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This paper investigates the frequency-selective property of a planar layer consisting of period arrays both theoreti-

cally and experimentally for different polarizations at arbitrary incident angle. The novel element is designed by loading

the rectangular microstrip element with L-shaped conducting patch at its two ends. Based on the spectral-domain

method, the frequency response including angle effect and polarization effect of the frequency selective surface (FSS)

structure are analysed and the plots of the frequency versus transmission coefficient are obtained. As a result of the

numerical analysis, it is shown that if the source polarization is changed, polarization-independence of previous FSS

design can be achieved only for normal incidence, which limits most F'SS applications. But in our proposed structure,

the better polarization-independency for arbitrary incident angle can be achieved. It is observed that the simulated

result comes very close to the experimental result.
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1. Introduction

Frequency selective surface (FSS) exhibits fre-
quency filtering properties similar to those of fre-
quency filters in traditional radiofrequency (RF) cir-
cuits, which have received immense attention due to
their ability to control the propagation of electromag-

netic wave.[1=9]

Because of its filtering property, there are two ma-
jor applications of FSS. One is in reflector antenna sys-
tems, where FSS reflectors are used to separate feeds
of different bands. The other application is to use F'SS
as antenna radomes for better control of the transmit-
ted and reflected electromagnetic waves.['") The pro-
posed FSS design is better polarization-independency
for arbitrary incident angle, which makes it attractive
for the above mentioned applications in curved FSS.

Several authors have shown that it is possi-
ble to achieve polarization independency for FSS
structure.'*12l Recently, Ditti and Das!*® reported
computational and experimental results of a FSS
made up of rectangular microstrip patches, where only
the case of normal incidence was treated. It is worth
noting that it is more useful to achieve polarization
independency in the case of oblique incidence. The
purpose of this work is to describe the results of the
spectral-domain analysis on a polarization indepen-

dent FSS comprised a modified element for arbitrary
incidence of plane electromagnetic waves. The mod-
ified element is designed by loading the rectangular
microstrip element with L-shaped conducting patch
at its two ends. Meanwhile, the results of presented
FSS are compared with the previous work about FSS
made up of rectangular microstrip patches.

2. Design models

Two FSS structures are shown in Figs.1 and 2,
respectively.
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Fig.1. Previous FSS structure.
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Fig.2. Modified FSS structure.

They are structure (a) which is previous FSS
structure designed by Ditti and Das, and structure (b)
which is FSS with modified element designed by load-
ing the rectangular microstrip element with L-shaped
conducting patch.

For structure (a), the length of each element re-
mains the same, which is chosen to be L=11mm.
Also, the FSS screen has been fabricated on a sup-
porting substrate with dielectric constant of 2.5 and
thickness of 0.8 mm. The width of each element is
W=1.1mm, and D, = D,
(b), the length of the rectangular microstrip is 6 mm,
the total length of the L shaped load is 5.2 mm, and
D, = Dy, = 14mm. The width of each patch is
W=0.8mm. The parameters of supporting substrate

= 22mm. For structure

stay the same. The simulated model assumes an in-
finite periodic array, while for practical implementa-
tion, the prototype array has an overall dimension of
500 mmx 500 mm.

3. Computational method

The frequency responses of two FSS structures
are analysed based on the spectral-domain method.?

The solution is obtained by modifying the inte-
gral equation corresponding to a single patch element
to include the contributions from an array of patches.

The scattered field from a conducting patch on
the z — y plane due to an incident plane wave can be
calculated from the induced current on the radiating
patch. The scattered field at point r due to a source
at point 7’ is

1
E° = -jwupyR+ —V(V-R). (1)
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and G is the Green’s function. J is the induced surface
current on the conductor.

The electric-field integral equation of spatial do-
main expression for the patches elements array is ob-
tained as follows:
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We have replaced the convolution and partial
derivatives by G * J — GJ, 0R/dx — jaR and
OR/0y — jBR in the Fourier domain. And the su-
perscript i corresponds to the incident field. 2 is the
skew angle, here, 2=90°.

For k% > o? + 32,
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(I is an identity tensor).
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The elements in dashed rectangular frame are se-
lected as the unit cell for two structures, shown in
Figs.1 and 2 respectively, which are discretized to em-
ploy rooftop subdomain basis function.

Equation (2) can be solved with the method of
moments, which yields the unknown surface current
distribution on the patch of a FSS screen. Then we

can determine the transmission coefficient.
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4. Result and discussion

By using the spectral-domain method, the plots
of the frequency versus transmission coeflicient are ob-
tained for different polarizations at arbitrary incident
angles to illustrate that structure (b) possesses better
polarization-independency property for large incident
angles than that of the structure (a).

Figure 3 presents the plots of transmission coeffi-
cient versus frequency of structure (a). For the normal
incidence, this F'SS exhibits a good performance. The
frequency response of the FSS remains independent
of the source polarization, which is in agreement with
the result reported in Ref.[11]. But it suffers from
an unwanted variation of resonance frequency over a
varying polarization for 45° incidence angle. The res-
onance frequency shift to 10 GHz for TM 45° from
11 GHz for TE 45°, a large deviation of 1GHz is ob-
served.
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Fig.3. Simulated transmission coefficient T" vs frequency
of structure (a) for different incidences.

A positive result may expect in the case of struc-
ture (b).
(Fig.4) shows that the resonant frequency is 8.5 GHz
for the normal incidence and TE 45°, 8.6 GHz for TM
45°. This depicts a relatively stable transmission re-

The computational transmission response

sponse at the stop band region for different polariza-
tions at different incident angles, i.e. 0° and 45°.
Some negligible differences occur in the resonance
frequency and stop-band width. A comparison of data
from Fig.4 demonstrates that the stop-band width is
increased for TE incidence, while the width is de-
creased for TM incidence when the angle changes from
0° to 45°.
change insignificantly and only a small deviation of

Meanwhile, the resonance frequency is

0.1 GHz is observed. As the angles and polarizations
changed, the FSS bandwidth and resonance frequency

are relatively stable. This is a remarkable improve-
ment in comparison with structure (a).

0 oo
W:ﬂ% Alﬁﬁéew
-4 0 On..-A AR
Opl " T, AN
-8 Uh‘ :A. Dpﬂ
g 16 S
& 20 e
~243 o
_9gl —=-TE-q° [ ilix
i -

6.0 7.0 8.0 9.0 10.0 11.0 12.0
Frequency/GHz

Fig.4. Simulated transmission coefficient T' vs frequency
of structure (b) for different incidences.

5. Measurement

With film technology and lithography, two FSS
samples are made. The transmission coefficient over
the frequency range 4-8 GHz and 8-12 GHz is mea-
sured for structure (b) in the anechoic chamber. The
scanning step is 0.1 GHz. Only 8-12 GHz frequency
range is needed for structure (a)

For the normal incidence, the polarization of the
incident wave on the FSS can be changed from verti-
cal to horizontal without disturbing the measurement
setup by rotating the FSS screen 90° about the axis
penetrating through the centre of the structure. How-
ever, the method is not workable when the large inci-
dent angles are concerned. In this situation, the feed-
horn must be rotated 90° to change the polarization
of the incident wave.
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Fig.5. Measured transmission coefficient T vs frequency
of structure (a) for different incidences.
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The experimental results for both FSS structure
are shown in Figs.5 and 6, respectively. The simu-
lated result agrees with the experimental observation
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Fig.6. Measured transmission coefficient T" vs frequency
of structure (b) for different incidences.

to a great extent. The difference occurs in the reso-
nance frequency, where less than 0.5GHz deviation to
the lower frequency range is observed. May be this
deviation is caused by the error of substrate dielectric
parameters.

6. Conclusion

This work presents a theoretical and experimental
study of novel element FSS. The performance of pro-
posed FSS structure remains stable for input waves
with different polarizations at arbitrary incident an-
gles. It is observed that the simulated result comes
very close to the experimental result. This FSS gives
us a new design method for the situation in which the
polarization of the source is completely unpredictable
and curved FSS application for which arbitrary inci-
dent angle must be taken into account.
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