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Abstract

InGaN based blue and near-ultraviolet light emitting diodes and laser diodes
have been successfully commercialized for many applications such as general
lighting, display backlighting and high density optical storage devices. Despite
having a comparably high defect density, these devices are known for their
efficient operation, which is attributed to localization in potential fluctuations
preventing carriers from reaching the centers of nonradiative recombination.
Nitride research is currently headed towards improving deep ultraviolet
AlGaN and green InGaN emitters with higher Al and In molar fractions. The
efficiency of these devices trails behind the blue counterparts as the carrier
localization does not seem to aid in supressing nonradiative losses. In addition,
the operation of ternary nitride heterostructure based devices is further
complicated by the presence of large built-in electric fields. Although the
problem can be ameliorated by growing structures in nonpolar or semipolar
directions, the step from research to production still awaits.

In this thesis, carrier dynamics and localization effects have been studied in
three different nitride ternary compounds: AlGaN epitaxial layers and quantum
wells with high Al content, nonpolar m-plane InGaN/GaN quantum wells and
lattice matched AlInN/GaN heterostructures. The experimental methods of
this work mainly consist of spectroscopy techniques such as time-resolved
photoluminescence and differential transmission pump-probe measurements
as well as spatial photoluminescence mapping by means of scanning near-field
microscopy.

The comparison of luminescence and differential transmission
measurements has allowed estimating the localization depth in AlGaN
quantum wells. Additionally, it has been demonstrated that the polarization
degree of luminescence from m-InGaN quantum wells decreases as carriers
diffuse to localization centers.What is more, dual-scale localization potential
has been evidenced by near-field measurements in both AlGaN and m-
InGaN. Larger scale potential fluctuation have been observed directly
and the depth of nanoscopic localization has been estimated theoretically
from the recorded linewidth of the near-field spectra. Lastly, efficient
carrier transport has been observed through AlInN layer despite large alloy
inhomogeneities evidenced by broad luminescence spectra and the huge
Stokes shift. Inhomogeneous luminescence from the underlying GaN layer has
been linked to the fluctuations of the built-in electric field at the AlInN/GaN
interface.
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