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Fig. 1. (a) A SEM image showing Bi nanowires grown by spontaneous growth method onto Bi thin film after annealing at 270 °C for 10 hours. (b)
A HRTEM image of a Bi nanowire consisting of a single-crystalline Bi core and a 10-nm-thick amorphous Bi,0;.
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Fig. 2. (a) Schematic diagram of plasma etching technique used to make ohmic contacts to the Bi nanowire, by first sputtering with Ar ions and
then dopositing Au electrodes. (b) A SEM image showing an individual 400-nm-diameter Bi nanowire with four Au electrodes, deposited by
sputtering after plasma etching to remove the oxide layer. (¢) Four-point /-V curves taken at 2 K and room-temperature for the Bi nanowire device.
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Fig. 3. Temperature dependent resistance for the 400-nm-diameter Bi
nanowire, measured (a) with and (b) without a magnetic field of 9 T
applied perpendicular and parallel to the nanowire.
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Fig. 4. The temperature dependence of (a) transverse and (b)
longitudinal MR ratios of the Bi nanowire with a magnetic field of
9T. ’
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Fig. 5. (a) Schematics of energy-band diagrams at the L-point and T-
point with Fermi energy level at temperatures of 75, 205, and 300 K
at 9 T. (b) Calculated carrier concentrations of electrons and holes of
the Bi nanowire grown along the trigonal axis as a function of
temperature at 9 T.
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We report the magneto-transport properties of an individual single crystalline Bi nanowire grown by a spontaneous growth method.
We have successfully fabricated a four-terminal device based on an individual 400-nm-diameter nanowire using plasma etching
technique to remove an oxide layer forming on the outer surface of the nanowire. The transverse MR (2496 % at 110 K) and
longitudinal MR ratios (38 % at 2 K) for the Bi nanowire were found to be the largest known values in Bi nanowires. This result
demonstrates that the Bi nanowires grown by the spontaneous growth method are the highest-quality single crystalline in the literatures
ever reported. We find that temperature dependence of Fermi energy (Er) and band overlap (Ag) leads to the imbalance between
electron concentration (#,) and hole concentration (»,) in the Bi nanowire, which is good agreement with the calculated #, and #», from
the respective density of states, ME), for electrons and holes. We also find that the imbalance of 7, and », plays a crucial role in
determining magnetoresistance (MR) at T<75K for Rr and at 7<205K for R;, while mean-free path is responsible for MR at
T>75K for Rrand T>205K for R,

Keywords : single-crystalline Bi nanowire, magnetoresistance (MR), simple two band (STB) model



