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Heterosynaptic platform functionalized by topological control of oxygen vacancy
distribution in memristive devices
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To realize Al hardware that exhibits higher-order brain functions, we aimed
to create a device and circuit foundation consisting of heterosynapses interconnected in multiple
dimensions, with the functional principle of controlling the topology of oxygen vacancy
distributions in memristive materials. Focusing on reduced amorphous gallium oxide and titanium
oxide thin films, we conducted experimental and theoretical analyses of oxygen vacancy behavior and
elucidated the mechanisms of electrical conduction and resistance change. By developing memristors
that can apply electric fields in various dimensions and geometries, such as two-terminal
capacitor-type, planar-type, crosshar-type, and four-terminal planar-type and crossbar-type, we
succeeded in constructing a platform that mimics higher-order brain functions, such as synaptic
weight gate modulation and associative learning, as artificial synaptic elements.
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