


SVERRE FROYEN, D. M. WOOD, AND ALEX ZUNGER

given structure are computed as described in Refs. 20 and
21. The basis set contains plane waves up to a kinetic-
energy cutoff' of 12 Ry for total-energy calculations and
up to 15 Ry for the (harder-to-converge) conduction-band
energies. We estimate that the 15-Ry cutoff' gives band
energies accurate to 0.03 eV, with the exception of the s-
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TABLE I. Interplanar distances (A) for epitaxial Si„Ge„superlattices (m=2, 4, and 6} grown pseudomorphically on a (001)-
0 0 0

oriented substrate with substrate lattice parameter as; ——5.41 A, a=5.51 A, and
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volumes and difFer only in the atomic ordering within the
unit cell.

The structural parameters for each of the ordered com-
pounds are determined by the same procedure outlined in
Sec. III. For each step we compute self-consistently the
electronic structure, using precisely equivalent basis sets
and Brillouin-zone sampling points. Comparison of the
results of the four steps
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FIG. 2. Band-structure discontinuities of SjosGe&&s/Si [(a)
and (b)] and Ge/Si [(b) and {c)]. The valence-band offsets ts,F.

„

are taken from Ref. 16. Relative conduction-band offsets are
obtained from Fig. 1, by positioning the average energy of r~

and I ~ (denoted "average" ) of one material at a distance hE„
from the average of the other material. Due to the LDA error,
the magnitude of the gap cannot be reliably given.
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TA.BLE III. Calculated dipole matrix elements
I

&i I
x

I f} I and transition energies b,E in Si„Ge„
superlattices for @=2, 4, and 6 on a (001) Si substrate. (The values for a Ge substrate are given in

parentheses for n=4. ) (i
I

is a valence-band state and
I f ) a conduction-band state as indicated; a is

the direction of polarization. The notation for the states refers to Fig. 3. For a given valence band only
one type of polarization gives nonzero matrix elements. The matrix elements have been normalized so
that the strong, I »,~I z, -derived transition is unity. Energy differences are in eV.
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derived (I „~I',) transition C to that observed at 2.31
eV (linewidth of 0.24 eV}. The transition observed at
0.76 eV is not a direct-band gap transition according to
our calculation.
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FIG. 10. Energy levels (in eV) of (a) quantum-con5ned longi-
tudinal states and (b) extended transverse states of a Si4Ge~ su-

perlattice matched epitaxially to Si, a Sio &Geo & alloy, and Ge
substrates. Dashed regions indicate the extent of downward
dispersion












