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Observation of Superconductivity on the Rashba-Type Surface Reconstruction (T1, Pb) /Si(111)
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A surface reconstruction consisting of one monolayer of Tl and one-third monolayer of Pb on a Si(111) was found to
exhibit a large Rashba-type spin splitting in the metallic surface-state bands together with two-dimensional
superconductivity. Temperature dependent angle-resolved photoelectron spectroscopy revealed a strong electron-
phonon interaction in one of the bands. In sifu four-point-probe resistivity measurements with and without magnetic field
demonstrated that the (T1, Pb) /Si(111) system transited into the superconducting state at 2.3 K. The (T1, Pb) /Si(111) is
a prototypical system for prospective studies of intriguing properties of the space-inversion-symmetry-broken
superconductor.
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Fig. 1. (color online). (a), High-resolution (5 X 5 nm*) STM
image of the (TI, Pb)/Si(111) surface.” (b) Schematic atomic
structure of the (T1, Pb)/Si(111)-/3 Xy/3 surface.””
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Fig. 2. (color online). (a) Experimental (upper panel) and
calculated (lower panel) Fermi contours of the (TIl, Pb)/
Si(111) in the /3 X /3 surface Brillouin zone.” Small arrows
in the lower panel indicate the in-plane spin components,
while the intensity of the plot indicates the out-of-plane
components. (b) Band dispersion of 21, (%) and 2,(X)
bands near the Fermi level along I'-M and I'-K directions
[solid lines @ and @ in (a)].*” (c) Typical temperature
dependencies of energy width (AE) in the photoemission
peaks of (X, 2, X5, >, surface-state bands™ at dashed
lines in (b).
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Table 1. (color online). Parameters of the electronic
structure of the (T1, Pb)/Si(111) : energy splitting by Rashba
effect AEx, electron-phonon coupling constant A obtained
from temperature-dependent ARPES measurements, possible
superconducting transition temperature T estimated from A by
McMillan equation.
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Fig. 3. (color online). RHEED patterns of (a) (Tl, Pb)/
Si(111)-/3 X/3 and (b) TI/Si(111)-1X 1, respectively.
(c) Temperature-dependent sheet resistance R in T1/Si and
(TI1, Pb)/Si surfaces.
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Fig. 4. (color online). (a) Temperature dependence of the
sheet resistance of (Tl, Pb)/ Si(lll)-«/37 X3 surface. Solid
line is a result of the least-squares fit to Eq. (3) of para
conductivity with 7.=2.26 K. (b) Temperature dependence of
the upper critical field extracted from temperature (circles) and
magnetic field (squares) dependencies of the sheet resistance
[from (c) and (d), respectively]. Solid line is a result of the
least-squares fit to Eq. (4) (c) The change of the sheet
resistance with temperature under different magnetic fields
and (d) with magnetic field under different temperatures.
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Table 2. (color online). Comparison of superconducting
transition temperature and energy of spin-orbit coupling for
different surfaces and non-centrosymmetric bulk crystal
systems.
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