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Abstract Here, a simple frequency selective surface (FSS) is intuitively designed,
and two such FSS are placed at right angle with each other, with a small prede-
termined air gap between them, to form a composite FSS structure, and a conical
dielectric ring resonator (DRR) loaded monopole antenna is placed in between the
two FSS. The DRR loaded monopole offers wide impedance bandwidth from 6 to
20 GHz, with a peak gain of 4 dBi. This composite FSS causes rejection of fre-
quency band of nearly 2 GHz from anywhere in between 6 and 20 GHz, the
wavelength of the center frequency of the rejected band being proportional to the
dimension of the FSS and distance of the composite FSS from the antenna. Hence
the composite FSS shows bandstop character, whereas it also causes 6–7 dB gain
enhancement in its passband. The FSS structure is non complex, cost effective, and
easy to fabricate.

1 Introduction

Frequency selective surfaces (FSSs) are planer periodic metallic structures etched
on dielectric substrate, and it has found its various applications in the performance
modification and enhancement of different antennas. FSS can be used to control the
transmission and/or reflection of an incident electromagnetic (EM) wave and hence
shows bandpass or bandstop characteristics [1]. Recently, FSSs with multiple
independent transmission bands are required for various applications, and hence
several approaches are explored by the researchers to present multi-band trans-
missions such as use of multiple layers [2], concentric square loops [3], anchor
shaped geometries [4], lumped element resonators [5], and so on. On the other
hand, dielectric resonator antenna (DRA) has attracted significant attention due to
its various advantageous properties, and different shapes of dielectric ring resonator
loaded monopole antenna has been already studied [6–8].

R. Banerjee � B. Rana (&) � S.K. Parui
Indian Institute of Engineering Science and Technology, Shibpur, Howrah, India
e-mail: b.rana.in@ieee.org

© Springer Nature Singapore Pte Ltd. 2017
I. Bhattacharya et al. (eds.), Advances in Optical Science and Engineering,
Springer Proceedings in Physics 194, DOI 10.1007/978-981-10-3908-9_57

465



Here, two simple FSS are kept at right angle with each other, to form a com-
posite FSS, and a small air gap is introduced between the two FSS. An ultra wide
band (UWB) conical shaped dielectric ring resonator (DRR) loaded monopole
antenna is placed at a predetermined distance from the composite FSS. It is
observed that the FSS behaves like a bandstop filter, the wavelength of its stop band
being directly proportional to its dimension, and distance from the antenna. On the
other hand, it enhances the gain by nearly 6 dB in its passband. The bandstop
characteristic of the composite FSS is verified through parametric study. The most
interesting part of the work is the use of FSS along with UWB DRR loaded
monopole, which is proposed here for the first time, as far our knowledge.

2 Antenna Configuration

The dimension and the top view of the small conical piece of dielectric resonator,
that has been used to design the DRR is shown in Fig. 1a, b, where H = 6 mm, and
rU = 2.5 mm and rL = 7.5 mm. Figure 1c shows the cross sectional view of the
conical DRR loaded monopole antenna, where a = 2 mm and p = 11 mm.
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Fig. 1 a Cross-sectional view of the conical DRA. b Top view of the conical DRA. c Cross
sectional view of the DRR loaded monopole. d Structure of the single FSS. e Top view of the
proposed configuration (DRR loaded monopole with two FSS placed at right angle to each other)

466 R. Banerjee et al.



The dimension of the FSS is proportional to the wavelength of the rejected
frequency band. The geometry of the proposed FSS is shown in Fig. 1d, where it is
observed that the FSS has square cross section with a simple metallic mesh
designed on a Arlon (e = 2.7) substrate. ‘L’ indicates the length of the FSS, and ‘d’
and ‘s’, which characterize an unit cell of the FSS, are kept 5 and 1 mm respec-
tively. Here, the FSS for a particular frequency 10 GHz, for which L = 30 mm, is
shown in the figure.

The top view of the proposed configuration is given in Fig. 1e, where it is seen
that two similar FSS are kept at right angle to each other, with a small gap
‘g’ = 1 mm between them at one corner of the ground plane. The distance between
the antenna and each of the FSS is kept L/2. The rejected frequency band is a
function of L. The diagram is given for L = 30 mm. Two FSS, kept at right angle to
each other with a small predetermined gap of 1 mm between them, forms a com-
posite FSS structure.

3 Simulation Results for Optimum Design Parameters

Initially in Fig. 2, the return loss characteristics of the only UWB DRR loaded
monopole is shown. Then in Fig. 3 the S11 parameter of proposed configuration is
studied for different values of L, and the observation is presented in a tabular form
below in Table 1.

Hence, it is evident that the composite FSS shows bandstop behaviour, where
the dimension ‘L’ is equal to the wavelength of the center frequency of the rejected
frequency band.

Taking L = 30 mm, the radiation pattern in the X-Z plane of the proposed
configuration and the standalone UWB antenna is compared at 6 and 16.3 GHz,
and shown in Figs. 4 and 5. It is clearly seen that the peak gain of the UWB antenna
is nearly 3.5 dBi at both 6 GHz and 16.3 GHz, whereas, after using the composite
FSS, the radiation pattern become directive due to reflection from the composite
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FSS and the peak gain increases to 8 dBi at 6 GHz and 11 dBi at 16.3 GHz at
nearly −55°. Thus the use of the composite FSS causes nearly 5–7 dB gain
enhancement.
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Table 1 Stop bands for different frequencies

Calculated frequency (GHz) and
wavelength

L in terms of wavelength
(mm)

Stop band obtained in
GHz

10 GHz, k = 30 mm L = k = 30 10 GHz (8–12 GHz)

12 GHz, k = 25 mm L = k = 25 11.9 GHz (10–
14.5 GHz)

7.5 GHz, k = 40 mm L = k = 40 8 GHz (up to 10 GHz)
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Fig. 4 Comparison of the
simulated radiation pattern in
X-Z plane at 6 GHz of the
proposed configuration and
the only UWB antenna
(rU = 2.5 mm, rL = 7.5 mm,
H = 6 mm, p = 11 mm,
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4 Conclusion

It is evident that the proposed composite FSS, though quite simple in structure, but
successful to eliminate any frequency band of 2 GHz from 6 to 20 GHz which is
covered by this DRR loaded monopole, depending on the dimension of the FSS and
distance of the composite FSS from the antenna, along with significant gain
enhancement in its passband. But, there are various parameters that control the
performance modification of the antenna which need detailed study and analysis.
All the theoretical details will be revealed in near future and fabrication and
experiment will be done to validate this concept. Moreover, the role of the gap in
between the two FSS is to be investigated with greater attention.
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