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Abstract

In this paper we discuss and demonstrate the potential of composite metamaterials made of polari-
tonic rods in a host to exhibit negative refraction and subwavelength imaging resolution in the
THz regime, giving thus the ability to those structures to be used in a variety of THz manipulation
components.

1. Introduction

Polaritonic materials are polar crystalline materials characterized by a resonant permittivity regime in
the far IR, as a result of the excitation of optical phonons. This resonant permittivity (see Fig.1b and
1c) is characterized by large positive values (where the material behaves as high index dielectric) and
negative values, where the material behaves as metal. Thus polaritonic materials can replace metals or
high index dielectrics [1], [2], in THz metamaterials, offering the possibility for negative effective
permittivity and permeability, polarization or absorption control, etc, by choosing properly the struc-
ture geometry.

In this work we study, both theoretically and experimentally, metamaterial structures made of
polaritonic rods in a polaritonic host material. We show that in the regime where rods show negative
permittivity response such a system behaves as indefinite medium [3] (i.e. anisotropic system with a
negative permittivity, €, component), which leads to capability for negative refraction and focusing
with sub-wavelength resolution [4]. Such capabilities are demonstrated with both simulations and ex-
periments.

2. Results and discussion

The particular systems that we are based on are LiF rods in NaCl in hexagonal lattice (see Fig. 1a) and
LiF rods in KCI. The fabricated samples have been obtained using eutectics self-organization and have
LiF filling ratio 25% for the LiF-NaCl system and 6.95% for the LiF-KCI one. The nearest neighbor-
ing rod separation, a, can be controlled at the stage of fabrication and varies between 3.6 and 20.3 pm
for the LiF-NaCl systems and between 2.8 and 11.2 pm for the LiF-KCI. The rod radius changes pro-
portionally to a, as to keep the filling ratio constant.
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Fig. 1(a): Photo of a cross-section Fig. 1(b): Permittivity of the NaCl Fig. 1(c): Permittivity of the LiF
of the sample under study. Cylin- phase — data from Handbook. phase — data from Handbook.
ders are LiF (black areas) and host
NaCl (grey areas).

In what follows we are restricted in the system of LiF rods in NaCl (see Fig. 1a) with a=3.6
pm. For this system the electromagnetic response can be described by quasistatic effective medium
formulas such as Maxwell-Garnet or Bruggeman formulas [5]. Using such formulas it is found (see
Fig. 2) that at the regime where the rods show negative permittivity (~30 pm) the overall system is
characterized by an effective permittivity which is negative if electric field is parallel to the rods (E-
polarization) and positive if magnetic field is parallel to the rods (H-polarization).
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Fig. 2(a): Effective permittivity, €., for the LiF/NaCl Fig. 2(b): Effective permittivity, €., for the LiF/NaCl
sample for H-polarization (using Bruggeman for- sample for E-polarization.
mula).

The applicability of the effective medium formulas for our structure is verified by reflection
measurements of the actual eutectic system. The results are shown in Fig. 3 — red lines, where the re-
gimes of negative effective € of Fig. 2 coincide with reflection peaks.

Anisotropic systems like our rods system which are characterized by a permittivity that is neg-
ative for one polarization and positive for the others are called indefinite media [3]. Their main feature
for our interest is the hyperbolic dispersion relation, which can lead to negative refraction and subwa-
velength resolution imaging (the latter due to the transformation of evanescent modes to propagating
in the hyperbolic medium).
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Fig. 3(a): Measured reflection coefficient of the LiF/NaCl Fig. 3(b): Same as Fig. 3(a) for E-polarization.
sample for H-polarization and for various crystal directions.

To demonstrate superlensing in such a system one needs to calculate the equifrequency con-
tours, i.e. the contours of constant frequency in the wavevector space, as to estimate the angles of re-
fraction and the proper rod length (resulting from Fabry-Perot resonance condition) to achieve total
transmission. A preliminary simulation demonstrating such lensing is shown in Fig. 4. Detailed simu-
lations and experimental data will be discussed in the presentation.

Fig. 4: A simple example demosntrating the focusing
capability in the LiF/NaCl system. Neither of the
parameters of the system has been optimized for
focusing.

3. Conclusion

Periodic metamaterials made of polaritonic rods in a host can behave as anisotropic indefinite
media, showing negative refraction and subwavelength resolution imaging capabilities at the
THz wave regime. These capabilities will be discussed and demonstrated in the talk.
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