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Large Surface-state Conductivity in Quantum Bi Films
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In situ microscopic-four-point probe conductivity measurements were performed for ultrathin bismuth (Bi) films
formed on Si(111)-7 X 7. From the extrapolation of thickness-dependent conductivity and decrease in conductivity
through surface oxidation, we found clear evidence of large surface-state conductivity (6x~1.5% 107" Q~'/[] at room
temperature) in ultrathin Bi(001) films. For the thinnest films (~25 A), the transport properties are dominated by the
surface states. The temperature dependence of the surface-state conductivity showed a metallic behavior down to 15K.

These results point to the possibility to use these Bi surface states for spintronics device applications utilizing the largely

Rashba spin-split properties.
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Fig. 1. (a) The Fermi surface of a 6.8 BL thick Bi(001) film

measured by photoemission spectroscopy. (b) Sche-
matic drawing of the Fermi surface of (a) in the
surface Brilluoin zone. (c) Schematic drawing of the
projection of the Fermi surface of bulk Bi depicted in
the surface Brilluoin zone.
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Fig. 2. (a) Measured resistance as a function of the film

thickness. The inset shows the close-up by enlarging
the vertical scale. (b) The two-dimensional conduc-
tivity obtained by 0=1n 2/7 R from the data of (a).
The solid line shows the parabolic fit for 6=d=25
BL. The horizontal error bars show the uncertainty in
the film thickness, and the vertical error bars
represent the data spread by measuring different parts
of the sample. The numbers [-IV in (b) correspond to
the different stages of Bi growth on Si(111)-7 X7
reported in Ref. 4.
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Fig. 3. The schematic drawing of carrier flow inside the film

for 6=d=25 BL where the scattering is mainly at
the interfaces [(a) and (b)], and that for d=25 BL
where it is due to phonons and defects (c).
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Fig. 4. RHEED patterns of a clean Bi(001) surface (a), and

that after 10* L of O, exposure (b). The triangles in
(b) show the spots at the zeroth Laue zone. (c) The
conductivity change for the 6 and 30 BL thick Bi
films after O, exposure. The two different symbols
indicate two separate measurements.
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Fig.5. The temperature dependence of the measured

surface-state resistance (R-T curve) for the 6 BL
thick Bi(001) film. (a) and (b) show two separate
measurements. The solid lines show the result of the
linear fit.
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