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Abstract   

Biologically-inspired sensory neurons implemented with phase-change materials like vanadium dioxide (VO2) are able 
to encode the perceived informa�on into spikes in the �me domain. Opera�ng in the analog world without digital 
conversions and memories, excep�onal energy efficiency is promised for these systems compared to ultra-low-
voltage CMOS architectures. At UCLouvain, VO2 memristors exhibi�ng reversible metal-insulator transi�ons (MIT) 
have been successfully microfabricated. A circuit made of a VO2 memristor driven by an appropriate current source 
(e.g. a MOS transistor) can leverage the MIT to generate con�nuous voltage spikes. We will dis�nguish between two 
opera�ng regimes of the neuron, corresponding to two dis�nct configura�ons of the memristor: the relaxation 
oscillator, where the s�mulus is encoded in the spike dura�on; the stochastic bursting regime, candidate to achieve 
higher energy efficiency and more biologically plausible excitable behaviour. As will be shown, robust design and 
implementa�on of such neuromorphic sensors require thorough understanding and modelling of the material 
proper�es and nonideali�es, which mo�vate our mul�disciplinary research efforts. 
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