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Abstract

In this article, a new type of EBG structure known as frequency selective surface (FSS) with
reconfigurable capability is investigated. The operating frequency of the FSS structure is in the C-
band and in the frequency range of 4GHz to 8GHz, which at the central frequency of 4.75GHz,
provides a bandwidth of about 1 GHz when the state of the diode is on. n fact, this structure is
supposed to be used as a type of electromagnetic coating filter for space payload in the next-

generation satellites.
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1. Introduction

In this paper, a new type of EBG structure known as
reconfigurable frequency selective surface (RFSS) is
investigated. The proposed design introduces a new
adjustable band stop filter equipped with PIN diodes. [1]
Operating frequency of the RFSS structure is in the C-band
and in the frequency range of 4GHz to 8GHz, at the central
frequency of 4.75GHz. The RFSS provides a bandwidth of
about 1 GHz, when the diode is on. The center frequency of
this filter is shifted to 5.23 GHz when the diode is off. For
this filter a unit cell was designed and simulated. After the
design and simulation of the unit cell, an equivalent circuit
model is also presented to confirm the design and simulation
process. [2] In fact, this structure is supposed to be used as a
type of electromagnetic coating filter for satellite space
payload in the next generation of satellites. [3] The RFSS
filter protects electronic modules of satellite payload against
electromagnetic radiation and electronic warfare. The RCS
reduction is the other application of the RFSS structure.

2. Methodology

Using one of the references, the design of the FSS unit
cell was started. [4] As it is shown in the proposed unit
cell, creating a petal shape on the cell, increasing the
bandwidth, and also compress the structure. By creating
a gap in this cell and placing two PIN diodes, a
reconfigurable FSS (RFSS) cell was designed. In order
to reduce the adverse effects on the shape of the cell, the
gap was designed in the form of Interdigital. When the
diode is biased, the 2.5 Q resistor is paralleled with the
set of interdigital small capacitors and reduces their
effect. In the state that the diode is off, the capacitive
reactance is very high and it operates completely open
circuit at C band frequency. The width of the air gap (G)
affects the frequency response S21. For the
manufacturing considerations, the initial value of
G=1mm is considered. After optimizing the unit cell
dimension, we will focus on the equivalent circuit of the
RFSS unit cell. [4] To determine the equivalent circuit
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of the unit cell, an RFSS structure is selected as the
initial structure and the simulation tools such as ADS,
MATLAB and CST are applied to achieve the desired
goals. As stated before, this filter is used in satellite.
After launch there is no access to satellite payload, so
the reconfiguration capability is the reason for the
development of this technology in this research.

In order to achieve a new RFSS structures with wide
bandwidth and reconfiguration capability, it should be
possible to derive mathematical relations and suitable
equivalent circuit for these structures. In one of the
references, equivalent circuit and formulas have been
proposed for the simple circular ring geometric shape of
the unit cell. [5] These formulas and equivalent circuit
are the basis of extracting the equivalent circuit for the
proposed RFSS structure. From the given reference, the
relationships related to the inductance L and capacitance
C are available for the circular ring, so using the circular
ring, it is possible to determine the equivalent circuit
parameters, and consequently frequency response and
other characteristics of the proposed RFSS cell.
Therefore, as it is shown in the figure 1, the unit cell is
mapped with a circular ring. Using this technique, the
unit cell will be analyzed with a simpler unit cell.
Finally, from the matching of the dotted circle on the
proposed unit cell, and using the relations of circular
ring, it is possible to estimate the equivalent circuit of
the proposed unit cell as illustrated in the figure 2

-———

Figure 1. Designed passive FSS cell
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Figure 2. equivalent circuit of the proposed unit cell

After obtaining all the electric and geometric parameters
of the RFSS unit cell, this cell can be used as an element
for fabrication of proposed RFSS filter with
reconfigurable capability to protect the satellite payload
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against unwanted electromagnetic waves. As it is shown
in the fowling figure, the final unit cell equipped with two
BARG64 pin diodes, is fabricated on a FR4 substrate with
athickness of 1.6mm, € r=4.3 and a loss tangent of 0.025.
The thickness of the conductor used in the cell is 35
microns, as it is shown in the figure 3

*

Figure 3. Active FSS cell

3. Results and conclusions

As a conclusion, in order to protect the satellite payload from
the electromagnetic radiation, a reconfigurable band stop
RFSS filter inspired by flower petal shape, in the frequency
range from 4GHz to 8GHz was designed and its equivalent
circuit was also presented. As demanded the central
frequency of the filter is 4.75GHz and its bandwidth is about
1GHz. Because of the reconfigure capability, the central
frequency can be changed electronically. In order to validate
the design process, the designed filter was fabricated and
then tested. The simulation and test results were also
compared.
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