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A thermodynamic first-principles theory of stability, including charge transfer, elastic forces, 
and atomic relaxations reveals the physical origins of stable and metastable ordering in bulk 
and epitaxial semiconductor alloys and superlattices. 

In this letter we address the following questions: (i) is a 
"bulk" (i.e., incoherent with a substrate) (AC) p (BC) p su­
perlattice (SL) thermodynamically stable or unstable with 
respect to either phase separation into its binary constituents 
p(AC) + p(BC) or disordering into a randomAo,Bo5 C al­
loy; (ii) how does this stability depend on the SL repeat 
period p or orientation G; (iii) how does the condition of 
coherent epitaxial registry with a substrate or existence of a 
free surface dming growth affect stability; and (iv) what 
overall classes of stability/metastability/instability are to be 
expected for II-VI and III-V SLs. We start by reviewing 
previous ideas on this subject. These are based on two facts: 
(i) classic thermodynamic models of alloys characterized 
their energy by a single constant interaction parameter I 
(e.g., the nearest-neighbor pair interaction); and (ii) all 
known disordered 
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ner (e.g., in the chalcopyrite structure), have a particularly 
negative (stabilizing) c,' leading to low b.H (S) 
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