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Dr. Kazuya Terabe, MANA Principal Investigator

International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science
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Dr. Tsuyoshi Hasegawa, Professor

Department of Applied Physics, School of Advanced Science and Engineering,

Faculty of Science and Engineering, Waseda University
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Dr. Masakazu Aono, Executive Advisor

International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science
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Research Theme and Background and Achievements

Research Theme

Research Background

and Achievements

Invention of the atomic switch and research for its practical application

Nowadays, an enormous number of semiconductor transistor type switches are used in information
communication equipment such as smartphones. The computational and memory functions obtained by the
integration of semiconductor transistors have progressed as a result of the development of ultrafine processing
technologies, but it is said that this progress will slow down in the near future. Therefore, the continued
improvement of information communication equipment performance requires not only the further development
of semiconductor transistors, but also the creation of innovative switches that operate on new principles.

The research undertaken by Dr. Terabe, Dr. Hasegawa and Dr. Aono, with its focus on ionics devices that
operate using local ion migration in solids, led the world in this area of basic research, and their ingenious
research resulted in the invention of the ‘atomic switch’ ; a device with completely new operating principles
that does not use semiconductors. The results of their fundamental research in atomic switches, such as its basic
characteristics and the method of constructing the device, have been published in international scientific journals
such as Nature and are frequently referenced in both domestic and foreign researcher papers. In addition, they
actively launched national research projects with universities and a private company, and made significant
progress in developing the basic technology required for practical applications by achieving improvements in
switch performance and device materials, as well as progress in integration technology and the trial manufacture
of programmable integrated circuits (FPGA). These results led the NEC Corporation developing an FPGA
equipped with atomic switches, the performance of which devices greatly exceeds that of conventional devices.

Another large application realized by the fellows is that of artificial synaptic function, using, for the first time
in the world, a single atomic switch. Previously, it had only been possible to realize this function by using both
semiconductor circuits and software in tandem. Their research into artificial synapses using the atomic switch is
pioneer work in the development of hardware based brain-type information processing systems.

As described above, the invention of the revolutionary atomic switch and the research for its practical
applications have had considerable ripple effects both academically and industrially, and are highly regarded
worldwide. Based on their outstanding achievements, Dr. Terabe, Dr. Hasegawa and Dr. Aono have been

selected as winners of the 28th Tsukuba prize.
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