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PHONON ENGINEERING IN III-V NITRIDES FOR DEVICE APPLICATIONS
The goal of this project was to explore the possibilities for phonon engineering in low-dimensional structures of III-V nitrides for device applications. Technological conditions were elaborated for the MOCVD growth of AlN/GaN heterostructures on sapphire substrates. As a result of comprehensive investigation of the features of radiative recombination in AlN/GaN structures we found that the increase of the AlN gate layer thickness beyond a critical value leads to a sharp decrease in excitonic resonance in photoluminescence and photoreflectivity of GaN channel layer. The formation of structural defects in the GaN channel layer as a result of AlN layer cracking was evidenced.  Sharp variations in optical reflectivity were observed when cooling and heating AlN/GaN heterostructures on sapphire substrates between room temperature and 10 K. At the same time no discontinuities were observed when studying the temperature dependence of Raman shifts in GaN layers and AlN/GaN heterostructures.
Technological conditions for manufacturing uniformly distributed GaN nanocolumns with transverse dimensions of about 50 nm were elaborated using illumination-assisted anodic etching of epilayers grown by MOCVD techniques. The majority of nanocolumns were found to be fully relaxed from strain, and the room temperature luminescence was free-excitonic. Nanostructuring proved to be an effective tool for phonon engineering in GaN. Surface-related vibrational modes were evidenced in the frequency gap between transverse optical and longitudinal optical bulk phonons, their frequency being dependent upon the dielectric constant of medium filling the volume of voids. Along with the enhanced UV luminescence and new phonon modes, nanostructured GaN was found to exhibit enhanced gas sensitivity. The relation between persistent photoconductivity and optical quenching of photoconductivity in gallium nitride was studied by exciting the samples with two beams of monochromatic radiation of various wavelengths and intensities. As a result light was thrown upon the nature of optical metastability of GaN epilayers.

