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Abstract—A non-symmetrical single-layer frequency selective 

surface (FSS), which exhibits a highly stable response to incidence up 

to 45o is proposed for filtering applications. The structure consists of a 

set of three dipoles grouped in an “U”-like shape on the same side of an 

FR4 substrate. A parametric analysis concerning the frequency 

response in function of the angle of incidence is reported. The structure 

exhibits a dual band-stop response dependent on the polarization of the 

incident wave, so it can be tailored to achieve a polarizer. 

Keywords—FSS, polarizer, LTE. 

I. INTRODUCTION  

In the past, the authors have been interested in the 
problem of designing Frequency Selective Surfaces [1], [2]. 
They first started with the design of an FSS based on a 
combination of a Jerusalem Cross on a side and circular ring 
on the other side [1]. The proposed solution was assessed for 
TE and TM wave incidence for angles up to 45o, and it was 
used for filtering in the WLAN band and X band [1]. 

Afterwards, they proposed another two-layer FSS 
consisting of a fan shape resonator on one side and a square 
ring on the other side [2]. The structure exhibited a band-stop 
response with two notches and the possibility to be 
transformed in a wideband filter [2]. 

In this paper, a one sided FSS proposed for polarization-
sensitive filtering applications is reported. The structure is 
built on a FR4 substrate, with a set of three dipoles on one 
side. The filtering properties are assessed with a commercial 
solver [3]. Parametric studies are undergone to demonstrate 
the polarizer aspect and the stability with respect to the angle 
of incidence of the structure.  

Even if in the literature there are some works to build 
polarizers from FSS [4], [5], [6], the topic remains a 
challenging one especially when the angle of incidence is 
going to be varied. The present work proposes a reduced 
complexity structure to answer to such a practical issue with 
final design goal on the LTE band, commonly used in the 
automotive industry.  

II. PROPOSED STRUCTURE 

A. Initial Structure 

The unit cell of the FSS is presented in Fig.1. It consists 
of a set of three dipoles made from copper on one side of an 
FR4 substrate. The dimensions are as follows: substrate 
thickness=3.2 mm, substrate relative dielectric constant=4.4, 
dimensions of the unit cell: dx=dy=12 mm, length of 
dipoles=11 mm, width of dipoles=0.2 mm, displacement of 
dipoles from the center of the unit cell dl=5.2 mm (the same 
for all three). The FSS results by 2D repetition of the unit 
cell in the dx and dy directions [1], [7]. 

 

Fig. 1 Unit cell of the dual-band polarizer. 

 
In Fig. 2 and Fig. 3 the band-stop properties between 0 

and 8 GHz of the structure obtained using a commercial 
solver [3] is reported. Firstly, the transmission coefficient of 
a linearly polarized wave in normal incidence case is 
calculated. In the following, incidence of the wave from the 
metalized face of the structure has been considered. 

In Fig. 2 the first notch, frequency (2.87 GHz) with an 
attenuation of 29.88 dB can be seen. In this case, the E field 
of the incident TEM wave was set to be parallel to the single 
dipole (case 1). 

In Fig. 3 the second notch frequency (6.05 GHz) with an 
attenuation of -28.79 dB can be noticed. In this case, the E 
field of the incident TEM wave has been rotated by 90o, i.e., 
it is parallel to the pair of dipoles (case 2).  

Note that the attenuation at 6.05 GHz is 0.97 dB in Fig. 2, 
and the attenuation at 2.87 GHz is 2.03 dB in Fig. 3, thus the 
proposed structure works as a dual-band polarizer. 

 

Fig. 2 Transmission coefficient in normal incidence with electric field 
vector parallel to the single dipole (case 1). 

 

 

Fig. 3 Transmission coefficient in normal incidence with electric field 
vector aligned with the pair of parallel dipoles (case 2). 



III. PARAMETRIC STUDY 

To assess the sensitivity with respect to the angle of 

incidence of the electromagnetic plane wave, a parametric 

study on the structure in Fig. 1 has been performed.  

In Fig. 4 and Fig. 5 results of parametric variation of the 

colatitude angle (theta) with azimuth phi=0 (the azimuth is 

defined with respect to the x axis that is parallel to the 

aligned pair of dipoles in Fig. 1; the z axis is orthogonal to 

the unit cell) have been reported. This parameter has been 

varied between 0 and 45o in 4 steps. Consistency for both 

bands (2.87 GHz and 6.05) can be seen in this case and so 

the structure is insensitive to angular modification. 

Because the structure is not symmetrical, the case with 

azimuth phi modified to 90o has also been investigated. In 

Fig. 6 and Fig. 7 again the parametric variation for theta, 

this time with phi modified according to the above statement 

can be seen. The same behaviour as above can be noticed 

and so the structure is insensitive to angular modification 

even if we modify phi. 

Because of space limitation, results of a more exhaustive 

parametric studies, concerning influence of geometrical 

dimensions, are not included in the present paper, but will 

be reported during the conference presentation. 

Fig. 4 Parametric study for theta (phi=0), incidence case 1 in Fig. 2. 

 

 
Fig. 5 Parametric study for theta (phi=0), incidence case 2 in Fig. 3. 

 

 
Fig. 6 Parametric study for theta (phi=90o), case 1 

 

 
Fig. 7 Parametric study for theta (phi=90o), case 2. 

 

For example, it can be shown that the device can be used 
for polarization-sensitive screening in the LTE frequency 
bands for some specific values of the geometrical 
parameters. The subject of Screening LTE bands [8] is of 
great interest for the automotive industry because of the high 
interferences that could occur inside a car between a mobile 
phone working in LTE band and other electronic devices.  

IV. CONCLUSIONS 

In this paper, a FSS built on a FR4 substrate, with a unit 
cells consisting of a copper pattern of three dipoles in a U 
shape on the top side has been proposed. The potential for 
applications of the FSS has been demonstrated by 
simulation with an electromagnetic CAD software package. 
It has been established that the proposed structure can work 
as a dual-band polarizer. 

In this configuration, the frequency response of the 
device can be adjusted for different applications, e.g. in the 
LTE frequency band. The final design is intended for 
applications in an automotive environment also because of 
its angular stability. 
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