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Abstract. The rapid advancement of wireless communication has led to the development
of sixth-generation (6G) networks, which demand ultra-low latency, high-speed data
transfer, and a massive connection. Microstrip patch antennas have received a lot of interest
in this area due to its small size, low profile, and ease of integration with modern
communication systems. This work presents the design and analysis of a rectangular
microstrip patch antenna specifically designed for 6G applications. The recommended
antenna operates in the sub-terahertz (THz) frequency range, which ensures faster data
transfer and more bandwidth. Through the use of advanced substrate materials and
geometrical parameter optimization, the antenna provides improved gain, radiation
efficiency, and impedance matching. Simulation simulations show that the antenna can
provide minimal losses and consistent radiation properties, which makes it a promising
option for future.

Keywords: Internet of Things (IOT), biomedical microstrip patch antenna, several inputs
Multiple outputs (MIMO), voltage, and vehicle-to- vehicle (V2V) communication
Wireless Local Area Network [WLAN] and Standing Wave Ratio [VSWR].

1 Introduction

Next-generation networks have been developed as result of the exponential rise in wireless
exchange of information. Sixth-generation (6G) world is anticipated to completely transform
connection. Artificial intelligence (Al), holographic communication, and the Internet of
Everything (IoE) are just a few of the sophisticated applications that 6G promises to seamlessly
integrate with lightning- fast data transmission rates and incredibly low latency. The planning
and evaluation of a rectangular Microstrip patch antenna tailored of 6G applications is the main
objective in this study. The suggested antenna's enhanced impedance matching, steady radiation
patterns, and low signal loss are all intended to satisfy the demanding specifications of next-
generation networks. The goal of this project is to enhance high-frequency antenna technology
for next wireless communication systems through modeling and performance evaluation.

2 Literature Survey

This study aims to improve the performance of an MPA by means of a creative design,
mathematical modeling, simulation and performance evaluation. Radiation properties of
proposed antenna are also improved by incorporating the diamond-shaped slot in patch to
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improve the antenna geometry that in turn increases the gain, bandwidth and return loss
significantly. The possibility of the use of high frequency bands efficiently is one of the main
advantages that an advanced communication system would retain by using Rogers RT 5880.
The antenna tuning is mathematically modeled to a great extent. To achieve the desired results
the critical parameters are extracted based on exact equations such as effective dielectric
constant, effective length and the patch dimension. That's what this math is doing--it is the
foundation for achieving great performance. [1]

Some strategies, methodologies, algorithms required in the antenna design and optimization for
5G are showcased in the literature review of the research work. And, it explains how MIMO
technology significantly improves wireless system performance with the capacity and data rate
far above that offered by the conventional one transmit/receive antenna. Slot design alternatives
for enhancing isolation between antenna elements and achieving a wideband impedance
matching are investigated focusing on octagonal slots etched on the metallic ground plane.
Diversity methods are also considered in the study to form polarization diversity and alleviate
the mutual coupling, which adopts the dual-polarized antennas and orthogonal feed lines.
Optimized designs are then simulated using full-wave numerical CST simulation software, and
the size of the antenna is practically assembled and tested in order to confirm the performance.
(ECC;)envelope correlation coefficient (ECC) and other important performance statistics [2]

Through utilizing sophisticated tactics and methods, the study study will offer an alternative
way for the realization of a MIMO. His design is an up and quarter wave transformation for
improved impedance matching grounded on the theory of microstrip transmission lines. One
element 1x4 array is adopted to improve high-gain communication, and the gain of the antenna
is up to an impressive 12.8 dB. The antenna is designed in MIMO configuration of 2 x 2 and
with two arrays one rotated 90 degree with respect to the other to improve pattern isolation and
diversity. The operation is accomplished in millimeter-wave- (mmW-) band that is being used
in 5G systems and it uses highly efficient low-loss Rogers RT5880 (er = 2.2) substrate. The
performance parameters (Also shown in Figure 5) including the Radiation Efficiency (over
85%), Diversity Gain (DG) (around 10) and ECC (less than 0.00014) [3] introduced at these 3
frequencies. winner [20] remain the leading one.

The review contained in the study article covers essential strategies and methods for
optimization of the antenna design and topologies particularly oriented for 5G applications. The
primary objective is to enhance the performance of rectangular patch antenna by introducing
square and circular slot that enhances the significant parameters like gain, bandwidth, and return
loss. Design parameters such as patch width, effective dielectric constant, and a length
extension are calculated for better radiation efficiency and impedance matching. Substrate
selection is a key focus of the study, with the FR4 substrate being selected as it is low cost,
robust and performs consistently across a range of environmental conditions. Some of the
essential features such as VSWR, gain, and directivity patterns are examined using simulation
and measurements using CST Microwave Studio. The superior performances of the proposed
antenna were compared together with other existing antennas, larger gain, wider bandwidth and
better return loss were obtained. [4]

The model and optimization scheme of the Microstrip patch Antennas for 5G wireless backhaul
application are presented in the manuscript. In order to achieve better gain and return loss, it
employs advanced array design techniques, in this case, 1x2, 1x4, and 1x8 hexagonal patch



arrays optimal for 3.5 GHz courtesy of CST software modeling. The proposed antenna achieves
a good tradeoff between cost and performance since it employs FR4 substrate with dielectric
constant of 4.3. A slotted hexagonal method is employed to maximize gain and minimize
losses. Size, gain, and return loss are progressively changed for parametric optimization to
ensure that the design complies with the stringent 5G specifications. All together, these means
ensure a firm and well-functioning design of antenna. [5] In this paper the design and
development of a rectangular microstrip patch antenna with a slot for 5G applicationhas been
presented. The addition of a rectangular slot in the patch enhances the performance of antenna
and the bandwidth. In this design, Rogers RT Duroid 5880 is used as the substrate material
because of its low loss tangent (0.0009) and dielectric constant (2.2). that ensure a good
efficiency. The proposed antenna satisfies 5G communication requirement as it operates at 28
GHz, and has a bandwidth of 1.06 GHz and —20.95 dB of reflection coefficient. Moreover, the
antenna is suitable for being integrated in contemporary 5G devices, thanks to its smallness (4.2
mm x 3.3 mm x 0.5 mm). [6]

A 1x4 single layer 5G array antenna with slotted circular patches suitable for This paper presents
a compact design for 5G communication devices at main operating frequency of (28 GHz)
based on circular microstrip patch array. The bandwidth and impedance matching are improved
by a 0.254 mm thick, low, to medium profile, 2.2 value of relative dielectric constant of Rogers
RT Duroid 5880, and circular slotted patches. ensures a great performance and little loss. The
28 GHz resonant antenna achieves a 10% fractional impedance bandwidth (24.6 GHz-27.24
GHz). Based on CST Microwave Studio, the design of testing settings with vector network
analyzer is simulated and it is verified. The gain and reflection coefficient of 1*4 array are
11.37 dB, -16.5 dB, respectively. [7]

In the research paper, a dual-frequency MIMO antenna with the aid of aperture-coupled patch
technology is developed. The antennas are designed for dual band operation: in 38 GHz with a
top patch radiator and in 28 GHz with acoupling aperture. A coplanar waveguide (CPW) feed
network is employed to enhance impedance match and suppress substrate modes. The array
design includes physical rotation (+45° and —45°) of the elements to ensure the highest
achievable MIMO performance and dual polarization. To ensure the antenna is suitable for
MIMO applications

crucial diversity We analyze the TARC, DG and ECC. [8] A hash shaped slot 5G microstrip
antenna in specific for 5G technology is designed in the research article for better performance
parameters. For better performance in gain, bandwidth, and return loss, the antenna geometry
consists of rectangular patch with a hash-shaped slot is placed over a FR4 substrate. The
performance of the antenna is simulated, prototyped and optimized with the aid of computer
simulation technology (CST). For best performance, the effective permittivity, patch size and
resonance frequency are analyzed by the analytical approaches. The results demonstrate
significant improvements in both bandwidth and gain, validating the practicability of the
proposed design for high-speed 5G. [9] The study report envelope on the prior art comprises a
literature search and reviews several techniques, tactics and algorithms designed to improve
antenna performance and the design thereof. To improve antenna efficiency, design
optimization encompasses the fabrication of microstrips and utilization of patch conf on
samsungurations such as circular and rectangular shapes. Designs of key performance
parameters, gain, bandwidth and return loss are simulated and investigated by CST and HFSS
simulation tools. For multimode or notched-band response for 5G frequency applications, slot



integration is done, such as elliptical slot, U-shaped or L- shaped slot [36&€ “45]. The
effectiveness of the proposed designs is verified through comparing key performance
parameters of VSWR, gain, and return loss. [10]

3 Existing Method

The design, optimisation and applications of MPA in multiple areas, including automated
gadgets, bio-medical uses and communication systems, are investigated in this research.
Patches with hash or square slots [6-[11]] have increased bandwidth, gain and reduced return
loss while designing and optimization of antenna involves the generation of geometrical shapes
which involves rectangle, circle and hexagonal shapes to improve the performance. For
selective use, materials such as FR-4 or Rogers Duroid are employed precisely because of their
optimal thickness and loss tangent.

4 Proposed Method

Several cutting-edge approaches and strategies can be used to develop and optimize artificial
neural networks (ANNSs) for increased gain, bandwidth, and efficiency. Global search and fine-
tuning are used in hybrid optimization strategies to find the best ANN structures and weights.
Examples of these techniques include mixing Differential Evolution with Gradient Descent or
Genetic Algorithms (GA) with Particle Swarm Optimization (PSO). Hyperparameters can be
further adjusted for better performance via Bayesian optimization

Design Overview: The review study does not directly address optimization techniques like
Genetic Algorithms (GA) and Particle Swarm Optimization (PSO), but rather microstrip patch
antennas for various applications. Nonetheless, these methods can be used to optimize
performance in antenna design. Crossover and mutation produce offspring, guaranteeing
diversity, and the least suitable solutions are swapped out to form the new population.In contrast,
PSO uses a predetermined objective function to assess the fitness of particles by randomly
initializing their positions and velocities inside a search space. If a particle's current fitness is
higher than the global best position for all particles, then each particle updates its own best
position. Positions are updated once particle velocities are modified according to personal best,
global best, and an inertia factor. Until a predetermined termination condition is met, the
procedure repeats. Fig 1 show the Proposed method of antenna.

Il

Fig. 1. Proposed method of antenna.



4.1 Parametrics and dimensions

Table. 1. Design Parametrs And Dimensions of the Atenna.

S. No Napn; (raan?:te:he Dimension(mm)
w 18.25 mm
Er 4.29 mm
h 0.2 mm
Le 1.45 mm
pl 1.26 mm

5 Results and Discussion

S Parameters: Fig 2 show the S-parameters analyze the antenna's transmission and reflection
characteristics, aiding in the evaluation of impedance matching and signal integrity across its
operational frequency range. We got the frequency range 50.2GHz.

sparameter
L — o e
\ ”,

-10f
5
=)
2
% -20
E
™
o}
Q
w

-30¢

-4

2 30 10 50 B0 70

sparameter (GHZ)

Fig. 2. S parameters for proposed antenna.
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Fig. 3. VSWR characteristics of the proposed antenna.
VSWR: VSWR (Voltage Standing Wave Ratio) characteristic measures the antenna's

impedance matching and assures minimal signal loss by calculating the ratio of reflected to
transmitted signals. Fig 3 show the VSWR characteristics of the proposed antenna.
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Fig. 4. Radiation Pattern at F=50.2GHz

Fig 4 show the F = 50.2 GHz — The radiation pattern shows a well- defined main
lobe with stable gain characteristics. The proposed geometric slot-loaded super
wideband (SWB) antenna's far-field radiation patterns were studied at each of the
following frequencies: 10.16 GHz, 20.24 GHz, 24.08 GHz, and30.32 GHz,



demonstrating efficient radiation characteristics and constant gain. Strong
directional radiation, accurate impedance matching, and low signal distortion have
been verified by the results, which equip the antenna for application in broadband
sensing, wireless communication, and radar applications.

5.2 Gain

Fig 8 show the Gain plot of the proposed antenna.
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Fig. 8. Gain plot of the proposed antenna.

5.3 Current Distribution

The proposed antenna’s current distribution demonstrates uniformity, ensuring
efficient radiation and minimal losses. The surface currents are concentrated
around the slot-loaded regions, enhancing impedance matching and overall
performance.

5.4 Current Distribution:

E- Plane: The E-field (Electric Field) distribution illustrates strong intensity

around the slot-loaded regions, contributing to effective radiation and impedance
matching. Fig 10 show the current distribution at E-Plane.



|
E Field [V/m]
3.3118E+05
3 0911E+05
2 8T03E+05
2.6495E+405 |
2.428BBE+05
2.2080E+05
1.98T2E+05
1.7665E+05
1.5457E+05
1.3249E+05
1.1042E+05

8.8342E+04
B6.6265E+04 |
4 4189E+04

2.2112E+04
3.6068E+01

Fig.10. current distribution at E-Plane.

H-Plane: The H-field (Magnetic Field) distribution highlights the magnetic flux
variations, ensuring stable wave propagation. Fig 11 show the current distribution
at H-Plane.
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Fig.11. current distribution at H-Plane.

J-Plane: The J-field (Current Density) represents the surface current flow, which
plays a crucial role in optimizing antenna performance and minimizing losses. Fig
12 show the current distribution at H-Plane.
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Fig. 12. current distribution at H-Plane.

6 Conclusion

Microstrip patch antennas are widely utilized in modern technology because of their
lightweight, low cost, and ease of fabrication, according to the paper's conclusion on
microstrip patch antennas for diverse purposes. Their growing use in medicinal
sectors, driverless cars, and wireless communication underscores their significance.
The study addresses ways to improve gain, size, and return loss in microstrip patch
antennas, including fixing faulty ground structures. Better-performing microstrip
antennas for upcoming wireless communication systems, such as 6G applications,
may result from these advancements.

6.1 Future Scope

The need for higher frequencies, more efficiency, and seamless connectivity is
driving the enormous potential of microstrip patch antennas (MPAS) in 6G
applications. In order to improve performance at these high frequencies, MPAs will
need to be constructed using cutting-edge materials like graphene and
metamaterials, since 6G intends to function in the terahertz (THz) range.
Reconfigurable MPAs that can dynamically adjust to shifting network conditions
are also necessary for massive MIMO and beamforming technologies in order to
guarantee high data rates and low latency. By incorporating artificial intelligence
(Al) into antenna design, smart beam steering and signal optimization will be
made possible, increasing network efficiency overall. Furthermore, green
communication will be supported by eco-friendly and energy-efficient MPAs,
which will lower power consumption in next wireless systems. Additionally, MPAs'
role will expand.
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