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Abstract

A challenging frequency selective surface is designed using a strict full wave method based on the
Transverse Wave Concept Iterative Process (WCIP) (FSS). These surfaces have a regularly
occurring array of identical circuits. In deep space operations for multiple frequencies, they are
used as filters and reflector antennas. The first stage of our method's validation involves studying
a straightforward FSS structure. Two different complex structures are explored in the second
stage. The design process is warranted by the high degree of agreement between simulations and
published data..
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1. Introduction

Frequency Selective Surfaces (FSS), which find widespread applications as filters for microwaves
and optical signals, have been the subject of extensive studies inrecent years [1] [2] [3] [4]. These
surfaces include periodically arranged metallic patch elements or aperture elements within a
metallic screen and exhibit total reflection (patches) or Transmission (apertures) in the
neighborhood of the element resonance [1]. Their performances depend on the substrate
characteris-tics, element type, dimensions and the spacing between elements.

The response parameters are predicted by analyzing the surface using differ-ent techniques [5]
[6] [7]. However, the small dimensions of the circuit producesome problems in result precisions.
Thus, the coupling conditions between the different elements must be taken into account. Then,
the efficiency of the used method, their memory consumption and time requirement are usually
made these methods unsuitable for optimization.

This paper presents the analysis of simple and complex passive FSS by the iterative method
(WCIP). The WCIP technique takes the advantage of simplicity in its procedure based on Fast
Modal Transform (FMT) in the passage betweenspatial and spectral domain [8] [9]. In addition,
there is no matrix inversion wasrequired and the convergence was insured independently of the
circuit complex-ity. Further, there is unlimited shapes of circuit are imposed [10]. The simula-
tion results are validated with those calculated with HFSS commercial code and recently

published experimental results.
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2. Theory: WCIP Formulation

The general Frequency Selective Surface structure is depicted in Figure 1. The circuit interface
is constituted of two sub domains: metal and dielectric. It is de-posed on homogeneous dielectric
substrate with thickness h and permittivity

0r.

WCIP method is based on the full wave transverse wave formulation and the on collection of
information at the interfaces. A multiple reflection procedure isstarted using initial conditions and
stopped once convergence which is achieved. Two related operators incidented waves and
scattered waves in the spatial do- main and in the spectral domain governs the iterative
procedure. They are: the scatting operator Sy and the reflection [ .

As shown in Figure 2, the incident waves Aj and the scattered waves Bj
are calculated from the tangential electric and magnetic fields

Ei and Hij

as:

Figure 1. Periodic structure (FSS) with unit cell.
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2Zq
where i indicates the medium 1 or 2 corresponding to a given interface Q.

20i

is the characteristic impedance of the same medium i and Jj

current density vector given as:being the surface

Jil Hiln (2)

with n being the outward vector normal to the interface. Thus, the tangentialelectric and magntic
fields can be calculated from:

Zo Ej U
Jij U
0AD B
0 Al Bl Z,
(3.1)
(3.2)
The scattered waves are related to the incident waves as:
7 Bil i SD Al
g U 00D (4)
020 0 20

Sy is a scattering operator defines in the spatial and it accounts for the
boundary conditions. The scattered waves Bj will be reflect to generate the in-
cident waves for the next iteration but after adding the incident source waves
AQ :

DAlDDDDBlDDDA(\%)D
Ua O Up U OO
A B 0
0 20 0 20 0O U

[j  being the reflection operator and it is defined in the spectral domain.

Scattering Operator Determination

Two domains characterizing the interface Q of a loaded FSS are: the dielectric domain and the
metal domain. They can be represented using Heaviside unit steps as:

01 on the dielectric

ol H

0 otherwise 0
’ 11 on the metal
M0 otherwise © (6.1)

(6.2)
The boundary conditions on the metal domain Hp\  are:
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E;0E, 00 (7)
Replacing (3) in (7) results in:
r Zoo AiD By O
The metal domain scattering operator
JZ 0 A2 7 Bl 70 (8)

SM  isgiven in the terms of the metal-
lic domain generator Hm

y: S

DDDHM 0 O

9
: Lo S

In the dielectric domain, the boundary conditions which be satisfied on theinterface are:
Ndiot 13103200

HEDE (10)

01 2

Using (3) and (10), and defining N [J VZu /Zy , thus, the dielectric
domain

scattering operator
SD can be given terms of the dielectric generator Hp

as

10 N2

HlD N 2 HD L

7Nz 0 _ H

Sp 0 U 0

0 2 1" N2 O (11)
H —  — . H

tHign2 TP 10N2 P
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In the lumped elements domain, the boundary to be verified is given by:
E:0E, 0Z:0J, 030

Then, the total scatting operator S7  isgivenas:
S OSM O Sp

(12)

(13)

Reflection Operator Determination

The modes are decoupled in the domain of modes where each mode is characte- rized by its own
reflection coefficient, the need to pass to spectral domain is ne- cessary. To enable this operation, a
transform known as the Fast Modal Trans- form FMT defined and to go back to spatial domain,

FMT 1 is will be used.
The reflection coefficient in the spectral domain is given by:

I r
imn
D
1-ZY -
= 01 _imn
0 14z Y
0i imn
(14)
where Y’ . 1S the admittance of the mn mode at the medium i and
1 stands
for the modes TE or TM. When no closing ends exist,
Y can be calculated by [5] [6]: i
™
imn
jWD ol ri _
y voe—
(15)
TE
imn
mn
ymn jw(] Y ——
(16)
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0 Ymn
being the propagation constant of the medium i an it is given by (19).
Do,
i 0
and

1o are permittivity of the vacuum, the relative of the medium i
and the permeability of the vacuum respectively.

Due to the closed packaging, two types of modes are coupled; the modes ofthe small guide and
those of the global guide.

The global guide is classical a rectangular wave guide with electric walls. The bases functions are
sinus and cousinus.

Then there are described extensively in [9] and [10]. The small guide is a 2D periodic guide, and
the bases functions are exponential. There are described in[8].
As consequence, the global general function becomes:
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and the constant of propagation becomes:
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guides modes coupling, p,g, mand n J1,2,3,4,00.

Fast Modal Transform FMT

The FMT/FMT 1 pair permits to go from spatial domain to the spectral domainand back to the
spatial domain [7]. It is summarized in the following two equa-tions.

The use of the FMT requires that the space and spectral fields are discrete. In the space fields this
discretization is carried out by a grid in small rectangular areas (pixels) of the interface Q.
Electromagnetic value and the incidental and reected waves are represented by matrices whose
dimensions depend on the density of grid of this interface. The FMT makes it possible to define the

ampli- tudes of the modes TE and TM in the spectral fields.
I N TR A
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. Study of the Numerical Complexity and the Convergenceof the Method

To compare the numerical complexity of these two methods, we consider Q likethe total number
of pixels in the field of the interface and Qn is the number of pixel in the metal field. Qn
corresponds to the number of useful Roof tops (roof useful signals) for the method of moment.
The total number of operation is giv-en by the Equations (1.33) (1.34), [11].

Iterative method W.C.1.P. (K iteration)

Operwcip [ 4kQ 1101 3log, QU

Method of moments —

R QQm

3
8per|\/|o|v| O 3R3

Figure 3 shows the evolution of a number of operations according to the per- centage of
metallization. The point of intersections between the two curves (point “M”) corresponds to 20%

of metallization and 0.0121 x 1010 operations. Itis calculated with a grid of 64 x 64 cells and 200
iterations.

The latter is based on the method of the moments. This method is very inter-esting since it is
employed by the majority of the most important editors of elec-tromagnetic simulators [9]. An
evaluation of the number of fundamental opera-tions in the iterative method (F.W.C.1.P) and the
method of moments showed that starting from a certain density of grid of the study structure
(Figure 3), the economy in a number of operations, therefore in computing times, is then con-
siderable and widely justices the use of the F.W.C.I.P. compared to the method of the moments.
Moreover the iterative method is always convergent and the absence of the functions of test
facilitates its implementation, which allows a fast and total design of microwaves circuits to be
realized.

. Application and Experimental Results

A practical application has been developed starting from the above considera-tions, so designing
a waveguide filter to be inserted in a very small aperture
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Figure 3. Evolution of necessary calculated time for the two methods W.C.1.P and MoM.

terminal (VSAT) feeder. The terminal has to operate in a dual-band anddual-polarization mode,
both transmitting toward and receiving data from a sa-tellite operating at and frequency bands.
Traditional solutions consist in using atwo-feeder single-focus system, or a dichroic sub-reflector
or a shaped reflectordouble-focus system. The first solution is clearly the most inexpensive but it
isliable to astigmatism problems, since it employs a common focus for two feed-ers. Dichroic
surfaces are widely used in radio astronomy, but they require an accurate assembly and are not
so compact and low cost as such mass productionrequires. Finally, shaped reflectors need a precise
and expensive construction. To obtain a simple, robust, and low-cost project, we adopted a single
feeder with asingle focus system; in particular, the feeder has been designed on the basis of a
three-port diplexer which separates the, the K and the signals. An FSS has beeninserted inside
the waveguide; it results to be transparent at the higher frequencybands, K and, but reflecting the
lower band. The reflected waves are therefore forced to enter into the port where both good
matching and low insertion loss are required over a very wide frequency band (10.7 - 12.75
GHz). Moreover, thereflection section realized by the FSS can be properly positioned in order to
re- duce the spurious coupling of the higher frequency signals into the X/Ku port and then to
simplify the relevant rejection filter. Finally, the FSS section allows us to design the K and
sections as a typical dual band ortho mode transducer (OMT). As shown in Figure 4, The FSS
consists of a thin Kapton sheet, on
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Figure 4. Filter within the waveguide; axis z denotes the propagationdirection along the
waveguide (a). Basic unit cell (b) derived by the GA and a complete view of the resulting FSS
filter (c) a=b =0.916.

which specific metallic elements are printed. The permittivity of the dielectric substrateis, and its
thickness is 25 mm, it follows that the incidence angle # may vary in the range 40.03° in the band,
and in the ranges 22.8° and 16.4° in the two pass-bands, respectively.WR90 waveguide (A = 22.86
mm, B =10.16 mm, a = b = 0.916 cm) excitation the iterative process is stopped after 200 iteration
(Figure 5). Structures studied in this paper are generated by genetic algorithms, to iden- tify the
dimension are reference mesh.
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Figure 5. Convergence of S;; and Sy according to the number of iteration.
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Figure 6. Variation of transmission and reflection coefficients as a function of frequency (6 =
40.03°).
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Figure 7. Variation of transmission and reflection coefficients as a function of frequency (0 =
22.8°).
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Figure 8. Variation of transmission and reflection coefficients as a function of frequency (6 =
16.4°).

. Conclusion

The Wave concept Iterative Method and [11] have been described and utilised to investigate a
complicated Frequency Selective Surface, and the comparison of the results throughout this research
demonstrates a good agreement with those results. In Figures 6-8, a simple FSS structure as well as
two sophisticated ones are investigated. The proposed method was validated by comparing our
generated data to those from commercial software and recently released data.
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