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Abstract- The different studies and surveys concerning the ill effects of
electromagnetic radiation has proved that electromagnetic wave is extremely harmful
to plant kingdom and animal kingdom including human beings. Frequent usage of
mobile phones and other electronic gadgets are responsible for exposure to excessive
electromagnetic radiation. The electromagnetic wave is unavoidable in existing
situation. So there is no other alternative than to take protective measure from harmful
effect of electromagnetic radiation. Design and application of reflective FSS may be a
protection to a particular person but it will affect neighbouring people. The design and
application of absorbing type FSS solely can be an appropriate measure as a protective
device from harmful electromagnetic radiation. Present study describes design of multi
absorbing band FSS structure.

1. Introduction

The rapid development of technology is a boon to mankind despite of living amidst
electromagnetic pollution. Electromagnetic pollution which is also known as radiation
pollution is harmful for human health. Human exposure to electromagnetic radiation
results in the absorption of electromagnetic waves by body fluids. The absorption
causes localised heating effects within the body which end in drying up of fluids around
eyes, brain, joints etc. [1]. The localised heating effects become more adverse if the
body is exposed to other sources of heat simultaneously, the body cooling system fails
to cope with the excessive heat that consequences to heat stroke. The interaction of
electromagnetic field with metallic implants within the body influenced the normal
operation of the implants by generating some external pulses [2]. Long time exposure
to electromagnetic radiation increases the activity of free radicals that are responsible
for changes in enzymes involved in oxidative process and effect genes [3]. Radio
frequency exposure increases calcium fluxes into the cell which disrupt synapse
formation culminated neurodegeneration. Electromagnetic field team up with toxic
chemicals contribute to brain diseases. Sleeping disorder, skin rashes, ear tumour,
concentration problem, headaches are the aftermaths of prolong exposure to
electromagnetic radiation [4]. The above facts foreshowed the slow devastating effects
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of electromagnetic radiation on human health and encourage the research of radiation
shielding.

The study of radiation shielding initiated with different types of absorbing material that
follows the mechanism of reflection and absorption by multiple reflection. Metals,
graphene, conductive polymers etc. are purposefully used for shielding electromagnetic
radiation [5]. Radiation shielding has been reported to achieve by multiple orthogonally
polarised monopole antenna [6]. In recent time, FSS based electromagnetic shielding is
the cynosure of all the researchers as absorption of electromagnetic radiation can be
achieved at coveted frequency. Conductive resistive combined FSS, resistive FSS,
magnetic sheet based FSS, FSS based on resistive ink, nanocomposite FSS, magnetic
superstrate based FSS have been reported that fulfils the purpose of electromagnetic
radiation absorption [7,8,9,10,11,12,13,14]. The shielding technology rely on either
absorptive material or on ground plane. Absorptive material based FSS enhance the
cost of the entire structure.

The purpose of this work is to design an absorber without using expensive absorbing
material. The bandstop property of conventional FSS has been utilised to obtain
absorption. A two layer frequency selective absorber is designed and presented in this
paper by embossing simple elemental structure on FR4 epoxy substrate of variable
thickness. The FSS absorber attains three absorption bands in the frequency range of 6
GHz to 10 GHz which effectively shields the electromagnetic radiation and is capable
to reduce the health hazards caused by it. The simulation of the FSS absorber has been
done by ANSYS HFSS software.

Design and Evolution

A two layer absorber has been designed in which each layer has the periodicity of 22
mm in both the planes. The lower layer has been designed on FR4 epoxy substrate of
thickness 1.6 mm. On the top side of the substrate a loop of L shaped patches of
different orientation are bounded by a square loop patch with slots introduced as shown
in Fig.1. The width of the outer square patch is 1 mm and the width of each L patch is
1.2 mm. Two slots are introduced in the outer square loop of dimension 1.2 mm X 1
mm. On the lower layer of the substrate a square patch of 21.2 mm X 21.2 mm has been
modified introducing slots and slits as shown in Fig.2. The individual responses of each
FSS unit cell and combined response of the single layer FSS (combining unit cell of
Fig.1 & Fig.2) are shown in Fig.3, Fig.4 and Fig.5.
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Fig.1. Unit cell imprinted on upper layer of the substrate
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Fig.2. Unit cell imprinted on lower layer of the substrate
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Fig.3. Transmission/ reflection coefficient vs frequency plot for unit cell shown in
Fig.1.
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Fig.4. Transmission/ reflection coefficient vs frequency plot for unit cell shown in

Fig.2.
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Fig.5. Transmission/ reflection coefficient vs frequency plot for the combined unit
cell of Fig.1 & Fig.2

It has been observed from Fig.5 that a single layer FSS achieved two absorption band
of bandwidth 50 MHz and 60 MHz in the frequency range of 4 GHz to 7 GHz. Finally
a superstrate layer has been added where a square patch of 9.7 mm X 9.7 mm is
embossed on lower layer of FR4 epoxy substrate of thickness 0.8 mm as shown in
Fig.6.The addition of this layer results into three absorption band and also increases the
bandwidth. The cumulative response of the entire FSS absorber has been depicted in
Fig.7. The simulation of entire structure has been done by ANSYS HFSS software.
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Fig.6. Unit cell of superstrate layer

3. Result and Discussion
Fig.7 depicts the transmission and reflection response of the two layer FSS absorber for
an incident electromagnetic field.
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Fig.7. Transmission/ reflection coefficient vs frequency response of FSS absorber

It has been observed from the Fig.7 that the FSS absorber designed and presented here
has three absorption band. The first absorption band has been obtained in the frequency
range of 6.530 GHz to 6.683 GHz, the second absorption band in the frequency range
of 7.418 GHz to 7.727 GHz and the third absorption band in the frequency range of
8.896 GHz to 9.138 GHz. The bandwidth of the three absorption bands are 153 MHz,
309 MHz and 240 MHz. The absorption characteristic of the FSS absorber is shown in
Fig.8.
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Fig.8. Absorption coefficient vs frequency response of FSS absorber

The orange colour highlighted portion in Fig.8 corresponds to the absorption in the
three bands of frequency obtained from Fig.7. From Fig.8, it has been depicted that in
the frequency range of 6.530 GHz to 6.683 GHz the minimum absorption is of 88% and
maximum being 97%. A minimum absorption of 89% has been obtained in the
frequency range of 7.418 GHz to 7.727 GHz, where the maximum absorption is 97%.
83% minimum absorption and 95% maximum absorption are obtained in the 8.896 GHz
to 9.136 GHz frequency range. The designed FSS absorber shows good absorption
capacity of electromagnetic radiation in all the absorption bands. Thus, the FSS
absorber designed and presented in this paper has the high efficiency to absorb
electromagnetic radiation with the maximum of 97% and satisfied the requirement of
radiation shield that is capable to reduce the health hazard to a great extent.

Conclusion

Design of absorber with absorbing material is costly enough. Presently this is a
challenge to the society to design low cost absorber. The solution is the design of
absorber by using proper frequency selective surface. Novelty of the work is the design
of low cost FSS based absorber with three absorbing bands and absorption in all three
bands is around 90%. Use of FSS absorber in window screens of hospital, residences
will definitely minimise the effect of electromagnetic radiation. The beauty of the FSS
absorber is, it allows desired frequencies of electromagnetic radiation by passband
nature of FSS and absorb the undesired one. Thus, minimising the exposure to the net
electromagnetic radiation and its harmful effects.
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