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Abstract: Technology for communication has improved recently for 5G and ultra-wideband applications; a
circular slot pentagonal patch antenna array is created. To enhance the antenna's effectiveness, a pentagonal
patch antenna is created within a circular slot. A bandwidth and return loss both help to lower an antenna’'s
size. It is designed to work in the 3.1 GHz-10.6 GHz ultra-wideband frequency range as well as the 1 GHz—
6 GHz 5G communication frequency range. For this reason, the traditional pentagonal patch antenna with
various slots has good return loss. An antenna with a pentagonal shape is proposed in the work to be done in
order to increase efficiency, provide good radiation performance, and reduce manufacturing costs and size.
HFSS software was used to design the suggested aerial. We've looked at the antenna's properties, including
return loss, gain, and radiation pattern.
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. INTRODUCTION

The development of tiny pentagonal patch antenna designs to cover the entire 5G mid-band frequency,
running from 1 GHz to 6 GHz, has improved the adoption of antennas in wireless communication. By cutting
a slot in the correct place on the radiating patch, the shape of the antenna is-actually reduced. Often there is no
proper covering over the borewells, which are left exposed. Typically, even rescue colleagues are less secure
during rescue operations. The likelihood of saving the child may decrease if this entire process is delayed a
little. The likelihood of saving the child decreases significantly if the area near the bore entrance has
earthquakes below a specific depth. Despite the circumstance, the rate of achievement is influenced by a
number of factors, including the time it takes to move equipment to the location, human resources, and, most
importantly, the speed at which various government agencies respond to emergencies.

A wireless communication system that delivers data over a large frequency range is called ultra-wideband
(UWB) technology. UWB technology uses a vastly wider frequency spectrum, usually spanning several
gigahertz, than traditional spectral wireless technologies, which carry data over a very narrow frequency band.
As a result, UWB can transfer vast volumes of data at rapid speeds and offer extremely precise location and
tracking capabilities. Even in locations where GPS signals are weak or nonexistent, UWB technology can be
used to precisely detect and track persons and objects within. With the use of a circular slot, we present an
ultra-wideband pentagonal patch antenna in this work for use with 5G and UWB frequencies. The possibility
of an antenna has outstanding radiation characteristics, a small size, and a large bandwidth. Patch antennas
serve to boost performance and lower the total number of antennas needed in a system. The planned antenna
is suitable for wireless communication techniques such as satellite communication, radar, and wireless
networks, to name a few. In this article, we suggest an ultra-wideband pentagonal patch antenna for the 5G and
UWB frequencies employing a circular slot.

The suggested antenna has outstanding radiation characteristics, a small size, and a wide impedance
bandwidth. Due to the small antennas used in wireless communication, microwave and wireless specialists are
more interested in working on compact microstrip antenna designs. It is possible to successfully cut a slit at the
proper spot on the microstrip patch to minimize the antenna's size. A patch is also employed in the research to
be presented in this paper to build a small microstrip antenna design. To improve the performance of the
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antenna's gain and return loss bandwidth, a tiny portion of the pentagonal patch is created inside this area in
addition to the circular slot. A substrate with a lower value of the dielectric constant is frequently used to obtain
a good bandwidth at a particular resonant frequency. Surfaces with a higher value have a dielectric constant.

I1. BASIC CONCEPT OF PATCH ANTENNA

A ground plate and radiating patch are attached to opposite sides of a dielectric substrate to create a
microstrip patch antenna. A copper patch that is constructed on FR4 dielectric is made possible by a copper
ground plate and feed line. Finding the physical requirements, such as the patch's length and breadth between
the substrate for the appropriate resonance frequency, is the first step in designing a rectangular patch antenna.
The substrate, which is the main part of the antenna, has a conducting ground plate on one end and a feed line
and patch on the top side.

The recommended antenna is supported by a low-cost FR4 base with a 0.9 mm thickness and 4.4 dielectric
constant. The antenna's dimensions are optimized using the HFSS modeling tool to achieve resonance in the
5G and UWB bands at operating frequency ranges of 5.6 GHz, 6.2 GHz, 7.8 GHz, and 9.3 GHz, respectively,
for many RF and satellite communications. The simulation results showed that the resonant frequency matches
the frequency that was calculated mathematically in theory.

The simulation took place using the finite element technique and the HFSS program.

I1l. SLOT GEOMETRY

One of the key features of boundary microstrips, which feature borders with a lot of corners and edges, is
that antennas predicated on these geometries have a tendency to radiate successfully. Therefore, it is probable
that a lot will radiate with a microstrip form, raising antenna radiation. The geometry of the pentagonal antenna
is selected because it is a boundary microstrip with those features in order to provide an in-slot that can
contribute to the entire patch radiation. Geometry shifts should, to the greatest extent their level is probable,
have no impact on radiation effects.

The size of the slot must be chosen after the slot form, as this boosts antenna orientation. Particular
application and preferred frequency range will impact the slot influence for a pentagonal patch antenna. In
addition, additional aspects like substrate category, patch size, and feed to the installation will need to be taken
seriously through the design process. The inclusion of the slot altered the patch's geometry, which in turn
altered the input impedance and the return-loss curve. The return loss at a specific frequency is a concern, as
the antenna simulation has shown. The circular slot is another slot geometry that is frequently utilized in
pentagonal patch antennas. This slot is made by cutting a tiny horizontal slot in the patch's middle and a vertical
slot on one of its sides. In particular, the return loss at the fraction rate is awful. It is likely that both the input
location and the sensitivity matching will need to be modified to solve this issue.

Overall, the poor return loss at the fractional frequency is a serious problem that calls for rigorous
examination and rectification in order to enhance the performance of the antenna. The feed point that generates
the greatest directivity has been chosen because it was discovered that the feed location also affects antenna
directivity. An annular ring structure has once more been used to capacitively match the receiving element to
the source and match the antenna to the feed . An annular circle structure has once again been used to
capacitively adapt the antenna to the source and connect the antenna to the feed. The annular ring radii have
been changed to give an excellent fit at the fact on-mode frequency.
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Fig. 1: Proposed Design

IV. PROPOSED METHODOLOGY
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Fig. 2: Proposed Methodology

The patch antenna of the proposed system has been created in a pentagonal shape by applying the right
engineering techniques. The ground plane of the feeding network’s dipole element and circular slot both
contribute to enhanced antenna fitting under particular circumstances. "FR4" material is used as the substrate
for the casing. The ground surface is 0.9mm higher than the substrate box. Patchwork and pentagonal-shaped
pockets covered the substrate. A thin dielectric layer isolates the patch from the ground plane. The performance
capabilities of the pentagonal patch antenna are compared with those of the patch antenna. The Patch's design
also makes the analytical procedure easier.
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V. RESULT
The simulated results show that the proposed antenna has good return attain at a frequency range of 4 GHz
to 10 GHz, respectively. The antenna’s peak return loss is -20.2 at 9.4 GHz and -15 at 6.2 GHz.

When a signal is broadcast through a line of transmission, an amount of power always gets reflected or sent
back to the source due to the line's imperfections. The point of discontinuity could be the connection to a
system, a different line, or a connector. The measurement of this reflected power is recognized as return loss.
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Fig. 3: Return Loss

1. RADIATION PATTERN
The spread of energy that an antenna releases into space is apparent in its radiation pattern. Simply said, the
electromagnetic pattern is a trace that represents the antenna's radiation characteristic in space dimensions. It
is also referred to as the "Field Strength Pattern.”
Reflection coefficient at a frequency range of 4 GHz to 10 GHz.

2. ANTENNAGAIN
Unlike a hypothetical antenna, the antenna is able to emit energy in any direction. To reach their maximal
value, increase at varied levels of frequency.

CONCLUSION

An antenna with a pentagonal patch and a circular slot was designed and simulated for use in 5G and ultra-
wideband applications at frequencies of 5.6 GHz, 7.8 GHz, and 9.4 GHz. A circular slot patch antenna for 5G
applications must carefully consider a number of factors, including frequency range, radiation pattern, gain,
and impedance matching. The circular slot patch antenna is a promising alternative for 5G and ultra-wideband
applications because of its small size and wide bandwidth.
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