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Abstract

Neuromorphic circuits can be straightforwardly constructed using memristors, given 
that non-volatile resistive switches can serve as artificial synapses, while volatile 
memristors can function as artificial neurons capable of generating diverse neural 
spiking patterns [1]. Mott memristors are also effectively used in oscillating neural 
networks, where information is encoded in the oscillator phase and the computation 
result is found by minimizing the system energy [2]. Fast operation is essential 
for energy and time efficiency of these applications, but to date only oscillation 
frequencies of 10 MHz have been achieved, with the most common VO2-based Mott 
memristors [3]. Focusing on nanoscale VO₂ Mott memristors with a ~30 nm active 
region between electrodes [4], we investigate their dynamic operation and explore 
the physical [5] and geometrical factors limiting the speed of VO₂ oscillators. This 
exploration involves analyzing time-resolved pulsed experiments and device state 
evolution during constant bias oscillatory operation. Through identifying and 
mitigating many of these limiting factors, we have designed oscillators capable of 
reaching more than 100 MHz operation frequency. Finally, we investigate the 
coupling of such high-frequency oscillators. 
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