
1�xInxAsySb1�y, represent a high level
of complexity, but also opportunities for materials design.
Variable-x films can be grown with unlimited thicknesses
on a given substrate
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(VBM)! conduction-band minimum (CBM) transition of
�InAs�n=�GaSb�n, calculated using the plane-wave empiri-
cal pseudopotential method (as described below), is strong
( ’ 40% of the bulk GaAs) for n < 4 but drops fast as n
increases. This is because for periods n � 10 of the
InAs=GaSb superlattices the overall VBM resides on the
GaSb segment and the overall CBM resides on the InAs
segment, leading to weak spatially-indirect transitions.

In this Letter we show that by using a genetic-algorithm
search within a pseudopotential, inverse band structure
approach, it is possible to identify among an astronomical
number of quaternary alloy configurations, those that ex-
hibit lattice-matching to a given substrate (e.g., GaSb) and
a specific target band gap (e.g., 310 meV), at more than one
composition, and have strong absorption. The dramatic
reduction [vertical arrows in Fig. 1(a)] required in the
band gaps, relative to the lattice-matched random alloy,
is accomplished by allowing the IBS to explore partial
atomic ordering. The IBS search identifies an universal



cell are relaxed (keeping the in-plane lattice fixed to the
substrate), using the valence force field method [20]. The
electronic structure is calculated by using the plane-wave
empirical pseudopotential method [10] and the folded
spectrum method [21]. The empirical pseudopotential is
a superposition of screened atomic pseudopotentials, ad-
justed to reproduce calculated and/or measured band gaps
(at �, X and L), effective mass tensors and deformation
potentials of the all bulk binaries as well as the band-gap
and band-edge bowing of all possible ternary alloys. The
Schrödinger equation includes the spin-orbit interaction
and is diagonalized once (not iteratively). The accuracy
on the gap values is within 10 meV.
Emerging structures—partial atomic ordering.—The

first column of Fig. 3 shows the distribution of the As
atoms in the best IBS final configurations for x � 25%,
50%, and 75%. For x � 25%, one notes that the IBS found
clear anion ordering along the (111) direction, which is
reduced at x � 50% and 75%. The atomic distribution in
the cation sublattice, not shown in Fig. 3, on the other hand,
shows no evidence of ordering for all compositions x.
The ordering on the anion sublattice follows an
AshIn; Gai1=SbhIn; Gai2 pattern, where hIn; Gai denotes
that the In and Ga cations are randomly distributed in the
cation sublattice. Although the As atoms are all on the
(111) planes of the AshIn; Gai layers, these planes are not
completely filled by As atoms. When the planes are fully



quantum wells, Lc folds into ���Lc�, which repels and
pushes the lower energy ����c� further down


