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ture, wave functions, and hence Q, . The highly localized
nature of the spin-orbit interactions suggests that our
neglect of long-range-disorder efects present in a real al-
loy will not significantly modify our predictions. We cover
a range of compositions A'„-—,', —,', and —,

' and orienta-
tions as follows: For the 50%-50% composition (n=2)
we use the layered tetragonal P4rrt2 ("CuAuI-like, "
denoted CA), the chalcopyrite I42d (denoted CH), and
the layered trigonal R3m ("CuPt-like, " denoted CP)
structures, having layers arranged periodically in the
[001], [201], and [111]directions, respectively. For the
75'%%uo-25% (ol' 25%-75'%%uo) compositions (n- I and 3) we
use the "Luzonite" (L) P43m and the Famatinite (F)
I42m structures [see Ref. 15(a) for pictures of these
structures].

%"e use the erst-principles semirelativistic linear
augmented-plane-wave (LAPW) method' to solve self-
consistently the local-density band-structure equations for
the seven periodic Ga4As„Sb4 „structures indicated
above (1 ~ n (3), as well as for the binary end-point
compounds (n=0 and 4). For each structure, we first
minimize the total energy to 6nd equilibrium lattice con-
stants and the cell internal structural parameters' juj
(u = —,

'
gives the unrelaxed values where all bond lengths

are equal, i.e., Rzc =Risc). The spin-orbit splittings are
then calculated through a second variational procedure. '

For the end-point compounds our first-principles calcula-
'

tion shows good agreement with the measured spin-orbit
splittings' (given in parentheses, notation of Ref. 18):
for GaAs, we find Ao =0.34(0.34); Ap'(I ~5 ) =0.19(0.17);
h)(L3, , ) =0.21(0.22); hz(A'5, , ) =0.08(0.08); and hd(I d)
=0.46(0.45). Similarly, for GaSb we find 0.708(0.75);
0.22(0.21); 0.40(0.43); 0.24(0.24); and 0.46(0.45) for Ap,
&o, &&,
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TABLE I. Calculated (Ref. 20) (in eV) direct band gaps Ep,
spin-orbit splitting Ae and their bowing parameters b(Ee) and
b(he), respectively, in ordered Ga4As„Sb4—„structures in the
[001], [201], and [111] orientations. Theoretical equilibrium
lattice constants are used throughout. bvD ~CE bs

TABLE II. Decomposition of the total bowing parameters of
Ga2AsSb into volume deformation (VD), charge exchange
(CE), and structural (8) contributions (in eU), see text.

Ga4As4(ZB)
Ga4AsISb(L)
Ga4As2Sb2(CA)
Ga4AsSb3(L)
Ga4Sb4(ZB)

F.p

1.52
1.09






