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ABSTRACT 

The Frequency Selective Surface (FSS) is a two-dimensional periodic array of planar 

arrays made up of metal patches or aperture units. FSS has the ability to reflect or 

transmit all incident electromagnetic waves in certain frequency bands, demonstrating 

exceptionally great frequency selectivity. As a result, FSS displays the electromagnetic 

wave filter's function. FSS's patch elements array works as a band stop filter. Shielding 

the electronic equipment is one of the most common techniques to insulate RF 

electronics from radiated fields, and an EMI shield can be made out of wire mesh or 

metal foil. In this study, infinite array unit cell of a ring resonator band-stop has been 

designed and examined. FSS simulations are run on an Ardon 300D substrate with 

CST Microwave Studio for a variety of physical parameters, incidence angles, and 

polarizations. The S-parameter representation has been utilized to compare the 

simulation results. The Ring patch FSS has been designed based on an Arlon AD300D 

substrate with 7.17mm x 7.17mm unit cell dimensions. The study results indicated that 

Ring FSS band stop characteristics at center frequency of 14.958 GHz with bandwidth 

34.1% works well on ku band(12 GHz to 18 GHz) unhindered. More so, the 

characteristics analysis of an EM wave as it propagates within the Ring FSS on both 

centre frequency and bandwidth by varying either of the ring radius or cell size. 

Finally, the study of ring FSS stability for transmission/reflection in TE and TM mode 

shows unvarying frequency response for various tested incidence angles (theta and 

phi). This study finding agreed with literature findings. This study finding indicating 

the viability of the study outcome can be implemented in EMI shield of satellite 

communication system and that will protect VSAT unit from interference. 
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ABSTRAK 

Frequency Selective Surface  (FSS) adalah susunan satah berkala dua dimensi 

terdiri daripada patch logam atau unit aperture. FSS mempunyai kemampuan untuk 

memantul atau memancar gelombang elektromagnetik dalam jalur frekuensi tertentu, 

menunjukkan kemampuan pemilihan frekuensi yang sangat hebat. Kesannya, struktur 

FSS boleh digunakan sebagai penapis gelombang elektromagnetik. Susunan elemen 

patch pada struktur FSS mampu berfungsi sebagai penapis band stop. Shielding adalah 

salah satu satu teknik yang paling biasa digunakan dalam melindungi sesuatu peranti 

elektronik RF dari medan yang terpancar, dimana pelindung EMI ini dapat dibuat dari 

wire mesh atau patch logam. Dalam kajian ini, sel unit infiniti untuk fungsi penapis 

stop-band resonator gelang telah dirancang dan diperiksa. Simulasi FSS dijalankan 

pada substrat Ardon300D menggunakan perisian CST Microwave Studio untuk 

pelbagai parameter fizikal, sudut kejadian, dan polarisasi. Parameter S telah digunakan 

untuk membandingkan hasil simulasi. Gelang Patch FSS telah direka yang 

berdasarkan kepada substrat Arlon AD300D dengan dimensi sel unit 7.17mm x 

7.17mm. Dalam menawarkan pelindungan dari gangguan elektromagnetik (EMI) yang 

cekap, rekabetuk ini telah mencapai kesan pelindungan yang baik dalam spektrum 

frekuensi kajian. Berdasarkan kepada kedua-dua medan incident transverse-electric 

dan transverse-magnetic, struktur lapisan tunggal memberikan hasil yang baik. 

Struktur FSS ini boleh menjadi satu altenatif yang baik kepada aplikasi pelindung EMI 

pada jalur Ku (12GHz hingga 18GHz) berdasarkan kepada saiznya yang kecil, fungsi 

jalur lebar, dan struktur yang sederhana. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

The Frequency Selective Surface (FSS) is a two-dimensional periodic array of planar 

arrays made up of metal patches or aperture units. FSS has the ability to reflect or 

transmit all incident electromagnetic waves in certain frequency bands, demonstrating 

exceptionally great frequency selectivity. As a result, FSS portrays the electromagnetic 

wave filter's function.[4]–[7] The patch and aperture elements array of FSS acts as a 

stop band filter and a band pass filter respectively[5], [7], [8] The FSS element array 

can be used to create a spatial electromagnetic filter with capacitive and inductive 

frequency characteristics. A conducting sheet with holes spaced at regular intervals or 

a collection of metallic patches that reflect and transmit signals at certain frequencies 

at the surface are common components of FSSs.[5]  

At aperture type FSSs higher frequencies are transmitted, while lower 

frequencies are reflected, resulting in capacitive response, they are used as high pass 

filters [5][9] [2]. Notwithstanding of patch type FSS, it transmits at lower frequencies 

and reflects radiation at higher frequencies, acting as low-pass filters. As a result, it 

has demonstrated the acquisition of a low-pass filter. The resonant frequency response 

of the FSS element is resolute using the geometry of the FSS element in a single period, 

known to as the unit cell. 
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1.2 Motivation 

 

The FSS element is typically a two-dimensional structure consisting of a dielectric 

substrate and a periodically arranged FSS resonant unit that can select electromagnetic 

wave frequency, polarization, and incident angle, and has high research value and 

application potential in the meteorological and military fields. In planes and warships, 

stealth technologies, microwave polarization converters, big aperture reflector 

antennas, magnetic conductors that are made artificially and radomes have all been 

widely employed[10]. The typical passive FSS element may achieve superior 

frequency selectivity for electromagnetic waves as a very simple spatial filter. The 

passive FSS element is created by assembling passive resonators in a certain pattern 

on a regular basis. The FSS element may achieve high selectivity in the 

electromagnetic wave transmission process by using a suitable unit design and periodic 

structure layout. When used to antenna stealth, the traditional target stealth mode[8] 

will have significant challenges. As a result, the antenna system's stealth technology 

has become one of the most important concerns in FSS element research.  

  

1.3 Problem statement 

Electromagnetic Interference (EMI) has a deleterious impact on human health, the 

electronic equipment performance, and the security of communication system. Thus, 

it is essential to minimize unwanted signals. In this scenario, the traditional solution of 

using a metal casing and signal jammer is impracticable due to the high cost of 

implementation.  [11], [12]. 

A different option would be to use the wire  to insulate RF electronics from radiated 

fields, a metal foil or wire mesh can be used as an EMI shield. However, this technique 

has the drawback of blocking all signals, irrespective of their source. An FSS, on the 

other hand, is free of such flaws. Furthermore, Ring FSSs offer distinct benefits in 

terms of low profile [13], [14], angular stability cross-polarization, bandwidth, band 

separation[7] and low cost[12].  
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1.4 Objectives 

It is a well-known fact that electromagnetic interference can cause electronic 

instruments to malfunction. As a result, in the RF and microwave research sector, the 

design and development of FSSs to achieve EMI shielding effectiveness is currently 

being researched[15].  

This research work embarks on the following objectives: 

a) To design a ring-shaped frequency selective surface (FSS) element.  

b) To analyses the characteristics of an electromagnetic (EM) wave change as it 

propagates within the ring FSS element designed in Objective a). 

c) To investigate the FSS's stable transmission/reflection performance across a 

broad range of incidence angles. 

 

1.5 Scopes of study 

The scopes of the research are: 

a) The study of the structure of the Ring FSS element is the focus of the project. 

This was accomplished by doing a literature evaluation of previous studies on 

the Ring FSS. The FSS's development history and popular uses were discussed. 

b) This project was concentrate on the Ring FSS element design, which was the 

target of the first stage. Micro stripe Arlon AD300D material was used to create 

the preferred FSS element. The CST microwave studio suite software was used 

to design the ring patch FSS. 

c) The performance of the FSS was examined by employing the developed Ring 

FSS in CST. Based on the FSS element rotation angle toward the EM wave 

characteristics changes as the wave propagates through the element, the EMI 

shielding applications VSAT in Ku-band(12GHz to 18GHz) with 15GHz 

center frequency were analyzed in simulation form. The EM wave parameters 

change, such as S11 and S21, was the preferable outcomes at this point. As the 

EM wave propagates through the FSS at various angles of incidence, these 

characteristics was altered. The method utilized to investigate this phenomena 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



4 
 

is based on a frequency domain solver and boundary condition computation in 

CST software. 

 

1.6 Outline of the report 

This project comprises of five chapters that included the introduction to the general 

issue of FSS and its development history in Chapter one. This chapter also includes all 

of the objectives, project scopes, and thesis outline. Similarly, The second 

chapter(literature review) explores available and potential techniques for using FSS 

elements as EM wave absorbing or blocking elements, as well as supporting literature 

findings. Additionally, Chapter three (methodology) explain how the FSS element 

research was carried out in this study, as well as the approach, material, substrate, and 

measurement used to create the FSS elements. The approach and performance of the 

FSS elements design was explained, as well as all of the information on the design of 

the FSS elements used in this project. 

 Moreover, chapter four presents all the outcomes gathered throughout the 

research work, where analysed, and discussed. Finally, chapter five presents 

conclusion and future work. The conclusion was made based on the results and 

discussions referring to the Ring FSS elements designed in CST simulation software.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Overview 

Planar meta-materials with sub wavelength thickness are known as meta-surfaces 

(MS), and they may be easily produced utilizing lithography and nano-printing 

processes. Both metamaterials and MS are burgeoning study fields, and their 

application allows for spatially changing EM or optical responses, as well as scattering 

phase, amplitude, and polarization. Using the proper materials and design, the ultra-

thin structure of MSs can greatly reduce deleterious and unwanted losses in the wave 

propagation direction. When it comes to polarization response, all MS can be classified 

depending on the array element's working principle, i.e., their characteristics 

(frequency selective surfaces (FSS), high impedance surfaces, ideal absorbers, 

reflecting surfaces, and so forth). FSSs are MS that only have an electric response, 

according to the definitions in .[2], [16] 

Because just electrical polarization may be adequate to control frequency 

selectivity in transmission/reflection properties. These surfaces are built up of metallic 

patches or strips of various shapes and sizes arranged in a planar and periodic pattern, 

according to antenna and microwave engineering theory. Although the patch is thin in 

comparison to the wavelength, it is large sufficient in comparison to the thickness of 

metal's skin. As a result, a structure like this can be accurately calculated as a 

microscopic ideal conducting resonant components in a narrow array part. This 

calculation applies to complementing FSS structures like apertures as well. Aperture-

type FSS, on the other hand, are limited when the cavity/aperture area equals the unit 

cell (wire-mesh type). The capacitive grid is made up of square and hexagonal wire-

mesh unit cells, which are also known as square and hexagonal wire-mesh unit cells. 
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The emergence of side lobes in the transmitted and reflected fields, which are the 

defining feature of FSS, is caused by the existence of the resonating size of array 

element. In contrast to FSS, the resonating element and unit cell of MS are significantly 

smaller than the wavelength, which helps to eliminate grating lobes in the frequency 

response. As a result, FSS in the terahertz region is commonly referred to as MS[17]. 

FSS, or two-dimensional periodic structures with planar metallic array elements (patch 

or apertures) on a dielectric substrate, display transmission and reflection at a resonant 

frequency [2], is a well-studied issue in EM science. An incoming plane wave was 

transmitted or reflected, totally or partially, depending on the array element 

arrangement. This occurs when the plane wave's frequency coincides with the FSS 

elements' resonance frequency. As a result, an FSS may pass or block EM waves of 

specific frequencies in free space, and hence they are best classified as spatial filters. 

The resonance is traditionally determined by the element size, shape, and periodicity 

of an FSS. 

Over the last six decades, FSS have been widely explored, and a variety of 

microwave and optical FSS structures have been developed. They were previously 

commonly utilized in reflector antennas [5], such as diplexers for quasi-optical 

microwave devices, resonant beam splitters, and antenna radomes. Dichroic sub-

reflectors [8][6] radio frequency identification (RFID), lenses antennas, and 

electromagnetic interference protection shields [13] all utilise FSS. The most well-

known uses of FSS at the moment are antenna radomes and radar cross-section (RCS) 

controlling devices[18]. Their performance is restricted by design problems, such as 

the need for small size and insensitivity to incidence angle, as well as EM wave 

polarization, necessitating the need to improve their design features[6].  

It is desirable to develop an FSS with downsized elements and a steady frequency 

response for diverse polarizations and incident angles for practical applications, as well 

as to realize reflector antennas, radome design, and polarizer and beam splitter 

fabrication. The four main aspects of FSS can be summarized as follows: 

1. FSS’s element geometry. 

2. FSS’s element conductivity. 

3. FSS’s dielectric substrate. 

4. Signal incident angle of FSS. 
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In FSS element design, the element geometry (including element shape) is a 

critical factor to consider. The conductivity of the element and the permittivity of the 

dielectric substrate have a significant impact on FSS element design and manufacture, 

such as selecting the materials needed to make the FSS element. Furthermore, the 

performance of the FSS element at various signal incidence angles is an important 

design requirement to consider. Because signals come at different angles on a wall in 

reality, an FSS element must be designed to work reliably across a wide range of 

incident angles. 

The equivalent circuit approach, on the other hand, is an approximation method 

that is reasonably simple and quick to study on the properties of the FSS element [13]. 

The FSS periodic array can be simulated to equivalent capacitances and inductances 

in series or parallel connection using this methodology. The frequency characteristics 

can be anticipated using the LC resonant circuit concept. However, this is only true for 

normal incidence angles [14]. 

The Frequency Selective Surface (FSS) is an excellent choice for making low-

profile antennas because of its 2-D structure. Gain, bandwidth, and polarization 

features can be controlled using the FSS superstrate or its composition[19]. 

Circular polarization allows transmitter (Tx) and receiver (Rx) antennas to be 

installed in any orientation. Data can be received and transmitted from any direction 

using these antennas. As a result, circularly polarized  dielectric resonator antenna 

(DRA) appears to be a good candidate for a system that can be in motion, rotation, or 

both[20]. 

 

2.2 Periodic structure 

A periodic surface is generated when alike elements are stacked in an unlimited array 

of one or two dimensions [5]. The attached generators to individual elements or an 

incident plane wave (passive array type) are the two primary techniques to excite a 

periodic array (an active array type). The incoming plane wave (Ei) is partially 

transmitted (Et) in the forward direction and partially reflected (Er) specularly in the 

former type. The amplitude of the reflected wave, Er may be equal to that of the 
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incident wave, Ei in the absence of grating lobes, whereas the transmitted signal, Et is 

zero. Based on [11], specular reflection coefficient (Γ) can be calculated as:  

                                

                                       ᴦ =
𝐸𝑟

𝐸𝑖
                (2.1) 

 

The transmission coefficient (T) is similarly defined by (2.2). 

 

                                     Т =
𝐸𝑡

𝐸𝑖
                               (2.2) 

 

The voltage generators in an active array must have the matching amplitude 

and a linear fluctuation in phase across all active array elements in order to be 

considered a periodic surface[6]. 

One of the Complementary array is slot arrays with comparable element 

shapes, resulting in a perfect conducting plane when arrays are cascaded. Babinet's 

principle states that the transmission coefficient of single array equals the 

complementary array's specular reflection coefficient. In order to obtain a stable 

periodic surface to resonate with changes in angle of incidence, the inter-element 

spacing must be kept very small (<0.4λ). [3]  

 

Periodic metallic arrays of elements on a dielectric substrate are used to create 

FSS elements, which have transmission and reflection characteristics at a specific 

resonant frequency. Mushroom structures are a type of FSS element that is designed 

to resonate at low frequencies due to the inductive effect created by the distance 

between a metal array element and a metal plane in the microwave regime. In the 

microwave to optical working frequency ranges, at a certain frequency and angle of 

incidence, perfect absorbing surfaces are thin layer structures that absorb nearly all of 

the incident power of an EM wave. In conclusion, periodic structures may not be able 

to reach a constant resonance with unstable angles of incidence if the periodicity of the 

array elements (Inter-element spacing) is not extremely tiny when related to the 

wavelength in free space [5]. 
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2.2.1 Frequency Selective Surface(FSS) 

Spatial filtering seems to be the most preferred function in all microwave and optical 

frequency bands data processing systems. FSS, also known as spatial filters, are used 

to amend the EM wave that strikes them and produce dispersive transmitted and/or 

reflected properties. Periodic metallic arrays of elements on a dielectric substrate are 

commonly used to create FSS elements. When compared to the incident wave, the 

transmitted wave might be altered in both amplitude and phase. In any case, selection 

can be used to the incident polarization to recover the abnormalities in the emission 

pattern, which are manifested as a change in the transmitted wave's phase or amplitude. 

Depending on the type of modification applied to the transmitted wave, a number of 

applications with various needs can be facilitated. Low profile, reduced periodicity, 

dual polarization, angular stability, multi-pole frequency response with higher out-of-

band rejections, and ease of fabrication are all desirable characteristics of the FSS 

element. Nonetheless, the FSS element designers have found it difficult to achieve all 

of the aforementioned qualities for an optimum design [5]. Various element forms and 

altering geometric design characteristics, such as altering the structural element size 

(patch or aperture), dielectric substrate, and inter-element spacing, are used in different 

ways to extract the optimal EM properties [6].  

 

2.2.2 Operating theory of FSS 

According to circuit theory, FSS element structures (capacitive and inductive), also 

known as spatial filters, are equivalent to microwave filters. Filtering characteristics 

of FSS element can be categorized into four kinds, including low pass, high pass, stop 

band, and passband. Low pass FSS filters permit a lower range of frequencies to pass 

through the structure, while bypass higher range of frequencies. By using the Babinet 

principle, high pass FSS filter operation is the inverse of low pass FSS filter operation. 

Similarly, a stopband FSS filter eliminates unwanted frequencies whereas a passband 

FSS filter only allows a certain frequency range to pass. FSS are made up of periodic 
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arrays of metal patches and/or slots etched on a dielectric material to achieve a desired 

resonant operation. The most critical component of the design process is choosing the 

right FSS array elements, shape, dimension, and substrate material [5]. Figure 2.1 

shows two basic types of FSS element, equivalent circuits, and filters responses for 

low and high pass filters [2]. 

 

   

 

Figure 2.1 Four basic types of FSS element with their equivalent circuits and filters 

responses.[1] 

 

Resistance (R) and inductance (L) are created by FSS patches, whereas 

capacitance (C) is created by gaps between FSS pieces. For different FSS elements, 

such as L of two parallel wires and C created by a parallel plate capacitor, a simple 

electrostatic approach is used to control the physical significance of these passive 

values. As a result, the combination of these capacitive and inductive elements creates 

the needed filter response. Any change in the dimensional parameters of the FSS 

element, on the other hand, results in an equivalent variation in the L and C values. An 

equivalent resonance circuit can be created when an EM wave illuminates a unit cell 

of an FSS element. Equation (2.3), where L and C are the equivalent inductance and 

capacitance of an FSS element unit cell, respectively, yields the resonance frequency. 

Based on the resonance frequency, the bandwidth and the quality factor, Q can be 

calculated as shown in Equation (2.4) and (2.5). 
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                                      ƒ𝑟 =
1

2𝜋√𝐿𝐶
                                                                         (2.3) 

 

                                      𝐵𝑊 =
ƒᵣ

𝑄
                                                                            (2.4) 

 

                                      𝑄 = 𝑅√
𝐶

𝐿
                                                                           (2.5) 

Periodic metallic arrays of components on a dielectric substrate are commonly 

used to create FSS. When compared to the incident wave, the transmitted wave might 

alter in both amplitude and phase. In any case, selection can be used to the incident 

polarization to improve the abnormalities in the emission pattern, which are manifested 

as a change in the transmitted wave's amplitude or phase. Depending on the type of 

modification applied to the transmitted wave, a number of applications with various 

needs can be facilitated. Small size, decreased periodicity, angular stability, dual 

polarization, multi-pole frequency response with stronger out-of-band rejections, and 

ease of manufacture are some of the desirable characteristics of the FSS element. 

Nonetheless, the FSS element designers have found it difficult to achieve all of the 

qualities necessary for an optimum design [2]. Various element forms and altering 

geometric design characteristics, such as altering the structural element size (patch or 

aperture), dielectric substrate, and regulating the inter-element spacing, are used in 

different approaches to extract the optimal EM characteristics.[2][21]. 

FSSs are filters that allow electromagnetic radiation in a certain frequency 

range to pass through. An electrically conductive layer is frequently supported by a 

dielectric substrate in FSS. Rings, crosses, slots, and Jerusalem crosses are all possible 

forms for the FSS apertures[22]. Figure 2.2 depicts a variety of FSS element forms 

that may be categorized into four groups: group-1, group-2, group-3, and group -4. 
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Figure 2.2  Typical shapes of FSS elements[2][3] 
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Table 2.1 Different types of FSS Patch/Aperture[12] 
 

 

  

 

Table 2.1 displays numerous FSS element designs that are classed as patch or 

aperture and can operate as single or dual band filters[21]. The FSS element might be 

one or two layers thick. Simultaneous global communication with several satellites is 

one of the FSS element's uses. It may be used to inhibit particular electromagnet (EM) 

wave signals from propagating by absorbing rather than reaching them, while passing 

other relevant signals. The single-layer FSS element may operate as a band-pass active 

filter to regulate transmission in a 15 GHz WLAN application, and it can also operate 

as a switch to regulate the "ON" and "OFF" states.  

2.3 Ring FSS 

In both theoretical and experimental mechanics, the  ring under uniform pressure along 

two finite arcs of its periphery, symmetric with regard to the ring's center, is commonly 
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