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Abstract
In this paper, a novel design for broadband frequency selective 
surface has been presented. The design combines the transmission 
characteristics of two different designs to obtain broadband 
characteristics. The two designs are stacked over one another 
to obtain a staggering effect in the resonant frequencies. 
This staggering effect has been used to obtain the broadband 
characteristics. Though the design presented, is a multilayered 
design, the fabrication of the design is very simple. The design 
has been fabricated and the experimental results are presented 
in this paper.
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I. Introduction
Frequency Selective Surface (FSS) is a two dimensional array 
of planar metal elements [1]. These structures are used for 
filtering microwave plane waves. Unlike the circuit filters which 
use attenuation for achieving the filtering properties, FSS uses 
reflection for achieving the filtering properties. Due to this, FSS 
finds application as dichroic microwave filter. FSS also finds 
application in Radome, reflector antenna and microwave ovens.

FSS are generally highly resonating elements. The transmission 
or reflection characteristics of the FSS are dependent on the 
shape and size of the unit element used in the structure. It is 
also dependent on the periodicity of the elements in the FSS 
structure. Tremendous research is being done to design FSS as 
per requirement of different applications. For example, broadband 
bandpass type FSS is required for a radome.
Researchers are working to reduce the element size [2-3], obtain 
multiple resonant frequencies [4-5] and increasing the bandwidth 
of the FSS [6-7]. In this article, a design is being presented for 
wideband band stop operation of FSS by combining two FSS 
designs each resonating at different frequencies.

II. Design of the FSS
The proposed structure contains two layers as shown in fig. 1. The 
top layer consists of array of circular ring and concentric circular 
metallic patch. The bottom layer too consists of a circular ring 
and concentric circle. The diameter of the circular patch of the top 
layer is 4 mm and that of the circular patch of the bottom layer is 6 
mm. The metallic ring patch on the top layer has inner diameter of 
6 mm and outer diameter of 12 mm. The ring patch of the bottom 
layer has inner diameter of 8 mm and outer diameter of 14 mm. 
Elements of the top layer and the bottom layer has been arranged 
with a periodicity of 15 mm X 15 mm. Air gap between two layers 
may be varied. In the final structure air-gap of thickness 15 mm 
is kept. Each of the two layers has been fabricated using copper 
clad glass epoxy substrate. The air gap between the two layers is 
maintained at 15 mm by using nut bolt mechanism.

Fig. 1: Unit Cell of the Proposed Frequency Selective Surface 
Design

II. Development Process and Fabrication
The proposed structure as shown in the fig. 1 is actually a 
combination of two different FSS. Each of the two FSS (i.e the 
FSS on the top layer and the bottom layer) has been simulated 
using Ansoft Designer®. The simulated results of the FSS in the 
top layer and the FSS in the bottom layer are shown in the fig. 2 
and fig. 3 respectively. The fig. 2 shows that the FSS on the top 
layer resonates at 12.5 GHz. The FSS at the bottom layer resonates 
at 9.5 GHz which may be noted form the simulated result shown in 
fig. 3. As already mentioned, in the proposed design the two FSS 
layers have been combined to obtain the desired characteristics.

Fig. 2: Transmission Characteristics of the FSS in the top layer

Fig. 3: Transmission Characteristics of the FSS in the bottom 
layer
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The proposed FSS structure has been fabricated using standard 
Printed Circuit Board (PCB) fabrication technique. First, each 
of the individual FSS (i.e top layer FSS and bottom layer FSS) 
has been fabricated on a copper clad FR-4 glass epoxy substrate. 
The two layers are then fixed in front of each other using nut and 
bolt mechanism. This nut and bolt mechanism could be used to 
obtain an air gap between the two FSS layers. This structure was 
then studied for various air gaps between the two FSS layers. The 
observations are shown in Table 1.

Table 1:
Air Gap (mm) -10 dB Bandwidth (%)

24 33.5

22 49.35

20 45.58

18 40.6

15 69.34

14 42.42

12 47.05

10 48.03

8 63.4

6 58.8

4 55.6

2 50.61

It may be noted from Table 1 that when the air gap between the 
two layers is maintained at 15 mm, the bandwidth of the FSS is 
highest. Hence, the air gap between the two layers has been fixed 
to 15 mm using nut and bolt mechanism.

III. Results and Discussion
The consolidated results of the FSS are shown in Table 2. The 
simulated and the measured transmission characteristics of the 
fabricated FSS structure is shown in fig. 4.

Table 2:

FSS under Test

Lower 
Cutoff

Frequency
(GHz.)

Upper 
Cutoff

Frequency
(GHz.)

Center
Frequency

(GHz.)

Band-
width 

(GHz.)

Band-
width

%

Top Layer 11.5 13.6 12.55 2.1 16.73

Bottom Layer 7.9 10.4 9.15 2.5 27.33

Proposed 
Structure

Simulated 6.5 13.4 9.95 6.9 69.35

Experim-
ental 6.2 13.6 9.9 7.4 74.7

As observed from Table 2, by combining the two FSS, the 
transmission characteristics of the two FSS also adds up in terms of 
resonant frequency. This leads to the improvement in the bandwidth 
of the composite FSS structure. This has been verified both by 
simulation and measurement. The transmission characteristic of 
the proposed FSS structure (both simulated and measured) is 
shown in the fig. 4. The figure 4 shows that the simulated results 
and the measured results of the fabricated proposed FSS structures 
are in good agreement. The bandwidth thus achieved using the 
proposed novel design is more than 70%.
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Fig. 4: Transmission Characteristic of the Proposed Structure 
(Simulated and Measured)

IV. Conclusion
It has been shown in this paper, that two FSS resonating at two 
adjacent frequency bands may be combined together to obtain 
broadband FSS. The designed high bandwidth FSS can be used 
as dichroic reflector for modern day high bandwidth reflector 
antennas. This proposed design may be also used for radome 
where the radar uses frequency hopping technique to evade the 
jammers. As a further development to the design, the technique 
may be further improved and implemented for curved FSS.
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