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Abstract: Frequency selective surface (FSS) is a periodic surface with identical two-dimensional arrays of elements
arranged on a dielectric substrate. An incoming plane wave will either be transmitted (passband) or reflected back
(stopband), completely or partially, depending on the nature of array element. This occurs when the frequency of
electromagnetic (EM) wave matches with the resonant frequency of the FSS elements. Set of simulation optimization
were carried out with single split FSS, split with internal boundary and dual split FSS with internal boundary.
Metamaterial based substrate with perfect electric conductor (PEC) layer was used to make the FSS design. It was
observed from the results that with internal boundary and dual split ring based FSS has higher resonance frequency.
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I. INTRODUCTION
A frequency selective surface (FSS) is formed by periodic arrays of usually metallic elements on a dielectric substrate.
The geometry of the surface in one period (array element) determines the frequency response of an FSS. Various
responses can be achieved by using different traditional FSS element shapes. The FSS often displays selectivity not
only on the frequency, but also on the angle and polarisation of the incident wave. FSS can be constructed by using
identical elements arranged in a one or two-dimensional infinite array. If an aperture type FSS is created from a patch
type FSS in such a way that the metal portions of the former are replaced by aperture portions of the latter, then the two
FSS are said to be duals of one another. The FSSs can be classified as the bandstop patch type and the bandpass mesh
type. If the metal plates are not connected, it is called a capacitive surface, and it reflects high frequencies whilst
transmitting low frequencies. On the other hand, its complementary structure is called an ‘inductive surface’, which
reflects low frequencies whilst transmitting high frequencies. Babinet's principle can be applied to prove that the
transmission coefficient for the complementary structure of one array is equal to the reflection coefficient for the array
[1, 2]. The frequency response of the transmitted signal of the complementary FSS is not exactly the dual of the
reflected signal of the FSS due to the loss in the dielectric substrate. A perfectly dual behaviour for the complementary
screen of the proposed filter is expected if the loss of the dielectric substrate, as well as the effects of the metal
thickness, are neglected [2]. Hence, Babinet’s principle can be employed to produce bandpass FSS from bandstop FSS,
low pass FSS from high pass and vice versa. Different characteristics can also be obtained by cascading or combining
individual filters. For instance, a bandstop filter could be formed by combining a number of bandpass filters. The
equivalent circuits for a bandstop FSS or a bandpass FSS are the combination of LC in series or in parallel, respectively
[1, 3]. Traditionally, many different shapes have been used to construct an FSS. However, the equivalent FSS circuit is
directly related to the array element size, shape and the polarisation. Equivalent circuits and analysis of some of the
traditional structures are provided in [3, 4]. FSSs have been most commonly used in microwave and optical frequency
regions of the electromagnetic spectrum and for applications such as antennas, radomes, radio frequency absorbers,
wireless securities to electromagnetic (EM) shielding applications and metamaterials [3, 7-13]. Decreasing loss in
antennas and improving the radiated power are successfully realised by using these structures [13, 14]. They are
designed to reflect, transmit or absorb electromagnetic radiation at different frequencies [1, 15, 16]. The use of dualreflector antennas in space missions such as Galileo, Cassini, Cassegrain and Voyager, sharing the main reflector
among different frequency bands, has been made possible by using an FSS, [19-22]. The choice of selecting the proper
element may be of most importance when designing either a bandpass or band-stop FSS. Some elements are inherently
more narrow-band or more broadband than others, while some can be varied considerably by design. Different FSS
types can be chosen based on the application requirements. These requirements usually include a level of dependence
on the polarisation and incidence angle of the incoming wave and bandwidth. However, it is worth mentioning that in
general, at least for mechanical and miniaturisation reasons, all FSS must eventually be supported by a substantial
assembly of dielectric slabs. This has a strong effect on the bandwidth variation with angle of incidence and the
element size. The most common element types available to FSS designers. The elements can be arranged into three
groups. The first group is the loop FSSs, such as the hexagonal rings, the circular ring, the square rings, the three and
four-legged loaded elements. The second group is the centre connected FSSs, such as the square spiral elements, the
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four-legged elements, the Jerusalem cross and the three-legged elements. The third one is patch FSSs, such as square,
circular paths and hexagonal patches. The mechanism of operation in traditional FSSs is based on the resonant
elements. The idea is that a plane-wave illuminates an array element. This will excite electric current on the element.
The amplitude of the generated electric current depends on the strength of the coupling of energy between the element
and the incident wave. At the fundamental frequency where the length of the element is λ/2, the coupling reaches its
highest. As a result, the elements are formed so that they are resonant near the frequency of operation. The current itself
can act as an electromagnetic source depending on its distribution. It produces a scattered field. The scattered field
added to the incident field forms the total field in the space surrounding the FSS. The scattered field can be controlled
through the design of the elements.

Fig.1 Typical FSS Elements classified in four major groups based on their shapes.
II. SIMULATION PROCESS FLOW
The modeling procedure is controlled through the Model Builder window, which is essentially a model tree with all the
functionality and operations for building and solving models and displaying the results. During solid modeling,
geometry is formed as a combination of solid objects using Boolean operations like union, intersection, and difference.
Objects formed by combining a collection of existing solids using Boolean operations are known as composite solid
objects. Following geometry creation is steps are taken for design the FSS. A block (box), on the 3D Geometry toolbar,
is created. This operation can be used to convert a 2D geometry in a work plane into a 3D object.
The Extrude operation enables you to extrude objects from a work plane or planar face to create 3D objects (Figure 2).
Final shape of the designed geometry is shown in Fig. 3

Fig. 2 Geometry design.
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Fig. 3 FSS device with dual split resonator.
III. RESULTS AND DISCUSSION
A split ring slot is patterned on a geometrically thin copper layer that sits on a polymer substrate. The copper layer is
much thicker than the skin depth in the simulated frequency range, so it is modeled as a perfect electric conductor
(PEC). The rest of the simulation domain is filled with air. Floquet-periodic boundary conditions are used on four sides
of the unit cell to simulate the infinite 2D array. Perfectly matched layers (PMLs) on the top and bottom of the unit cell
absorb the excited mode from the source port and any higher order modes generated by the periodic structure. The
PMLs attenuate the wave as it propagates in the direction perpendicular to the PML boundary. Since the model is
solved for a range of incident angles. The Port boundary conditions automatically determine the reflection and
transmission characteristics in terms of S-parameters. The interior port boundaries with PML backing require the slit
condition. The port orientation is specified to define the inward direction for the S-parameter calculation shown in Fig.
4. It can be observed from the figure that the resonance occurs at 4.125 GHz with S11 value of -30 dB.

Fig. 4 S-parameter plot for single split FSS with internal boundary.
Figure 5 and Figure 6 shows the electric and magnetic field interaction with the designed FSS at split corners a flat
band is seen in the resonance frequency domain. The maximum electric field displacement observed is 11x10 3 V/m and
magnetic field of 600 A/m. Figure 7 3D plot of electric field interaction with the FSS single split with internal boundary
at various frequencies.

Fig.5.7 Electric filed vs frequency for single split FSS with internal boundary.
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Fig. 5.8 Magnetic field vs frequency for dual split FSS with internal boundary.
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Fig. 5.9 Single split FSS device with internal boundary mlutisplice 3D plot for electric filed displacement at frequency
ranging from 3.8 GHz to 5.2 GHz with step size of 0.2GHz.
IV. CONCLUSION
Frequency selective surface (FSS) consists of two-dimensional array of metallic patches or apertures in a thin
conducting film and has been widely used as a filter in microwave and millimeter wave band. To improve the filtering
effect, the metal with high conductivity is always adopted in the classical FSS fabrication process, such as copper,
aluminum or silver. Experiment consists on internal boundary in the FSS with split ring. Single split ring with internal
boundary showed highest value S11 and S21 at 4.125 GHz resonance frequency.
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