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Abstract—A broadband circularly polarized (CP) cylindrical dielec-
tric resonator antenna (DRA) is presented. The DRA is excited by
an L-shaped microstrip feed line through the coupling of an annular
slot in the ground plane. The broadband CP radiation is achieved by
using two CP radiators, DRA and annular slot. Broadband impedance
match is obtained by introducing an impedance transformer. The op-
timal configuration offers a 3-dB axial ratio bandwidth of 15.9%, from
6.22 to 7.28 GHz, and a 10-dB impedance bandwidth of 21.3%, from
5.78 to 7.16 GHz. The measured results for the constructed prototype
are also exhibited and discussed.

1. INTRODUCTION

Dielectric resonator antenna (DRA) has been widely discussed since it
was introduced in 1983 [1]. DRAs offer many advantages, such as low-
profile, low-cost, ease of excitation and high radiation efficiency. Ex-
tensive studies focused on linear polarization applications, bandwidth
enhancing techniques and array applications [2-9]. Recently, much
more attention has been paid to circularly polarized (CP) DRAs, in-
cluding printing a perturbed metal strip on the surface of the dielectric
resonator (DR) [10], cross-slot-coupled DRA [11] and dual strips fed
DRA [12].

When DRA operates in a fundamental mode, its bandwidth
is typically below 10%. Recently, various bandwidth enhancement
techniques have been developed for CP DRAs. For single feed
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excitation, a 10.6% axial ratio (AR) bandwidth has been attained for
a stair-shaped rectangular DRA [13], which is excited by a narrow
slot rotated at an angle of 45° with respect to the DR side. Another
design has been reported in [14], in which a 14% AR bandwidth and
11% impedance bandwidth has been obtained by using an outer-fed
square spiral strip. Dual feed excitation is known to generate CP
over a broad bandwidth [15-17]. However, in order to provide two
quadrature signals, external quadrature couplers should be added in
the design.

In this letter, we introduce a broadband circularly polarized
cylindrical DRA excited by an L-shaped microstrip feed line through
annular slot coupling. The annular slot can resonate near the resonant
frequency of the HEM715 mode of the DRA, thus providing greater
bandwidth than ordinary dielectric resonator antennas. The feeding
mechanism is chosen with the proper parameters to achieve broadband
impedance match and good circular polarization characteristic. The
simulated results demonstrate that the proposed antenna offers a 3-
dB AR bandwidth of 15.9% (6.22-7.28 GHz) and a 10-dB impedance
bandwidth of 21.3% (5.78-7.16 GHz). Neither external quadrature feed
network nor complex shape of DR are required in this design. The rest
of the letter is organized as follows. The antenna geometry and design
are presented in Section 2. Experimental results are also provided in
Section 3. Conclusions are given in Section 4.

2. ANTENNA GEOMETRY AND DESIGN

Microstrip antenna fed by annular slot coupling to generate CP
operation over a wide bandwidth has been presented in [18]. The
wideband CP design is achieved by coupling two CP resonant elements,
patch and annular slot. For this structure, the slot acts as an aperture
coupling feed to excite the patch, as well as a radiator. Based on
the work in [18], a broadband CP cylindrical DRA with annular slot
excitation is investigated here.

Figure 1 shows the geometry of the proposed antenna. The
cylindrical DR has a radius of @ = 5mm, a height of d = 12mm
and a relative permittivity 4 = 10.2. The DR is positioned on top of
the substrate. An annular slot and an L-shaped microstrip feed line are
respectively etched on two faces of a rectangular substrate (thickness
h = 1mm and relative permittivity &, = 2.65) with length L = 60 mm
and width W = 60 mm. For the annular slot, the inner radius is R, and
the slot width is Wy;,,;. The L-shaped feed line is composed of three
parts: a 50 coupling strip (with width W59 = 3mm), an impedance
transformer (with width W; and length L;) and an open stub (with
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Figure 1. Geometry of the proposed antenna..

width W5 and length Ls).
The theoretical resonant frequency of the DRA is calculated by
the following equation [2] and is equal to 6.345 GHz (HEMj15 mode)

e (1.6 +0.5132 + 1.39222 — 0.57523 + 0.088954) Q)

fHEM s =

~0.42
2ma €4

where = a/2d and c is the speed of light in free space.
The resonant frequency of the annular slot can be approximately

expressed as
c
(2)

2m (R + wslot/2) VEeff

where €. can be calculated by

fslot ~

Eeff = (&;—gd) (3)

First, we investigate the resonant frequency of the annular slot.
Here, the simulations are performed using Ansoft HFSS ver.11 [19],
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a commercially available 3-D electromagnetic field solver based on
the finite element method (FEM). Fig. 2 plots the simulated return
losses for different values of R (without impedance transformer). The
calculated and simulated resonant frequencies of the annular slot with
different values of R are summarized in Table 1. The simulated results
are close to the calculated ones, except for R = 2.7mm. When R
equals to 2.7 mm, the calculated resonant frequency of the slot is close
to the DRA’s, which makes it different from the calculated one. The
resonant frequencies of DRA are not distinct in Fig. 2. However, the
return losses are close to 10dB at 6.4 GHz, which corresponding to the
resonant frequency of DRA.
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Figure 2. Simulated return losses for different values of R, with L; =
11.5mm, Ly = 17mm, Ly = 6.5mm, L; = 5mm, Wy, = 0.25 mm,
and Wt = W50 = 3mm.

Table 1. Calculated and simulated resonant frequencies of the slot
mode.

R Calculated | Simulated
2.7mm | 6.67GHz | 7.16 GHz
3.0mm | 6.03 GHz 5.96 GHz
3.3mm | 550GHz | 5.58 GHz

Figure 3 plots the simulated AR curves for different values of
R. Tt is observed that two of the curves contain two CP operating
frequencies. The lower frequency is almost constant; however, the
higher frequency is decreased with increasing R. Hence, the higher
and lower CP frequencies could be due to the annular slot mode and
two orthogonal HEM715 modes of DRA, respectively. It should be
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noted that the CP operating frequencies are not consistent with the
resonant frequencies. According to the studies in [20] and [21], the
CP operating frequencies are much related to the length, L, of the
open stub. The improper length of the open stub would cause the
amplitude and phase errors of two orthogonal modes, resulting in an
increased AR. When the values of R and Lg are chosen properly, the
two radiating elements can have good CP performances at the same
time. As shown in Fig. 4, a broad AR bandwidth is obtained when
Ly =11.5mm and R = 3mm. The DRA exhibits a simulated 3-dB AR
bandwidth of 15.9%, from 6.22 to 7.28 GHz, by merging two separate
CP frequencies. In our simulation work, a broad AR bandwidth could
also be achieved when Lg equals to 24 mm; however, it is not suitable
for array applications.

\ 1
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Figure 3. Simulated AR curves Figure 4. Simulated ARs for
for different values of R, with  different values of L,, with L; =
Ly = 11.5mm, L; = 17mm, 17mm, Ly =6.5mm, L; = 5mm,
Lo =6.5mm, L; =5mm, Wy, = R =3mm, Wy, = 0.25mm, and
0.25 mim, and Wt = W50 = 3mm. Wt = W50 = 3mm.

In addition, an impedance transformer is introduced to improve
the impedance bandwidth. The simulated return loss, AR and
input impedance curves of the DRA with or without the impedance
transformer are plotted in Fig. 5. It can be seen that the introduced
impedance transformer has little effect on the AR bandwidth, but it
affects the impedance bandwidth soundly. By properly choosing the
dimension of the impedance transformer, the DRA exhibits a simulated
10-dB impedance bandwidth of 21.3%, from 5.78 to 7.16 GHz.

To gain further understanding of the way LHCP is excited, we
also examine the electric field distribution of 0°, 90°, 270° and 360°
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Figure 5. (a) Simulated return losses versus frequency with or
without the transformer. (b) The corresponding ARs versus frequency
with or without the transformer. (c) Simulated input impedance
versus frequency with or without the transformer. (L; = 11.5mm,
Ly =17mm, Lo = 6.5mm, L; = 5mm, R = 3mm, W, = 0.25 mm,
and Wy = 1.5 mm).

on the proposed DRA. The vectors of the E-field on the annular slot
of the DRA at the resonate frequency 6.64 GHz is shown in Fig. 6.
Since the direction of wave propagation is along the 4z direction, it
can be easily observed that the proposed DRA can generate LHCP
radiations. Fig. 7 presents the F-field distribution in the cylindrical
DR in two orthogonal planes at the resonate frequency 6.64 GHz. Note
that at the resonant frequency, two orthogonal HEM {15 modes, with
almost equal amplitude and a 90° phase difference, concurred in the
DR. It is demonstrated that the proposed antenna can radiate a fairly
good CP waves at the resonate frequency.
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Figure 6. The vectors of the F-field on the annular slot of the DRA
at 6.64 GHz. (a) 0°. (b) 90°. (c) 180°. (b) 270°.
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Figure 7. The vectors of the E-field in the cylindrical DR at 6.64 GHz.
(a) oz plane (0°). (b) yoz plane (90°).

3. RESULTS AND DISCUSSION

A prototype of the optimized antenna was fabricated and tested, with
the photography shown in Fig. 8. The DR was fabricated with a
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ceramic material of relative permittivity 10.2. The optimal dimensions
of the feed line are: L; = 11.5mm, L; = 17mm, L, = 6.5mm,
L; = bmm, R = 3mm, Wy, = 0.25mm and W; = 1.5mm. The
prototype has been measured using WILTRON37269A vector network
analyzer and the anechoic chamber. Some representative measured
results along with some simulated data are presented.

Figure 8. Photography of the antenna prototype. (a) Front view.
(b) Rear view.

The measured and simulated return losses are displayed in Fig. 9.
The measured 10-dB return loss achieves an impedance bandwidth of
about 20.7% (5.85-7.20 GHz), and the simulated impedance bandwidth
is about 21.3% (5.78-7.16 GHz). Due to the fabrication tolerance of
the DR, the effective relative permittivity of the DR is lower than

x Measured
8- —e— Simulated
E
&
— = Measured
—— Simulated
P S S T T S SR 0 . . . . . ) ) )
56 58 60 62 64 66 68 7.0 72 74 58 60 62 64 66 68 70 72 74
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Figure 9. Measured and simu- Figure 10. Measured and

lated return losses of the proposed  simulated ARs versus frequency
antenna. at boresight direction.
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10.2, which results in higher resonant frequencies compared with the
simulated results. In spite of this difference, there is a good agreement
between the measured and simulated results. As shown in Fig. 10, the

—— LHCP (Simulated)
— RHCP (Simulated)
— - LHCP (Measured)

0=0° --- RHCP (Measured) 0=0°

180° -

180°

(b)

180°

Figure 11. Measured and simulated normalized radiation patterns
of the proposed antenna at different frequencies. (a) 6.22 GHz.
(b) 6.7 GHz. (c) 7.1 GHz.
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measured 3-dB AR bandwidth is about 14.6% (6.22-7.20 GHz), while
the simulated 3-dB AR bandwidth is about 15.9% (6.22-7.28 GHz).
It should be mentioned that the entire measured AR passband falls
within the impedance passband, which is highly desirable.

Figure 11 plots the measured and simulated normalized radiation
patterns in two orthogonal cuts at 6.22 GHz, 6.7 GHz and 7.1 GHz,
respectively. In each radiation pattern, the left-hand -circularly
polarized (LHCP) field is more than 15 dB stronger than the right-hand
circularly polarized (RHCP) in the boresight direction (6 = 0°). Fig. 12
presents the measured and simulated gains of the proposed antenna,
where the measured peak gain varies between 4.15 and 6.09 dBi across
the measured 3-dB AR bandwidth (6.22-7.20 GHz). Fig. 13 shows the
simulated radiation efficiency of the proposed antenna. It is observed
that the radiation efficiency is higher than 95% from 6.18 to 7.16 GHz,
which demonstrates high radiation efficiency of the DRA.
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Figure 12. Measured and Figure 13. Simulated radia-
simulated gains of the proposed tion efficiency of the proposed an-
antenna. tenna.

The proposed DRA is compared with antennas in [9, 13—15], their
respective performances are tabulated in Table 2. As can be seen
from the first three rows of Table 2, the proposed antenna exhibits the
widest 3-dB axial ratio bandwidth among the quoted antennas. For the
antenna in the fourth row, though the 3-dB axial ratio bandwidth is
wider than the proposed antenna, external quadrature couplers should
be added in the design, which increase the complexity and the size of
the design.
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Table 2. Comparison with other designs.

10-dB impedance |3-dB axial ratio
Ref. Implementation methods
bandwidth bandwidth
(9] stepped impedance microstrip feed line/ 4.21~10.72 GHz |5.17~5.88 GHz
trapezoidal-shaped resonator (87.3%) (12.85%)
[13] narrow rectangular slot/ 7.56~10.95 GHz | 9.3~10.3 GHz
rectangular stair shaped DRA (rotated 45°) (36.6%) (10.2%)
outer-fed square spiral strip/
[14] a P P 11% 14%
rectangular DRA
[15] a pair of 90° hybrid couplers/ 1.75~2.48 GHz |1.65~2.14 GHz
cylindrical DRA (34.5%) (25.9%)
L-shaped microstrip feed line/ 5.78~7.16 GHz |6.22~7.28 GHz
This work
cylindrical DRA and annular slot as two CP radiators (21.3%) (15.9%)

4. CONCLUSION

A broadband CP DRA design has been proposed and implemented.
By merging the bands of two modes, slot mode and HEM;;5 mode,
the proposed antenna achieves a simulated AR bandwidth of 15.9%
from 6.22 to 7.28 GHz. By introducing an impedance transformer, the
simulated 10-dB impedance bandwidth reaches to 21.3% from 5.78 to
7.16 GHz. The experimental results are in good agreement with the
simulated results. The entire measured AR passband falls within the
impedance passband. In addition, this antenna also provides a stable
broadside radiation with a gain range from 4.15 to 6.09dBi in the
operating bandwidth.
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