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Abstract—Many researchers are studying electromagnetic
wave absorbers. This is mainly due to the large number of
existing wireless systems. The absorbers find numerous appli-
cations, from commercial to military systems. Allied to this, also
the interest in Frequency Selective Surfaces (FSS), which are,
basically, spatial filters, grows. Thus, this work proposes the use
of FSS to design electromagnetic absorbers. In this study, Altair
FEKO software was used. A parametric analysis is presented,
demonstrating the understanding of the physical dimensions’
effects. A prototype is built to validate the analysis performed.
A good agreement between the numerical and experimental
results is observed. Furthermore, measured results show that
the absorber panel suppresses reflection (below — 10 dB) from
1.97 GHz to 3.15 GHz, covering the entire ISM band.

Index Terms—Frequency selective surfaces, microwave ab-
sorber, WLAN

I. INTRODUCTION

he increase in the number of electronic systems results in
a corresponding growth in electromagnetic interference.
These problems include false images, increased radar disorder,
and reduced performance due to coupling between systems [1].

Microwave absorbers can be effectively used to minimize
these types of problems. In some applications, such as in the
military area, there is always a need to reduce the radar cross-
section factor (RCS). As an example, one can cite the use of
microwave absorber devices that play a key role in Stealth
airplane technology [2].

For wireless security in buildings, traditional microwave
absorbers, as Salisbury screen, can be placed in walls to pro-
vide isolation and reduce interference in nearby [3]. However,
the ground plane of Salisbury screen may give rise to heavy
reflections from its surfaces resulting in additional multipath,
delay spread, and signal degradation [4].

Recently, we have observed an increase in the interest in
using Frequency Selective Surfaces (FSS) in construction of
microwave absorbers, since this type of structure allows an
intelligent shielding, which absorbs only the frequency range
of interest, becoming transparent to the other frequencies [5]-
[9]. Therefore, with this structure we do not have additional
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multipath, delay spread, and signal degradation for the mobile
communication frequencies, for example.

In this paper we propose a dual-layer FSS that is similar
to a Salisbury screen with an important difference: the ground
plane is substituted by a traditional FSS, which reflects only
frequency range of interest. The advantage of the proposed
structure is the use of a resistive layer, which does not spread,
but absorbs signals in the frequency of interest, avoiding
the increase of multipath, for example. A similar study was
proposed by Rafique et al in [10], where unit cell circular
patches were used to absorb WLAN signals in the 5 GHz
band. In contrast to the study proposed in [10], our work
presents experimental evidence and makes use of an extensive
parametric study to define the optimal dimensions of the
structure.

II. STATE OF ART

Over the last few years, electromagnetic absorbers have
attracted a massive attention from industry and academy for
many applications, such as EMI/EMC issues, stealth tech-
niques, among others [11]- [16]. Although the absorbers are
well-defined engineering structures, many advances related
to these structures are constantly published, with significant
performance improvements presented. The main studies aim
mainly to reduce volume and weight and maintain broadband
absorption. In [15] the authors designed an ultra-wideband
electromagnetic absorber based on the concept of metasurface
Salisbury screen. The proposed absorber presented absorptivity
above 88% from 3.74 to 18.5 GHz, which represents a
fractional bandwidth of approximately 133%. In addition, the
structure exhibits angular stability and polarization insensitiv-
ity. To obtain performance improvement, the metal ground was
replaced by a metasurface and genetic algorithm was used to
optimize the elements of the metasurfaces.

An absorber based on the metamaterial concept for sensing
applications of grain with a non-destructive approach in the
microwave range was presented by [16]. To demonstrate the
viability of the method, the authors performed simulations and
measurements and showed that the structure can perform qual-
ity control of grain by measuring variations in the resonance
frequency.

In [17] the authors used a hybrid electromagnetic absorber
for the in-band radar cross section reduction of a Vivaldi
antenna. Results showed reduction of monostatic RCS values
up to 27 dB for both polarizations without significant change
in the antenna radiation characteristics.
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The design of a metamaterial absorber, which can be used
to improve the performance and reliability of UHF RFID
systems, was proposed by [18]. The structure exhibits ab-
sorption over 90% across the band, with relative bandwidth
of approximately 14%, covering the entire band of the UHF
RFID system. In addition, the structure is miniaturized and
exhibits stability for TE e TM polarizations at low angles of
incidence.

In [19], it was proposed the use of an absorber to improve
electromagnetic environment pollution in a novel wireless
inter/intra-chip communication channel system. The authors
have shown that in addition to eliminating environmental
pollution from the electromagnetic wave, the absorber layer
can improve the propagation of the signal.

Another class of structures used to block electromagnetic
signals is band-stop filters based on frequency selective sur-
faces. Studies have shown the shielding efficiency of these
structures when applied in constructions, providing a radio
secure environment. These structures allow the signal propa-
gation in other bands, but may cause additional multipath or
signal degradation due to reflection [20]- [22].

III. MICROWAVE ABSORBER DESIGN

The structure of the electromagnetic absorber is illustrated
in Fig. 1. The layers are printed on FR4 dielectric substrates
with 180x180mm? of area and relative electrical permittivity
of 4.4. Bandstop filter characteristics are achieved by using
a FSS of conducting square loops on a FR4 substrate with
a thickness of 1.6 mm. Physical dimensions of the square
loops and the periodic spacing, are depicted in Fig. 1. The
function of this conventional FSS layer is to act as a reflector
for WLAN signals, at 2.45 GHz, while passing another service
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Fig. 1. Microwave absorber configuration composite by metal and resistive
layers.

signals. Then, the absorption characteristics are achieved by
placing a second FSS layer consisting of resistive square loops,
approximately 27 mm in front of the conducting FSS layer. A
Nelco-4000 substrate, with a thickness of 0.254 mm, dielectric
constant of 3.6 and loss tangent of 0.009, supported by a
FR4 substrate was used and the surface resistance of resistive
square loops is Rg = 50 /

The FSS microwave absorber is designed to absorb sig-
nals in the 2 to 3 GHz frequency range. The resistive FSS
absorbs the incident signals as well as the reflected signals
from the conductive FSS. Other frequencies pass through the
structure with a minimal or none interference. The resonance
characteristic of the FSS depends mainly on the geometry.
The square loop design was selected because it provides an
angular stability and independence of polarization. In addition,
the dielectric superstrate reinforces the angular stability char-
acteristic for both, vertical and horizontal polarization without
compromising absorption performance [23], [24]. A broad
parametric study was carried out to evaluate how the design
variables influence the frequency response of the microwave
absorber, both from the point of view of reflection and
transmission. The values of the parameters presented in this
work were obtained based on this parametric study, performed
in the software FEKO - Altair HyperWorks.

IV. PARAMETRIC ANALYSIS

The resonance characteristic of the FSS depends mainly on
the geometry. The square loop design was selected because it
provides an angular stability and independence of polarization.
In addition, the dielectric substrate reinforces the angular
stability characteristic for both, vertical and horizontal polar-
ization without compromising absorption performance [23],
[24].

A parametric analysis was carried out to understand how
the physical dimensions influence the frequency response of
the transmission and reflection coefficients of the structure.
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Fig. 2. S-parameters for different values of d.






