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We have also analyzed the transition probabilities for
Al xGa12xP CM1SL system exhibiting type-II band align
ment~Fig. 9!. The full transition probabilities from the CBM
to the four uppermost valence states are extremely small
to the lack of spatial overlap in the conduction and valen
band wave functions. Type-II band alignment is present a
in reciprocal space: decomposition of the CBM into Blo
states withk-vector sampling in the principal directions i
the first Brilloun zone, reveals that it has very littleG char-
acter, while VBM is principallyG-like. This is an obvious
consequence of both AlP and GaP binaries having an ind
gaps in reciprocal space. In fact, we find that already the p
n51.5 SL is indirect system in reciprocal space.

TABLE VI. The pseudopotential fit for InP.

Properties NSO-EPM LAPW Expt.

G1c 1.45 1.46a

X5v 21.95 22.20b

X1c 2.25 2.38a,c

L3v 20.78 21.23d

L1c 1.94 2.03e,a

me 0.088 0.077f

mhh(100) 0.46 0.56g

ag(G) 26.84 25.18 26.4h

av(G) 20.49 20.41
b 21.71 21.97 22.0a

aReference 58. eReference 62.
bReference 59. fReference 63.
cReference 60. gReference 64.
dReference 61. hReference 44.

TABLE VII. Calculated valence band offsets of AC/BC
strained on a substrate lattice constantauu in the$001% plane. For the
strained material (boldfaces) the lattice constant along the@001#
direction (a') is fully relaxed by using the valence force field a
proach.a* denotesnatural unstrained valence band offsets, i.e
EVBM

AC (aAC)2EVBM
BC (aBC). A positive offset means that the VBM

energy of the material AC in AC/BC is above that of BC.

AC/BC auu

LAPW
offset
~eV!

NSO–EPM
offset
~eV!

SO–EPM
offset
~eV!

InAs/GaAs a* 0.057 0.056 0.045
InAs/GaAs aGaAs 0.38 0.40 0.42
InAs/GaAs aInAs 20.25 20.22 20.39

GaP/AlP a* 0.54 0.54

InAs/AlAs a* 0.58 0.56
InAs/AlAs aAlAs 0.89 0.91
InAs/AlAs aInAs 0.13 0.13

InP/GaP a* 0.11 0.09
InP/GaP aGaP 0.43 0.43
InP/GaP aInP 20.32 20.25
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V. SUMMARY AND CONCLUSIONS

We apply~i! atomistic description for strain as calculate
with a valence force field approach,~ii ! specially constructed
strain-dependent empirical pseudopotentials, and~iii ! plane-
wave basis for the expansion of electronic wave functions
resolve the atomic and electronic structure resulting fr
lateral composition modulation in vertical short-period s
perlattices. Detailed analysis of a pure CM wave
Ga12xInxAs alloy shows that a careful consideration of bo
strain and alloy composition effects are necessary for a r
istic description of the CM system. This fact is emphasiz
in the combined CM1SL system where the orthogonal stra
fields, induced by CM and SL composition waves with d
ferent characteristic lengths, interact in a complex manne

We show that for GaAs/InAs and GaP/InP systems,
electron-hole localization in type-I, i.e., the natural ba
alignment between the binaries, persists in the CM1SL sys-
tem. Similarly for AlP/GaP systems, exhibiting type-II align
ment between the binary compounds, we find type-II alig
ment also in the CM1SL system. Both CM and SL are
found to contribute significantly to the behavior of ban
edge states in CM1SL system:

~i! Both CM and SL induce band-gap narrowing with r
spect to random alloy, the main contribution originating fro
a drop in conduction band energy. The GaP/InP system
found to exhibit significantly larger band-gap reduction th
GaAs/InAs. This is a consequence of the larger natural c
duction and valence band offsets between GaP and InP
between GaAs and InAs.

~ii ! The symmetry of the uppermost valence band state
strongly influenced by both CM and SL. As a consequen
the lowest energy optical transitions between conduction
valence band exhibit polarization: the component perp
dicular to the CM wave has the lowest energy and high
transition probability, and the component parallel to the C
wave is surpressed by a shift to higher energy. The str
polarization dependence is in agreement with experime
observations.

TABLE VIII. Calculated band-gap redshiftsDEg with respect to
random alloy in CuPt~@111#-oriented SL with periodn51) andZ2
~@001#-oriented SL with periodn52) structures.

DEg NSO–EPM~eV! DEg 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

TABLE IX. Screened atomic pseudopotential parameters for
arsenide semiconductorsexcludingthe spin-orbit interaction. Thea
parameters refer to Eq.~4!. A 5 Ry cutoff was used in the fitting.

a0 a1 a2 a3 a4

Ga 55 738.5 2.793 3209.4 0.283 1.86
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 1.523 0.574 0.000






