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Scanning tunneling microscopy (STM) has an ability to resolve atomic structures of material

surface, and simultaneously obtained STM electronic spectroscopy curves show electronic

structures at each atomic position. In this study, we have performed three experimental

researches using ultra-low-temperature ultra-high vacuum STM setups: (1) careful cleaning

treatment of an atomically-flat superconducting Pb(111) surface, (2) Fe single atoms on Pb(111),
and (3) Ho single atoms on Pb(111).

(1) Pb(111)is softand meltat~600 K, more careful treatments were required compared to noble
metal substrate. Ar sputtering beam energy, incident angle, and annealing temperatures were
modified. At each cleaning cycle process, time to time, we checked the surface morphology
using STM. At low temperatures (below ~7.2 K), Pb becomes superconductor. STM tip was
setat~0.5 nm above the Pb(111) surface, and we successfully measured the superconducting
gap with sharp two peaks (+/-1.40 meV) symmetric with respect to the Fermi energy (=0
eV) in STM spectroscopy curves.

(2) Fe atoms were deposited on the clean Pb(111). We deposited three Featomsina 10 X 10 nm?
area. All Pb(111) surface showed two peaks at +1.27 and +1.40 meV. The peak amplitude
of the two peaks changes at different position, while so far a clear understanding is not
obtained. Next step, we will measure the spectra at a larger tip-sample separation of ~1.0
nm. Spectra measurements at the closer distance of ~0.5 nm may be affected by the tip, and
sample signal could be disturbed.

(3) Ho atoms were deposited on the clean Pb(111). Usinga superconducting Pb-tip, we observed
two peaks at 2.65 and 2.80 meV, while due to the tip-induced superconducting gap (1.40

eV) the true sample peaks are located at 1.25 and 1.40 meV, identical to the Fe atom case.
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Figure 9 Ho/Pb (111) | (A) STM{& (10X 10 nm?, Vs = +2.64
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