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The investigation of quantum confinement of excitons in low-dimensional nanostructures such as quantum wells (QWs), quantum wires (QWRs) or quantum dots (QDs) has yielded new physics associated with the nature of the confined carriers and their interaction with other semiconductor excitations and the electromagnetic field.  Whereas earlier developments were focused on two-dimensional (2D) QW structures, focus in the last one or two decades has shifted to lower-dimensionality systems, particularly QWRs and QDs.  This shift has been made possible with the advent of new technologies for fabrication of semiconductor QWRs and QDs, which turned out to be much more difficult than their 2D counterparts.  In particular, recent attention has been concentrated on ordered QWR and QD systems in which the carrier states can be engineered to fit specific experiments and applications.

This talk will review recent progress in the realization, modeling and spectroscopy of ordered semiconductor QWRs and QDs.  Quantum confinement in these nanostructures significantly enhances the exciton binding energy and permits formation of “stable” neutral and charged exciton complexes not observable in bulk or QW structures.  The quantum confinement also modifies the exciton recombination dynamics and makes possible the generation of photons with non-classical statistics.  Examples of such effects observed using site-controlled V-groove QWRs [1] and pyramidal QDs [2] will be presented and discussed.  Recent trends in the field, particularly the formation of QD molecules and QD solids and the observation of combined photon-exciton confinement effects will be mentioned. These developments are geared towards achieving ultimate control on envelope functions and recombination dynamics of excitons and photons in semiconductors, with potential applications in quantum bit manipulation and ultra-low threshold lasers.
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