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The electronic structure and optical properties of cubiegnpiezoelectricinGaN are investigated

using large scale atomistic empirical pseudopotential calculations. We findithstrong hole
localization exists even in the homogeneous random alloy, with a preferential localization along the
[1,1,0) In—-N—In—N—Inchains,(ii) even modest sized<(50 A) indium rich quantum dots provide
substantial quantum confinement and readily reduce emission energies relative to the random alloy
by 200—300 meV, depending on size and composition, consistent with current photoluminescence,
microscopy, and Raman data. The dual effects of alloy hole localization and localization of electrons
and hole at intrinsic quantum dots are responsible for the emission characteristics of current grown
cubic InGaN alloys. ©2001 American Institute of Physic§DOI: 10.1063/1.1405003

The development and commercialization of InGaN-
based optoelectronic devices has occurred despite a limited
understanding of the underlying electronic structure and light
emission mechanisms of this allbylthough relatively effi-
cient emission has been achieved for the entire visible range,
optimization based on an understanding of the underlying
electronic structure is expected to substantially improve de-
vice performance. Current InGaN alloys exhibit numerous
anomalous phenomena that have been interpreted as indica-
tive of an unconventional electronic structure. The following
have been observed experimentally:highly efficient pho-
toluminescencéPL), despite a high dislocation denstyii)
discrete states of varying energy inside the band gap in both
quantum wells and epilayefs (iii) a large Stokes’ shift be-
tween emission and absorption energies, in both cubic and
wurtzite InGaN samples, (iv) an S-like dependence of
emission energy on temperatdre, (v) persistent
photoconductivity, (PPQ. Collectively, these phenomena
are indicative of localized excitons. While many of the ob-
served localization phenomena can be attributed to the strong
electric polarization existing in thewurtzite alloy, measure-
ments oncubic alloys?2 that lack polarization by symmetry,
have found that the above phenomena persist. Thus, polar-
ization alone is insufficient to explain the localization prop-
erties of InGaN. In general, there are two classes of localiza-
tion in crystalline semiconductor alloyqa) localization
occurs even in a spatially homogeneous alloy due to the
microscopic difference in potentials of the alloyed atdfs,
and (b) localization due to spatial inhomogeneis.g., clus-
tering, dot formatio g;:ission from quantum confined states in intrinsic qua)ntum
dots. In order to investigate the electronic properties of In-
GaN alloys, we adopt a twofold strategy: First, we simulate
perfectly random InGaN alloys using supercells containing
random distributions of In atoms. Second, we simulate the
effects of spontaneous dot formation by embedding In-rich

spheres of varying In composition and diameter inside a
lower In-content InGaN alloy. This approach permits us to



valence states of unstrained random alloys, averaging the
results of 15 different randomly generated alloy configura-
tions. Although no states are present within the gap at any
concentration, we find a surprising localization of the va-
lence states. Bellaichet al'?> demonstrated marked hole



287 meV. Thus, we find that the observed 240 meV reduction
in gap in nominally 33% alloysis consistent with~28 A

dots of 100% In composition, and is also consistent with
larger dots of lower composition, e.g., a 76% 40 A dots.



