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Abstract. In this paper, a polarization independent wide-
band circuit analog absorber is proposed. The structure
consists of two dimensional periodic array of crossed loops
embedded with lumped resistors printed on dielectric sub-
strates backed by a metal plate. It offers a -10 dB reflectivity
(90% absorptivity) fractional bandwidth of 126.5% (4.6 GHz
to 20.45 GHz). The total thickness of the absorber (dielec-
tric+air gap) is about 0.084 Ap, at the lowest frequency of
absorption. The effect of different structural parameters on
absorption characteristics are studied and presented. The
prototype of the proposed absorber is fabricated and the
measured responses are in agreement with simulated results.
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1. Introduction

Radar cross section (RCS) is a measure of detectability
of the target when illuminated by an electromagnetic wave.
So, RCS reduction is important in the field of military appli-
cations. RCS of an object can be either reduced by absorption
or by scattering the incident wave away from the observer.
A classic planar absorber is Salisbury screen, which consist of
a resistive layer at quarter wavelength away from the ground
plane [1]. Even though this structure is easy to design, it has
the drawback of large thickness and narrow bandwidth of op-
eration. Jaumann absorbers consisting of multiple layers of
resistive sheets offer wideband operation at the cost of com-
plex design [2]. A layered magneto dielectric slabs backed
by a metal plate is also a good candidate as the absorber [3].

High Impedance Surfaces (HIS) are metamaterials ex-
hibiting perfect magnetic conductor (PMC) property at the
resonant frequency [4]. It consists of array of patches over
the grounded dielectric. Different absorbing configurations
like ultra-narrowband to ultra wideband is attainable by ex-
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ploiting dielectric or ohmic loss of HIS structures [5]. These
absorbers can be considered as another major development
among orthogonal frequency division multiplexing systems,
tunable antennas etc [6—8]. HIS based scatteres are also one
of the major research area [9].

The structures showing ultra-narrowband absorption by
exploiting the dielectric loss of commercially available sub-
strate are referred as perfect metamterial absorbers. Since the
pioneering work of perfect metamaterial absorber by Landy et
al. in 2008 [10], these are widely investigated by researchers
to design ultrathin, polarization independent multiband and
conformal absorbers with wide incident angular stability in
microwave and terahertz frequency regions [11-18]. Dif-
ferent techniques were reported in literature to enhance the
bandwidth of operation of metamaterial absorbers. The use
of magnetic absorbers instead of electric absorbers can pro-
vide enhancement in bandwidth with an extra cost of increase
in absorber weight [19], [20]. Large bandwidth can also be
achieved by using multi-layered structure [21] or by arranging
multiple resonating structures with closer resonant frequency
in a single unit cell [22-24]. Use of multiple resonators has
the disadvantage of increased unit cell size.

The bandwidth of operation can also be enhanced
by imparting ohmic loss to the FSS layer using resistive
sheets [25], [26] or by using circuit analog absorbers. In
circuit analog absorbers, ohmic loss is imparted on HIS us-
ing lumped resistors soldered on the patches [27-30]. The
absorbers also plays a major role in the RCS reduction of an-
tennas. The rasorber transmitting waves at certain frequen-
cies and absorbing at other frequencies can be used as radome
to reduce the RCS [31], [32]. Metamaterial absorberss can
also be used to reduce the RCS of slotted array antenna [33]
and circularly polarized tilted beam broadband antenna [34].

A wideband polarization independent absorber com-
posed of trumpet shaped resonators with four lumped re-
sistors having 90% absorption bandwidth of 65% is re-
ported [27]. A single layer wideband absorber having thick-
ness of 0.077 A, offering a 10 dB reflection reduction band-
width of 70.7% has been realized using an array of crossed
dipoles [28]. Praneet et al. proposed a Minkowski frac-
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tal loop based broadband polarization independent meta-
materal absorber having very good absorption over the en-
tire C band [29]. Further enhancement in bandwidth of
circuit absorbers can be obtained by using multiple reso-
nance concept [35-37] or multi-layer geometry [38]. Yuping
Shang et al. designed a single layer circuit analog absorber
with thickness 0.088 A, offering a fractional bandwidth of
126.8% using double square loop array [35]. A polarization
insensitive perfect absorber having a fractional bandwidth of
73.68% has been realized by using octagonal rings metama-
terials and lumped resistors [36]. Ghosh et al. proposed
a broadband absorber comprising multilayer frequency se-
lective surfaces with a fractional bandwidth of 114.4% and
thickness of 0.246 A [38].

In this paper, a single layer, polarization insensitive,
wideband circuit analog absorber is presented. The structure
consists of frequency selective surfaces loaded with lumped
resistors printed on a dielectric backed by a metal plate at
4.7 mm. It offers good angular stability up to 45° for TE and
TM polarized wave incidence and shows -10 dB reflectivity
reduction band width of 126.5% at normal incidence. Po-
larization independent behavior is observed due to structural
symmetry. The simulation results were verified by measure-
ment using fabricated prototype. Compared to other similar
designs, the proposed structure has the advantages of wider
bandwidth and simple structural design.

2. Geometry of the Absorber Structure
and Simulated Results

The unit cell geometry of the proposed absorber is
shown in Fig. 1. It consists of crossed loop with lumped
resistors printed over the dielectric, which is separated from
the metallic ground by the spacer at a distance of h;. Rogers
RT Duroid 5880 substrate (2 = 0.79mm, ¢ = 2.2 and
tand = 0.0009) is used as the dielectric. The FSS comprises
of crossed loop with lumped resistors (R=220 Q) connected
at the four legs as in Fig. 1. The optimized parameters of the
structure are: d = 12mm, b = 11 mm, a = 2mm, g = | mm,
w = 1mm.

The reflection characteristics of the proposed unit cell
is simulated using unit cell boundary condition in CST MW
Studio 2016 and the result is shown in Fig. 2. The reflection
coefficient is less than —10dB from 4.6 GHz to 20.45 GHz
with reflection dips at 5.54 GHz and 16.05 GHz.

The working principle of proposed absorber can be ex-
plained using equivalent circuit modeling. The equivalent
circuit of proposed absorber consist of a series RLC circuit
parallel to a shorted transmission line as in Fig. 3. RLC com-
ponent represents the crossed loop with lumped resistor and
the shorted transmission line with length & corresponds to
grounded dielectric slab. The short transmission line section
with length & represents the thin dielectric slab. Yy, Yin, Yrss

and Y represents the characteristic admittance of free space
above the absorber, total input admittance of the entire struc-
ture, admittance of FSS layer and the admittance offered by
the stacked dielectric and air layers backed by metal plate.
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Fig. 1. Unit cell geometry of proposed absorber (a) Front view
(b) Side view.
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Fig. 3. Equlvalent circuit model of proposed absorber.
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Fig. 6. Simulated reflection coefficient for different values
of periodicity (d).

The reflection coeflicient of absorber can be expressed
as in [39]

Yo-Y
= ( 0 111)7 (1)
(YO + Ym)
Yin = Y4 + Ygss, 2)
Yrss = G +jB, 3)
Y = —jcot(khefr) | el 4)

MO Meff

where e and g are the effective permittivity and perme-
ability of stacked grounded dielectric layers, G and B are con-
ductance and susceptance of the FSS, k is the wavenumber
in the substrates and heg=h+h;. The admittance of grounded
dielectric layers become equal but opposite in sign to that
of the FSS susceptance during resonance and the maximum
absorption occurs when the remaining real part of input ad-
mittance matches to that of free space admittance (¥p).

To illustrate the absorption mechanism of the proposed
structure, the simulated imaginary component of the dielec-
tric and FSS impedance are shown in Fig. 4. At 4.5 GHz,
the inductive reactance of grounded dielectric layer becomes
equal to that of capacitive reactance of FSS and results in first
resonance. At 11.74 GHz, the imaginary part of impedance
of grounded dielectric layers changes from inductive to ca-
pacitive and will act as a high impedance wall identified
as Salisbury screen zone. At this frequency, the real part of
grounded dielectric impedance is characterized by a very high
value. At this frequency, imaginary part of FSS impedance
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. 5. Simulated real and imaginary part of impedance.
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Fig. 7. Simulated reflection coefficient with width (w) vari-
ation.

is not zero and thus no resonance is obtained. At21.15 GHz,
the capacitive reactance of dielectric layer becomes equal
to that of inductive reactance of FSS layer and results in
another parallel resonance (second resonance). This result
shows that the absorber can provide wider absorption band-
width from 4.5GHz to 21.15GHz. The simulated result
(Fig. 2) shows slight variation in absorption frequency range
(4.6 GHz to 20.45 GHz) as compared to the predicted fre-
quency range from equivalent circuit modeling.

The real and imaginary part of the normalized
impedance of the proposed absorber is shown in Fig. 5. For
maximum absorption, the real part of impedance should be
matched to that of frees space impedance and the imaginary
part should be zero or negligible (as per (1) and (2)). Within
the entire frequency band of interest, the value of real part of
impedance is near to free space impedance and the imaginary
component is nearly zero or have a negligible value.

The effect of different geometrical parameters on the
absorption characteristic of the structure is studied by simu-
lation and it is described below. The variation of reflection
coeflicient of the structure for different values of periodicity
of unit cell (d) is shown in Fig. 6. As the periodicity in-
creases, the capacitance decreases due to the increase in gap
between nearby cross loops. The lower resonant frequency
increases and the higher resonant frequency decreases due to
the decrease in capacitance of FSS. The bandwidth of oper-
ation is reduced with increase in periodicity and d= 12 mm
gives better performance.
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The effect of width of the loop (w) on the performance
of absorber is simulated and is shown in Fig. 7. The structure
provides better performance when w=1 mm.

The reflectivity of proposed absorber is studied for dif-
ferent values of chip resistor (R) and it is shown in Fig. 8. It
is found that structure with 220 Q resistor can provide bet-
ter bandwidth enhanced performance as compared to other
resistor values.

The variation in reflectivity for different values of air
gap distance (/1) between the FSS and the metal ground
plane is shown in Fig. 9. When k| = 5 mm, the bandwidth
of operation is less and when h; = 4.4 mm, the structure
is not showing reflectivity below -10dB at some frequency
points within the area of interest. Optimum air gap distance is
obtained as 4.7 mm for better -10 dB reflectivity bandwidth.

The structure can provide polarization independent be-
havior due to the four fold symmetry. The reflectivity of
the structure for different polarization angles (¢) at normal
incidence is shown in Fig. 10.

The angular stability of the structure is also stud-
ied for TM and TE polarized wave incidence and is de-
picted in Fig. 11 and 12, respectively. Up to 45° angle
of incidence, the reflection coefficient is less than —6dB
(absorptivity= 86.53%) within the frequency of interest for
TE and TM polarized wave. As the angle of incidence in-
creases the absorptivity gradually decreases and limits the
angular stability up to +45°.
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To get a physical insight of the absorption phenomena,
the power loss density at 5.5 GHz, 14.3 GHz and 20 GHz
for both TM and TE polarized waves incidence is plotted
in Fig. 13(a-f). For TM polarized wave, the loss density is
maximum around the resistors along Y-axis and for TE po-
larized wave, the power loss density is maximum around the
resistors along X-axis.

The distribution of electric field for TM and TE polar-
ized waves incidence at 5.5 GHz, 14.3 GHz and 20 GHz is
shown in Fig. 14(a-f). Different modes of resonances can be
clearly observed from figure.

The reflectivity of proposed absorber with and without
lumped resistors are also studied and is depicted in Fig. 15.
Without lumped resistors, the structure is acting as an ar-
tificial magnetic conductor; i.e. it will reflect all the inci-
dent wave in-phase. This indicates that the lumped resistors
are mainly contributing for the absorption mechanism of the
structure.

The characteristics of the proposed absorber is com-
pared with previously reported absorbers and is shown in
Tab. 1. It indicates that the proposed structure provides bet-
ter bandwidth performance with simple structural design and
optimum thickness as compared to other absorbers.

Fig. 13. Power loss density distribution at [(a), (d)] 5.5 GHz [(b),
(e)] 14.3 GHz and [(c), (f)] 20 GHz for TM and TE po-
larized wave incidence, respectively.
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Fig. 14. Electric field distribution at [(a), (d)] 5.5 GHz [(b), (e)]
14.3 GHz and [(c¢), (f)] 20 GHz for TM and TE polarized
wave incidence, respectively.
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Fig. 15. Comparison of reflectivity of the structures with and
without resistors.

3. Measured Results and Discussions

To experimentally validate the wideband absorption
characteristics of the structure, a prototype is fabricated. The
total dimension of the structure is taken as 21 cm X 21 cm
constituting 289 unit cells. 1156 SMD chip resistors with
case code type of 0402 (Vishay-CRCW0402220RFKED) are
soldered on to the four legs of each cross loop unit cell. The
nylon spacers are used to maintain an air gap of 4.7 mm be-
tween the FSS layer and metal ground plane. The front and
side view of the fabricated prototype is shown in Fig. 16(a)
and (b), respectively.

()

Fig. 16. Photograph of the fabricated prototype (a) Front view
(b) side view.
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Ref Unit cell size [mm] | Thickness [mm] | -10 dB bandwidth [%] Unit cell characteristics

[28] 13.6 077 Ay, 70.7 Single layer, 4 resistors

[35] 24.3 14.7 (0.0884y. ) 126.8 Single layer+ spacer, 16 resistors

[36] 12 3(0.08 ) 73.68 Single layer, 8 resistors

[37] 40 10 (.085 Ar) 75 Single layer, 8 resistors

[38] 13 4.6 (0.076 A1) 114.4 Two layer, 12 resistors
Proposed work 12 5.49 (.0841 11, )) 126.5 Single layer +Spacer, 4 resistors

Tab. 1. Comparison of the performance of proposed absorber with previous works.

The performance of the structure is measured using two
wideband horn antennas ((Verdant JR-18 that works from
2 GHz-18 GHz) connected to Rohde & Schwarz ZVB 20
vector network analyzer. All the measurements are carried
out in an anechoic environment. The reflected power from an
identical metal plate is measured and normalized to nullify
the cable and other losses. The photograph of the measure-
ment set up is shown in Fig. 17. Measurements are taken up
to 18 GHz due to the frequency limit of antenna.

The measured reflection coefficient of the structure
compared to simulated response is shown in Fig. 18. The
observed deviation may be due to fabrication error, soldering
inaccuracy or resistor value variations.

The polarization insensitivity of the structure is also
measured for normal incidence and is depicted in Fig. 19.
The structure exhibits polarization independent characteris-
tics.

4. Conclusion

A wideband circuit analog absorber composed of
crossed loop loaded with lumped resistors is presented in
this paper. The proposed absorber has thickness of 0.084 A,
and it offers —10dB reflection bandwidth from 4.6 GHz to
20.45 GHz, which corresponds to a fractional bandwidth of
126.5%. The effect of polarization and incident angle on the
absorption property of the structure is also studied. Com-
pared to the previously reported structures, the proposed
absorber has simple structural geometry, lesser number of
resistors per unit cell and enhanced bandwidth. A prototype
of the structure is fabricated and it is observed that the mea-
sured results are in a general agreement with the simulation.
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