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Interaction of impurity atoms with twin boundaries for the fabrication of functional
twinning nanostructures - towards Ge twinning superlattices -
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Crystalline materials with twin boundaries (TBs) involve excess energy due to their
structural imperfection, and the energy can be reduced by microscopic structural
changes of the boundaries via segregation of impurity atoms. Even though such local
changes happen only close to TBs, they play a decisive role in determining macroscopic
properties and processing of most polycrystalline materials, and in fabricating
stable nanostructures. Besides, parallel TBs in semiconductors arranged at similar
intervals of nanometer length, so called twinning superlattices, have potential
applications in optoelectronic devices emitting an intense monochromatic light
polarized parallel to the boundaries. In the present work, we have 1) determined
microscopic mechanisms of interactions of impurity atoms with TBs, and 2) tried to
fabricate functional twinning nanostructures with the interactions

1) Segregation of impurity atoms in pure X 3{111} and X9{114} TBs in Si crystals
were determined by atom probe tomography (0.002~0.0002 at.% in impurity detection
limit and about 0.4 nm in spatial resolution) and transmission electron microscopy
(0.1 nm in spatial resolution), accompanied with ab—initio calculations. In X 9{114}
TBs, As, Ga, and O atoms segregated while B and C atoms did not segregate. Meanwhile,
no impurity atom segregated at X 3{111} boundaries. Ab—initio calculations suggested
that, impurity atoms with a large atomic radius segregated at tensile—strained
regions in the boundaries and the intrinsic segregation abilities were related to
the degree of bond distortions of host Si atoms.

2) We have tried to introduce intentionally a X3{111} TB in Ge on a Ge{111} surface
deposited with B atoms, on which a (¥ 3X4 3)R30° reconstructed structure acting as
a template for twinning might be formed, by molecular beam epitaxy, but failed
Another templates for twinning, based on the interactions of impurity atoms with X
3{111} TBs, should be needed for the introduction.
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