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Abstract—A novel absorb/transmit frequency selective surface
(FSS) is presented for 5-GHz wireless local area network (WLAN)
applications. The novelty of the design is that it is capable of ab-
sorbing, as opposed to reflecting, WLAN signals while passing mo-
bile signals. The FSS consists of two layers, one with conventional
conducting cross dipoles and the other with resistive cross dipoles.
The absorption of the WLAN signal is important to reduce ad-
ditional multipaths and resultant fading otherwise caused by the
FSS. The structure has good transmission characteristics for 900/
1800/1900-MHz mobile bands and performs well for both hori-
zontal and vertical polarizations. The distance between the two
layers is less than a quarter free-space wavelengths. Theoretical
and experimental results are presented.

Index Terms—Frequency selective surface (FSS), multipath
fading, security, wireless local area network (WLAN), wireless
network.

I. INTRODUCTION

FREQUENCY selective surfaces (FSSs) are considered as
very popular tools in spatial filtering of microwave and mil-

limeter-wave electromagnetic signals. They have been used in
many applications such as radomes, dichroic subreflectors, RCS
augmentation, photonic band gap structures, and in low-proba-
bility of intercept systems [1]. Recent uses of frequency selec-
tive surface (FSS) include wireless security, military applica-
tions, antennas and telecommunication [2]. For wireless secu-
rity in buildings, a conventional reflect/transmit type FSS may
be placed in the walls of the building to provide isolation and
reduce interference between adjacent vicinities [3]. However,
when used as a bandstop filter in walls of buildings, a con-
ventional FSS may give rise to heavy reflections from its sur-
faces resulting in additional multipaths, delay spread, and signal
degradation.

On the other hand, the use of lossy FSS as absorbers has been
investigated by different researchers over a period of time [4],
[5]. One of the main challenges behind the design of such ab-
sorbers is to decrease the quarter wavelength distance between
the FSS and a resistive sheet [4]. This in turn is useful in making
more compact and practical designs. In this letter, a novel dual-
layer, absorb/transmit FSS filter with bandstop characteristics
has been designed, simulated and experimentally tested to block
5 GHz wireless local area network (WLAN) signals. It provides
WLAN security by absorbing, not reflecting WLAN signals.
Therefore it does not cause additional multipath, delay spread
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Fig. 1. Configuration of the dual-layer absorb/transmit surface and dimensions.

or signal degradation. However, the 900/1800/1900-MHz mo-
bile bands can pass through it almost unimpeded. Moreover, the
distance between the dual layers of the FSS is less than quarter
wavelength at resonant frequency, ultimately giving a compact
design. The prototype has shown good results for both linear
and vertical polarizations in contrast to what has been described
in [5].

II. DESIGN

The configuration of the dual-layer absorb/transmit surface is
shown in Fig. 1. Each FSS layer is printed on a 460 310 mm
FR4 sheet with dielectric constant of 4.4. The bandstop filter
characteristics are achieved by incorporating an array of con-
ducting cross dipoles on one side of one of the FR4 sheets, which
has a thickness of 1.6 mm. The dimensions of the cross dipoles
and the periodic spacing are given in Fig. 1. The function of this
conventional FSS layer is to act as a reflector for WLAN sig-
nals while passing mobile phone signals. Then, the absorption
characteristics are achieved by placing a second FSS layer con-
sisting of resistive cross dipoles, approximately 10 mm in front
of the conducting FSS layer. This concept follows the principle
of the conventional Salisbury screen where a uniform resistive
sheet is employed for wave absorption. However, unlike in a
Salisbury screen, our resistive layer is also a periodic FSS. Its
pattern is matched to the first layer, to absorb WLAN signals
reflected by the first layer while passing mobile phone signals.
The thickness of FR4 used for the resistive layer is chosen as
0.8 mm, and the surface resistance of resistive dipoles is chosen
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Fig. 2. Theoretical and measured results of the conventional reflect/transmit
conducting FSS layer.

as 50 square, as surfaces with these parameters are readily
available. The dimensions of cross dipoles on both conductive
and resistive layers are the same.

III. THEORETICAL AND EXPERIMENTAL RESULTS

A. Reflecting FSS

First, the conventional (reflect/transmit type) conducting
FSS layer was simulated and designed with the help of Ansoft
HFSS software. The theoretical results showed good bandstop
transmission and reflection characteristics for the prescribed
bands. At 5.25 GHz, the transmission and reflection coefficients
are 29.2 dB and 0.3 dB, respectively. The stop band has a

10 dB transmission bandwidth of 620 MHz. At 900 MHz,
the transmission and reflection coefficients are 0.1 dB and

17.4 dB, respectively. Around 1800/1900 MHz these coeffi-
cients are approximately 0.4 dB and 11.3 dB.

A prototype was fabricated and experimental testing was
carried out using the waveguide technique [6]. Both theoretical
and measured results are presented in Fig. 2. The prototype
resonated at 5.37 GHz, giving a transmission coefficient of

22 dB and a reflection coefficient of 0.9 dB. The ex-
perimental 10 dB stop-band bandwidth is approximately
650 MHz. The measured results compare well with the theoret-
ical results.

B. Absorb/Transmit FSS With Resistive Cross Dipoles FSS

The second resistive layer was designed to absorb reflections
caused by the first layer at the resonance frequency. The dual-
layer FSS was simulated using Ansoft HFSS, and the results
are shown in Fig. 3. At 5.25 GHz, the transmission and reflec-
tion coefficients are 37.6 dB and 12.7 dB, respectively. It is
worth noting the reduction of WLAN signal reflection by more
than 12 dB due to the absorption by the resistive FSS layer. The
stop band 10 dB bandwidth is now 880 MHz. At 900 MHz
the transmission and reflection coefficients are 0.1 dB and

17.4 dB, respectively. At 1800/1900 MHz these coefficients
are 0.9 dB and 8.8 dB. In short, the second layer did not

Fig. 3. Theoretical and measured results of the absorb/transmit surface
showing absorption in the stop band.

Fig. 4. Transmission and reflection of the novel absorb/transmit FSS with 50

cross dipoles on FR4.

significantly affect the transmission of mobile phone signals
through the structure.

A dual-layer FSS prototype was fabricated and tested again
using the waveguide technique, from 3.5 to 7 GHz. Its reso-
nance occurred at 5.37 GHz, with a transmission coefficient of

25.2 dB and a reflection coefficient of 10 dB. The measured
10 dB bandwidth is approximately 900 MHz. The measured

results are compared with theoretical results in Fig. 3, and fairly
good agreement can be observed.

C. Advantage of Resistive FSS

In this section the reason for using a resistive FSS instead
of a full 377 square resistive sheet, for WLAN signal ab-
sorption, is elaborated. The scattering parameters of the novel
absorb/transmit dual-layer surface is depicted in Fig. 4 over a
wide frequency range. In this case, good absorption in the band-
stop region as well as good transmission in mobile band is no-
ticeable. On the other hand when the resistive cross-dipole FSS
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Fig. 5. Transmission and reflection when the resistive cross-dipole FSS is re-
placed by a 377
=square resistive sheet, as in a conventional Salisbury screen.

layer of this structure is replaced by a full 377 square resis-
tive sheet, a better absorption is achieved in the stopband but the
mobile signals are subjected to attenuation as shown in Fig. 5.
At 900 MHz, the transmission and reflection coefficients, with a
377 square sheet, are 3 dB and 9 dB, respectively. In con-
trast, with 50 square cross-dipole FSS, the transmission and
reflection coefficients are 0.1 dB and 17 dB. This compar-
ison shows the advantage of resistive cross-dipole FSS instead
of a full 377 square resistive sheet (e.g., like in a conventional
Salisbury screen).

IV. CONCLUSION

The novel absorb/transmit type, dual layer surface provides
WLAN security through frequency selective absorption, rather
than reflection, and hence does not cause additional multipaths,
delay spread, or signal degradation. The resistive FSS layer
plays a major role in achieving this performance without signif-
icantly attenuating mobile phone signals. We have matched the

pattern of the resistive (absorbing) FSS to that of the conducting
(reflecting) FSS such that only WLAN signals reflected by the
conducting FSS are significantly absorbed by the absorbing
FSS layer. Unlike in a conventional Salisbury screen which has
a full resistive sheet, the resistive FSS allows passage of mobile
signals almost unattenuated.

For two way absorption, a third FSS layer similar to the resis-
tive FSS layer can be placed on the other side of the conducting
FSS layer. Moreover, the surface performs equally well for both
vertically and horizontally polarized waves, and hence should
work well for all other types of polarizations.

This structure helps WLAN providers to a) stop people out-
side their premises from accessing the service and b) increase
service quality and speed by physically dividing the service area
into several smaller areas and running independent WLANs in
each small area, i.e., reusing channels. Due to absorption prop-
erties, each WLAN area can be made much smaller without cre-
ating undesirable multipaths. Another use may be in protecting
highly sensitive wireless networks. Due to the absorbing proper-
ties of the surface, intruders cannot easily detect that the WLAN
is protected. In contrast, a network protected by a reflecting FSS
can be easily detected using a low-power microwave transmitter
and a detector.
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