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ABSTRACT

metamaterial absorber in visible light region by utilizing a
layer of metal-dielectric-metal configuration. The absorption bandwidth and absorption
—nances are tailored by varying the resonator shapes and metal materials. The absorption bandwidth
proposed MA structure is enhanced significantly with decreasing the order of rotational symmetry
resonator shape. Using gold configuration, the 2-fold symmetry MA structure based on the double-
@xe (DSA) shaped resonator exhibits the broadband absorption response over the entire visible light

of infrared spectrum range from 320 nm to 982 nm with absorptivity above 90% for both
.rse electric and transverse magnetic polarizations. The physical mechanism of broadband
mtion is explained by the current, electric and magnetic distributions, significantly affected by the

sating surface (PSP) and localized surface plasmon (LSP) resonances. Furthermore, the high

ser performances of the 2-fold symmetry MA structure can be obtained over entire visible light
(400 nm - 700nm) for both noble metal of gold and low-cost metal of nickel configurations,
ing the proposed absorber is a promising candidate for low-cost and large-scale fabricate device
=d in visible light region.

»rds: Metamaterials, Visible light, Perfect absorption, Absorber.

—ort a numerical study of a broadband

INTRODUCTION photo-detector, thermal emitter, and pulse
aterial absorber (MA) has been generathn, etc. [3,4.5,6]- 4

sively studied for both theoretical research In this paper, we report a numerical study of
practical applications Since 1onte B ol a broadband metamaterial absorber in visible
i the microwave MA with near-uni t); light region by utilizing a single layer of metal-
ance in 2008 [1]. Generally, the dielec’qic-metal configuration. The absorption
amaterial absorbers are designed bas,,ed on bandwidth and absorption performances are
' 3 ; : tailored by varying the resonator shapes and
metal-insulation-metal (MIM) configuration metal materials. The absorption bandwidth of
e e conﬁguration o be fraprovet the the proposed : MA stru?t)ure is enhanced
'_‘ 1031em2§2;1;y a(r)ll; ﬂslieZeM:% 1['§<]e:calB ypa?clﬁ significantly with decreasing the order of

. rotational symmetry of the resonator shape.

sator, the MA was designed for different

wation frequencies ranging from microwave EXPERIMENTAL
DI . g - . . v
& IR requencies Hov_vever, th_e controllaple The proposed MA is shown in the inset of
on of MA to obtain a wide operation . s o
1 5 o ; S Fie. 1. MA structure consists of a periodic array
dwidth, insensitivity to light polarization, e e » 5 e
e ; of various surface geometries from asymmetry
pni-directionality, and a considerable : =+ : 4 .
. 3 ] to symmetry shapes (DSA to cross, square, and
ion in overall thickness has remained a LR i 4
e circle), respectively. The top and bottom layers
enging issue. Recently, many efforts have . o
3 are made of metal materials. The different metal
recently focused on the extension of » ’ i
: 5 materials are chosen to design the MA structure
srotion band and control of absorption i : @
‘ency range in visible light regime for including noble metals (gold and silver) and
y & & common metals (nickel and aluminum). The top

ical applications like photovoltaic device,
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metallic layer is placed directly on the surface of
a homogeneous silicon dioxide substrate.
Meanwhile, the backside of dielectric layer is
coved the same metallic material with the top
layer acting as the ground to block the
transmission. Thicknesses of the layers from top
to bottom are 15 nm (t;), 55 nm (h) and 15 nm
(t2). respectively. The geometrical dimensions of
the DSA unit cell are optimized using the
numerical simulation based on frequency
domain solver in a Computer Simulation
Technology (CST) Microwave Studio. Based on
the simulated results, the optimized dimensional
parameters of the unit cells for designing of the
broadband MA are as follows: P = 160 nm, R =
50 nm, R; = R; = 30 nm, and W = 40 nm. The
centers of the circles are O (x=0 nm, y=0 nm),
0;(x=35 nm, y=-35 nm), O:(x=-35 nm, y=35
nm). The influence of structural parameters such
as different structure shapes and metallic
materials on the absorption characteristics of the
MA is simulated and evaluated.
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Figure 1. Absorption spectra of the proposed
MA with various resonator shapes under normal
incidence. The insets show the schematic of the
proposed MA and top-view of various resonator
shapes including circle, square, cross and
double-sided axe (from left to right).

The absorption of the MA can be calculated
by A(w) = I - T(w) - R(w), where A(w), R(w)
and T(w) are the absorption, reflection, and
transmission of the absorber, respectively. The
transmission T(w) and reflection R(w) are
determined from the frequency-dependent S-
parameter S;;(w) and Sz(w), where T(w) =
IS2i1(@)) and R(w) = |Sii(w)|’. Because the
thickness of the metal slab is thick enough to
forbid the transmission of the incident wave
(T(w) = 0), the absorption could be simplified to
be A(w) = I - R(w).
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RESULTS AND DISC

The absorption spectra of the
with various resonator shapes
incidence for both tra
(TE) polarization are shown in
absorption range of the proposed
controlled by varying the order
symmetry of the resonator shapes
and lowest RAB values are obtaing
with DSA and circle resons
respectively. We note that the DS#
exhibits an absorption intensity hig
in a wide wavelength range of |
covering from UV, visible to
regions and peak absorbilities
99.68%, and 99.18% in UV (~450
(~546 nm) and near-infrared region
respectively. The RAB of the DSA
reaches about 102%, which indie
wideband property.

The physical mechanism of
based on the localized surface pla
resonance, the propagating sui
(PSP) resonance, and the combin
the LSP and PSP resonances. The
of current density, electric and ma
are used to explain the absorption
the MA structure. Fig. 2 shows
density and the distributions of
magnetic field of the DSA-shaped M
TE polarization at various resonant §
of 450 nm, 546 nm and 938 nm
plane. As seen in Figs. 2(a)«(€)h
density is mainly concentrated in"
resonator and on top of the mets
plane, which confirms the surfa
resonance. It was reported that
plasmon resonance can be attrib
wideband absorption phenomenon. ¥
the electric current distributes in
bottom metal layers that means the o
energy loss in the dielectric layer wh
the broadband absorption. The
distribution is localized around the
between the neighbor unit cells, as &
2(d)-(f). Furthermore, the -electrie
strong coupled in to air-slot at
wavelength of 938 nm, indicating
plasmon polaritons (SPPs) are ex
structure. The distributions of the
at these resonant wavelengths are she
2(g)-(k). The distributions of the m
of the MA for various resonant :




mtly different. It was reported that the
distributions of the magnetic field is
different types of resonances such as LSP
%> At the resonant wavelength of 938 nm,
~alized magnetic field within the gap
o the top metallic resonator and the
ground plane results in LSP resonance.
ile, the magnetic field is not only
Jated in the metallic resonator but also
through the neighbor unit cells at the
¢ wavelength of 450 nm, indicating that
sorption around 450 nm results from PSP
sce. Both the LSP and PSP resonances are
4 at the resonant wavelength of 546 nm as
mced by the distribution of magnetic field
: 2(h). Both the LSP and PSP resonances
excited at the resonant wavelength of 546
¢ evidenced by the distribution of magnetic

A=838 nm

y (nm)

y {nm) ¥ tnm)
gwre 2 (a), (b), (©) Current density and
eributions of (d), (e), () electric field and
enetic field on the YOZ plane of a unit cell at
ious resonant wavelengths of 450 nm, 548
and 938 nm, respectively. The y-direction is
en form -80 nm to 80 nm.

Besides the order of rotational symmetry of
sonator shape, the metal materials are also
d to be affected on absorption performance
the MA as shown in Fig. 2. It can be observed
the variation of the metals not only
sfluences the absorption range and bandwidth
But also affects the absorption efficiency the
DSA shaped MAs. Meanwhile, the absorption
properties are almost unchanged for both TE and
M polarizations. The MA designed based on
gold configuration shows the widest operating
shsorption band along with a high average
bsorption over both that band and visible light
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range, though these highest absorbencies are
obtained for nickel configuration. We note that
the DSA-shaped MAs give the average
absorbance higher than 90% for both noble
metals (gold and silver) and common metals
(nickel and aluminum), and the nearly perfect
absorbance (99%) for nickel and gold in the

visible light range.
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Figure 3.  Absorption efficiencies of the

proposed MAs designed with various metals

under normal incidence for (@) TE and (b) TM

polarizations.

CONCLUSION

A tailoring design of a broadband MA in
visible light region based on a single layer of
metal-dielectric-metal configuration was studied
The absorption bandwidth and
absorption performances Were controlled by
turning the shape and metal material of
resonator shape. The absorption band was
significantly increased with decreasing the order
of rotational symmetry of patch resonator. Using
the gold configuration, the broadband absorption
response of the MA structure based on the 2-fold
symmetry of the DSA shaped resonator over the
entire visible light and apart of infrared

numerically.
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spectrum range from 320 nm to 982 nm with
absorptivity above 90% for both TE and TM
polarizations was obtained. The physical
mechanism of broadband absorption was
investigated by the current, electric and
magnetic  distributions,  contributed by
propagating surface plasmon (PSP) and
localized surface plasmon (LSP) resonances. In
addition, the high absorber performances of
DSA shaped MA structure over entire visible
light region (400 nm - 700nm) can be achieved
for both noble metal of gold and low-cost metal
of nickel configurations. suggesting that the
proposed absorber is a promising candidate for
visible light applications.
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