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Thanks to advances in in situ measurements techniques in ultra-high vacuum and emergent materials (Rashba-type
surfaces and topological insulators), surface states on crystals provide interesting topics such as two-dimensional super-
conductivity, spin-polarized electronic transport, and spin current, due to broken symmetry and spin-orbit interaction.
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Fig. 1.

(color online). Various kinds of electrodes for in situ four-point conductivity measurements which are

compatible with high-temperature treatments of samples in UHV. (a) Silicide electrodes for van der Pauw method,

formed by ion implantation before UHV installation.” (b) Patterning by Ar+ sputtering after sample preparation.
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(¢) Cleavage of a sample crystal together with electrodes attached on the sides of crystal.” (d) Monolithic micro-

four-point probe'”

tips.'¥

Fig. 2. (color online). Schematic of scanning tunneling
potentiometry using multi-tip STM?". Tip @ is for STM
scanning to obtain topography and potentional distribution
with respect to Tip @) .
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Fig. 3. (color online). (a) (b), (c) (d), (e) (f), and (g) (h) are
STM images and RHEED patterns of the Exﬁ,
/31 %/31. ,4X%1, J1x/3 surfaces, respectively. (i) Meas-
ured sheet resistivities (02p) plotted on a logarithmic scale as a
function of temperature for the In/Si (111) surfaces : the
/3 x/3 (filled circles), v31 Xy/31 (crosses), 4% 1 (dia-
monds), and 7 X/3 (open circles)®. The horizontal broken
line indicates the inverse of the minimum metallic conductiv-
ity. The inset shows the measured sheet resistivity for the
\/% x/3 surface at low temperatures.
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Fig. 4. (color online). (a) Sheet resistance of Si(11 1)-ﬁ X «/5 (rect) -In surface superstructure at low temperature‘zg) The
insets are RHEED pattern and structural model and simulated STM image taken from Ref.” (b) That of the same surface as
a function of magnetic field applied perpendicular to the surface at T= 0.8 K.*¥ (c) That of Si(111)-SIC-Pb surface
superstructure.”® The insets are its STM image® and RHEED pattern.*”
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Fig. 5. (color online). (a) Band dispersion and (b) Fermi
Surface of a spin-degenerate-2DEG. (c)(d) Those of a 2DEG
with Rashba-type spin-splitting.
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Fig. 6. (color online). High-Tc superconductivity of a single-

layer FeSe grown on SrTiOs.*Y The inset is a micro-four-
point probe attached on a STM head.
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Fig. 7.

Pb concentration x (%)

Pb concentration x (%)

(color online). (a)-(f) Fermi surface (upper row) and band dispersion (lower row)

of the Bi.Tes thin films grown on Si(111) with a Pb concentration of 0 (a), 1.3 (b), 3.2 (¢),
8.7 (d), 14 (e), and 22% (f), respectively. The line in the band dispersion diagrams
indicates the position of the Dirac point. B and S represent the bulk and surface states,
respectively.® (g) Change in the bulk and surface-state carrier densities for the Bi»Tes thin
films doped with different Pb concentrations, calculated from area of the measured Fermi
surfaces (a)-(f). (h) Comparison of the change in the Dirac point position (from (a)-(f)),

together with the measured 2D sheet conductivity.
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Fig. 8. (color online). (a) Four-point-probe resistance meas-

urements on a clean Bi,Te.Se surface taken at 300 K (open
circles) and at 30 K (filled circles), together with the expected
result for bulk dominated transport at these two temperatures
(solid lines). (b) Scanning electron microscopy (SEM) image
of the four-tip STM contacts used for the 30 K measurements.
(c) SEM image of the 12 point probe for the 300 K
measurements.*”
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Fig. 9. (color online). (a) Band dispersion of a 10 QL thick
film of Bi.Te. measured at room temperature. (b)
Temperature-dependent sheet resistance of thin Bi,Te, films
of different thicknesses (from 10 to 50 QL) measured in situ in
UHV.?
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Fig. 10. (color online). Spin-polarized current (a) on the
surfaces of a three-dimensional topological insulator and (b) at
the edges of a two-dimensional topological insulator.
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Fig. 11. (color online). (a) Schematic drawing of the multi-
tip STM measurement. The spin-dependent potential, induced
by the current injected from the Pt-coated CNT tip (3) into the
Bi film was measured by the CoFe-coated CNT tip (1). The
(blue) arrows show the current flowing out from the Pt tip. The
concentric circles show the equipotential lines, and the short
(red) arrows show the induced spin polarization. (b) Deviation
of resistance due to break down of Green's reciprocity
theorem, as a function of the distance between the Pt and CoFe
tips.*”
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Fig. 12. (color online). (a) Schematic drawing of a sample
pattern and configuration for spin-Hall effect experiment. (b)
A Focused-lon-Beam-fabricated pattern out of a Bi.Ses;
ultrathin film on Si substrate in UHV.*
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