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Structural Origin of Optical Bowing in Semiconductor Alloys
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The principle of conservation and transferability of chemical bonds explains the recent
discovery by extended x-ray-absorption fine-structure measurements of two unequal
anion-cation bond lengths P~c and &z~ in A„B~ „C zinc-blende semiconductor alloys de-
spite the close adherence of the lattice constant to the average value (Vegard rule). This
bond alternation, manifested as a structural distortion to a local chalcopyrite coordina-
tion around the anions, explains also most of the observed optical bowing in semicon-
ductor alloys.

PACS numbers: 61.55.Hg, 71.55.Fr

The lowest optical band gaps of semiconductor
alloys are usual. ly sma1. 1.er than the concentration
(x) weighted average of the band gaps of the con-
stituent binary semiconductors. ' This al1.oy
band-gap reduction AE, is often expressed phe-
nomenologicaiiy by hE, = bx(x --1), where the bow-
ing parameter b& 0,
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separation in the A- C and B-C (as well as in
the A- A, B -B and A-B) bonds. The second
contribution measures the bowing due to the re-
laxation of the bond lengths to their equilibrium
(unequal. bond) configuration characterized by u«
(Table I)~ We find for the fundamental I'»„-I;,
band gap bI =0.25 eV and b~ =0.17 eV, or a tot-
al of b~ =0.42 eV, which together with the recently
calculated' CPA value for the disorder contribu-
tion b~~ =0.08 eV, produces a
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