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TABLE VI. The pseudopotential fit for InP.
Properties NSO-EPM LAPW Expt.
P 1.45 1.46
Xsy 21.95 2220
Xic 2.25 2.38°
Lay 20.78 21.23
Lic 1.94 2.08?2
Me 0.088 0.077%
mMpn(100) 0.46 0.58
ag(T) 26.84 25.18 264
a,(T) 20.49 20.41
b 21.71 21.97 22.07
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TABLE VIII. Calculated band-gap redshiftsE, with respect to
random alloy in CuP¢[111]-oriented SL with perioch51) andzZ2
([001]-oriented SL with perioch52) structures.

AE, NSO-EPM(eV) AE, LAPW (eV)

GaAs/InAs  CuPt 20.05 20.25
Z2 20.02 20.05
GaP/InP CuPt 20.34 20.42
Z2 20.12 20.11

V. SUMMARY AND CONCLUSIONS

We apply(i) atomistic description for strain as calculated
with a valence force field approadtii, specially constructed
strain-dependent empirical pseudopotentials, @ndplane-
wave basis for the expansion of electronic wave functions to
resolve the atomic and electronic structure resulting from
lateral composition modulation in vertical short-period su-
perlattices. Detailed analysis of a pure CM wave in

We have also analyzed the transition probabilities for thé>@2xINxAs alloy shows that a careful consideration of both

Al,Ga P CML1SL system exhibiting type-Il band align-
ment(Fig. 9). The full transition probabilities from the CBM

to the four uppermost valence states are extremely small dL]r
to the lack of spatial overlap in the conduction and valenc%
band wave functions. Type-Il band alignment is present als
in reciprocal space: decomposition of the CBM into Bloch

states withk-vector sampling in the principal directions in
the first Brilloun zone, reveals that it has very litllechar-
acter, while VBM is principallyI’-like. This is an obvious

[0)

strain and alloy composition effects are necessary for a real-
istic description of the CM system. This fact is emphasized
A the combined CMLSL system where the orthogonal strain
lelds, induced by CM and SL composition waves with dif-
erent characteristic lengths, interact in a complex manner.
We show that for GaAs/InAs and GaP/InP systems, the
electron-hole localization in type-l, i.e., the natural band
alignment between the binaries, persists in theITBlL sys-
tem. Similarly for AIP/GaP systems, exhibiting type-Il align-
ment between the binary compounds, we find type-Il align-

consequence of both AIP and GaP binaries having an indireghent also in the CM.SL system. Both CM and SL are
gaps in reciprocal space. In fact, we find that already the purgyund to contribute significantly to the behavior of band-

n51.5 SL is indirect system in reciprocal space.

TABLE VII. Calculated valence band offsets of AC/BC,
strained on a substrate lattice const@anin the{001} plane. For the
strained material {oldface9 the lattice constant along tH@01]
direction (@, ) is fully relaxed by using the valence force field ap-
proach.a* denotesnatural unstrained valence band offsets, i.e.,
Edsv(aac) 2ES5w(asc). A positive offset means that the VBM
energy of the material AC in AC/BC is above that of BC.

LAPW NSO-EPM SO-EPM
offset offset offset
AC/BC a (eV) (eV) (eV)
InAs/GaAs a* 0.057 0.056 0.045
InAs/GaAs Acaas 0.38 0.40 0.42
InAs/GaAs Ainas 20.25 20.22 20.39
GaP/AIP a* 0.54 0.54
InAs/AlAs a* 0.58 0.56
InAs/AlAs aaas 0.89 0.91
InAs/AlAs ainas 0.13 0.13
InP/GaP a* 0.11 0.09
InP/GaP acap 0.43 0.43
InP/GaP anp 20.32 20.25

edge states in CHISL system:

(i) Both CM and SL induce band-gap narrowing with re-
spect to random alloy, the main contribution originating from
a drop in conduction band energy. The GaP/InP system is
found to exhibit significantly larger band-gap reduction than
GaAs/InAs. This is a consequence of the larger natural con-
duction and valence band offsets between GaP and InP than
between GaAs and InAs.

(ii) The symmetry of the uppermost valence band states is
strongly influenced by both CM and SL. As a consequence,
the lowest energy optical transitions between conduction and
valence band exhibit polarization: the component perpen-
dicular to the CM wave has the lowest energy and highest
transition probability, and the component parallel to the CM
wave is surpressed by a shift to higher energy. The strong
polarization dependence is in agreement with experimental
observations.

TABLE IX. Screened atomic pseudopotential parameters for the
arsenide semiconductoexcludingthe spin-orbit interaction. Tha
parameters refer to E¢4). A 5 Ry cutoff was used in the fitting.

Ga 55738.5 2.793 3209.4 0.283 1.862
In 107.755 1.915 3.460 0.414 1.665
As(GaAs 48.54 2.536 1.463 0.494 0.000
As(InAs) 49.614 2.737 1523 0.574 0.000










