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Spin-based magnetic random-access memory is
emerging as a key enabling low-power
technologies, which have already spread over
markets from embedded memories to the
Internet of Things. In addition, spin devices can
offer alternative solutions for unconventional
computing and energy harvesting. We present an
experimental Ising computer based on magnetic
tunnel junctions, which successfully solves a 70-
city travelling salesman problem (4761-node
Ising problem) [1]. We also propose a spintronic
artificial neuron based on the heavy metal
(HM)/ferromagnet (FM)/antiferromagnet (AFM)
[2], which can reset itself due to the exchange
bias. Using our proposed neuron, we further
implement a restricted Boltzmann machine
(RBM) and stochastic integration multilayer
perceptron (SI-MLP). By integrating the
electrically connected eight spin-torque
oscillators (STOs), we demonstrate the battery-
free energy-harvesting system by utilizing the
wireless RF energy to power electronic devices
such as LEDs [3,4].

We present our perspective on spin device
applications using emerging 2D materials [5].
Previous proposals for field-free spin-orbit torque
(SOT) switching of perpendicular magnetic
anisotropy (PMA) require an additional magnetic
field. Exploiting the out-of-plane spins could be a
solution to this challenge [6]. Here we
experimentally demonstrate field-free switching
of PMA CoFeB at room temperature utilizing out-
of-plane spins from Weyl semimetals, TaIrTe4 [7]
and PtTe2/WTe2 [8]. Finally, we discuss magnon-
mediated spin torques, which could minimize
Joule heating and corresponding energy
dissipation [9]. We demonstrate magnon
current-driven switching of PMA at room
temperature and field-free operation [10].
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