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Abstract:
Scaling resistive random-access memory (RRAM) toward ultra-dense crossbar arrays for high-density storage and neuromorphic computing requires precise nanoscale control of conductive filament evolution for reliable multi-level operation. Here, we directly visualize nanoscale filament evolution in sub-stoichiometric Y2O3-x thin films using in-situ conductive atomic force microscopy (c-AFM) with independently controlled current compliance. The threshold voltage follows the tuned oxygen stoichiometry, while the conductive filaments governing switching can be continuously modulated through controlled external biasing, in good agreement with the macroscopic device's characteristics. Multicycle measurements reveal that the dominant filaments persist and govern subsequent switching events. Single-point switching demonstrates nanoscale operation with a lateral influence of ~20 nm, defining the minimum practical device spacing. These results uncover the interplay between oxygen stoichiometry, filament evolution, and device scaling, establishing design and operation guidelines for next-generation ultra-dense yttrium-oxide-based memristor arrays.


