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A Novel Dual-Band Ultrathin FSS With Closely
Settled Frequency Response

Sibel Ünaldı, Sibel Çimen, Member, IEEE, Gonca Çakır, Member, IEEE, and Umut E. Ayten

Abstract—This study presents a novel ultrathin dual-band fre-
quency selective surface (FSS) for X-band applications. The pro-
posed single-layer FSS operates as a band reject filter at 8.47 and
10.45 GHz. The ratio of these two operating bands has small value
such as 1.23, and it points out that the proposed FSS has closely
spaced characteristic. In addition, the designed dual-band single-
layer FSS has an ultrathin thickness of 0.021∗λl , where λl is the
wavelength of the lower operational frequency. The stable fre-
quency responses are sufficiently achieved for the transverse elec-
tric and transverse magnetic polarizations by using the proposed
FSS. The validity of FSS is obtained by comparing measurements
and simulations.

Index Terms—Dual-band filters, frequency selective surfaces
(FSSs).

I. INTRODUCTION

FREQUENCY selective surfaces (FSSs) that work as a fil-
ter are periodic arrays including different types of res-

onance elements (metallic patterns printed on dielectric sub-
strate) [1], [2]. Researchers have been intensely attracted by
the topic of FSS since the 1960s with its widespread appli-
cation in microwave and millimeter-wave such as radar cross-
section controlling, radomes, absorbers, polarizers, subreflec-
tors, and reduced interference in indoor wireless environments
[1], [3], [4].

As the improvement of electronic and wireless communica-
tion devices, the multifrequency system designs are becoming
very important. For the applications, the FSSs with multiple
bands are used where multiple independent transmission bands
are especially required [5]. Different techniques and approaches
to design multiband FSSs are in the literature. In [2], dual-
band FSS that has large band separation response and stable
performance is investigated. Dual wideband FSSs for differ-
ent incident angles are studied in [6]. Multiple resonant ele-
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Fig. 1. Geometry of the (a) presented FSS and (b) its unit cell.

ments [7], single-layered FSS that consists of various elements
[8], [9], and fractal structures [10] are some designs that are
reported in the literature. Among them, the fractal structures are
also applied as FSSs [11], [12].

One of the considerable features in FSS design is the fre-
quency response sensitivity to the various incident angles. In
view of most of the proposed FSSs, the low unit cell size or con-
trolling the interelement spacing makes the structure more sensi-
tive to the different incident angles of the electromagnetic wave
in the transmission and reflection characteristics. The miniatur-
ized dual-band FSSs that have stable frequency characteristics
are studied in [13] and [14].

In the multiband FSS designs, the closely spaced band sepa-
ration is an important specification. In [15] and [16], they pro-
posed dual-band closely spaced FSS structures. In this letter, a
new closely spaced, angular-independent FSS is proposed. We
achieved the ratio of dual resonating bands by only 1.23. Also,
the structure of presented FSS has an ultrathin overall thickness
of 0.021λl . Thus, the proposed FSS has an ultrathin profile,
and it can be readily fabricated. For the validity of proposed
FSS, a prototype was fabricated, measured, and discussed with
simulation results.

II. GEOMETRY OF THE UNIT CELL

The geometry and the dimensions of the designed FSS are
illustrated in Fig. 1, where the conductive surface is represented
by the gray region while the other region indicates dielectric
substrate. The FSS structure is designed on a substrate Arlon Di
880 with a thickness h = 0.762 mm, a relative permittivity εr =
2.2, and a loss tangent tan δ = 0.0009. Additionally, in terms of
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TABLE I
DIMENSION OF THE PROPOSED STRUCTURE

D L1 L2 L3 L4 L5 g

8.8 mm 2.8 mm 2.45 mm 2.8 mm 4.28 mm 0.47 mm 0.35 mm

Fig. 2. Transmission coefficient (S21 ) and reflection coefficient (S11 ) simu-
lation results at normal incidence angle.

x- and y-directions, the unit cell lengths are 8.80 × 8.80 mm2.
The dimensions of the designed unit cell are shown in Fig. 1(b).
Also, design parameters are given in Table I.

III. DESIGNS AND SIMULATION RESULTS

Numerical analysis of proposed FSS is performed by using
CST Microwave Studio. Although the FSSs have finite dimen-
sions in practical realizations, their simulations are done by
the assumption that they were infinite. Therefore, the boundary
conditions of the unit cell are used to provide periodicity along
x- and y-directions in FSS simulation. The plane wave is used
as an excitation with different incident angles. In Table I, the
optimized parameters are given.

In Fig. 2, the simulation results of frequency response be-
longing to the designed FSS are illustrated. According to the
observed frequency response, the designed structure is operat-
ing as a band-stop filter in two frequencies. The lower operating
frequency is at fl = 8.47 GHz, and the higher operating fre-
quency is at fh = 10.45 GHz. The fractional bandwidths of FSS
for the lower and higher resonant frequencies are 47.6% and
20.52%, respectively.

The proposed FSS is composed from the centered square
patch and L-shaped arms. The arms are connected to the cen-
tral square with 45° as demonstrated in Fig. 1. The dual-band
characteristic is obtained from the L-shaped arms. As seen from
Fig. 3, the vertical arms are controlling the first resonance fre-
quency while the horizontal arms are controlling the second
resonance frequency. Thereby, the designed FSS structure has
the advantage of freedom for controlling the resonant frequen-
cies individually.

Fig. 3. Simulation results of transmission coefficient (S21 ) for (a) vertical and
(b) horizontal arms.

The results in Fig. 3 can be explained by the induced current
distributions depicted in Fig. 4. The current distributions are
performed at lower and upper frequencies for transverse electric
(TE) polarization. As seen from Fig. 4(a), at the first resonant
frequency, the current path is along the vertical arm while the
current is flowing along the horizontal arm at the second resonant
frequency.

The designed FSS provides stable frequency response at var-
ious oblique incident angles in view of the rotational arms at its
geometry (in Fig. 1). The conductors shaped as arms are con-
nected to a central square conductor with 45° as shown in Fig.
1. To present the resonant stability of designed FSS, the trans-
mission coefficients both for the TE and the transverse magnetic
(TM) polarizations are simulated. For this purpose, FSS is con-
sidered to be obliquely excited by plane wave with different
incidence angles. The simulation results of the transmission
characteristics under the oblique incidence angles for TE and
TM polarizations are shown in Figs. 5 and 6, respectively. There-
fore, the stable resonance responses for various incident angles
θ (θ = 0°, 30°, and 60°) that are between the normal plane and
incident wave are observed clearly by the help of Figs. 5 and 6.

IV. MEASUREMENT RESULTS

To verify the simulation results, the proposed FSS structure
is fabricated and tested. For the periodic structures like FSSs,
the waveguide transmission lines can be used for the measure-
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ÜNALDI et al.: NOVEL DUAL-BAND ULTRATHIN FSS WITH CLOSELY SETTLED FREQUENCY RESPONSE 1383

Fig. 4. Current distributions on the proposed FSS for TE polarization:
(a) f = 8.47 GHz, (b) f = 10.45 GHz.

Fig. 5. Simulation results of transmission coefficient (S21 ) for TE polarization
at different incidence angles.

ment [17]. A waveguide measurement setup is employed for
investigating the experimental transmission property of FSS
structure. The fabricated prototype is fitted properly within the
waveguide flanges to obtain the actual periodic FSS structure
in the experiment. As seen from Fig. 7, the Rohde & Schwarz
ZVB20 vector network analyzer and Flann 16441 waveguide
are used in a measurement system. The measured and simulated
transmission coefficients for TE polarization are shown in

Fig. 6. Simulation results of transmission coefficient (S21 ) for TM polariza-
tion at different incidence angles.

Fig. 7. Measurement setup and fabricated FSS.

Fig. 8. Measurement and simulation results of transmission coefficients.
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Fig. 8. As observed, the measured and simulated results show
good agreement and confirm the proposed FSS.

V. CONCLUSION

In this study, a novel closely spaced band-stop FSS is intro-
duced. The proposed FSS is resonating at 8.47 and 10.45 GHz.
The advantages of the proposed FSS are simple geometry and
low ratio of two closely spaced resonance frequencies with
1.23 s. In addition to these advantages, the designed struc-
ture has dual-band reject filter characteristic, which provides
a stable transmission performance at oblique incidence angle.
The proposed design is validated through simulated results and
measured results of the fabricated prototype. The measure-
ment and simulation results are in good agreement. Consider-
ing these properties as providing two closely spaced resonance
frequencies, the designed FSS can be used in dual-frequency
applications at X-band.
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