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Au/Si(111) surface superstructures exhibit a two-dimensional glass-crystal transition between the B—ﬁ X3 ( glass)
and the 6 X6 (crystal) phases, in a monatomic layer just by controlling thermal treatment. We have performed electrical re-
sistance measurements at this transition by a microscopic 4-point probe method at various temperatures ranging from room
temperature to 120 K, and succeeded in detecting a clear difference in resistance between the two phases. The 6 X 6 phase
has a lower resistance than the B—ﬁ X3 phase at all temperatures. The resistance of each phase decrease with tempera-
ture increase, showing a semiconducting character. By comparing with photoemission spectroscopy data, the electrical
conduction mechanism in high temperature region (above ~175 K) is band conduction of thermally excited electrons with
an activation energy AE ~100 meV for both phases. The mechanism for low temperature region (below ~175 K) is hop-
ping conduction with an activation energy AE ~3 meV and 8 meV for the 6 X6 and the B—ﬁ X/3 phases, respectively.
The widths of localization areas are consistent with STM images.
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Fig. 1. (a) A filled-state STM image of the 6 X 6 (crystal)
phase taken with + 1.0 V tip bias and 0.7 nA tunnel-
ing current. The 6 X 6 unit cell (2.3 nm X2.3 nm) is
indicated in this image. (c) A filled-state STM cur-
rent image of the B—\/g X /3 ( glass) phase taken
with +0.5 V tip bias and 0.5 nA tunneling current.
The /3 X/3 unit cell (0.61 nm X 0.61 nm) is indi-
cated in this image. (b) and (d) are Fourier-
transformed patterns of (a) and (c), respectively. The
large dots correspond to the fundamental spots, and
small dots are the fractional-order spots of the 6 X 6
(b) and ﬁ X /3 (d) superstructures, respectively.
The respective unit cells of the superstructures in the
reciprocal lattice are indicated in (b) and (d). The cir-
cles in (d) indicate characteristic patterns of the f3-
\/§ phase.
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Fig. 2. Black square, gray triangle and open diamond indi-
cate measured resistances (R ) for D 6 X6, Q) ﬁ—ﬁ
and @ re-made 6 X 6, respectively.
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Fig. 3. Black square and gray triangle indicate temperature

dependence of the measured conductivity (which is
equal to oss) of the 6 X6 and ﬁ—ﬁ surfaces, respec-
tively. Black and gray lines are fitting results for the
respective surfaces at low temperature range.
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Fig. 4. Black square and gray triangle indicate temperature

dependence of high-temperature component of the
measured conductivity (on) of the 6 X6 and —/§
surfaces, respectively. Black and gray lines are fitting
result at high temperature range.
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Fig.5. Black square and gray triangle indicate temperature
dependence of the measured conductivity (which is
equal to oss) of the 6 X6 and ﬁ—«/? surfaces, respec-
tively. Solid lines indicate fitting results with Eq. (2).
Dotted lines and dashed lines correspond to the high-
temperature component and low-temperature one, re-

spectively.

Table 1. Activation energy at high temperature range and

low temperature range for the 6 X 6 (crystal) and
B—ﬁ (glass) surfaces, obtained by fitting Eq. (2)
to the measured conductivity as a function of tem-
perature.
6 X6 (crystal)
AEu 170 [meV]

AEL 3.1 [meV]

B-/3 (glass)
190 [meV]
8.2 [meV]
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