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Based on the substrate integrated waveguide technology, we present a dual-band frequency selective surface (FSS)

with a quasi-elliptic bandpass response. The characteristics of the quasi-elliptic bandpass response are realized by

shunting two substrate integrated waveguide cavities of different sizes, with the same slots on both sides of the metal

surfaces. Four cavities of different sizes and two slots of different sizes are used to design the novel FSS. Every bandpass

response with sharp sidebands is induced by two transmission nulls that are generated by the coupling between the slot

aperture resonance and the cavity resonance. The simulation results show that such dual-band FSS has the advantages

of high selectivity and stable performance at different oblique incident angles. Moreover, it is easy to fabricate.
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1. Introduction

Frequency selective surfaces (FSSs) are periodic
surfaces, which are composed of identical elements
arranged in one- or two-dimensional finite arrays in
practice.[1] There is continuing interest in the FSSs for
more than four decades because of their comprehen-
sive applications, such as polarizer, fliter, subreflector,
and band-pass hybrid radome.[1−5] In some applica-
tions, multi-band FSSs have been used to design dual-
reflector antennas. Such multi-band FSSs have made
it possible to share the main reflector among different
frequency bands.[6−8] With the development of mod-
ern communication technology, multi-band FSSs have
gradually become a hot topic in the area of commu-
nication and have been investigated extensively. The
ring and square loop elements have been used to con-
struct the multi-band FSSs.[8,9] Two FSSs cascaded

on complementary surface layers were discussed in
Ref. [10]. Fractal elements were proposed to design
multi-band FSSs.[11−13] Substrate integrated waveg-
uide (SIW) technology was proposed by Luo et al.[14]

to design FSSs, in which the SIW cavity is formed by
arranging metal via an array around every periodic
slot. The FSSs based on SIW technology can intro-
duce a special cavity resonance with the remaining ex-
isting conventional slot resonance. Thus, a highly se-
lective FSS with a sharp transition band can be easily
realized by adjusting the coupling level between these
two different resonances. Based on this method, FSSs
with a quasi-elliptic bandpass response and much
higher selectivity were designed.[15,16] Driven by the
demand of the multi-band FSSs with higher selectiv-
ity, we use a structure proposed in Ref. [14] to design a
novel FSS. The FSS exhibits dual-band quasi-elliptic
bandpass response in each passband and stable per-
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formance for different incident angles.

2. Design

An FSS with a single quasi-elliptic passband
can be realized by two cascaded cavities of different
sizes.[15] However, it is hard to fabricate two-layered
SIW cavity FSSs (SIWC-FSSs) for printed circuit
board technology. For this reason, a single-passband
FSS with a quasi-elliptic response was designed by
shunting two SIW cavities of different sizes, with the
same slots on both sides of the metal surfaces.[17] Ac-
cordingly, we may get a dual-band FSS with a quasi-

elliptic bandpass response by shunting four SIW cav-
ities of different sizes and two slots of different sizes.
By adjusting the coupling level between the cavity and
slot resonances, the characteristics of quasi-elliptic
bandpass response will be realized. Based on this idea,
the designed dual-band SIWC-FSS structure is shown
in Fig. 1 and its 3-dimensional (3D) view is given in
Fig. 2. The grid slots in Figs. 1(a) and 1(b) have the
same dimensions, and only the cavity size is different.
The case in Figs. 1(c) and 1(d) is the same as that
in Figs. 1(a) and 1(b). Therefore, there are four cavi-
ties of different sizes and two slots of different sizes in
Fig. 1.

Fig. 1. An SIWC-FSS with a dual band quasi-elliptic bandpass realized by four different sized cavities shunting in

neighbouring cells. Here, p is the periodicity of the structure, l1 is the length of the smaller grid slot, sw1 is the width of

the smaller grid slot, l2 is the length of the larger grid slot, sw2 is the width of the larger grid slot, d1, d2, d3 and d4 are

the diameters of the metallic stubs, dp1,dp2, dp3 and dp4 are the spacing between neighbouring stubs. Specific values of

the parameters are listed in Table 1. Panels (a),(b),(c),(d) represent four different unit structures.

Fig. 2. 3D view of the SIWC-FSS.

The geometrical dimensions of the structure are
given in Table 1. The FSS arrays have a substrate
with a relative permittivity (εr) of 2.65, a loss tangent
of 0.001, and a thickness h of 1 mm.

We used the CST microwave studio based on
the full wave simulation method, finite integration
method (FIM), to calculate its reflection and trans-
mission characteristics. We assume that the FSS is
an infinite periodic structure. The FSS is excited by
an incident plane wave with different polarizations
at different incident angles. We adopt the periodic
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Table 1. Geometrical parameters of FSS.

Parameter Value Parameter Value

εr 2.65 d3/mm 0.9

p/mm 17 d4/mm 1

l1/mm 5.87 dp1/mm 1.16

l2/mm 8.6 dp2/mm 1.13

w1/mm 2 dp3/mm 1.41

w2/mm 2 dp4/mm 1.48

sw1/mm 1 C1/mm 11.6

sw2/mm 1 C2/mm 11.3

d1/mm 0.7 C3/mm 14.1

d2/mm 0.7 C4/mm 14.8

boundary conditions on the four sides of the unit
cell. Figure 3 shows the simulated transmission
and reflection characteristics at normal incidence.
From Fig. 3(b), we can find two evident quasi-
elliptic bandpass responses. Bandwidths of the
lower and upper passbands are 410 MHz (11.31–
11.72 GHz) and 430 MHz (15.78–16.21 GHz), re-
spectively. The transition bandwidths of both lower
and upper sharp sidebands (from –3 to –20 dB) of
the lower quasi-elliptic passband are 20 MHz (11.29–
11.31 GHz and 11.74–11.76 GHz). In addition, the
transition bandwidths of the lower and upper sharp
sidebands (from –3 to –20 dB) of the upper quasi-
elliptic passband are also 20 MHz (15.75–15.77 GHz
and 16.22–16.24 GHz). The pole of a conventional

Fig. 3. Simulated reflection (a) and transmission (b) char-

acteristics at normal incidence.

FSS at 14.15 GHz is generated by the coupling be-
tween the two # shape size slots. The transmission
peak values of the SIWC-FSS at 11.32, 11.72, 15.75,
and 16.2 GHz are generated by the coupling between
the periodic slot resonance and the cavity resonance,
which leads to a rapid roll-off sideband to emerge and
a high selectivity of frequency.

3. Analysis

To reveal the mechanism of the SIWC-FSS, we
present in Fig. 4 the diagrams of the electric field dis-
tribution at different frequencies in the two passbands.
The diagrams (a), (b), (c), (d), (e), and (f) correspond
to the resonances at 11.72, 11.5, 11.31, 15.78, 16.0, and
16.21 GHz, respectively.

The lower quasi-elliptic bandpass response can be
revealed by Fig. 5. It is the response of the larger units
(3) and (4) in Fig. 4(a). The upper (11.72 GHz) and
lower (11.31 GHz) sharp sidebands in Fig. 5 are gen-
erated by the cavity resonances in units (3) and (4),
respectively. The two cavity resonances can be seen
in Figs. 4 (a) and 4 (c). It can be found in Fig. 4(a)
that only distorted TE120 cavity resonance occurs in
unit (3) at 11.72 GHz. Similar phenomena can be seen
in Fig. 4(c), while another cavity resonance occurs in
unit (4) at 11.31 GHz. The bandpass frequency re-
sponse between the two cavity resonances can be ex-
plained by Fig. 4(b). However, the electromagnetic
energy is transmitted by the aperture resonance in
both units (3) and (4). The couplings between these
cavity and aperture resonances lead to the lower and
upper sharp sidebands and a quasi-elliptic passband.
Thus, by shunting units (3) and (4), we obtain a quasi-
elliptic bandpass response.

The same situation can be applied to the up-
per quasi-elliptic bandpass response that is shown in
Fig. 6. Under similar conditions, another quasi-elliptic
passband is generated by units (1) and (2). It can be
observed from Figs. 4(d) and 4(f) that at 15.78 and
16.21 GHz, two distorted TE120 cavity resonances oc-
cur in units (1) and (2), respectively. Aperture res-
onances occur in both unit (1) and (2) at 16.0 GHz.
The transmission null of the SIWC-FSS at 14.14 GHz
is generated by the coupling between two aperture
resonances of different sizes, which can be shown in
Figs. 4(b) and 4(e). Consequently, when the four units
(1), (2), (3), and (4) are shunted together, a dual-band
FSS with quasi-elliptic bandpass response can be ob-
tained.
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Fig. 4. Electric field distribution diagrams at different frequencies: (a) 11.31 GHz, (b)11.5 GHz, (c)11.72 GHz,

(d)15.78 GHz, (e)16.0 GHz, and (f)16.21 GHz. Units (1), (2), (3), (4) are structures corresponding to Figs. 1(a), 1(b), 1(c),

and 1(d), respectively.

Fig. 5. Lower passband frequency response of SIWC-FSS

with two cascaded cavities of different sizes.

Fig. 6. Upper passband frequency response of SIWC-FSS

with two cascaded cavities of different sizes.

Figure 7 gives the frequency responses at different
incident angles. The incident plane wave vector k is
fixed in the x–z plane and the electric field vector E is
fixed in the y direction. From Fig. 7, we can find that

the resonance frequency of FSS is rather stable under
oblique incident angles from 0◦ to 30◦. The band-
width ratio of different incident angles is very close to
1.0. Therefore, the dual-band FSS with quasi-elliptic
bandpass response owes its advantages to high selec-
tivity and stable performance.

Fig. 7. Simulated transmission characteristics at various

incident angles θ.

4. Conclusions

In this paper, we propose a dual-band FSS with
a quasi-elliptic bandpass response in every passband.
The characteristics of a quasi-elliptic bandpass re-
sponse are realized by shunting two SIW cavities of
different sizes, with the same slots on both sides of
the metal surfaces. The proposed FSS has the advan-
tages of high selectivity and stable performance at dif-
ferent incident angles. By virtue of these advantages,
the proposed FSS can provide practical applications
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to modern communication technology and electronic
countermeasures, etc.
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