
Efficient Analysis of Switchable FSS Structure using the WCIP 
Method  

N. Sboui1, A. Salouha1, L. Latrach1, A. Gharsallah1, A. Gharbi1, and H. Baudrand2 
 

1Laboratoire d'Electronique Département de Physique 
Faculté des Sciences de Tunis, 2092 El Manar Tunisia 

noureddine.sboui@fst.rnu.tn 
 

2Laboratoire d’Electronique 
 EN SEEIHT de Toulouse France 

 
                          

Abstract—A precise technique based on the wave 
concept iterative procedure (WCIP) and a fast mode 
transformation (FMT) is used to adjust the frequency 
selective surface (FSS) response. This adjustment is 
achieved by integrating RF-MEMS switches. These 
systems use the manufacturing processes of integrated 
circuits. In order to initialize the iterative procedure, 
an incident wave is defined in spectral domain. The 
numerical results are compared to those obtained with 
the finite element method (FEM). The good agreement 
between simulated and published data justifies the 
design procedure. 
 
Index Terms — FSS, MEMS RF, 2D-FFT algorithm. 

I. INTRODUCTION 
      The frequency selective surfaces (FSS) are printed 
by surfaces composed of a periodic metallic circuit or 
openings in a circuit plane. They can be periodic along 
one or two directions [1-3]. They provide a reflection 
or total transmission of signals in certain frequency 
bands [4-5]. We can adjust this frequency of resonance 
by integrating a PIN diode, FET, or RF MEMS switch. 
The semiconductor switches are used first. They 
present some limitation in terms of energy 
consumption, insertion loss and cut-off frequency. The 
RF-MEMS switches are devices that use a mechanical 
movement to assign a switching of the RF 
transmission line [6-8]. The principal advantages of 
the RF-MEMS switches are low consumption, low 
insertion loss and quality factor [3]. Their application 
areas are extensive and always tend to grow. The most 
used switching techniques are the air bridge 
technology and technique of micro beam [9-10]. 

      The contact switch is the equivalent of the RF-
MEMS switch. It has two states of commutation: the 
state ‘‘off’’ and the state ‘‘on’’. In a blocked state, the 
switch has a capacitive behavior, with the state 
passing; it is comparable to a resistance representing 
the losses of a metal/metal contact. 
      We can distinguish several categories of 
components from this technology; our study will focus 
on the resistive switch (cantilever). Indeed these 
components have many advantages compared to their 
direct competitors, semi-conductors: reduced losses, 
more compact and passive components. 
Simulation is an essential step in modeling this type of 
circuit. In this framework, several analytical methods 
have been developed. Among these methods that 
already exist, we present in what follows a new 
iterative method based on the wave concept. This 
method has major advantages over other methods. 
These advantages are concerning, in special, the 
execution velocity of the resolution procedure and the 
arbitrary form of the under studied structure. Besides 
this iterative technique uses a rapid transformation 
FMT which ensures a rapid transition between the 
spectral and spatial domain [11-12]. We combine the 
wave concept with the two dimensions fast Fourier 
transformation (2D-FFT) algorithm to change the 
domain. The use of the 2D-FFT algorithm is required 
to mesh the circuit plane into 2D small rectangular 
pixels. Hence, the boundary conditions are satisfied at 
each pixel. By using the 2D-FFT algorithm, a high 
computational speed can be achieved [13].  
      The purpose of this paper is to extend the wave 
concept iterative process (WCIP) method to the 
analysis of the integration of microsystems 
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performance (MEMS) in circuit materials periodic 
FSS (infinite number of unit cells) with arbitrary angle 
of incidence in the one layer configuration of 
dielectrics [3]. Two different examples are studied, 
switchable split-ring FSS and switched-beam antenna. 
For both cases, our simulation results are validated 
with published data. 

II.  THEORY 
      Let us consider a periodic arbitrary one-layer 
structure, Fig. 1 shows the unit cell of periodic circuit. 
 

 
 

Fig. 1. Unit cell of the periodic structure with arbitrary 
incidence A00. 

 
This interface can support the circuit and includes 

three sub-domains metal Mi, dielectric Di, and switch 
SWi. We consider that the electromagnetic field is 
known on all points of the plane interface [7]. The 
solution of the problem has to satisfy the following 
boundary conditions: 
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      In equation (1), ET1 and ET2 are the tangential 
components of the electric field at media (1) and (2), 
respectively, and JT1 and JT2 are the corresponding 
current density. ESW, JSW, and ySW are the electric field, 
the current density, and the admittance equivalent 
circuit of the switch domain respectively. 

      In the last domain, the electric field and the 
current density are related to the potential and electric 
current as follows:  
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      As shown on Fig. 2, the incident waves Ai and the 
scattering waves Bi are given in the terms of the 
transverse electric ETi and magnetic fields HTi at the 
circuit interface (Ω). This leads to the following set of 
equations: 
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where y0i is an intrinsic admittance characterizing the 
medium, i denotes the two media beside Ω (i=1 and 2), 

which can be defined as: 
µ
εε ri

iy 0
0 =   with 00 , µε , 

and riε  are the permittivity and permeability of the 
vacuum and the relative permittivity of the medium ‘i’ 
respectively.  n is the outward vector normal to the 
interface. 
      The surface current density is introduced as being

nHJ TiTi ×= . 
 On the dielectric: 

           (5) 

 

where 
.                   

      On the switch: 

          (7) 
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   Fig. 2. Definition of waves for the single-layer 
structure. 

 
      With equations (5), (6), and (7), we deduce the 
global spatial equation that relates the incident waves 
on all the interfaces. 

           (8) 

where: 

 
and  

 

      Between medium 1 and 2, the waves are 
defined in the spectral domain (TE and TM 
modes). Then, the spectral equations describe the 
waves behaviour is defined as [4]. 

                                                  (9)                                       

        (10) 

where, i=1,or 2 and  is the  impedance of the 
mn-th mode at the medium i and α stands for the 
modes TE or TM. 

where: ,  

  being the propagation constant of the medium i 
and it is given by 

 

,  

, . 

. 
 
(a) and (b) are the periodicity along (ox) and (oy), 
respectively,  and  define the angle of incidence. 

We deduce that the global spectral equation relates 
the diffracted wave Ai to incident Bi one in the spectral 
domain. 

         (11) 

In the above equation, we have included the 

excitation wave . A00 is defined in the 

spectral domain and has the following expression: 

For TE polarization: 

       (12) 

For TM polarization: 

       (13) 
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III. APPLICATIONS 
      The RF MEMS switches are mechanically 
deformable micro switches. In the first step of this first 
example, we studied FSS a screen which integrates a 
PIN diode into two borderline cases (short-circuit and 
open circuit), as shown in Fig. 3. 
      The structure is excited by a plane wave with 
normal incidence. The physical parameters are the 
following: height of the substrate h=0.6mm its 
permittivity εr=3. The unit cell dimension are 
a=b=40mm. The microstrip line length L=40mm and 
its width W=1mm, as shown in Fig. 3. 
 

 
Fig. 3.  Resistive switch inserted on a microstrip line. 
 
      The convergence according to the iteration count 
presented in Fig. 4 is obtained from 50 iterations. 
      For the short circuit case, the simulation results of 
the transmission coefficient, as a function of 
frequency, is shown in Fig. 5. This shows that there is 
a total transmission signal. This result compared to 
[15], shows there is a good agreement with the 
iterative method. 
      In the open circuit case, one can conclude from the 
simulation result presented in Fig. 6 that the gap has 
given rise to a band gap in a well determined 
frequency. In fact in our simulation, we use only a gap 
where a pin diode in the gap state is used [15]. This 
explains the difference in bandwidth between the two 
results. 

As a consequence of this important aspect, 
elements are inserted into the gap to achieve switching 
DC-electric and have thereby controlling electronic 
structures, FSS, changing their behavior between the 
response of discontinuous and continuous elements. 

For different values of the capacitor, we present, in 
Figs. 7 to 9, the results of simulations of transmission 
coefficients as a function of frequency. In these 
figures, we clearly distinguish the effect of integration 

of the switch to the off state. We notice the changes in 
the resonant frequency when the capacitance changes. 
      The results presented by the iterative method are in 
agreement with those published by the finite element 
method (FEM). 
 

Fig. 4. Convergence of the S parameters as function of 
iterations number at 7 GHz. 
 

Fig. 5. Variation of transmission coefficient as 
function of frequency (short circuit case).  

 

Fig. 6. Variation of transmission coefficient as 
function of frequency (open circuit case). 
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      In the second example, we integrate three 
capacitive switches between two rings of split-ring 
resonator (SRR), as shown in Fig. 10. At first, we 
consider the ON state of all of the three switches. 
 

Fig. 7. Variation of transmission coefficient as a 
function of frequency c=1pF. 

 

Fig. 8. Variation of transmission coefficient as a 
function of frequency c=100pF.  
 

Fig. 9. Variation of transmission coefficient S21 as a 
function of frequency c=0pF. 

 
      As shown in Fig. 11, we find that the transmission 
coefficient obtained using the iterative method is about 

-22 dB at 4.64GHz. These results refer to those 
obtained by the FEM [15].   
 The second phase consists of integrating two 
capacitors’ switches and a resistive switch into the 
place of the metal packing, to be able to distinguish the 
effect of integration from the switches between the 
rings of the resonator. Two cases will be presented, the 
first case or the three switches has state off, and the 
three switches (S1, S2, and S3) take the values, 
respectively, (0.3pf, 0.3pf, and 1 Ω).  

 
Fig. 10. Two enclosed rings with three switches (S1, 
S2, S3). 
 

Fig. 11. Variation of transmission coefficient as a 
function of frequency. 
 

Figure 12 presents the coefficient of transmission 
in dB and suggests the frequency of resonance to 4.57 
GHz with a transmission of about -28 dB. The state 
‘‘ON’’ the three switches (S1, S2, and S3) takes 
successively the values (1pf, 1pf, and 5 Ω).  

Figure 13 presents the coefficient of transmission 
in dB and shows a frequency of resonance to 4.57 GHz 
with a transmission of about -23 dB. 
      Figure 14 enables us to distinguish the difference 
between the various cases from commutations (S1, S2, 
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and S3) compared to the answer of metal modeling 
obtained by the iterative method. 
 

Fig. 12. Variation of transmission coefficient as a 
function of frequency with C1=C2=0.3pF and R=1Ω. 

 

 
Fig. 13. Variation of transmission coefficient as a 
function of frequency with C1=C2=1pF and R=5Ω. 
 

Fig. 14. Variation of transmission coefficient as a 
function of frequency.  

IV. CONCLUSION 
      In this paper, a reformulation of the wave concept 
iterative method is reformulated to the integrated RF-
MEMS switch. The convergence of the procedure is 

about 100 iterations. The comparison of numerical 
results with the measurement published data verified 
the validation of the WCIP method to integrating the 
RF Switch. This method has the advantage of 
simplicity and its conjunction with the 2D-FFT allows 
a high computational speed and memory consumption. 
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