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This paper deals with the problem
of the influence of ionicity omn the band
structure calculation of III-V semicon-
ductors as GaAs, AlAs, etc., using the
Augmented Plane Wave (APW)! method and
the ﬁ-ﬁ expansionz. Since the paper of
Slater in 19733, the APW has been shown
to be a very adequate method for semi-
conductors. After that paper many sugges-
tions have been presented concerning the
inclusion of relativistic corrections,
improvements on_the "muffin-tin" poten-
tial, etc. A k+p expansion was first
utilized by Cardona and Pollak? and
later formalized on a first principles
basis by Parada', who has obtained the
matrix elements of the momentum operator
from his own results at the I Point.
This expansion contributed to make the
band structure calculation less time
consuming since energy levels and wave
functions had to be calculated only at
high symmetry points where higher
degeneracies occur.

From the k p exnan51on once we
know the energy levels Enu(k ) and thelr
corre3p0nd13g wave functions Ypo, 1(k0,r)
at a point ko in the first Brillouin
zone, energies and wave functlons can be
known everywhere. w o, ( ,¥) transforms
like the ith partner of the I' irredu-
cible representation of the g;oup of ko,
and n is the band index. The index T _
refers to the irreducible representation
to which the state belongs, i and n
represent respectively the partner and
the band index. So

T - > _ m,J +_+

wn§i (k, 1) m%j An;i (k ko) X
- > - - T >

exp |i(k=k )er | v . (k1) (1)

with coefficients to be determined. In
what follows, the irreducible represen-
tation index will be included in the
band index. When the above expressions
are inserted in the one—-electron
Schrodinger equation for the k point, we
obtain the secular determinant:

- s . n2K2 -
det {[E (k )-E_(k) +———]6
- m o n 2m - “mn
N ,
s ok pn,ig_ (2)

m m, ]



o > >

where K = k-—ko and

p osi - (k , r) (~in?) (K , 1) d3r (3)
5] _an,l o*F =T lpm,j o’ F r

Bands are obtained by diagonalysing
Eq. (2) for each point k in the Brillouin
zone. In this paper, however, only
results along symmetry axes will be
presented.

It is known that semiconductors of
the ITI-V group show some ionicity in
addition to the covalent bonding, as
mentioned by Demarco and Weiss® and also
Phillips® who present some values for
these ionicities. Kittel’ assume 0.32 for
GaAs which is a direct gap semiconduc-
tor with E_ = 1.520 eV for the transition
F15v-+Flc.gAccord1ng to Stukel and
Euwema®, AlAs has an indirect gap of
Eg = 2.38 eV for the transition Ijs5-» X
and a direct gap Eg = 2.50 eV
corresponding to the transition P15.*F1C.
For AlAs Phllllps assume an ionicity
0.274.,

In a preliminary APW calculations we
have obtained E, = 1.583 eV for GaAs and
Eg = 2.650 eV for AlAs, both with pure
covalent bonding. But as we were
interested to know the influence of
ionicity we performed calculations with
the Herman and Skilman!? ionic potential
in order to obtain the "muffin-tin"
crystalline potential at different
ionicities, namely 0.1, 0.2, 0.25 and
0.3 for GaAs and 0.1 and 0.2 for AlAs.
In the first compound the experimental
gap was found for an ionicity of 0.1,
but calculations with greater values
were performed in order to observe the
characteristic behaviour. In the case
of AlAs, the direct gap of 2.50 eV was
obtained for an ionicity of 0.2,

The mean value of the crystalline
potential (Coulomb + Slater's exchange)!
in the plane wave regions have varied
sensibly. Figure 1 shows that it
decreases linearly with increasing
ionicity. This seems to be the principal
factor responsible for other behaviours
as that of the gap, as we will discuss
later.



Table TIa shows the levels obtained
at the T point for GaAs and Table Ib for
AlAs. Subindices characterize the
irreducible represegtation of the group
of the wave vector k = 0., The left
upper x zero indices order levels belong-
ing to the same irreducible representa-
tion. V is the mean value of the
potential in the region outside the
"muffin-tin" spheres. It can be easily
seen that the energy values increase
with the ionicity.

Figure 2 shows the linear decrease
of the gap as expected. Arsenium
participates with five electrons to the
covalent bond and galium with three.
Ionicity in this mixed bonding occurs
because negative charge flows to the
atom which has less electrons in the
valence shell. So Ga receives electrons
from As and this tends to equalize the
"muffin-tin" spheres. This reduces the
mean value of the potential outside the
spheres, thereby decreasing disconti-
nuities between the potential on the
surface of the sphere and outside region
(shifted to be zero). This contributes
to delocalize the highest valence level,
which leads to a decrease of the energy
gap. This behaviour was observed both in
GaAs and AlAs.

Table ITI shows the absolute value
of the matrix elements of the momentum
operator for ionicities 0 and 0.1 in the
case of GaAs. No large variation is
observed. Figures 3 show tha bands
calculated along symmetry axes A,A and &
corresponding to directions 2n/a (1/2,
1/2, 1/2) and 2n/a (3/4, 3/4, 0) for
GaAs with ionicity 0.1. In all the
considered cases, bands were found to
present almost the same variation as
that shown by the direct gap.
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Mean value of the crystalline
potential in the region
outside spheres for several
ionicities; A, results for
GaAs; o, results for AlAs.

Variation of the energy gap
with ionicity; A, results for
GaAs; o, results for AlAs.

Energy bands of GaAs
axis with ionicity O.

Energy bands of GaAs
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