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Impurity scattering for spin-orbit transport:  
From Hall effects to spin-orbit torques by ab-initio theory 

 
The spin-orbit interaction (SOI) is at the core of spintronics 4.0—often referred to as spin orbitronics—and 

gives rise to completely new physical effects. The vision is to exploit SOI for the generation, transport, 

detection and manipulation of spin currents without magnetic fields, i.e., the all-electric control of the 

electron spin and magnetization that may finally allow for devices with ultra-low power consumption and 

unforeseen computational efficiency. Novel properties come about due to the presence of defects, at an 

interface of surface of thin films or by breaking the structure-inversion symmetry, which ultimately allow 

for the tuning of material properties towards applications. 

By means of density-functional theory investigations, I will show that exploiting anisotropy effects in 

transition-metal compounds presents an ideal way to tune spin-orbit effects, e.g., to suppress spin 

relaxation by orders of magnitude [1–3]. The interplay of the skew-scattering anomalous Hall effect (AHE) 

and spin-Hall effect (SHE) in the presence of various impurities is studied in selected metals (e.g. bcc-Fe, 

fcc-Pt, fcc-Pd, fcc-Au) [3,4], and a strong correlation between the AHE and SHE found. The dependence of 

skew scattering on different types of disorder, e.g., short-range ordering of defects as compared to 

uncorrelated antisite defects, is highlighted at the example of L10 FePt alloy [5]. In a similar way, also 

impurity-induced spin-orbit torques (SOT) in thin FePt/Pt bilayers depend crucially on the on the details of 

the distribution of defects [6]. 

 

[1] Zimmermann et al., Phys Rev. Lett. 109, 236603 (2012) 

[2] Zimmermann et al., Phys. Rev. B 93, 144403 (2016) 

[3] Long et al., Phys. Rev. B 90, 064406 (2014) 

[4] Zimmermann et al., Phys. Rev. B 90, 220403(R) (2014) 

[5] Zimmermann, et al., Phys. Rev. B 94, 060406(R) (2016) 

[6] G. Géranton et al., Phys. Rev. B 93, 224420 (2016) 

 

http://www.trt.thalesgroup.com/ump-cnrs-thales/
mailto:be.zimmermann@fz-juelich.de

