3D strain field and STEM contrast modeling of core shell nanowires
containing magnetic nanoprecipitations

The 3d geometry of core-shell nanowires (NWs) with shells containing magnetic nanoprecipitations delivers
new degree of freedom in design of novel type of magnetic nanoobjects. Multi shell architecture, with individual
shells of different elemental composition and thickness, enables a flexible modification of the magnetic
properties such a nano-object by strain and bandgap engineering. We study a 3D strain fields in NW
heteostructures of “pencil like geometry”, i.e. few micrometers long wurtzite (Ga,In)As core capped by coherent
epitaxial shells of (Ga,Mn)As, (Ga,Al)As with different thickness. The incoherent, semicoherent and incoherent
MnAs precipitations with different size can be obtained inside the (Ga, Mn)As shell by annealing at different
temperatures and by changing configuration of the shells (composition, thickness). A 3D-FEM modeling allows
to study the strain state of such complex NW heterostructures. Our FE modeling is based on solving coupled
problems for various fields: lattice displacements, source lattice distortions, chemical fractions, electric and/or
magnetic fields. Various variants of coupling will be considered to estimate the most important effects for the
residual stresses. The effect of coupling on the nucleation and formation of nanoprecipitations in the form of
foreign phases are analyzed on the basis of TEM images. STEM images are calculated by means of multislice
algorithm by using information about local lattice distortion obtained from 3D-FEM calculations. By comparing
the experimental and simulated STEM images obtained for different camera lengths it is possible to distinguish
between coherent and relaxed MnAs precipitations. This permits to perform statistic based on experimental
STEM images of the number of coherent and relaxed MnAs precipitations in NW shells.
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