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Combining two indirect-gap materials—with different electronic and optical gaps—to create a direct

gap material represents an ongoing theoretical challenge with potentially rewarding practical implications,

such as optoelectronics integration on a single wafer. We provide an unexpected solution to this classic

problem, by spatially melding two indirect-gap materials (Si and Ge) into one strongly dipole-allowed

direct-gap material. We leverage a combination of genetic algorithms with a pseudopotential Hamiltonian

to search through the astronomic number of variants of Sin=Gem= . . . =Sip=Geq superstructures grown on

(001) Si1�xGex. The search reveals a robust configurational motif—SiGe2Si2Ge2SiGen on (001) SixGe1�x

substrate (x �Si
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explicit goal of finding a direct-gap and optically active
material. Using a combination of genetic algorithms [11]
and band-structure calculation [12], we identify a motif
with a 50-fold increase of the dipole matrix element over
the previous record set by Si6



the growth direction of the dipole matrix element reported
in Table I. Indeed, whereas the overall magnitude of the
dipole element is fairly constant for any Si1�xGex sub-
strate, for any concentration x, the component along the
growth direction goes from being the largest on Si0:6Ge0:4
to almost extinct on the Germanium substrate. Finally, we
find the electronic transport of the magic sequence will not
be ill affected by the superlattice construction, since its

effective masses are quite squarely between those of sili-
con and Germanium (see Table II).

Mechanism of the interband coupling leading to a
dipole-allowed transition.—To understand how the magic
sequence becomes direct and optically-active, we analyze
in the middle panel of Fig. 2 the orbital character of the
band-edges Fourier space. The orbital character, also called
majority representation [20], plots the origin of the
superlattice’s CBM in the unfolded Brillouin zone of
the zinc blende. In other words it tells us which states

from the bulk-components hybridize through folding at ��
in the superlattice Brillouin zone. We find that in both the

magic sequence and inSi6Ge4 the CBMat �� are constructed
from X and � states, with however a much larger contribu-
tion in the case of the latter. This result is in line with the
much larger absorption from themagic sequence. The lower
two panels of Fig. 2 plot the wave function density of the
CBM and VBM averaged over the epitaxial plane. In both
materials, the VBM is delocalize over the whole superlat-
tice, whereas the CBM is principally located over the
Si-rich region. However, in the magic sequence, this region
is fairly small (twomonolayers). TheCBMwave function is
mostly contained within the active motif itself.

Sensitivity of the results to deviation from the optimal
structure.—In practice, the accuracy of the growth method
could result slight variations from the optimal structure
predicted in this Letter. How much would this affect the
optical transition across the electronic gap? We examine
the effect of changing both the virtual substrate and
mutations in the magic sequence upon the optically active
direct gap. In the following, �n is the magic sequence
with a Ge buffer of n monolayers, while � is the
sequence SiGe2Si2Ge2SiGe2SiGe9 and � the sequence
SiGe2SiGe2Si2Ge2SiGe2SiGe6. Figure 3(a) shows the
‘‘degree of directness’’ (left vertical axis—solid lines)—

the difference between the folded ��c and the CBM of Si,
�x;y—and the dipole matrix element between the valence

and conduction band at �� (right vertical axis—dashed
lines) as a function of the choice of substrate in-plane
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