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Spin-orbit torque induced magnetization switching
in nanoscale heavy metal/ ferromagnetic metal heterostructures

Chaoliang ZHANG
Supervisor: Hideo OHNO

Spin-orbit torque induced magnetization switching has attracted great attention as a new scheme to write
information to three-terminal spintronics devices. The mechanism governing threshold current density Ji of
SOT-induced switching and possible routes to reduce it are studied. Measurement of Jy in nanoscale
Ta/CoFeB/MgO devices reveals that previously-observed discrepancy in Ji between the experiment and theory can
be largely explained by considering spatial inhomogeneity during switching in employed micrometer-sized devices.
The value in single-domain-scale device can be explained with the macrospin model, where both field-like and
Slonczewski-like components of SOT are taken into the consideration. It is also shown that the SOT-switching
efficiency is strongly related to the structure and resistivity of the material of heavy-metal channel. Effective spin
Hall angle obtained from SOT-induced switching in nanoscale W/CoFeB/MgO devices is found to increase by a
factor of 2-3 and reaches 0.4-0.5 as the resistivity increases by decreasing sputtering power and increasing

sputtering gas pressure.
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