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Development of New Functional Materials with Optically Tunable Dielectric Response
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A dielectric response is the one of important materials properties to establish modern electronics
in association with an electric conduction. Optical control of dielectric response and electric
conduction therefore serves as fundamental technologies to develop next-generation photo-
electronics. The optical control of electric conduction has already been achieved in practical
applications by, for instance, photo-resistors and photo-transistors. The optical control of
dielectric response however has not been realized yet.

Our group has recently discovered an intrinsic change of dielectric permittivity under photo-
irradiation (a photo-dielectric effect) in Zn:LaAlOs, in which the AI** of LaAlOs is partially
substituted by Zn?*. Based on this discovery, we have explored new materials with the photo-
dielectric effect (photo-dielectric materials) and have investigated a mechanism of the photo-
dielectric effect in the present study.

As a result of materials designing with our own strategy, we have successfully found the
new photo-dielectric material, R-LaAlOs, that was synthesized in weakly reducing condition
of N -environment. The permittivity of R-LaAlO; becomes doubled under photo-irradiation,
whereas that of Zn:LaAlOs increases only by 7% by the photo-irradiation. The first principles
calculations have clarified that the photoexcited electrons strongly localized in deep in-gap
states play a role in the giant photo-dielectric effect of R-LaAlOs. Furthermore, we have also
discovered the photo-dielectric effect in Zn:BaAl,O,. The optically enhanced permittivity in
Zn:BaAl,Oy, is found to survive after switch-off photo-irradiation in contrast to the cases for
Zn:LaAlO; and R-LaAlOs, whose photo-dielectric effects are immediately quenched when
photo-irradiation ceases. These instantaneous and persistent photo-dielectric effects would be

counterparts of instantaneous and persistent photo-conductions.
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