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Resistance modulation by strongly correlated oxide transistor with high—k Ta,0;/organic
parylene—C hybrid gate insulator
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As one of the most promising candidates for next generation electronics, strongly correlated oxide,
vanadium dioxide V0,, has drawn widespread concerns due to their intriguing features, which exhibits drastic
metal-insulator transition (MIT) in the vicinity of room temperature with four orders of magnitude in resistance
variation. Field-triggered transport modulation utilizing a three—terminal field-effect transistor device
facilitates the research on control of MIT functionality, and provides the potential for exploiting novel
devices based on strongly correlated oxides.

In this thesis, I have investigated the electric transport modulation properties in VO, films and nanowires
by applying an electric field utilizing a hybrid solid gate insulator consisting of inorganic high—4& oxide
Ta,0; and organic polymer material parylene—C, which provides less effects of lattice defects at gate/channel
interface and sufficient carrier doping

My achievements are listed as follows:

(1) T successfully fabricated a hybrid gate insulator to verify the series connection mode of capacitors
in this structure. Through being applied to the band semiconductor KTa0O,;, the hybrid gate dielectric was
demonstrated to possess outstanding characteristics: excellent gate/channel interface due to the suppression
of formation of oxygen vacancies and charge trapping levels, providing higher breakdown fields; and giant
induced carrier density to sufficient electrostatic modulation resulting from the high effective dielectric
constant compared with only parylene-C gate insulator.

(2) T achieved electrostatic effect tailoring reversible and prompt resistance switch in VO, thin films
via hybrid gate insulator. Moreover, I observed the maximum resistance modulation occurred near the transition
temperature. Simultaneously, I clarified that five—fold higher resistance change (~0.6%) induced by hybrid gate
insulator rather than parylene—monolayer gate originated from the promoted carrier density. Additionally, I
obtained a pronounced shift of transition temperature by applying positive/negative gate bias.

(3) I further enhanced sensitivity in resistance modulation through decreasing the channel scale close
to nanometer scale size (100 nm) in the nanowire—based field-effect transistors (FETs) constructed by
nanoimprint lithography. I accessed the enhanced maximum resistance modulation (~8.6%) near transition
temperature. This value was ten—-fold higher than that in VO, film—based devices. Such enhancement in resistance
modulation was well explained by the giant mobility modulation in the edge part of nanowire-based FETs. Even
though the stronger field strength (1.5 folds stronger) distributed in the edge part yielded little enhancement
of carrier density, it could make the mobility enhance logarithmically on the basis of Brinkman—-Rice picture
for correlated system. The achieved transport modulation ratio in nanowire—based FETs is the highest one in
all-solid-gated devices so far.

This research provides a new avenue for pure electrostatic modulation in strongly correlated oxides, and
simultaneously supplies potential possibilities for exploiting nano—devices based on strongly correlated

oxides for next generation electronics.
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