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Abstract
Silicon and germanium nanowires (SiNWs and GeNWs) are anticipated for the realization of next-generation metal-oxide-semiconductor field-effect transistors. Impurity doping is one of the key techniques for semiconductor NW devices, while the retardation of carrier mobility due to impurity scattering has to be taken into account. Core-shell NWs composed of Si and Ge are key structures for realizing high mobility transistor channels, since core-shell structures separate the carrier transport region from the impurity doped region, resulting in the suppression of impurity scattering.

Intrinsic-Ge/p-Si (i-Ge/p-Si) core-shell NW structures were rationally grown on a Si substrate by chemical vapor deposition (CVD) To confirm the selective B-doping in the shell region, we performed Raman measurements. The electrical activity of B atoms can be clarified by the Fano effect, which is due to coupling between discrete optical phonons and the continuum of interband electron excitations in degenerately doped p-type Si. The Si optical phonon peaks observed for i-Ge/p-Si NWs shows an asymmetric broadening toward higher wavenumber. This asymmetric broadening is due to the Fano effect, showing that B atoms are electrically activated in the Si shell, resulting in the formation of p-Si shell. Selective doping and band-offset in Ge/Si core-shell NW structures can realize a type of high electron mobility transistor (HEMT) structure in one-dimensional NWs by separating the carrier transport region from the impurity-doped region. Precise analysis using Raman spectroscopy were further performed. We finally got a conclusive evidence of hole gas accumulation in Ge/Si core-shell NWs, which is important for the realization of high speed next generation transistor channels.
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