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Abstract: In this paper, dielectric resonator antenna
(DRA) with high gain and wide impedance bandwidth
for fifth-generation (5G) wireless communication
applications. The DRA is designed to operate at higher-
order TEx156 mode to achieve high antenna gain, while
a hollow cylinder at the center of the DRA is introduced
to improve bandwidth by reducing the quality factor.
The DRA is excited by a microstrip line with a narrow
aperture slot. The reflection coefficient, antenna gain,
and radiation pattern of the proposed DRASs are
analysed using the commercially available full-wave
electromagnetic simulation tool CST Microwave Studio
(CST MWS). The proposed antenna structures were
fabricated and experimentally validated. Measured
results of the fabricated prototypes show a 10-dB return
loss impedance bandwidth of 10.7% (14.3-15.9 GHz)
and 16.1% (14.1-16.5 GHz) for DRA1 and DRAZ2,
respectively, at the operating frequency of 15 GHz. The
results show that the designed antenna structure can be
used in the Internet of things (1oT) for device-to-device
(D2D) communication in 5G systems.

Keywords: Dielectric resonator antenna, Higher-order
mode, Quality factor, Gain, Bandwidth, 5G
communication.

1. Introduction

The presumptions and challenges of the ever-growing
traffic explosion drew increased attention toward the
significant research activity and development of fifth-
generation (5G) wireless communication technology.
The most effective way to fulfil the needs of the 5G
communication system, which is expected to be
launched commercially around 2020 and beyond, is to
increase bandwidth. Thus, the migration to a higher-
frequency band is essential to support the required high
data rate on the order of gigabits per second (Gbps).
However, the main problem associated with a higher-
frequency band is the high path loss with short distance
communication due to the short wavelengths. To
overcome these issues, high-gain antennas are required
to solve the problems of high path loss and increase the
transmission range related to the high-frequency band.
This method has distinct benefits compared to other
gain enhancement techniques because it demonstrates

high gain and requires a small area with a simple
structure, which are attractive features for modern
communication systems. However, this approach has
the main problem of narrow impedance bandwidth. The
gain of a rectangular DRA was enhanced by integrating
it with a surface-mounted short horn (SMSH). The
major drawback of this approach is the higher
complexity, with increased size. Modification of the
shape of the dielectric resonator was suggested to
enhance the antenna gain. Recently, the higher-order
mode technique has been adopted to enhance the gain
of DRAs. A microstrip patch antenna (MSA) is
considered as a good choice for 5G wireless
communication due to its compact size, light weight,
low cost, and ease of fabrication. However, at higher
frequencies, the microstrip patch antenna suffers from
low radiation efficiency because of the inherent metallic
losses. Moreover, it offers low gain and narrow
bandwidth. In contrast, dielectric resonator antennas
(DRAs) exhibit higher radiation efficiency even at
higher frequencies du¢ to the absence of intrinsic
conductor loss and. surface wave loss. Dielectric
resonator antennas, because of their numerous
advantages and attractive features like light weight, low
cost, and relatively wide impedance bandwidth, gained
increased attention from antenna designers as a good
candidate for 5G wireless communication. Additionally,
they offer flexible excitation schemes such as coaxial
feed probes, microstrip feed lines, aperture coupling,
and co-planar waveguides.
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2. Antenna Design and Analysis

The configuration of the proposed DRAs with
dimensions of length (a), width (b), and height (d) is
shown in figure 1 a, b operating at 15 GHz. The length,
width, and height of the designed structure are
represented as

axbxd=0221x021x14

The DRA is made of an ECCOS-TOCK HiK material
with a dielectric constant (er) of 10 and loss tangent
(tand ) of 0.002. The Rogers™ RT/Duroid 5880
substrate with a permittivity of 2.2 and a loss tangent
(tand ) of 0.0009 is used. The thickness of the Rogers
substrate is 0.254 mm. Each DRA is mounted on a

20mmx20 mm =14 %1420

ground plane and excited by a 50 Q standard microstrip
line with an aperture slot in the ground plane. The
ground plane is printed on the top side of the substrate.

It is important to mention here that a microstrip feedline
is used due to the ease of fabrication. The slot length [ s,
width w and stub length S are adjusted to match
individual antennas.

All dimensions are in millimetres(mm).In each case,
stub length S was adjusted to optimize the matching
impedance of individual DRAs.

The resonant frequencies, fo, of the TExdnm mode can
be predicted using a dielectric waveguide model
(DWM).

The wave numbers kx, ky,and k, can be deduced by
solving the following transcendental equations:

kx tan(kzﬁ)a/ (er — 1)ko2 — kx2-----~(1)
ki+ky? 1k, = erko2, ------- 2)
where
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where c is the velocity of light, er is the relative
permittivity of the DRA is the free space wave number,
and m and n are half-wave field variations along
directions, respectively. The symbols kx, ky,and kz
represent the wave numbers in the x-, y-, and z-
directions, respectively.

g Atennn(DRA)

’
\ 4
Z = )
S Diedectric Resonator
=
- JTOAKI plane

bve (50-7)

o
"

oRa o)
e Withewr
ofedid heke

a) {b)

Figure 1. Configuration of the proposed dielectric
resonator antennas (DRAS): (a) T E § 15 mode without
cylindrical hole (DRA1); (b) T E § 15 mode with a
cylindrical hole (DRAZ2).

Figure 2 compares the simulated reflection coefficients
|S1z|of the DRA operating in higher-order (T E § 15x)
mode without a cylindrical hole (DRA1) and that of the
DRA with a cylindrical hole (DRAZ2). It can be seen
from Figure 2 that the DRA operating in higher-order
T E 6 15x mode without a cylindrical hole obtained an
impedance bandwidth of 1.6 GHz (10.6%), ranging
from 14.3 GHz to 15.9 GHz. The DRA operating in
higher-order mode T E § 15x with a cylindrical hole at
the center achieved a comparatively wider impedance
bandwidth of 2.6 GHz (17.4%), operating from 14.3
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GHz to 16.9 GHz. The bandwidth of DRA2 was
relatively larger than DRAL1 because a hollow
cylindrical hole was drilled at the center of the DRAZ2,
which reduced the radiation Q-factor of the antenna;
therefore,  the  impedance  bandwidth  was
enhanced. Figure 3 a,b present the electric field (E-field)
distribution in the XY plane for DRA1 (without a
cylindrical hole) and DRA2 (with a cylindrical hole),
respectively. The electric field distribution was stronger
in DRA2 compared to DRAL. The cylindrical hole at

the
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center of DRA2 strengthened the electric field near the
center of the DRAs. This helped in increasing the
bandwidth and efficiency of the DRASs. The simulated
magnetic fields (H-fields) of both antennas are plotted
in Figure 3 a,b, respectively, at the operating frequency
of 15 GHz. Figure 4 ab show the magnetic field
distribution in higher-order (T E x 6 15) mode.

Figure 2. Simulated reflection coefficients |S11| of the
proposed DRAs.
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Figure 3. Simulated electric fields (E-fields) of the
proposed DRAs at 15 GHz: (a) DRAL; (b) DRA2.

Figure 4. Simulated magnetic fields (H-fields) of the
proposed DRAs at 15 GHz: (a) DRAL; (b) DRA2.

3. Measurement Results and Discussion

We observe and analyse the simulation and
measured results. The performance of the
antenna prototypes was designed and
simulated using the commercial three-
dimensional (3D) electromagnetic (EM)
Computer Simulation Technology (CST)
Microwave Studio software. The photographs
of the fabricated proposed DR antennas are
shown in Figure 5. The reflection coefficients
were measured using a vector network
analyser (VNA), while antenna gain and the
radiation patterns were measured in an
anechoic chamber. The simulated and
measured results of reflection coefficients
S11 of the DRA prototypes are depicted
in Figure 6. It can be seen from Figure 6 that
DRA1 obtained a simulated and measured
-10-dB impedance bandwidth of 10.6% and
10.7%, respectively. On the other hand,
DRA2 achieved a simulated and measured
-10-dB bandwidth of 17.4% and 16.1%,
respectively. The slight difference between
the simulated and measured results can be
attributed to fabrication imperfections.

Figure 5. Photos of the fabricated proposed
antenna prototypes: (a) DRA1 without
cylindrical hole (three-dimensional (3D)
view); (b) DRA2 with cylindrical hole (3D
view); (c) top view without DRA; (d) back
view.

Figure 6. Simulated and measured reflection
coefficients |S11| of DRAL and DRA2.

3.1.T E x § 15 without Cylindrical Hole (DRA1)
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The simulated and measured reflection coefficients
versus frequency plots of the T E x § 15mode without a
cylindrical hole (DRA1) are represented in Figure 7. It
can be seen from Figure 7 that the proposed antenna
attained simulated and measured —10-dB impedance
bandwidths of 10.6% and 10.7%, respectively. The plot
of the simulated and measured antenna gains and
radiation efficiency as a function of frequency is
depicted in Figure 8. With reference to the plot, the
simulated and measured antenna gains were 10.5 dBi
and 10.4 dBi, respectively. As presented in Figure 8, the
measured and simulated radiation efficiencies were
97% and 95%, respectively.

Figure 7. Simulated and measured results of the
reflection coefficient |S11| of DRAL.
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Figure 8. Simulated and measured gain and efficiency
versus frequency of DRA1 at 15 GHz.

Figure 9 shows the simulated and measured normalized
radiation pattern of the proposed structure in the E- and
H-planes at 15 GHz. Figure 9 shows the normalized
radiation pattern for DRA1 along the H-plane where the
half-power beam width was 49.2049.2° in the major
lobe and the radiated power in the side lobe level was
—11.8dB. The major lobe is located at 020°. In the E-
plane, the half-power beam width in the major lobe
was 46.4046.4° and the radiated power in the side lobe
level was —9.3db.
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Figure 9. Simulated and measured normalized radiation
pattern in the E-plane and H-plane of DRA1 at 15 GHz.

3.2. T E x & 15 with Cylindrical Hole (DRA2)

Figure 10 demonstrates the simulated and measured
reflection coefficients of the proposed antenna. With
reference to Figure 10, the proposed antenna structure
achieved simulated and measured bandwidths
(S11<-10) of 17.4% (14.3-16.9 GHz) and 16.1%
(14.1-16.5GHz), respectively. The slight difference in
the measured and simulated results occurred because of
the fabrication of the DRA during its assembly
process Figure 11 shows the simulated and measured
gain and efficiency of DRA2. It can be seen from Figure
11 that the simulated and measured antenna gains were
10.5 dBi and 10.4 dBi, respectively, while the simulated
and measured radiation efficiencies were 98% and 96%,
respectively. Figure 12 shows the simulated and
measured normalized radiation pattern of DRA?2 in the
E-plane and H-plane at 15 GHz. Figure 12 shows the
normalized = radiation pattern for DRA2 with a
cylindrical hole along the H-plane, where the half-
power beam width was 54.1° in the major lobe, and
radiated power in the side lobe level was —13.6 db. In
the E-plane, the half-power beam width in major lobe
was 48.6°, and the radiated power in the side lobe level
was -10.4dB. The major lobe was located at 0°.

IJCRT2408660 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f983


http://www.ijcrt.org/

www.ijcrt.org

© 2024 IJCRT | Volume 12, Issue 8 August 2024 | ISSN: 2320-2882

0
BWmeas.=16.1%
BWsim.»17.4%
S [ -
=
=
—-20
=
@
-30 o fumi
w—Simulated %E
-40 == = measured

13 14 15 16 17
Frequency [GHz]

Figure 10. Simulated and measured results of the
reflection coefficient |Su1| of DRA2.
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Figure 11. The simulated and measured antenna gain
and radiation efficiency versus frequency of DRA2.
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Figure 12. Simulated and measured normalized
radiation pattern in the E-plane and H-plane of DRA2
at 15 GHz.

4. Evaluation of performance and outcomes in real-
world use cases

The evaluation of 5G application performance and
outcomes in real-world use cases is an ongoing process,
and results can vary based on factors such as network
deployment, location, and specific applications. Here's
an assessment of 5G's performance and outcomes in
several real-world use cases:

a. Enhanced Mobile Broadband (eMBB++):

o Performance: 5G provides significantly faster
download and upload speeds compared to 4G,
making it ideal for high-quality video streaming
and large file downloads.

e Outcome: Users experience smoother, buffer-free
streaming and quicker downloads, enhancing
their mobile internet experience.

b. Internet of Things (1oT):

e Performance: 5G's low-power, high-density
capabilities enable massive I0T connectivity and
low-latency communication, improving loT
device performance.

e QOutcome: loT applications, such as smart cities
and industrial 10T, benefit from reliable and real-
time data exchange, leading to improved
efficiency and automation.

c. Fixed Wireless Access (FWA):

o Performance: 5G FWA offers high-speed internet
in areas lacking wired infrastructure, with low
latency for online activities and video
conferencing.

e QOutcome: Rural and underserved areas gain
access to high-quality broadband internet,
bridging the digital divide.

d. Public Safety and Emergency Services:

e Performance: 5G networks provide reliable, high-
speed communication, enabling first responders
to share critical information and coordinate
effectively.

e Qutcome: Improved situational awareness and
faster response times can save lives in emergency
situations.

e. Smart Manufacturing:

o Performance: 5G's low latency and high reliability
facilitate real-time control and monitoring of
machinery and processes in smart factories.

e QOutcome: Enhanced automation and predictive
maintenance lead to increased productivity and
reduced downtime.

f. Healthcare:

e Performance: 5G enables high-resolution video
streaming for telemedicine and real-time
monitoring of patients.

e Outcome: Improved access to healthcare services
and remote patient care, especially in remote or
underserved areas.
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g. Autonomous Vehicles (Connected and
Autonomous Vehicles - CAVSs):

e Performance: 5G supports ultra-reliable, low-
latency communication (URLLC) crucial for
CAVs, ensuring safe and efficient transportation.

e Outcome: Safer roads, reduced accidents, and the
potential for fully autonomous vehicles in the
future.

h. Smart Agriculture:

e Performance: 5G enables the connectivity of
sensors and autonomous machinery, improving
precision farming.

e Outcome: Higher crop yields, reduced resource
wastage, and sustainable agriculture practices.

i. Entertainment and Gaming:

e Performance: 5G enables low-latency cloud
gaming services for high-quality gaming
experiences on mobile devices.

e Outcome: Gamers can enjoy console-level
gaming on the go, with minimal lag.

5. Future Trends and Challenges

Future trends in direct resonator antennas for 5G
include advancements in compact, multi-band
designs to accommodate diverse frequency bands.
Challenges involve addressing integration issues
small form factors and optimizing antenna
performance for the evolving 5G standards.

5.1. Emerging trends in DRA technology:

e Millimetre-Wave and SG Applications: DRAs
were gaining popularity in millimetre-wave bands
for 5G and other high-frequency applications due to
their compact size, high gain, and suitability for
these frequency ranges.

e Multiband and Wideband DRAs: Researchers
were working on designs to create DRAs capable of
operating across multiple frequency bands, making
them versatile for various wireless communication
standards.

e Metamaterial Integration: Integration of
metamaterials with DRAs to enhance their
performance, including improved bandwidth, gain,
and radiation efficiency.

e Circularly Polarized DRAs: Development of
circularly — polarized DRAs for satellite
communication, automotive radar, and other
applications  requiring polarization  diversity.
Compact and Miniaturized DRAs: Efforts to

miniaturize DRAs for portable devices, IoT
applications, and wearables while maintaining their
efficiency and radiation characteristics.

o Dielectric Material Advances: Research into new
dielectric materials with improved properties for
DRAs, such as higher permittivity and lower losses,
to further enhance their performance.

e Beamforming and MIMO: Integration of DRAs
into multiple-input, multiple-output (MIMO)
systems for beamforming and spatial diversity,
especially in the context of 5G networks.

e Antenna-on-Chip  (AoC):  Exploring the
integration of DRAs onto semiconductor chips for
applications in integrated circuits, communication
systems, and emerging technologies like [oT.

o Energy Harvesting: Investigating the use of DRAs
for energy harvesting from ambient RF signals,
enabling low-power and self-sustaining devices in
remote or [oT applications.

¢ Environmental Considerations:

Developing DRAs with improved resistance to
environmental factors, such as temperature
extremes and moisture, for outdoor and rugged
applications.

e Advanced Fabrication Techniques:
Advancements in manufacturing methods, such as
3D printing and additive -manufacturing, for
producing customized and complex DRA designs.

e Al-Driven Design: Utilizing artificial intelligence
and machine learning algorithms to optimize and
automate the design of DRAs for specific
performance requirements and frequency bands.

e Satellite Communication: DRAs were being
explored for use in satellite communication systems
due to their potential advantages in terms of size,
weight, and performance.

6. Conclusion

In conclusion, electric resonator antennas show promise
in 5G applications, offering compact designs and
potential for millimetre-wave frequencies. However,
addressing integration challenges and ensuring
compatibility with evolving 5G standards are essential
for their successful deployment.

Enhanced Gain: Compared to conventional antennas,
the DRA exhibits significantly higher gain, making it
ideal for long-range communication and signal
coverage improvement.
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Broader Bandwidth: The DRA covers a wider
frequency range encompassing relevant 5G bands,
offering flexibility for diverse applications.

Compact Design: The DRA maintains a compact size,
making it suitable for integration into portable devices
and space-constrained environments.

Tuneable Characteristics: The DRA's properties can
be readily adjusted by manipulating the dielectric
material and geometric parameters, allowing for
customization to specific needs.

These advantages position the DRA as a viable
candidate for 5G communication systems, particularly
in scenarios requiring high gain, wide bandwidth, and
compact form factors. Further research and
development efforts can focus on optimizing the DRA
design for specific 5G bands, exploring advanced
materials with enhanced dielectric properties, and
investigating integration techniques for practical
applications.

e We can mention the specific gain and bandwidth
improvement achieved compared to reference
antennas.

o Briefly highlight the advantages of DRA over other
antenna types for 5G applications.

o If your research involved simulations or
experimental validation, summarize the key
findings and their significance.

o Conclude by reiterating the potential of DRA for 5G
communication and outlining future research
directions.

A high-gain and wideband dielectric resonator antenna
was designed, simulated, fabricated, and experimentally
verified. The proposed structure achieved a wide
bandwidth and high gain operating in higher-order
mode using a new approach of putting a cylindrical hole
at the center of the DRA. The DRAs were designed at
the operating frequency of 15 GHz. The DRAs were
fabricated and measured to validate the proposed design
concept. Measured results of the fabricated antenna
prototypes showed an impedance bandwidth of 10.7%
from 14.3-15.9GHz and 16.1% from 14.1-16.5GHz
with a high gain of 10.4dBi for DRA1 and DRA2,
respectively. The measured and simulated results of the
DRA were in good agreement. Furthermore, the results
show that the designed antenna is suitable for future 5G
communication applications.
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