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A Novel Miniaturized Hexagonal-Shaped Patch
Antenna for Microwave 5G Communications
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Abstract: The creation of a hexagon-shaped patch antenna for
Sub-6GHz 5G communications is presented in this study. For 5G
wireless applications, the suggested antenna can resonate at the
center frequency of 6 GHz. The proposed antenna features a
hexagonal design, multiple radiating slots with partial ground and
is fed with a microstrip feedline. It measures 17.5x 22.2 x 1.6
mm? and operates on the N102 band at 6 GHz. Return loss,
VSWR, peak gain, and impedance bandwidth are all elements of
the performance of the proposed antenna. The proposed antenna
employs slots that cover the frequency range of 5.92 GHz to 6.35
GHz. At a resonant frequency of 6.1 GHz, the suggested
antenna's reflection coefficient (S11) is 44.6 dB, with a peak gain
of roughly 3.2 dB. Thus, the suggested antenna can be used for
5G wireless applications operating at 6 GHz.
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I.  INTRODUCTION

56 technology is going to be recognised as the norm for

mobile communication networks shortly. An increase in
users causes a lack of bandwidth. Increased bandwidth is
required for accommodating large end users, which
enhances the system's overall data rates. End users can
communicate faster and more sensibly because to the high
data rate [1]. Many industries, including realistic Ultra High
Definition, Artificial Intelligence, Blockchain, and Internet
of Things services like Smart Cities, Smart Transportation,
and Smart Grids, will be greatly enhanced by the significant
rise in mobile data in 5G. Its frequency provides high
quality from sub-6 GHz to millimetre waves. The 5G
frequency spectrum offers enhanced coverage, decreased
fading, and better data rates. Antennas designed for 5G
operation perform significantly better in the sub-6 GHz
frequency range, raising the standard for communication
systems generally [2].

Considering the specifications for 5G, antennas that are
cheap.
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Easy to manufacture in large quantities, conformable to a
planar surface, lightweight, low-profile, and conformable in
size must be used. The ideal choice to fulfil all the
aforementioned requirements is a microstrip patch antenna
[3]. Excellent option for 5G communication systems due to
its inherent advantages is a microstrip patch antenna. The
ability to reduce an antenna's physical dimensions without
noticeably affecting performance has attracted a lot of
interest to antenna miniaturisation techniques in recent
years [4].

The literature lists several methods for achieving antenna
miniaturization,  including  slots, fractals, loops,
Transmission Lines (TLs), Defected Ground Structures
(DGS), Composite Left-Right Left-Handed (CLRH), etc.,
despite the fact that this is a difficult and intimidating task
[5]. For Sub-6GHz 5G applications, a number of size-
reduced antennas have already been designed [6]. For
instance, studies is being done on an extremely small
microstrip antenna for sub-6 GHz 5G wireless applications
[7]. The size is decreased by combining an L-shaped patch
radiator with a defective ground plane that has two
symmetrical stubs. The overall size of the antenna is
reduced to 30 x 20 mm. The combination of T-shaped
elements, passive elements, tapering, and meandering
techniques is introduced by [8] for miniaturisation. With an
overall size of 50 x 19.75 mm, the suggested antenna offers
better impedance matching across all frequencies and
covers all sub-6 GHz bands. The design and implementation
of a wideband rose-shaped patch antenna for Sub-6 GHz
wireless applications [9]. The antenna design covers the
frequency range (2.7-5.74 GHz) is made from the Rogers
RT5880 substrate material, which has a low volume of 20 x
35 mm and a bandwidth of 3.04 GHz.

The design of a simple planar antenna for sub-6 GHz uses
in 5G mobile terminals is described. The proposed antenna
is comprised of one multi-branch driven strip and three
parasitic grounded strips, and it has a simple layout that
doesn't require lumped parts or a three-dimensional
structure [10]. The 0.7-0.96 GHz and 1.6-5.5 GHz
frequencies are covered by the -6dB impedance bandwidth,
which has a compact design of 40 x 15 mm. With help of
metamaterial ground plane, the dimensions of a compact
TSRMPA are 30.2 x 36.4 mm. The modified rectangular
patch with metamaterial ground plane resonated at three
bands 3.27, 3.78, and 3.92 GHz [11]. A miniature printed
monopole patch antenna with finite ground is used for
demonstrating long-term  Sub-6 GHz 5G  wireless
communications [12]. The size of the this antenna desires to
measure 30 mm x 34 mm. The optimisation of the partial
ground plane and stubs allows for
accurate impedance matching
over a wide range (3-7 GHz).
For a 5G application, a
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microstrip patch with a T-shaped rectangular antenna patch
operates at 3.6 GHz resonant frequencies from 2.9 to 4.4
GHz, respectively [13].

This paper demonstrates the analysis of a hexagonal-
shaped antenna for Sub-6GHz 5G communications. The
miniaturization of the proposed antenna has been achieved
through the combination of its hexagonal-shaped and
multiple radiating slots [14]. The overall volume of the
designed antenna is approximately 17.5 22.2 1.6 mm?3. The
designed antenna has a bandwidth of 1.1 GHz (from 5.4
GHz to 6.5 GHz), which is quite significant and makes it
appropriate design. With proper design, the resultant peak
gain values are nearly 3.2 dB [15]. Peak gain values are
nearly 3.2 dB when properly designed. Furthermore,
essential parameters such as VSWR, surface current density,
and radiation patterns are computed and compared. The
paper is organised as follows: The hexagonal patch antenna
is designed and analysed in Section 2. Section 3 contains
the outcomes of the investigation. Section 4 contains the
paper's conclusion [16].

Il. ANTENNADESIGN & METHODOLOGY

Using the basic design equation for a patch antenna with a
full ground, the designed antenna's initial design is calculated.
[

I b e

Where "r" is the circular patch's diameter, "&" is the
light's velocity, and "&«" is the equivalent dielectric
constant [14]. With a dielectric constant of 4.4, the
designated antenna has been constructed on a FR-4
substrate. As a result, the diameter of the circular patch is
fixed at 15.9 mm for f, = 6 GHz. To accomplish the
innovation, the circular patch is changed to hexagonal
shape, and to minimize the size of the antenna, different
size slots are cut on hexagonal shape, and the ground plane
is also reduced partially. The resulting antenna design
operates at 6 GHz in a narrow band. The development of the
proposed antenna is shown in Figure 1. CST simulation
software is used to analyse the simulation of the proposed
antenna design.

[Fig.1: Design and Evolutions of the Proposed Antenna]

Overall, the substrate measures 22.2 mm in length and
17.5 mm in width. Above the ground plane, the substrate
layer is 1.6 mm thick in height. The antenna's feed
arrangement is 2.4 mm in width by 8.5 mm in length. Figure
2 depicts the geometrical arrangements of the proposed
antenna. Table 1 contains the structural characteristics of the
proposed antenna.
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Table 1: Parameters of the Proposed Antenna

Parameter | Size (mm) | Parameter | Size (mm)
Ws 175 L 43
LS 222 We 24
r 6.6 L. 115

Le

—
W,

[Fig.2: Total Geometry and Structure of the Designed
Antenna]

I1l. RESULTS & ANALYSIS

The bandwidth, radiation characteristics, and antenna-
normalized gain have all been part of the antenna's
performance. Figure 3 shows the total calculated and actual
reflection coefficients of the proposed antenna. The antenna
provides the reflection coefficients (S11) around -46 dB at
5.9 GHz. This hexagonal-shaped antenna's observed
impedance bandwidth in the simulation is around 500 MHz
(5.6 - 6.1 GHz) at 5.9 GHz centre frequency. The required
frequency is perceived as a suitable impedance bandwidth.
The feeding losses may be the cause of the minor variation
in the reflection coefficient that can be observed in the
results. However, the proposed antenna's achieved
bandwidth is sufficient for the targeted applications.
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[Fig.3: Reflection Coefficient Plot of the Suggested Antenna]

Figure 4 displays the designed antenna's current flowing at
a resonance frequency of 5.9 GHz. It proved that by etching
several slots on the hexagonal patch, the current flow
maintains its path inside the antenna surface and improves
radiation performance. This
demonstrates that at 5.9 GHz,
the  current is  largely
distributed at the outer region
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of the various slots. These findings clearly demonstrate that
combination slots extend the overall electrical length while
disturbing the flow of current. As a result, the antenna's
resonance frequency is reduced without a change in patch
size.

The suggested antenna is developed and evaluated based
on this antenna performance.
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[Fig.4: Surface Current Density on Proposed Antenna at
5.9 GHz]

The suggested hexagonal patch antenna's radiation pattern
is simulated at 5.9 GHz. Figure 5 a) and b) show that the
optimum simulated radiation results are obtained at the
centre frequency of 5.9 GHz in both the xy and xz planes.
These plots show that the antenna exhibits a nearly bi-
directional plot in the xy plane and an omnidirectional plot
in the xz plane. The radiated fields in the yz-plane and xz-
plane are standardized to the desired band at each
frequencies.
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[Fig.5: The Compared Radiation Pattern of the
Proposed Antenna at 5.9 GHz]
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Figure 6 illustrates the suggested antenna's estimated
radiation efficiency and maximum gain at different
frequencies. Results demonstrate that the antenna operates
at the working frequency more efficiently. The designed
antenna obtained 76 % radiation efficiency and 3.1 dB gain
at the required frequency of 5.9 GHz.
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[Fig.6: Obtained Gain and Radiation Efficiency of the
Intended Antenna]

Additionally, comparisons and analyses of this antenna's
dimensions, normalised gain, bandwidth, and percentage of
miniaturisation are accomplished. The designed antenna has
a total size that is 56 % less than a conventional antenna and
obtains a gain of 3.1 dB at 5.9 GHz, which makes it much
more suited for 5G applications.

IV. CONCLUSION

In this paper, a basic, gain-enhanced, small hexagonal
shaped microstrip antenna with various slots is examined. A
hexagonal patch with several slots and a partial ground
plane in the shape of a hexagon forms a component of
the proposed antenna. Better gain and reflection coefficients
at 5.9 GHz are provided by the suggested design. By
employing multiple slot configurations, the recommended
antenna reduces its size by approximately 56% when
compared to a traditional antenna. Thus, the proposed
antenna is beneficial for 5G applications functioning at sub-
GHz frequencies.
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