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Electric-Field Control of Optical Properties in Strongly-Correlated Oxides for Device Applications
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The field-effect transistor (FET) provides electrical switching function of electric current
through precise control of a number of charge carriers at a surface of solids by external voltage.
The idea of utilizing very large capacitance of electric-double layer (EDL) at a solid/electrolyte
interface as a gate dielectric of FET, namely EDL transistors (EDLTs), significantly increases a
limit of the amount of surface charges controllable by electric-field effect up to as large as 10"
cm?, leading to remarkable demonstrations such as electric-field induced superconductivity and
ferromagnetism 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 due to a strong interplay between charge, spin, orbital, and
lattice. We have examined electric-field effects on correlated oxides showing the first-order
metal-insulator transitions to explore novel physical phenomena and electronic functions
originating from strong correlation effects, and found that EDLTs based on an archetypal
strongly correlated oxide, VO,, enables electrical switching of bulk state of matter beyond the
fundamental electrostatic screening length, opening up a new possibility of macroscopic phase
control by local electrical excitation. We have recently revealed by in-situ optical spectroscopy
measurements and in-sifu x-ray diffraction measurements that this conceptually new transistor
harnessing ‘bulk phase transition’ gives rise to novel functions, as demonstrated by remarkable
changes in the infrared transmittance and the out-of-plane lattice parameter by more than 40 %
and 1 %, respectively. These functions are not available with conventional field-effect devices

based on band insulators, potentially beneficial for future low-energy-consumption electronics.
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