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Abstract - The intent of this article is to analyze the Diffraction phenomena of the incoming wave and provide a new Approach for analyzing 
the frequency selective surface (Fss) by using a hybrid method combining Moment Method (MoM), optical physics (PO) with General theory of 
Diffraction (GTD). The frequency selective surface (Fss) is a periodic surface with identical two-dimensional arrays of elements arranged on a 
substrate dielectric. An incoming plane wave will either be transmitted (bandwidth) or reflected (stopband), completely or partially, depending 
on the nature of the array element. This happens when the frequency of the electromagnetic (EM) wave correspond with the resonant frequency 
of the FSS elements. Hence, in free space, and for a certain frequency range, an FSS is capable of transmitting or blocking EM waves; therefore, 
identified as spatial filters. Today, FSSs have been extensively studied and there is tremendous growth in its design and implementation for 
different applications at the microwave to optical frequency ranges. In this review article, we present a new hybrid method form on Moment 
method and GTD for analyzing different categories of FSS based on the design of the structure, the array elements used, and applications. We 
also focus on the effects of diffraction, methodology, experimental verifications of design examples, as well as on prospects and challenges, 
particularly in the microwave regime. We highlight their important performance metrics, especially with regard to progress in this area could 
facilitate advanced electromagnetic innovation. 
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1. Introduction  
The Frequency Selective Surface FSSs mark their 

presence in many applications, includ- ing reflectors, 
antenna radomes, radar-absorbing materials, polarizers and 
composite metamaterials. Since this area of research is 
relatively old, but extremely fast-growing, it carries a wide 
range of applications and theories as many design and 
analysis tools have been developed. However, significant 
problems related to the theoretical and practical importance 
still have to be solved, and requires more work for example 
the development of double-curve FSS, non-periodic FSS. 

According to the definition given in [1], FSS are 
metasurfaces that simply present an electrical response [2]. 
Since to adapt the frequency selectivity to the 
transmission/reflection characteristics, only the electric 
polarization can be sufficient. Conforming to the theory of 
antenna and microwave engineering, these surfaces are 
made by planar and periodic networks of metal patches of 
different shapes. The patch has a negligible thickness com- 
pared to the wavelength, although it is large enough contrast 
with the depth of the skin of the metal. Both, meta-materials 
and metasurfaces (MSs) are fast-growing areas of re- search, 

with their use, spatially varying EM or optical responses can 
be obtained at will, with diffusion phase, amplitude, and 
polarization. Through a good selection of materials and 
design, the ultra-thin structure of MSs can suppress the 
detrimental and undesirable losses in the direction of wave 
propagation. When the considering polarization response, 
all metasurfaces can be classified on the basis of the 
operating principle of a matrix element, i-e their 
functionalities (frequency selective surfaces (FSS), high 
impedance surfaces, perfect absorbents, reflective surfaces, 
etc.). Therefore, such a structure can perfectly be estimated 
as a tiny network of perfect conductive resonant elements. 
This approximation is applied to the complementary 
structures of the FSSs i-e aperture, with it faces a limitation 
when the surface of the aperture cell becomes equal to the 
elementary cell (mesh type). Square and hexagonal mesh 
cells have generally been used and are also referred to as a 
capacitive grid. The existence of the resonance size of the 
array element causes the emergence of side lobes in the 
transmitted and reflected fields, which are the defining 
characteristic of FSS. However, compared to the FSS, the 
resonant element and the elementary cell of the metasurface 
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are relatively much smaller than the wavelength and allow 
the elimination of grating lobes in the frequency response. 
Therefore, FSS in the terahertz domain is usually called 
metasurfaces [3]. In recent years, dispersion properties of 
FSS have been explored using approximate analytical 
techniques, which imply an equivalent circuit method (GEC) 
for analyzing the characteristics of the trans- mission line 
(quasi-static approximation). However, with the growth of 
more complex structures, advanced numerical methods 
have been introduced that use periodic boundary conditions 
(PBCs) allowing for a fairly simple design analysis. Some of 
them include the finite element method (FEM), the moment 
method (MoM), the finite-difference time domain method 
(FDTD) and the integral equation method (boundary 
element) (IEM / BEM) [4-10]. A well-known technique is the 
IEM / BEM used in combination with MoM [11-14]. Various 
designs of FSSs and schemes for examining their SE 
characteristics are well presented in [2]. 

 Therefore, in free space, and for certain frequency 
range, an FSS is capable of trans- mitting or blocking EM 
waves; stying Diffraction phenomena of these EM waves and 
its interaction with the complex form of this structures 
explored more the properties of FSS and correct some 
parameters. 

This paper targets to 
- The link among their crucial theoretical, structure 

geometry and significant performance parameters 
due to Diffraction phenomena analyze; 

- A joining numerical method with asymptotic one 
General Theory Of Diffraction (GTD) in the new 
approach of analyzing; 

- Highlight the important of Diffraction phenomena on 
their performance.   

 
2. Study of Diffraction of Incident Wave in FSS Structure 
based on ”metallic frame” 

In this section, we choose to study at the beginin a 
simple form ”metallic frame” as FSS element presented in 
fig.1. 

 
Figure 1: Surface waveguide made of metallic frames 
 

Periodic perfectly conducting surfaces of electricity 
(PEC) are the easiest to understand theoretically, because 

they admit only sources of electrical current J. This section 
presents the method of the spectral domain for the analysis 
of a PEC FSS in a free-standing (without substrate). The 
electric field E is linked to the magnetic vector potential A via 
the equation: 

 
and the vector magnetic potential is: 

 
With: 

 
Frequency selective surfaces are frequently stratified in 

the normal direction to the plane of the surface. In other 
words, all dielectrics are stratified and all metal conductors 
are also considered stratified, and they will be considered 
perfectly planar. As a result, we exclude metal (wires 
perpendicular to the FSS plane) that could potentially 
connect currents from different layers of the FSS structure. 
With this kind of stratified structure in mind, we can then use 
a plane wave extension for the fields inside and around the 
FSS, because plane waves are the eigenfunction of the 
equations of vector waves in a media without source. 

We consider an infinite 2D periodic surface occupying 
the entire x-y plane, and assume a discrete plane wave 
expansion for all currents, fields and potentials to solve 
equations (4) and (3) for a free-standing, doubly periodic 
surface: 

 
To simplicity, we assume a rectangular lattice in which 

α only depends on m and β only depends on n. In the 
equations above, we have: 

 
With, lx and ly dimention of the unit cell in (x-y), k = 

2π/λ : wavelength, θ0, φ0 are the direction of an incident 
plane wave with the FSS reguarded as lying in the x-y plan. 
The γmn called the root, taken which has a positive real part 
and non-positive (i.e., either negative or zero) imaginary 
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part). Now, for obtainig the Integral equation for free-
standing PEC FSS, substituting equations (3-5) into (1) and 
(2) yields the spectral domain Greens function relating the 
radiated electric field to its source currents, where we 
consider only those components of the field vectors lying in 
the plane of the FSS, the x-y plane. 

 
where 

 
Here we notice the singularity of the branch point in the 

equation above (the inverse singularity of the square root), 
which is not a problem thanks to the discrete spectrum, as 
long as the wavelength is not never equal to the spacing of 
the cells in our case lambda < (Dx, Dy). With this, the 
boundary condition of the electric field at the surface of the 
PEC material in a unit cell becomes 

 
Again, we limit our attention to the x, y components of 

currents and fields, which lie in the plane of the diffuser. 
Equation (14) is not strictly correct because only the 
tangential components of the electric field are really zero on 
the surface of the PEC diffusers. This inaccuracy will be 
solved now when (14) will be tested with the current basic 
functions, defined as residing on the surface of the diffuser. 

In the followin we begin to study a diffraction 
phenomina for a single element of FSS, as presented in figure 
2. 

 
Figure 2. Single Cell of FSS in waveguide 

 
2.1 New Approch MOM-PO-GTD 
2.1.1 Calcul of Optical Physics (JPO) Current 

We propose to determine the first step of the new test 
function by the optical physics method. This approach is 
based on the determination of the current flowing through 
the metal when it is illuminated by an electromagnetic field 
as we see in figure 3. 

 
Figure 3. Mechanism of Optical Physics on the FSS unit 

 
Einc and Hinc electric and magnetic fields associated 

with the fundamental mode of the waveguide (TEM). Like 
the surface of an object illuminated by an incident magnetic 
field Hin, an electric current density called JPO found in this 
surface this current in related to the magnetic field by the 
following equation. 

 
with Hin  the incident magnetic field on the waveguide. 

˙y the unit normal vector. The Hin related to the incident 
electric field by: 

 
the current is evaluate as: 

 
β is the waveguide constant of propagation, ω the wave 

pulsation and µ0 the permeability of the air. 
 
2.1.2 Calcul of General diffraction theory Current (JGTD) 

Diffraction it’s considered as a local phenomenon at 
very high frequencies, the GTD relies on known solutions of 
diffraction such as diffraction by half-plane, dihedral, cone, 
cylin- der. From these solutions in the far field, we propose 
to build an asymptotic evaluation of JGTD that converge better 
to the exact solution. 

 
Figure 4. Diffraction of incident wave on the Edge and tips 
of the FSS unit 
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In the figure 4, a plane wave at normal incidence at the 

point P can be expressed in TEM fundamental Mode as: 

 
the incident electric field Ei may be decomposed into 

component parallel to the plane of incidence , and a 

component perpendicular to the plane of incidence 
. Thus, 

 
and 

 

 
For magnetic field, 

 
The electromagnetic plane wave incident on the 

perfectly-conducting wedge, the total electric field intensity 
E and the total magnetic field intensity H in the region 
surrounding the wedge composed into a total of transverse 
and axial (to xˆ). Referred to P.H Pathak and R.G 
kouyoumjian work, the field diffracted by this edge will be: 

 
and 

 
where and  are evaluated at QE, the point of 

incidence on the edge, we must calculate the following 
Coefficient: 

 
Figure 5. Modelization of FSS unit Edge and tips 

 
From figure 5, the fine metal wire with b radius and l 

length we introduce their diffractions coefficients. 
For thin edge: 

 
with γ = 0.577 is the Euler constant. and φ0 is angle 

between tangent to the edge and incident wave , b and l is 
respectively the radius and the length of this fine edge, we 
assume in the follows that the product of wire radius b and 
the wave number k is small and we are justified in neglecting 
the terms O((kb)2)l.n(kb). 

For the tips: 

 
with n=3. 
finally the difraction coeificient is defined as : 

 
The total diffracted field arround the structure is expressed 
as : 

 
Or 

 
Then, 

 
The GTD current is concluded by the followillg expression: 

 
then, the total current Jt is composed by JPO as  rst part, and 
JGTD second part, Jt = JPO + JGTD and it will be used as a single 
test function in our hybrid method. 

 
As we see we notice the appearance of the coefficients 

of diffractions in the expression of the current Jt, therefore, 
we highlight, the effect of the geometry (edge, tips, etc.) of 
the structure of study. According to the Galerkin’s method, 
to determinate a structure’s input impedance and 
distributions of field and current, a number of projections 
between test and basis functions (gp, fm) must be achieved. 

Considering our approach, the single test function is 
divided into two parts (Jt = Jpo + Jgtd), its projection on the 
waveguide’s basis functions lead to obtaining the two 
integrals in the following: 

 
For Jgtd Current, the width of the edge is very small, 

assimilated to wire antenna, then we have a variation 
according to y. 
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To simplify the calculation of the equation (31), we will 

solve it numerically using the rectangle method (midpoint. 
method) expressed as: 

 
We’ve studied up to now only one element of the FSS 

structure, to have the whole just substituting (32), according 
the simplification and the boundary condition, into (11), and 
we consider that all unit spacing by lx etly great than 
wavelength to eliminate the effect coupling in FSS structure, 
we obtain 

 
 
3. Numerical Results and Discussion 
3.1 Convergence study 

In our problem, we use a single test function, so the 
convergence study is done as a function of Number of modal 
basis functions. We present in the fig.6 the input impedance 
Zin of the considered structures against number of modes of 
waveguides in the frequency range [10Ghz,12Ghz]. It is clear 
that for all structures, the Zin’s convergence is obtained for 
100 modes of waveguides. We note that the convergence is 
rapidly reached compared to cases using sinusoidal or 

trimlgular test functions. This conforms with the law ( <

) in a domain of discontinuity, with P is test functions 
Number and N is basis functions Number. 

 
Figure 6. Input Impedance for different Number of Basics 
Function 
 
3.2 Gain and Comparison between (MoM) Method and 
Hybrid method 

In order to evaluate our approach, we will compare for 
FSS structures, the results provided by the method of the 
moments using the functions of the sinusoidal tests, for the 

input impedance and the distribution of the current with 
those find by the hybrid method. 

At beginning, the real and imaginary part of input 
impedances is computed for the frequency range [10Ghz, 
12Ghz] and drawn in figure 7 and figure 8. 

 
Figure 7. Comparison between MoM Method and Hybrid 
Method of Real Part of Input Impedance on the FSS Element 
 

 
Figure 8. Comparison between MoM Method and Hybrid 
Method of Imaginary Part of Input Impedance on the FSS 
Element 

 

 
Figure 9. Real Part of Input Impedance with all Diffraction 
Coefficient on the FSS Element 

 
to highlight the importance of the geometries shape 

with draw in fig 7 the real part of input impedance for hybrid 
method with only the diffraction made by the edge, and in fig 
9 we draw the real part of input impedance with all 



Internat. J. Eng. Ed.  Vol. 2(2)2020:70-77, Mendil Samir and Aguili Taoufik 

75 
IJEE, Vol. 2(2), December 2020 – ISSN: 2540-9808 

diffraction coefficient , and we demonstrate here, that the 
hybrid method converge quickly than others. For the 
structure, the obtained results by the two methods are in 
agreement for the frequency in the previous range. We 
reporting here, that the numbers of sinusoidal test and basis 
functions used for MoM method are respectively 40 and 
3000 for the structure, whereas our approach consists in 
using only one hybrid test function with 100 basis functions. 
Another very important remark is that the speed of the 
convergence of our hybrid approach is very fast compare by 
the moments method its clear in the slopes of the two curves 
fig7a or fig 8, caused essentially by the diffraction 
coefficients used. The convergence is achieved quickly since 
the number of test and basis functions is decreases the 
number of operation are reduced also. 

 
Figure 10. Comparaison between MoM Method and Hybrid 
Method of Current Distri- bution on the FSS Element 

 
The Hybrid current distribution given in the fig 10 and 

its compared to those obtained with MoM method. A good 
agreement between the two methods is assured.it is also 
clear that the current on edges, approximated by the 
asymptotic method GTD using the diffraction coefficient, will 
satisfies boundary conditions: its maximum on the edge of 
each FSS element. This demonstrate the development of the 
proposed test function. 

 
Figure 11. Comparison between MoM Method and Hybrid 
Method of Electric Field on the FSS Element 

Similarly, fig.11 shows the electric fields distribution. 
Like input impedances and current, there is a perfect 
accordance between the two methods with verification of 
boundary conditions. In further, the intensity of the electric 
field is very high in hybrid method, caused essentially by the 
secondary source (tips, edge) that its accounting in our 
approach, and negligent in Moment method. The number of 
basis functions is reduced too (no more calculate operation 
to do), and a good accuracy of the new hybrid approach is 
proved. Let’s note that this hybrid method, intent of this 
paper, requires less numerical complexity and needs less 
storage thall the MoM method, which makes its use more 
practical and evidencing the effect of the geometric form. In 
addition by using a single test fund ion, the size of matrix 
becomes 1x1 instead of 30 x 30 in case of sinusoidal test 
functions. The fig 11 and 12 shown the distribution current 
on the fss structure on X-axe fig 11 and on Y-axis fig 12, for 
the moment method and hybrid method. In Y-axis, the draw 
of hybrid method overlap it’s of the moment method. 

 
Figure 12. Current Distribution on the three FSS Element on 
X-axis 

 
Figure 13. Current Distribution on the three FSS Element on 
Y-axis 
 

In the following, we present the gain that our new 
approach, gives in term of convergence and time calculation 
against the reference (MoM) method. Table1 and Table 2 
summarizing the benefits of our approach. Table1 
represents the number of tests and modal basis functions 
needed to obtain the convergence of input impedance for the 
rang [8Ghz, 12Ghz], (shown in figure 6) and gives also the 
required time needed, for two values of Diffraction 
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Coefficient D1 and D2 for different angle of observation φ1 = 
π respectively, φ2 = π .in fact to calculate the input 
impedance we need 16.78 s using our hybrid method, 
respectively 1431.569 s using MoM Method with sinusoidal 
test function. Further, by using our approach for the 
analysed structure, only 100 waveguide’s modes are 
required to obtain the convergence. Respectively, 3000 

waveguides modes and 16 test function for Mom Method to 
obtain the convergence. Hence, Table 2 gives the time in 
seconds of calculation and the number of test and basis 
function needed to get the convergence of the study 
structure when evaluating the current and electric fields. We 
accomplish the comparison between the MoM and the 
hybrid approach. 

 
Table1. Comparison of computing time consumed between the MoM and hybrid approach to computing Zin input 

impedance in the range [8-12Ghz] for A unit Fss Element (P: Number of test functions and N = Number of Basis functions) 

 
 

Table2. Comparison of time consumed between the MoM and hybrid approach to computing the current distribution for A 
unit Fss Element (P: Number of test functions and N = Number of Basis functions) 

 
 

As we concluded from this 2 tables, for an Fss Structure 
of (N∗Q) , time is multiplied by the fss’s dimension .the 
hybrid approach indulges a considerable reduction and 
enhancement of the operation time, in addition, the number 
of modes to obtain convergence is considered reduced, these 
important advantages are guaranteed by the use of a single 
test function. Proportionally, when the number of test 
function decreases, the size of the manipulated matrices 
decreases. The computational time will be reduced 
exponentially. 
 
4. Conclusion 

In this paper, we present a new Hybrid method that we 
lead a much less operation, and to reach the convergence 
quickly and faster than Mom Method because we use a single 
test function. This hybrid method is applied to Fss’s 
structure with (Q*M) dimension. Therefore, in free space, 
and for certain frequency range, tying Diffraction 
phenomena of these EM waves and its interaction with the 
complex form of this structures explored more the 
properties of FSS and correct some parameters. 
 

We demonstrate in this paper: 

- The link among their crucial theoretical, structure 
geometry and significant performance parameters 
due to Diffraction phenomena analyze; 

- A joining numerical method with asymptotic one 
General Theory Of Diffraction (GTD) in the new 
approach of analyzing; 

- Highlight the important of Diffraction phenomena on 
their performance. 

A new hybrid method combines the two asymptotic 
method the (PO) Optical physic and (GTD) General theory of 
Diffraction, the first applies to the surface of the antenna and 
gives us the distribution of the current, in this area to this 

function which models the shape of the current we add that 
determined by the GTD the second one, so we have an 
accuracy and complete function then we introduce the effect 
of the shapes by using the diffraction coefficient. 
Consequently, the size of the operation manipulated in the 
matrices is enormously reduced. As the result of this, we 
reduce the numerical complexity and memory, CPU 
resources required for the problem. 
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