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In the nanowire geometry, strain can elastically relax at the free sidewall surfaces. Thus, in 

nanowires dissimilar materials can be combined to heterostructures that cannot be realized in 

thin films because plastic relaxation of strain induced by lattice mismatch would compromise 

crystalline quality. Such nanowire heterostructures can be created both in the axial and the 

radial direction of the nanowire. Nevertheless, often such heterostructures are described in a 

simplified way as one-dimensional, i.e. properties vary only in the direction across the 

interface. In this talk, I will discuss two exemplary studies that exploit the three-dimensional 

nature of semiconductor nanowires to realize advanced functionalities. Both cases are based 

on GaAs nanowires. 

Since in molecular beam epitaxy deposition takes place from directed beams, lattice-

mismatched shells can be deposited only on one side of nanowires. Strain partitioning 

between the resulting asymmetric shell and the nanowire core leads to strong bending of the 

nanowire. We have demonstrated control over such bending, making nanowires bend over 

backward to contact either neighboring nanowires or the substrate [1]. Furthermore, bending 

leads to a strain gradient across the nanowire core, i.e. strain is inhomogeneous, unlike the 

situation in one-dimensional heterostructures. This gradient induces drift of charge carriers 

towards the tensile-strained outer side of the bent nanowires. We make use of this 

phenomenon by placing in addition quantum dots as light emitters on this side of the 

nanowires. 

In III-V nanowires, along the growth axis the crystal stacking may change to form either 

the stable zincblende or metastable wurtzite polytype. Since the band structure of the two 

polytypes differs, crystal phase heterostructures can give rise to quantum confinement. 

Combining such crystal phase heterostructures in the axial direction with compositional 

heterostructures in the radial direction results in quantum rings, exhibiting a topology that 

cannot be described in one dimension. Crystal phase heterostructures have by definition 

atomically flat interfaces. We have fabricated quantum rings of exceptional structural quality 

by employing all-binary GaAs/AlAs compositional heterostructures in the radial direction [2]. 

In such quantum rings with a circumference as large as 200 nm, we have evidenced the 

excitonic Ahoronov-Bohm effect. 
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