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Abstract
The aim of this paper is to study a Novel shaped Compact 
Frequency Selective Surface in wireless dualband applications 
as a band reject filter. Two resonating frequencies are obtained 
at 3.2 GHz and 10.45 GHz in this proposed FSS which cover S 
band and X band respectively. The FSS is designed by cutting 
slits and slots in the 22mm x 22mm square- shaped patch keeping 
same periodicity (24mm x 24mm) throughout. Due to symmetrical 
nature of the design, the FSS is insensitive to variations of RF 
incidence angle for   rotations of the FSS. Size reduction up to 
92.35% is also achieved in this design. Theoretical investigation 
has been done by Ansoft Designer® software which works on 
the Method of Moment.
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I. Introduction
In recent years, Frequency Selective Surface is used as a filter in the 
wireless communication system [1]. It was used as Cassegrainian 
Sub Reflectors in parabolic dish antenna in early days. In Voyager, 
Galileo, and Cassini space missions, the dual-reflector antennas 
associated with a Frequency Selective Surface (FSS) subreflector 
made it possible to share the main reflector among different 
frequency bands [2-5]. Due to this, the lifetime of the space craft 
is increased and worked properly. Now, FSSs are used in airborne 
radomes, absorbers and electromagnetic band gap materials etc 
[6]. 
A typical FSS is a 2D infinite metallic array printed on a dielectric 
slab separated by a finite periodicity from each other [7]. Two types 
of generic geometries of FSS are there. The first one, commonly 
known as a patch type FSS, acts as a band- reject filter, exhibits 
total reflection at resonating frequency and another type is aperture 
type FSS which exhibits total transmission at resonating frequency, 
performs similarly to a band- pass filter [8]. The proposed FSS 
design is theoretically investigated by Ansoft Designer® software 
which is based on Method of Moment (MoM).

       

II. Design OF FSS
Primarily, the reference patch is a 2D copper patch of 22mm 
x 22mm, mounted on dielectric material (FR4_epoxy, relative 
permittivity is 4.4 and thickness is 1.6mm) shown in fig 2. 
The periodicity is taken as 24mm x 24mm. The corresponding 
Normalized Transmitted Electric Field (dB) vs. Frequency (GHz) 
graph is shown in fig. 7.

Fig. 1: Layered Structure of the Conventional FSS

Fig. 2: FSS With Reference Patch
                      
By cutting slits in a symmetric manner from the reference patch, 
the first proposed design is shown below in fig. 3. The dimensions 
of the slits are also given in the figure of the design.

 Fig. 3: FSS With Proposed First Design

Next, a modified FSS is made by etching out four square slots 
(4mm x 4mm) from the above FSS structure as shown in fig. 4. 
The dimension of the slits and slots are mentioned in the  proposed  
first FSS.
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Fig. 4: FSS With Proposed Second Design

Now, introducing four rectangular slots (6mm x 2mm) within 
the patch type FSS which is the proposed final design (as shown 
in fig. 5).

Fig. 5: FSS With Proposed Final Design

The above proposed design is symmetric in nature, so if the FSS is 
rotated in , then the result will also be same. The array of proposed 
FSS consist of 16 block (ideally infinite) is shown in fig. 6.

Fig. 6: Array of Proposed FSS

III. Result
The transmission characteristics graph of the reference patch, 
fig. 2 is designed in Ansoft Designer® software. Its  resonating 
frequency is at 11.57 GHz as shown in fig. 6.

Fig. 7: Transmission Characteristics of fig. 2

By investigating the theoretical result obtained from fig. 3 by the 
mentioned software, two resonating frequencies are obtained at 
3.32 GHz and 18.5 GHz. The corresponding graph is shown in 
fig. 8.

Fig. 8: Transmission Characteristics of fig. 3

From fig. 4, two resonating frequencies such as 3.2 GHz and 12.06 
GHz are shown below (Fig. 9) in the transmission characteristics 
graph. So the main resonating frequency (3.2 GHz) is decreased 
as compared to the first proposed FSS design (3.32 GHz).

Fig. 9: Transmission Characteristics of fig. 4
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By investigating the transmission characteristics graph shown 
in fig. 10, by using Ansoft Designer®, dual bands are found and 
the corresponding resonating frequencies are 3.2 GHz and 10.45 
GHz. The first resonating frequency is same (i.e., 3.2GHz) for 
fig. 4 and fig. 5, but the second resonating frequency is decreased 
compared to the fig. 5. So the two bands are found within the S 
band X band, which are not found in the other design(s).  To obtain 
the first resonating frequency at 3.2GHz, the length of each side 
of the required patch should be 79.54mm (approximately). Now 
the size reduction of 92.35% (approximately) is achieved with 
the help of this proposed design.

Fig. 10: Transmission Characteristics of fig. 5

Table 1: Summarized Results

Sl.No. Designed 
FSS

Reso- 
nating 
Frequ-
ency 
(GHz)

Ban-
dwidth
(GHz)

Band
width
(%)

Size 
Reduction
(%)

1
Without 
cutting slot  
 (Fig 2)

11.57 7.97 68.88 ------

2

With 
cutt
ing 
slot

Fig 
3

3.32
18.5

1.3
9.46

39.15
51.13 91.76

Fig 
4

3.2
12.06

1.27
5.43

39.68
45.02 92.35

Fig 
5

3.2
10.45

1.29
3.45

40.31
33.01 92.35

IV. Conclusion
In the final design i.e., fig. 5, the first resonating frequency is 
3.2 GHz and the size reduction is achieved up to 92.35%. Also 
the second resonating frequency is gradually decreasing with the 
modification of FSS design. Considering the -10 dB bandwidth, 
the two reflection bandwidths are 1.29 GHz and 3.45 GHz, 
respectively. And also all the percentage bandwidths are more 
than 2% (40.31% and 33.01% respectively). Frequency Band 
Ratio is 3.27 which is quite good. 
The final proposed FSS is applicable in satellite communication, 
multimedia application like mobile TV and satellite radio for 
resonating frequency 3.27GHz, which lies on the S band(2-4 GHz). 
On the other hand, the second resonating frequency 10.45GHz 

which is  in the X band(8-12 GHz), worked in the field of radar, 
space communication, and amateur radio etc.
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