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Abstract
We review the empirical pseudopotential method and its recent a d V r e c e 4 i
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As the concentration of nitrogen increases further, one
observes:

(v) Composition-pinning of the impurity pair energy levels
is seen. The sharp emission lines from the pair
levels remain initially at a fixed energy as the nitrogen
composition increases both in GaP:N [28] and in
GaAs:N (0.05–0.1% [26]). This surprizing pinning
suggests that the impurities do not interact with each
other. This behaviour is characteristic of deep transition
metal impurities in semiconductors [29, 13], but not of
hydrogenic impurities (Si:P, As) which readily broaden
into bands and shift in energy as their concentration
increases [30].

As the concentration increases further, the PL from
pair states becomes asymmetric, with a sharp high-
energy cut-off and a low-energy tail [31, 21, 32–34],
where the carriers have anomalously long lifetimes
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GaAsN and GaPN ternaries using this pseudopotential method.
Sections 5 and 6 report predictions on GaInAsN quaternaries
and complex GaAsPN systems, respectively. Finally, section 7
briefly summarizes the contents and findings included in this
paper.

3. The large supercell empirical pseudopotential
approach

3.1. Input atomic geometries

The first step in any atomistic band-structure calculations
consists in describing the micro-structure and nano-
structure of the system under investigation. We do so by
generating supercells, and distribute cations and anions at
the corresponding atomic sites of these supercells. This
distribution must be consistent with the investigated atomic-
ordering, if any, as well as with the intended alloy
concentration. Furthermore, when studying disordered alloys,
the atomic distribution must be random and the supercells must
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Energy levels of Ga-centred nitrogen clusters and (110) chains in GaAs

m
Number of nitrogen atoms in cluster/chain 

1 2 3 4 5 6
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infrared devices and even generating terahertz wavelengths.
Moreover, [71] further predicted that the bandgaps of
these lattice matched quaternaries even closes for large
enough nitrogen composition, namely for x � 0.12 for the
InP-lattice matched quaternaries and at x � 0.20 for the
(Ga1−yIny)(As1−xNx)/GaAs alloys (see figure 3). In other
words, the calculations of [71] predict that it is possible
to create a metallic system by mixing four semiconductors
(namely, GaAs, InAs, GaN and InN).

Quaternaries also distinguish themselves from ternary
alloys by the non-uniqueness of the number of bonds of
each cation–anion type. The ratio between the number of
A–C and B–C bonds in (A1−xBx)C ternaries is ‘simply’
1 − x:x while the number of GaAs, InAs, GaN and InN
bonds in (Ga1−yIny )(As1−xNx) alloys is not only related to
the compositions x and y but also depends on the possible
short-range atomic ordering of the quaternary. Another way
of saying this is that Ga0.5In0.5As0.5N0.5 can be viewed as either
GaAs+InN or GaN+InAs, but the formula al





Pseudopotential theory of dilute III–V nitrides

[42] Uesugi K, Suemune I, Hasegawa T, Akutagawa T and
Nakamura T 2000 Appl. Phys. Lett. 76 1285

[43] Polimeni A, Capizzi M, Geddo M, Fischer M, Reinhardt M
and Forchel A 2000 Appl. Phys. Lett. 77 2870

[44] Yaguchi H, Biwa G, Miyoshi S, Aroki D, Arimoto K,
Onabe K, Ito R and Shiraki Y 1998 J. Cryst. Growth
189-190 496


