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In this paper, wideband high gain dielectric resonator antenna for 5G
applications is presented. Higher order TEj,s mode is exploited to enhance
the antenna gain, while the array of symmetrical cylindrical shaped holes
drilled in the DRA to improves the bandwidth by reducing the quality factor.
The proposed DRA is designed using dielectric material with relative
permittivity of 10 and loss tangent of 0. 002. The Rogers RT/Droid 5880 has
been selected as substrate with relative permittivity of 2.2, loss tangent of
0.0009- and 0.254-mm thickness. The simulated results show that, the
proposed geometry has achieved a wide impedance bandwidth of 17.3%
(23.8-28.3GHz=4.5 GHz) for S11<-10 dB, and a maximum gain of about 9.3
dBi with radiation efficiency of 96% at design frequency of 26 GHz.
The DRA is feed by 500 microstrip transmission line with slot aperture.
The reflection coefficient, the radiation pattern, and the antenna gain are
studied by full-wave EM simulator CST Microwave Studio. The proposed
antenna can be used for the 5G communication applications such as device to

device communication (D2D).
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1. INTRODUCTION

Wireless communication technology is a rapidly growing field of telecommunication industry.
Currently, 5G is considered as a next generation wireless technology. Dynamic research has been conducted
throughout the world to advance the future generation (5G) wireless communication. The successful
deployment of 5G communication demand low cost, compact and efficient antennas. In this regard, antenna
research community has shown great interest in designing such antennas. Since the last few years, Microstrip
antennas and dielectric resonator antennas have been extensively studied. Microstrip antennas are good
candidate for future generation communication because of its small size, light weight, and ease of fabrication.
However, microstrip antennas suffer from severe metallic losses and surface wave excitation at higher
frequencies. In contrast, DRA has received a great attention by researchers due to its potential advantages
like low profile, light weight, wide bandwidth, ease of excitation schemes and high radiation efficiency in the
absence of conductor losses even at higher frequencies [1-5]. DRA is made of dielectric material with no
conductor losses [6]. Therefore, Dielectric resonator antenna has a great potential to replace the traditional
low gain metallic antennas such as microstrip patch antennas and found to be a most suitable candidate [7].
DRA comes in various shapes such as cylindrical [8], hemi-spherical [9], rectangular [10-12], triangular [13]
and others shapes [14, 15]. Another feature of DRA is flexible excitation schemes which are used to feed
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the DRA such as microstrip feed line [16], probe feed [17, 18], co-planar wave guide [19], dielectric image
guide [20], slot aperture [21, 22].

Various techniques have been proposed to enhance the gain and bandwidth of DRA. Stacked
DRA [23, 24], proposed to enhance the gain and bandwidth. Placing a surface mounted short horns around
the DRA [25] has also been used to increase the gain and bandwidth. However, these approaches have either
large surface area, or limited gain, which are not suitable for future communication systems applications.
Recently, higher order modes were used only to enhance the gain of DRA [26], however this approach has
major drawback of narrower bandwidth. In this paper, the main goal is to achieve wider impedance
bandwidth with high gain using the concept of higher order mode at 26 GHz. Array of symmetrical

cylindrical holes drilled uniformly in the DRA for bandwidth improving operating on the higher order TE ;5
radiating mode. The novelty of this approach of bandwidth improvement lies in contrast with the
fundamental mode, the DRA is excited with the higher order mode.

2. ANTENNA DESIGN

The configuration of the proposed DRA with array of symmetrical cylindrical holes operating on
higher order mode is illustrated in Figure 1. DRA is excited using a microstrip transmission line through a
coupled rectangular slot etched on ground plane. DR ECCOCK HiK TEK material having dielectric constant
of ¢, =10, loss tangent of tand =0.002 with dimensions of length, width and height (a X b X d) is designed
to operate at the resonance frequency of 26 GHz. Dielectric resonator is located on small ground plane
(Wg and Lg= 11.5mmx 11.5mm) as depicted in Figure 1. A substrate RT/Duroid 5880 with relative
permittivity of 2.2, loss tangent tand of 0.0009 and thickness of 0.254mm is used. The dimensions of the
proposed structure are given in Table 1.
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Figure 1. Geometry of the proposed DRA

3. RESULTS AND DISCUSSIONS

The proposed DRA operating in the higher order TE%;s mode is simulated using CST MWS.
The higher order mode improves the gain of an antenna, but it has narrower bandwidth. The dielectric
resonator antenna bandwidth can be improved at higher order mode by lowering down the quality factor.
The symmetrical array of cylindrical holes are drilled on the DRA to reduce the quality factor, thus increases
impedance bandwidth. The size of the cylindrical holes and distance between the two holes are maintained
with radius of 0.28 mm and 0.34 mm, respectively while the height of the cylindrical hole is same as the
height of the DRA as mentioned in Table 1. It is clearly indicated from (1) and (2) that, bandwidth increases
with perforations by lowering the quality factor. The Q factor and bandwidth are inversely proportional to
each other.
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Table 1. Optimized parameters of the perforated DRA operating on TE, s mode
Unit: mm
Resonant mode a b d A ls s r
TEs; s mode 291 291 6.1 035 295 13 0.28
a,b and d = length, width and height of DRA, respectively; w;,l;=width and length of slot;
s=length of stub, r=radius of cylindrical hole.

Figure 2 shows the simulated |S11]| result of the proposed antenna. It can be seen from the Figure 2
that, the proposed antenna exhibits a wide impedance bandwidth of 17.3% (4.5 GHz), ranging from 23.8
GHz to 28.3 GHz. The antenna gain and radiation efficiency versus frequency is plotted in Figure 3. The
simulated maximum gain of 9.28 dBi is achieved with radiation efficiency of 96% at 26 GHz frequency.
Figure 4 shows the simulated 3D radiation pattern at operating frequency of 26 GHz. Figure 5 shows the
simulated normalized radiation patterns of the DRA in both the E-and H-planes at 26 GHz. As depicted in
Figure 5, the pattern shows a broadside radiation characteristic over the entire impedance bandwidth. The
results of the proposed antenna is given in Table 2.
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Figure 2. Simulated |S11| of the DRA at 26 GHz Figure 3. Gain and efficiency Vs radiation efficiency
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Table 2. Summary of simulated results of proposed structure
Mode f-(GHz) BW (%)(511 - 10dB) Gain (dBi) Efficiency (%)
TEsis mode 26 23.8—28.3=4.5 (17.3%) 9.28 96
BW, bandwidth in percentage; f,, resonant frequency in GHz.
4. CONCLUSION

A perforated DRA operating in the higher order mode is designed to obtain wideband and high gain

at the frequency of 26 GHz is presented in this paper. The simulated results of the proposed antenna showed
a wider impedance bandwidth of 17.3% (4.5 GHz) ranging from 23.8 GHz to 28.3 GHz. The maximum gain
achieved is 9.2 dBi with radiation efficiency of 96%. The proposed antenna is suitable for device to device
communication in Internet-of-Things (1oT) for 5G applications.
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