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The field-effect transistor (FET) utilizing charging effect of a capacitor provides electrical
switching function of electric current by external voltage, being one of essential components of the
modern information technology. FET is also very useful for exploring and controlling electronic
properties of condensed matters, as widely demonstrated in electric—field induced superconductivity
and ferromagnetism, which have been mainly realized in band insulators. Strongly-correlated materials
represented by Mott insulators, on the other hand, are also interesting to be investigated, because
of their great potentials for gigantic and diverse responses to tiny external stimuli due to a strong
interplay between charge, spin, orbital, and lattice.

V0, is an archetypal strongly-correlated oxide, showing the first-order metal-insulator transition
accompanied by the structural phase transition near room temperature. We have examined electric—field
effects on V0, using organic ionic liquid as a gate dielectric layer, and found that we can reversibly
control the metal-insulator transition in VO, by application of a very small voltage of about 1 V. This
new type of transistor provides various novel functions that cannot be achieved in conventional Si-based
transistors. One example is ‘non-volatility’ , which may lead to future ultra—low power consumption
device applications.

In this study, we performed electrical transport measurements, as well as /n-s/tu x-ray diffraction
measurements, /n-s/tu x-ray absorption spectroscopy measurements, and real-space observation of
metal-insulator domains, and revealed that (1) electric-field induced reversible and gigantic
structural transformation in V0, (2) reversibility and non-volatility of the device operation strongly
depends on V0, film quality, and (3) there is a critical thickness which determines whether phase
transition occurs in a phase-uniform or a phase-separated way. Moreover, we also unexpectedly found
that (4) not only by electric—field effect in FET structure, modification of VO, film surface by polar
organic molecules also enables large and reversible control of the transition temperature in VO,.




