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Abstract

This paper utilizes helium ion beam lithography (HIBL) on bismuth thin films grown
by molecular beam epitaxy (MBE) to fabricate bismuth nanowires. The study investigates
their electrical properties using a Hall bar structure.

Due to the higher mass of helium ions, the secondary electron yield is approximately
five times higher than that of an electron beam, making HIBL highly sensitive to exposure
doses. The paper presents results of nanowire fabrication using PMMA as a resist at
different exposure doses, quantitatively analyzing the proximity effect of helium ion
beams. After assessing the impact of the proximity effect and evaluating the fidelity of
pattern transfer, a dose of 8.3 uC/cm? is chosen, successfully producing nanowire arrays
with a minimum linewidth of 22 nm.

In the initial stages of the study, it was observed that individual nanowires degraded
gradually after multiple IV measurements. To address this issue, a solution was found by
changing from single nanowires to an array of 10 nanowires, effectively resolving the
degradation problem during measurements.

Temperature-dependent four-point Hall measurements were conducted on the
nanowire arrays in the temperature range of 10 K to 300 K. The resistance data obtained
from temperature-dependent measurements were fitted using the G(T) model from the
literature. The fitting results indicate a trend of higher bandgap with decreasing nanowire
width. Notably, the nanowire array with a width of 22 nm exhibits an exceptionally high
effective bandgap of 360 meV, compared to the bandgap of 75 meV for a 100 pm Hall
bar on the same sample. Electron backscatter diffraction (EBSD) inverse pole figure
analysis reveals that the nanowires are single crystals oriented along the [1120] direction.

The simulated results from a two-dimensional quantum confinement model, consistent
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with the experimental observations, suggest that the effects observed in bismuth
nanowires are influenced by two-dimensional quantum confinement effects.
Keyword: Bismuth thin film, Helium ion beam lithography, Bismuth nanowire, G(T)

model, Quantum confinement effect.
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