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ABSTRACT

Spin-orbit coupling (SOC) in nonmagnetic heavy metals (HMs) gives rise to the spin Hall effect (SHE),
which is widely used to switch perpendicularly magnetized structures with an assistive magnetic field. In
a similar manner, the anomalous Hall effect (AHE) arising from bulk SOC in ferromagnets (FMs) can also
induce spin polarization. We theoretically show how both SHE and AHE can be used to realize field-free
switching of perpendicular magnetization in FM1(fixed)/HM/FM2(free) trilayer structures. We calculate the
resulting spin torque due to SHE (in the HM) and/or AHE (in the fixed FM1) analytically and numerically,
and perform macrospin switching simulation without an assistive magnetic field. While it is understandable
that AHE can achieve field-free switching due to the out-of-plane polarization it generates, rather
surprisingly, field-free switching of perpendicular magnetization can also occur in the sole presence of
SHE when the fixed FM1 has an out-of-plane magnetization. In addition, the AHE and SHE can be
combined constructively for magnetization switching by having spin Hall and anomalous Hall angles of
opposite signs.
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