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Fig. 1. (a) Device structures of the Cu/MXene/SiO,/W memristor; (b) SEM images of the MXene; (¢) I-V curve of electroforming

process; (d) I-V curve of Set/Reset process.
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Fig. 2. (a) Analog I-V curves under consecutive positive sweep voltage; (b) relationship between conductivity and scanning number

under consecutive positive sweep voltage; (c¢) analog I-V curves under consecutive negative sweep voltage; (d) relationship between

conductivity and scanning number under consecutive negative sweep voltage.
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Fig. 5. Synapse-like mechanism of Cu/MXene/SiOy/W

memristor: (a) Diffusion and migration of Cu?* under posit-
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ative voltage; (c) spontaneous rupture of conductive fila-
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filaments and newly formed conductive filaments.
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Abstract

Compared with conventional computation relying on the von Neumann architecture, brain-inspired
computing has shown superior strength in various cognitive tasks. It has been generally accepted that
information in the brain is represented and formed by wvastly interconnected synapses. So the physical
implementation of electronic synaptic devices is crucial to the development of brain-based computing systems.
Among a large number of electronic synaptic devices, the memristors have attracted significant attention due to
its simple structure and similarities to biological synapses. In this work, we first use two-dimensional material
MZXene as a resistive material and fabricate an electronic synapse based on a Cu/MXene/SiO,/W memristor.
By using the unique properties of MXene, the conductance of the memristor can be modulated by the
accumulation or reflux of Cu?* at the physical switching layer, which can vividly simulate the mechanism of
bio-synapses. Experimental results show that the Cu/MXene/SiO,/W memristor not only achieves stable
bipolar analog resistance switching but also shows excellent long-term and short-term synaptic behaviors,
including paired-pulse facilitation (PPF) and long-term potential/depression. By adjusting the pulse interval,
the PPF index will change accordingly. In a biological system, the short-term plasticity is considered to be the
key point for performing computational functions while the long-term plasticity is believed to underpin learning
and memory functions. This work indicates that Cu/MZXene/SiO,/W memristor with both long-term and short-

term plasticity will have great application prospects for brain-inspired intelligence in the future.

Keywords: MXene, memristor, ion diffusion, synaptic plasticity
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