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chosen Brillouin zone leads to a dispersion relationship
that conveys the effects of existence of a multitude of local
environments through broadening and dispersion of the

effective Eð ~kÞ relation of the EBS. This is important be-
cause it allows us to assess the relevance of the phenome-
nological interpretations described above for any
substitutional alloy. The EBS further enables us to calcu-
late an ‘‘effective’’ effective mass m��, a term that shall be
associated with the gradient of alloy EBS, in a similar way
as the effective mass m� is associated with the gradient of

the band structure Eð ~kÞ of crystalline periodic solids.
Method.—Our method is based on spectral decomposi-

tion used previously [9,18,19]. To describe a random sub-
stitutionally alloy we use large supercells (SC) whose
lattice vectors are in relation to an underlying primitive
cell (PC), as illustrated by the two-dimensional example in

Fig. 1. We denote by ~k ( ~K) the wave vectors corresponding

to the PC (SC) reciprocal space, with lattice vectors ~g ( ~G).
The Brillouin zone vectors of the two spaces obey the

folding relation~kÞ).



range consist of an overlap of many different ~k states. In
contrast to CB1, the valence bands and the second conduc-

tion band (CB2), have narrower ~k-dependent widths for all
~k’s, throughout the whole composition range. Our unfold-
ing procedure allows one to observe the way various
physical factors in the polymorphous representation trans-
late into band-dispersion and broadening in the primitive
cell description. For example, repeating the calculations
for the In0:5Ga0:5N alloy of Fig. 2(c) but using unrelaxed,
ideal fcc positions in the original SC, revealed that relaxa-
tion alone reduces the broadening of the upper valence
band by a factor of 3 relative to the unrelaxed case (not
shown), and creates a rather sharp SF at the � point.

Since the (In,Ga)N alloy exhibits a well-defined EBS,
one can calculate EBS-derived effective quantities. We
show in Fig. 2(f) m ��
for electrons and holes at the �

carriers m �� has a monotonic, linear dependence on xIn.
Because in the case of the valence band our procedure
implies an average over three unresolved bands, we obtain
that the hole m�� of pure binaries lies between the actual
m� calculated directly from the band structure [open sym-
bols in Fig.blende system Ga(N,P) typifies a strongly perturbed alloy
[22,23

lattice misfit (20%) [203(a)
ingly small amounts of P in GaN lead to a strongly local-
ized (t

2-like) level in the gap [24
composition into an impurity band (IB).

The ~k-resolved spectral functions of the IB ( ~k-resolveddensities of states), show the following characteristics:(i) the maximum in each SF appears at the energy centerof the IB, with its center of gravity being pinned in energy
and varying very little with P composition; (ii) above and



The increase of P content xP leads to a rapid widening of
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