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Polarization-independent single-layer
ultra-wideband frequency-selective surface

RAMPRABHU SIVASAMY"”, BALAJI MOORTHY', MALATHI KANAGASABAI', JITHILA V. GEORGE,
LIVYA LAWRANCE' AND DINESH BABU RAJENDRAN'

An ultra-wideband (UWB) frequency-selective surface (FSS) exhibiting band rejection characteristic is presented in this paper.
The proposed unit cell has the size of 14 X 14 mm® which is approximately 0.18 X 0.18 A,, where A, corresponds to free space
wavelength at the lower cut-off frequency. The proposed UWB FSS consists of a single-layer substrate and provides 20 dB
attenuation level for a wide bandwidth of 7.53 GHz at the normal incidence. The proposed FSS is polarization independent
and also provides angular-independent operation for the EM wave incidences of 15°, 30° and 45° with 11.5 dB attenuation

over a wide range from 4 to 14 GHz.
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. INTRODUCTION

FSSs are flat composite metal screens designed to be transpar-
ent for some frequency bands while reflecting or absorbing
other frequency bands [1]. Frequency-selective surfaces
(FSSs) are used in many applications which include RCS
reduction, Electromagnetic shielding, dichroic reflectors, etc.
[2, 3]. Prodigious growth in ultra-wideband (UWB) systems
due to its high data rate and short pulse transmission
demands UWB FSS for broad band shielding [4]. Many tech-
niques are followed to increase the bandwidth of FSS [4-11].
FSS made of cross-dipoles and rings on both sides of a single-
layer FR-4 substrate used to obtain wideband shielding is dis-
cussed in [4]. It provides a bandwidth of 7.5 GHz ranging
from 6.5 to 14 GHz with the unit-cell dimension of 0.26 x
0.26 Ao, which may be further increased to operate in the
lower frequency range at the cost of operational bandwidth.
FSSs exhibiting UWB response realized using multilayer FSS
is illustrated in [6, 7]. In [6], the front to back ratio character-
istics of UWB antenna is enhanced by employing an UWB
FSS as the reflector element. The FSS is a four-layered struc-
ture with the dimension of 15 x 15 mm which provides a
wider bandwidth ranging from 2.7 to 13.2 GHz. In the
notion of antenna gain improvement, dual-layer FSS with
the unit-cell dimension of 17 x 17 mm is used in [7].

The FSS provides a wide stop band performance from 4 to
12 GHz. Multilayer FSS delivers UWB response but limits
their use in applications demanding simple FSS geometry. In
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[8, 9], polarization-selective single-layer FSS exhibiting UWB
characteristics are illustrated. Polarization-selective response is
attributed to the asymmetric nature of the FSS unit cells.
Polarization independency is also an important factor for
better frequency-selectivity performance which is obtained by
using symmetric FSS structures in [10, 11]. A novel FSS proto-
type exhibiting UWB characteristics discussed in [10] provides
a bandwidth of 51.24% (4.2-6.98 GHz) where stop band
characteristics in the lower range of frequencies are achieved
by varying the dimension of the FSS from o0.12A, X 0.12A,
to 0.17A, X 0.17A,. Therefore, the bandwidth characteristics
deteriorate from 51.24 to 49.19%. In [11], a compact
UWB FSS of size 8 x 8 mm® operating in a wideband
ranging from 7.04 to 10.55 GHz at —20 dB reference level of
insertion loss is reported. Single-layer FSS illustrated in
[10, 11] is of less bulky but provides narrow bandwidth com-
pared with multilayer FSS. From the literature it is apparent
that there exists a need for an FSS built on a single-layer sub-
strate exhibiting UWB response along with the angular and
polarization-independent operation.

In this paper, single-layer band stop FSS providing 20 dB
attenuation for a wide bandwidth of 7.53 GHz from 3.87 to
11.4 GHz for normal electromagnetic (EM) wave incidence
is proposed. The bandwidth is 98.68% with respect to the
center frequency of 7.63 GHz. Symmetric structure of the
unit cell provides similar transmission characteristics for
both X-polarized electric field (TE mode) and Y-polarized
electric field (TM mode). The proposed FSS gives good
angular stability for various incident angles of EM wave.

II. PROPOSED FSS DESIGN

The front view of the proposed FSS unit cell is given in Fig. 1(a).
Figure 1(b) shows the side view of the FSS. The proposed
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(b)

Fig. 1. (a) Front view of the proposed unit cell. (b) Side view of the proposed
FSS unit cell.

Table 1. Unit-cell design parameters.

Parameters w t S1 S2 S3 G

Values (mm) 14 0.035 0.5 0.8 1.15

unit-cell design is placed on both sides of a single-layer FR4
dielectric substrate of thickness & = 1.6 mm which has relative
permittivity (&,) of 4.3 and loss tangent (8) of 0.025. The values
of the design parameters are given in Table 1.

. EVOLUTIONOF THEUNIT CELL

The fundamental square-loop unit cell is taken as the basic
element for constructing the unit cell [9]. In addition, the
offset crossed dipole along with an additional arm is used.
The unit cell is evolved by adding the square-loop element
and modified offset crossed dipole as shown in Fig. 2.

The transmission characteristics for various stages of the
unit cell are given in Fig. 3. When the square loop alone is
present on either side of the substrate, it provides 20 dB
attenuation for 1.12 GHz bandwidth from 3.08 to 4.2 GHz
centerd at 3.64 GHz. The modified offset crossed dipole pro-
vides dual resonances at 6 and 11 GHz with the bandwidth
of 0.4 and 1.71 GHz respectively at the 20 dB attenuation
level. It is evident from Fig. 3 that the outermost square
loop controls the lower cut-off frequency and the modified
offset crossed dipole is responsible for dual-band operation.
The two elements are integrated and placed on both sides of
the FR4 substrate to obtain the proposed UWB FSS unit cell.

(a) (b) (c)

Fig. 2. Evolution of unit cell (a) square loop, (b) modified offset crossed
dipole, and (c) proposed unit cell.
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Fig. 3. Transmission characteristics of the square loop, offset crossed dipole,
and modified offset crossed dipole.

V. RESULTS AND ANALYSIS

The proposed FSS placed on either side of the substrate pro-
vides the simulated transmission characteristics as in Fig. 4.
The FSS provides 20 dB attenuation for a wide bandwidth of
7.53 GHz from 3.87 to 11.4 GHz.

The bandwidth offered by the FSS is 98.68% with respect to
the center frequency of 7.63 GHz. It is apparent that the pro-
posed ESS provides similar transmission characteristics for
X-polarized electric field (TE mode) and Y-polarized electric
field (TM mode) thus exhibiting polarization independency.
To test the angular stability of the proposed FSS, simulation
is carried out for different angles of incidence 6= 0°, 15°,
30°, and 45°. As illustrated in Figs 5 and 6, the proposed
FSS provides stable response for both TE and TM modes of
polarization and the attenuation level is found to be greater
than 20 dB in the desired UWB range for normal incidence.
While increasing 6 up to 45°, a notch is formed at 7 and
8 GHz in TE and TM modes respectively which is attributed
to the double-side printed FSS [4]. However, it provides an
attenuation of more than 11.5 dB for a wideband from 4 to
14 GHz thus exhibiting angular independency.

[S21], dB
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Fig. 4. Transmission characteristics of the proposed FSS.
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V. PARAMETRIC ANALYSIS

Parametric analysis has been carried out to find the optimal FSS
design parameters to provide wide rejection bandwidth. The
permittivity and thickness of the dielectric substrate plays an
important role in designing UWB FSS. In the proposed UWB
FSS unit cell, the parameters S1, S2, and S3 correspond to
various widths of the strip lines. The change in response of
the FSS is obtained for various values of S1, S2, and S3 as in
Fig. 7. It is observed that the band stop response of the proposed
FSS can be controlled by changing S1, S2, and S3 values. The
optimized values of S1=o0.5, S2=0.8, and $3 = 1.15 mm
are considered for demonstrating the operation of the proposed
ESS unit cell. Similarly the gap (2 x G) between two unit cells
has the bandwidth improving capability [1]. The transmission
characteristic of the FSS for various values of G and h is
given in Fig. 8. The bandwidth achieved when G = 0.1 mm is
101.98% which is almost 3.5% more than the bandwidth
obtained when G = 0.15 mm. The gap is limited to 0.15 mm

|S21], dB
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Fig. 5. TE mode transmission characteristics.
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Fig. 6. TM mode transmission characteristics.
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Fig. 7. Transmission characteristics for various values of S1, S2, and S3.
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Fig. 8. Transmission characteristics for various values of 4 and G.

due to fabrication constraints. By increasing the substrate thick-
ness “h”, attenuation and bandwidth gets improved [5] which is
observed from Fig. 8. If the “h” value is increased from h = 1.6
to h= 3.2 mm, attenuation bandwidth is increased by 2%.
Because of the effect of increased weight and bulky size, the
thickness is limited to 1.6 mm. The parameter “W” decides
the unit-cell dimension, which should be of the order of sub-
wavelengths to prevent the onset of grating lobes [12-14] and
also it controls the bandwidth of the FSS [1].

Vi. MEASUREMENT SETUP AND
MEASURED RESULT

To measure the transmission characteristics of the proposed
FSS, the FSS of dimensions W = 14, t= 0.035, S1 = 0.5,
S2=0.8, S3 =1.15, and G=o0.15 mm is fabricated. The
prototype fabricated on the FR4 substrate given in Fig. 9
has 22 x 22 unit cells and the total size of the FSS screen
is 31 x 31 cm®. The fabricated prototype is placed in
between two horn antennas of operating range 2 to
18 GHz, separated by a distance of 2 m for the measurement
as in Fig. 10. The entire test setup is surrounded by reflec-
tion absorbing material to provide scattering and reflection-
free measurement.

The measured transmission characteristics are compared
with simulated results in Fig. 11. It is observed that simulated

Fig. 9. Fabricated prototype.
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Fig. 10. Measurement setup.

| $21], dB

— Simulated #=0°
—— Simulated 8=30°

— Simulated 8=15°
Simulated 8=45°

-70
= = = \leasured 6=0° = * Measured 8=15°
30 == ==N\leasured 8=30° = = = Measured §=45°
2 4 6 8 10 12 14

Frequency (GHz)

Fig. 11. Comparison of simulated and measured transmission characteristics.

and measured results are in agreement with each other. For
the normal incidence, 20 dB attenuation is observed for a
wide bandwidth of 7.5 GHz. Also for the oblique incidences,
the proposed FSS provides more than 11 dB attenuation for
a wideband from 4 to 14 GHz.

VIl. CONCLUSION

In this paper, a single-layer polarization-independent UWB
ESS is discussed. The proposed design offers 20 dB attenu-
ation for a wide bandwidth of 7.53 GHz in the normal inci-
dence of the EM field. The UWB FSS provides the
advantage of polarization and angular-independent operation.
The simulated transmission characteristic is validated by
experimental results. The proposed FSS with its wideband
attenuation finds application in wideband shielding and also
for performance enhancement of UWB antennas.
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