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Abstract

The radiation characteristics of the microstrip antenna (MSA) on the frequency selective sur-
face (FSS) based absorbing layer is presented in this paper. It is observed that an absorbing
layer placed between the MSA configuration and the ground plane helps in controlling the
radiation characteristics of the antenna. It not only reduces the back lobe but also reduces
the beamwidth and gain of the antenna simultaneously. This is because the absorbing layer
absorbs some amount of power radiated by the antenna in both forward and backward direc-
tions. The proposed design is simulated using Ansys HFSS electromagnetic simulation soft-
ware and the results are validated by comparing it with the results obtained from the
equivalent circuit approach as well as experimental results. The effect of absorber on radiation
characteristics of the radiator demonstrates its potential use in suppressing the radiation from
the printed circuit board traces.

Introduction

The microstrip antennas (MSAs) are the most preferred form of radiators in several applica-
tions. Improvement of the front-to-back ratio of the MSA [1] is one of the important aspects
of the design since it minimizes the wastage of the radiated power as well as the electromag-
netic interference (EMI). Moreover, in mobile communications, the mitigation of the multi-
path signals also requires the use of low back lobe antenna [2]. The reasons for the
appearance of the back lobe are surface wave excitation along with strong dependence on
the surface surrounding the antenna. Some of the techniques used in the past to reduce the
back lobe of planar soft surfaces [3] choke ring ground plane [4], vertical choke ring [5],
Electromagnetic Bandgap (EBG) structure [6], artificial magnetic conductors [7] etc. Most
of these techniques increase the antenna size significantly. The use of the absorbing layer is
an alternate efficient solution to address these problems. The planar periodic conducting pat-
terns on dielectric substrate namely the frequency selective surface (FSS) with ground plane on
the bottom is the most common form of electromagnetic (EM) absorbers [8] with sharp reso-
nances and high absorption peaks. The FSS consists of two-dimensional (2D) arrays of printed
lossy or lossless elements arranged periodically on the dielectric substrate. The design of lossy
FSS [9] is based on minimizing the scattered field by introducing the ohmic or/and dielectric
loss in the FSS element while the lossless FSS [10] employs low loss metallic patterns. A hybrid
technique employing both lossy and lossless approach [11] is also used to enhance the char-
acteristics of the absorbers significantly. The shape, size, and periodicity of the FSS element are
the parameters responsible for the resonance condition. If all the parameters of the FSS are set
properly, the incoming incident EM field can be absorbed completely. In the past, the FSS is
mostly integrated with the patch antenna for enhancing the directivity and gain [12–16], where
it is used as a superstrate layer by placing on the top of the patch antenna. In the proposed
work, it is placed below the substrate of the patch antenna to suppress the radiation for
EMI mitigation.

This paper aims to examine the radiation characteristics of the MSA placed over the FSS
absorber and at the same time to establish its potential use in high frequency/high-speed cir-
cuits for mitigating EMI in terms of radiation and crosstalk from the traces of the printed cir-
cuit board. The design and configuration of the proposed FSS absorber are presented in the
section ‘Design and configuration of FSS-based absorber’. In the sections ‘Design and config-
uration of an FSS absorber integrated MSA’ and ‘Results and discussion’, the design, simula-
tion, and experimental results of the MSA integrated with the absorber are described and
finally, the conclusions are presented in the last section.

Design and configuration of FSS-based absorber

The FSS can be used to transmit, reflect, or absorb the plane wave completely or partially,
depending on the nature of the array element. The design of FSS-based EM absorbers mainly
depends on two sets of design parameters. The first one being the substrate parameter
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involving the substrate dielectric constant, loss tangent, and its
thickness. The second set of parameters is concerned with con-
ducting patch design, its shape, its geometrical parameters, con-
ducting material parameters, and its layout for the other
patches. The proposed FSS absorber consists of a periodic pattern
of a slot array as shown in Fig. 1(a) printed over a low-cost FR4
dielectric substrate of dielectric constant 4.4, thickness 1.6 mm,
loss tangent tanδ = 0.02, and covered with a dielectric sheet of
the same thickness having the same material parameter. The bot-
tom part is the conducting ground plane. The FSS is designed
with a dielectric cover so that the cover may be used for printing
the antenna element for the integration of this FSS absorber with
the antenna. The unit cell of the FSS element consists of a simple
circular slot etched rectangular patch with the dielectric cover as
shown in Fig. 1(b). The equivalent circuit of the proposed struc-
ture is shown in Fig. 3(c). As seen in Fig. 1(c) ZSU is the imped-
ance of the superstrate layer represented in the form of the
transmission line TLSU, ZFSS is the impedance of the FSS resonant
structure and ZSL is the impedance of the lower substrate layer
with a common ground plane represented in the form of a short-
circuited transmission line. The geometrical parameters of the
unit cell and its periodicity are selected such that the absorber
exhibits the absorption characteristics at the desired frequency
of operation.

The design parameters of the absorber are presented in
Table 1. The circuit parameters obtained from the equivalent cir-
cuit approach are shown in Table 2. It should be noted that the
conventional absorbers are designed to absorb the incoming
plane wave falling on the absorbing surface such that the imped-
ance of the absorbing layer is properly matched with the free
space impedance. However, in the proposed absorber, since the
absorber is sandwiched between the patch and ground plane,
the impedance of the absorber is to be matched with 50Ω instead
of free space impedance. This in turn requires the selection of

appropriate FSS element and cell dimension. The control of
these parameters for 50Ω impedance matching, while maintain-
ing a compact unit cell is a challenging task. However, an array
configuration consisting of a complementary slot pattern accom-
plishes this requirement. The geometrical parameters of the FSS
are, therefore tuned for 50Ω impedance matching condition.
The equivalent circuit of the absorber is shown in Fig. 1(c),
where, the superstrate layer depicting an impedance of ZSU
lying over the FSS pattern is equivalent to a transmission line
represented as TLSU, the FSS layer is represented as a series

Fig. 1. (a) FSS-based absorber configuration. (b) Unit cell of FSS-based absorber. (c) Equivalent circuit of FSS-based absorber.

Table 1. Dimensions of FSS-based absorber (all dimensions are in mm)

Parameters
rcs
−fss

lcs
−fss hsubstrate

hdielectric
cover

pcs
−fss

Values 2.349 8.5 1.6 1.6 11

Table 2. Equivalent circuit parameters of FSS-based absorbers as shown in
Fig. 1(c)

Parameters TLSU RA LA CA TLSD

Unit Ω Ω nH pF Ω

Values 9.4 0.6 1.1 0.7 9.4

Fig. 2. Comparison of absorption characteristic of the proposed absorber.
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RLC symbolizing an impedance of Zfss whereas the lowest layer of
impedance ZSC containing the ground plane is represented as a
short-circuited transmission line. The RLC circuit can be
expressed as a combination of resistance and reactance [17]
which can be obtained analytically using equations (1) and (2)

Zfss = j
ZO���
1r

√ tan
2pf

���
1r

√
d

c
(1)

LA
1/CA

[ ]
=

v1
1
v1

v2
1
v2

⎡
⎢⎢⎣

⎤
⎥⎥⎦

−1

im(ZFss(v1))
im(ZFss(v2))

[ ]
, (2)

where ω1 and ω2 are the two angular resonating frequencies. The
equivalent circuit model is simulated usingadvanced design sys-
tem (ADS) software and the design parameters are obtained at
an operating frequency of 5.16 GHz. The equivalent circuit
model not only offers an insight into the design of the absorber
but also helps in tuning the geometrical parameters to obtain
the desired results. The absorption characteristics of the proposed

absorber can be determined using the reflection characteristics as

Absorptivity = A(v) = 1− (|S11(v)|)2. (3)

The absorber, thus designed is simulated using Ansys HFSS
EM simulation software which uses highly accurate finite element
method for analysis. The simulation is performed for the same
operating frequency of 5.16 GHz and the results are compared
with the results obtained using the ADS simulation tool as
shown in Fig. 2. Fairly good agreement is depicted in the figure.
Next, the proposed absorber is integrated with the MSA and
the radiation characteristics of the composite structure are
examined.

Design and configuration of an FSS absorber integrated
MSA

The FSS absorber thus designed is integrated with the MSA by
placing the antenna configuration on the top of the superstrate
layer of the absorber. A conventional inset fed MSA consisting
of a rectangular patch is placed over the superstrate layer of the
absorber symmetrically. The isometric, top, and side views of
the proposed structure are shown in Fig. 3(a) and the equivalent
circuit of the proposed structure is shown in Fig. 3(b). The

Fig. 3. (a) Isometric, top and side views of the proposed structure. (b) Equivalent circuit of the proposed structure.

964 Ashish Raj and Nisha Gupta

https://doi.org/10.1017/S1759078720001610 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078720001610


equivalent circuit of the proposed structure constitutes two sec-
tions, one representing the MSA printed on the top layer of the
dielectric and the other one representing the absorber. The
dimensions of the patch are selected such that it resonates at
the frequency of designed absorber, i.e. 5.16 GHz. However, inte-
grating the antenna with the absorber shifts the resonant fre-
quency to 4.42 GHz indicating that effective absorption is

obtained at 4.42 GHz, instead of 5.16 GHz. Therefore, all the char-
acteristics of the proposed structure are examined at 4.42 GHz.

The dimensions of the proposed structure as obtained are
shown in Table 3. The equivalent circuit of the proposed structure
is simulated in ADS simulation software and the design para-
meters are listed in Table 4.

Table 3. Structural dimensions of the proposed structure (all dimensions are in mm)

Parameters wsub wp lp wf win lin wnotch h

Values 25.4 18.2 13.4 7.5 4.8 4.7 0.5 3.2

Table 4. Equivalent circuit parameters of the proposed structure as shown in Fig. 3(b)

Parameters LF RP LP CP Ri1 Ci1 Ri2 Ci2 TLSU RA LA CA TLSD

Units nH kΩ pH pF Ω fF Ω fF Ω Ω nH pF Ω

Values 0.14 0.11 528 6.06 190 5.11 190 5.11 9.43 0.63 1.09 0.74 9.43

Fig. 4. Comparison of reflection coefficient: (a) for the proposed structure using HFSS and ADS simulation tool; (b) for the conventional MSA and proposed
structure.

Fig. 5. The fabricated prototype model of the proposed structure.

Fig. 6. Comparison of reflection coefficient obtained using HFSS and measurement.
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Results and discussion

The reflection coefficient obtained by the equivalent circuit model
and simulated in ADS tool is compared with the simulation result
using HFSS solver to confirm the validity of the equivalent circuit
model for the proposed structure. The comparison results are
shown in Fig. 4(a). As seen, the two results match very well
thus confirming the validity of the equivalent circuit model. A
comparison of the bandwidth of the conventional MSA and pro-
posed structure is shown in Fig. 4(b). The proposed structure
shows a reduction in 3 dB bandwidth by more than 50%.

Next, a prototype model of the proposed structure as shown in
Fig. 5. is fabricated and measured. A PNA series vector network
analyzer is used for the measurement of the S-parameters.

The result of the reflection coefficient obtained using HFSS is
then compared with the experimental results as shown in Fig. 6.

The experimental results show a small shift in the resonant fre-
quency which may be attributed to the fabrication tolerances.
Finally, the radiation characteristics of the proposed structure
are obtained and compared with the radiation characteristics of
the conventional MSA printed over an FR4 dielectric substrate
of dielectric constant 4.4, thickness 3.2 mm, and loss tangent
tanδ = 0.02 to examine the effect of absorbing layer on the radi-
ation characteristics of the antenna. The radiation patterns are
shown in Fig. 7. As seen, the radiation pattern of the proposed
structure shows a decrease in gain, beamwidth, and also a

significant decrease in the back-lobe radiation. The gain reduces
by 6.58 dB, and the beamwidth also reduces by 12.82°.
Essentially, the radiation characteristics of MSA are greatly influ-
enced by the size of the ground plane, and a finite ground plane
increases the back-lobe radiation. However, the proposed tech-
nique reduces the back lobe significantly even for an MSA printed
on a finite ground plane. Hence, the proposed technique may be a
viable solution to reduce the beamwidth and side lobes even by
employing a single element of MSA, of course at the cost of
reduced gain.

Moreover, the reduced gain may be compensated by transmit-
ted power. The decrease in radiation can further be elaborated by
analyzing the current distribution over the radiating patch for the
two cases as shown in Fig. 8. As seen in Fig. 8(b) the proposed
structure limits the radiation from the patch due to the presence
of the absorbing layer beneath the patch as compared to the radi-
ation from the patch of a conventional MSA.

Further, the 2D radiation patterns of the conventional and the
proposed antenna structures are presented in Figs 9(a)–9(d) to
examine their co- and cross-polarization characteristics. As seen
in the figure, the amplitude of the co-polarization component
of the proposed structure is reduced significantly in both E-
and H-planes without deteriorating the cross-polarization. The
characteristics of the gain and radiation efficiency are shown in
Figs 10(a) and 10(b). A significant reduction in gain and radiation

Fig. 7. Radiation characteristics of the (a) conventional MSA, (b) proposed structure.

Fig. 8. Current distribution over the patch for the (a)
conventional MSA, (b) proposed structure.
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Fig. 10. Comparison of (a) gain and (b) radiation efficiency of the conventional MSA, and proposed structure.

Fig. 9. (a) and (b) Simulated and measured co- and cross-polarized radiation patterns for the conventional MSA, and proposed structure in E-plane. (c) and (d)
Simulated and measured co- and cross-polarized radiation patterns for the conventional MSA, and proposed structure in H-plane.
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efficiency are depicted over the entire range of frequencies for the
proposed structure.

Conclusion

The effect of the absorbing layer below the MSA is investigated in
this study. The absorber and the proposed structure are analyzed
through simulation as well as the experiment. The results depict a
decrease in the total radiation from the MSA as all the three para-
meters of the MSA the gain, beamwidth, and back radiation are
reduced. This study may be useful in suppressing both forward
and backward radiated emission from high-speed circuits by pla-
cing an FSS-based absorbing layer below the existing circuit
board.
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