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GaN nanocolumns are one-dimensional nanocrystals, which had been discovered by the leader of this
project. In this project, we have improved the method for selective area growth of the nanocolumns,
resulting in the successful fabrication of densely packed, ordered fine-nanocolumn arrays with a
nanocolumn diameter of 26 nm. Using this method, nanocolumn arrays with various nanocolumn
diameters were prepared on the same substrate, following which we investigated various nanocrystal
effects such as dislocation filtering, strain relaxation, and In compositional fluctuation suppression as a
function of the diameter. Single photon emission characteristics were obtained based on the quantum dot
effect observed in InGaN nanocolumns. The nanocrystal effects contribute to the improvement of the
emission properties of the nanocolumns, and we observed an internal quantum efficiency of over 20% in
the 600-nm-wavelength red-emission range of the nanocolumns. We developed the selective area growth
of the InGaN nanocolumns on the Si substrates, and established the flip-chip process of nanocolumn
LEDs, which paved the way for the development of high-density two-dimensional LED arrays.
Multicolor-emission integrated nanocolumn LEDs were also fabricated; the high-density integration of
the microscopic emission area (10x10 um?) nanocolumn arrays was performed by controlling their
emission colors from blue to red, resulting in white-colored LED operation. Nanocolumn LEDs with a
high directional radiation beam was demonstrated using the nanocolumn photonic crystal effect. The
nanocolumn system was fabricated changing the nanocolumn diameter one-dimensionally along the
in-plane direction. The random lasing occurred for the nanocolumn system, providing a broad lasing
spectrum, which is suitable for speckle reduction. The nanocolumn-based technologies developed in this
study will contribute to the fabrication of next-generation displays with low power consumption.
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