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We present a theory of the evolution of the electronic structure of GaAsN alloys, from the dilute
impurity limit to the fully formed alloy. Using large scale empirical pseudopotential calculations,
we show how substitutional nitrogen forms Perturbed Host States (PHS) inside the conduction



Properties of Single Nitrogen Impurities and Small Nitrogen Clusters in GaAs The



Evolution of GaAsN Alloy Properties Nitrogen introduces two types of states in the
dilute limit: (i) The Perturbed Host states (PHS) residing within the continuum such as
a1ðX1cÞ, a1ðL1cÞ, and a1ðG1cÞ, and (ii) the Cluster States (CS) residing inside (or near)
the band gap, e.g. the pair and higher cluster states (Fig. 1). We next address the ques-
tion of how the PHS and CS evolve as the nitrogen composition increases.
We perform calculations as a function of nitrogen concentration, by randomly distri-

buting up to 20 nitrogen atoms onto the anion sites of GaAs in a 1000 atom supercell,
and 13824 atom supercells for convergence checks. We relax the atomic positions and
calculate the electronic structure, repeating this for 15 randomly selected configurations
at each composition to establish a statistically representative sample. The ensuing en-
ergy levels are then collected and analyzed for their degree of localization, by comput-
ing for each level yi the distance R

ðiÞ
a from the a-th nitrogen site at which 20% of the

wave function is enclosed. Through this measure we have classified each level as either
‘‘localized” or ‘‘quasi-localized”. This polymorphous approach describes the evolution
of alloy states in an unbiased manner as alloy fluctuations are fully retained: specific CS
and PHS are not assumed (e.g. as in isomorphous models [1]).
Figure 2 depicts the spectral dependence of the average localization

P
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localized and quasi-localized levels of GaAsN. Panel a shows the resonant localized
single-impurity a1ðNÞ state, located within the conduction band, and selected pair, tri-
plet and quadruplet (GaAs(N3) and Ga(N4)) cluster states, appearing inside the band
gap. These wave functions are highly localized. Panel b shows the more extended per-
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Fig. 2. Spectral dependence of average
nitrogen localization for: left panel: ni-
trogen localized ‘‘cluster states” and
right panel: quasi-localized ‘‘perturbed
host states” of GaAsN for selected ni-
trogen compositions. The vertical ar-
rows show the position of the alloy
conduction band edge ECBE



turbed X, L, and G host states, and the edge of the conduction band, denoted by the arrow
‘‘ECBE” (also called ‘‘E�” [1]). As the nitrogen concentration increases, Figs. 2d, f, h show
that the edge ECBE of the conduction band minimum (vertical arrow) moves rapidly to
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