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Single-Feed Cylindrical Dielectric Resonator Antenna with Wide
Angular Circular Polarization

Hongmei Liu*, Tuanyuan Yan, Shaojun Fang, and Zhongbao Wang

Abstract—In this paper, a single-feed cylindrical dielectric resonator antenna (DRA) with wide angular
circular polarization is proposed. It is composed of a cylindrical cavity loaded cylindrical dielectric
resonator (DR), an orthogonal slot with curved arms, and an off-centered L-shaped microstrip line. By
inserting the slot with curved arms and a cylindrical cavity, the 3-dB axial ratio beamwidth (ARBW)
can be increased, and symmetric radiation can be obtained. For validation, a prototype is designed and
fabricated. The overall size is 0.39λ0 × 0.39λ0 × 0.13λ0. The measured results show that it exhibits a
10-dB impedance bandwidth of 33.3% (1.45 ∼ 2.03GHz) with a circularly polarized (CP) bandwidth
of 16.1% (1.54 ∼ 1.81GHz). Symmetric radiations are obtained, and the 3-dB ARBWs in the xoz and
yoz planes are more than 150◦ over the CP bandwidth.

1. INTRODUCTION

Dielectric resonator antennas (DRAs) are widely applied in wireless communication systems due to the
advantages of high radiation efficiency, low cost, and light weight [1–3]. Reconfigurability can also be
realized using liquid-based DRAs [4, 5]. In recent years, the requirements of circularly polarized (CP)
DRAs have been boosted over the linearly polarized (LP) ones since CP antennas are more immune to
multipath distortion and polarization mismatch. In general, the method for implementing a CP DRA
can be classified as single-feed and dual-feeds. For the dual-feed method, the dimensions and complexity
will be increased by the external feed networks such as quadrature coupler and power divider. On the
other hand, the feed network for single-feed is usually simpler. In [6], a single aperture coupled feed DRA
is proposed, and the circular polarization is obtained by rotated stacked DRAs. In [7], the geometry of a
cylindrical DRA is deformed periodically along the azimuthal direction to generate circular polarization.
In [8], a filtering elliptical DRA with two notches is proposed and excited by a V-shaped copper strip to
facilitate CP operation. Simpler methods such as off-centered microstrip line [9], semi-eccentric annular
DR [10], and helical exciter [11] are also reported. However, they all exhibit narrow 3-dB axial ratio
(AR) bandwidth (less than 8%).

To increase the CP bandwidth, different techniques are applied including modifying the structures of
the dielectric resonators (DRs) and the feedings. In [12] and [13], a Spidron fractal DR and a rotated-
stair DR are used, and the 3-dB AR bandwidths are increased to 11.57% and 18.02%, respectively.
In [14] and [15], a question-mark-shaped microstrip line and an Archimedean spiral slot are applied to
obtain a 3-dB AR bandwidth of about 25%. In [16], a cylindrical DRA excited by a modified circular-
shaped aperture is presented, and the CP bandwidths are enhanced at four frequency bands. Moreover,
DRAs with further enhanced CP bandwidth can also be realized by applying complex structures, such as
rectangular and half split cylindrical DRs with stair-shaped slot feeding [17], stair-shaped DR with open-
ended slot ground [18], square DR with two unequal inclined slits [19], a cylindrical DR with substrate-
integrated embedded [20], a rectangular DRA excited by a conformal H-shaped metal strip [21], two
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connected DRs excited by an offset vertical metallic strip [22], a stacked DRA with high and low
permittivities [23], and a square DR with four vertical metallic plates [24]. Except the CP bandwidth,
wide angular circular polarization and stable radiation patterns with no multi-lobes in the main beam
are two other critical features of CP antennas, which have been a challenging task and an emerging
research topic. However, to the authors’ knowledge, less efforts have been found.

In the paper, a single-feed cylindrical DRA with wide angular circular polarization is proposed.
Wide angular circular polarization with symmetric radiation is realized by inserting an orthogonal slot
with curved arms and a cylindrical cavity. The measured results show that the proposed DRA exhibits
3-dB ARBWs of more than 150◦ in the xoz and yoz planes over the 3-dB AR bandwidth of 16.1%.

2. ANTENNA CONFIGURATION AND DESIGN

2.1. Antenna Design

Figure 1 shows the geometry of the proposed CP DRA, which consists of a cylindrical cavity loaded
cylindrical DR, an orthogonal slot with curved arms, and an off-centered L-shaped microstrip line. The
cylindrical DR (εr = 10) with radius of R2 and height of h2 is placed on the center of an FR 4 epoxy
(εr = 4.4) substrate with the dimensions of W0×L0 and thickness of 1.5mm. Dimensions of the DR are
selected to operate at the fundamental mode. In the middle of the cylindrical DR, a cylindrical cavity
with radius of R1 and height of h3 is inserted. Excitation is applied using a 50Ω L-shaped microstrip
line with dimensions W1× (L1+L2). The distance between the microstrip line and the substrate center
is d1. To achieve CP radiations, an orthogonal slot with dimensions of W2×L5 is etched on the ground
plane. Besides, arc-shaped slots with radians of α1, α2, α3, and α4 are loaded on the orthogonal slot
for improving the AR performance.

(a) (b)

Figure 1. Structure of proposed DRA. (a) Top view. (b) Side view.

2.2. Operating Principle

In this section, a DRA operating at L-band is designed for validation. Table 1 shows the optimized
dimensions of the designed DRA. Fig. 2 shows the E-field distributions of the designed DRA, and the
frequency of 1.7GHz is chosen for exhibition. It is observed that the E-field is in the anticlockwise
direction as the angular time increases, which indicates that the radiation in the +z-direction is right-
hand CP (RHCP). In this section, by comparing with two reference antennas, the principle of the
proposed DRA is explained. As shown in Fig. 3(a), Ant. 1 is a cylindrical DRA fed by orthogonal slots
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Table 1. Dimensions of the proposed DRA (UNIT: mm).

Parameter Value Parameter Value Parameter Value

L 70 W2 3 R2 25

W 70 L3 14 d1 7

L1 40 L4 18 h1 10

W1 4 L5 22 α1 36◦

L2 8 R1 10 α2 30◦

h3 3 h2 23 α3 40◦

α4 30◦

(a) (b)

(c) (d)

Figure 2. E-field distribution in the cylindrical DR. (a) ωt = 0◦. (b) ωt = 90◦. (c) ωt = 180◦. (d)
ωt = 270◦.

with dimensions of W2×L5. Since the CP wave is excited by two orthogonal LP components with equal
amplitude and 90◦ phase difference, an initial estimation of the dimensions of the aperture slot L5 and
the feed location d1 are obtained from the following equations [25]:

L5 − d1 =
λ0

2
√
εeff

(1)

L5 + d1 =
3λ0

4
√
εeff

(2)

where λ0 is the wavelength at the center frequency, and εeff is the effective permittivity. The optimized
parameters of the antenna are obtained by simulator Ansoft HFSS. Fig. 4 shows the comparisons of
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(a) (b) (c)

Figure 3. Antenna design evolution. (a) Ant. 1. (b) Ant. 2. (c) Ant. 3.

(a) (b)

(c) (d)

Figure 4. Comparisons of different antenna evolutions. (a) |S11|. (b) AR. (c) ARBWs. (d) Amplitude
imbalances and phase differences of Eθ and Eϕ.

|S11| and AR performances. It is observed that the fractional bandwidths (FBWs) for Ant. 1 under
the criterions of |S11| < 10 dB and AR < 3 dB are 30.8% (1.401.91GHz) and 11.1% (1.621.81GHz),
respectively. The 3-dB ARBW at xoz plane (ϕ = 0◦) is 144.7◦. The reason for narrow and asymmetric
ARBW is the poor performance of amplitude imbalance, as shown in Fig. 4(d).

To improve the impedance bandwidth and AR performance, three extra arc-shaped slots are etched
on each of the orthogonal slots (named as Ant. 2), as shown in Fig. 3(b). Here, the radians of the
outermost two slots are α1 and α2, respectively. The middle slots have the same radian of α3, and the
innermost slots have the same radian of α4. By inserting the extra slots, the alignment of the excitation
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field is enhanced which will increase the AR bandwidth. Besides, the ARBW is also improved since the
arc-shaped slots contribute to the CP radiation at low elevation angles. It is seen from Fig. 4(b) that
the 3-dB AR bandwidth is increased to 16% (1.541.80GHz) with an improved impedance bandwidth of
36% (1.432.06GHz). As can be seen from Fig. 4(d), since the performance of amplitude imbalance is
improved, a symmetric ARBW is obtained. However, due to the decrease of the phase difference, the
3-dB ARBW is only enhanced to 156◦.

To adjust the phase difference of the antenna, a cylindrical cavity with radius of R1 and height of
h3 is inserted (named as Ant. 3), as shown in Fig. 3(c). According to the CP wave refraction theory
between two different dielectrics [26], the CP wave is refracted three times before radiating into the
space due to the introduction of the cylindrical cavity. The polar angle of CP wave is changed because
of the refraction which in return modifies the phase difference of the antenna. Therefore, by adjusting
the dimension of the cylindrical cavity, the AR at certain polar angle in free space can be improved to
wide angle range. It is seen from Fig. 4(d) that the phase difference is obviously increased to about
90◦ by using the cylindrical cavity. Although the amplitude imbalance is deteriorated compared with
Ant. 2, the CP radiation relies more on the phase difference than the amplitude. It can be verified from
Fig. 4(c) that the 3-dB ARBW for Ant. 3 is increased to 171◦.

3. NUMERICAL ANALYSIS FOR THE ANTENNA

The influences of antenna parameters on the performance of |S11| and AR performance are analyzed and
optimized. In the process of parameter analysis, other parameters are maintained at their optimized
values. The plotted ARBWs are all at the xoz plane of 1.7GHz.

3.1. Effects of the Arc-Shaped Slots

Since the arc-shaped slots mainly affect the AR performance of the antenna, the simulated results for
3-dB AR bandwidth and 3-dB ARBW are plotted for comparison. Fig. 5 shows the influences of the
radians for the outermost two slots (α1 and α2). It is found that the AR bandwidth and 3-dB ARBW
are both increased with the increase of α2 from 20◦ to 40◦. When the value of α2 is in the range of
20◦ ∼ 25◦, the widest AR bandwidth and 3-dB ARBW can be obtained at α1 = 40◦. Fig. 6 shows
the influences of the radian for the middle slots (α3). It is observed that narrow 3-dB AR bandwidth
and 3-dB ARBW are obtained when α3 is larger than 40◦. When α3 increases from 30◦ to 40◦, both
the 3-dB AR bandwidth and 3-dB ARBW are slightly narrowed. Fig. 7 shows the influences of the
radian for the innermost slots (α4). It is observed that when α4 increases from 20◦ to 35◦, the 3-dB AR
bandwidth is decreased. While the 3-dB ARBWs are nearly unchanged with α4, only the AR value at
θ = 0◦ is decreased.

(a) (b)

Figure 5. Effects of α1 and α2 on (a) AR bandwidth and (b) 3-dB ARBW.
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(a) (b)

Figure 6. Effects of α3 on (a) AR and (b) ARBW.

(a) (b)

Figure 7. Effects of α4 on (a) AR and (b) ARBW.

3.2. Effects of the Cylindrical Cavity

In this section, the radius (R1) and height (h3) of the cylindrical cavity are investigated. Fig. 8 shows
the effects of the radius (R1) on the AR and ARBW performances of the antenna. It is seen that both

(a) (b)

Figure 8. Effects of R1 on (a) AR and (b) ARBW.
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(a) (b)

Figure 9. Effects of h3 on (a) AR and (b) ARBW.

the CP bandwidth and 3-dB ARBW are narrowed along with the increase of R1. The widest and better
CP bandwidth and 3-dB ARBW are obtained at R1 = 10mm. Fig. 9 shows the effects of the height
(h3). The CP bandwidth and 3-dB ARBW are narrowed when h3 is larger than 5mm. In the range of
1 ∼ 5mm, better performance can be obtained at h3 = 3mm or 5mm.

4. EXPERIMENTAL VERIFICATION

To validate the proposed CP DRA, a prototype has been fabricated, as shown in Fig. 10. The Agilent
N5230A vector network analyzer and an anechoic chamber have been used to measure the fabricated
prototype. The simulated and measured |S11|, AR, and gain performances are plotted in Fig. 11. It
is seen that the simulated and measured FBWs for |S11| < 10 dB are 35.2% (1.45 ∼ 2.07GHz) and
33.3% (1.45 ∼ 2.03GHz), respectively. The values for AR < 3 dB are 15.5% (1.55 ∼ 1.81GHz) and
16.1% (1.54 ∼ 1.81GHz), respectively. In the entire AR bandwidth, the measured gain is more than
4.6 dBic with a peak gain of 5.1 dBic at 1.7GHz. Fig. 12 shows the simulated and measured radiation
patterns in the xoz and yoz planes. Good agreements are observed between the simulated and measured
results with symmetric radiations. Fig. 13 shows the simulated and measured ARBWs at 1.7GHz and
1.65GHz. At the xoz plane, the measured ARBWs are 162◦ at 1.65GHz and 172◦ at 1.7GHz, while
the values are 152◦ and 182◦ at the yoz plane.

(a) (b)

Figure 10. Photograph of the prototype. (a) Top view. (b) Bottom view.
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(a) (b)

Figure 11. Measured and simulated results. (a) |S11|. (b) AR and Gain.

(a)

(b)

Figure 12. Simulated and measured radiation patterns at (a) 1.65GHz and (b) 1.7GHz.

Table 2 shows the comparisons of the proposed DRA with several representative antennas. It is
observed that compared with the listed DRAs, the proposed DRA shows wider ARBW of larger than
150◦ in both xoz and yoz planes, which can be used for receiving CP signals stably. Smaller dimension
is also the advantage of the proposed DRA.
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(a) (b)

Figure 13. Simulated and measured ARBWs at (a) 1.65GHz and (b) 1.7GHz.

Table 2. Comparison with representative DRAs.

Ref. FBW (%) CP Bandwidth (%) 3-dB ARBW (◦) Size (λ0 × λ0 × λ0)

[4] 12.82 7.64 < 40 0.62× 0.62× 0.15

[5] 23.8 23.8 < 60 1.31× 1.31× 0.32

[7] 51.2 8.01 < 60 0.72× 0.72× 0.25

[8] 4.1 4.1 < 60 0.81× 0.81× 0.14

[10] 29.1 5.7 < 50 1.25× 1.25× 0.16

[17] 49.67 41.01 114 1.47× 1.47× 0.09

[20] 33.5 26.3 < 60 1.03× 1.03× 0.12

[21] 27.7 20 < 90 0.34× 0.19× 0.35

[22] 69.66 44.73 < 90 0.43× 0.49× 0.41

[23] 25.4 22.8 < 90 1.01× 1.01× 0.16

Proposed 33.3 16.1 > 150 0.39× 0.39× 0.13

λ0 is the wavelength in air at the center frequency.

5. CONCLUSION

In this paper, a single-feed cylindrical DRA with wide angular circular polarization is proposed. Wide
angular circular polarization with symmetric radiation is realized by inserting a slot with curved arms
and a cylindrical cavity. The measured results show that the proposed DRA has a 10-dB impedance
bandwidth of 33.3% with a CP bandwidth of 16.1%. Over the CP bandwidth, the 3-dB ARBWs in the
xoz and yoz planes are more than 150◦, which is much larger than the 3-dB ARBW of the reported
DRAs. Due to the good CP performance, the antenna can be redesigned at arbitrary frequency and
applied in applications that need wide angular circular polarization.
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