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Structural and chemical changes in binary versus ternary tetrahedral semiconductors
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The properties of a prototype ternary semiconductor with the chalcopyrite structure —MgSiP2 —are studied

as a function of lattice constant, tetragonal distortion, and anion displacement with the use of the ab initio

density-functional method. This system is then used as a general model for understanding the chemical
and structural differences between a binary tetrahedral semiconductor (e.g. , zinc blende) and its isoelec-
tronic ternary analog (e.g. , MgSiP2).

Fourfold-coordinated tetrahedrally bonded ternary
A "B' Cq semiconductors (e.g. , MgSiP2, space group D2d,
Fig. I) are related generically to their binary zinc-blende
A'"Cv analogs (e.g. , A1P, space group Td2) in the same way
as the latter are related to the diamondlike 8' 8' homopo-
lar semiconductors (e.g. , Si, space group 0»). Much as a
(hypothetical) nuclear disproportionation converts the dia-
mond structure of '"Si'
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model24 which assumes that AcF is proportional to (q —1).
The I 3, state at the bottom of the conduction band of

MgSiP2 is antibonding between the phosphorus s and the ca-
tion p, functions. It is mostly localized in the cationic inter-
stitial site. It has antibonding


