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Abstract. We present a simple approach to enhance the bandwidth and absorptivity
of the metamaterial absorber (MA) in the GHz region. The proposed MA is designed
and simulated by computer simulation technology (CST) Microwave Studio. The
results indicate that the absorption of the MA strongly depends on the conductivity
of the polymer. By using a chiral structure with the low conductive polymer of 700
S/m, the absorption bandwidth is expanded up to 12.9 GHz (relative bandwidth of
85.7%) with absorptivity over 80%. It exhibits polarization-independent absorption
and can be applied to fabricate broadband MA.
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1. Introduction

Metamaterial is an artificial structure designed to achieve the desired properties that
natural materials do not exhibit [1]. In recent years, great efforts have been made to
change their permittivity and permeability to create unique materials in negative
refractive index or control electromagnetic wave [1-3]. Since the pioneering work of
Landy et al. [4], metamaterial absorber (MA) has attracted a lot of attention because of
its ultrathin thickness and tailoring frequency compared to traditional absorbers [4, 5].
MA has been demonstrated in applications, such as solar energy harvesting, biological
sensing, imaging device, and photodetection [4-9].

MA is often formed by the periodic arrangement of unit cells which consists of a
subwavelength resonator structure and a ground plane separated by a dielectric layer [4, 5].
However, MA often provides a narrow absorption bandwidth, which may limit its
applications. By adjusting the structure and geometric parameters of the unit cell, single-
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or multiple-band absorption can be achieved at resonant frequencies. A great effort has
been made to expand the absorption bandwidth [5, 10-15]. One approach is to utilize
multi-resonance by incorporating multi-sized or multi-shaped resonators within one unit [10],
and multiple metal-dielectric layers [11]. Recently, Tran et al. presented a broadband GHz
absorber based on controlled defects [12]. The number and position of the defects in a
full-size structure were optimized with different configurations. Tiep et al. demonstrated
a wideband absorber using hybrid materials [13]. The thickness of MA is only 0.4 mm
(A/82) at the working frequency in the GHz region. Pham et al. reported a near-field effect
to create dual-band MA [14]. The electromagnetic (EM) wave in the infrared regime is
also absorbed by the multi-configuration of nanocluster [15]. However, the designs are
mostly based on symmetrical resonator structures. The asymmetric or chiral structures
have often been studied to make negative refractive materials due to their ability to
interact with EM waves [16]. The chiral structure, which does not overlap with mirror
symmetry image, can be proposed as an alternative resonator for MA with high
absorptivity [17]. The chiral structures exhibit different properties upon interactions with
circularly polarized light of opposite handedness. For each chiral structure design, there
exists an inverted design that reverses the optical response perfectly. New structures, as
well as studying new properties to improve operational efficiency, is always a challenge
for research groups.

In this work, we demonstrate an effective model to enhance the bandwidth and
absorptivity of MA by using a chiral structure and conductive polymer. The structure was
proposed and simulated by using a commercial computer simulation technology (CST)
Microwave Studio. The broadband MA is achieved by optimizing the conductivity of the
polymer. The absorption mechanism is discussed and analyzed via surface current and
electromagnetic field distributions. Moreover, the proposed design exhibit polarization-
independent absorption with a wide range of incident angles.

2. Content

2.1. Structure and design

Figure 1 illustrates the schematic diagram and geometric parameters of the proposed
MA. The unit-cell of the MA consists chiral resonator structure that is embedded in the
front of the FR-4 dielectric substrate, and the copper layer covers the whole backside. The
geometric parameters of MA are periodicity of p = 6 mm, chiral structure diameters
ofa=4mm,b=2mm, c=0.7mm, t, = 0.15 mm. The FR-4 substrate has a dielectric
constant of 4.4, a loss tangent of 0.025, and thickness t4 = 2 mm. The copper layer has an
electrical conductivity ¢ = 5,8x107 S/m and thickness tm = 0.036 mm. For studying the
absorption behaviors, the electrical conductivity of polymer is adjusted, and the width of
chiral structure c is varied. The chiral structure becomes square (symmetric structure)
when the width ¢ = 4/3 mm.

The proposed MA was designed and simulated by commercial CST Microwave
Studio. The EM wave with polarization angle (¢) and incident angle (&) is shown in
Figure 1, where the periodic structure is illuminated by an incident plane wave with the
electric field parallel to the x-axis (TE mode). Perfectly matched layers are applied along
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the z-direction and periodic boundary conditions in the x and y-directions. The absorption
of a MA is defined as A=1-R-T =1 -|Suf* - |S12?, where the S11 and Si2 are reflection
and transmission coefficients. Due to the continuous copper covering on the bottom layer
of MA, the transmission is blocked transmission T = [S12* = 0, the absorption is simple
calculated by A = 1 - |S11[?, where |S11|? = R is reflection [13, 18].
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Figure 1. A schematic diagram of the unit cell of MA with structural parameters

and incident electromagnetic wave: (a) side view and (b) 3D view. p =6 mm, a =4 mm,
b=2mm,c=0.7mm, ts =2 mm, t, = 0.15 mm, and tm = 0.036 mm

2.2. Result and discussion

Figure 2(a) shows a comparison of the absorption spectra between copper MA and
polymer MA with different conductivity in the frequency range of 5 - 25 GHz. For copper
MA (c = 5.8x107 S/m), the absorption spectra have two resonant peaks at around 9.6 GHz
(f1) and 21.1 GHz (f2) with the absorptivity of 30% and 40%, respectively. When the
conductivity of polymer decreases, the absorption peaks are slightly shifted and the
absorptivity increases. However, the absorptivity of the polymer MA is not proportional
to conductivity with the same simulation setup condition. When the conductivity of
polymer is 700 S/m, two absorption peaks are 10 GHz and 18.8 GHz with absorptivity up
to 96% (f1) and 99% (f2). This yields wideband absorption over 80% from 8.6 to 21.5
GHz (relative bandwidth of 85.7%). Two absorption peaks overlap into one peak when
the conductivity of polymer decreases to 300 S/m. This manifestly reveals that the
conductivity of the polymer plays an important role to obtain higher absorptivity of the
designed MA.

To understand the absorption mechanism of the MA, we have simulated the surface
current and electric field distributions at two resonant frequencies of 9.7 and 21.1 GHz as
shown in Figure 3. For the lower resonant frequency f1 = 9.7 GHz, the surface currents
on the front and back layers are antiparallel, and the electric field is mainly focused on
the top and bottom following the electric direction of the EM wave. Meanwhile, for the
higher resonant frequency f> = 21.1 GHz, the surface currents on the front and back layers
are parallel, and the electric field is concentrated at part of the MA. It indicates that the
lower frequency is attributed to magnetic resonance [10]. While the higher frequency
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is the electric resonance [19]. The absorption properties of the designed MA are due to
the strong resonance that can be excited by both electric and magnetic fields.
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Figure 2. (a) Absorption spectra and (b) absorption map of the chiral structure MA
with various conductivity of the polymer, (b) p=6 mm,a=4 mm, b =2 mm,
c=0.7mm, t4 =2 mm, t, = 0.15 mm, and tm = 0.036 mm
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Figure 3. Distributions of surface currents on (a, ¢) the front and (b, d) back layers
corresponding to electric field distribution on (e, f) the front and (g, h) back layers

of the MA at (a, b, e, f) 9.7 GHz and (c, d, g, h) 21.1 GHz, respectively

In addition, the absorption behavior of the copper and polymer MA can be explained
by impedance matching which is calculated via S-parameters as [12, 20]

7 z\/(1+sll)2 _8212 _1+811

(1_ S11)2 _5212 1_811 .

At certain frequencies the effective impedance, which is defined as Z(w) =

Ju(w)/e(w), matches to the free space impedance (Re(Z) = 1, Im(Z) = 0), and therefore
the reflection is minimized |S11/> = 0. The real and imaginary parts of the effective
impedance for the copper and polymer MAs are presented in Figures 4(a) and 4(b),
respectively. For the copper MA, the effective impedance is not matched with free space
at resonant frequencies of 9.7 and 21.1 GHz. Meanwhile, for the polymer MA, the real
and imaginary parts of the effective impedance are approximately 1 and 0 at both resonant
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frequencies of 10 GHz and 18.8 GHz, respectively. Furthermore, the effective impedance
of polymer MA not only matches with that of free space better than copper but also in a
wide frequency range from 9 to 21 GHz. It is reasonable to explain that the absorptivity
of the polymer MA is higher than the copper MA. Low conductivity polymer has
improved the impedance matching to enhance absorptivity.
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Figure 4. The effective impedance of (a) copper MA o=5.8x10" S/m
and (b) polymer MA o= 700 S/m
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Figure 5. Dependence of absorption spectra on (a), (b) width ¢
and (c), (b) thickness t, of polymer chiral structure
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To evaluate the influence of structure parameters on absorption behavior, the width c
and thickness tp of the chiral structure are varied. Figures 5(a) and 5(b) show the
dependence of absorption spectra on varying ¢ from 0.3 to 4/3 mm. When the width ¢ has
the value of 0.3 - 1.1 mm, the absorption spectra exhibit two peaks with little change of
absorptivity. However, for ¢ = 4/3 mm, the chiral structure becomes a square shape, and
the absorption spectrum exhibits only one peak that coincides with the low resonant
frequency f1. As we know that the square structure is a symmetry resonator, which often
drives magnetic resonances [19, 21]. It indicates that the chiral structure can create two
absorption peaks to gain wider bandwidth of MA. The dependence of absorption spectra
of polymer MA on thickness tp is presented in Figures 5(c) and 5(d). When the thickness
decreases from 0.25 to 0.05 mm, the two absorption peaks are shifted to opposite
directions and merge into one absorption peak. The calculated skin depth is about 0.5 mm,
which is much greater than the proposed thickness t, of chiral structure with low
conductivity. So, the low conductivity of the polymer plays an important role to enhance
absorptivity and broadband absorption.
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Figure 6. Dependence of absorption spectra on (a, b) the polarization angle ¢
and (c, d) incident angle @
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Figures 6(a) and 6(b) present the absorption spectra according to the different
polarization angle ¢ with normal EM wave. By rotating the emitting/receiving horn
antenna or the MA structure, the absorption lines consist in the range of polarization angle
@ from 0° to 90°. It is attributed to metasurface properties of chiral structure [17, 22]. The
observed results suggest that the incident and reflected EM waves from the copper plane
are rotated in the opposite direction when it goes through chiral structure, resulting in
polarization-independence of absorption spectra. The influence of oblique incident angle
on absorption spectra of polymer MA is presented in Figures 6(c) and 6(d). The results
exhibit that the absorptivity is slightly changed in the range from 0° to 40° of incidence
angle. When the incident angle is larger than 60°, the absorptivity is rapidly decreased.
This is attributed to the geometry of the chiral structure, in which the absorption properties
are nearly isotropic at a small incident angle and manifested at a large incident angle.

3. Conclusions

The numerical investigation of MA using the chiral structure and conductive polymer
is studied. The absorption properties of the proposed MA depend on the electrical
conductivity of the polymer. When the conductivity of polymer is 700 S/m, the absorption
bandwidth is up to 12.9 GHz with absorptivity over 80%. The MA is also independent of
polarization and large incident angle. The design can be applied to fabricate broadband
MA and for higher frequency regimes.
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