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This talk will describe the current experimental research in our group. We are presently studying the optical and structural properties of semiconductor quantum dots (QDs). The QDs are formed by self-assembly during the layer-by-layer epitaxial growth of III-V films on a variety of semiconductor substrates. Such QDs have applications in laser diodes, light emitting diodes, displays, single electron transistors, and solar cells. QDs are also being studied as possible sources of qubits for quantum information processing. In order to study the optical properties, we use a focused high-energy electron beam probe to locally excite the QDs. Luminescence is emitted during the recombination of electrons and holes in the QD. The technique is referred to as spatially, spectrally, and temporally resolved cathodoluminescence, and it enables studies of the local variations in the luminescence energy, efficiency, radiative and non-radiative lifetimes, effective bandgap, alloy concentration, defect density, and QD sizes. In particular, we have studied recently the effects of uniaxial stress on the optical polarization properties of gallium nitride QDs with aluminum nitride barriers (i.e., GaN/AlN QDs) grown on Si(111) substrates. Microcracks form as a result of the thermal expansion coefficient mismatch between the GaN/AlN layers and the Si(111) substrate. We show that such microcracks serve as excellent stressors through which the strain tensor of the GaN/AlN QDs can be modified for studies of strain-induced changes in the optical properties using cathodoluminescence imaging and spectroscopy. Such measurements of the ground-state excitonic transition of vertically stacked GaN/AlN quantum dots (QDs) exhibit an in-plane linear polarization anisotropy in close proximity to microcracks, consistent with the presence of uniaxial stress. The spatial dependence of the polarization anisotropy and CL decay time in varying proximity to the microcracks are studied as a function of temperature and excitation conditions in order to assess the influence of thermal stress variations on the oscillator strength between electrons and holes. We are also performing three-dimensional 6 x 6 k.p calculations of the QD eigenstates to examine the influence of stress on the polarization-dependent momentum matrix element in varying proximity to the stressors.

