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Abstract—  In this paper transmission responses of a  band pass  cylindrical Frequency Selective Surfaces (FSSs) at various incident 
angles  are  investigated using Method of Moment( MOM) based software. Circular slots are used to design the FSSs. The dielectric 
substrate is considered as air. In case of circular slot type curved FSS when periodic distance between two elements is 28mm, stable 
response has been achieved for 0 degree, 15degree, 30 degree and 45 degree incident angle. Theoretical investigations have been done 
by FEKO simulator. 

Index Terms—aperture , circular slot, Cylindrical,Frequency Selective Surface,  Method of Moment, incident angle ,FEKO 
simulator . 

——————————      —————————— 

1 INTRODUCTION                                                                     

SS is formed by a two-dimensional array of metallic 
patterns printed on a dielectric substrate or by an array of 
slots  or appertures within a metallic sheet.[1]. The 

Aperture type FSS, performs similarly to a band-pass filter 
[2],[3]. To analyses different types of FSS structures 
theoretically, basically three methods are used – Finite 
Difference Time Domain (FDTD) method, Finite Element 
Method (FEM) and the Method of Moment (MoM). Among 
these three, Method of Moment is the most complicated but its 
accuracy is the best[4]. The characteristics of an FSS is highly 
sensitive to the thickness of dielectric substrate[5]. In the pro-
posed work air has been considered as a dielectric substrate to 
avoid these problem. A band stop miniaturized planner   FSS 
with thin substrate exhibits a stable  transmission characteris-
tics at 0deg,30 deg and 60 deg incident angles. [6]. Xueyan 
Song et. al presented a square loop planner FSS combined 
with a hexagon patch which is surrounded by a hexagonal 
ring. A stable performance for incident angles upto 50 deg for 
TE and TM polarization has been reported [7].A bandpass 
hemispherical curved FSS loaded with tripole elements has 
been analyzed by P. Samaddar et. al. A  good pass band 
(8GHz-10GHz) and sharp roll off has been achieved [8]. 

 
 
Now in this paper a curved aperture type FSS with circular 

slots has been designed and investigated on the transmission 
responses at various incident angles.Planer FSS is not used in 

 

 
 

 some  required shapes. So the concept of curved FSS arises 
in the microwave communication field. 

2 DESIGN  OF FSS 
 

Curved aperture type FSSs are designed by cutting circular 
slots in periodic distances 24mm,  26mm and 28mm .The FSSs 
are shown in fig.1, fig. 2 and fig. 3 . FSSs are designed by CAD  
and FEKO simulation software. Diameter of each  circular slot 
is 20mm throughout the design. All  curved FSSs are 300mm 
in length having diameter 200mm. Here thin alluminium foil 
paper is used as a metal element and air is considered as a 
dielectric substrate with dielectric constant 1.  
 
 
 
 
 
 
 
 
  
 

 
 
 
 
 
 

 
 

EM wave is incident on curved  FSSs at various  angles  for 
diffrent  stuctures with different periodicities.The transmis-
sion charecteristics of  all the  cases are noted down and are 
presented in fig .4 ,fig 5 and fig.6 . 
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Fig. 1.: Aperture type  curved FSS with circular element (Periodic 
distance  24mm 
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3 RESULTS 

The transmission characteristics of fig.1, fig.2and fig.3  are 
shown  in the  fig .4, fig.5 and fig.6 respectively. A good pass 
band nature of the curved FSSs are achieved in all designs.The 
nature of transmission charecteristics are good with the varia-
tion of incident angles. There are almost same nature of res-
ponses which is shown in fig. 4  upto 30 degree incident angles 
at 24mm periodic distances of circular slots. It has been ob-
served from fig 5 that there is a small variation of response at  
incident angle 45 degree w.r.t other angles .But when the peri-
odicity of  circular slots in the curved FSS is 28mm , then good 
stable response has been achieved for 0 degree, 15degree,30 
degree and 45 degree incident angles which are shown in the 
fig.6. 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2.: Aperture type  curved FSS with circular element (Periodic 
distance  26mm 

 

 
Fig. 3.  Aperture type  curved FSS with circular element (Periodic 
distance  28mm ) 

 

 

 

 

Fig. 4. Transmission Characteristics  for circular shaped slot curved 
FSS with Periodicity of element 24mm 

 

 

Fig. 5. Transmission Characteristics  for circular shaped slot curved 
FSS with Periodicity of element 26mm 
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4  CONCLUSION 
It has been observed that,  for the curved FSS better stable 
transmission responses   are  obtained in the periodic ar-
rangement of  circular slot when periodicity is  28mm . There 
were many works on the angular stability of planer FSS.But it 
is quite challenging to get a stable resposes with incident angle 
variation of Curved FSS. It can be concluded that almost stable 
responses has been acheived  for the curved FSS which is 
shown in fig .3.So  a curved FSS  can be used in communica-
tion field for  different angles of incident wave  without varia-
tion of transmission resposes . 
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Fig. 6. Transmission Characteristics  for circular shaped slot curved 
FSS with Periodicity of element 28mm 
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