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Abstract In this paper, a unique, simple, and concise structure of a circularly polar-
ized (CP) cylindrical dielectric resonator antenna (CDRA) usable for wireless band
applications is proposed. The CDRA is excited by a meandered-shaped microstrip
feedline ending with a circular extension. The combined effect of this feeding mech-
anism along with a partial ground plane satisfies the criteria for generating circular
polarization. The proposed design is operating in the frequency range of 2.80–
3.41GHz centered at 3.39GHzwith an axial ratio (AR) bandwidth of 9.14%and peak
gain of 3.9 dBi. The designed structure exhibits 3-dB axial ratio beamwidth (ARBW)
of 42° and 102° with ARmin of 0.54 dB and cross-polarization discrimination (XPD)
of 30 dB and 31 dB in two principal planes at φ = 0° and φ = 90°, respectively.
The reconfigurability between left-hand CP (LHCP) and right-hand CP (RHCP)
field can be obtained by taking the mirror image of the extended meandered-shaped
microstrip feedline. The antenna can be preferred for different wireless applications
such as WiMAX and 5G.

Keywords Circular polarization · Dielectric resonator antenna · Cylindrical
DRA · Axial ratio · Axial ratio beamwidth · Cross-polarization discrimination

1 Introduction

In the last few decades, dielectric resonator antenna (DRA) has been extensively
researched by scientists due to its beneficial features such as higher impedance band-
width, small space requirement, negligible conductor loss, significant gain improve-
ment, and ease of applying various excitation techniques [1, 2]. A circularly polarized
(CP)wave radiates power in the horizontal andvertical planes aswell as every plane in
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between it, and the plane of polarization rotates in a pattern by making one complete
revolution during each wavelength. For CP, an antenna must support two orthogonal
modes (perpendicular field of equal amplitude) with a 90° phase difference between
them [3]. The antenna is insensitive to transmitter and receiver orientation, offers less
sensitivity to propagation effects, and is suitable for satellite communications [4].
As a result of the mentioned reasons and considering its operating range, it can be
concluded that CP is necessary for smooth and hassle-free wireless communication
for WIMAX and 5G applications. CPDRA has gained immense popularity in the
field of wireless and satellite communication over linearly polarized DRA as it is not
affected due to polarization mismatch and nullifies the effect of multipath interfer-
ence [5, 6]. CPDRA can be achieved in various ways. Researchers have found that
one of the ways by which CP can be achieved in DRA is by varying the coupling
slots [7–9]. Another technique that has been found is by varying the feed structure
used to excite the DRA and by changing the dimensions of the ground plane to
achieve CP [10–12]. For instance, a question-mark shaped feed has been used which
provides a quadrature-phase difference between two orthogonal modes, thus gener-
ating CP [13]. Similarly, a rectangular feed has been modified by removing parts of
it to obtain the required conditions to generate CP [12]. CP has also been achieved by
restructuring the shape of the DRA [14–16]. Very recently insertion of slots for CP
generation is one of the reported techniques [17, 18]. A single feed CP rectangular
DRA using the new coupling method of dual-mode slot-line ring resonator (SSRR)
has also been investigated [19]. Conformal rectangular open half-loops can also be
used for excitation [20].

In this article, the design of a cylindrical DRA (CDRA) with a modified feeding
structure for realizing CP is presented. A meandered-shaped microstrip feedline is
used to enhance the electrical length. The feedline is ended with a circular exten-
sion that produces mutual coupling with the partial ground plane to realize CP. All
the simulations are conducted in full-wave-based ANSYS HFSS. Large separation
between the LHCP and RHCP justifies the performance of CP in the operating
frequency band.

2 Circularly Polarized Dielectric Resonator Antenna
Design and Analysis

2.1 Antenna Design

Figure 1 shows the geometrical structure of the proposed CDRA. Easily available
low-cost FR4 substrate with dielectric constant εr = 4.4, height h = 1.6 mm is used
as the base of DRA, and the feedline is printed on it. A cylindrical-shaped dielectric
resonator is designed using the substrate Arlon AD410 with relative permittivity of
εr = 4.1, heightH = 20.8 mm, and loss tangent tan δ = 0.003. A meandered-shaped
microstrip feedline of length 67.5 mmwith a circular extension of radius r = 5.2 mm
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Fig. 1 Antenna configuration a Top view, b Side view, c Bottom view [The optimum dimensions
of antenna elements are listed as follows: LSub = 40 mm, WSub = 40 mm, h = 1.6 mm, Lw” =
11 mm, L1′ = 11.5 mm, Lw’ = 16 mm, L1 = 16 mm, Lw = 7 mm, Ll” = 6 mm, L = 67.5 mm, Fl =
3 mm, Fl’ = Fl” = Fw’ = Fw” = 2 mm, Gw = 20 mm, H = 20.8 mm, R = 9.2 mm, D = 18.4 mm,
Dl = 10.8 mm, d = 10.4 mm, r = 5.2 mm]

is placed on one side of the substrate to excite the CDRA. A partial ground plane
of dimensions 20 mm × 40 mm is placed on another side of the FR4 substrate to
generate orthogonal components of electric fields by the mutual coupling effect with
the modified microstrip feedline.

The stepwise improvement of the proposed CP CDRA from the reference antenna
is depicted in Fig. 2. Initially, in Fig. 2a, a meandered-shaped microstrip feed is
applied to the CDRA which is taken as reference 1. In Fig. 2b, the CDRA is excited

Fig. 2 Stepwise improvement ofCPCDRAfeedingmechanism: aReferencebDesign 1 c Proposed
design and response characteristics d Reflection coefficient e AR bandwidth
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through a meandered-shaped microstrip feedline ending with a circular extension
identified as design 1. For the reference antenna and design 1, a full metallic ground
plane is used. In the final design in Fig. 2c, a partial ground plane has been taken
for proper mutual coupling with the placed CDRA. With the improvement of the
structure, stepwise improvement of their response in terms of reflection coefficient
and AR bandwidth is depicted in Fig. 2d and e.

2.1.1 Antenna Parametric Analysis

Some of the parameters of the proposed structure play an important role in the
performance improvement of the designedCPCDRA.The effects of these parameters
are discussed below.

Effect of Change in Radius of Circular Extension

In Fig. 3, the effect of changing the radius of the circular extension of the feedline is
shown. In Fig. 3a, reflection coefficient is shown for the different values of the radius
of the circular extension. For a radius of 4.7 mm, the −10 dB bandwidth obtained
is 640 MHz. On increasing the radius to 5.2 mm, a slight reduction in impedance
bandwidth (IBW) is observed. However, on increasing the radius to 5.7 mm, the
IBW is diminished by 210 MHz resulting in a bandwidth of 400 MHz. Figure 3b
depicts the AR bandwidth for varying radii. For radii of 4.7 mm and 5.7 mm, the AR
bandwidth is 284 MHz and 293 MHz, respectively. However, for radius of 5.2 mm,
the secured AR bandwidth increases to 310 MHz. In Fig. 3c, the value of 3-dB
ARBW is illustrated for φ = 0° and φ = 90° after changing the radius of circular
extension. It is observed that for only r = 5.2 mm, the 3-dB ARBW is greater than
100° and 42° for φ = 90° and φ = 0°, respectively.

Effect of Change in Height of DRA

The effect of change in the height of CDRA on various parameters is depicted in
Fig. 4. It is observed in Fig. 4a that the IBW is maximum when H = 20.8 mm. For
H = 19.2 mm and 22.4 mm, the bandwidth is 546 MHz and 560 MHz, respectively.
The AR Bandwidths forH = 20.8 mm and 22.4 mm are approximately the same, but
it is a bit wider forH = 19.2 mm as shown in Fig. 4b. However, when compared toH
= 19.2 mm and 22.4 mm, the convergence of IBW and AR bandwidth is more for H
= 20.8 mm. From Fig. 4c, it can be observed that the 3-dB ARBW forH = 19.2 mm
at φ = 0° is less than that of H = 20.8 mm while that of H = 22.4 mm is same as
that of H = 20.8 mm. The 3-dB ARBW for φ = 90° is maximum for H = 19.2 mm
and 20.8 mm. Hence, optimum results are obtained for when H = 20.8 mm.
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Fig. 3 Effect of change in radius of circular extension in a Reflection coefficient b AR bandwidth
and c 3-dB ARBW in different planes

3 Result and Discussion

The proposed designed structure provides IBW of 19.55% (2.80–3.41 GHz) and
AR bandwidth of 9.14% (3.22–3.53 GHz) as observed in Fig. 5a. The resonating
frequency is achieved at 3.39 GHz with an ARmin of 0.54 dB. Justification of the
generation of CP at the operating frequency is reflected in Fig. 5b. It shows that for
different planes, a large variation of the elevation angle AR achieved is below 3 dB.
The CP radiation patterns for the primary planes φ = 0° and 90° are displayed in
Fig. 6. In the boresight direction, the difference between LHCP and RHCP, i.e., XPD,
is 30 dB and 31 dB, respectively.

Less variation of gain throughout the operating frequency band is observed which
also justifies the stable performance of the proposed antenna as shown in Fig. 7.
The maximum realized gain at the operating band is 3.9dBi. Radiation efficiency
variation from 85.5% to 94%, which is acceptable for practical applications, has also
been portrayed in Fig. 7.
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Fig. 4 Effect of change in height of CDRA on a Reflection coefficient bAR bandwidth and c 3-dB
ARBW in different planes

Fig. 5 Simulated S11, AR bandwidth and 3-dB ARBW of proposed CP antenna
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Fig. 6 Simulated CP radiation patterns of proposed design at 3.39 GHz for the plane of a φ = 0°
and b φ = 90°

Fig. 7 Effect on gain and
radiation efficiency with
frequency variation

The recognition of CP nature can be easily understood by observing the electric
field distributionwith changing phase angle as shown in Fig. 8. Clockwisemovement
of field distribution is observed which ensures LHCP radiation. The alteration of CP
nature (LHCP to RHCP) can be adjusted by considering the mirror image of the
extended microstrip feedline.

Table 1 shows the performance analysis of the proposed antenna in comparison
with the other similar reported structures.
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Fig. 8 Electric field distribution at the CP frequency of 3.39 GHz for θ = a 0° b 90° c 180° d 270°

4 Conclusion

In this article, the design of a CDRA with CP characteristics of higher XPD perfor-
mance is presented and analyzed. Due to the mutual coupling effect between the
partial ground plane and meandered-shaped microstrip feedline, orthogonal fields
with equal magnitude and opposite phase are being generated. The obtained IBW
and AR bandwidth are 19.55 and 9.1%, respectively. A gain of 3.9dBi is procured at
the operating frequency 3.39 GHz with a substantial amount of ARBW (42° at φ =
0° and 102° at φ = 90°). LHCP is observed at the upper CP band, whereas RHCP
can be obtained by the mirror image of the extended microstrip line. Owing to its
operating range, the proposed design is expected to be purposive as an economical
alternative in WiMAX and 5G applications.
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