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Abstract 

We report the significant enhancement of the spin-

orbit torque (SOT) in a Co/Pt structure by partially 

oxidizing the Co-side interface. The SOTs for an interface-

oxidized and unoxidized Co/Pt samples were determined 

by a harmonic Hall measurement. The interface-oxidized 

sample was found to be superior in both the damping- and  

filed-like SOTs even though the insulating CoOx layer 

exists at the Co/Pt interface. One possible origin of the 

enhancement of the SOT is the efficient spin current 

injection from the Pt into the Co layer caused by the 

insertion of the CoOx layer into the interface. 

 

1. Introduction 

Improving the efficiency of the spin-orbit torque (SOT) in 

ferromagnet (FM) /heavy metal (HM) structures is an issue 

for future magnetic memory devices since the SOT enables 

the ultra-fast magnetization switching [1,2]. In this study, the 

effect of the oxidation layer insertion on the SOT has been 

investigated using Co/CoOx/Pt structures.  

 

2. Experiments and Results 

The Ta(3.0 nm)/Pd(3.0 nm)/Co(tCo) layers were deposited 

from the bottom side on a thermally-oxidized Si substrate, 

where tCo was varied from 0.9 (0.4) to 1.0 (0.6) nm for the 

interface-oxidized (unoxidized) samples. For the interface-

oxidized (IO) sample, the surface of the Co layer was exposed 

to air to form the CoOx layer. Subsequently, the 2.7-nm-thick 

Pt, which can generate the spin current through the spin Hall 

effect, was deposited onto the oxidized Co surface. For the 

unoxidized (UO) sample, the Pt layer was deposited 

continuously under vacuum onto the metallic Co layer. From 

the measurement of the areal magnetic moment, the effective 

thickness of the CoOx layer in the IO sample was determined 

to be ~0.5-0.7 nm. 

The damping-like (DL) and field-like (FL) SOT effective 

fields for the IO and UO samples were determined using a 

harmonic Hall measurement [3]. Note that the thermoelectric 

contribution to the second harmonic Hall voltage was 

subtracted from the result. Figure 1(a) and 1(b) show the DL 

and FL effective fields (HDL and HFL), respectively, as a 

function of the current density flowing in the Pt layer (jPt) for 

the IO and UO samples with the similar areal magnetic 

moment. The DL (FL) torque for the IO sample was larger by 

a factor of ~4 (~10) than that for the UO sample.  

To compare the SOTs between samples with various Co 

thicknesses, the SOT efficiencies DL(FL) were determined 

using the following equation: 

 

𝜉DL(FL) =
2𝑒

ℏ
𝜇0𝑀s𝑡Co

eff. |
𝐻DL(FL)

𝑗Pt

| , (1) 

 

where e, ℏ, Ms and tCo
eff. are the electron charge, the Dirac 

constant, the saturation magnetization and the effective 

ferromagnetic Co thickness, respectively. |HDL(FL)/jPt| was 

determined from the slope of the linear fitting in the Fig. 1. 

Figure 2 shows DL(FL) as a function of the areal magnetic 

moment MstCo
eff. for the IO and UO samples with various tCo

eff.. 

The result shows that DL(FL)s for the IO samples are always 

larger even with the different tCo
eff.. DL(FL) for the UO samples 

are consistent with the previously-reported values in the 

Co/Pt systems, whereas that for the IO samples are 

considerably larger than the values reported in the various 
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Fig. 1. (a) The DL and (b) FL effective fields as a function of the 

current density flowing in the Pt layer for the IO and UO samples. 

The filled and open symbols represent the results for the up- and 

down-magnetized states, respectively. 
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systems with the Pt layer [4,5]. In addition, it is noteworthy 

that the ratios of the FL to the DL (FL /DL) for the IO 

samples are clearly larger than those for the UO samples. 

 

3. Discussion 

Finally, the possible origins of the enhancement of the 

SOT by the interface oxidation is discussed. First, the 

efficient spin current transmission at the Co/Pt interface due 

to the existence of the CoOx spacer layer is plausible. It is 

known that the insertion of the antiferromagnetic insulator 

layer, such as NiO and CoO, into the FM/HM interface can 

largely enhance the spin mixing conductance at the interface 

even above a Néel temperature [6]. Thus, in our case the 

insertion of the CoOx layer may enhance the spin mixing 

conductance, i.e., the transparency of the spin current at the 

interface and lead to the enhanced SOTs.  

To examine this mechanism, we prepared another Co/Pt 

sample with a nonmagnetic MgO insertion layer with the 

thickness of 0.8 nm. As a result of the harmonic Hall 

measurement, DL(FL)s were found to be smaller than those 

for the UO samples (see Fig. 2). This result emphasizes that 

the magnetic property of the insertion layer is important for 

improving the spin current transmission. 

Second, we paid attention to the proximity induced 

magnetic moment in the Pt layer [7] for the IO and UO 

samples. The smaller induced magnetic moment in the IO 

sample were confirmed by the X-ray magnetic circular 

dichroism (XMCD) measurement. Since the elimination of 

the induced magnetic moment has been suggested to enhance 

the spin Hall angle in Pt [8], the decreased magnetic moment 

in the IO sample can be additional factor for enhancing SOTs.  

In addition, the modulation of the Rashba effect 

originating from the potential gradient near the interface is 

possibly relevant to the present results [9], particularly to the 

very large enhancement of the FL torque. The increase of 

FL/DL for the IO samples is probably attributed to the 

enhancement of Rashba effect, which mainly contribute to the 

FL SOT [10]. 

 

4. Conclusion 

We reported that the interface oxidation is an effective 

way to improve the SOT efficiencies in the Co/Pt structure. 

Because the enhancement of the SOT is crucial to achieve the 

efficient SOT-induced magnetization switching, the interface 

oxidation could play an important role in the development of 

the future magnetic memory devices. 
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Fig. 2. The SOT efficiencies for the IO and UO samples as a function 

of the areal magnetic moment. The results for the Co/Pt sample with 

a 0.8 nm-MgO insertion layer are also shown. 
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