Novel photonic materials enabled by crystal growth techniques
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In recent years, novel research areas have been developed in the field of
photonics: metamaterials and nanoplasmonics. By utilizing the ideas developed
in these research areas and using specially-designed materials, unusual
electromagnetic properties such as artificial magnetism, negative refractive
index, cloaking and squeezing photons through subwavelength holes have been
demonstrated. These novel fields need new material fabrication techniques,
especially bottom-up approaches such as self-organization. Two novel bottom-
up manufacturing methods will be presented: (i) method based on directionally-
grown self-organized eutectic structures [1]; and (ii) NanoParticles Direct
Doping method (NPDD) [2] based on directional solidification of dielectric
matrices doped with various nanoparticles. In both of these methods we can
easily use all available resonant phenomena to develop materials with unusual
electromagnetic properties. Eutectic composites are simultaneously monolithic
and multiphase materials forming self-organized micro/nanostructures, which
enable: (i) the use of various component materials including oxides,
semiconductors, metals, (ii) the generation of a gallery of geometrical motifs
and (iii) control of the size of the structuring, often from the micro- to
nanoregimes. On the other hand, the novel method of NanoParticles Direct
Doping enables doping of dielectric matrices with various nanoparticles
(varying chemical composition, size and shape) and with the possibility of co-
doping with other chemical agents as eg. optically active rare earth ions or Fig. 1. Nanoplasmonic material obtained by
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methods we demonstrated (i) volumetric eutectic-based material with localized

surface plasmon resonance tunable at visible wavelengths [3, 4]; (ii) enhanced

luminescence and up-conversion processes in the eutectic material exhibiting LSPR and co-doped with erbium ions; (iii)
volumetric matrix-nanoparticles-based materials with plasmonic resonances at visible and IR wavelengths based on silver
(Ag) [1], antimony-tin-oxide (ATO) and titanium nitride nanoparticles (TiN); (iv) matrix-nanoparticles-based composite
with enhanced photoluminescence at the telecommunication frequency of 1.5 um; (v) material with subwavelength
transmission at IR frequencies [5]; (vi) material with anomalous transmission; (vii) materials with enhanced Faraday effect;
and (viii) materials for phonoanodes in photoelectrochemical cells for generation of hydrogen [6, 7].
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