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Abstract—This paper presents a numerical investigation for a
double screen frequency selective surface (FSS) with perfectly
conducting rectangular patch elements. The analysis uses a full
wave technique to obtain the scattering characteristics. The
analysis combines the immitance approach and the method of
moments to obtain the scattered fields and, consequently, the
scattering characteristics of the structure. For validation of the
analysis, numerical results are compared with measured and
numerical results presented by another authors. A good agreement
was obtained with experimental results.

Index Terms — FSS, Spectral Domain Analysis, Double Screen FSS, Method
of Moments, Immitance Approach.

I. INTRODUCTION

Frequency selective surfaces (FSS) have a large number of applications that contribute significantly
to improving the performance of communications circuits. The issue of bandwidth has been one of the
problems in the theory of FSS. One solution found to solve this problem is to use cascading or
multilayered structures [1]. Many authors have used cascading FSS to obtain specific applications that
require a higher bandwidth of operation [2] — [4].

Analysis of cascading FSS can be divided into two general categories: exact methods [5] — [7] and
approximate methods [8] — [12]. Exact methods typically use some full wave analysis technique to
find transmission and reflection characteristics of periodic structures [5].

In [13], the authors proposed a Fabry Perot Interferometer approach to obtain the scattering
characteristics of a double screen FSS for TM incidence. This is an approximate analysis and
produces good results when compared with measurements.

Electromagnetic performance parameters for a double screen FSS using double square loops was
performed in [14]. The idea was use the equivalent circuit model with equivalent transmission line
method to design a radome to operate in X-band.

In [15] the authors use the spectral domain analysis to obtain the scattering characteristics for a
single layer FSS and, after this, they use an approximated technique to combine the responses of the

single layer FSS to obtain the scattering parameters for a double screen FSS.
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In this work, we propose the use of the spectral domain analysis that combine the
immitance approach and the method of moments to obtain the scattering characteristics for
double screen FSS structures. The advantage of this technique is that it allows obtain more
accurate results when compared with approximated techniques. Numerical results are
compared with experimental and numerical results presented in [15]. In [15] the authors use
the spectral domain analysis to analyze the single FSS and then apply the approximate
technique of the scattering matrix to analyze the FSS double screen. In this work, we analyze

the double screen FSS using the spectral domain analysis.

II. FORMULATION

We start the formulation from the equations that determine the reflected and transmitted

characteristics of a generalized periodic array [5].
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The superscripts b and ¢ in the scattered field (E®) are related to fields in top and bottom of the

structure, respectively. The fields E” and E ! are the complementary reflected and transmitted fields.

The scattered fields are obtained from:
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where the superscripts / and 2 are related with the patch elements on dielectric layers 2 and 4, as we
can see in Figure 1.
The next step is to find the components of the Dyadic Green’s function at interfaces /-2 and 3-4.

These components are obtained as:
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Fig. 1. Double screen FSS considered in analysis.
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To obtain the admittances Yleéﬁ and Yleé}i we will use the equivalent transmission line method [5].

The structure in Figure 1 will be represented by the circuit shown in Figure 2.
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Fig. 2. Equivalent circuit to the structure considered in analysis.

For isotropic materials we define:

wherei=1,2, ..., 5.

®)

©))

(10)

The admittances Yleéﬁ and Yleé}i are the input admittances seen by the sources / and 2 in positive

and negative directions of z plane. The input admittance of a medium is given as:
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Yy +Yy coth(yh)
in=Yo Y,
1+ Yy coth(yh)

Y

where Y, is the characteristic admittance of the medium and Y; is the load admittance of the medium.

e,h

The admittances Y1 ’

4 and Yle_h are obtained turn off the current source J o , substituting it by an

open circuit. In an analog way, the admittances Yze _;_h and Yze;h are obtained turn off the current

source J 1 - Applying (11) in the circuit of Figure 2, we obtain the admittances Yli’h and Yf_h as:
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Applying (11) for the current source 2 in the circuit of Figure 2, we obtain the admittance Yze jrh as:
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We obtain the admittance Yz"’;h as:
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In(5), J 1 and J o are the current density components in the Fourier domain induced on the patches
by the incident fields. These induced Fourier transformed current density components are expressed in

terms of a set of basis function fl as:
J=2Cif; 1)
l
Considering the patches perfectly conducting we have:
ES+E' =0 (22)
These unknown coefficients for J 1 and J > can be obtained by the incident fields at the planes z =

0 and z = —z; as we can see in Figure 3.
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Fig. 3. Incident potentials on conducting patches.

In according with [3] the incident potentials are given as:
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To guarantee the continuity of the tangential fields at the dielectric interfaces, the incident fields are

given as [3]:
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So, to determine the unknown coefficients of the basis functions, we need the incident fields at

planes z = 0 and z = z,, using (28) to (31) and applying conditions of continuity in these planes we

obtain:
Forz =0:
inc
Eiy = 2 Y0 ejaoxejﬂoy |:_ﬂ0:| (32)
EY Yotk %
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where z)=hy, 2o =hy+hz,and z3=hy +h3 + Iy
The unknown coefficients of the basis functions can be obtained numerically from (30) and (31) as:
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where T is the periodicity of the unit cells in x and y directions. The angles #and ¢ are the incidence
angles and k; is the wave number in free space.

As we can see in (1) and (2), the transmission and reflection coefficients have terms of reflected
and transmitted fields that are included when m = n = 0.

For the structure shown in Fig. 1, those reflected and transmitted fields are given as:

[ =—jpyR (37)
E} = jagR (38)
E.=—jByTe 105 (39)
Ey = jagTe 1% (40)
These coefficients are obtained during the procedure to determine the incident fields. They are
given as:

-nF
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F; was defined earlier and F, and Fs are given as:
Fy =(A Ay+ By Ay F3+Cy By + Dy By F3)coth(, z3)
Fs=ACy+B Cy F3+C Dy +D; D, F5
To finish the formulation, we need to know that when the scattered fields are evaluated at a

distance & from the current source as depicted in Figure we need to modify (7). To transfer the

impedances Z"™"" to a distance / we need to multiply (7) by the factor:
Y,
Yransfer = 0
transfer Ygcos(yh)+Yy sin(yh) “3)
Therefore,
5TM TE 1
Z; 5" =—Y,
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o +hs

If the scattered fields are evaluated two layers from the source we need to multiply (44) by (43)

with Y, Yy, yand h replaced by the new ones.

. . 5TM |, TE
To obtain the scattered fields at the top of the structure, we need to transfer Z T as
STM TE _ 1 1 2
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where,
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where ¥,); , Y12 and Y;; were defined in (8), (9), (19) and (20), respectively.
To obtain the scattered fields at the top of the structure, we need to transfer the impedances as:
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Z - ﬂytramfer Ytransfer Yzmnsfer (48)
VO O
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The admittances Y;,, ¥z and ;4 were defined in (13), (14) and (15), respectively.
For the current source 2 we have:
~TM TE _ 1 1
A > Ytransfer (49)

T veh e,h
Y5+ v

1

where Y, 18 the same of (48).

III. RESULTS

To validate our analysis, we compare our simulated results with measurements and simulations
presented in [15] and [16]. The used element in unit cells was the rectangular patch. The periodicity
was equal to 22 mm. In structure 1 the dimensions of the patch were w = 7 mm and L = 10 mm. In
structure 2 the dimensions of the patch were w = 8 mm and L = 8 mm. The structures were built on a
dielectric with & = 3.9 and a thickness equal to 1.5 mm. in our simulations we used 6 basis functions
and the number of spectral terms ranging from 200 to 10,000.

Figure 4 shows a comparison between numerical and measured results for a cascading structure.
The air gap between structures was 1.5 mm. The structures are cascaded using Teflon spacers and
screws to obtain the air gap. For this air gap between structures we can see that appear two resonances
for our simulated results and those presented in [15]. Measured results present resonance frequencies
equal to 9.07 GHz and 10.59 GHz, our simulated results present resonance frequencies equal to 8.99
GHz and 10.29 GHz, and simulated results presented in [15] present resonance frequencies equal to

9.49 GHz and 10.25 GHz. The bandwidths for measured results were equal to 298 MHz and 329
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MHz, our simulated results were equal to 329 MHz and 329 MHz, and simulated results presented in
[15] were equal to 517 MHz and 360 MHz. So, we obtained a better agreement with measured results
for the spectral domain analysis (SDA) presented in this paper.

— D4

Transtrission Coefficient (dB)

g5 [ Sirenrlated [15]
== Measured [15]
30 ' : ' '

Frequency (GHz)

Fig. 4. Structure response for an air gap of 1.5 mm.

Figure 5 shows a comparison between numerical and measured results for a cascading structure.
The air gap between structures was 3.0 mm. For this space between structures we can see that again
appear two resonances for our simulated results and those presented in [15]. Measured results present
resonance frequencies equal to 9.30 GHz and 10.48 GHz, our simulated results present resonance
frequencies equal to 9.27 GHz and 10.89 GHz, and simulated results presented in [15] present
resonance frequencies equal to 9.49 GHz and 10.25 GHz. The bandwidths for measured results were
equal to 361 MHz and 596 MHz, our simulated results were equal to 361 MHz and 423 MHz, and
simulated results presented in [15] were equal to 611 MHz and 267 MHz. For the first resonance our
results obtained a better agreement with measured results. This also occurs for the bandwidths. The
worst difference between our results and those measured in [15] for the second resonance frequency is
probably due to the number of basis functions used.

Figure 6 shows a comparison between numerical and measured results for a cascading structure.
The air gap between structures was 6.0 mm. The measured results were presented in [16]. For this air
gap we can see that appear only one resonance. Measured results present a resonance frequency equal
to 9.72 GHz, our simulated results present resonance frequency equal to 9.70 GHz, and simulated
results presented in [16] present resonance frequency equal to 9.50 GHz. The bandwidth for measured
results was equal to 1.83 GHz, for our simulated results it was equal to 1.24 GHz, and for simulated
results presented in [16] it was equal to 1.91 GHz. We obtain a better result for resonance prediction

but for the bandwidth our technique did not present a better prediction.
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Figure 7 shows a comparison between numerical and measured results for a cascading structure.
The air gap between structures was 8.0 mm. The measured results were presented in [16]. For this air
gap we can see that appear only one resonance. Measured results present a resonance frequency equal
to 9.82 GHz, both simulated results presented in this paper and those presented in [16] obtain a
resonance frequency equal to 9.50 GHz. The bandwidth for measured results was equal to 1.83 GHz,
for our simulated results it was equal to 1.24 GHz, and for simulated results presented in [16] it was
equal to 1.91 GHz. For this air gap the results presented in [16] obtain a better agreement with
measured results.

Figure 8 shows a comparison between numerical and measured results for a cascading structure.
The air gap between structures was 10.0 mm. The measured results were presented in [15]. Measured

results present resonance frequencies equal to 9.31 GHz and 10.06GHz and simulated results
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presented in [15] obtain resonance frequencies equal to 9.50GHz and 10.25GHz. Our results

presented two resonances frequencies equal to 9.39 GHz and 10.21 GHz. For this air gap our results

obtain a better agreement with measured results.
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Transtnission Coefficient (dB)

S50 F —e— Deasured [16] : .
35k i
-40 1 1 I 1

7 8 o 10 11 12

Frequency (GHz)

Fig. 7. Structure response for an air gap of 8.0 mm.

=

o
I
A

-

'
—
]
F.a
e
n
]
ra

—_
A
T

Transmission Coefficient (dB)
£
]

A5
— S0
SB0F e Sirelated [15] .
==== Measured [15]
astk i
40 1 1 I I
8 9 10 11 12

Frequency (GHz)
Fig. 8. Structure response for an air gap of 10.0 mm.

Comparing the analysis performed in this work with the one developed in [15] some
observations can be made. For small gaps, the analysis performed in this paper provides more
accurate results. In fact, as the air gap increases the results did not differ so much. With
respect to computational effort, the approximate analysis of [15] presents a high
computational effort to get the results of single FSS. After this, the approximated cascading

technique applied has a very low computational effort. The analysis developed in this paper

Brazilian Microwave and Optoelectronics Society-SBMO received 29 Dec. 2011, for review 29 Dec. 2011; accepted 22 March 2012
Brazilian Society of Electromagnetism-SBMag © 2012 SBMO/SBMag ISSN 2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 11, No. 1, June 2012 92

presents a high computational effort, for all structures analyzed, and is compatible with

commercial computer programs as Ansoft Designer' ™ and CST Studio, for example.

IV. CONCLUSIONS

The entire formulation to get the scattering of electromagnetic waves from a double screen FSS
with conducting patch elements on isotropic materials was presented, in the spectral domain, for the
determination of the reflection and transmission coefficients. The spectral domain immitance
approach and the method of moments were used to get the characteristics of the FSS structures with
patches. Numerical results obtained in this work were compared with simulations and measurements
presented by another authors. For low air gap values, our results obtained a much better agreement
with measurements when compared with the simulations presented in [15]. The accurate of the results
is strongly dependent of the number of basis functions used in the analysis. A convergence study must

be done to investigate this better.
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