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Optical bowing in zinc chalcogenide semiconductor alloys
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Alloys of zinc chalcogenides exhibit both some of the smallest (for ZnS Se|-,) and the largest
(for ZnS„Tei-„)optical bowing observed in isovalent semiconductor systems. A theoretical
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nearest-neighbor clusters of four A and 8 atoms lying at
the vertices of a tetrahedron, are Aq, 238, A28z, 883, and
84 which occur also in the ordered phases AC, A38C4,
ABC2 A83C4 and BC, respectively. Since zinc chal-
cogenide alloys exhibit the face centered cubic (fcc) struc-
ture for all compositions, a superposition of these five
structures A„84—„C4for O~n ~4 (all fcc sublattices)
correctly describes the Bravais lattice of the alloy. ' We
consider equilibrium structures by allowing the common
atom C (in our case Zn) to relax to its minimum energy
position (generally producing nonequal A —C and 8—C
bond lengths'0'3) for each structure



ing 4X 0.1, just as does ZnS, Se1 „,which has a larger
bowing b ~0.5 eV; the difference is traceable to the form-
er alloy's having ha ~0, while the latter has a substantial
mismatch, ha 0.26 A, giving it a significant contribution
from bq.

The departure from the VCA in these systems is evident
most clearly in the calculated band-by-band charge densi-
ties depicted in Fig. 1. The two columns at the extreme
left and extreme right depict, for ZnS and ZnTe, respec-
tively, the calculated densities in the (110) plane, includ-
ing those for the valence-band minimum (VB min) I ~„
[Figs. 1(a) and 1(c)],the XI, band [Figs. 1(d) and 1(f)l,
the valence-band maximum (VB max) I I5„[Figs.1(g)
and 1(i)], and the conduction-band minimum (CB min)
I"~, [Figs. 1(j) and 1(1)]. As expected, the contours per-

tinent to the binary compounds are symmetric about the
vertical plane containing the Zn site (dashed vertical lines
in Fig. 1). Were the VCA description accurate, the con-
tours for the ABC' alloy (center column of Fig. 1) would
be symmetric too. This is obviously not the case: The VB
min, I I„(1I„),of STeZnq [Fig. 1(b)] has a strong sulfur
s-like character with little amplitude on Te; the next band,
I ~. folded in from zinc blende X~„is complementary in
having most of its amplitude around Te [Fig. 1(e)]. Hence
we predict a splitting of 2.6 eV between these two lowest
valence bands at I to be obseved in photoemission (zero in
VCA). A similar effect has been observed in photoemis-
sion in the valence band of Hg, Cd1- Te alloys. "' In
addition to the splitting due to folding, some states which
would be degenerate due to folding alone (e.g., at M, de-
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completely ordered structures. For example, the possible
rived from two zinc-blende X points, and at 8, derived
from two zinc-blende L points) split in the alloy due




