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Abstract—The electromagnetic properties of frequency selec-

tive surfaces (FSS) are often calculated using integral e@tions. | | I I

The metal strips of an FSS are usually modeled based on the | | I | !} | N
assumption that the electric field is constant in the metal wh

respect to its depth. This assumption is valid as long as the
thickness of the metal strip is significantly shorter than the skin (a) Strips (b) Dipoles  (c) Crossed Dipoles (d) Jerusalem Cross

depth. If this condition is not applicable, the discretizaton of
the volume of the metal strip is necessary. In this paper we
propose to use the impedance type boundary condition to avdi
the volumetric discretization when the thickness of the mel
strip is comparable to the skin depth. We will show that using . CALCULATION METHODS BASED ON INTEGRAL EQUATIONS

the proposed method the accuracy of the modeling is increade A. Traditional method: metal as surface current
while the number of unknowns remains very low compared to

Figure 1: Examples for FSS arrangements

the full volumetric discretization. Consider the configuration shown in Fig. 2. Here we can
Index Terms—Frequency selective surfaces, Impedance type see a conductor that is deposited on a surface separating two
boundary conditions, Integral equations dielectric materials with permittivities,; ande,. The thickness

of the conductor i, the surfaceS occupied by the metal
in the xy plane is independent of when 0< z < d. The

Frequency selective surfaces (FSS) are periodic metalienductivity and the permeability of the conductordisand
structures formed on a dielectric layer. They are often usedy,, respectively.
filter the electromagnetic waves with respect to the frequen The electric fieldE = E' + ES can be obtained as the sum of
or to the angle of incidence. Some possible FSS structuees an incident E') and a scatterecEf) fields. ES is generated by
shown in Fig. 1 [1]. The thickness of the metal is usually conke currents flowing in the metal. This can be written using
siderably smaller than the wavelength of the electromagnethe dyadic Green’s function&(x,y, Zx,y’,Z) transforming
field around, while the periodicity of the metallic pattes ithe electric current distribution into the electric field s,
in the range of the wavelength. For the design of such FSS, .
fast analysis methods are required, that is why it is worth to ES= fG(X, y.2X.,y,Z)- J(X,y,Z)dV". 1)
consider numerically cheap approximate methods.

In this paper first we consider the traditional method usirl§ the 4 > d, where 1 = ZE is the wavelength of the
integral equations when the metallic parts are modeled @lectromagnetic field in the> O region € is the speed of light
surface currents [2], [3]. This method is verjieient, however in vacuum andw is the angular frequency of the excitation)
it might fail when the thicknesses of the metallic parts arge may use the following approximation,
comparable to the skin depth. In such cases the vqumetrlc
discretization of the metallic parts are needed to obtauac C(%¥:2X.Y.Z) ~ G(xy,2X.y,Z = 0) = Go(x.y, 24X, ),
rate results. In this contribution we propose an approxémat 0<Z<d (2
method based on the impedance type boundary condition for
the cases when the thicknesses of the metallic parts ar@in th

|. INTRODUCTION

range of one to several skin depths. This method can serve as Az y

a trade-& between accuracy and numerical expenses. In the . d /V S

following we describe the proposed method and compare its , — o X
results to those obtained by the traditional method and by a & \ - X

rigorous finite element method (FEM) analysis.
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If the thickness of the metal < § (wheres = /—2— is the 0.

woty

skin depth in the metal), the current density can be constte! —FEM
to be homogeneous with respect to theoordinate direction, 0.8- :mggz:g 1

i.e. J(x,V,2) ~ Jo(x y) whereJp lies in thexy plan. Using (2)
and this assumption, (1) is simplified as,

ES=d fs Go(x.y. X, Y) Jo(X.y)dS". 3)

By introducing the surface current densify(x, y) = Jo(x, y)d
that is assumed to be concentrated onzke0 surface, and
understanding that the continuity & (subscriptt stands for 10
the tangential component of the vector) at the metal inteda
implies thata-d(l?tS + I?{) = Js we can arrive to the following
integral equation,

i i
-1 0

10 5/d 10

Figure 3: Ratio of the illuminatingHp) and transmitted&;)
fields for the three methods. FEM: reference solution, Model
A: traditional method discussed in 1I-A, Model B: proposed

method described in 1I-B

Js = odE! + A x xf, xyeS, (4)

od f Go- J-dS’
S

where 1 is the normal vector of the surface of the metal.

The solution of (4) (done by, e.g., the Method of Moment) I NuseRicaL ResuLrs

will provide the unknown surface current distributioﬁ Numerical results obtained by the two methods described
consequently the electromagnetic field can be obtainedein f#P0Ve are compared for the 2D geometry shown in Fig. 1(a).
whole arrangement. The widths, the period and the thickness of the metal stripes

are 2cm, 5cm and 2 mm, respectively. The relative pernttivi
B. Proposed method: metal as impedance type boundary of the regions above and below the metal strips are assumed
condition to be 1. The excitation@) is an x-polarized plane wave
traveling to the-z direction, the frequency of this is 3 GHz
(the wavelength ist = 10 cm). The conductivity of the metal
Jxy,2) ~ T'(x y)e?+ I (x, )&% (5) is varied to simulate metals with féiérent skin depths. As a
R R reference solution, rigorous analysis of the configuratign
where J* and J~ lie in the xy plan andy = Vjwouo. This  FEM is carried out using the full discretization of the metal
assumption can be accepted as long as the dimensions of thg Fig. 3 the ratio of the electric fields of the illuminating
metal in thexy plane is considerably larger than the skin depthlan wave Eg) and the x component of the electric field
6. Note that —contrary to the case shown above— the thickneggsmitted far to the regiom < 0 (E;) are shown. One can
of the conductor might be in the range of the skin depth. see that in the case whah < 6/2 (5/d > 2) all methods
Taking again the approximation (2) and substituting thi$ arprovides the same result. However, for the cases whers /2
(5) into (1), the integration with respect # can be evaluate the modeling of the metals with surface currents gives poor

Here we approximate the currents inside the metal as,

analytically. We will obtain, result while the proposed method still provides acceptable
1_ed ed 1, approximation of the transmitted field.
ES= f Go- J(X.Y) + J(X,y)|ds’. (6)
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