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Abstract—In this paper six novel Dielectric Resonator Antennas
(DRAs) providing Circular Polarization (CP) using single probe
feeds are proposed. By splitting the fundamental mode of
conventional rectangular or cylindrical DRA into two near-degenerate
orthogonal resonant modes, CP is obtained. The proposed antennas
are numerically investigated using Finite Element Method (FEM).
Parametric study on all antennas is carried out. The results show that
the impedance bandwidth (S11 < −10 dB) of all reported antennas
is in the range of 112–140 MHz. Also, the Axial Ratio bandwidth
(AR < 3 dB) range of presented antennas is 28–33 MHz. The
investigation shows radiation patterns of all proposed antennas are
remaining broadside throughout the bandwidth.
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1. INTRODUCTION

Dielectric Resonators (DRs) are widely used in microwave circuits
including oscillators, filters and cavity resonators [1, 2]. Also, Dielectric
Resonator Antennas (DRAs) are attractive as electromagnetic wave
radiators due to high radiation efficiency, ease of excitation, simple
geometry, compactness and ability to obtain different radiation
characteristics using different modes of operation [3–8]. These
advantages of DRs make them as practical elements for antenna
applications [2] at microwave frequencies.

Early development of mobile and wireless communication systems
such as Bluetooth and Wireless Local Area Network (WLAN) working
at 2.4 GHz needs broadband antennas. Therefore, different approaches
have been proposed to enhance the bandwidth [9–11]. Moreover, the
circularly polarized antenna is insensitive to transmitter and receiver
orientation, offers less sensitivity to propagation effects and is suitable
for satellite communications [8].

Antennas providing CP radiated waves need additional circuitry
such as 3 dB quadrature phase couplers or 90◦ transmission line
phase shifters. Cylindrical ring DRA fed by two probes has been
reported in literature, where two probes excite a resonator by two equal
amplitude phase-quadrature signals using an external 3 dB quadrature
coupler [12]. A circular polarized cylindrical DRA excited using a
simple microstrip feed line has been reported [13]. In [13] a microstrip
line has been designed in order to excite two orthogonal HE11δ modes.
A circular polarized cylindrical DRA excited by dual conformal strips
offering Axial Ratio (AR) bandwidth of 20% has been investigated [14].
The DRA which has been presented by [14] need an external feeding
system in order to produce the quadrature signals for the dual strips.
A simple design for a cylindrical DRA to achieve a dual band CP
by a single microstrip line also has been proposed [15]. By choosing
adequate shorted section of an annular slot, circular polarization
operation of the slot-coupled DRA has been implemented [15]. A
rectangular DRA producing CP using a single slot feed and a probe
has also been investigated [16, 17]. A circular sector DRA providing
CP using a single probe feed has been reported [18]. A design method
of circular polarization DRA consisting of a cubical dielectric and an
external feeding probe has been reported [19].

In this paper, six novel DRAs which provide CP with a single
probe feed are proposed. A single feed circular polarized DRA has less
complexity and is desirable in situations where it is difficult to place
dual orthogonal feeds [20, 21]. The proposed antennas are divided into
two categories. The first category refers to modified rectangular DRAs
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and the second category presents modified cylindrical DRAs. In the
first and second categories the impedance bandwidth of the antennas
is in the range of 112–130 MHz and 135–140 MHz respectively. Also,
the AR bandwidths of the antennas are in the range of 28–33 MHz &
31–32 MHz in the first and second category respectively.
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Figure 1. Top and side views of (a) the first, (b) second, (c) third
and (d) forth proposed rectangular DRAs.
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2. ANTENNAS CONFIGURATIONS

2.1. Rectangular Structures

Figure 1(a) shows the top and side views of the first proposed
rectangular DRA. This structure which is called diagonal probe-fed
rectangular DRA is excited at the corner of the resonator. Fig. 1(b)
illustrates the top and side views of the second recommended structure.
As shown in this figure, the resonator is chamfered at its two corners
and is excited by a coaxial probe located at x = a/2 and ϕ = 0◦. Also
Fig. 1(c) shows the geometry of third proposed rectangular DRA. This
antenna is obtained by modifying square DRA by adding a rectangular
perturbation segment in one side of the DRA. In the forth structure
which is indicated in Fig. 1(d), CP is achieved producing a rectangular
notch in one side of DRA. In all these antennas the resonator has
a relative dielectric constant of εr = 38 (Zirconium Tin Titanate)
and is located on the top of a circular ground plane with a diameter
d = 100 mm which is excited by a single coaxial probe of height h
located close to DRA.
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Figure 2. Top and side views of (a) the first and (b) second proposed
cylindrical DRAs.

2.2. Cylindrical Structures

Figures 2(a) and (b) indicate the top and side views of proposed
cylindrical DRAs. The first antenna is consists of the cylindrical DR
which is chopped normal to its x axis diameter and the second antenna
has a rectangular truncation in one side of the resonator. The resonator
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has a relative dielectric constant of εr = 38 (Zirconium Tin Titanate).
The DR is placed on the top of circular ground plane with a radius of
d = 100 mm and fed by single coaxial line. The probe feed is located
closed to DR. The probe is excited through connector placed on the
back of the ground plane.
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Figure 3. (a) Return loss and (b) axial ratio of the first rectangular
antenna for different values of r parameter.

3. ANTENNA ANALYSIS AND PARAMETRIC STUDY

3.1. Rectangular Structures

In the first structure by placing the feed at the corner of DR and
choosing the dimension ratio of r = b/a = 1.1, two close resonant
frequencies are achieved. These two resonant frequencies are the results
of splitting of the fundamental mode of rectangular DR (TE111) into
two near-degenerate orthogonal resonant modes (TEx

111 & TEy
111).

Figs. 3(a) and (b) show the return loss and AR of this antenna for
different values of r respectively. Dimensions of the antenna are
a = 10, b = 15.25 and h = 11 mm along x, y and z directions
respectively. In case of r = 1 which is the conventional square DRA
structure, a single resonate frequency is obtained and the impedance
bandwidth is 68 MHz (2.8%). Maximum impedance bandwidth of
130 MHz (5.4%) is obtained at the center frequency of 2.41 GHz for
dimension ratio of r = 1.1. This impedance bandwidth is almost two
times greater than the bandwidth of conventional square DRA. Also,
the AR bandwidth of the antenna is 32 MHz (1.3%) for r = 1.1.

The return loss and AR of the second antenna for different
values of c parameter are indicated in Figs. 4(a) and (b) respectively.
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Figure 4. (a) Return loss and (b) axial ratio of the second rectangular
antenna for different values of c parameter.

Dimensions of the antenna are a = 10 and h = 11 mm. For comparing
the results of the chamfered rectangular DRA with a conventional one,
an investigation is done while c = 0. The results show that for c = 0
AR is at least 35 dB, which shows the conventional square DRA, is
radiating a linearly polarized wave. While c = 0 the fundamental
mode of square DR (TE111) is excited and single resonant frequency
is obtained. The impedance bandwidth of the ordinary square DRA is
65 MHz (2.7%) at the center frequency of 2.36 GHz.

By cutting two corners of DR (increasing c parameter), TE111

mode splits into two near degenerate orthogonal modes. The first
resonant frequency in return loss diagram is referred to the A arrow
direction component of the TE111 mode (TEA

111). By increasing the c
parameter, the resonant frequency of TEA

111 mode is almost constant
according to the constant effective length of the DR along the A arrow.
Although, by increasing the c parameter the resonant frequency of the
other component of TE111 mode (TEB

111) is increased because of the
effective length reduction along B arrow. The maximum impedance
and AR bandwidths of 125 MHz (5.1%) and 30 MHz (1.2%) for this
antenna is achieved with c = 3.4 mm respectively.

In the third and forth structures by using mutually orthogonal
nearly degenerate modes, circular polarization is achieved. Figs. 5(a)
& (b) indicate the return loss and axial ratio of the third proposed
antenna for different values of perturbation segment surface (∆s =
l × w). Dimensions of this antenna are a = 14 and h = 11 mm.
The first resonant frequency is belongs to TEx

111 mode because of
its longer effective length along x direction and the second one is
associated to TEy

111 mode. By increasing the length of perturbation
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Figure 5. (a) Return loss and (b) axial ratio of the third rectangular
antenna for different dimensions of perturbation segment.
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Figure 6. (a) Return loss and (b) axial ratio of the forth rectangular
antenna for different dimensions of perturbation segment.

segment, the effective length of the antenna along x direction increases
and the resonant frequency of the TEx

111 mode decreases. On the
other hand, the effective length of the DR through the y axis is
effectively insensitive to x parameter variations which conclude a
constant resonant frequency for the TEy

111 mode. The maximum
impedance and axial ratio bandwidths are 130 MHz (5.3%) and 33 MHz
(1.3%) respectively, which is obtained while (∆s = l × w = 2.4 × 5 =
12 mm2).

Also, Figs. 6(a) & (b) illustrate the return loss and axial ratio of
the last rectangular structure for different values of the perturbation
segment surface (∆s = l × w). Dimensions of this antenna are a =
15.25 mm and h = 11 mm. In this structure the first resonant frequency
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is belongs to TEy
111 mode, because of the longer effective length along

y direction. By rectangular truncating of DR along the x axis, the
effective length of the DR reduces along x direction. Hence, the
second resonant frequency in S11 diagram pertains to TEx

111 mode. The
maximum impedance and axial ratio bandwidths are 112 MHz (4.6%)
and 28 MHz (1.1%), at the center frequency of 2.41 GHz, respectively.
These bandwidths are achieved with (∆s = l × w = 3 × 6 = 18 mm2).

In all proposed structures the fundamental mode of rectangular
DR splits into two near degenerate orthogonal modes. Hence, the
reported antennas are radiating circular polarized waves. This is
almost theoretically similar to microstrip antennas which have been
designed for circular polarization [22–25].

Table 1. Performance of reported rectangular dielectric resonator
antennas.

Antenna Type
Center Frequency

(fc-GHz)

S11-BW

(MHz)

AR-BW

(MHz)

Minimum AR

(dB)

#1 antenna 2.41
130

(5.4%)

32

(1.3%)
0

#2 antenna 2.42
125

(5.1 %)

30

(1.2 %)
0

#3 antenna 2.42
130

(5.3 %)

33

(1.3 %)
0.3

#4 antenna 2.41
112

(4.6 %)

28

(1.1 %)
0.9

3.2. Cylindrical Structures

By chamfering the conventional cylindrical DRA along x direction
and placing the probe feed at suitable positions, two close resonant
frequencies are achieved. These two resonant frequencies are the results
of splitting the fundamental mode of cylindrical DR (TM110 [26]) into
two near-degenerate orthogonal resonant modes (TMx

110 and TMy
110).

Fig. 7(a) shows the return loss of this antenna for different values of x
parameter. Dimensions of this antenna are r = 8.35 & h = 11 mm. In
case of x = 0 mm which is the conventional cylindrical DRA structure,
single resonate frequency is obtained and the impedance bandwidth is
65 MHz (2.6%). By increasing x, two resonant frequencies can be seen
and impedance bandwidth will be improved. Maximum impedance
bandwidth of 135 MHz (5.5%) at the center frequency of 2.44 GHz can
be obtained while x = 1.17 mm. This impedance bandwidth is almost
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two times greater than the bandwidth of conventional cylindrical
DRA. The axial ratio of the reported antenna for different values
of x is depicted in Fig. 7(b). The maximum axial ratio bandwidth
achievement is 31 MHz (1.2%) with a minimum value of 0.4 dB over
this bandwidth. Maximum axial ratio bandwidth is obtained at
x = 1.17 mm.
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Figure 7. (a) Return loss and (b) axial ratio of the first cylindrical
proposed antenna for different values of “x” parameter.
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Figure 8. (a) Return loss and (b) axial ratio of the second cylindrical
antenna for different values of rectangular notch depth.

In the second cylindrical structure, by modifying the con-
ventional cylindrical resonator the fundamental mode of the DR
(TM110) splits into two near-degenerate orthogonal resonant modes
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(TMx
110 and TMy

110). Cylindrical DR is modified by cutting a rectan-
gular notch on the x axis diameter. If we choose the dimensions of the
rectangular notch properly two excited modes will have the same mag-
nitude and 90◦ phase difference which provides CP. Moreover these two
close resonant frequencies yield wide impedance bandwidth. Dimen-
sions of this antenna are r = 8.4 & h = 11 mm. Maximum achievable
impedance bandwidth is 140 MHz (5.7%) at the center frequency of
2.44 GHz. This bandwidth was obtained by choosing l = 1.9 mm and
w = 7 mm. Maximum achievable AR bandwidth is 32 MHz (1.3%).
For achieving the maximum AR bandwidth l and w are chosen 1.9 mm
and 7 mm respectively. Figs. 8(a) and (b) show the return loss and ax-
ial ratio of the second antenna for different values of rectangular notch
depth (l). More detailed results are presented in Table 2.

Table 2. Performance of reported cylindrical dielectric resonator
antennas.

Antenna Type
Center Frequency

(fc-GHz)

S11-BW

(MHz)

AR-BW

(MHz)

Minimum AR

(dB)

#1 antenna 2.44
135

(5.5%)

31

(1.2%)
0.4

#2 antenna 2.44
150

(5.7%)

32

(1.3%)
0.3
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Figure 9. (a) E-plane (φ = 0◦) and (b) H-plane (φ = 90◦)
radiation patterns of the first rectangular dielectric resonator antenna
at 2.41 GHz.
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Figure 10. (a) E-plane (φ = 0◦) and (b) H-plane (φ = 90◦) radiation
patterns of the first cylindrical dielectric resonator antenna at 2.40 GHz
frequency.

4. RADIATION PATTERN

The radiation patterns in two orthogonal planes (ϕ = 0◦ & ϕ = 90◦)
of the antenna which is illustrated in Fig. 1(a) are depicted on Fig. 9.
Similar to the conventional rectangular DRA the antenna is having
broadside (θ = 0◦ direction) radiation patterns. It can be seen that by
incorporating a suitable dimension ratio (r = b/a) and feed position,
good circular polarization radiation is achieved. Also, the radiation
patterns of the first cylindrical structure are presented in Fig. 10. All
reported antennas have approximately the same broadside radiation
patterns.

5. CONCLUSION

Six dielectric resonator antennas for circular polarization, using single
probe feeds, are presented. In all structures two near-degenerate
orthogonal resonant modes are excited which are the results of splitting
the fundamental mode of rectangular or circular DR. The obtained
impedance bandwidth is approximately two times more than the
bandwidth of conventional rectangular or cylindrical DR. The results
show that radiation patterns of all antennas are remained broadside.
Also, a comparison between all reported structures is provided. The
advantages of the proposed antennas compared to other DRA designs
include small size, easy design, and simple fabrication.
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