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Abstract
Ultra-narrow semiconductor nanowires (NWs) and ultra-thin-layers (UTLs) are candidates for a variety of applications
such as advanced transistor devices, optoelectronics, biosensors, etc. Due to strong quantum confinement these channels
exhibit different electronic properties than bulk. These properties often depend on the confinement length scale,
confinement orientation, and transport orientation. In this work we calculate the electronic properties of silicon (Si) and
germanium (Ge) ultra-thin NWs and UTLs up to 12nm in diameter/thickness. For the electronic structure calculation we
employ the sp3d5s* atomistic tight-binding (TB) model. We show that the electronic properties of these low-dimensional
channels such as the effective mass, the carrier velocities, and valley separations are a strong function of geometry and
orientation. This geometry dependence is especially important for holes, in which case large reduction in the subband
effective masses is observed in the p-type [111] and [110] NWs and p-type (110)/[110] ultra-thin-layers as the
confinement length scale is reduced down to 3nm. We further calculate the transport properties of these channels in
both, the ballistic and diffusive regimes. For this we use the ballistic Landauer formalism and the linearized Boltzmann
transport theory, respectively. In the case of Boltzmann transport we include carrier scattering by phonons, surface
roughness, and ionized impurities. We show that the anisotropy in the electronic structure of the different NW and
thin-layer channels translates into different transport properties, especially in the case of carrier mobility calculations.
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