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Abstract: As we look to the future of computing in immersive environments for edge applications, new materials, 
devices, and circuits provide new ways to efficiently compute. In particular, hardware-aware neuromorphic computing 
takes inspiration from the brain to encode information in bio-mimetic artificial synapses and neurons assembled into 
neural networks. Most simply, an artificial synapse should have controllable resistance levels to set the connectivity 
between neurons. Features of linearity in the weight change and symmetric response to positive and negative weight 
updates are also desirable for efficient neural network training. But, if we can add additional features to the synapses 
themselves, inspired by the features of the brain, these can lead to system-level benefits depending on the application. I 
will present my group’s work on designing, building, and measuring artificial synapses using both magnetic materials and 
atomically thin (2D) materials. By electrically controlling a magnetic domain wall (DW) underneath a magnetic tunnel 
junction (MTJ) memory element, we show 3-5 controllable weight states that are highly stable at room temperature [1]. 
Tuning the device geometry in turn tunes the metaplastic behavior of the synapse, allowing application-specific design 
for either inference or online learning.  We will show how this DW-MTJ artificial synapse can satisfy the necessary 
requirements for artificial neural networks integrated with CMOS. I will then show our results on designing bilayer 
graphene transistors as artificial synapses that are constructed from fully bio-compatible materials, respond in 
biologically-relevant timescales, and have ultra-low switching energy [2]. The graphene artificial synapses also show 
unique metaplasticity that can be used to outperform ideal linear synapses in classification tasks. Such devices are 
strong candidates for bio-interfaced neuromorphic computing. These results show the impact new materials can have as 
we encounter new computing needs. 
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