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Abstract

Bismuth is a semi—-metal and is known as a fundamental material in a thermo—
electrics that convert heat to electricity directly, and our research group has focused
on fabricating a low dimensional density of nanowire structure. We tried to measure
the Seebeck coefficient, the resistivity and Hall coefficient using a 1.90 x m diameter
bismuth microwire. Measurements were performed after exposing the side surfaces of
the bismuth nanowire and making local contact at the side of it and applying nano—
fabrication using a dual-beam focused ion beam (FIB) apparatus. Carbon and
tungsten electrodes were deposited on the bismuth nanowire to achieve electrical
contact by using FIB. The method of carbon deposition were optimized to contact
and to protect the surfaces of the bismuth nanowire by using FIB, and tungsten
deposition were optimized to wiring between surfaces of the bismuth wire and
deposited tungsten/copper film on the template.

To measure the Seebeck coefficient, Bismuth wire embedded in the glass template
clamped by two copper blocks using silver epoxy in a suspended condition from
quartz sheet. A glass plate was installed under one of the blocks to introduce a
temperature difference attached on Cu blocks to directly. The top surface of the
template—deposited Cu film was utilized as several electrode pads by an isolation
trench using the optimized FIB process. Each electrode pad attached on the side of
the wire was connected to the Cu pad using an optimized tungsten/copper film
deposited by FIB processing.

We successfully and simultaneously measured the resistivity, magneto—resistivity,
Hall coefficient and Seebeck coefficient using a 1.90 u m diameter individual bismuth
wire embedded in a quartz template. Using the measured values, the transport
properties were also analyzed using a simple three—dimensional parabolic isotopic
two—band model. The estimated values were similar to those for bulk bismuth,
because the diameter of the wire was 1.90 p m.

The nano—fabrication method and the proposed approach for measurements can be
applied to obtain evidence of quantum effects using much narrower wire which has

high-resistance.
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