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Abstract

In this thesis, discoveries of superconductivities in three kinds of materials with one- or
two-atomic-layers by electrical transport measurement are reported and their properties are
discussed.

In conventional two-dimensional superconductors, fundamental physics has been discussed
about quantum phase transition from superconductor to insulator and from superconductor
to metal. Recently, however, two-dimensional superconductivity in the reconstructed semi-
conductor surface or atomically thinned system are attracting much attention and functional
superconductivities with such as high critical temperature (7¢) or magnetic field are discov-
ered, which originate from strong lattice strain at the interface or breaking of space-inversion-
symmetry. In this study, for the sake of such noble phenomena, the author perfomed sample
fabrications in ultrahigh vacuum (UHV) and in situ electrical transport measurements on T1
and Pb adsorbed Si(111) surface which is a candidate of a superconductor with large Rashba
effect, and also for realizing ideal two-dimensional superconductor, atomically thin overlayer
of Tl and metal-intercalated bilayer graphene which are expected to be superconductors
weakly coupled to substrate.

Atomically thin overlayer of T1 is a metallic atom-layer which is incommensulately grown
on insulating Si(111) - 1 x 1 - T1 structure. Therefore, it is expected to show superconduc-
tivity with strong two-dimensionality. In this study, the author observed superconducting
transition with the 7. of 0.96 K. It shows the properties of dirty limit superconductor and
magnetically driven superconductor - insulator transition due to the strong disorder from
the insulating substrate.

According to the angle-resolved photoemission (ARPES) studies, Tl and Pb adsorbed
Si(111) surface is one-atom-layer metallic structure with anisotropically enhanced Rashba
split and electron-phonon coupling. In this study, it is reported that the structure exhibits
superconducting transition with the critical temperature of 2.26 K. The observed 7. indicates
that the superconductivity originates from the electric state with large spin-splitting. Hence,
the system turned out to be a promising candidate of a superconductor without space-

inversion-symmetry.

Bilayer graphene (BLG) has been expected to be a superconductor by intercalating of Ca.
However, no direct observation of superconductivity has been reported because it contains
chemically reactive elements such as Ca. In this study, the author found that Ca-intercaleted
BLG exhibits superconducting transition with the critical temperature of 2 K by intercalating
Ca into BLG and measurement of electrical transport without breaking vacuum. On the
other hand, Li-intercaleted BLG did not show superconductivity down to 0.8 K. These
metallic species dependent superconductivity shows good agreement with the prediction by
ARPES and ab initio calculation, which are based on the same origin of superconducting

graphite intercalation compounds.
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