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Abstract— In this work, we try to apply the Wave Concept 

Iterative Procedure (WCIP) to analyze Frequency Selective Surfaces 
(FSS) of arbitrary shape. The WCIP method is Based on transverse 
wave formulation, and on the collection of the information on the 
interface. The algorithm is based on the use of a recursive 
relationship between incident waves and reflected waves. The Fast 
Modal Transform (FMT) is used with a two dimensional FFT 
algorithm to simplify calculations and accelerate the convergence.  

Keywords- WCIP method, Fast modal transform, Structure 

FSS. 

I. INTRODUCTION 

ERIODIC structures have a variety of important 

applications in electromagnetic engineering and modern 

technologies. Commonly used, periodic structures include 

frequency selective surfaces (FSS).  

The (FSSs), which find widespread applications as filters in 

microwaves, millimeter wave, infrared devices and optical 

signals, have been the subject of extensive studies in recent 

years, [1,2] 

The analysis of the FSS problem was carried out using 

many methods such as FDTD, TLM and the immitance 

method in conjunction with the method of moments [3]. 

These methods are limited in their applications and they 

require a memory capacity enough significant.   

This paper presents the analysis of simple FSS by the 

iterative method (WCIP). The WCIP technique takes the 

advantage of simplicity in its procedure based on Fast Modal 

Transform (FMT) in passage between spatial and spectral 

domain. In addition, the convergence was insured 

independently of the circuit complexity. Further, there is 

unlimited shapes of circuit are imposed [4,5]. 

II. THEORY: WCIP FORMULATION 

      The Wave Concept method described here is based on full 

wave transverse formulation and collection of information at 

the interface, it reduces the analysis of an FSS structure to that 

of its unit cell limited by hypothetical periodic walls.  
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A multiple reflection procedure is started using initial 

conditions and stopped once convergence which is achieved, 

where the dual quantities current density and electric field are 

considered. 

The general Frequency Selective Surface structure is 

depicted in figure 1. The dashed lines are the hypothetical 

periodic walls limiting the adjacent unit cells. A unit cell of 

the FSS of the figure 1.a is shown in figure 1.b.  

   

 

Fig. 1 Periodic structure (FSS) with unit cell. 

   Fig 2. (a) shows a section of the unit cell of figure 1.b with 

incident waves    ⃗⃗  ⃗ and scattered waves   ⃗⃗  ⃗ [3] . For the N-

layer FSS shown in Fig. 2(b), the analysis bay WCIP is 

reduced to the case of the two-media wave problem illustrated 

in Fig. 2(b). 
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Fig. 2 (a) Section of the unit cell of figure 1.b along ll’ axis 
(b) Two media problem as seen by the WCIP. 

      The incident waves (  ⃗⃗  ⃗) and scattered waves (  ⃗⃗  ⃗) are 

calculated from the tangential electric (  ⃗⃗  ⃗) and magnetic (   ⃗⃗⃗⃗  ⃗) 
fields, on the interface as [FSS]: 

   ⃗⃗  ⃗  
 

 √   
(   ⃗⃗ ⃗⃗  ⃗         ⃗⃗  ⃗)                       (1) 

   ⃗⃗  ⃗  
 

 √   
(   ⃗⃗ ⃗⃗  ⃗         ⃗⃗  ⃗)                       (2) 

Where Z0i is the characteristic impedance of the medium i 

(i=1, 2). It is equal to:    √
  

     
 and    ⃗⃗  ⃗ is the surface 

current density vector given as: 

                  ⃗⃗  ⃗     ⃗⃗⃗⃗  ⃗   ⃗ . 

with   ⃗   being the outward vector normal to the interface. 

The equations of the tangential electric field    ⃗⃗⃗⃗   and current 

density    ⃗⃗  ⃗ are derived from the following equations, as: 

    ⃗⃗⃗⃗   √   (   ⃗⃗ ⃗⃗      ⃗⃗⃗⃗ )             (3)

  

    ⃗⃗  ⃗  
 

√   
(   ⃗⃗ ⃗⃗      ⃗⃗⃗⃗ )             (4)

  

Two operators relating incident waves and scattered wave 

in the spatial domain and spectral domain govern the iterative 

procedure. They are: the scattering operator  ̂  and the 

reflection operator   ̂. 

 Scaterring operator  ̂  determination 

To build a relationship between the incident and reflected 

wave in the spatial domain, the discontinuity plane is divided 

into cells and the structure can be described by the three sub-

domains corresponding to metal, dielectric. They can be 

represented using Heaviside unit steps as: 
 

   {
                   
               

(                         )  

 

The boundary condition in each sub-domain is[5]: 

Metal:             ⃗    ⃗    ⃗  

Dielectric:                     ⃗  ,   ⃗    ⃗    ⃗ ; 
 

The scattering operator  ̂   of the general structure is: 

  ̂  |
    

    

    
  

  

    
  

  

    
      

    

    
  

 |                       (5) 

with   √
   

   
. 

     The relationship between the scattered wave and incident 

wave in the spatial domain is: 

 |
 ⃗  

 ⃗  
|   ̂ |

   

   
|               (6) 

B. Reflection operator  ̂ determination  

     The scattered waves  ⃗   will be reflected to generate the 
incident waves for the nexte iteration but after adding the 

incident source waves    . So, in spectral domain, the relation 

between waves becomes: 

 |
   

   
|   ̂ |

 ⃗  

 ⃗  
|  | 

 
 

 
|                           (7) 

among which, the expression of the reflection coefficient  ̂ in 

the modal domain is: 

     
  

         
 

         
                            (8) 

with     
  is the admittance of the mth mode at the medium i 

and   stands TE or TM. 
 

TABLE1 

EXPRESSION OF        
   . 

    
  TE mode TM mode 

Short-circuit      
    

     (        ) 
       
     

     (        ) 

Open circuit      
    

     (        ) 
       
     

     (        ) 

        being the propagation constant of the medium I and it 

is given by: 

       √(
   

 
)
 

 (
   

 
)
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   ,    ,   ,    and   are the permittivity of the vacuum, the 

relative permittivity of the medium I, the permeability of the 

vacuum, the substrate thickness of the medium I and the wave 

number in the free space respectively.   

      The mode admittance at the interface is seen from the 

equivalent medium. 

      The modal admittance seen at the interface between layers 

N-1 and N-2 is [1]: 

    (   )
   ̂    (   ) (

    ( )
   ̂   

 (   )    (   
(   )

 (   ))

 ̂   
 (   )     ( )

     (   
(   )

 (   ))
)         (9) 

 

C. Fast Modal Transform (FMT) 

For simplify the calculation and realization the switch of the 

waves between the spatial domain and the spectral domain, 

the FMT and IFMT pair is applied. This procedure contains 

Fourier transform and Mode transform. It is summarized in 

the following two equations [1]: 
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with      
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FFT2 and FFT2-1 are the two dimensional Fast Fourier 

Transform and its inverse respectively. 

III. APPLICATION AND DISCUSSION 

       In order to validate our method WCIP, we consider the 

rectangular FSS of a repeated structure shown in Figure 3. It 

illustrates the grating of conducting plate, in the dielectric 

rectangular plates.  

   Study of the Convergence 

   Admittance observed by the excitation source named Yin is 

calculated to every iteration from the electromagnetic 

quantities, and it is major for the justification of the 

convergence or no of the system. 

The Fig.4 proves the convergence of the method WCIP for 

almost 800 iterations. 

 

 
Fig. 3 Repeated unit cell in the rectangular FSS structure. 

 

 

 

Fig. 4 Variation of real(Yin) and Imag(Yin) versus the number of 
iteration.               

B. Study of the S Parameters 

     Figure 5 represents the reflected power and the transmitted 

power obtained by the WCIP method when a normal 

incidence is considered. A grid of 80 by 80 pixels is used to 

define the interface and the results are recorded after 800 

iterations. 

 

Fig. 5 Variation of the transmission power and the reflected power 
versus frequency.             

     In fig.5, layer 2 and 3 are taken of the different isotropic 

material and of the same thickness. But in Fig.6, layer 2 and 3 

are taken of the same isotropic material and of the same 

thickness. 

     As shown in Fig. 5 and 6, the structure acts as a stop band 

filter. Resonance occurs at about 17.4 GHz and 7.6 GHz, 

respectively. It is clear that a good agreement with the publish 

data [1]. 
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Fig. 6 Variation of the transmission power and the reflected power 

versus frequency on two same isotropic layers.   
          

C. Study of the current density and electric field 

 

The distribution of electric field and current density at 

frequency of resonance for structure of Fig.5. The boundaries 
and continuities conditions are respected regularly. While 

comparing the figures 7 and 8 between them, we noticed that 

a node of current corresponds to a maximum of field and vice 

versa. 

 

Fig. 7 Electric field module at 17.4 [GHz]    

 

 
Fig. 8 Current density module at 17.4 [GHz] 

IV. CONCLUSION 

In this paper, an implementation of the WCIP for 

multilayer structure analyses is presented. The obtained 

results show that the method herein formulated and 

implemented in software, is suitable to electromagnetic 

analysis of planar circuits. 

A simple and efficient method for the analysis of the 

multilayer periodic patches was presented. 
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