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ABSTRACT 

Due to spin-orbit interactions, a transverse spin current can be generated by an electric current, with spin perpendicular 
to the plane of the two currents, which is called Spin Hall effect. This spin current can switch the magnetization of adjacent 
ferromagnetic layer. However, the spin current with in-plane components cannot switch the ferromagnetic layer with 
perpendicular magnetization without an in-plane external magnetic field. To achieve field-free switching, spin currents 
with more general spin orientations are required. The spin current can be generated by noncollinear antiferromagnet 
because of the broken spin rotation symmetry induced by the noncollinear magnetic structure. Here, we deposited the 
noncollinear antiferromagnet IrMn3 and measured the spin Hall effect using spin-torque ferromagnetic resonance (ST-
FMR). Spin currents with out-of-plane component was observed and field-free switching was achieved. 
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