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Abstract

The design is for a microstrip patch antenna that is rectangular. The wireless local area network
(WLAN) resonance frequency of the suggested antenna is 2.4 GHz. The antenna's frequency selection
has made it ideal for use in wireless local area networks, or WLANs. The antenna design is optimised
using the optometric feature of the High Frequency Structure Simulator software (HFSS) to increase
the accuracy and efficiency of the suggested antenna. HFSS software is used to simulate and apply the
microstrip line model approach. Equations for designing a rectangular patch are presented and verified
by accurately generated outcomes. With a 5 dB gain, the antenna also shows a good radiation pattern.
The suggested antenna's small size, affordability, and high performance make it a viable option for
WLAN applications. Microstrip patch antennas' small size, simplicity of construction, and adaptability
have made them indispensable parts of contemporary wireless communication systems. The
optimisation of rectangular microstrip patch antennas to improve their performance metrics, such as
gain, bandwidth, and radiation efficiency, is examined in this study. Antenna properties are
significantly improved by using sophisticated design techniques such parasitic element integration,
patch geometry modification, and substrate material selection. The impact of optimisation on wireless
communication applications, including satellite systems, mobile networks, and the Internet of Things,
is highlighted in the study along with simulation findings and practical considerations.
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INTRODUCTION

Because of their small size, low profile, simplicity in production, and adaptability, microstrip patch
antennas are now essential parts of contemporary wireless communication systems. These antennas are
extensively used in many different applications, such as radar systems, satellite communication, and
Wireless Local Area Networks (WLANS).
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communication systems. The advent of simulation tools like the High-Frequency Structure Simulator
(HFSS) has further facilitated the design process, allowing engineers to analyse and optimize antenna
performance without the need for extensive prototyping. Microstrip patch antennas are particularly well-
suited for applications where size constraints are critical, making them a popular choice for portable and
compact communication devices. As the demand for high-performance wireless communication
continues to grow, the ongoing research and development in microstrip patch antenna technology aim to
enhance their efficiency, bandwidth, and adaptability to diverse communication scenarios.

Because they enable seamless communication and fast data transfer in a variety of settings, wireless
local area networks, or WLANSs, have become an essential component of our everyday life. Antenna
system design and optimisation are essential as the need for small and effective wireless communication
systems grows. One of the key components in WLAN applications is the microstrip patch antenna,
known for its compact size, low profile, and ease of integration into planar structures. This work uses
the High-Frequency Structural Simulator (HFSS) to simulate and build an antenna with a rectangular
microstrip patch for WLAN purposes. The antenna's performance metrics, including return loss, gain,
and 3D polar plot, will be thoroughly investigated, and analysed to ensure optimal functionality in
WLAN environments. The rectangular microstrip patch antenna, which is the focus of this design, is
made up of a rectangular patch with dimensions of (L1) and (W2). The proposed antenna works on the
Wireless Local Area Network (WLAN) frequency of 2.4 GHz which is based on IEEE 802.11b for
WLAN applications.

In recent years, wireless communication has grown at an unparalleled rate, which has increased
demand for small and effective antenna designs. The rectangular microstrip patch antenna's low profile,
lightweight design, and simplicity of integration with printed circuit boards (PCBs) make it a popular
option for wireless systems. However, bandwidth, gain, and efficiency, all crucial factors for
contemporary communication standards, are frequently restricted in conventional systems. Rectangular
microstrip patch antenna optimisation is necessary to satisfy the changing needs of wireless
applications. To ensure compatibility with high-speed data transmission, reliable connectivity, and low
energy consumption, this study focusses on important optimisation strategies that improve antenna
performance.

LITERATURE SURVEY

Rectangular microstrip patch antennas have emerged as key components in wireless communication
systems, particularly for WLAN applications operating at the popular 2.4 GHz frequency. The literature
review provides insights into the historical development of microstrip patch antennas and recent
advancements, emphasizing their relevance in the context of modern communication technologies. The
evolution of microstrip patch antennas can be traced back to the mid-20th century, with notable
contributions from researchers like Ernst Duda. While the early 1914 monopole antenna laid the
groundwork, microstrip patch antennas gained prominence due to their simplicity and efficiency. The
case of construction and favourable power transfer characteristics made them attractive, leading to
increased adoption during critical periods such as the First World War [1-6].

Recent years have witnessed a surge in interest regarding the use of rectangular microstrip patch
antennas tailored for 2.4 GHz, a frequency range pivotal to WLAN applications, including Wi-Fi
networks. Researchers have explored various design parameters to optimize the performance of these
antennas in the context of wireless communication. A significant study explored the integration of
microstrip patch antennas with dipole antennas for 1 GHz applications, highlighting their combined
effectiveness in enhancing performance. While not directly at the 2.4 GHz frequency, this study
underscores the adaptability of microstrip patch antennas to function in conjunction with dipole
antennas. The microstrip patch antenna demonstrated a gain of approximately 6 dB at 1 GHz,
showcasing its potential utility in wireless communication systems [7-9].
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Addressing challenges associated with ground plane resistance, electromagnetic compatibility, and
proximity to metallic objects is crucial for optimizing the effectiveness of rectangular microstrip patch
antennas at 2.4 GHz. Researchers have explored innovative solutions, such as microstrip-to-microstrip
dual dipole converters and patch dipole antennas, to overall performance of microstrip patch antennas
in WLAN applications. The methodology for designing and optimizing rectangular microstrip patch
antennas at 2.4 GHz involves a comprehensive approach. Parameters such as substrate material, patch
dimensions, and ground plane configuration are meticulously analysed and adjusted using simulation
tools like the High-Frequency Structure Simulator (HFSS). This iterative process enables engineers to
fine-tune the antenna design to meet WLAN requirements, including efficient power transfer,
appropriate gain, and a well-defined radiation pattern [8—11].

PROPOSED SYSTEM

Designing and evaluating a 2.4 GHz rectangular microstrip patch antenna (MPA) for use in wireless
applications is the aim of this research. The antenna will be implemented on an FR-4 epoxy substrate
with a thickness of 1.6 mm and a relative permittivity of 4.4, which is widely used due to its cost-
effectiveness and reliability. A key focus of this research is to evaluate critical performance metrics,
including return loss, which indicates how efficiently the antenna transmits power and minimizes
reflection. Another essential parameter under investigation is the Voltage Standing Wave Ratio
(VSWR), which reflects the impedance matching and overall efficiency of the antenna system.
Additionally, the radiation patterns in both 2D and 3D will be analysed to understand the antenna's
emission behaviour in different directions, providing insights into the strength and orientation of the
radiated signals. The study will also measure the antenna’s gain, a crucial indicator of its ability to
transmit and receive signals effectively, and its potential performance in wireless communication
systems like WLAN.

Design Methodology

A microstrip patch antenna, installed at ground level, consists of a metal patch with a dielectric
material in between. These antennas offer highly flexible designs and can be easily manufactured on a
PCB. The thickness of the ground plane or the patch is not relevant in this situation. These types of
antennas employ high frequencies. The operating frequency of the antenna can be found using the
following formula:

Cc
fC—ZL\/a

Putting all the values we will get 2.4 GHz.
Width of the patch can be found using the following equation:

w1 2w [ 2
2fr\Mo€o | Er+1 2fr Ertl

Effective dielectric constant:

1
_ &+l | 61 E_E
Erery = 0+ [1+12W]

Length correction in the patch due to fringing effect:

AL _ 0412 (ereff+0.3)(%+vtv)-264)
h (€rerf—0.258)(3+0.8)

Effective length of patch will be calculated as:

Rin(y = ¥0) = Rin(y = 0) cos? (L, )
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Feed point position or the inset length calculation:
Riny = ¥0) = Rin(y = 0) cos? (T, )

We know that Impedance when y=y0 will be 50 Q but we also must calculate the impedance at the
boundary of the patch, which was calculated using the equation below:
1 1

Zin =5~ = Rin = 7~

2
i(K) whenw << A,
90 \ 1,

G = 1 (w)?
E(A_O) whenw >> A,
SIMULATION

In this study, we placed special emphasis on the length and positioning of the microstrip transmission
line, which plays a crucial role in delivering power from the source to the antenna. The transmission
line's length has been precisely determined to guarantee that there is little interference with the antenna's
natural radiation pattern. This precise adjustment prevents the transmission line from disrupting the
antenna’s inherent radiation characteristics.

These design considerations form the foundation of our optimization strategy for the microstrip patch
antenna. By meticulously determining the antenna’s dimensions and transmission line specifications,
we have aligned the design with the target operational frequency while achieving the desired radiation
pattern. This approach offers an innovative contribution to enhancing antenna performance in wireless
communication systems.

All simulation results are presented in the figures provided such as VSWR Plot shown in Figure 1.
Far field radiation plot is shown in Figure 2 while its gain is shown in Figure 3. 3D Polar plot is shown

in Figure 4 and axial ratio is shown in Figure 5 and for XY plot 4 VSWR is compared in Figure 6.
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Figure 2. (a and b) Far field radiation.

RESULT ANALYSIS
Return Loss

The loss of signal strength caused by discontinuity in an optical fibre or transmission line is known
as return loss. This discontinuity may be caused by a device that has been added to the line or by a
mismatch with the terminating load. Decibels (dB) are typically used to express it as a ratio. The circular
patch antenna shows a resonance peak at 11.1509 and gives return loss value equal to —17 dB.

Radiation Pattern
The radiation pattern remains uniform when one parameter is constant and another varies. However,
null points are observed at 0 and 90°.

Bandwidth

The range of frequencies across which an antenna's performance, regarding certain features, complies
to a stated standard is known as its bandwidth. The bandwidth and the percentage of bandwidth for a
circular Microstrip patch antenna are determined as:

Bandwidth: th—fi=0.28 GHz
Percentage of bandwidth: {(fh-f1)x100}/fc=2.517%

Where,
fh=6.705,
f1=6.425, and
fc=11.1206.

Gain

An antenna's gain is calculated by dividing the radiation strength in each direction by the radiation
intensity that would result from radiating all of the power evenly in each direction. Since all of the
power supplied to it is radiated equally well in all directions, it has a gain of unity (g-1 or G-0 dB) in
all directions. The gain value of the rectangular patch antenna is —5.3987 dB.
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Figure 4. 3D polar plot.

Table 1. Parameters observed and their value.

S. No. Parameters Value
1. Return Loss -17dB
2. Bandwidth 0.28 GHz
3. Bandwidth % 2.517%
4. Gain —5.3987
S. VSWR 1.9590
6. Operating Frequency 2.4 GHz

VSWR

Although it is not exactly an antenna characteristic, the standing wave ratio (SWR), also called the
voltage standing wave ratio (VSWR), is used to characterise how well an antenna performs when
connected to a transmission line. It is discovered that the suggested model's VSWR is almost 1.9590.

All the results value are presented in tabulated form in Table 1.

CONCLUSION

A rectangular microstrip patch antenna operating at UWB frequencies was successfully conceived
and simulated. It is evident from looking at the return loss, or VSWR, that this antenna operates within
the intended UWB frequency range. This study used the Advanced development System and the Ansoft
High Frequency Structure Simulator to develop our UWB rectangular antenna in detail. As the view
develops, we might broaden our investigation to examine how different slot antennas impact the
bandwidth and resonance frequency. Additionally, microstrip antennas are employed in mobile
communication, RFID (radio frequency identification), and healthcare.

Wi-Fi and Bluetooth services will benefit from the antenna’s 10 dB operational bandwidth, which
falls between 80 and 280 MHz. At 11.1206 GHz, the antenna's return loss is —17 dB. HFSS software
simulates this designed antenna. By using microstrip line technology, a sufficient bandwidth was
obtained for this antenna, allowing for the achievement of the target frequency of 2.4 GHz and a VSWR
value of 1.9590. The microstrip antenna's design maximises coverage of WLANs. The suggested
antenna is highly appealing for both present and future WLAN applications because it is extremely
small, simple to construct, and fed by a 50 microstrip line.
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Future Scope

With the growing need for compact, efficient, and high-performance antennas in wireless networks,
microstrip patch designs are increasingly being optimized for higher bandwidth, multi-frequency
operation, and better radiation efficiency. Future advancements are likely to focus on integrating
materials like metamaterials and flexible substrates to enhance performance, allowing these antennas
to function effectively in devices with compact form factors. Additionally, as 5G and 6G networks
expand, rectangular microstrip patch antennas will play a pivotal role in supporting higher data rates,
low latency, and more efficient power usage. Their adaptability to various wireless applications,
including [oT, wearable technology, and high-frequency satellite communication, underscores their
relevance in next-generation wireless ecosystems, making them a key component in the future of
telecommunications.
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