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Abstract

Metal contacts play an important role in nanowire (NW) devices and are expected
to exhibit qualitatively different properties from those of planar contacts due to
small contact cross sections. We numerically investigate certain unique properties
of NW-metal contacts and demonstrate that contact resistivity increases as NW
radius shrinks. This increase is more significant for nanowire-three-
dimensional(NW-3D) metal contacts than for nanowire-one-dimensional (NW-
1D) metal contacts. The underlying cause for this size effect is identified as the
strong fringing field effects, which become more significant as temperature
decreases. Our simulation provides a more complete understanding of the size
effects on NW-metal contacts.

Method
Fig. 3 Longitudinal electric field in the radial direction (distance normalized

® Employ ageneral device simulator, PROPHET [1], to numerically solve the by wire radius) for different NW radii: R=8 nm and R=100 nm.
Shockley semiconductor equations to obtain energy band diagrams.

® The contact resistivity is calculated in a post processing step using the
numerical model in Ref. [2].

Fig. 4 Contact resistivity vs. temperature for different values of Schottky
barrier height. Wireradiusis 8 nm for NW-metal contacts.

Conclusions

® The depletion width and contact resistivity for NW-metal contacts increase
Fig. 1 Contact geometries studied (a) NW-3D metal contact (b) NW-1D metal as NW dimension shrinks due to strong fringing field effects, and this effect
contact (c) planar contact. Fig. 1(d) shows simulated energy band diagrams for issignificant in NW-3D metal contacts at low temperatures.

different contact geometries.

® NW-1D meta contacts are much better than NW-3D metal contacts,
especially at low temperatures, since NW-1D metal contacts are less sensitive
to nanowire radius variation and the contact resistivity for NW-1D metal
contacts are much smaller than that of NW-3D metal contacts

®. Our work provides guidance to the correct estimation of contact resistivity
and is useful for nanowire device design and fabrications.
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Fig. 2 Contact resistivity vs. NW radius for different contact geometries at temperature equals
to 91 K and 300 K, respectively. Inset shows the depletion width vs. NW radius.
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