
International Journal of Scientific Research and Engineering Development-– Volume 7 Issue 4, July-Aug 2024 

           Available at www.ijsred.com 

ISSN : 2581-7175                             ©IJSRED:All Rights are Reserved Page 78 

 

5G Wireless Communication: Simulation and Analysis of 

Microstrip Patch Antenna 
 

Prakash Yelaki*, Mounica Komaravalli*, Vaishnavi Tadiparthi*, Abhinaya Valemoni*, 

Sreehitha Botta* 

*Department of Electronics and Communication, G. Narayanamma Institute of Technology and Science, Shaikpet, Hyderabad. 

Email: y.prakash@gnits.ac.in 

 

----------------------------------------************************----------------------------------

Abstract: 
The growing demand for optimized modes of communication arises from comparisons between the 

currently prevalent 4G devices and the revolutionary 5G communication models with their impactful 

features. This makes it essential to develop better communication equipment for 5G technology to evolve 

further. Microstrip Patch Antennas serve as invaluable tools for facilitating 5G communication across 

diverse applications and devices. This study focused on investigating and modeling a microstrip patch 

antenna with an operating frequency of 28 GHz. Ansys HFSS Software was utilized for the antenna 

simulation due to its versatile and comprehensive capabilities. The proposed antenna uses the substrate 

Rogers/RT Duroid 5880, whose dielectric constant of 2.2 ensures uniform electrical properties across 

various external conditions. The simulated antenna resulted in a return loss of -28.5413 dB, a VSWR of 

1.24, a bandwidth of 5.4 GHz, and a gain of 5.7317 dBi. The high return loss, substantial antenna gain, 

and a near-ideal VSWR, among other features, suggest that this antenna’s specifications cater to the 

requirements of 5G communication systems. Beyond the scope of antenna fabrication and testing, the 

proposed antenna parameters align well with previous research findings at similar operating frequencies. 
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I. INTRODUCTION 

The first antenna was built by Heinrich Hertz in 

1888, which marked a pivotal moment in the 

history of communication technology. In a physical 

sense, communication systems can be classified as 

wired or wireless, with wired systems using coaxial, 

twisted pair, fibre optic cables, and wireless 

systems using electromagnetic waves such as 

microwaves or radio waves. In order to establish 

and maintain a dependable radio connection, 

antennas are essential. They function as transducers, 

converting transmitter voltage into radio signals. 

They also isolate radio signals from the atmosphere 

and transform them into receivable voltage. With 

the introduction of transceiver technology, many 

antennas are now capable of seamlessly performing 

both tasks. 

Based on their applications, antennas can be 

classified into several types. The Bi-conical Dipole, 

Left-handed Dipole, Folded Dipole, λ/2 Folded 

Dipole, Half-Wave Dipole, and L-loops are 

examples of Wire Antennas. Corner Reflector and 

Parabolic Antennas are types of Reflector Antennas. 

Log Periodic Antennas include Bow-tie, Log 

Periodic Dipole arrays, and Log Periodic Fractal 

Koch antennas. Aperture Antennas include Vivaldi, 

Horn, and Inverted-F Antennas. Printed Slot, 

Dipole, Patch, and Traveling Wave make up 

Microstrip Antenna types. 

A relatively modern invention, the microstrip 

antenna integrates an antenna with a 

communication system's driving circuitry on a 
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single printed circuit board or semiconductor chip. 

There has been a preference for microstrip patch 

antennas owing to their smaller dimensions, 

simplicity in manufacturing and compliance, 

compact volume, cheap cost, and lightweight and 

compact profile. Research [1] revealed that both 

FIT (Finite Integration Technique) and FEM (Finite 

Element Method) are suitable for microstrip 

antenna analysis, with FIT performing better for all 

shapes, while FEM was reliable for microstrip 

rectangular patch antennas. 

The interaction of an antenna with 

electromagnetic fields is highly complex, 

necessitating the use of a variety of parameters 

(bandwidth, polarization, gain, etc.) to characterize 

it. Communication systems use antennas primarily 

for signal processing, and effective antenna design 

can increase communication range, optimize signal 

quality, and enhance the system’s overall 

performance. 

Within the framework of communication systems, 

the use of 5G technology has been beneficial in 

promoting research and developing innovative 5G-

dependent devices. The 5G communication network, 

known for its high speed, lower latency, network 

slicing framework, and enhanced connectivity, 

facilitates effective task execution. Thus, the 

integration of microstrip antennas with 5G 

communication models could cater to a plethora of 

applications. 

II. LITERATURE REVIEW 

In the paper [2], many rectangular microstrip 

antenna designs are discussed. When it comes to 5G 

communications, all of these antennas function at 

the standard frequency of 28 GHz. An array layout 

that uses a corporate feeding network improves the 

precision of impedance matching as well. Gain, 

radiation pattern, impedance bandwidth, return loss 

characteristics, and other performance parameters 

are all improved by this arrangement. Both 

directivity and overall performance are improved. 

With its improved corporate feeding, the proposed 

eight-element microstrip patch array provides a 

feasible alternative for future 5G applications. 

The article [3] portrays the development as well 

as testing of a microstrip antenna working in the 

24.5–50 GHz frequency range, specifically for 5G 

concentrations. The HFSS program was used to do 

a thorough study and simulation of this design. 

Resonance is seen at three frequencies (34.2 GHz, 

31 GHz, and 38.4 GHz) using the employable 

slotting methods. Appropriate gain and return loss, 

and a VSWR lower than two characterize these 

frequencies. This technique might provide high-

speed wireless communication and internet access. 

In the work [4], a variety of microstrip antenna 

designs were investigated, and their performance 

was evaluated using key performance indicators 

such as gain, resonant frequency, bandwidth, 

VSWR, and return loss. CST Microwave Studio 

Software was utilised to develop and analyse a 

range of electrical devices. 

A miniature microstrip antenna designed for 5G 

technology is studied [5] to achieve high gain, with 

a frequency of resonance of 28.08 GHz. This 

research found the return loss and bandwidth to be -

38.348 dB and 3.464 GHz respectively. Using 

different types of patches makes further 

enhancement possible. The simulated results 

establish that the suggested antenna might be 

valuable for wireless systems for communication 

and that its fabrication could help compare the 

simulated results with the actual results. 

III. STRUCTURAL ANALYSIS 

 

A microstrip patch antenna is commonly used for 

transmitting electromagnetic waves in wireless 

communication systems. A ground plane, a 

substrate, a patch, and a feed line make up the four 

primary components. The antenna utilizes different 

shapes such as ellipse, ring, rectangular, and 

triangular, featuring a dielectric layer on one 

surface and a ground plane on another. Due to their 

versatility and reliability, these antennas are 

employed in several fields like automation, GPS, 

telemedicine, and communication. This study deals 

with designing a rectangular patch microstrip 

antenna, as in Figure 1, with an inset feed line 

suitable for 5G communication systems. 
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Fig. 1  Microstrip Patch Antenna Structure (Top View)

The rectangular patch antenna employed the Ansys 

HFSS Software for the process of simulation. 

Materials selected for the design of the antenna are 

exceptional in terms of consistency and 

performance. Rogers/RT Duroid 5880, the substrate 

material, has glass microfiber-reinforced PTFE 

composites, which help to maintain a consistent 

dielectric constant. Under various operating 

situations, this homogeneity guarantees steady 

performance. The antenna's performance is precise 

and predictable due to its tight tolerance, which is 

provided by its dielectric constant of 2.2. 

Furthermore, effective radiation and coupling are 

supported by the substrate's 1.575 mm height. 

Through an iterative process of computation and 

trial and error, the parameters were optimized by 

utilizing mathematical formulas to obtain the ideal 

dimensions for the antenna as illustrated in 

Fig. 2  Simulated version of designed Antenna
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Simulated version of designed Antenna 

This careful process results in an antenna that 

satisfies the required standards by achieving the 

optimal balance of size, performance, and 

efficiency. Table 1 represents the corrected and 

fine-tuned sizing details of the antenna design

TABLE I 
OPTIMIZED DIMENSIONS OF 

Parameter 

Ground Plane Length (Lg) 

Ground Plane Width (Wg) 

Patch Length (Lp) 

Patch Width (Wp) 

Height of Substrate (Hs) 

Feedline Width (Wf) 

Feedline Inspection (Fi) 

Patch-Feedline Gap (g) 

 

IV.    RESULTS 

Return loss is the loss of transmitted power due to 

reflections in a fiber optic path or any other 

transmission line due to unmatched impedance or 

terminations. High values of return loss are 

preferable, as they indicate efficient signal 

transmission and reception and thus improve the 

performance of an antenna system and increase the 

system throughput. At 28.0900 GHz, the return loss 

is -28.5413 dB. 

Bandwidth is defined as the scope of frequencies 

the antenna functions successfully in while meeting 

specific performance criteria. For 5G applications, 

achieving adequate bandwidth is critical to 

supporting the transfer of massive volumes of data 

across the wireless channel. Between 25.62 GHz 

and 31.02 GHZ, the bandwidth comes out at 5.4 

GHz and is marked in Figure 3, 

loss vs frequency plot. 
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This careful process results in an antenna that 

uired standards by achieving the 

optimal balance of size, performance, and 

efficiency. Table 1 represents the corrected and 

tuned sizing details of the antenna design 

IMENSIONS OF ANTENNA 

Dimensions (mm) 

9.81 

15.7 

3.437 

4.223 

1.576 

1.41 

0.31 

0.78 

loss is the loss of transmitted power due to 

reflections in a fiber optic path or any other 

transmission line due to unmatched impedance or 

terminations. High values of return loss are 

preferable, as they indicate efficient signal 

n and thus improve the 

performance of an antenna system and increase the 

system throughput. At 28.0900 GHz, the return loss 

is defined as the scope of frequencies 

the antenna functions successfully in while meeting 

mance criteria. For 5G applications, 

achieving adequate bandwidth is critical to 

supporting the transfer of massive volumes of data 

across the wireless channel. Between 25.62 GHz 

and 31.02 GHZ, the bandwidth comes out at 5.4 

igure 3, which is the return 
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Fig. 3 Return Loss, Bandwidth 

While gain quantifies how efficiently the antenna 

transforms feeding power into radiated 

electromagnetic energy in a particular path or 

direction, VSWR measures the efficiency with 

which power is transported from the transmitter to 

the antenna and vice versa. Reaching a high gain is 

crucial for expanding the communication range of 

the system overall, strengthening link dependability, 

and boosting signal coverage. The proposed 

antenna yielded a VSWR of 1.24, with the optimal 

VSWR range being between 1 and 2. Additionally, 

based on Figure 4, the antenna gain (in relation to 

isotropic antenna radiation) is 5.7313 dBi. 

 
Fig. 4 Antenna Gain 

The radiation pattern provides a thorough 

understanding of the electromagnetic energy 

distribution, including directionality and amplitude, 

across space. Radiation patterns are important for a 

broad spectrum of applications, and in the case of 

wireless networks, they determine the coverage area, 

signal intensity, and connection reliability—all of 

which are essential for ensuring uninterrupted 

connectivity. The radiation pattern is shown in 

Figure 5 

 
Fig. 53D Radiation Pattern Antenna 

 

V.  CONCLUSIONS 

The modeling of a microstrip rectangular 

patch antenna designed for 5G wireless network 

systems has unambiguously produced encouraging 

findings, suggesting that this design can fulfil the 

requirements of 5G communication technologies. 

The objective performance of the antenna has been 

heightened by setting the substrate material as 

Rogers/RT Duroid 5880. At the operating 

frequency of 28.09 GHz, it exhibits a return loss of 

-28.5413 dB, a bandwidth of 5.4 GHz, a VSWR of 

1.24, and an antenna gain of 5.7313 dBi. The 

comprehensive analysis of the antenna's radiation 

pattern, electric field, and magnetic field has 

contributed to its validation of 5G wireless 

communication compatibility. 

These findings allude that the suggested antenna 

may provide steady and dependable connectivity 

while meeting the performance requirements for 5G 

applications. The effectiveness of the simulation 

establishes a sturdy base for further research in this 

field. Subsequent research steps might entail 
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building the suggested antenna and testing it in real-

world 5G communication scenarios to validate its 

theoretical performance. This would give important 

information on how the antenna behaves in real-

world situations and how 

itintegrateswithcurrentcommunicationnetworks.Ove

rall,the study'sdemonstrationofthelatest 

developments in microstrip patch antenna designs 

has great promise for the continued evolution of 5G 

technology and its applications in a variety of 

industries.  
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