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Abstract—In this paper, a dielectric resonator antenna array is
proposed. A broadband circularly polarized half-split embedded
cylindrical dielectric resonator antenna with varying
permittivity along the radial direction is taken as a single
radiating element for a two elemental array configuration
developed for the commercial WLAN applications. The
proposed antenna array consists of two embedded half
cylindrical structures (DRAs). Each embedded structure is a
combination of two DRAs of different permittivity along radial
direction. The DRA with lower permittivity embedded in the
groove of DRA with higher permittivity. A modified coplanar
waveguide feed is used to excite the array structure thus the
ground plane is modeled over the substrate. By triggering
orthogonal modes in CDRA through the feed network, generates
circular polarization in the braodside direction and is confirmed
by the rotation of electric field lines. The proposed array
configuration will shows a significant bandwidth greater than
550MHz with central frequency of 5.25GHz. The maximum gain
in broadside direction is found to be 3.99dB.

Keywords - Broadband, circular polarization, coplanar waveguide
feed, dielectric resonator.

I INTRODUCTION

In  wireless communication scenario, dielectric
resonators have become better choice over microstrip patch
antennas due to its flexibility in antenna feeding networks
and immense structural diversity. The DRA consist of high
dielectric constant materials and high quality factors, thus it
offers low metallic loss, bandwidth enhancement and high
radiation efficiency. Moreover, numerous design solutions
are existing for improving the gain and radiation properties of
DRAs. Hence, it become attractive hand for antenna
designers.

Many applications such as WLAN, WiMAX, radar
applications and video conferencing require broadband
operation. So DRA grabs more attraction to form a resonator.
Systems with circular polarization are insensitive to antenna
(transmitting and receiving) configurations. Also, they are
susceptible to propagation effects, weather altrations and
interferences. Thus, designers focused more over circularly
polarized DRAs for wireless applications.

In this paper, circular polarization is realized by
generating orthogonal modes in CDRAs. A modified
coplanar waveguide feed is considered since it reduces
dispersion effects and radiation losses. A single HSCDRA
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doesn’t show significant amount of gain hence array
designing is selected. The array structure combine the signlas
from individual resonators inorder to achieve improved
performance as compared with a single antenna. This reduce
interference and is more sensitive in a particular direction
thus maximise the siganl to interference noise ratio (SINR).
Near/far field antenna measurements such as reflection
coefficient, axial ratio, radiation pattern, radiation efficiency
and gain were simulated and anlaysed using ANSOFT-HFSS
software.
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Fig. 1: Geometry of proposed antenna (a) top view modified CPW-fed (b)
top view HS-CDRA
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1.  ANTENNA CONFIGURATION

)

Fig 2: Geometry of 2x1 array

Fig.2 depicts the geometry of proposed broadband
circularly polarized DRA array having two embedded
elements. Each element consists of half-split CDRA made of
two different permittivity along radial direction. The DRA
materials are Polyflon Polyguide (€r1=2.32, r=11mm) and
Roger RT/Duroid 6010 (€r2=10.2, r=20mm). DRA eclements
are glued together using Araldite resin with permittivity of
€r=3.6.The substrate material is FR4 glass epoxy (Er=4.4,
tand= 0.025, height=1.6mm). Both the elements are coupled
using a centre feed network. Coplanar waveguide feed is
usedfor excitation and is realized by a signal line (feeding
strip), rectangular shaped slotted and unslotted patches etched
on the top of substrate and the ground plane on the same
plane. Circular polarization is generated by triggering
orthogonal modes (perpendicular modes) in CDRA. Based on
the antenna geometry, TM11d mode is excited.

I1l.  DESIGN MECHANISM

The design methodology consisdered for proposed antenna
array is based on coupling mechanism between cylindrical
DRA of different permittivty and centre fed network structure
for exciting the array elements through modified coplanar
waveguide feed. The design procedures have been
summarized below.

Step 1:

Designing of DRA with CPW feeding. Acylindrical structure
is chosen since surface waves are less in quantity and is
easily modified. Here, focused on HE1l mode excitation
because we require circular polarization and CPW
configuration of mode. HE1l mode is composed of
approxiamtely 85% of TE11 mode and 15% of TM11. This
mode is desirable for the most demanding applications due to
its excellent radiation properties. The dimension of DRA is
proportional to wavelength and is inversely proportional to
the square root of dielectric permittivity. The radius and
height are the tuning parameters of cylindrical DRA. The
resonant frequency,
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where €r = sum of permittivities of two DRAs.

Step 2:
Inserting embedded DRA structure.
mechanism should be adopted.

Efficient coupling

Step 3:

Apply patch inside embedded DRA and create symmetrical
patch with bilateral symmetry.Calculation of patch
parameters by surface modulation similar to normal patch
design equations with additional constraint of 1 < L/W < 1.5.

Step 4:

Apply slot structure to patch plane in embedded structure.
Number of slots = width of slot divided by total width of
patch. Slots are inserted in left hand side patch for obtaining
right hand circular polarization. The dimension of slot is
calculated by using the equations provided by Babinet’s
Principle for A/4.

Step 5:
Design and implement array configuration. A two elemental
DRA array is to be designed and simulated.

C
Distance between array elements, Ag= fove, 2)
L
W
Feed point positions, Xf = , Yf = 3)
7.48h
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Width of feeding strip, W= ¢ ¥ , ()

Z0 is the impedance parameter.

IV. STRUCTURAL ANALYSIS

A. Effect of embedded structure

Fig.3 show the effect of embedded structure on input
reflection coefficient and axial ratio. The input reflection
coefficient decreases with embedded structure (DRA with
lower permittivity inserted in the groove of DRA with higher
permittivity). This is due to the coupling between DRAs.
Value of axial ratio reflects that embedded structure generates
circular polarization(Axial Ratio < 6dB).
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Fig 3: Effect of embedded structure on proposed array

B. Effect of slotted patch

Fig.4 show the effect of slotted patch over input reflection
coefficient and working bandwidth. Single DRA structure
exhibits high reflection losses than an embedded structure.
Working band enhanced from 300MHz to 550MHz by the
insertion of slotted patch, so proposed antenna exhibits
broadband  operation. Axial ratio and radiation pattern
reflects the generation of right hand circular polarization due
to slotted patch on left side of embedded DRA.
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Effect of slotted structure on proposed array
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V. SIMULATED RESULTS

The prototype of antenna array has been designed and
simulated in HFSS software. Various antenna parameters are
simulated and measured.It is observed that better results are
obtained using two elemental array rather than a single
element. Figure depicts the input reflection coefficient where,
S11<-10dB (-24.5dB) input impedance bandwidth has been
found to be 4.85-5.37GHz. Axial Ratio bandwidth has been
shown in figure, it is found to be 3.6dB in central frequency
5.25GHz. The working band of array is about 550MHz
reflects a broadband operation. The average gain of proposed
array in broadside direction has been found that 4dB (4.8-
5.45GHz) as shown in figure. Figure illustrates the right hand
circular polarization radiation pattern of a proposed array.
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Fig 5: Input reflection coefficient of proposed array
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Fig 6: Axial ratio bandwidth of proposed array
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Fig 7: Gain of proposed array
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Fig 8: Circular polarization radiation field of proposed array

VI. CONCLUSION

A broadband circularly polarized half split embedded
cylindrical DRA (HS-CDRA) array has been designed and
simulated. Proposed antenna array is excited by a modified
coplanar waveguide feed with a centre fed network
configuration.HE11 mode is excited inside HS-CDRA to
realize circular polarization. Designed array can obtain S11
< -10dB input impedance bandwidth of 500MHz (centered on
5.25GHz) and AR of 3.6dB (centered on 5.25GHz). The
array configuration provides very low radiation losses, better
gain and broadband working.
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