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A new technique of designing a dual-band frequency selective surface with large band separation is presented. This

technique is based on a delicately designed topology of L- and Ku-band microwave filters. The two band-pass responses

are generated by a capacitively-loaded square-loop frequency selective surface and an aperture-coupled frequency selec-

tive surface, respectively. A Faraday cage is located between the two frequency selective surface structures to eliminate

undesired couplings. Based on this technique, a dual-band frequency selective surface with large band separation is

designed, which possesses large band separation, high selectivity, and stable performance under various incident angles

and different polarizations.
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1. Introduction

A frequency selective surface (FSS) is a periodic
assembly of one- or two-dimensional resonant struc-
tures that exhibits band-pass or band-stop responses.
For more than four decades, FSSs have attracted much
attention because of their comprehensive applications,
such as polarizers, fliters, subreflectors, and band-pass
hybrid radomes.'~¢ In some applications, multiband
FSSs are needed for the design of dual-reflector an-
tennas. The use of a multiband FSS makes it possible
to share a main reflector in different frequency bands.
In addition, multiband FSSs have proven to be an
efficient way of increasing satellite communication ca-
pabilities. In such applications, FSSs with multiple
independent transmission bands are required. Early
research mainly focused on multi-concentric elements,
such as ring and square loops, to construct the multi-
band FSSs.["8] Two FSSs cascaded on complemen-
tary surface layers were proposed in Refs. [9] and [10].
Fractal elements were discussed to design the multi-
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band FSS in Ref. [11]. Miniaturized dual-band FSSs
with close band separation by using lumped elements
were presented in Ref. [12].

In some applications, especially in military sys-
tems, dual-band FSSs with large band separation are
much more attractive because they can avoid the
interference and reduce the risk of radar detection.
However, the band separation of a dual-band FSS is
generally not very large, since the dimensions of a con-
ventional FSS are about half the resonant wavelength,
resulting in grating lobes that can badly disturb the
performance of the higher frequency pass-band. Fur-
thermore, the conventional F'SS is sensitive to different
incident angles and different polarizations. Such prob-
lems would be more evident especially when the lower
pass-band lies in a low frequency range.

Under the aforementioned considerations, we
present a new technique of designing dual-band FSSs
with large band separation. The technique is based
on properly designed topologies of L- and Ku-band
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filters. The capacitively-loaded square loop structure
is selected to generate the L-band pass-band, because
its size can be made much smaller than the oper-
Such
a small structure will effectively restrain the grating

ating wavelength by changing the capacitor.

lobes at lower frequencies. The aperture-coupled FSS
was firstly proposed in Ref. [13], and further studied
in Refs. [14] and [15], in which two patches were cou-
pled through an aperture to form a higher-order band-
pass filter. Such an FSS possesses higher selectivity
and a flat pass-band. Because of this, we select the
aperture-coupled FSS to generate the Ku-band pass-
band. Then the two band-pass structures are syn-
thesized to form a dual-band FSS. A Faraday cage is
installed between the two structures to eliminate un-
desired couplings. Using this technique, a dual-band
FSS with large band separation is designed. The de-
sign procedure and the results of the FSS are presented
and discussed as follows.

2. Design process and results

Figure 1 shows the geometry of the proposed FSS
structure. Each unit cell consists of a capacitively-
loaded square loop surrounded by a Faraday cage
and a three-layered aperture-coupled FSS. A three-
dimensional (3D) view of the unit cell is shown in
Fig. 1(d).

metallic layers separated by two thin dielectric lay-

As can be seen, it is composed of three

ers. On the surface of the unit cell, four chip capaci-
tors are loaded between the square metallic patch and
the square metallic loop. And four L-shape metal-
lic patches are arranged around the square metallic
loop on the four corners. The middle metallic layer is
etched with L-shape apertures of the same topology on
the four corners. A Faraday cage, which is composed
of 28 metallic stubs, is arranged between the top and
the middle metallic layers. The bottom metallic layer
is etched with only four L-shape patches of the same
topology on the four corners as that in the top layer.
For this particular topology, when the unit cell is ex-
panded periodically in the x- and the y-axis directions,
an infinite size FSS composed of a capacitively-loaded
filter and an aperture-coupled filter is obtained.
Geometrical dimensions of the structure are p; =
10.8 mm, po = 8.0 mm, a = 4.4 mm, [, = 9.0 mm,
wp = 2.0 mm, s = 6.0 mm, l; = 1.8 mm, and
ws = 0.6 mm. The capacitance of the chip capacitor
is C; = 3.0 pF. In order to form an effective Faraday
cage, the conditions of d/vy < 0.1 and d/d, > 0.5

must be satisfied,['®! where d and d, are the diame-
ter and the periodicity of the metallic stub, respec-
We chose d = 0.6 mm and d, = 1.0 mm.
The 28 metallic stubs are arranged to form a Faraday

tively.

cage. The FSS arrays have a two-layered substrate
(er = 2.65, tand = 0.001) with a thickness of 0.6 mm.
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Fig. 1. (colour online) Geometric configuration of the
FSS structure: (a) top view, (b) back view of the middle
layer, (c) back view, and (d) 3D view of a unit cell.

We use CST Microwave Studio to calculate its
We as-
sume that the FSS is an infinite periodic structure.

reflection and transmission characteristics.

The FSS is excited by an incident plane wave, which
is set at different incident angles and with different
polarizations. The four sides of the unit cell are set
to meet the periodic boundary conditions. Figure
2 gives the transmission spectra under normal inci-
dence. As observed, there are two evident band-pass
responses. The —3 dB bandwidths of the lower and

the upper pass-bands are 30 MHz (1.95-1.98 GHz)

S parameters/dB
| | I
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Fig. 2. (colour online) The S parameter of the structure.
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and 710 MHz (12.80-13.51 GHz), respectively. The
insertion losses of the two pass-bands are 1.2 dB and
0.51 dB, respectively. In order to clarify the physi-
cal mechanism of the FSS, we will analyze to the two

resonances in the following section.

3. Analysis

3.1. L-band passband

The L-band response is illustrated in Fig. 3. Fig-
ure 3(a) shows the surface current distribution for the
incident wave at 1.97 GHz with transverse-electric
(TE) polarization. As observed, there are two sym-
metrical current loops on the surface, and there is
no current flowing through the transverse capacitors.
Based on this current distribution, the corresponding

equivalent circuit model is given in Fig. 3(b).

Fig. 3. (colour online) (a) Surface current distribution at
1.97 GHz and (b) the equivalent circuit model.

The inductance L can be approximately calcu-

lated from the following formula:[!7]

Li=2x10"%|1n

L 193102235 Y |k,
w+t l

where Ky = 0.57 — 0.145In 3, &+ > 0.05, L, w, and
t are the length, the width, and the height of the
metallic line, respectively. Units for the dimensions
in the formula are micrometer. Here, w = 1000 pm,
h = 1200 wm, [ = 16000 um, and ¢ = 17 um, so
Ly = 8.9703 nH. The circuit in Fig. 3(b) can be seen
as a circuit in which two parallel inductances are con-
nected in parallel with two series capacitances. So the

resonant frequency is

= 1.94 (GHz),

which is close to the simulation result of 1.97 GHz.
For the transverse-magnetic (TM) polarization,
the model will be the same except that the operat-

ing capacitances become transverse.

3.2. Ku-band passband

For the Ku-band band-pass response of the
aperture-coupled FSS, the electric field distributions
at 13.06 GHz in the passband are shown in Fig. 4. For
the TE polarization, the surface electric field distribu-
tion is shown in Fig. 4(a). It can be found in Fig. 4(a)
that the electric resonance occurs in the crossed metal-
lic patches on the two sides of the FSS. The Faraday
cage formed by the metallic stubs effectively prevents
the electromagnetic wave from entering into the mid-
dle region of the FSS. Thus, the coupling between L-
and Ku-band microwave filters will be effectively elim-
inated. Accordingly, the Ku passband arises from the
enhanced transmission assisted by the coupling aper-
ture. For the TM polarization, the situation will be
the same except that the resonant electric fields on

the patches become transverse, as shown in Fig. 4(b).

Fig. 4. (colour online) Electric field distribution diagrams
at 13.06 GHz for (a) the TE and (b) the TM polarizations.

3.3. FSS with stable performance

As is well known, in the practical applications, it
is necessary that the F'SS provides stable performance
under different incidence angles and different polar-
izations. Figure 5 gives the frequency responses for
different incidence angles and different polarizations.
From Fig. 5, we can find that the two passbands are
stable for incident angles within 30° of the normal di-

rection and different polarizations.
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Fig. 5. (colour online) Frequency responses of (a) reflec-
tion and (b) transmission under different polarizations and
various incident angles.

4. Discussion

A new technique of designing the dual-band FSS
is proposed. Based on this technique, a dual-band
FSS with large band separation is designed, which
possesses large band separation, high selectivity, and
stable performance for incident angles within 30° of
the normal direction and different polarizations. Nev-
ertheless, it still requires further improvement. The
lumped elements and the multi-layered FSS are used
to generate L and Ku passbands, respectively. Such
a configuration is comparatively complex, expensive,
and not very easy to fabricate. On the other hand, the
dimensions of the aperture-coupled structure for the
Ku band is comparable to the operating wavelength,
so it will be more sensitive at a large incident angle.
To improve the performance of the FSS, some other
miniature elements or thicker substrates may be stud-
ied.

5. Conclusion

In this paper, we propose a technique of design-
ing dual-band FSSs with large band separation. This
technique is illustrated and demonstrated by a specific
design of a dual-band FSS through the field analysis
and the full wave simulation. The dual-band FSS has
advantages of high selectivity, large band separation,
stable performance, and compact size. Such an FSS
can provide practical applications in communications,

electronic countermeasures, etc.
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