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Abstract- Active frequency selective surface (FSS) structure is 
a kind of electromagnetic spatial filter, which has been widely 
used in the communication and radar systems. The spectral-
element time domain method has been used to analyze the 
scattering characteristic of finite planar FSS structures. It has 
the advantages of spectral accuracy and block-diagonal mass 
matrix. This technique is based on Gauss-Lobatto-Legendre 
polynomials and Galerkin’s method is used for spatial 
discretization. The absorbed boundary condition is employed to 
truncate the boundary. Numerical results demonstrate the 
accuracy of the method.  

Index Terms- active frequency selective surface, spectral-
element time domain method,  scattering. 

I. INTRODUCTION 

Frequency selective surface is usually made up of metal 
patches or periodic arrangement of aperture unit on the metal 
sheet, which has been widely used in communication and 
radar system. Usually the operating frequency band can not be 
changed once they are designed and manufactured. As a result, 
many people have been doing researches on active FSS 
structures, which has the ability of  adjusting their 
transmission characteristics by using active devices such as 
PIN diodes[1]-[2]. 

Time-domain method has been more and more popular in 
recent years because of their abilities in the analysis of 
transient electromagnetic fields and the broadband properties 
of devices. Among these, one popular technique is the finite-
element time-domain (FETD) method [3], which is famous for 
convenient modeling of complex geometries and materials. 
However, the inversion of the mass matrix  makes it cost a lot 
in calculating. Finite difference time domain (FDTD), on the 
other hand, has the advantages of simple theory and good 
generality, but does not suit for complicated objects and media. 
The spectral-element time-domain (SETD) method, based on 
Gauss-Lobatto-Legendre polynomials, has the advantages of 
spectral accuracy and block-diagonal mass matrix and thus has 
received much attention recently. Moreover, the SETD can be 
regarded as a special kind of FETD method with different 
choices of nodal points and quadrature integration points [4].   

In this paper, spectral-element time-domain method is 
employed to compute the scattering characteristic of finite 
planar active FSS structures with PIN diodes. RCS results of 
the FSS are presented respectively when it is in ON state and 
OFF state.  
 

 
 

  
II. FORMULATION 

A. Scattering  formulation 
For the proposed method, we can use the total-

field/scattered-field formulation . In the total-field region  
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while in the scattered-field region 
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The absorbed boundary condition is employed to truncate the 
boundary 
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to discretize the equation , we introduce the Gauss-Lobatto-
Legendre points. The Nth- order GLL basis functions in a one-
dimensional standard reference element are defined as 
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for j = 0,…,N, where ( )NL ξ is the Nth-order Legendre 
polynomial and ( )NL ξ′ is its derivative. The grid points jξ are 
chosen as the GLL points, i.e.,the (N+1) roots of equation         
( ) ( )21 0j N jLξ ξ′− =  

On a 3-D standard cubic reference element, we use vector 
basis functions   

 

 



 

( ) ( ) ( )ˆ ( ) ( ) ( )

( ) ( ) ( )
ˆ  ( ) ( ) ( )

( ) ( ) ( )
ˆ ( ) ( ) ( )

N N N
rst r s t

N N N
r srst t
N N N

rst r s t

ξ ξ η ζξφ ξ φ η φ ζ

η ξ η ζηφ ξ φ η φ ζ

ζ ξ η ζςφ ξ φ η φ ζ

=

=

=

Φ

Φ

Φ

 (5) 

as shown in Fig.1, where Nξ , Nη and Nς are the interpolation 
orders of the reference domain along ξ , η and ς parametric 
coordinates, respectively [5]. 

 
Fig. 1. Vector basis functions in reference element. The  

second-order basis functions are shown here 

When constructing a curl-conforming vector basis functions , 
we use the appropriate mapping given by 
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where J is the Jacobian matrix defined as 

 

x y z

x y z

x y z

ξ ξ ξ

η η η

ζ ζ ζ

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

∂ ∂ ∂
∂ ∂ ∂
∂ ∂ ∂=
∂ ∂ ∂
∂ ∂ ∂
∂ ∂ ∂

J  (7) 

In the reference element, the electric field can be 
represented by the tensor product of Lagrange–Legendre 
interpolation polynomials as 
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after employing the basis function and Galerkin’s method, 
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B. Active frequency selective surface 
In this paper, the active frequency selective surface is 

mainly focused on FSS structure with PIN diodes. 
We also start from the wave equation，for simplification, 

after the Galerkin’s method, we can get 
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Using the central difference, 
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expanding the M matrix, 
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In the forward bias condition, the diode presents a resistance   
in series with the package inductance  while in the reverse bias 
the circuit becomes a parallel combination of   and  in series 
with  ,for simplification, we can also use a series RLC circuit 
model 
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Fig. 2. The PIN diode (a) the forward bias equivalent circuit (b) the reverse 
bias equivalent circuit 
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In the forward bias condition,  
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Using the forward difference,  
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Take (15) into (13), we ultimately obtain the time iteration 
scheme 
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The derivation of reverse bias condition is the same as that of 
the forward bias. 

The above scheme calculates the near field. To obtain far 
field data, we introduce an artificial boundary farS inside the 
solution domain, which can be placed at or near the surface of 
the scatterer. The equivalent electric and magnetic currents 
can be  determined from the fields calculated by SETD[6]. 
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The following surface integrals are computed 
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The scattered electric far-field is then readily obtained as  
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Once the scattered field in the far region is known, the radar 
cross section(RCS) can be gotten from 
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III. NUMERICAL RESULTS 

One active frequency selective surface with PIN diodes is  
 
demonstrated here to show the accuracy of the proposed 

method.  This example is a quadrate metal patches printed on 

a sheet of 0.04m with dielectric constant of 3.0. The typical 
values used for forward bias are R = 5Ω  and L = 0.4 nH, 
while for reverse bias a series capacitance of 0.27 pF has been 
added to the circuit model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Fig.3. Structure of the active FSS with PIN diodes 
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Fig.4. (a) Backscattered RCS of the active FSS when the PIN diodes are in 
ON state  (b) Backscattered RCS of the active FSS when the PIN diodes 
are in OFF state 
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From the result, we can clearly see that the results got from 
the spectral-element time domain method meet well with that 
of the commercial software. 
 

IV. CONCLUSION  

The spectral-element time domain method has been 
employed to compute the scattering characteristic of the active 
FSS structures. Numerical results show that this method can 
analyze the PIN diodes-loaded FSS accurately.  
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