Award Achievements

The Heinrich Rohrer Medal —Rising Medal—
Professor Yoshiaki Sugimoto

"For his outstanding contributions to manipulation and chemical identification of
individual atoms using atomic force microscopy".

Professor Sugimoto has succeeded in replacing aimed atoms individually by other
atoms at surfaces of crystal lattices at will, and making ‘atom letters’ drawn with
the replaced atoms by embedding and fixing them in the crystal lattice. This method
has extended the atom manipulation technique from low temperature to room
temperature, showing fabrication of stable artificial atomic structures. Furthermore,
he has invented a method to identify atomic species of individual atoms observed in
micrographs. These achievements lead to a dream to use individual atoms as
building blocks for constructing ultimately small functional devices.

By improving the performance of his atomic force microscope (AFM), he has
achieved not only atomic resolution in imaging, but also demonstrated how to
manipulate, identify, and characterize individual atoms on surfaces of crystals at
room temperature. By exchanging an aimed atom on the surface of sample crystal
by an atom at the AFM tip apex, the replaced atom is embedded in the crystal surface
lattice, so that the atom stays stably at the fixed lattice point even at room
temperature. The AFM tip can be also used to exchange an atom with the
neighboring atom on the sample crystal surface, so that the aimed atom can be made
shift in position atom by atom by repeating the exchange process successively. This
is an important breakthrough of controlled atom manipulation toward practical use
because all of the processes are done at room temperature. Since an atom adsorbed
on crystal surfaces is quite mobile at room temperature, it is an ingenious idea to
embed an atom in the crystal lattice point to fix it. He has also found a method for
chemical identification of individual atoms by precisely measuring force between the
aimed atom on the sample surface and the AFM tip apex atom.

Atomic force microscope (AFM)
images of ‘atom letters’ (‘Sn’
and ‘Si), written by atoms
arranged and embedded in the
crystal surfaces. The atoms
composing the letters look
brighter (Tin atoms in the left
picture) or darker (Silicon
atoms in the right picture)

than the surrounding atoms
(Germanium and Tin atoms, respectively), showing different chemical species.
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