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Abstract 

Spin-orbit torque (SOT) enables the electrical manipulation of magnetization using the 

spin-orbit coupling in materials. It lies at the intersection of condensed matter physics and 

spintronics device applications, revealing new ways to design low-power magnetic 

memory and logic devices. A prototypical device structure to realize SOT is a bilayer film 

consisting of a ferromagnetic layer and a non-magnetic heavy metal layer. Traditionally, it 

is thought that spin current arises from the spin-orbit coupling in the heavy metal, while 

the role of the ferromagnet is only to absorb the spin current, which then induces the SOT. 

However, we found that the ferromagnet can in fact generate significant and unconven-

tional spin currents via its own spin-orbit coupling. In this talk, we will rethink the role of 

the ferromagnet in the SOT. We will first show that a ferromagnet can generate spin cur-

rent with spin polarization transverse to magnetization, despite spin dephasing. The 

transversely-polarized spin current generated from a single-layer ferromagnetic film will 

induce equal and opposite spin torques on the surface of the ferromagnet itself. Due to the 

analogy to the famous anomalous Hall effect, we term the spin torques as the anomalous 

spin-orbit torques. We further show that when symmetry at the ferromagnet surfaces is 

broken, the anomalous spin-orbit torque is unbalanced, which can lead to a sizable self-

generated SOT that was previously overlooked. Understanding the role of the ferromagnet 

in the generation of SOT will inform the development of SOT-based devices.  
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