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ARTICLE INFO  ABSTRACT 
 
 

This article presents a project of an FSS for applications in wireless local area network (WLAN). Two 
dielectric substrates were used in the process of manufacturing FSS filters, such as: Fiberglass (F-R4) and 
glass. The dielectric properties of the substrates were experimentally characterized. Simulated and measured 
results for the proposed structures were presented and discussed, where a good agreement between them was 
observed. The results showed that the two FSS projected covered the WLAN frequency range (IEEE 802.11a 
and IEEE 802.11b). From these results it was possible to observe the results as a function of the incident angle 
of the developed prototypes, where they presented a good stability in frequency. 
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INTRODUCTION 
 
The increased use of wireless local area networks (WLAN) has 
led to the emergence of new techniques that seek to improve 
the performance of this technology in offices, homes, 
commercial buildings, etc. One of the techniques that have 
stood out in this context is known as “wireless building”, i.e., 
physically modifying the indoor propagation environment, by 
means of changes in the structure and materials of the 
buildings, so that they exhibit specific electromagnetic 
properties (Nóbrega, 2013). In this sense, space filters are 
being used in building projects. It is possible to prevent indoor 
propagation to desired frequencies. These space filters can be 
inserted into the walls or windows of a building as 
electromagnetic shielding to protect environments from 
unwanted interference (Sung, 2006; Gustafsson, 2006; 
Raspopoulos, 2011 and Kiani, 2011). In (Dewani, 2018) it’s 
proposed to install a FSS printed screen in windows of 
buildings and offices, besides investigating the effect of 
shielding on the propagation of radio waves through the 
structures used. A frequency selective wall is presented in 
(Sung, 2006). On the wall was attached a frequency selective 
surface as reject-band filter, customized as a wall surface.  

 
 

The measurements showed that this frequency selective wall 
filtered signals operating at 5.4 - 6.0 GHz. A proposal for an 
FSS using several modified elements to blocking mobile 
phone signals in public premises is described in [8]. Filters are 
inserted into the outer and inner parts of the glass used in the 
window. In this article, consists of the design of frequency 
selective surface (FSS) with polar spires for WLAN 
applications in 2.4 GHz and 5.8 GHz. FSS were designed with 
two different types of dielectric substrates, glass and fiberglass 
(F-R4). This article is divided into the following sections: in 
section II the design of the space filters is presented; in section 
III the measured and simulated results are presented and 
discussed; in section IV the final considerations are performed. 
 
Frequency selective surface with polar elements 

 
The polar elements were obtained from Equation (1), initially 
proposed by the botanist Johan Gielis (Gielis, 2003) with the 
help of CAD tools (Computer-Aided Design) from the 
implementation of algorithms in MATLAB®. This element is 
converted to a DXF (Drawing Exchange Format) file through 
an appropriate library. This conversion makes it possible to 
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import this file into the Ansys DesignerTM environment, 
complete wave analysis software used to extract resonant 
parameters, resonance frequency and bandwidth, from the 
transmission coefficient of the proposed prototypes. 
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The proposed elements in the form of polar spires is well 
suited to the design of FSS project, enabling the development 
of these space filters for use in different parts of a building, 
such as windows, doors, walls, partitions, etc. The two 
prototypes were designed with two polar spires, for each spire 
to resonate at a certain frequency. The highest spires in 2.45 
GHz and the lowest in 5.5 GHz. In the first project the two 
elements were obtained considering the following Equation 
parameters (1): n1 = 1; n2 = 1; n3 = 1; m = 8; a = 1; b = 1. The 
spire bigger containing 15.5 mm of radius and the spire 
smaller 8.8 mm. The FSS 1 unit cell with two concave polar 
turns proposal is demonstrated in Figure 1. 
 

 
 

Figure 1. FSS 1 unit cell with two concave polar turns 
 

The second FSS proposed in this work was also generated 
from Equation (1). Two types of elements were combined with 
distinct shapes, following the idea of each element resonating 
to a given frequency, as already mentioned. The largest polar 
element was obtained with the parameters n1 = -1; n2 = 1; n3 = 
1; m = 8; a = 1; b = 1 with radius equal to 12.9 mm. The 
smallest with n1 = 1; n2 = 1; n3 = 1; m = 8; a = 1; b = 1 with 
radius equal to 7.3 mm. The FSS 2 proposedwith two polar 
turns - concave and convex is displayed in Figure 2. 
 

 
 

Figure 2.FSS 2 unit cell with two polar turns - concave and 
convex 

As already mentioned, the prototypes were designed 
considering two types of dielectric substrates, F-R4 and glass. 
The choice of glass is aimed at the application of FSS in 
indoor propagation environments, acting as a frequency 
selective window. Thus, it was necessary to perform the 
experimental characterization of its properties, such as the 
relative electrical permittivity and the loss tangent. The 
dielectric substrate was characterized in the vector network 
analyzer (VNA) of Agilent Technogies model S5071C (300 
kHz – 20 GHz), in the Laboratory of Telecomunications of the 
Federal Institute of Paraíba (IFPB). The result of the 
experimental characterization of the glass substrate for 
electrical permittivity can be seen in Figure 3 and for the loss 
tangent in Figure 4. For the frequency project, the relative 
electrical permittivity, εr = 6,1, and loss tangent, tang (δ) = 
0,083. The FSS was designed considering a glass substrate of 
2 mm thickness and a conductive adhesive laminated copper 
material, generally used for electromagnetic shielding of 
musical instruments that can be visualized in Figure 5. 
 

 
 

Figure 3. Relative electrical permittivity of glass 
 

 
 

Figure 4. Tangent loss of glass 
 

 
 

Figure 5. Copper adhesive laminate 
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The process of manufacturing the elements of each FSS was 
by the method of corrosion with iron perchloride. The printed 
adhesive is glued to the copper laminate and placed in the 
corrosive solution. For the first design it was considered a low 
cost material F-R4, with 1,5 mm thickness, dielectric constant 
εr = 4.4 and loss tangent of 0,02.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The FSS has a total number of 144 cells, 12 x 12 elements, 
each one with 32 mm x 32 mm, which corresponds to a total 
size of 384 mm x 384 mm. Figure 6 shows the manufactured 
prototype. The second FSS proposed (manufacturing of glass 
substrate) has a total number of 144 cells, 12 x 12 elements, 
each one with 33 mm x 33 mm, corresponding to a total  

 
Figure 6. FSS 1 with two concave polar turns prototype with F-R4 substrate: (a) unit cell; (b) FSS manufactured 

 

 
 

Figure 7. FSS 2 with two polar turns - concave and convex prototype with glass substrate: (a) unit cell; (b) FSS manufactured 
 

 
 

Figure 8. Measurement setup for the proposed FSS 
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dimension of 396 mm x 396 mm (see Figure 7). Measured 
results of the prototypes were obtained in the 
Telecommunications Measurements Laboratory using the 
vector network analyzer, which can be visualized in the 
measurement arrangements in Figure 8. 
 

 
 

Figure 9. Comparison of FSS frequency responses with glass 
substrate in terms of simulated and measured transmission 

coefficients|S21| in dB 
 

 
 

Figure 10. Measured results of |S21| with F-R4 substrate as a 
function of incidence angle 

 

 
 

Figure 11.  Comparison of FSS frequency responses with glass 
substrate in terms of simulated and measured transmission 

coefficients|S21| in dB 
 

Simulated and measured results: The results obtained for 
selective areas in frequency for indoor applications will be 
presented below. The results of the parameter |S21| simulated 
and measured from FSS with F-R4 substrate can be seen in 
Figure 9. A good agreement between the results can be 
observed. The first resonance frequency obtained -2.90% 
displacement when compared to the simulated result, the 
second frequency 2.65%. The comparison between the 
measured and simulated resonance values are presented in 
Table 1. Measurements were made for the proposed FSS 
varying the incidence angle from the normal incidence up to 
50 degrees. The results obtained are shown in Figure 10. 

Table 1. FSS with substrate F-R4: comparison between simulated 
and measured results 

 

PARAMETERS SIMULATED MEASURED ERROR% 

F1 2450 MHz 2379 MHz -2.90 
F2 5500 MHz 5655 MHz 2.65 
BW1 350 MHz 506 MHz 44.57 
BW2 600 MHz 621 MHz 3.50 
| S21 |1 -26.13 dB -28.89 dB 10.56 
| S21 |2 -22.41 dB -50.91 dB 12.18 

 
It is observed that up to 30 degrees there is stability in the 
frequency in relation to the angle of incidence, this occurs in 
the first resonance frequency as well as in the second one. 
 

 
 
Figure 12 . Measured results of FSS transmission coefficient with 

glass substrate as a function of incidence angle 
 
For example, for frequency 2.37 GHz, up to 50 degrees, The 
FSS presented a maximum deviation in resonance frequency of 
7.59% compared to normal incidence, while for frequency of 
5.65 GHz, up to 30 degrees, it was observed a maximum 
deviation of 2,12%, however, when compared to the angle of 
50 degrees the deviation increases to 6.54%. The results of the 
parameter | S21 | simulated and measured of FSS with glass 
substrate can be seen in Figure 11. The values showed an 
excellent agreement around the desired frequencies (2.45 GHz 
and 5.5 GHz). The lower order frequency (2.45 GHz 
simulated) obtained a displacement of 0.24%. The higher order 
(5.5 GHz simulated) displaced 0.27%. The comparison 
between measured and simulated values is shown on Table 2.  
 

Table 2. FSS with glass substrate: comparison between simulated 
and measured results 

 

PARAMETERS SIMULATED MEASURED ERROR% 

F1 2450 MHz 2456 MHz 0.24 
F2 5500 MHz 5515 MHz 0.27 
BW1 450 MHz 485 MHz 7.77 
BW2 550 MHz 400 MHz -27.27 
| S21 |1 -18.95 dB -32.92 dB 73.72 
| S21 |2 -14.07 dB -35.15 dB 149.82 

 
Aiming at analyzing the stability in frequency of FSS with 
glass substrate, the measurement was also performed varying 
the incidence angle from the normal incidence up to 50 
degrees. This factor is of extreme importance, mainly in indoor 
applications of local wireless networks, due to the propagation 
of the waves in various directions. Figure 12. shows the 
obtained results. Notice on the graph that for the first 
frequency of the project (2.45 GHz) there is a good stability in 
the resonance frequency, with maximum deviation of 10.6%. 
The same stability is also demonstrated in the second 
frequency of the project (5.5 GHz), the maximum deviation 
was 9.09%. 
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Conclusion 
 

Aiming at analyzing the stability in frequency of FSS with 
glass substrate, the measurement was also performed varying 
the incidence angle from the normal incidence up to 50 
degrees. This factor is of extreme importance, mainly in indoor 
applications of local wireless networks, due to the propagation 
of the waves in various directions. Figure 12. shows the 
obtained results. Notice on the graph that for the first 
frequency of the project (2.45 GHz) there is a good stability in 
the resonance frequency, with maximum deviation of 10.6%. 
The same stability is also demonstrated in the second 
frequency of the project (5.5 GHz), the maximum deviation 
was 9.09%. 
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