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Semiconductor nanowires are one class of building block that shows promise for application in digital electronics and computing within a bottom-up paradigm for nanotechnology. The metal catalyzed vapor-liquid-solid growth mechanism enables control of size, composition, morphology, and structure, allowing nanowire properties to be tailored for a specific application. One challenge to their implementation is the reliable formation of low resistance ohmic electrical contacts. Metal-semiconductor axial nanowire heterostructures often have atomically abrupt coherent interfaces and therefore can be ideal electrical contacts. In this work, nickel-silicide/silicon axial nanowire heterostructures were formed by partial silicidation of silicon nanowires contacted lithographically by nickel. During rapid thermal anneal (450 °C for 1 to 5 minutes in forming gas), nickel diffuses from the lithographically defined contact into the silicon nanowire and converts a section of it into nickel-silicide. Prior to annealing, two-terminal nanowire devices had non-linear and asymmetric current-voltage behavior indicative of poor electrical contacts. After the formation of heterostructure contacts, nanowire devices carried increased current, pointing to reduced contact resistance, and a larger fraction exhibited linear current-voltage characteristics. These results are attributed to the differences between the lithographically defined polycrystalline nickel and the nickel-silicide, which we expect to be single crystal and the heterostructure contact interface to be epitaxial, coherent, and atomically abrupt. A study of the silicidation kinetics was also conducted by measuring the length of the silicide using scanning electron microscopy (SEM) and optical microscopy (OM). As a fast and economical alternative to SEM, a midpoint intensity OM technique was shown, as verified by SEM, to have a high resolution of ± 0.1 μm. Analysis revealed a linear growth rate of 0.2 μm/min, suggesting that the rate is limited by the silicidation reaction at the interface. A related study by Appenzeller et. al analyzed the diameter dependence of nanowire silicidation and found that diffusion takes place through the core of the wire as opposed to at the surface. The reduced contact resistance, combined with improved current-voltage behavior and controllable silicidation make such metal-semiconductor heterostructures a promising option for making reliable electrical contact to semiconductor nanowires.
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