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Abstract- In this piece of work, a new design of miniaturized band-reject frequency selective surfaces proposed. Compared 
to previous miniaturized structure, the FSS proposed has a better miniaturization performance with the dimension of a unit 
cell only 0.083λ × 0.083λ, where λ represents the wavelength of the resonant frequency. Above design rejects Wimax band 
(3.3-3.5) GHz. Moreover, the miniaturized design has a stable response with respect to different   polarization characteristics 
and different incident angles of the incident plane wave .The miniaturization performance can be further improved by 
changing width of patch .The design is aimed at the rejection of Wi-max band. 
 
Keywords- Angle stability, Frequency selective surface (FSS), Polarization stability, Miniaturization 
 
 
I. INTRODUCTION 
 
Frequency    selective   surface (FSS)   are   planar 
periodic  arrays  of   metal    patches or slots that 
functions filtering elements for free-space radiations, 
and they are widely used as a spatial filters, radomes, 
radar cross section  reduction, electromagnetic 
absorbers, and shielding.  
 
Theoretically, FSS consists of two- dimensional (2-
D) periodic array of certain shapes   that   are either   
printed on a   dielectric substrate or etched   out of a 
conductive layer, and   array should be infinite in 
dimension. 
 
However, the   practical measurement is usually in 
finite or limited space, so it is always difficult to 
contain sufficient numbers of elements to make the 
finite FSS perform the characteristics of the original 
infinite one.  
 
Therefore, miniaturization of FSS is studied to 
improve the performance of the FSS in a certain area. 
 
Usually, the element of FSS period should be 
comparable to half wavelength of resonating 
frequency. Difficult sort of FSS are generally solved 
by lumped parameters or elements rather than solving 
by resonating element type.  
 
Physically patches behave like Capacitors, while 
patterned wires behave like inductors.  
 
The symmetry in four quadrants can be deduce into 
the sensitivity for different angle of polarization (TE 
and TM) different incident angle of plane polarized 
wave form. Incident wave can be linearly, circularly 
and elliptically polarized. 
                          

 
(a)  

 

 
Fig.1 Structure of a unit cell (a) Perspective (b) Top view 

 
A variety of novel structures were proposed in 
literature with stopband as well as passband   
performance for different applications. A 
polarization-independent   filter bandstop filter is 
designed in [3], with multiple stacking of conducting 
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patches. In recent    years different structures and   
methods have been proposed to realize FSS 
miniaturization. Fractal elements have been 
demonstrated to   be an effective method. Koch 
curves are used in, and a novel structure using 
hexagonal fractal configuration is proposed in a 
novel miniaturized periodic elements is used   to 
create a miniaturized FSS with stable response or   
resonance.  And by using substrate integrated (SIW) 
technology a miniaturized dual band characteristics is 
realized in [7].In this paper, a new miniaturized FSS 
consisting of pattern of metallic interleaving strips on 
a dielectric substrate in circular shape is proposed 
.Compared with previous ones the FSS presents 
better performance and miniaturization and 
Moreover, it has excellent angle and polarization 
stability. Miniaturization performance can be further 
improved, which makes the FSS valuable for 
practical applications .Simulation by CST 
Microwave Studio is done. 
 
II. FSS STRUCTURE AND ITS   

PERFORMANCES  
 
A.FSS structure and its transmittances 
The structure of a unit cell of the FSS is presented in 
fig.1.A metallic plane with the height t=.005mm is 
placed on the top of a dielectric substrate, of which 
the length D=7mm, height h=1.6mm and relative 
dielectric    constant Or =4.3.The pattern   of   the 
metallic plane consist of four identical parts placed 
centrosymmetrically   to ensure    stability for 
different angles and polarization   and   incident   
angles. In   each   part circular strips are   extruded   
from   the center cross –line   element and 
interleaving   between   each other with   same   
distance   between   every   two   adjacent   strips .By   
this   compact  arrangement  the  equivalent   
inductance  and   capacitance  of  the  unit cell is 
increased,  and    therefore  resonant  frequency is 
miniaturized .  For   this   model   in   figure 1,   
parameters   are define  as  follows: width  of  metal  
strip w =0.2mm ,distance between  adjacent  strips  is  
y= 0.3mm , and   distance   between  metallic plane 
of two unit cells gap=0.2mm . 
 

 
Fig.2 Transmission and Reflection curves for normal incident 

waves 
 
To investigate the miniaturization performance of the 
FSS proposed, simulation by CST   MICROWAVE   

STUDIO   is done and   results are presented in fig. 2. 
It can be observed that when   illuminated   by 
normal   incident waves   the resonant frequency is 
3.57 GHz .Since the dimension   of   FSS   is only 
0.083λ × 0.083λ, where λ represents the wavelength 
corresponding   to the   resonant frequency.  Thus ,  
compared with fractal elements  with dimension of  
0.132λ × 0.132λ in [8], novel miniaturized periodic 
elements with dimension of  0.104λ×0.104λ  
proposed in [9],  and the FSS using substrate 
integrated waveguide technology with the reduction 
about  90 % in size corresponding to the wavelength 
in [10] , the FSS proposed in this paper shows better 
miniaturization performance . 
 
B. Angle   stability   and   polarization   stability  
Since   for   practical   application   the   FSS   should   
keep  its  characteristics  stable  with   respect  to  
waves  to  waves  of  different   polarizations   and   
incident  angles ,  transmittances  of   the  FSS  for  
different  polarization  and   incident  angle  are  
simulated  and results  are shown in fig.3, and  fig 4. 
It   can   be observed   that   with    respect to    
normal   incident   waves.  It   can  be  observed   that  
with  respect  to  normal  incident  waves  only TM- 
polarized waves of incident angle  there  is  about 
0.1GHz deviation is found ,Whereas for TE mode   
no deviation   is   found out. Therefore   the FSS 
proposed has excellent   polarization and angle 
stability along with its basic band rejection   
characteristics   at   Wimax   band in (3.3-3.8) GHz.  
Wimax (Worldwide interoperability for Microwave 
Access) is a wireless communication standard   
desined   to provide 30 to 40 megabit- per- second 
data rates. The bandwidth   and range of   Wimax 
make   it suitable for many potential  application .  
 

 
Fig. 3 Reflection of the FSS for different TE- polarized   waves   

of different incident angles 
   

 
Fig. 4 Reflection of the FSS for TM-polarized waves of 

different incident angle 
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C .Interleaving number of strips 
As a unit cell of the FSS can comprises different   
number interleaving strips, structures with different 
number of interleaving strips are shown in   below 
figures and transmittance   are presented in another 
figure .it can be seen that while keeping the widths 
and distance between the same, increases of 
interleaving strips results frequency decreases of 
resonant frequency in   general case but in our design 
as we increases number of strips inner side of 
proposed design frequency shifted. Thus by 
increasing and decreasing number of interleaving 
strips in a unit cell miniaturization performance of 
FSS can be changed. We can further miniaturized 
design. 
 

 
a) n=5 

 

 
b) n=6 

Fig.5 Structures of FSS for different  interleaving numbers of 
strips 

 

 
Fig 6 Transmittances of the FSS’s of different interleaving 

numbersof strips for normal TE –polarize wave. 

d. Widths of strips. 
Widths of unit cell determines equivalent inductance 
of unit cell, and thus influences resonant frequency 
.as we decrease width of strips resonant frequency 
moves towards lower side that is it too decreases 
along with so to maintain the bound of cost and trade 
the metal strip of fabricated FSS should be as low as 
possible so that miniaturization performance can be 
achieved. 
 
E distance between circular strips 
Since the distance between consecutive strips counts 
for equivalent capacitance of unit cell. Decrease of 
distance between the strips resonate frequency 
decreases significantly. 
 
When this distance is small bandwidth is small thus 
this property is readily used to reject band .To 
maintained miniaturization distance should be kept 
small.   
 
CONCLUSION 
 
A new miniaturized band reject FSS is proposed, in 
which a unit cell consists of a novel periodic 
elements with the pattern of interleaving strips. 
Simulation results shows the FSS has better 
miniaturization than structure proposed in previous 
papers with the dimension of the unit cell only about 
8.3% of the corresponding wavelength; and since the 
frequency deviation is all less ,it has excellent 
stability with respect to different incident angle and 
polarization. Moreover, this FSS is more valuable 
and practicable   in limited space. 
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