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Two-dimensional superconductors (2DSCs) on
substrates attracts much attention because they
are expected to exhibit interesting physics due to
inversion symmetry breaking. It is now possible
to grow highly single-crystalline epitaxial films of
2DSCs, even in one-atomic-layer thickness.
However, it is difficult to handle 2DSCs for
measurements due to contamination and
oxidation in air. In order to reveal intrinsic 3001
physical properties of 2DSCs, we have developed
an in-situ four-point-probe electrical conductivity
measurement system in ultra-high vacuum f
(UHV), under magnetic field (7 T) at low 100:—/
0 T
;
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temperature (down to 0.8 K). With this machine
combined with sample preparation techniques in
UHV, we have succeeded to observe the direct
evidence of superconductivity, namely zero resistance, for various 2DSCs. In this review, we
introduce the results of our studies of 2DSCs; (i) one-atomic-layer surface superstructures, (ii) a
surface superstructure with giant Rashba-type spin splitting, (iii) the thinnest limit of graphite
intercalation compounds. We believe that 2DSCs with higher critical temperature and critical
magnetic field will be realized by mechanisms different from those for bulk superconductors.
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Figure 1. (a) Schematic view of macro- (left) and
micro- (right) four-point probe (4PP) methods. (b)
SEM image of the micro-4PP. (c) Photograph of

macro-4PP.
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Figure 2. (a, b) Whole design drawings of the
experimental apparatus with the (a) top and (b) side
view. (c) Photograph of the apparatus. (d) Probe
configuration to measure Ra and R used in the “dual

configuration” method.
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Figure 3. (a,c.e) for Si(111)V7x\3-In (rect phase),
and (b,d,f) for Si(111)-SIC-Pb, respectively'”. (a, b)
Temperature dependence of Rs. The insets are
RHEED patterns. (c, d) Changes of Rs with
temperature under different magnetic fields. (e, f) The

upper critical field as a function of temperature.
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Figure 4. \3x\3-(TL, Pb)/Si(111)2?, (a) Atomic arrangement. (b) Experimental (upper) and calculated (lower)

Fermi surface. Small arrows and color code in the lower panel indicate the in-plane and the out-of-plane spin

components, respectively. (¢) Temperature dependence of Rs compared with 1x1-T1/Si(111). (d) The change of Rs

with temperature under different magnetic fields (left) and Rs with magnetic field at different temperatures (right).
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Figure 7. (a) Comparison of temperature dependence of Rs among the pristine bilayer graphene, CsLiCs and
CsCaCe. (b, c) Rs shown in an expanded scale for (b) the pristine bilayer graphene, (c) CsLiCs and CsCaCe. (d) Rs

of CsCaCs as a function of (left) temperature under different magnetic fields and (right) magnetic field at different

temperatures. (¢) Temperature dependence of the poHc2 obtained from (d).
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