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Optical coatings are interesting for light manipulation functions to meet the demand for high energy
efficient devices in the field of optoelectronics. For example, light emitting diodes (LEDs) show limited
light extraction efficiency predominantly due to internal surface reflections. Surface microstructuring
has been reported as an efficient way to enhance the light extraction efficiency of GaN-based LEDs. [1-
3] For solar cells, the use of high refractive index materials (for example Si) results in high surface
reflections (about 30-35% in the solar spectral region) and thus lower light absorption in the cell. By
appropriate surface micro/nanopatterning, surface reflection can be reduced significantly by introducing
light manipulation functions (anti-reflection, guiding and trapping).

In this work, a cost-effective and low-temperature/pressure table-top embossing method using
nanoparticles-assemblies is developed and used to fabricate optical coatings consisting of assembled
titanium dioxide (TiO) nanoparticles (average size of ~50 nm). A polydimethylsiloxane (PDMS) mold
was created using pre-patterned microcone and nanopillar array master molds. The fabricated PDMS
molds were used as a stamp to directly print well-defined and large surface area micro- and nanostructure
arrays on various substrates (e.g., Si, glass, GaAs, InP and GaN) relevant for solar cell and GaN-based
LED devices. Electromagnetic modeling and simulations were performed to determine the optimal
parameters for the desired optical functions — broadband anti-reflection for solar cells and light
extraction enhancement in LEDs. In addition, the fabricated structures were optically characterized by
spectrophotometry using total reflectivity and transmission measurements. Finally, we demonstrate
direct embossing of structured optical coatings on c-Si, GaAs, and InP solar cells and vertical thin film
(VTF) GaN-based LEDs. Performance improvements of these devices are analyzed both theoretically
and experimentally, taking into account the optical properties of the structured coatings.
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Inhomogeneous transparent materials, e.g. liquid crystals, due to their ability to affect the light
polarization and direction of propagation find use in various optical and photonic applications.
Liquid crystal displays and spatial light modulators are an excellent example. Performance of
these applications are critically depend on parameters of the materials used, as well as on the
character of inhomogeneity [1-3]. Therefore, accurate measurements methods for such media
are of great importance. Similar tasks are required in photoelastisity where deformations and
distribution of external forces are investigated by optical response measurements. The reported
measuring methods are based on the fact that the spatial distribution of inhomogeneity is known
[4, 5]. However, this is not always the case. Cancer, geological structures, arbitrary deformed
transparent materials, some liquid crystals and many other media possess preliminary unknown
spatial distribution of the optical axis. The situation for measurements became specially
complicated when in additional to linear anisotropy a material has gyrotropy and dichroism.

In this presentation we report about our work on the Mueller matrix spectroscopic
ellipsometric technique that in combination with traditional methods of optical tomography
based on the principles of integrated geometry enables us to reconstruct 3-dimensional (3D)
image of inner structure of a tested material. To do this, we get a set of 2-dimensional (2D)
measured projections in a form of Mueller matrixes at different angles. The measured Mueller
matrixes for each projection are decomposed and presented as integrated values of linear and
circular birefringence and dichroism. By applying the inverse Radon transformation to the
resulting set of data, we get information about spatial and spectral distributions of linear and
circular birefringence and dichroism. This technique opens new attractive perspectives for

characterization materials and their defects in science, medicine and industry.
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