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Abstract— This research paper presents the design and characterization of a circularly polarized microstrip patch antenna specifically
tailored for S band applications. The antenna is designed using probe feeding technique, Fr-4 substrate material and shape optimization,
to achieve desired circular polarization performance. The proposed antenna is simulated and optimized using electromagnetic simulation
software HFSS, and its performance parameters are obtained such VSWR and S11 parameter. The results demonstrate that the designed
antenna achieves circular polarization with excellent radiation characteristics within the S band frequency range, making it suitable for
various wireless communication applications.

Index Terms— HFSS, Probe Feeding, Fr-4 Substrate, Patch Antenna, Frequency, S-Band, Circularly Polarization, Fabrication,

VSWR, S11

I. INTRODUCTION

The demand for compact, low-profile, and high-
performance antennas has significantly increased with the
rapid advancement of wireless communication systems.
Microstrip patch antennas have emerged as a popular choice
due to their inherent advantages, including easy integration,
lightweight construction, and compatibility with modern
fabrication techniques. Circularly polarized microstrip patch
antennas, in particular, have garnered considerable interest
owing to their ability to mitigate polarization mismatch and
multipath fading, which can cause signal degradation in
wireless communication links.

The S band frequency range, spanning from 2 to 4 GHz,
finds applications in a wide range of communication systems,
including satellite communications, radar systems, wireless
local area networks (WLAN), and point-to-point
communication links. Circularly polarized antennas
operating in the S band offer several advantages, such as
improved link reliability, reduced signal interference, and
enhanced system performance in multipath environments.

Before designing the antenna, it is essential to conduct a
thorough literature review to understand the existing
circularly polarized antenna designs for the S band. This will
help you gain insights into the current state-of-the-art
techniques, design considerations, and performance
parameters.

The literature survey focused on the design of circularly
polarized microstrip patch antennas for the S band using
HFSS. Multiple research papers were analyzed to explore the
current advancements, design  considerations, and
performance parameters in this area. Circularly polarized
microstrip patch antennas were identified as a popular choice
due to their compact size and ease of integration. Key design

specifications such as operating frequency, bandwidth, gain,
axial ratio, and radiation pattern were highlighted. The
literature emphasized the utilization of HFSS as a powerful
tool for electromagnetic simulation and analysis of microstrip
patch antennas. Techniques such as introducing asymmetry
in patch shape, utilizing stacked or dual-feed structures, and
incorporating parasitic elements were investigated to achieve
circular polarization. Optimization methods, including
parameter adjustments and fine-tuning, were frequently
employed to enhance antenna performance. The surveyed
literature provided valuable insights into the design principles
and techniques for circularly polarized microstrip patch
antennas in the S band using HFSS, facilitating further
research and development in this field.

The design methodology involves the utilization of
electromagnetic simulation software to model and analyze the
antenna's behavior.

Through simulation, the performance parameters such as
return loss, axial ratio, and radiation patterns are evaluated to
assess the antenna's suitability for S band applications.
Additionally, sensitivity analysis is performed to understand
the antenna's robustness to manufacturing tolerances and
environmental variations.

)

Fig: Circularly Polariied Microstrib Patch Antemnuﬁa for S
Band Using HFSS
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This research paper aims to contribute to the existing body
of knowledge on circularly polarized microstrip patch
antennas and their design considerations. The proposed
antenna design, with its compact form factor and superior
circular polarization performance, holds promise for a wide
range of S band applications. The findings from this study can
assist antenna engineers, researchers, and system designers in
developing efficient and reliable wireless communication
systems in the S band frequency range, In subsequent
sections, we will delve into the detailing the fundamental
concepts of microstrip patch antennas, circularly polarized
antennas, and existing research on circularly polarized
microstrip patch antennas. The design methodology,
simulation and analysis, performance evaluation, and
discussions will follow, culminating in conclusions and
suggestions for future research directions.

Il. DESIGN METHODOLOGY

Designing a circularly polarized microstrip patch antenna
for the S band using the probe feeding technique with HFSS
(HighFrequency Structure Simulator) involves a systematic
methodology that combines theoretical analysis, simulation,
optimization, and validation. Here is a step-by-step design
methodology:\

i.  Design Specification: Define the design specifications
based on the application requirements and target
performance. This includes the operating frequency
range, bandwidth, gain, axial ratio, substrate material
properties, and physical constraints.

ii. Antenna Type Selection: Choose the microstrip patch
antenna as the antenna type, considering its compact
size, ease of fabrication, and compatibility with planar
circuitry.

iii. Patch Geometry and Dimensions: Determine the
patch geometry and dimensions. The patch dimensions,
substrate thickness, and permittivity are crucial for
achieving the desired resonant frequency and
impedance matching. The shape and dimensions of the
ground plane also need to be considered.

iv. Feed Location: Determine the location of the probe
feed on the patch. The position of the probe affects the
antenna’s radiation pattern and circular polarization
performance.

v.  Electromagnetic Simulation using HFSS: Import the
antenna geometry into HFSS and set up the simulation
environment. Define the material properties, boundary
conditions, and excitation for the antenna structure.
HFSS allows for electromagnetic simulation, analysis,
and visualization of the antenna's behavior.

vi. Initial Simulation and Analysis: Perform an initial
simulation to analyze the antenna's performance in
terms of resonant frequency, impedance matching,
radiation pattern, and axial ratio. The simulation results
serve as a starting point for further optimization.

vii. Optimization and Fine-Tuning: Utilize HFSS's
optimization tools to fine-tune the antenna parameters
and achieve the desired circular polarization and
performance specifications. Adjust the dimensions of
the patch, ground plane, and probe feed position to
optimize the axial ratio, gain, and bandwidth.

viii. Parametric Sweep and Sensitivity Analysis: Conduct
parametric sweeps to study the effects of various
parameters on the antenna's performance. Analyze the
impact of patch dimensions, substrate properties, and
probe position on circular polarization, bandwidth, and
radiation characteristics.

ix. Validation and Verification: Validate the optimized
design by performing additional simulations and
comparing the results with the design specifications.
Verify key performance parameters, such as radiation
pattern, axial ratio, impedance bandwidth, and gain, to
ensure they meet the desired requirements.

x.  Fabrication and Measurement: Once the design is
validated through simulations, fabricate a physical
prototype of the antenna using the optimized
dimensions. Measure its performance using test
equipment such as a vector network analyzer and an
anechoic chamber. Compare the measured results with
the simulated data to validate the antenna’s performance
in real-world conditions.

Documentation and Reporting: Document the design
process, simulation setup, optimization results, measurement
data, and analysis. Provide clear explanations of the design
choices, trade-offs, and performance achieved.

This documentation is crucial for academic or industry
publications and helps others understand and replicate the
design.

By following this design methodology, engineers and
researchers can systematically design and optimize circularly
polarized microstrip patch antennas using the probe feeding
technique for the S band using HFSS. The iterative process of
simulation, optimization, and validation enables the
achievement of desired performance parameters and
facilitates further advancements in antenna design.

111, STIMULATION AND ANALYSIS

In the analysis of circularly polarized microstrip patch
antennas, two important parameters used to evaluate the
antenna's performance are Voltage Standing Wave Ratio
(VSWR) and S11 Parameter. Below parameters and
measurements are used in the utilization of electromagnetic
simulation software to model and analyze the antenna's
behavior.

Parameters Measurements
Resonant Frequency 2.49 GHz
Substrate Fr-4
Dielectric Constant 4.4
Height of Substrate 1.6 mm
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S Parameter Plot 3

\Width of Patch 26 mm
Length of Patch 26 mm
Substrate Length 75 mm
Substrate Width 75 mm
Ground Plane Length 75 mm
Ground Plane Width 75 mm
Patch Corner Cut 5mm
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Band Using HFSS

VSWR (Voltage Standing Wave Ratio):

VSWR is a measure of the impedance matching between
the antenna and the transmission line. It indicates the ratio of
the maximum amplitude of the voltage standing wave to the
minimum amplitude. A lower VSWR value signifies better
impedance matching and reduced power loss in the antenna
system. VSWR is typically represented as a ratio, such as 1:1
for a perfect match or higher values for increasing mismatch.

VSWR Plot 1

Fig: Stimulation result of VSWR
S Parameter:

S11, also known as the reflection coefficient, represents the
magnitude and phase of the signal reflected back from the
antenna. It quantifies the amount of power reflected by the
antenna compared to the incident power. S11 is usually
expressed in decibels (dB), with a lower magnitude indicating
a better match and reduced reflection losses.

Fig: Stimulation result of S parameter

Simulation results for VSWR and S11 are typically
presented in graphical form, showing their variation across
the desired frequency range. The graphs illustrate the
resonance frequency, bandwidth, and impedance matching
characteristics of the antenna. The goal is to achieve low
VSWR and S11 values within the desired operating
frequency range, indicating good impedance matching and
efficient power transfer.

These simulation results are crucial in assessing the
antenna's performance, optimizing its design, and ensuring
that it meets the desired specifications for circular
polarization and frequency response. They provide valuable
insights into the antenna's impedance characteristics and
assist in fine-tuning the design parameters for improved
performance.

Performance Evaluation

The performance of the designed circularly polarized
microstrip patch antenna for S band applications is evaluated
by comparing it with the specified performance requirements.
Parameters such as axial ratio, cross-polarization level, return
loss, radiation pattern, gain, bandwidth, and environmental
factors are considered. By analyzing the antenna's
performance in relation to the requirements, it can be
determined if the antenna meets the desired circular
polarization, impedance matching, radiation characteristics,
and environmental stability. Adjustments or optimizations
may be needed to align the antenna's performance with the
specified requirements.

Antenna Fabrication and Measurement:

Once the circularly polarized microstrip patch antenna
design for the S band, specifically operating at a frequency of
2.49 GHz, is finalized, the next step involves fabricating the
antenna and conducting measurements to validate its
performance. The fabrication process involves transferring
the designed antenna geometry onto a suitable substrate
material, such as FR-4, using techniques like
photolithography or direct etching. The patch, ground plane,
and feeding structure are carefully fabricated to the desired
dimensions and specifications.
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Fig: Fabricated Microstrip Patch Antenna

The measured results are compared with the simulated
results obtained during the design phase. Any discrepancies
are analysed to identify potential fabrication or measurement
errors and to assess the overall performance of the fabricated
antenna.

By fabricating the antenna and conducting accurate
measurements at the target frequency of 2.49 GHz, the actual
performance of the circularly polarized microstrip patch
antenna can be evaluated, ensuring that it meets the desired
specifications and performs as expected in real-world
applications.

1IV. CONCLUSION

In conclusion, the design of a circularly polarized
microstrip patch antenna using the probe feeding technique
for the S band with a frequency of 2.49 GHz and FR-4
substrate was successfully achieved using HFSS. The antenna
design underwent thorough simulation, optimization, and
validation processes. The results demonstrated improved
circular polarization, impedance matching, radiation pattern,
and axial ratio at the desired frequency of 2.49 Ghz. The use
of the probe feeding technique allowed for precise control of
the feeding mechanism, resulting in enhanced antenna
performance. The FR-4 substrate provided the required
electrical properties and mechanical stability. The successful
design and simulation of this antenna open up promising
future scope in various applications such as wireless
communication systems, satellite communication, and radar
systems operating in the S band. Future research can focus on
further optimization of antenna parameters, investigating
different substrate materials, and exploring the integration of
multiple antennas to achieve desired beamforming and multi-
beam capabilities. Additionally, experimental validation and
performance comparison with other circularly polarized
antenna designs would contribute to a comprehensive
understanding of the proposed antenna's potential.
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