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The ability to manipulate magnetic properties through ionic motion in ferromagnetic/oxide structures
in a non-volatile way, rather than through volatile, purely electronic means, presents exciting
opportunities for the development of functionalities like reconfigurable multistate memories and the
implementation of cumulative gate effects in spintronics devices. Magneto-ionics takes inspiration
from memristor technologies and offers one of the most advanced approaches today for controlling
magnetic properties using ionics. Integrating ionic and spintronic technologies offers new degrees of
freedom to design neuromorphic hardware with novel magnetic functionalities, alongside the
established ionic analogue behavior.

I will present different strategies to develop multistate magneto-ionic memory devices using CoFe
alloys. A variety of material combinations and device designs allows to explore the control of
nucleation/propagation of a spin-reorientation transition under gate voltage and the exploration of an
extended gate-induced oxidation-reduction spectrum to generate multiple stable, electrically
detectable magneto-ionic states. | will also demonstrate that magneto-ionic nanodevices can not only
function as basic synaptic elements, using their capacity to encode multiple analogue states, but also
enable new bioinspired functionalities. We show that in magneto-ionic synaptic elements, synaptic
depression can be tuned using a magnetic field, allowing to dynamically control the linearity of the
synaptic weight update. This functionality is reminiscent of neuromodulation, observed in biological
systems, and neural network simulations reveal that a magnetically induced enhancement in weight-
update linearity improves learning accuracy across a wide range of learning rates.

These findings highlight the versatility and promise of magneto-ionic devices for developing
multifunctional synaptic elements for neuromorphic hardware.
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