Strain induced band-gap modification of Ge NWs
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The ability to fabricate single-crystal nanowires that are widely free of structural defects enables to apply high strain without fracturing, therefore in any application where crystallinity and strain are important, the idea of making nanowires should be of a high value. With silicon as the most used semiconductor today, other group IV elements and particularly Ge are in the focus of interest due to their chemical similarity and thus allowing the integration into silicon based platform technology. Previous theoretical studies on the band structure modifications of Ge under tensile strain propose a direct and a complete closed band gap at about 4% and 8% respectively.1 The measurements were performed on vapor−liquid−solid (VLS) grown Ge nanowires, integrated into a micromechanical 3-point straining module. Uniaxial stress is applied along the ⟨111⟩ growth direction of individual less than 100 nm thick nanowires while at the same time performing electrical characterization (Figure 1 a/b). Compared to bulk materials, an anomalously high piezoresistive coefficient has been found.2 E.g. for a tensile strain of 5%, the resistivity of the Ge nanowire decreased by 4 orders of magnitude, finally ending up with values of Ge nanowires with doping concentrations of 1018 cm-3.3 Raman spectroscopy was used for verification of the applied strain (inset Figure 1c). Even at these high strain amplitudes no fatigue failures are observed for several loading cycles. Thus, individual stressed nanowires are recognized as an ideal platform for the exploration of strain-related electronic effects and may contribute significantly to the realization of novel devices.
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Figure 1. (a) Schematic illustration of a Ge nanowire integrated in the straining module, (b) SEM image of the respective suspended Ge nanowire. (c) Resistivity change as a function of the applied strain. The grey bars show the range of the resistivity for as-grown Ge nanowires, bulk Ge and n/p doped Ge with the respective dopant concentrations. The inset shows the measured Raman shift of the Ge nanowire under variable tensile strain conditions.
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