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Silversmithing by the quantum effects

-Regulating dimensionality of electronic states in 1nm-thick ultrathin silver film-

KA CGREERZWPENFZERT)
Iwao Matsuda (ISSP, the University of Tokyo)
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WIEST HAETOBERISHET S 1F 7 A— MV 107 mnm) E THLS I 5 LE IR
FRNTIRD PR, EFRIE 3 K S 2 o Lid# U TEITAZERNIT RSB 2 B
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A group of Prof. Iwao Matsuda in the Institute for Solid State Physics has

demonstrated, through collaborations with Italian and American groups, that an
electronic state in a silver crystal film can be regulated to 3-dimensional (3-D),
2-dimensional (2-D), and 1-dimenional (1-D). Reducing silver film thickness down to
wavelength of an electron inside, corresponding to about 1 nanometers (10° m, nm), an
electronic system makes transition from 3-D to 2-D and the atomically-flat 2-D film is
spontaneously formed by this quantum-mechanical effect. The present research has
found that an electronic state in such an ultrathin silver film further becomes 1-D when
the film is grown on a Inm-periodic array of atomic wires, prepared on a semiconductor
substrate. The topological evolutions of the electronic structure (the Fermi surfaces)
have directly observed by photoemission spectroscopy using high-brilliant synchrotron
radiation. The detailed data analysis has also revealed that the silver film
spontaneously forms 1-D structure through electronic interactions with the atomic

wires at the film/substrate interface.



The low-dimensional electronic states, described above, are realized at room
temperature and the films, confining the electrons, are prepared simply by metal
evaporations. In ultra-small materials, the quantum effect occurs even at room
temperature. As a consequence, the present research has shown that the dimensional
transitions of atomic structure and electronic states can be induced spontaneously in
metal crystals. This “metal smithing” method, using quantum mechanics, indicates a

new possibility in developing nanodevices.
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