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of the G a - - G a  and As--As (AZv=+2)  bonds to 
the average energy 5 of the Ga- -Ge  and Ge--As 
(AZv=+I)  bonds. Different calculations 18,19,24 in- 
dicate W/5 ~ 3-4, with 5 > kBTo, where Tg is the 
growth temperature. Therefore, at thermodynamic 
equilibrium AZv=4-2 bonds should occur much less 
frequently than AZv=4-1 bonds. We hence omit 
them from the alloy hamiltonian. 

We model the energy of a non-isovalent system 
containing both normal and AZv = 4-1 bonds by 
considering (AIIIBV)p/(cI2V)p superlattices (SLs). 
The excess energies of such SLs were calculated 23 
using the first-principles self-consistent pseudopo- 
tential method 25 for several orientations and re- 
peat periods. The wave functions for semirelativis- 
tic pseudopotentials were expanded in plane waves 
with kinetic energies up to 15 Ry. The charge den- 
sity was evaluated at the equivalent of two special 
k-points 2e in the irreducible part of the fee Brioullin 
zone. (Larger equivalent sets were used for some 
of the longer-period SLs.) The excess energies 
can then be fitted by a sum of Ising-like nearest- 
neighbor interactions between neutral atoms and 
electrostatic terms due to charge transfer: 23 

A H  =(IV D + NA)5 - 1 ~(ND q- NA)Eo(O)q 
(1) 1 

+ 4(No + NA)(UO + UA)q + EM.d. 

(For simplicity, we assume all charge transfers to 
be the same.) 

The first term represents the total excess energy 
before charge transfer (q=O), where No and N A are 
the total number of donor and acceptor bonds in 
the structure (No = NA for stoichiometric systems) 
and 5 is the average excess energy of the AZv = 
4-1 bonds before charge transfer occurs. Previous 
models 12,13,18 have retained only this term. This 
predicts that the energy per 4p atoms of [001] and 
[110] SLs is 45 while that of [111] SLs is 25. The 
three remaining terms on the right-hand side of Eq. 
(1) represent charge transfer effects: 
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between the ZB and the D phases at x ~ 0.57. 
In contrast, phase diagrams for models that in- 
clude AZu = +2 bonds 12,1a show that this transi- 
tion line terminates at x = 0 at a finite critical 
temperature To, so t h a t  
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in the bulk imply that many of these structures are 
metastable in a broader sense than that considered 
in the previous discussion, i.e., they are likely to be 
local minima of the free energy in a configurational 
space constituted by all continuous degrees of free- 
dom of the system. Lattice statistical models, how- 
ever, independently of the mathematical approxi- 
mations used, are unable to describe this type of 
metastability. 

The failure of a three-dimensional bulk thermo- 
dynamic model opens the possibility that a two- 
dimensional surface thermodynamic model might 
be appropriate. Solid solutions of (AIIIBV)I_zCIV z 
alloys produced by epitaxial-growth techniques 
could correspond to a minimum-free-energy surface 
configuration that is frozen in by subsequently de- 
posited layers. This approach differs from 3D ther- 
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modynamic models 12'13 in that explicit surface ef- 
fects are included, so the resulting structure may 
depend on orientation. It differs also from previous 
growth models 9-11 in that minimum-energy struc- 
tures are sought explicitly. Recent studies of such 
models for isovalent alloys by Froyen and Zunger 30 
have shown that surface reconstruction (neglected 
in previous growth models) acts to select minimum- 
energy configurations that are absent in 3D thermo- 
dynamic models, but are observed experimentally. 
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