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Artificial absorbing materials with unique electromagnetic properties are consid-
ered. They are called metamaterials and are determined by their subwavelength
building blocks. Manipulation of those blocks allows defining of the electric
and magnetic responses to incident radiation. Because fabrication of three-
dimensional metamaterials is complex and challenging, especially for optical
frequencies of incident radiation this paper proposes a simple, easy to construct
metamaterial absorber of electromagnetic radiation at optical frequencies.
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Metamaterials are one of the most exciting areas of applied physics nowadays. Because
of their peculiar properties, such as negative refraction index [1], fantastic possibilities
become now a reality, e. g. electromagnetic cloak [2]. Metamaterial is a wide name for
an engineered material, artificially structured periodic material, crafted to have certain
properties. Its electromagnetic properties are determined by their subwavelength building
blocks. Metamaterials possess an ability of independent tailored electric and magnetic
responses to incident radiation [3,4].

Aim of this paper is to propose a simple, easy to construct and cheap metamaterial
absorber of electromagnetic radiation at optical frequencies. Such absorbers have wide
applications in modern day science, e.g. spectroscopy, solar cell enhancement, thermal
imaging, emissivity control, etc [5—-14]. Metamaterials composed of nanoscale resonators
with adjustable electromagnetic response can become good optical wavelength absorbers
[16]. Their advantage is the possibility to construct broadband optical absorbers with
advanced functionalities.

The extent of electromagnetic losses in the constituent material depends on its capabi-
lity to convert electromagnetic energy into heat. We can consider the entire metamateri-
al to be characterized by a complex electric permittivity e(w) = €1 + ie2 and magnetic
permeability u(w) = w1 +iue, as an effective medium [17] and use nanoscale resonators to
add large imaginary parts into the effective permittivity /permeability dispersion of the
homogenous medium [18]. Loss components of the optical constants (g2 and ug) have the
potential for the creation of materials with high absorption properties. This imaginary
parts result in high absorption over certain band around resonance of the passing wave.
By manipulating resonances in € and p independently, it is possible to absorb both the
incident electric and magnetic field.

(© Shopa M., 2014
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Metamaterial, which can be a good absorber in optical wavelength region, has to
consist of building blocks way smaller than optical wavelength. Much effort has been
devoted to metamaterials design and fabrication for obtaining desired optical properti-
es. However, the fabrication of three-dimensional metamaterials is challenging, because
current metamaterials fabrication techniques rely highly on top-down lithographic appro-
aches [19]. There have been attempts to engineer a metamaterial with broad bandwidth
by integrating many nanoscale resonators into a unit cell by stacking them on top of
each other [15]. Fabricating multiple aligned nanoscale features is complex and time-
consuming, and the proposed structures are only strongly absorbing for a single polari-
zation.

Bossard et al. [16] have proposed an interesting design for optical metamaterial
absorber with wide bandwidth. Their idea is to create metamaterial absorbers based
on electromagnetic band gap surfaces. This approach led them to the metamaterial
absorber unit cell shown on Figure 1 (figure from [16]). It integrates three well-designed
electromagnetic elements in a single metal screen layer that meets predesigned fabricati-
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Fig. 1. (a) Diagram of the Au-based metamaterial absorber structure. (b) Top left: Top view of
one unit cell of the design. Bottom left: Field Emission Scanning Electron Microscopy (FESEM)
image of a unit cell of the fabricated structure. Scale bar is 200 nm. Right: Low-magnication
FESEM image of the same structure. Scale bar is 600 nm. (c) Simulation and measurements
for Au-based absorber under unpolarized illumination at normal incidence. The average Au
thicknesses of the Au nanostructures determined by atomic force microscopy measurements are
10, 11, and 12 nm. (d) Simulation and measurements for Pd-based metamaterial absorbers
with Pd nanostructure thicknesses of 30 and 40 nm under unpolarized illumination at normal
incidence.
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Fig. 2. (a) A schematic illustration of a model of metamaterial absorber consisting of Au
spherical nanoparticles of different radii. (b, ¢) Simulated absorption cross-section of Au and
Ag spherical nanoparticles correspondingly with radii from 20 to 100 nm. Graph shows multiple
maxim a in absorption spectrum of gold or silver nanoparticles. Electric permittivity of gold
and silver is taken from Johnson’s and Christy’s paper [20].
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on constraints. They demonstrated a polarization-independent metallo-dielectric electro-
magnetic band gap based absorber with achieved an average absorptivity of 98% over
the bandwidth from 1.77 to 4.81 ym and a wide +£45° FOV.

But this design still requires complicated engineering. Another way to construct a
light absorbing metamaterial is to mix different metal absorbing nanoparticles of different
sizes. Spherical nanoparticles have and advantage of being relatively easy and cheap to
produce. Such particles, being symmetrical, have their optical absorption independent
on the direction of the incident electromagnetic radiation. If one requires an absorber of
narrow bandwidth it is easy to choose the nanoparticles of defined size and material, to
match the desired wavelengths of incident electromagnetic radiation. But if we need a
material with broader bandwidth it is possible to implement nanoparticles of different
sizes. Due to the inherent properties of metals, nanosized spheroids have eigen frequencies
at which incident electromagnetic radiation induces resonances, causing high absorption.
On the example of gold and silver spheroidal nanoparticles (see Figure 2) we can see how
size of the absorbing nanoparticles relates to the wavelength of the incoming light. Such
design is easy to implement, allows composition of metamaterial with tailored electro-
magnetic response. Figure 2a shows a simple model of metamaterial consisting of Au-
nanospheres of different radii. Implementing nanoparticles of other metals, different sizes
or shapes allows to modify the shape of the absorption spectra seen on the Figure 2b,c.

Broadband optical absorbers with advanced functionality become possible because of
metamaterials. Metamaterials composed of nanoscale resonators with adjustable electro-
magnetic response create unique possibilities. Properties of the metamaterial optical
absorber can be steered by choosing defined size and/or material of the nanoparticles
used as building blocks. A relatively simple design has been proposed for metamaterial
consisting of nanospheroids of different sizes and composition, which does not requi-
re complicated litographic methods. This communique is a first step of engineering a
metamaterial, with designed absorbing properties. Real experimental setup, of measuri-
ng electromagnetic response of optical metamaterial is a topic of our future studies.
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Posrngnaorbes mTydHo CKOHCTPYHOBaHI MeTaMaTepiaan 3 YHIKAJILHUMU eJie-
KTPOMATHITHUMHU BJIACTUBOCTSIME. BOHM 3ajiekaTh Bij CKJIQJIOBUX €JIEMEHTIB
IOTO MaTepiasy, siKi MEHII HiK JTOBKUHA XBU/Ii. MaHITy/II0MN UMHI eJIeMeHTa~
MM, MOXKHA HaJIATA MeTaMaTepiay BiIITOBIIHO 3a/1aHy €JIEKTPUTHY Ta MATrHETHU-
9HY BiIOBi/Ib Ha maar0ve BuipominoBaHHs. OCKiIbKE OyI0Ba TAKOIO MeTaMa-
Tepiajly € CKJIAIHOK i BUMOIJIMBOIO, OCOOJIMBO ¥ BUIAJIKY BUIAMOTO JIAIIA30HY
XBUJIb, 151 TIPAIld MIPOIMIOHYE TPOCTUH MOTJIMHAIOUNIT MeTaMaTepia eIeKTPOMa-
THITHOT'O BUIIPOMIHIOBAHHS BUJIMMOTO JTIAIIa30HY JIOBYKHUH XBUJIb.

Kuro4oBi ciioBa: moryimHAIOYHA MeTaMaTepiaj, ONTUYHE MOTJIMHAHHS, HAHO-
pe3oHaTop.
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ITOTJVIOIITEHNEM

H. ITTona

Tdanverut nosumerHuseckud ynusepcumem
sya. I. Hapymoeuua, 11/12, 80-233 I'danwcx, Ioavwa
e-mail: mszopa@mif.pg.gda.pl

PaccmaTpuBaioTcst HICKYCCTBEHHO CKOHCTPYWPOBAHHBIE METAMATEPUAJBI C YHU-
KaJIbHBIMU 3JIEKTPOMArHATHBIME cBo¥icTBaMu. OHM 3aBHUCST OT COCTABJISFOIIAX
3JIEMEHTOB 9TOI'0 MaTepuaJsa, KOTOPble MEHbIIEe YeM JIJIMHA BOJIHBLI. MaHwutyu-
pyd 3TUMHU 3JeMeHTaMH, MOXKHO IIPEeJIOCTaBUTh MeTaMaTepuaja COOTBETCTBUU
3a/IaHHYIO JIEKTPUYECKYI0 U MarHeTHYecKoe OTBeT Ha I1aJialollee W3JIydeHUe.
[TockosbKy cTpO€HHEe TaKOro MeTaMaTepuaJja siBJISeTCs CJIOKHON m TpeboBa-
TeJILHOI, 0COOEHHO B CJIydae BHIUMOTO JIMAIla30Ha BOJIH, 3Ta paboTa mpejjaraer
IIPOCTOM TOTJIOIIAIONINI MeTaMaTepruaJl JIEKTPOMArHUTHOTO U3JIyYeHUS BUJIH-
MOTO JIMalla30Ha JJINH BOJIH.

Kurouesble ciioBa: TOTJIOMIAOITHH MeTaMaTepuaJl, OIITHUYIECKOE IIOTJIOIIECHHUE,
HaHOPE30HaTOP.



