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Abstract of Thesis

Transition metal oxides with 3d-correlated systems have potential to enable densely scaled resistive switching for emerging
nonvolatile memory and neuromorphic computing applications. From scientific perspective, the remarkable switching feature in
these materials can be attributed to their complex electronic phase diagrams which are extremely sensitive to orbital occupancy
of electrons and external stimuli, i.e., proton doping. In recent years, proton doping on perovskite nickelate thin films via gas-
phase-chemical reaction (hydrogenation) has been intensively investigated due to its feature to completely reconstruct the
electronic band structures, resulting in an immense resistance change of the materials. The vast resistance modulation is thought
to be directly related to the proton diffusion within the perovskite lattice of the nickelates. Nevertheless, the nanoscopic
understanding of how protons diffuse in these films, especially under intrinsic factors such as lattice strain, has not been clearly
revealed. Finding the root correlation between proton diffusion and lattice strain in perovskite nickelates is essential in the field
of correlated iontronics. This finding may lead to solve the long-standing issue in resistive switching device area, where a novel

approach to enhance the switching operation speed is indispensable.

In this dissertation, I have successfully established the correlation between proton diffusion and lattice strain in strongly
correlated perovskite nickelate, namely NdNiOs thin film, resulting in an enhanced resistance modulation and switching speed.

In essence, my achievements are listed in these following points:

(1) Ihave clearly elucidated the correlation between proton diffusion and lattice strain in NdNiOs3 thin film. The experimental
results, supported by a first-principle calculation, provide a deep insight of how protons dynamically behave under a
regulated strain in perovskite nickelate lattice.

(2) I'have successfully demonstrated that the proton diffusion speed critically affects the resistance state of NdNiOs3 thin film.
External controls such as electric field and substrate selection were shown to effectively boost the diffusion speed which,
in return, results in a remarkable resistance modulation and switching speed.

(3) Ihave provided a fundamental understanding of strain-controlled proton diffusion, which can lead to an important strategy

for overcoming the bottleneck in designing iontronic switching devices.
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