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Abstract - The rapid development of wireless communication technologies, especially UWB and Fifth Generation (5G) networks,
has driven the need for compact, high-performance antennas that support wide frequency ranges, high throughput, and low
latency. This paper introduces a miniaturized monopole microstrip patch antenna array using slotted structures to solve these
issues, specifically designed for UWB and 5G applications. The presented antenna leverages structural advancements aligned
with traditional slot designs to achieve higher gain, bandwidth, and radiation efficiency while significantly reducing physical
dimensions. By strategically integrating slots, the antenna exhibits multi-resonance, improved impedance matching, and a broad
bandwidth, making it suitable for handheld and embedded wireless systems. Optimized and designed with HFSS, the end antenna
structure also performs outstandingly, with an operating frequency of 4.6 GHz, a return loss of -39 dB, a VSWR of 1.2, and a
bandwidth as low as 11.6 GHz (2.4-14 GHz). All this validates the antenna for implementation in next-generation communication
systems, such as the sub-6 GHz and millimeter-wave 5G bands. The integration of miniaturization, broadband functionality, and
high efficiency makes the proposed antenna a reliable and scalable solution for next-generation wireless communication systems
where size, speed, and security are paramount.
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1. Introduction electromagnetic waves and electronic circuits, and the quality

Wireless communication has emerged as a fundamental ~ Of the signal, the system range, and performance are all
part of contemporary life, enabling an enormous range of  directly affected by this [11, 12].
services from high-speed mobile broadband and smart city
networks to autonomous transportation and industrial
automation. As technology advances, the need for reliable, High Data Rate
high-capacity, and seamless wireless connectivity has Transmission
increased, challenging current communication systems [1].

Rising technologies like “Ultra-Wideband (UWB)” and Ley Low P
X ! X . . X Probability of (O PV
fifth-generation (5G) networks are leading this revolution with Detection and Consumption

their vast frequency range, low latency, and increased data I e
throughput [2-4]. These technologies have certain merits, as
discussed briefly below in Figure 1. These technologies
require sophisticated antenna systems that are small, efficient,
and capable of operating across multiple bands with high

performance [5]. Robust
Multipath

Performance

High Spatial
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In this fast-evolving world of communications, antenna
design is the key to successful, efficient wireless systems [7-
9]. Antennas serve as the key interface between Fig. 1 Merits of UWB [6]
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Among several types of antennas, “Microstrip Patch
Antennas (MPAs)” have attracted significant attention due to
their planar nature, low profile, ease of manufacturing, and
integration with integrated circuits [13-16]. As shown in
Figure 2, the basic structure of the MPASs remains traditional,
and MPAs are typically limited by low radiation efficiency
and narrow bandwidth, which restricts their efficacy in
broadband applications of UWB and sub-6 GHz 5G
communication [17].
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Fig. 2 Microstrip patch antenna

To overcome these drawbacks, various methods have
been proposed to enhance the performance of MPAs. Among
them, integrating slotted structures on the radiating side of the
patch or the ground plane is one of the most promising
approaches. Properly located slots can excite multiple
resonant modes within the same physical size, thereby
expanding the impedance bandwidth without increasing the
entire antenna dimension [18, 19]. Moreover, slotted
structures help shape the radiation pattern, control
polarization, and enhance impedance matching, enabling their
use in the design of compact, high-performance antennas. In
implementations within monopole geometries, the structures
also improve broadband performance owing to the
omnidirectional  radiation and straightforward feed
mechanisms associated with monopoles [20, 21].

With the ongoing growth in the number of next-
generation communication systems that utilize antenna arrays,
an appropriate arrangement of microstrip elements is crucial
for achieving higher user linkages, enhanced beamforming
capability, and spatial multiplexing. The use of slotted
monopole patch elements in a small array structure not only
provides better radiation efficiency and gain, but also the array
factor becomes higher, which is crucial to both fighting
against signal attenuation and being one of the ways to reduce
the frequency reuse factor in a complex wireless environment
[22, 23]. The benefits of these issues are particularly high
resolution and, at the same time, the desired radiation pattern,
which must be simultaneous in the 5G and UWB bands [24].

The primary goals of this research are to develop a
compact and efficient antenna array that provides high gain
and a wide impedance bandwidth, to utilize a slotted structure
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to optimize size while enhancing performance, and to
demonstrate the proposed design through simulation and
physical prototyping. In accordance with these technological
requirements, this paper introduces a new miniaturized
monopole microstrip patch antenna array with a slotted design
dedicated to UWB and 5G communication systems. The
developed concept is small-sized, simple to manufacture, and
optimized for dual-frequency operation across the entire UWB
band and sub-6 GHz 5G frequency range. The slotted patch
geometry is designed for multi-resonant operation, while the
array geometry adds gain and directivity. Antenna
performance is also corroborated by full-wave
electromagnetic simulations and experimental measurements,
which show excellent agreement and demonstrate its potential
for real-world use. This paper includes the literature review,
which summarizes related literature on microstrip antenna
technologies for 5G and UWB applications; the following
section outlines the simulation framework and design
methodology; the fourth sections discuss and analyzes
simulated and measured results; and lastly, the paper
concludes with a summary of main findings and avenues for
future work.

2. Literature Review

Rapid development of UWB and 5G technologies has
accelerated the utility for compact yet better-performing
antennas that can operate efficiently across wide frequency
ranges. Patch antennas have played a vital role because of their
ease of fabrication, low profile, and adaptable design. Recent
research has focused on enhancing their bandwidth and gain
through techniques such as slotting, array configurations, and
ground plane modifications, enabling them to meet the
rigorous demands of modern wireless systems. Yao et al.
(2025) [25] introduced a small yet adequate MIMO antenna
that operates across the 5G NR bands, including the 6 GHz
band. Their model shows outstanding results, with ECC below
0.005 and CCL below 0.3 bit/s/Hz, suggesting it would be a
perfect fit for 5G. Building on this, Ahmed et al. (2025) [26]
emphasized the use of design modification strategies to
improve bandwidth and gain, identifying hybrid techniques
involving material and structural optimization as the most
effective approach for next-generation antenna systems.

In the same vein, Ansah and others (2025) [27] designed
a dual-band U-shaped monopole antenna suitable for 5G and
WIMAX systems. Geometrical slotting in these designs
enabled high-efficiency antennas and supported significant
excess bandwidth, validating their miniaturization. At
millimeter-wave frequencies, Zerrouk et al. (2025) [28]
designed a 1x4 patch antenna array using CSRRs, achieving a
high gain of 13.7 dBi and 97% efficiency at 28 GHz, ideal for
beamforming in 5G networks. Sengar et al. (2024) [29] also
introduced a UWB microstrip patch antenna operating in the
SHF region with a 10 GHz bandwidth and dimensions of
15%12x0.8 mm3. This design demonstrates better return loss,
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gain, and VSWR, all of which are important for plans to make
5G systems smaller.

Besides, due to the lower-frequency bands, broadband
antennas are also the focus of numerous researchers. Pandey
et al. (2024) [30] proposed a folded dipole-based microstrip
antenna capable of operating over 2.2-6 GHz, with almost
omnidirectional radiation and a gain up to 6 dBi for IoT,
WLAN, and 5G applications. The extension of the 5G base-
station model by lIbrahim et al. (2024) [31] to large-scale
presets includes dual-band mmWave antenna arrays at 28 and
38 GHz with up to 22.23 dBi gain and, with CST and HFSS,
highly efficient MIMO systems that demonstrate the capacity
for very large-scale deployment. Hence, the authors
recognized that miniaturization is the most significant
challenge for deploying base stations in limited spaces, such
as in mining operations. In their work, Xu et al. (2024) [32]
proposed the use of a multi-branch microstrip antenna with
different geometric designs (C, S, and L shapes), which
decreases 81% size yet is still a reliable performer for the
underground coal mine frequency bands of the 5G NR
spectrum. The work not only discusses but also practices
geometrical transformations as the key factor to the attainment
of small, light, and still high-performance designs.

In the MIMO domain, Ghadeer et al. (2023) [33]
proposed a fractal curve-designed antenna array fed by a CPW
with wide multiband operation (2-5.2 GHz), low ECC, and
good gain (6.2 dBi). The innovation validates the importance
of feed optimization in multi-element antenna designs. This is
complemented by Arora et al. (2023) [34], who designed a
pentagon-shaped UWB antenna with a WLAN notch that
suppressed interference in the 5 GHz band while maintaining
stable radiation and a peak gain of 3.5 dB, demonstrating the
use of notch filters to achieve selectivity in UWB systems. Yet
again extending the boundaries in dual-band designs, Sediq et
al. (2023) [35] designed an eye-shaped patch and elliptical
ground dual-band monopole antenna. A semicircular slot
enabled operation over 2.68-4.5 GHz and 4.9-35.8 GHz, with
very good impedance matching and radiation stability.
Additionally, Singh et al. (2023) [36] presented an edge-fed
rectangular monopole optimized for the 26-40 GHz mmWave
frequency band, featuring improved reflection coefficients,
gain, and bandwidth, as verified by time-domain analysis and
RLC circuit modeling.

Ayalew et al. (2022) [37] also discuss impedance
matching and bandwidth extension, using a pi-slotted dual-
band microstrip antenna that demonstrated 7.2 GHz and 4.17
GHz bandwidths for 28 GHz and 38 GHz, respectively, with
radiation efficiency greater than 88%. Park et al. (2022) [38]
developed a miniaturized CPWG-fed UWB monopole on FR-
4 (12.5 x 12.5 mm?) with an operating frequency range of 3.1
to 10.8 GHz, utilizing slotting techniques to maintain
uniformity in the radiation pattern and to extend the
bandwidth. In previous work on foundations, Alharbi et al.
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(2021) [39] proposed a corner-truncated rectangular
monopole antenna with a central stub, which achieves a 6.5
dBi gain and 85% efficiency with a near-constant group delay,
indicating its suitability for distortion-free short-range
communication. In parallel, Rahman et al. (2021) [40]
designed two UWB antennas with Rogers RT 5880 as the
target material for 5 G’s upper bands (27-36 GHz) with more
than 90% efficiency and omnidirectional radiation, providing
a good point of reference for gain and substrate optimization.
Although significant advances have been reported in creating
UWB and 5G antennas, several essential challenges remain to
be addressed. The majority of available designs either
demonstrate wideband capability or miniaturization, but rarely
both within a scalable solution. Current designs tend to
emphasize disconnected optimizations, such as bandwidth
increase, gain adjustment, or size reduction, without
synthesizing these aspects into a compact monopole-array
structure  suitable for  contemporary, space-limited
communication systems. Furthermore, slotted configurations
have shown promise in widening impedance bandwidth and
improving radiation performance, but their use in miniaturized
array forms is not widespread. There is a lack of designs that
successfully integrate slotting techniques with monopole
arrays to achieve high gain, stable omnidirectional radiation,
and dual-band operation across both the UWB and sub-6 GHz
5G bands. There is an obvious need for a new antenna design
that integrates miniaturization, wideband performance, and
array configuration, specific to next-generation wireless
communication systems.

3. Problem Statement

The fast development of wireless technologies, especially
UWB and 5G wireless communication systems, requires
antennas that are compact in size, broadband in nature, and
provide high gain and efficiency with restricted physical
space. Conventional microstrip patch antennas, although
having the benefits of low profile and ease of construction,
tend to have restricted bandwidth and gain, especially when
miniaturized. Existing design methods, such as slotting and
array designs, have enhanced individual performance but were
not able to successfully combine these methods into one
antenna system that operates stably across both sub-6 GHz and
mmWave 5G bands. The absence of an optimized,
miniaturized monopole patch antenna array that utilizes
slotted structures for enhanced bandwidth and radiation
performance is a key hurdle to the development of compact,
efficient antenna solutions for next-generation high-speed
wireless platforms. This work fills this void by offering a new
antenna design that eliminates the current limitations in size,
bandwidth, and multiband performance.

4. Methodology

In this research work, the author has worked on the design
and analysis of a miniaturized patch antenna array in the range
of UWB and 5G applications. The approach involves
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optimization of the antenna geometry with in-situ slots for
band-notching to eliminate WLAN and WiMAX interference.
Microstrip line feeding with accurate impedance matching
improves bandwidth and reflection reduction. Performance is
ensured by various measures, such as reflection coefficient,
VSWR, gain, directivity, and radiation patterns, to achieve a
compact size, a broad bandwidth, and efficient operation over
the specified frequency range.

4.1. Ultra-Wideband Systems
The two primary drivers behind the adoption of ultra-

wideband technology are the increasing demand for faster data

speeds in recent years and the relative ease and low power
consumption of ultra-wideband transmission. Unmanned

Wideband Antennas are necessary for these systems. An ultra-

wideband antenna is characterized by the following:

e Large bandwidth: A larger bandwidth is now at our
fingertips, as the Federal Communications Commission
has allocated spectrum between 3.1 and 10.6 GHz [20]. It
has a minimum central frequency of 20% or more than
500 MHz.

e High data rates: Short-range communication using ultra-
wideband technology delivers up to 150 megabits per
second over a distance of 30 feet (10 m). Shannon’s
capacity theorem explains this characteristic, which is:

C=BW log, (1 + SNR) 1)

In this case, C stands for channel capacity, BW for
bandwidth, and SNR for signal-to-noise ratio [3].

According to above equation, bandwidth and capacity are
directly related in the previous equation. Thus, data rates rise
in tandem with increases in bandwidth since capacity rises as
a result.

e Short pulse transmission: In contrast to traditional
narrowband technologies such as 802.11a and Bluetooth,
which use sinusoidal waves to transmit data, ultra-
wideband technology uses extremely brief pulses to
convey data over a channel. Because of this, they can
deliver extremely accurate timekeeping.

e Low power transmission: When designing a system for a
wireless application, power is an important consideration.
However, data transmissions less than ImW necessitate
power in ultra-wideband. The battery life is extended as a
result of this. Since UWB technology consumes very little
power, it may run for longer periods of time without
needing to be recharged, making it ideal for use in
wireless applications where batteries are not readily
available.

An ultra-wideband antenna, sometimes called an ultra-
band antenna, can receive signals across a large frequency
range, from 3.1 to 10.6 GHz. Due to its ability to pass through
obstacles like doors and walls, an ultra-wideband system is
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most commonly used for wireless communication. A big plus
for its intended purpose is that, unlike systems that necessitate
the setting up of a broadcaster in every room, this one may
cover the same area in its immediate vicinity as well as the
room beyond. Another advantage of UWB systems is their
short-range communication, which enables the transmission
of large amounts of data over a wider frequency spectrum. In
addition, the signal is transmitted in brief pulses, which
reduces interference and hence requires power on a frequency
of -41.3 dBm/MHz. That is to say, digital phone services,
internet access, and video telephony all use less energy during
transmission.

It is necessary to remove specific bands, such as WLAN
and Wi-MAX, from the operating frequency of the UWB tiny
antenna suggested in the study, since they cause interference
in the UWB antenna’s operational band when imaging is used.
So, instead of employing filters, this antenna can have slots
added to it to create a frequency mismatch in the supply line.
As a result, the interference bands are eliminated, allowing the
UWSB to function uninterrupted. Sensing in cognitive radios is
another possible application of the suggested antenna design.
The wideband antenna is necessary for sensing the spectrum’s
empty areas. This ultra-wideband antenna is small, has a wide
frequency range, and is easy to integrate into any system. An
additional use for the suggested antenna is wireless public area
network transmission using embedded UWB systems.

4.2. Antenna Design

An antenna with a microstrip structure would be ideal for
applications where a low profile is required. In addition to
their small size, these antennas are simple and inexpensive to
produce. Despite that, their impedance bandwidth is typically
somewhat small. This problem has been addressed in the past
by introducing several broadband feeding systems [42-46].
The circular-polarized patch antenna described in Section 3.5
has been replaced with an aperture-coupled dual-fed antenna
design [46].

The decision was taken because, compared to other
designs, this one provides for an easier production process.
Along with its dual-fed square slot, this antenna’s fundamental
architecture was introduced in [46]. An antenna situated above
a ground plane and made of a thin metallic strip (t << Xo),
where Lo is the free-space wavelength of the resonant
frequency, is called a patch antenna. Typically, a very thin
insulating substrate separates the ground plane from the strip.
For a patch(rectangular in shape), the standard range for length
is Ao/3 <L < of/2, as shown in Figure 1 [3]. An appropriately
excited mode under the patch causes the antenna to radiate in
the broadside direction, with the patch serving as the normal
to the greatest of the radiating patterns [41].

As shown in Figure 3, patch antennas can be
conceptualized as a dielectric-loaded cavity with electric
conductors on either side and an ideal magnetic conductor
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surrounding it, creating an open-circuit condition. By applying
these boundary requirements to the vector potential, Axe may
determine the field configuration inside the cavity. In patch
antennas, the dominant mode could be one of two things,
depending on its geometrical parameters:

TM¥*10 (Figure 1(a))) ifL>W > h (2

or TM¥*o1 (Figure 1(b)) if W>L>h (3)

o =

(b) TAG,

(a) TMgi,

Fig. 3 Field configurations (modes) for a simple patch [41]

V2A, + k2A, =0 (4)
_ 1 _ Vo
f1"es,010 - 2LVpe - 2LVer (5)
_ 1 _ Vo
fres,001 - ZWJE - 2W\/e_r (6)

Since their resonance frequencies are identical for W =L,
it is possible to stimulate both modes simultaneously. But just
a single one among them is going to be thrilled, depending on
where the feed is. In order to activate the TM*yo mode, the
patch must be supplied in the y-direction.

The current densities along the z-direction of the cavity
walls are equal in amplitude and phase, and they cancel each
other out, as shown by the computation of the magnetic
current density along the cavity’s sidewalls, assuming that (L
= A/2). The two radiating slots are represented by these
current densities, which are magnetic dipoles. A total x-
directed transmitted field is produced by the beneficial
interference of the two slots’ radiated fields. First described in
[48], “Coplanar Waveguides (CPW)” include a dielectric
substrate, a metallic strip, and two ground electrodes that are
parallel to one another and positioned on the same surface.

Classical CPWs contain a central strip and coplanar
grounds, while “Grounded Coplanar Waveguides (GCPWSs)”
use a cavity as its backbone. The excitable mode is the
defining feature of CPW and GCPW; a typical CPW line can
sustain either the desirable, dominating even mode (CPW
mode or even mode) or the undesirable slot line mode (odd
mode). Air bridges can short the odd mode formed by electric
force wires among the two coplanar grounds; the existence of
the rear metal plane also allows GCPWs to enable a microstrip
mode. The undesirable modes’ conditions of existence are
defined by dimensions, frequencies, and materials.
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Figure 4 (a) shows the proposed patch with a top view,
while Figure 4 (b) shows the bottom view with substrate and
ground plane with the feeding network.

Also, Figure 5 presents the proposed final design of the
antenna after improvements, as shown in Figure 4. Thus, the
proposed design consists of the patch, its substrate, and the
ground plane with slots. These three components make up the
main unit. Layers of air divide these components. In addition
to increasing the patch antenna’s impedance bandwidth, they
guarantee that the feed and reflector are at the proper distances
from one another.

20 (mm)

Fig. 4 Proposed design Antenna 1: (a)Top view, and (b)Bottom view.

In Figure 4, one can see the two-dimensional model of the
antenna that we suggested. The components of this antenna
are as follows: i) A 25x26.2 mm (or 1.4 mm) thick FR4
substrate. ii) Itineration 1-3 are made up of 6.25 X 3.5 mm
patches; iii) The center patch has dimensions 7 X 20 mm and
is divided into three slots, each 4 X 4 mm (slots 1 and 3), and
4 X 2 mm (slot 2).
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Even at its shortest, the patch antenna’s height is
noticeable. Substituting materials with a greater relative
permittivity for the air slabs allows for a reduction in overall
thickness. Another material with a high permittivity can be
used to decrease the microstrip and slot dimensions.
Nevertheless, the bandwidth characteristics and production
costs will be adversely affected by this technique.

4.3. Band-Notching Technique

UWAB antennas, owing to their broad range of frequency
(3.1-10.6 GHz), tend to overlap with the conventional
communication systems like WLAN (5.15-5.825 GHz) and
WIMAX (3.3-3.7 GHz). Such overlaps tend to create
“Electromagnetic Interference (EMI)”, which would reduce
the system performance and cause loss of data in UWB
communication. Hence, it is essential to suppress these
interfering bands for efficient and interference-free operation
of UWB.

Fig. 5 Proposed Final Design Antenna 2 with addition of slots in
Antenna 1
Rather than employing external band-stop filters, which
introduce added complexity, size, expense, and power
dissipation into the system, this work integrates embedded
band-notching slots directly into the radiating structure of the
antenna.

The process involves cutting out individual slots along a
semi-elliptical path to act as elements that select a specific
frequency. These slots have very high impedance at some
specific frequencies; as a result, the signal is prevented from
being detected in those bands. Each slot is configured in such
a way that it mimics a quarter-wavelength (A/4) resonator.
When the electrical length of the slot is equal to one-quarter
of the wavelength at the undesired signal frequency, the slot
causes a resonance to occur, and hence, the UWB response at
that band is considerably diminished.

The notched frequency f,., introduced by such a slot can
be estimated using the following equation:
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Cc

4‘L1 / geff

Where, £, is Notch (resonant) frequency (Hz) [4], L is the
effective length of the slot (m), and ., equal to the Effective
dielectric constant of the substrate.

fr=

In the design presented, three slots are strategically
located in the central radiating patch: two square slots (both 4
x 4 mm?) are designed to suppress the WiMAX band, and a
rectangular slot (4 x 2 mm?) efficiently targets the WLAN
band. The slots are placed symmetrically to cause minimal
disruption of the radiation pattern of the antenna and to
provide structural balance. The employment of FR4 substrate
with relative permittivity &.= 4.4 permits efficient
miniaturization of the slot without any degradation in the
performance.

In addition, the incorporation of notches within the
structure of an antenna is highly consistent with
miniaturization objectives of 5G and UWB embedded
systems, where efficiency, compactness, and coexistence with
other wireless protocols are essential. This method improves
spectral purity and enables the antenna to be used in
applications for cognitive radio, portable UWB devices, and
short-range high-speed wireless communications.

4.4. Feeding Mechanism and Matching Network

The antenna utilizes a microstrip line feeding method for
planar integration and low-profile attributes. Impedance
matching is provided by carefully adjusting the feed line width
and its position with respect to the patch in a manner that
brings the input impedance close to the system characteristic
impedance of 50 Q. To enhance bandwidth and reduce the
reflection coefficient (S11), feed position adjustment, tapered
microstrip lines, and partial slotting close to the feed are used.
These adjustments determine the current distribution and input
impedance to enable a larger impedance bandwidth and lower
VSWR of less than 2 throughout the UWB frequency range.
The matching network is further optimized by combining
slotted structures in the patch, which disturb the surface
current path, allowing multi-resonance behavior and even
impedance transition across a wide range. This provides a
return loss of more than -10 dB across the target UWB and 5G
bands, hence efficient power transfer and reduced reflection.

4.5. Performance Metrics and Validation

The proposed miniaturized monopole antenna array was
rigorously evaluated using key antenna parameters, including
return loss (S11), Voltage Standing Wave Ratio (VSWR), gain,
radiation patterns, and directivity.

4.5.1. Reflection Coefficient (Si.)
The reflection coefficient measures how efficiently the
signal is reflected back from the antenna and is defined as:
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Zin - ZO
S, = 20lo —_—
11 910 lZin T Z,

Where Z;,, is the input impedance and Z, is the system
output impedance (typically 50 Q). The proposed antenna
achieves a reflection coefficient better than -10 dB over the
UWSB spectrum (3.2 GHz to 14.3 GHz), indicating excellent
impedance matching.

4.5.2. VSWR
VSWR is the ratio of efficiency of power transmitted
from the source to the antenna and is given by:
1+ [S4]
1= 1814l
Values below 2 signify acceptable matching. The design

maintains VSWR < 1.5 over the operational bandwidth,
confirming minimal signal reflection and power loss.

VSWR =

4.5.3. Gain and Directivity

The antenna demonstrates a peak gain of approximately
3.3 dB and directivity of about 2.7 dB at the resonant
frequency (4.6 GHz). These metrics reflect the antenna’s
capacity to focus electromagnetic waves in a desired direction,
crucial for effective UWB and 5G communications.

4.5.4. Radiation Patterns

The radiation pattern, specifically the far-field region,
was analyzed for both the E-plane (xy-plane) and H-plane (yz-
plane) at key frequencies. The antenna exhibits broadside
radiation with a slight asymmetry, which is caused by the
ground plane configuration and can be advantageous in
applications requiring directional coverage in specific sectors.

5. Simulation and Results

The designed UWB microstrip patch antennas were
simulated using HFSS, with ideal PEC conductors and a
lossless dielectric substrate. The antenna was oriented in the
xy-plane, and radiation patterns were examined in both the xz-
plane (¢ 0°) and yz-plane (¢ = 90°). Electric field
components-Phi and Theta-were considered for the radiation
performance. Return loss, VSWR, gain, directivity, and
radiation patterns were obtained for the suggested models.
These results demonstrate the efficiency of the antenna for
UWB and 5G applications with excellent performance across
bandwidth, impedance matching, and radiation patterns.

The subsequent antenna model described here served as
the basis for all of the graphs. With this assumption,
researchers have treated the metal components as ideal
electrical conductors with the dielectric substrate to be
completely lossless. The xy-plane is where the antenna was
initially positioned, as stated in the methodology part. Thus,
for ¢ = 0° and @ = 90°, the xz-plane and yz-plane, respectively,
depict a sweep of &. Both orthogonal components that make
up the electric field at the given position are Phi and Theta.
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Figure 6 depicts the Si; parameter response for two
antenna designs-Antenna Design 1 (red line) and Proposed
Antenna 2 (blue line) for a frequency range from 0 to 16 GHz.

aho

Freg [GHZ]

Fig. 6 Comparison of S;; parameter for proposed designs

The design under proposal indicates better impedance
matching at critical resonant frequencies, and return loss
values of —39.75 dB at 2.41 GHz (m1), —29.76 dB at 3.21 GHz
(m2), —40.65 dB at 13.20 GHz (m3), and —39.40 dB at 14.73
GHz (m4), suggesting good multiband performance for UWB
and 5G applications. The conventional design indicates
comparatively higher (less negative) return loss, suggesting
poorer matching. The designed antenna exhibits deeper nulls
and a greater bandwidth, validating the enhanced performance
enabled by the slotted structure in wideband communication.

The second antenna model, as described in [47], served as
the basis for all of the graphs. The antenna’s input impedance
is now 50, thanks to some tweaks to the matching mechanism.
A single-geometry antenna’s VSWR graph. At frequencies of
4.6 GHz, the VSWR was successfully obtained, which is ideal,
falling within the range of 1-2.

The primary electric field component is 1-2 dB less than
the secondary component at the center frequency (f. = 4.6
GHz, middle), which creates a suitable axial ratio with the
main beam (at = 0°, 90° broad). Due to the bottom ground
strip, the radiation pattern is asymmetrical.

Figure 7 presents the far-field radiation pattern and
detailed antenna parameters of the proposed design at an
evaluation frequency of 4.63201 GHz. The radiation pattern
plot illustrates the E-field distribution at specific azimuthal
angles (Phi =0°,90°, 180°, 270°) on the theta plane, reflecting
the directional properties and beam symmetry.

The radiation lobes are of different magnitudes, with a
maximum normalized gain value of 0.92, indicating effective
directional radiation. On the right-hand side, the antenna
parameters provide significant performance characteristics:
the peak directivity is 5.0406, and the peak gain is 5.4547 dBi,
representing very little loss from input to radiated power. The
peak realized gain is 4.2267 dBi, and the total radiated power
is 0.052265 W. In addition, the radiation efficiency is greater
than unity at 1.0091, as a result of approximations in
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simulation, and the front-to-back ratio is 9.5115, indicating
excellent directional control. These results validate that the
design antenna ensures efficient radiation performance with
relatively moderate gain and excellent directional stability.

Radiation Pattern 2
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Figure 8 illustrates the 3D radiation pattern of the
designed antenna in the E-plane (xy-plane) at 4.6 GHz. The
plot shows the spatial distribution of radiated energy using a
color map, with red indicating the highest radiation intensity
and blue the minimum. The toroidal-like radiation pattern
indicates the monopole nature of the antenna, with the highest
radiation along the plane perpendicular to the antenna axis (Z-
direction), as expected for an E-plane antenna. The radiation
is predominantly confined to the horizontal plane, exhibiting
omnidirectional behavior about the Z-axis. These are in
accordance with the antenna’s ability to provide extensive
angular coverage, making it appropriate for Ultra-Wideband
and 5G applications that require uniform coverage. The
smooth gradient and shape continuity also imply minimal side
lobes and high pattern symmetry, leading to consistent
communication performance across the operational frequency
range.

The resonant frequency fr = 4.6 GHz. A feeding circuit
mismatch is primarily responsible for the -10dB-bandwidth
discrepancy among the findings in [47] and the given
simulation (Figure 6). Table 1 presents the simulation results
for bandwidth, VSWR, and return loss. The wireless
communication industry can benefit greatly from this little
UWB antenna. The outcomes of the HFSS design simulation
are presented in the table below.

6. Conclusion

The new circularly polarized UWB antenna design with
fractal geometry has demonstrated superior performance
metrics for handheld wireless communication devices. The
antenna has an impedance bandwidth of over 11 GHz,
spanning the FCC-assigned UWB frequency range of 3.1 GHz
to more than 14 GHz, with a return loss of more than -10 dB
and a low VSWR of less than 1.5. The use of fractal slots and
a dual-ground structure effectively enhances impedance
matching while reducing the overall antenna size without
compromising gain or directivity. The simulation results show
stable radiation patterns with appropriate axial ratios,
validating the antenna’s ability for circular polarization and
effective radiation at approximately 4.6 GHz. This renders the
antenna well-suited for low-power-consumption, high-data-
rate, and compact-integration applications such as 5G,
cognitive radio, and short-range UWB communications. In the
future, experimental validations in detail can be carried out on
the fabricated prototype of the proposed antenna, and also, the
simulated performance can be verified. The proposed antenna
can be further upgraded to be multiband-supportive with
emerging wireless technologies such as wearable and loT
devices. Efficiency enhancement, as well as stability under
real-world conditions such as varying proximity of the user
and environmental conditions, would further make the
antenna useful in real-world applications. Experiments with
novel band-notching methods and adaptive filtering may make
dynamic interference avoidance feasible, which will be
essential in dense wireless environments.
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Table 1. Performance parameters for both the proposed design

Resonant Directivity Return Loss S ,

Frequency (GHz) VSWR (dB) Bandwidth (MHz)
2.7dB

4.6 GHz Proposed 15 31dB 11.1 GHz (3.2 GHz-14.3 GHz)

Design 1

4 GHz
. 3.3dB 1.2 -39dB 11.6 GHz (2.4 GHz- 14 GHz)

Proposed Design 2
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