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Abstract: Design and Simulation of Frequency Selective Surface unit cell Using HFSS Frequency
Selective Surfaces (FSS) are periodic electromagnetic structures that show band- pass or band-stop
behaviour based on their shape and arrangement. This project presents the design and simulation of a
Frequency Selective Surface unit cell using ANSYS HFSS, which stands for High Frequency Structure
Simulator. It is a full-wave electromagnetic solver that uses the Finite Element Method. The unit cell
design is carefully crafted to reach the desired resonant frequency and filtering response. Key design
factors such as periodicity, element shape, substrate material, thickness are optimized to improve
antenna gain, bandwidth, and selectivity. Simulation analysis is done in HFSS to assess important
performance characteristics like reflection coefficient (S11), transmission coefficient (S21), gain,
directivity, and bandwidth. The results show that adding the FSS structure improves frequency selectivity,
boosts radiation performance, and lowers unwanted harmonics and interference. The designed FSS
antenna is suitable for use in modern wireless communication systems, including radar, satellite
communication, 5G networks, and microwave systems. These applications require efficient integration of
filtering and radiation functions. The use of HFSS allows for precise electromagnetic modelling and
performance validation before fabrication, ensuring reliable and optimized antenna performance. This
work highlights how Frequency Selective Surface structures can enhance antenna characteristics and
create compact, high- performance communication systems

Keywords: The geometrical configuration of the proposed FSS unit cell , Design of proposed unit cell
system, |S11]| characteristics of the antenna design, [S11| and |S12| characteristics of the antenna design

I. INTRODUCTION

Frequency Selective Surfaces (FSS) are periodic electromagnetic structures that have the ability to selectively transmit
or reflect electromagnetic waves depending on their frequency. These structures consist of a repeated arrangement of
metallic elements or apertures printed on a dielectric substrate. Due to their filtering properties, FSS structures are
widely used in microwave, radar, satellite communication, and modern wireless communication systems.
In recent years, the rapid development of wireless technologies such as 5G, Internet of Things (IoT), and satellite
communication has increased the demand for compact, lightweight, and efficient antenna systems. Conventional
antennas often suffer from limitations such as restricted bandwidth, moderate gain, and lack of frequency selectivity.
To overcome these limitations, Frequency Selective Surface structures are integrated with antennas to improve
performance by providing filtering characteristics along with radiation capabilities.
The working principle of an FSS is based on electromagnetic resonance. When an incident electromagnetic wave
interacts with the periodic metallic elements of the structure, currents are induced on the surface. Depending on the
shape, size, spacing, and substrate material of the unit cell, the FSS can behave either as a band-pass filter that allows
certain frequencies to pass or as a band-stop filter that blocks specific frequencies. This property enables precise control
over electromagnetic wave propagation.
In this project, the design and simulation of a Frequency Selective Surface unit cell are carried out using ANSYS HFSS
(High Frequency Structure Simulator), which is a full-wave electromagnetic simulation tool based on the Finite
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Element Method (FEM). The unit cell of the FSS is designed on a dielectric substrate with copper as the conductive
material. Periodic boundary conditions are applied to simulate an infinite array, and a Floquet port excitation is used to
analyze the interaction of electromagnetic waves with the surface.

The performance of the proposed design is evaluated by analyzing important parameters such as reflection coefficient
(S11), transmission coefficient (S21), bandwidth, and resonant frequency. The simulation results help in understanding
the filtering behavior and electromagnetic characteristics of the FSS structure.

The designed Frequency Selective Surface can be used in various applications such as antenna radomes,
electromagnetic shielding, radar systems, satellite communication, and modern wireless communication systems, where
efficient control of electromagnetic waves is required.

II1. RELATED WORK
Frequency Selective Surfaces (FSS) have been widely studied in electromagnetic and antenna engineering due to their
ability to control electromagnetic wave propagation. An FSS is typically composed of a periodic array of metallic
elements or slots printed on a dielectric substrate. These structures act as spatial filters that selectively transmit or
reflect electromagnetic waves depending on the operating frequency. Because of these properties, FSS structures are
commonly used in microwave filters, antenna radomes, satellite communication systems, and electromagnetic
interference suppression.
Early research in this field focused on understanding the interaction between electromagnetic waves and periodic
structures. Classical studies developed theoretical models such as equivalent circuit models and Floquet mode analysis
to explain the resonance behavior of FSS unit cells. These models showed that the electromagnetic response of an FSS
mainly depends on the geometry of the elements, spacing between elements, and the properties of the dielectric
substrate.
Later research explored different unit-cell geometries to achieve improved filtering characteristics. Basic shapes such as
square patches, dipoles, and circular loops were initially used. With the advancement of antenna technology, more
complex geometries such as split- ring resonators, Jerusalem crosses, and fractal shapes were introduced to obtain
multi-band or broadband responses. These advanced designs allow FSS structures to operate at multiple resonant
frequencies and improve bandwidth performance in wireless communication systems.

III.SYSTEM ARCHITECTURE AND HARDWARE DESIGN
1. System Architecture
The system architecture of the proposed Frequency Selective Surface (FSS) antenna mainly consists of the design,
simulation, and evaluation of a periodic electromagnetic structure. The architecture includes software-based antenna
modeling, simulation of electromagnetic behavior, and hardware realization of the designed structure.
The process begins with designing the FSS unit cell using electromagnetic simulation software such as ANSYS HFSS.
The unit cell geometry is defined on a dielectric substrate with a conductive copper layer. Periodic boundary conditions
are applied to represent an infinite array structure, and Floquet port excitation is used to simulate the interaction of
electromagnetic waves with the surface.
After defining the structure, a frequency sweep is performed to analyze the electromagnetic response of the FSS.
Important parameters such as reflection coefficient (S11), transmission coefficient (S21), gain and bandwidth are
evaluated. The results obtained from simulation help in optimizing the antenna design.
Once the design is finalized, the FSS pattern can be fabricated on a printed circuit board (PCB) using standard PCB
etching techniques. The fabricated structure can then be tested using measurement equipment such as a Vector Network
Analyzer (VNA) to verify the simulation results.
Main Stages in System Architecture
1. Antenna Unit Cell Design
2. Electromagnetic Simulation using HFSS
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3. Performance Analysis (S-parameters, Gain, VSWR)

4. PCB Fabrication of FSS Structure

5. Experimental Testing and Validation

This architecture ensures accurate modeling and performance optimization before practical implementation.

2. Hardware Design

The hardware design of the FSS antenna mainly involves the physical components required to realize the simulated
design. These components form the physical structure that supports electromagnetic resonance and signal filtering.

2.1 Computer System

A computer or workstation is used to run electromagnetic simulation software such as ANSYS HFSS. It provides the
computational capability required to design the antenna geometry, perform frequency analysis, and visualize
electromagnetic field distributions.

2.2 Dielectric Substrate

The dielectric substrate acts as the base material on which the metallic FSS pattern is printed. Materials such as FR-4
are commonly used. The substrate characteristics such as relative permittivity and thickness influence the resonant
frequency and bandwidth of the antenna.

2.3 Copper Conductive Layer

Copper is used as the conductive material to form the resonating elements of the FSS unit cell. Due to its high electrical
conductivity, copper supports strong surface currents that create electromagnetic resonance required for frequency
filtering.

2.4 PCB Fabrication

The designed FSS pattern is fabricated on the substrate using standard PCB fabrication techniques. In this process,
unwanted copper is etched away, leaving only the desired periodic metallic pattern that forms the FSS structure.

IV. SOFTWARE DESIGN AND SYSTEM OPERATION
1. Software Design
The software design plays an important role in the development and analysis of the Frequency Selective Surface (FSS)
antenna. In this project, electromagnetic simulation software such as ANSYS HFSS (High Frequency Structure
Simulator) is used to design and simulate the FSS unit cell. HFSS is a full-wave electromagnetic simulation tool based
on the Finite Element Method (FEM), which provides accurate analysis of microwave and antenna structures.
The software allows the user to create the geometry of the FSS unit cell, define the material properties, and apply
appropriate boundary conditions. The periodic structure is modeled using a single unit cell with periodic boundaries to
represent an infinite array. Floquet ports are assigned to simulate the incidence of electromagnetic waves on the
structure.
The software also enables parametric analysis and optimization of different design parameters such as element
dimensions, periodic spacing, substrate thickness, and material properties. Through iterative simulations, the antenna
performance is improved to achieve the desired frequency response and filtering characteristics.
Key Functions of the Software
* Design of FSS unit cell geometry
* Assignment of material properties (copper, dielectric substrate)
* Application of boundary conditions and excitation ports
* Frequency sweep and electromagnetic simulation
* Analysis of antenna performance parameters
* Visualization of electric fields, surface currents, and radiation patterns
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2. System Operation

The operation of the proposed system begins with the creation of the FSS unit cell design in the HFSS environment.
The geometry of the conductive elements is defined on a dielectric substrate, and periodic boundary conditions are
applied along the X and Y directions to simulate an infinite periodic surface.

Next, Floquet port excitation is applied to represent the incoming electromagnetic waves. A frequency sweep is then
performed over a specified frequency range to observe how the FSS structure interacts with the electromagnetic waves.
During simulation, the software calculates important antenna parameters such as reflection coefficient (S11),
transmission coefficient (S21), Voltage Standing Wave Ratio (VSWR), gain, directivity, and radiation pattern. These
parameters help evaluate the filtering behavior and efficiency of the FSS antenna.

If the obtained results do not meet the desired performance, design parameters such as patch dimensions, substrate
thickness, or periodic spacing are modified and the simulation is repeated. This iterative optimization continues until
the required resonant frequency and bandwidth are achieved.

Finally, the optimized design can be fabricated using PCB technology and tested experimentally to validate the
simulation results.

. Operational Steps

. Design the FSS unit cell geometry in HFSS.

. Define material properties for the substrate and conductive elements.
. Apply periodic boundary conditions.

. Assign Floquet port excitation.

. Analyze S-parameters and radiation characteristics.

. Optimize design parameters for better performance.

. Finalize the optimized FSS design.

~N N kR W~ W

V. DISCUSSION
The simulation results obtained from the design of the Frequency Selective Surface (FSS) unit cell provide important
insights into the electromagnetic behaviuor of the proposed structure. The analysis was carried out using ANSYS
HFSS, which allows accurate modelling of periodic structures and evaluation of their filtering performance.
From the simulation results, it is observed that the designed FSS structure exhibits band-pass characteristics within the
desired operating frequency range. The transmission coefficient (S21) shows high transmission in the operating band,
indicating that electromagnetic waves within this frequency range pass through the structure with minimal loss. At the
same time, the reflection coefficient (S11) remains low within the passband, which indicates good impedance matching
and efficient energy transfer.
Outside the operating frequency range, the transmission coefficient decreases significantly while the reflection
coefficient increases. This confirms that the FSS structure effectively blocks or reflects unwanted frequencies. Such
behavior demonstrates the filtering capability of the designed surface and validates the effectiveness of the unit-cell
geometry.

VI. CONCLUSION

In this project, the design and simulation of a Frequency Selective Surface (FSS) unit cell were successfully carried out
using ANSYS HFSS. The main objective of the project was to analyze the filtering behavior of periodic
electromagnetic structures and evaluate their performance for modern wireless communication applications.

The proposed FSS structure consists of a periodic arrangement of metallic elements printed on a dielectric substrate. By
carefully selecting the unit-cell geometry, substrate properties, and periodic spacing, the desired electromagnetic
response was achieved. The simulation results showed that the structure exhibits clear band-pass characteristics,
allowing electromagnetic waves to transmit within the desired frequency range while rejecting unwanted frequencies.
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Important performance parameters such as reflection coefficient (S11), transmission coefficient (S21), bandwidth, and
resonant frequency were analyzed using HFSS simulations. The results confirmed that the designed FSS provides good
frequency selectivity, efficient transmission within the operating band, and strong attenuation outside the band.

The project also demonstrated the effectiveness of electromagnetic simulation tools in optimizing antenna and FSS
designs before fabrication. By performing parametric analysis and adjusting design parameters, the antenna
performance was improved and the desired frequency response was achieved.

Overall, the designed Frequency Selective Surface shows promising performance and can be effectively used in
applications such as antenna radome, radar systems, satellite communication, microwave filters, and modern wireless
communication systems including 5G networks. Future work may include fabrication and experimental testing of the
designed structure, as well as exploring multi-layer or reconfigurable FSS designs to further enhance bandwidth and
filtering performance.
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