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Current-induced magnetization switching using spin-orbit torque (SOT) [1] has attractive much attention 

as a promising method for magnetization reversal in spin memory. The SOT is caused by spin current 

injection to ferromagnetic layers from non-magnetic layer attached to the bottom of the free layer of 

magnetic junctions due to the spin-Hall effect in nonmagnetic metals. While the SOT-induced switching 

leads to more efficient magnetization switching, the direction of spin quantum axis of injected electrons 

related to direction of torque is limited by the geometry of the device. Recently, Taniguchi et al., proposed 

new type of SOT-induced switching[2,3], in which the non-magnetic layer is replaced by the ferromagnetic 

layer, and spin current due to spin anomalous Hall effects in the ferromagnetic layer can provide torque to 

magnetization of ferromagnetic upper layer through the non-magnetic spacer. According to Taniguchi’s 

theory[2], the most important parameter to realize large 

SOT in ferromagnetic layers is a ratio of spin anomalous 

Hall conductivity (SAHC) σxy
spin to anomalous Hall 

conductivity (AHC) σxy, i.e. ζ=σxy
spin/σxy. We investigate 

and discuss the intrinsic SAHC and AHC by using the 

firs-principles calculations and the linear response theory.    

We focused on the L10-type FePt and FeAu alloys. We 

assumed that the magnetization is directed parallel to the 

z-axis (c-axis), and the charge current flows along x-axis, 

and Hall current flows along y-axis.  Figure 1 shows the spin-resolved AHC of L10-FePt and FeAu, where 

the AHC is given by σxy=σxy
↑↑+σxy

↓↓+σxy
↑↓+σxy

↓↑ and the SAHC is σxy
spin= σxy

↑↑-σxy
↓↓. In Fig. 1, FePt has 

large AHC σxy=761[S/cm], and SAHC of FePt is σxy
spin=498[S/cm]. The SAHC is smaller than that of the 

AHC, leading to the small ζ less than 1. This is attributed to positively large σxy
↓↑ and negatively small σxy

↓↓ 

because of large spin-flip scattering in Hall current of FePt. On the other hand, SAHC of FeAu is 

σxy
spin=472[S/cm], which is larger than that of the AHC σxy=79[S/cm], resulting in large ζ=5.9. The large ζ 

in FeAu is attributed to negatively large σxy
↓↓ and positively small σxy

↓↑, resulting from the suppression of 

spin-flip scattering due to the absence of majority-spin local density of states of Au d orbitals of FeAu. This 

work was supported by Grant-in-Aids for Scientific Research (S) (JP16H06332) from the JSPS.  
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Fig.1: Spin-resolved anomalous Hall 

conductivity (AHC) of L10-FePt and FeAu. 
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