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ABSTRACT

In this research, a dielectric resonator antenna (DRA) is designed to operate in the frequency bands of
fifth-generation mobile communications. The antenna consists of two rectangular dielectric resonators
arranged in two layers. Each DR has its own height and relative dielectric constant. The relative dielectric
constant of the lower and the upper resonators are 9.8 and 10.8 respectively. The DRA is fed by a 50 ohm
coplanar waveguide (CPW) type feeder. The dielectric resonators and the CPW system are placed on FR-4
substrate with dielectric constant of 4.7 and 1.5 mm thickness. The operating frequency covers the band
from (24-31) GHz with voltage standing wave ratio (VSWR) equal or less than two. The antenna shows
good radiation performance with linear maximum gain of about (5-7) dBi over the designated frequency

band. The antenna is categorized as miniaturized and low profile antenna.

Keywords: Dielectric resonator antenna (DRA); Coplanar waveguide (CPW); Radiation pattern, 5G antennas; Low
profile antenna

1. INTRODUCTION are the most prominent option for these

millimeter wavelengths.
The increasing demands to the data rate of
In literature, many articles suggest DRA

modern communications excites the
antennas for different generations of mobile

development of 5G mobile technology. The 5G
applications. A dielectric-resonator-on-patch to

technology frequency bands specified by Federal
improve the bandwidth of DRAs was presented

Communications Commission (FCC) are (24-28)

in (Esselle, 2001). The antenna is simple
GHz (FCC, 2020). The metallic loss of

low-profile antenna operate in the range from

(5.150-5.825) GHz. A technique for improving

microstrip antennas decrease their gain and

efficiency at millimeter wavelength. The

the performance of a CPW fed low permittivity
antennas designed for 5G applications must have

DRA has been proposed by (Rao, Denidni,
good radiation properties with good efficiency

2005). The proposed antenna was simply
characteristics. Dielectric Resonator Antenna

matched by changing the location of the
(DRA) are highly recommended; where DRAS

dielectric resonator on the coupled slot and the
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resonant frequencies can be adjusted easily. In
(Aldo, Apisak, 2010) an excellent historical
overview of the evolution and usage of the
DRAs has been provided. The overview period
include the last two decades of the last century
and the first decade of the present century. The
paper high
adaptability that DRAs can offer. DRASs can be

spotted the flexibility and
considered to outfit a wide range of necessities
for different communication applications, from
very high frequency to extremely high
frequencies. A dielectric ceramic substrate to be
used in design and fabrication of 5G millimeter
wave antennas was proposed by (Ashiqur, NG
M, Afaz, Touhidulalam, Mandeep, Mohammad,
2016). The antenna operate in the range of
(27.2-29.8) GHz with radiation efficiency 93%
and average gain of 5.4 dBi. The overall antenna
size was 1.321x1.324x0.0944 . In (Kai,
Hang, 2015) the wideband circularly polarized
DRA using a rotated-stair dielectric resonator
with axial ratio bandwidth of 18.2% has been
introduced. The proposed antenna has good
radiation pattern and high gain performance.
This antenna can be one pretty contestant for
recent 5G Wi-Fi band wireless communication
systems in the range of (5.1-5.9) GHz. A
reduced size rectangular DRA for multiple input
multiple output (MIMO) systems was presented
in (Jamal, Mohd, Mohsen, Muhammad, Irfan,
Aghuraman, 2015). The suggested antenna is
designed to operate among several long term

evolution (LTE) bands. The antenna shows a

264 MHz matching bandwidth with return loss
less than 10dB and separation of 18 dB at 1.8
In (Nor,
Kamarudin, Khalily, 2016) a modified feeding

GHz was achieved. Jamaluddin,
line was introduced to motivate the DRA with
permittivity of 10 that leads to a wideband
operation. The antenna was designed for 5G
millimetre wave applications and operate at 28
GHz. The antenna was realized and fixed on a
substrate of dielectric constant 2.2 and loss
tangent of 0.0009. In the work of (Sharawi,
Podilchak, = Hussain,  Yahia, 2017), a
millimetre-wave cylindrical dielectric resonator
(DR) was used to design MIMO antenna system
to support 5G communications. The antenna
consist of two linear arrays, each array contains
(4) cylindrical DR antenna operating at 30 GHz.
Maximum gain obtained was about 7 dBi with
good efficiency of radiation is obtained. In
(Allabouche, Bobrovs, Fererro, Lizzi, Ribero, el
Amrani, el |Idrissi, Elbakali, 2017) CST
microwave studio and HFSS were used to design
and simulate a rectangular DRA for 5G mobile
communication. The result shows that the
antenna was resonated at dual frequency bands
with good impedance matching at (10.5) GHz
and (17) GHz respectively. The antenna shows
high radiation efficiencies and adequate gains at
both frequencies. In (shahadan, Jamaluddin,

Kamarudin, Yoshihide, Khalily, Muzammil,
Dahlan, 2017) a steerable higher order mode
DRA array be able to steer from -32° to +32° at

15 GHz was presented. The designed antenna
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array revealed a high gain of 9.25 dBi and the
bandwidth was about 1.3 GHz. The antenna is
regarded as appropriate for 5G Internet of
Things (1oT) applications. In (Ahmed, 2019) a
compact size CPW-fed broadband U-shaped
DRA was recommended for WLAN and
WIMAX applications. The operating band was
from 3.22 to 5.92 GHz with 59 % bandwidth
efficiency.

In this study, a low profile CPW fed two layer
DRA is presented. The antenna is proposed for
5G mobile applications and other wireless
systems at the 26-30 GHz band. The proposed
antenna can be simply tuned to the desired band
with proper coupling between the feeder and the
RDR. A parametric study using CST Microwave
Studio Simulator (by Dassault Systemes Simulia)
was conducted for several combination values of
the RDR heights, the feeder length and the
length of the CPW ground in order to observe
various effects to the radiation and gain
performance as well as the matching impedance
bandwidth for VSWR less than two. The paper is
organized as follow: section 1 present an
introduction and review for the design and

performance of different DRAs, the antenna

configuration and dimensions are stated in

section 2, section 3 contains the simulation
results and the parametric study of the presented
antenna, the radiation performance of the
proposed antenna is stated in section 4, finally

the conclusion is given in section 5.

2. ANTENNA DESIGN AND
CONFIGURATION

The proposed antenna structure is illustrated
in Figure 1. The antenna consist of two layered
dielectric resonators (DRs). The two resonator
elements DR-1 and DR-2 are made of a
microwave Rogers TMM10 Laminate and
RT/Duroid 6010 LM Laminate from Rogers
Corporation. They have a relative dielectric
constant of 9.2 and 10.8 respectively. The DRs
are fed by 50 ohm CPW line. The dimensions of
the lower and upper resonators are axbxd,
andaxbxd,, where d; and d, are the heights of
the resonators, where a=7.2 mm, b=11.7 mm,
d;=1.3 mm and d,=0.9 mm. The resonators and
the CPW are laid on FR-4 substrate of 4.7
dielectric constant and 1.5 mm thickness. The
antenna is designed and simulated using CST

Microwave Studio software.
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Fig. (1): Antenna configuration: (a) Top view, and (b) Side view.

The overall dimension of the substrate is
23mmx30mm. The DRA has been firstly
designed by using the dielectric waveguide
model. The resonance frequency of the dielectric
resonator antenna is defined as (Mongia,
Ittipiboon, 1997):

c
fr=27z\/g_r><1/kf+ky2+kz2

@)

k=TT DTy L7

a b 2d
Where c is free space light speed, &, is DR
relative dielectric constant of the dielectric
resonator and K(X,Yy,z) represent the wave
numbers in the x, y, and z directions. The

frequency response of the antenna with only
DR-1 is shown in Figure 2.
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Fig. (2):The return loss of single DR-1 antenna against frequency.

3. SIMULATION RESULTS AND
PARAMETRIC STUDY

The optimized dimension parameters shows
that the feeder extension (S) under the DR has a
huge influence on the impedance matching
against the operating frequency band. A
parametric study have been done by sweeping

the parameter (S) from (0-1.5) mm in steps of

0.5 mm. The simulation results of the return loss
(Sw) against frequency for different values of S
are shown in Figure 3. Fig. 3 shows that when S
=0.5, the designed frequency band can be
achieved. This band covers the frequency range
of new 5G band from 24-28 GHz with voltage
standing wave ratio less or equal 2 and have

been showed in Figure 4.
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Fig. (3): The return loss in dB against frequency for different values of S.

24

2.2

18

VSWR

1.6

14

12

24 25 26 27 28 29 30 31 32
Frequency (GHz)

Fig. (4): VSWR vs. frequency for the proposed antenna operate at 5G band.
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The antenna is modified to operate in 5G
band from 24 GHz to 30 GHz by adding a
second layer DR-2 that stacked with DR-1. This
band contain the licensed 24.25-24.45GHz,
24.75-25.25GHz, 27.5-28.35GHz, 24.5-27.5GHz,
26GHz, 26.5-27.5GHz, 26.5-29.5GHz,
27.5-29.5GHz, and 24.25-27.5GHz allocated or
around the world

targeted (Qualcomm,

2017).Several simulations and dimension

optimizations were carried out using full wave
electromagnetic ~ simulator.  The  antenna
geometrical dimensions after optimization are
given as: W=3mm, g =0.3mm, W, =8.2mm, L,

=10mm, L¢=13.9mm, and S =0.5mm, d; =1.3mm,

and d, =0.9mm.

4. RADIATION PERFORMANCE OF THE

PROPOSED ANTENNA

Every The simulated gain for the proposed
layered DRA for frequencies within 5G band,
obtained using CST software are shown in
Figure 5. The gain is linearly changed within the
designated band. The simulated radiation
patterns in terms of E-plane (¢$=90°) and H-plane
(6=90°) are shown in Figure 6. The radiation

patterns have a broadside shape with gain about

(5-7) dBi that meets the 5G requirements.
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Fig. (5): Maximum gain (dB) versus frequency (GHz).
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Fig. (6): Radiation pattern of the antenna in E-plane $=90° and H-plane 0=90°.
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Fig. (7): The axial ratio of the radiation pattern of the proposed antenna.
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Table 1 compares the presented DRA with some
other designs of the DRA that used the
rectangular dielectric resonators. The proposed

designs achieved a compact size and low profile
characteristics as well as bandwidth efficiency of
25.4%.

Table (1): Comparison with some other designs.

Reference Number Frequency Band, Substrate DR Size
GHz Size, mm? mm®
This work 24-31 23x30 7.2x11.7%2.2
(Allabouche, Et Al., 2017) 10.5-17 40%40 14x15%4.04
(Shahadan, Kamarudin, Et Al., 2017) 15 20%20 7.5x7.5x1.8
( Mani, Edeswaran, 2017) 3.65-4.45 70x70 46x46x%6.2
4.7-5.6
(Abushakra, Al-Zoubi, 2017) 45-9.3 35x35 9x13.65x12.8
( Al-Azzal, Et Al., 2018) 5.1-34.6 40%x40 n(4.5)°x11

5. CONCLUSIONS

In this study, a DRA consist of two stacked
rectangular layers with a CPW feed structure
was proposed. The antenna work on 5G
communication frequencies. The antenna offers
an impedance bandwidth of more than 7 GHz
with a bandwidth efficiency of about 25% and
covers the band (24-31) GHz with good
radiation behavior across the entire designated
antenna band. The antenna achieved a good gain
performance with a maximum value of (7 dBi)
that meets the 5G requirements. The overall

dimensions of the proposed dielectric resonator

antenna is 7.2x11.7x2.2 mm? placed on substrate
with 23x30x1.5 mm® This antenna can be
considered simple

in design, with good

performance and compact size.
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