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Patch Antenna pattern, radiation efficiency, and peak gain in the proceeding of the proposed
L antenna. With the addition of two parallel rectangular strips with a triangular-
Ins_et Coupling Feed, shaped patch, the antenna is capable to achieve 40% reductions in size, 81.74%
Wideband, radiation efficiency, and 2.61 dB peak gain for the suggested antenna. With a
Miniaturization center frequency of 3.6 GHz and a reflection coefficient of 28.6 dB, the
fractional bandwidth is 66.67% (2.8 GHz to 5.6 GHz). With a smaller surface
wave and an excellent omnidirectional radiation pattern, the antenna's inset
coupling feeding arrangement makes it appropriate for Sub-GHz 5G

applications.
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1. INTRODUCTION

The current state of technology is moving toward 5G. The GSM standard is associated with the second
generation, while the analogue mobile telecommunications standards of the first generation are well-known. It
is an improvement over 2G, 2.5G, GPRS, and 2.75G for GSM Evolution networks. Higher speech quality and
faster data transmission are offered by enhanced data rates [1,2]. Eventually, this network was replaced by 4G
and 5G. Unlike 4G networks, it is also feasible to create a theoretically dedicated network that fits each service's
requirements to effectively serve massive 10T, mission critical 10T, and enhanced mobile broadband. One of the
primary objectives of wireless communications systems is to cater to the needs of the next generation. To this
end, greater data rate applications and services, such web surfing, wireless teleconferencing, picture in local
coverage networks, and multimedia, must be achieved [3]. In indoor wireless communication systems, antenna
distribution becomes more important for most mobile data where internal traffic is created. Furthermore, a
variety of frequency bands are created and commercially employed in various communication systems,
including 4G Wireless Local Area Network (WLAN) and WiMAX, to improve communication services.
Therefore, to simultaneously meet several service frequencies bands, a suitable broadband distribution antenna
is needed [4].
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While 5G aims to connect people with things (cloud-based technologies), 4G's primary goal is to connect
people. Massive MIMO, beamforming, perfect duplex, millimetre waves, and network identification with tiny
cells can all provide 5G services. To extend the cellular spectrum to unlicensed bands above 6 GHz, new fields
of study were motivated by the concept of spectrum extensions. Additionally, the 5G Core Network (5GCN) is
showecasing the rapid advancements in radio access networks by combining service-based interfaces for end-to-
end architectural slicing. The main obstacle to developing the necessary 5G technology is that, while 4G offers
excellent call quality, it is not fast enough to access cloud services via the internet. The main architectural thought
of the 5G network is to separate the control plane from the data plane and to build the next-generation mobile
communication network around network function rather than node basis [5-7]. Because of its lightweight nature,
small patch antennas are commonly used by antenna researchers in modern wireless communication
applications. Recently, many wireless system customers have demanded a future of wireless applications with
compact antennas, greater speeds, and wideband. Microstrip (MSA) antennas are commonly employed in printed
circuits because of its light weight, cheap, and ease of integration with active circuits. They are also suited for
multi-band design and dual-polarisation antennas [8,9]. However, the typical microstrip antenna fails to meet
the customer's wireless technology requirements due to its small bandwidth [10]. Consequently, the researchers
used a variety of design techniques to address the patch antenna's reduced bandwidth [11]. Adding various
shapes of fractal geometry [12], multiple strips[13], varied combinations of feeding methods [14], multi-split
slots [15], and a Coplanar Waveguide (CPW) configuration [16] are some of the effective strategies for
controlling such issues.

The dual-band behaviour is obtained by designing a unique eye-shaped patch with a semi-circular slotted
ground plane. This combination technique achieves a greater bandwidth than the usual dual-band monopole
antenna. In [17], enhanced peak gain and bandwidth are achieved by employing a new Frequency Selective
Surface (FSS) construction with an antenna. The proposed architecture produced an overall peak gain of 17 dB
at 28 GHz. Furthermore, it improves bandwidth by 9% while maintaining radiation efficiency at 90%. An article
suggested a simple slotted wideband antenna for 5G communication. Another design is shown in [18] and is a
rectangular patch with a U-shaped parasitic cut surrounding the radiating element. First band obtained between
4.8 GHz to 6.2 GHz, second band from 5.2 GHz to 5.3 GHz, and third band from 5.72 GHz to 5.82 GHz are all
covered by the suggested antenna [19]. Metamaterials, that are man-made periodic structures with unique
characteristics that cannot be discovered in the natural world on their own. Metamaterials are mainly used to
enhance the realised gain, directivity, and impedance of antenna [20] adds a metamaterial split ring resonator to
the microstrip patch antenna. 400 MHz of bandwidth between 4.8 GHz and 5.2 GHz is achieved with this
suggested configuration. Another study [21] suggested a circular slip ring resonator, which resulted in an 87%
reduction in antenna size. Thus, a metamaterial slip ring resonator can be used to achieve maximum
miniaturization. One practical method for increasing bandwidth is to use the microstrip patch antenna's slot
structure. The antenna in [22] uses a C-shaped slot in the ground plane and a T-shaped slot in the patch to obtain
a gain and directivity of 5.49 dB and 7.12 dB, respectively, while retaining the compact size.

Improving an antenna's bandwidth is essential to antenna design, particularly for patch antennas renowned
for having a limited bandwidth. Variations in feeding systems can majorly impact these antennas' bandwidth
performance [23-26]. The feeding mechanism that is used relies on the application’s needs, including those
related to bandwidth, fabrication simplicity, component integration, and overall antenna performance. By
eliminating undesired radiation and cancelling out even-mode currents, differential feeding can offer good
bandwidth performance. Additionally, it effectively doubles the bandwidth over single-ended feeding,
improving impedance bandwidth. A useful method for increasing the bandwidth of microstrip patch antennas is
the inset coupling feed, which strikes a good compromise between cost, convenience of use, and performance.
The research often demonstrates that inset feeds can significantly increase antenna bandwidth with accurate
preparation and optimization [27-31]. The ability to provide accurate impedance matching with an easy design
and fabrication method, minimizing complexity and expense while retaining high efficiency and minimal
radiation loss, is what makes the inset coupling feed innovative. This feeding method's improved efficiency,
low-profile design, cost-effectiveness, and versatility in a wide range of applications demonstrate its value.
Because of its versatility, it is a crucial approach in the design of microstrip antennas, particularly where factors
such as moderate bandwidth increase, fabrication simplicity, and reliable operation are important. In order to
increase planar antenna's effectiveness and meet multiband requirements, a range of feeding techniques is
essential. Furthermore, the patch antennas' bandwidth can be expanded by using various feeding mechanisms.
Among these configurations, quarter-wave transformer matching feed, Microstrip feed, Co-Planar Waveguide
(CPW) feed, and Asymmetric Coplanar Strip (ACS) feed are often employed feeding approaches for bandwidth
increase. The following are a few instances of hybrid structures: dual-mode coplanar waveguide and waveguide
feed [32], magneto-electric feed and differential feed [33], meandered strip and aperture-coupled feed [34],
complex electromagnetic-feed structure [35], and parasitic feed and asymmetric feed [36].
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(a) (b) (©
Figure 1. Design Evolution of the proposed antenna. a) Stage 1, b) Stage 2 and c) Stage 3.

This study analyses a small inset coupled-fed wideband triangular antenna for 5G applications
operating at Sub-6 GHz. The suggested antenna's working on the frequency of 3.6 GHz spans the greater
bandwidth range (from 2.8 to 5.6 GHz) needed for microwave 5G applications. This antenna have been
manufactured on a basic FR-4 substrate measuring 20.5 x 17.5 mm?. The designed antenna's achieved
compactness, overall radiation efficiency, and peak gain of operating frequency are 40%, 81.74%, and 2.61 dB,
respectively. For Sub-6 GHz operation, the fractional bandwidth is also 66.67% (2.8 GHz to 5.6 GHz) attained.
This study is divided into the following subsections: the second portion deals with the layout and structural
dimensions of the antenna. The collective outcomes and discussion are described in the third portion, and the
anticipated work is eventually concluded in the final portion.

2. ANTENNA DESIGN

Figure la illustrates the manufacturing of a simple triangular patch antenna with a permittivity value
of 4.3 on an FR4 substrate with height of 1.6 mm designated for 3.6 GHz. CST-MWS suite 2021 is used to
evaluate the dimensions and shape of the antenna. Perfect Electric Conductor (PEC) with a height of 0.035 mm
in an open boundary condition comprises the top and bottom layers of the suggested antenna. Using fundamental
equation (1), the antenna'’s size initially gets calculated, and the optimized dimensions of the proposed are 20.5

x 17.5 mm2,
c [z
fr= 25 Al e+l

‘S’ is the side length, ‘&, is the relative permittivity of the substrate, ‘C” is the velocity in free space, and ‘fr
is the resonant frequency [37]. Modification and analysis of the fundamental antenna structure are done to attain
improved performance. Figure 1b illustrates how a mix of inset coupling feeding structures can replace the
traditional microstrip feeding method to provide a broad bandwidth for effective 5G applications. Furthermore,
Figure 1c demonstrates the process of adding two identical-sized adjacent rectangles to the triangular patch in
order to further reduce its size. The rectangular strip's chosen dimensions are Ls x Ws. The triangle patch's side
length is selected as S, and the final design's overall dimensions are (L x W). A combined feeding arrangement
with dimensions of Lf x Wf excites this suggested antenna. Furthermore, this combinational feeding
configuration is intended to be 50Q to correspond with the transmission line's typical impedance. Figure 2
illustrates the S-Parameter results for different stages. Figure 3 shows the entire constructional geometry and
structural features of the suggested antenna. Table 1 provides accurate measurements of every parameter of the
suggested antenna.
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Figure 2. S-parameter results for different stages.
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Figure 3. Design configuration of the designed antenna.

Table 1. Parameters of the Proposed Antenna

Parameter Size (mm) Parameter Size (mm)
w 17.5 Ly 4.3
L 22.2 L, 24
We 2.8 W, 115
Le 5

3. EXPERIMENTAL RESULTS

The suggested antenna's prototype has been constructed and examined to verify the design, as shown
in Figure 4. Additionally, testing to verify is completed effectively. An anechoic chamber is used for radiation
measurement, and a Vector Network Analyzer is utilized for observing the Si; result. The recommended antenna
is a great option for Sub-6 GHz and WiMAX operations based on the antenna characteristics' results.

Figure 4. Fabricated prototype of the inset coupled-fed triangular patch antenna.

Figure 5 plots and compares the proposed antenna's estimated and computed reflection coefficients.
With an improved VSWR value, the antenna operates across a larger 2.56 GHz bandwidth, from 2.67 GHz to
5.23 GHz. Table 2 lists the obtained bandwidth of proposed antenna at different stages. The strip that results in
better miniaturization is situated at the radiating patch of the antenna. Broader operating bandwidth is
accomplished by the inset coupling feeding mechanism. The SMA connector's soldering effects could be the
reason for the little variations. Although it is employed in the experiment, the impact of the cable connector is
not taken into consideration in the simulated results.
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Figure 5. Combined reflection coefficients of the proposed antenna.
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Table 2. Bandwidth of the proposed antenna

Stages Bandwidth Percentage
Stage 1
(Conventional Triangular Antenna) 110 MHz (3.5 GHz -3.61 GHz)
Stage 2
(Inset-Coupled Feed Antenna) 1.2GHz (3.4 GHz -~ 4.01 GHz) 1
Stage 3 3.8 GHz (2.8 GHz — 5.6 GH2) 35

(Inset-Coupled Feed Antenna with Four Strips)

Figure 6 depicts the top surface of the proposed antenna with a simulated current concentration at 3.6
GHz. This design clearly shows that most of the energy flows at the inset coupling feed at 4.8 GHz, while most
of the energy is dispersed throughout the exterior region surrounding the rectangular strips in the triangular patch
at 3.6 GHz. The antenna's wideband behaviour is too much of an outcome of the inset coupling feed arrangement.
The suggested antenna is constructed and tested under these antenna parameters.

(i)
Figure 6. Simulated current density of the proposed antenna. i) 3.6 GHz and ii) 4.8 GHz.

Figure 7 illustrates the analytic process of the radiation pattern computation of the designed antenna
inside the chamber setup, which provides a free of noise environment.

fh
Figure 7. Measurement setup for radiation results.

The combined results of 2D and 3D E-plane and H-plane radiation characteristics at 3.6 GHz and 4.8
GHz, respectively, are shown in Figures 8a) and 7b). These results show that the measured results of the
proposed antenna coincide with the simulated radiation patterns in both the E and H planes. This is so evident
since the polarization plane and radiation patterns are the same across the working frequency band. The operating
frequencies have a bidirectional configuration in the E-plane and a roughly omnidirectional configuration in the
H-plane.
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Figure 8. Combined radiation patterns of the designed antenna. a) E-plane, b) H-plane and c) 3-Dimentional, i)
3.6 GHz and ii) 4.8 GHz.

These values make it very evident that the H-plane pattern has a higher relative cross-polarization than
the E-plane pattern. This phenomenon is mostly caused by strong horizontal components of the surface current
and electric field. Because the horizontal part of the surface current causes cross-polarization and the vertical
part is the primary source of radiation. The improved antenna's experimentally observed gain at broadside
orientation, from 2.8 GHz to 5.6 GHz, is displayed in Figure 9. Throughout the working bandwidth, the obtained
antenna gains ranges between 1.0 and 2.9 dBi. The greatest average gain of 2.95 dBi is reached at 3.2 GHz, and
it remains nearly constant throughout the operational frequency range.
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Figure 9. Peak Gain and Radiation Efficiency of the antenna.
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Based on antenna type, size, substrate, and gain, Table 3 contrasts the suggested antenna with existing

compact antennas that have been reported in the literature. Additionally, the following table demonstrates that
the proposed antenna reduces size and bandwidth at the operating band compared to earlier work.

Table 3. Comparison with previously published antennas

Reference no. Feeding Mechanism Antenna size Substrate used Operating Bandwidth
(mm) frequencies
(GHz)
[23] Inset Feed 30.7 x 18.8 FR-4 3 180 MHz
[24] Probe Feed 50 x 50 RT/Duroid 5880 6.6 780 MHz
[25] Coplanar Coupled Feed 27 x 27 Quartz Glass 2.02 70 MHz
[26] Aperture Coupled Feed 6x6 FR-4 12.8 1.1 GHz
[27] Grounded Coplanar 31x27 RT/Duroid 5880 13 2 GHz
Waveguide (GCPW)
[28] Yagi-Uda-Shape Feed 26.1x14.3 Eccostock Hik 3.6 850 MHz
[29] coplanar waveguide with 50 x 20 FR4 2.2 480 MHz
ground (CPWG)
[30] Dual Feed 50 x 50 FR4 25 420 MHz
[31] Radiator Loop with chip 120 x 55 FR4 0.85 400 MHz
capacitor
Proposed Inset-Coupled Feed 20.5x 175 FR4 3.6 28 GHz
Work
4.  CONCLUSION

This work presents a wideband triangular patch antenna structure and evaluation for microwave

applications. The suggested antenna is a useful tool for 5G applications operating at sub-6 GHz. The antenna
has performed exceptionally and has undergone a greater reduction in size. The suggested antenna has been
designed and developed using a variety of techniques and structures depending on operational analysis,
parameter results, and parameter sweeps. The proposed antenna's achieved compactness, radiation efficiency,
and peak gain are 40%, 81.74%, and 2.95 dB, respectively. Additionally, a fractional bandwidth of 66.67%
(2.8 GHz to 5.6 GHz) is attained. This work stands out from other published work due to the unique form and
other excellent features that make this antenna appropriate for multiple 5G applications.
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