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Bond engineering for quantum dot formation in nitride semiconductors
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Quantum dot (QD) formation is theoretically investigated using macroscopic
theory on the basis of the results obtained by nanoscopic theory including ab initio-based approach
incorporating growth conditions such as pressure and temperature. The computations give good
estimates of surface energy y , misfit dislocation (MD) formation energy Ed, and effective decrease
of strain energy a due to the MD formation to predict growth mode diagram with the mode boundary
between QD and MD formations. The calculated results successfully clarify crucial factors for
orientation-, lattice mismatch-, and growth condition-dependences in the QD formation for various
semiconductor heteroepitaxial systems including nitride semiconductors. Furthermore, the growth mode

diagrams give guiding principles for the QD formation such as suitable growth conditions realizing
surface reconstructions inducing large Ed in addition to well-known large lattice mismatch
increasing a .
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