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We established a drift-free high-precision control and measurement technique of
the combined atomic force microscope (AFM) / scanning tunneling microscope (STM) at room temperature (RT)
comparable to an extremely low temperature. Then we developed 3 dimensional AFM/STM mapﬁing techniques
and clarified the exponential tip-sample distance dependence of tunneling current and chemical force at
RT. Next we established the atom-gating technique of the nanospace barrier to create atom clusters
consisted of a precisely controlled number of atoms from the thermal diffusion atoms confined in
nanospace at RT. Besides we clarified the adsorption structure of created Pb trimer, and found tunneling
current-induced concerted switching phenomenon of Pb2Si3 binary cluster. At last we also clarified the
adsorption structure of Si tetramer, and observed sub-atomic STM image formed by high-frequency
switching. These were elucidated in experiments and first-principles calculations.
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