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ABSTRACT

Based on previous work, a novel Frequency Selective Surface (FSS) consisting of two metallic layers is proposed. The
first layer is inductive-designed to generate the band-pass performance, while the second layer is capacitive-designed so
that the miniaturization characteristic can be further improved. As a result, compared with the traditional single-layer
structure, the profile of the FSS proposed is relatively small with the cell’s dimension only 0.08144 x 0.0814.. More-
over, the structure’s stability corresponding to waves of different polarizations and incident angles are also testified,

which ensures the practicability of the proposed structure.
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1. Introduction

Frequency selective surface (FSS) has been the subject of
intensive investigation for its widespread applications as
spatial microwave and optical filters for more than four
decades[1-4]. It can be used in various applications, such
as sub-reflectors of the frequency reuse system, band-pass
radomes for radar cross-section (RCS) controlling, etc.
[5-7].

The shape and dimension as well as the substrate
characteristics determine the performance of the FSS.
One limitation in FSS's practical application is that there
has to be enough number of unit cells so that the fabric-
cated structure can perform approximately the same as
the theoretical one. As aresult, the size of the FSS usu-
aly turns out to be relatively large. Therefore, different
methods have been proposed to miniaturize the cell's
profile so that more cells can be placed in a limited area
in recent years[8-12].

In this paper, based on our previous work in [13], we
propose a novel FSS structure consisting of two metallic
layers with unique-designed pattern. With the extra con-
ductive-designed layer, dimension of the FSS can be re-
duced significantly, and at the same time the FSS still
remains stable responses for waves of different polariza-
tions and incident angles.

2. FSS Structure and Characteristics
2.1. The Octagonal FSS
To form a band-pass FSS structure, the pattern we apply
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for the first metallic layer is improved from the comple-
mentary structure of the one in [13]. The advantage of
this pattern is its excellent area utilization: it largely
elongates the resonant length of the unit cell. The struc-
ture used in this paper is as Figure 1 shows, and the pa-
rameters of the pattern are listed in Table 1. Since the
thickness of the dielectric substrate we choose is rela
tively small, according to “Babinet’s principle’, the trans-
mission response is basically the opposite of the origin-
nally one. We simulate the transmission performances of
this FSS with software CST MICROWAVE STUDIO.
The results for normal incident waves are presented in
Figure 2. It can be observed that for normal incident
waves the resonant frequency is about 6.55 GHz for both
S,; and S;4, and therefore the relative dimension of the
cell isabout 0.131/ x 0.1311.

2.2. The Combinational FSS

The size of the FSS's cell can be further reduced by add-
ing another metallic layer of the pattern presented in
Figure 3. Since the octagonal part above is inductive-
designed, this new part is capacitive-designed so that the
resonant frequency can be further decreased. The funda-
mental theory of the pattern is as Figure 4 shows. The
lump inside and the sgquare loop outside together form a
relatively large capacitance, and so do the outside loops
of the adjacent cells. By reforming the inside part and
making them intersect with each other, the area over
against each other is largely increased, and therefore the
equivalent capacitance increases.
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Figure 1. Geometry of the octagonal FSS.

Table 1. Parameter s of the octagonal pattern.

Parameter Vaue Parameter Vaue
R 2.9765 mm »1 0.2mm
g 0.2mm V2 0.6 mm
w 0.2 mm V3 1.7 mm
& 2.65mm Va 0.2mm
h 1.5mm Vs 0.6 mm
t 0.05 mm Ve 1.15mm
a 1.75 mm b 1.75 mm

Transmission(dB)
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Figure 2. Transmission performances of the octagonal FSS
for normal incident waves.

=

Figure 3. Geometry of the additional layer.
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Figure 4. Basicidea of additional layer.

Thus, by adding the additional metallic layer, the pro-
file of the FSS's cell can be further miniaturized. The
structure of the combinational FSSis presented in Figure
5. The dimension of both the metallic layers are the same,
with length d = 5.8 mm and thickness ¢ = 0.05 mm. Since
the normal fabrication precision is about 0.2 mm, the
width and gap of the metal strips we smulateis/=w =
0.2 mm. The material of the dielectric substrate is FR4,
with the relative diglectric constant ¢, = 2.65, loss tangent
tand = 0.001 and width 1 = 1.5 mm. The gap between the
outside metal loop and cell boundary g = 0.1 mm.

Simulation results of the transmission performances
for the additional metallic layer structure is shown in
Figure 6 and for the combinational FSS is presented in
Figure 7. It can be observed that the additional layer
itself forms a band-stop FSS. After combination with the
octagonal metallic layer, equivalent capacitance of the
entire structure is increased, and as a result further im-
proves the miniaturization performance. The resonant
frequency of the combinational FSS is about 4.07 GHz
for both S,; and S;; with the relative cell dimension is
about 0.0814/) x 0.0814/, which is approximately only
62.14% of the octagonal FSS's size. However, it should
be noticed that because of adding another metallic layer
the wide-bandwidth characteristic of the original octago-
nal FSS is weskened, with transmittance value of the
resonant frequency decreases from —0.02 dB to —1.20 dB
for Sy, and increases from —29.50 dB to —6.23 dB for S;;.
Therefore, the combinational FSS should not be used for
applications with too wide bandwidth or large-amount
band-pass required.

2.3. Angleand Polarization Stability

Since the characteristics of the FSS should be stable for
different situations, transmission performances for waves
of different polarizations and incident angles are also
simulated. The results for the octagonal FSS are presented
in Figures 8 and 9 and for the combinational FSS are
presented in Figures 10 and 11. It can be observed that
for both structures with the increase of incident angles,
pass bands for TE-polarized waves decrease slightly,
while for TM-polarized waves increase dightly. The reso-
nant frequencies are basically stable with the relatively
deviation no more than 3.5% in any cases. Therefore al
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Transmission(dB)

Frequency(GHz)

Figure 8. Transmission performances of the octagonal FSS
for TE-polarized waves of different incident angles.
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Figure 5. Geometry of the combinational FSS. (a) Perspec- ; -
tive view; (b) Side view.
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the transmission responses remain in good states, which
guarantee the practicability of the proposed FSS.

3. Conclusion

In this paper, we propose a band-pass FSS with improved
miniaturization performance by adding an additional
specially designed metallic layer. By this means the di-
mension of the unit cell can be reduced to less than two
thirds of the original one, and at the same time keeping
its good angle and polarization stability. Thus, the pro-
posed FSS could become an idea choice for practical
application, and the method we used is valid and prom-
ising for future study.
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