR

Design 1 Design 2

Figure 2. Evolution toward to the dual-band DRA design.

Using the dielectric waveguide model (DWM) [22], the resonant frequencies of the
main square DR are estimated to be 3.88 GHz TE;1; and 5.45 GHz TE;;3. These mode
frequencies attained by the DWM closely correspond to those anticipated in simulation.
By introducing the cross-shaped DR at the bottom portion, a good impedance matching
from 3.35 to 4.25 GHz is achieved in Design 2 when excited by P1 [see Figure 3a]. As a
result, Design 2 exhibits dual-band operation. When excited by P1, it operates in the
lower frequency band of 3.35-4.25 GHz, and when excited by P2, it operates in the upper
frequency band of 5.2-6.2 GHz.
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Figure 3. Simulated results of (a) |S11| and (b) |S2z| of the dual-band DRA design.

The second step focuses on achieving circular polarization at each operating band
with opposite polarization sense. The evolution of this step is shown in Figure 4, and its
simulated results of the S-parameters and ARs are presented in Figure 5a and b when
P1 and P2 excited, respectively. A pair of symmetrical corner truncations with length b
are removed from Design 2 in the first step to build Ant. I. This is a common method for
generating two orthogonal degenerate mode pairs of the fundamental TE;1; and higher
order TE;3, responsible for realizing the CP waves. Figure 5 shows that Ant. I achieves
dual-band operation with poor AR performance within the —10 dB impedance bandwidth
(IBW) at the LB when P1 is excited and a narrow 3 dB AR bandwidth at the UB when P2
is excited.

Ant.

Figure 4. Evolution toward to the proposed DBDCP DRA.

Ant. 11 Proposed

To improve CP performance, one diagonal length is extended, as illustrated in Figure 4,
forming Ant. II (here a3 > a;). Simulated results (black dashed line) show that Ant. II
achieves a clear improvement in the CP performance for both operating bands. In the
UB with P2 excited, the 3 dB AR bandwidth is entirely covered by the —10 dB IBW (see
Figure 5b).

However, in the LB with P1 excited, the overlapped 3 dB AR bandwidth/—10 dB IBW
is still narrow. To obtain a better AR performance, two diagonal grooves are etched into the
cross-shaped DR and a longitudinal groove is engraved into the hexagonal DR from its top,
forming the proposed DRA. Clearly observing from the simulated results (red solid line) in
Figure 5a,b, the proposed antenna provides a dual-band operation with a good dual-CP
performance for both operating bands. For the LB when P1 is excited, the proposed antenna
exhibits a —10 dB IBW of 3.35-4.42 GHz, which entirely covers the 3 dB AR bandwidth
of 3.52—4.28 GHz. Meanwhile, for the UB with P2 excited, the proposed antenna yields a
—10 dB IBW of 5.0-6.0 GHz covering the entire 3 dB AR bandwidth of 5.1-5.95 GHz. This
satisfies the design goal of this work.
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Figure 5. Simulated results of (a) |S11| and AR when P1 excited and (b) |S;;| and AR when P2 excited
of the proposed DBDCP DRA.

To clearly understand how the proposed antenna realizes dual-CP operation, the E-
field distributions inside the main DR are analyzed. For a clear observation, the diagonal
intersecting planes are introduced consisting of x'z’- and y’z’-plane since the main DR is
arranged diagonally relative to x- and y-axes. The x"y’-plane is located at the top surface of
the main DR.

Figure 6 depicts the simulated results of the E-field distributions for two different an-
gular times at 4.0 GHz with excitation from P1. Two orthogonal modes, namely TE’{I11 and

TE{11 modes, are excited simultaneously at 4.0 GHz. Owing to the diagonal arrangement of
the main DR, the excitation from the P1 through the cross-slot-coupled aperture effectively
excites the fundamental TE{1; mode of the main DR and splits it into near-degenerate or-
thogonal modes. Furthermore, the Esum-field (vector sum of the main E-field distributions)
in the x"y’-plane at wt = 0° is orthogonal to that at wt = 90° and rotates counter-clockwise
as the time t increases. Thus, RHCP is achieved at 4.0 GHz for the LB with P1 excited.
Figure 7 depicts the simulated results of the E-field distributions for two different
angular times at 5.5 GHz with excitation from P2. It is also evident that, owing to the
diagonal arrangement of the main DR, the excitation from the P2 through the cross-slot-
coupled aperture effectively excites the higher-order TE;;3 mode of the main DR and also

splits it into near-degenerate orthogonal TE{;:,) and TE{13 modes. Additionally, the Esum-
fields in the x'y’-plane at two orthogonal phases (wt = 0° and wt = 90°) are orthogonal to
each other, and they rotate 90° clockwise as the time t increases. Thus, LHCP is achieved at
5.5 GHz for the UB with P2 excited. The above analysis demonstrates that the proposed
two-port DRA realizes the dual-band operation with dual-CP performance; RHCP at the
LB and LHCP at the UB.
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Figure 6. Simulated E-field distributions inside proposed DRA at 4.0 GHz when excited by P1.

(] 1,0 1 1 1! i 1
y'z -l?lane x'z'-plane X'Z -plafle‘(‘mfie‘v‘le‘w) y'z'-plane (side view)
\
» = %
’ ‘ b
(SRS 9) R
‘ - Ld L 3 »
v [ 2 'S A A L
‘ 4 ||| [ 4 a Z\INRY ‘
4 |¢ v N L\
4l =2 /¢ « LN Iy
~A i { b [ Y
Yy Lh ‘E e
X
E Field [V/m] x'y'-plane (top view)
1.20x10°3
.5.91x10A2
2.91x10°2
1.43x1072
7.01x1071
-3.46x10"1 N
1.70x1071
8.39% 1070
4.13x1070
.2.03><10AO ,
1.00x1070 0
ot=0

Figure 7. Simulated E-field distributions inside proposed DRA at 5.5 GHz when excited by P2.

2.3. Parametric Study

The parametric analysis of the proposed DBDCP DRA is performed using the ANSYS
High Frequency Structure Simulator (HFSS) software version 19.2. The parameters of
interest are the width of the corner truncation b, the height of the longitudinal groove h;,
and width of the ground plane w;,;,, and their effects on the simulated reflection coefficients
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and ARs are analyzed. During this analysis, one design parameter is studied at a time,
while the others remain at optimized values.

Figure 8 shows the effects of varying the width of the corner truncation b on both re-
flection coefficients and ARs. As shown in Figure 8a, an increment in b shifts the impedance
matching of the UB (P2 excited) toward higher frequencies, but this does not have much
impact on the impedance matching of the LB (P1 excited). However, by changing the value
of b, it is found that the AR performances at both the LB and the UB change dramatically.
As indicated in Figure 8b, the 3 dB AR bandwidth of the LB shift toward higher frequencies
as b increases. Meanwhile, increasing b from 14.06 mm to 15.06 mm enhance the 3 dB AR
bandwidth of the UB, but the AR value increases again to higher than 3 dB as the value of b
exceeds 16.06 mm (see Figure 8c).

The impact of variations in the height of the longitudinal groove h; in the simulated
reflection coefficients and ARs are depicted in Figure 9. The performances of the LB and
UB are not very sensitive to the variation of the k. Increasing the value of h; slightly
shifts the impedance and AR bandwidths of both LB and UB toward higher frequencies.
So, an appropriate choice of h; leads to a maximum overlapped impedance/3 dB AR

bandwidths at each band.
b=14.06 mm: --- |§;,| --- S, --- ARP1 --- ARP2
b=15.06 mm: — |S,,| — |§,,] — ARP1 — ARP2
b=16.06 mm: --- |S,,| ---|S,,| --- ARP1 -.- ARP2
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Figure 8. Simulated results of (a) reflection coefficient, (b) AR when P1 excited and (c¢) AR when P2
excited for the proposed DBDCP in terms of b.
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Figure 9. Simulated results of (a) reflection coefficient, (b) AR when P1 excited and (c¢) AR when P2
excited for the proposed DBDCP in terms of ;.

The effects of variations in the ground plane size wg,; on reflection coefficients and
ARs are plotted in Figure 10. It is observed that the impedance matching and 3 dB AR
bandwidth move toward lower frequencies with the increase in the value of wg,;. Con-
versely, impedance matching and AR performance of the UB are not very sensitive to the
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alteration in wg,;. This is due to the difference in the feeding configurations from two
ports. The feeding configuration in P1 is asymmetrical, and therefore, it is more sensitive
with the changing in the ground plane size. Meanwhile, the feeding configuration in P2
is symmetrical.

Wwep=39mm: --- |S,[ ---1[8;,] --- ARP1 --- ARP2
w,=4lmm: — [§,,| — |§,,/ — ARP1 — ARP2
Wep=43mm: —-— [§,,[ ---|8[ --- ARP1 --- ARP2
T T T I 9
\' . \
—_ \! -I‘- —_~
\\ 7
%6 N\, ,; \ s %6 R
- \ / g 7N !\: —r/ N
> \‘\ ’ A-tes Sl Lz
’ \ \ Y2
%3 \ /S / \ g 2@3 Ky
W} / \ / (W l/
o . . < S 4 3
& ' ! o

osb—t S e
30 35 40 4550 55 6.0 65 3.0 3.5 40 45 5.0 55 6.0 6.5 3.0 3.5 40 45 5.0 5.5 6.0 6.5

Frequency (GHz)

Frequency (GHz) Frequency (GHz)
(a) (b) (c)

Figure 10. Simulated results of (a) reflection coefficient, (b) AR when P1 excited and (c) AR when P2
excited for the proposed DBDCP in terms of wg,;,.

Based on the parametric study, the optimized values of b, 1, and wy,;, are 15.06 mm,
6 mm, and 41 mm, respectively.

3. Experimental Results and Discussion

To corroborate the simulated results, an antenna prototype based on the optimal pa-
rameters was made and tested. A picture of the fabricated prototype is shown in Figure 11a.
The DR was made of an alumina (Al,O3) ceramic material having a dielectric constant of
10 and a loss tangent of 0.0001. This material has high stability and excellent mechanical
properties such as outstanding strength, hardness, heat insulation, oxidation resistance,
corrosion resistance, and high-temperature capability [23]. At the same time, the high
coefficient of thermal expansion (CTE) (az_1000oc = 8 X 107® K~1) helps minimize the
expansion at elevated temperatures to avoid manufacturing tolerances [24]. Therefore, alu-
mina ceramic materials are compatible with computer numerical control (CNC) machining.
In addition, with the advancement of current technology, we can completely control and
adjust the temperature during the machining process to be compatible with each specific
material, ensuring the accuracy of the processed prototype.

A specific-shaped prototype of the main DR is set up with computer-aided design
(CAD) software version 23.0, and then fed into a CNC milling system. The milling process
will be programmed to operate automatically to accurately remove each part that needs to
be cut from the workpiece. The milling machine will include three main axes to position
and move the DR workpiece to be machined to different positions along the 3 axes X, Y,
and Z. Combined with two 360° rotation axes to machine and cut corners, slots, and grooves
of any shape and position on the DR workpiece.

Based on the geometric structure of the main DR in this study, the first step is to cut the
workpiece into a cube with dimensions a; X a3 x (d1 + dp). Next, two opposite truncated
diagonal corners of the cube with side length b and height (d1 + d2 — d3) are cut out from
the main DR. After that, the four diagonal corners below the DR are removed to form the
cross-shaped DR. Finally, two diagonal grooves at the bottom and one longitudinal groove
at the top are cut out of the DR workpiece.

The ground plane and the microstrip feedline are mounted on the top and bottom
layers of a Taconic TLY-5 dielectric substrate with a dielectric constant ¢, = 2.2, a loss
tangent tané = 0.0009, and a thickness of 0.76 mm. The ground plane is 41 mm x 41 mm
in size. The fabricated DR was attached to the ground plane using epoxy glue. Two
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SMA connectors were used for the experiment. The inner pins of the SMA connectors are
soldered to the feedlines.

S ddaidi | |
S
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s il LS

/}}L

(b)

Figure 11. Photographs of the (a) fabricated prototype and (b) radiation pattern measurement setup.

An Anritsu MS46122B vector network analyzer was utilized to attain the S-parameters
characteristic of the proposed DRA, whereas the radiation properties, such as gains, ARs,
and radiation patterns, were measured inside a small RF anechoic chamber in which a
dual-band polarized horn antenna was utilized, as shown in Figure 11b. The horn antenna
is mounted at the far-field tower and connected to a spectrum analyzer to test and measure
the radiation pattern of the antenna under test. The radiation pattern is measured at each 1°
step interval in the anechoic chamber with a range of 0-360°, over an operating frequency
band of 3.0-6.5 GHz with each frequency step being 0.25 GHz.

Figure 12 depicts a comparison of the measured and simulated S-parameters of the
proposed two-port DBDCP DRA. Good agreement is achieved between the measured and
simulated results. When P1 is excited, the antenna operates at the LB with a —10 dB IBW
of 3.35-4.42 GHz (27.5%) in simulation and a —10 dB IBW of 3.52-4.5 GHz (24.4%) in
measurement. Meanwhile, with P2 excited, the antenna operates at the UB with —10 dB
IBWs of 5.0-6.0 GHz (18.0%) and 5.14-6.12 GHz (17.4%) in simulation and measurement,
respectively. As also observed from Figure 12, the measured port-to-port isolations are
more than 15.8 and 18.0 dB within the —10 dB IBWs for the LB and UB, respectively.
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Figure 12. Measured and simulated S-parameters characteristic of the proposed two-port DB-
DCP DRA.

Figure 13 depicts a comparison of the measured and simulated results of ARs and
realized gains at the boresight direction (6 = 0°). With reference to Figure 13a, when P1
is excited (the LB operation), the simulated 3 dB AR bandwidth is 3.52-4.28 GHz (18.7%)
while the measured 3 dB AR bandwidth is 3.58-4.43 GHz (21.2%). When P2 is excited (the
UB operation), the 3 dB AR bandwidths of 5.1-5.95 GHz (15.0%) and 5.12-6.03 GHz (16.3%)
are achieved in the simulation and measurement, respectively. It is worth mentioning
that, at each operation band, the measured 3 dB AR bandwidth is entirely covered by the
measured —10 dB IBW.

Within the overlapped 3 dB AR bandwidth/—10 dB IBW, the measured gains range
from 4.89 to 5.64 dBic for the RHCP (with P1 excited) and 5.81 to 8.13 dBic for the LHCP
(with P2 excited) (see Figure 13b). It should be noted that higher gain is provided by the
higher order mode, which is appropriate due to the greater electrical magnitude produced
at higher frequencies of the DRA. Good agreement is obtained between the experiment
and simulation results with some slight discrepancies that are mainly attributed to the
unavoidable errors in the fabrication process and experiment.

Figure 14 shows a comparison of the measured and simulated radiation patterns of the
proposed two-port DBDCP DRA in the xz-plane (8 = 0°) and yz-plane (6 = 90°) at 4.0 GHz
(P1 excited) and 5.5 GHz (P2 excited). The antenna achieves RHCP characteristic at 4.0 GHz,
and the RHCP field is stronger than LHCP field by more than 18.2 dB in the boresight
direction, whereas the antenna exhibits LHCP characteristic at 5.5 GHz and the LHCP field
is stronger than RHCP field by more than 19.1 dB in the boresight direction.

The key performances of the proposed DRA are compared with other DBDCP DRAs
available in the literature, and the results are summarized in Table 2. Regarding this table,
the proposed DRA has much broader 3 dB AR bandwidths at both operating bands than
those of its counterparts. Furthermore, the proposed DRA uses two-port excitation to
achieve dual-band performance on separate channels; thus, it has better features compared
to previous designs.
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Figure 13. Measured and simulated (a) ARs and (b) gains of the proposed two-port DBDCP DRA.

Table 2. Performance comparison with other DBDCP DRAs.

IBW ARBW o Peak Gain .
Ref. [%] [%] Polarization [dBic] Frequency Ratio
23.6 9.3 LHCP 5.9
[12] 53 3.6 RHCP 4.7 153
[13] 6.4 5.2 RHCP 6.6 1.36

12.8

4.1

LHCP

8.2
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Table 2. Cont.

Ref. I[]z /:7 A?)/IE]W Polarization Pe[a;(Bia]lin Frequency Ratio

4 1679 s RHCP s 132
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0 N e 5;2
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IBW: Impedance bandwidth. ARBW: Axial ratio bandwidth

180°
xz-plane (b) yz-plane

Figure 14. Measured and simulated normalized radiation patterns of the proposed two-port DBDCP
DRA at (a) 4.0 GHz, fed by P1 and (b) 5.5 GHz, fed by P2 (Solid lines: measurement. Dotted
lines: simulation).

4. Conclusions

A C-band two-port DBDCP DRA was designed, fabricated, and measured. The TE14
and TE;13 modes of the designed DRA were utilized to realize dual-band operation and to
achieve broadside radiation. The DRA was fed by two 50-0) microstrip feedlines through a
common cross slot to separate its two modes into two pairs of near-degenerate orthogonal
modes to achieve DBDCP performance. The experimental results verified that the proposed
two-port DRA has a RHCP radiation in the LB (3.58-4.43 GHz) and a LHCP radiation in
the UB (5.14-6.03 GHz). The measured gains of the two CP bands were in the ranges of
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4.89-5.64 dBic and 5.81-8.13 dBic. Therefore, the proposed two-port DRA with DBDCP
performance is a promising candidate for use in SATCOM systems.
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