Neuromorphic weighted sums with magnetic skyrmions
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Magnetic skyrmions, which are topological magnetic solitons, exhibit a range of enticing features that
make them promising candidates for integration into neuromorphic circuits [1-3], such as stability at
room temperature, sub-micron dimensions, non-volatility, particle-like behavior, and motion at low
power.

In our study, we exploit the non-volatile and particle-like characteristics of magnetic skyrmions, which
makes them countable and hence summable, to perform a basic neuromorphic computing operation:
the weighted summation of synaptic signals [4]. We design a device comprising parallel tracks, which
act as synapses, connected by transverse electrodes, which act as neurons (Fig 1a). We demonstrate
the precise electrical control of skyrmion nucleation and motion in specially designed magnetic tracks,
the number of generated skyrmions being determined by the electrical pulse input multiplied by the
track synaptic weight. To enable non-volatile control of synaptic weights, we propose using magneto-
ionic effects to achieve reversible and persistent modulation of magnetic properties through voltage-
gated application. Voltage gating control of magnetic anisotropy is achieved by applying an electric field
through an AlOy layer, enabling the transition from in-plane to out-of-plane magnetic anisotropy in the
top Co layer [5]. Detection of the number of skyrmions is accomplished through non-perturbative
anomalous Hall voltage measurements. We experimentally validate the weighted sum operation using
two electrical inputs in a crossbar array configuration with two tracks, where the measured Hall voltage
accurately reflects the cumulative number of skyrmions injected into both tracks (Fig. 1b) [4]. This
ensures efficient execution of the fundamental weighted sum operation, a cornerstone for
neuromorphic computing. Our experimental demonstration is scalable to accommodate multiple inputs
and outputs using a compact crossbar array design, potentially approaching the energy efficiency
observed in biological systems.
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