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Abstract

This research article present designing and analysis of a novel E shaped feed, which is consisted of seven optimized metallic strips that
have been used to excite Rectangular dielectric resonator antenna (DRA) and generate wideband circular polarization. The novel feed has
provided a 10-dB impedance matching bandwidth of ~ 7.85% and 3-dB Axial-ratio (AR) bandwidth of ~8.12 % in the broadside direc-
tion.The proposed DRA attained high gain and beam width i.e. 5.4 dB and 45° respectively over the same frequency range. The model
has been simulated in computer simulation technology (CST) software by using the transient solver, based on the finite integration tech-
nique (FIT) and thoroughly validated through another computational technique i.e. finite element method (FEM), where a significant

trend resemblance can be seen between the results of both solvers.

Keywords: Dielectric Resonator Antenna, Cross Polarization, Bandwidth, E-shaped feed.

1. Introduction

Dielectric resonators (DR) were initially proposed in microwave
(uw) circuits as an oscillator and/or filters. The DR overcome
metallic waveguide cavities because of several qualities such as
wide bandwidth, high radiation efficiency, lightweight, small size,
high Q-factor, low cost, temperature control, and capability to
resonate in several shapes (E. H. Lim,

2008).

By fixing on top of a metallic ground plane, DR emits energy
effectually and because of this quality, it is used as an antenna.
The most common methods used to excite a DRA are conformal
feeding, aperture coupling, probe coupling, and microstrip line
coupling (Long, 1983). The dimension of the feed, its location and
the way it is coupled will define which mode(s) will be excited. In
the end, the efficiency of the DRA is depended upon feeding, the
shape of the antenna, permittivity, and size of the antenna.

On the other hand, typical microstrip antennas have minimal ra-
diation efficiency, more conduction losses, and narrow bandwidth.
To cover these concerns, DRA provides the best and suitable op-
tion for engineers in wireless communication systems (Petosa A,
2010) (Chaudhary, 2013).

Nowadays, circular polarization (CP) has got great attention
because of its advantages, e.g. better mobility, reduced multipath
of the signal and weather penetration in recent wireless communi-
cation systems i.e. Radar and satellite, (Leung,2003). The feeding
of the DRA has been split into two categories; single feeding and
double feeding technique.

Several single feed CP DRA designs have been published in the
literature, for example, a rectangular DRA fed by a single-slot
attained circular polarization bandwidth of 1.8% (Oliver, 1995)
and in (A. A Kishak, 2003) an elliptical DRA obtained CP of

3.5%.single-slot attained circular polarization bandwidth of 1.8%
(Oliver, 1995) and in (A. A Kishak, 2003) an elliptical DRA ob-
tained CP of 3.5%.

A rectangular DRA that is excited using an outer-fed square spiral
strip and a hemispherical DRA fed by a parasitic patch reported
6.7% and 2.4% CP Bandwidth respectively (Sulaiman, 2010),
(Leung, 2003). Moreover, 3-dB axial ratio bandwidth of 5.71% is
achieved in semi eccentric annular DRA which is feed through
single vertical coaxial feed (jmai, 2014).

In this research article, a single fed technique has been used to
achieve wideband circular polarization, excited through E shaped
feed and the results show that wide bandwidth has been achieved
through a novel feed which is comparatively wider than the other
single feed DRA’s stated in the literature.

2. Problem Statement

One of the major issues to work on, in today modern wireless
communication systems are demands of electronic systems of high
efficiency, wide bandwidth and reduced equipment size. Meeting
these demands in the RF and a wireless domain is a major chal-
lenge since it involves designing an antenna to be embedded into
wireless products. Dielectric resonator antenna (DRA) is the most
appropriate option especially at mm-wave due to the absence of
conductor or surface wave losses which effect other types of an-
tennas. (Ittipiboon 1994, Almpanis 2006).

Additionally, problems of polarization of mismatch and diminish
multipath interference effects antenna efficiency.In order to over-
come such issues, circularly polarized (CP) antennas has been
widely used in communication systems (Oliver 1995, Wong 2001).
Latest research work on CP Dielectric Resonator Antennas
(DRA’s) has emphasized their reasonable broader bandwidth and
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better gain for CP which simply other antenna don’t have i.e. mi-
crostrip antennas. ( A. Petosa,2005)

3. The Aim of Research

The main aim of this research is to implement new E shaped feed
to excite rectangular Dielectric resonator antenna to get cross-
polarization with the broader bandwidth and high gain. Further-
more, the simulated results will be validated with another compu-
tational technique.

4. Method of Research
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Figure 1. Geometry of the Rectangular DRA fed by a E shaped

Fig. 1 shows the geometry and 3-D view of a projected antenna of
proposed Rectangular DRA excited with E shaped feed. In the
projected design, a rectangular DRA prototype with a relative
permittivity of alumina (er=9.3) has been simulated. The dimen-
sions of the DRA are a=25.4 mm, b=26.1mm and c=14.3mm
which is similar to the one used in (Sulaiman, 2010). The pro-
posed roman three type feed is made up of seven metallic individ-
ual strips. After numerous simulations of varying the parameters
of the antenna, the optimum dimension of the feed are found to be
11=8.75mm, 12 and 17=8.0mm, 14=9mm,I3 and 16 1.5mm and
15=2.5mm.
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Figure 2 (a): Return losses of a RDRA fed using E-shaped feed

To simulate the effect of infinite ground plane, the boundary con-
dition of Zmin is set to be ET=0. A discrete edge port is used to
excite proposed feed. Mashed properties like lines per wavelength
are 60 while lower mesh limit = 35, Mesh line ratio limit is =50
for the proposed Antenna and finally, mesh cells for the DRA is 5,
38,625.

Hexahedrons meshing is used to simulate the optimized design.
Through parameter sweep, the feed position is shifted on the sur-
face of the DRA along the y-axis and the optimized position of the
feed is found to be at the Y= -4.5mm of the DRA surface. In order
to validate the proposed antenna, the projected design has been
simulated by using another computational technique. Good
agreement between the results have been witnessed and hence
validated the design.

5. Analysis and Discussion

A Prototype antenna has been simulated and optimized with CST.
Fig. 2(a)—(b) illustrates the simulated results. The validation of the
proposed antenna design was performed using FEM. Fig. 2(a)
shows the results of both computational techniques for the pro-
posed antenna, where small discrepancies mismatch between re-
sults of AR is because of a small size of a different domain (Jmai,
2014).

With reference to the Fig. 2(a) the proposed antenna shows vali-
dated results for 3-dB axial-ratio bandwidth and S11 impedance
matching bandwidth. Through FIT, the proposed antenna match-
ing impedance (S11) is ranging from 3.65 GHz to 3.94 GHz, rep-
resenting the bandwidth of 7.85 % with minimum frequency at-
tained at 3.70 GHz.While on the other side, FEM technique vali-
dates the CST results and over the minimum frequency 3.72 GHz
show matching impedance (S11) of 7.60 %.Overall trend shows
the validation of the results as well.

It is clearly seen in Fig 2(b) that 3-dB axial-ratio bandwidth has
been achieved and validated over both computational techniques
almost at same minimum frequency i.e3.70 GHz &
3.71Ghz.Through FIT 3-dB axial-ratio bandwidth is 8.12% and
over the same minimum frequency through FEM 3-dB axial-ratio
bandwidth achieved is 8.33%. In the broadside direction (6 = 0, ¢
=0)

Gain and Beamwidth of the proposed DRA can be observed from
Figure c-d. Fig 2 (C) shows that gain is 5.30 dBi when computed
through FIT Technique At the minimum AR frequency (~3.70
GHz), further the gain rase to 5.35 dBi when the proposed DRA is
computed through FEM technique. The antenna offers the gain of
almost 5.40 dBi across the whole operating bandwidth.

As shown in Fig 3 (d) useful beamwidth of 45° in the ¢ = 0 plane
is achieved for cross polarization DRA which is reasonable en-
hanced comparatively.
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Figure 2 (b): 3- Axial ratio of a RDRA fed Using E-shaped feed

(LHCP) fields are dominant than the right-hand CP (RHCP) by
approximately, around

20 dB and 22 dB in the boresight direction in the $=00 & $=900
plane, respectively.

Conclusion

A Wideband Circularly Polarized Rectangular- Dielectric Resona-
tor Antenna Excited by new E-shaped feed has been investigated
by using CST simulator. Based on the results obtained i.e. 10-dB
impedance bandwidth of 7.85% and 3-dB AR bandwidth of

8.12 % in the broadside direction, a wideband CP DRA design has
been achieved. The design has been validated through FEM com-
putational technique and a good agreement has been

Observed and additionally, achieved high Gain and beamwidth
of 5.40 dBi and 45° respectively.
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Figure 2 (c). Beamwidth of the RDRA fed by a E shaped feed
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Figure 2 (d). Gain of the RDRA fed by a E shaped feed
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Figure 2 (e). Radiation pattern of the RDRA at ¢=00 and $=900
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