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Abstract

In this paper we discuss new property of indefinite media, namely, a capability of the perfect absorp-
tion in optically ultrathin layers. Example of a perfectly absorbing layer for the near-infrared range,
made of silver nanowires, is described.

1. Introduction

Recently perfect absorption was demonstrated at far-infrared [1], mid-infrared [2], near-infrared [3] and
visible [4] frequencies. Different artificial resonant structures were utilized in each region. In the present
paper we propose a general approach for design of optically ultrathin perfect absorbers and illustrate its
operation in the near-infrared range. It is based on exploitation of thin slabs of indefinite media (IM),
whose optical axes are tilted with respect to interfaces. As example, we consider indefinite media made
of silver nanowires absorbing light in the near-infrared range. The cross-section of a slab of IM with the
optical axis, tilted by the angle ¢ with respect to the Z-axis, is shown in Fig. 1. The thickness of the slab
is h.

2. Conditions for the perfect absorption

Let us consider TM-polarized waves propagating in a medium with the tilted optical axis and fixed
transversal component of the wave vector k,. Then the vertical component of the wave vector reads as

kypesr £ \/(sgz — €uu€az) (k2 — k3es2)
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Fig. 1: Schematic view of an indefinite medium slab with the tilted optical axis.
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Fig. 2: Left: real parts of g| and e, calculated at p = 0.015. Right: real parts of €., and ¢,,. Vertical
line indicated wavelength at whiche,, = —1 and e, = ¢€,, ~ 0.

where kg is the wavenumber in free space. The transversal wave impedance reads as

Z, - —-FE, _n k2 — k3epn @)
Hy ko k.. — ky€as

where = 1207 Ohm.

Let us consider the idealized lossless case and assume that the axial and transversal components of the
permittivity tensor of the IM are the following: ¢ = —1, e, = 1. If the optical axis is tilted by the angle
45°, we obtain the following tensor components

Egz = €22 = 0, Epz = €z = — 1. 3)

Then we have k,; — oo and k.o = 0. Here k,; corresponds to the wave whose electric field vector is
parallel to the optical axis. If the incidence angle 6 equals to -45°, then the transversal wave impedances
for the wave in IM Z; and in free space Z; read:

Zy = nkg/ko = nsind5® = Zoy = n\/kE — k2 /ko = ncos45°. 4
Thus, if the considered IM possess small losses, then Z; ~ Zy; and k., — o0, so the incident wave enters

the slab without reflection and propagates attenuating in the medium with a very small wavelength that
provides perfect absorption within an ultrathin layer.

3. Perfect absorption in the near-infrared range

Let us consider a composite of silver nanowires with the concentration p. Homogenization gives the
following components of the permittivity tensor:

1 _|__ p(ggi—;;h)
— o Eiten
€L =¢h 1— P(Eifﬁh) (5)
giten
and
g = p&i + (1 —p)ep (6)

where ¢; is the the complex permittivity of bulk silver (values were taken from [5]) and €, = 1 is
the permittivity of host medium. Real parts of the permittivity tensor components are shown in Fig. 2.
Conditions (3) are satisfied at the wavelength \g = 1.576 um.

Absorption is calculated using modification of the transfer matrix method which is applicable for the
case when |k,1| # |k.2| [6]. Fig. 3 illustrates absorption, calculated for different thicknesses of the slab.
Even the slab thickness A = 30 nm provides the nearly 100% absorption with the bandwidth 100 nm and
for h = 180 nm the perfect absorption takes place within the bandwidth 450 nm. It can be compared with
results [3], where at the same frequency range 90% level of absorption was obtained within 825 nm.
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Fig. 3: Absorption, calculated for different thicknesses of the silver nanowire slab.

AR

Fig. 4: Possible design of an absorbing layer.

3. Conclusion

We proposed new solution for design of optically thin absorbing layers. It is based on properties of a
specially prepared indefinite medium, whose permittivity tensor has near-zero diagonal components and
close to unity non-diagonal components. The wave, incident under the angle 45° onto such a medium, is
not reflected and it strongly attenuates within the medium. Near-field radiation is totally absorbed even
in optically ultrathin layers. Similar absorber for the mid-infrared range can be prepared of arrays of
metallic carbon nanotubes, which possess properties of indefinite media in the terahertz range [7]. The
discussed effect can find applications for such absorbers, where a range of incidence angles is confined.
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