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Subject: Local Dzyaloshinskii-Moriya Interaction in Skyrmion Thin-Film Multilayers 
Measured 

Abstract: To understand and control skyrmions in spintronics applications will require quantitative 
magnetic measurements of their structure at nanometer scales and at RT, from 
substrate-based thin films with oxidation protection layers. We show how magnetic 
force microscopy techniques can achieve this. 
The Dzyaloshinskii-Moriya interaction (DMI) induced by the interfaces of thin-film 
structures supports skyrmions at room temperature [1]. The local and average DMI can 
be quantified from measured domain patterns, because the DMI coefficient D results 
from an equilibration of magnetostatic and wall energies. Local D values are obtained 
from matching simulated MFM profiles from skyrmions to measured MFM data. We use 
calibrated MFM tip transfer functions to calculate the MFM frequency shift profiles from 
model skyrmion magnetization distributions. We show skyrmions smaller than 
previously observed in similar materials, are not circularly symmetric and pinned to 50 
nm wide areas of 75% higher than average DMI. This finding matches our 
measurement of Co layer thickness inhomogeneity of the order of ±1.2 atomic MLs per 
0.6 nm layer. Thus layer flatness must be controlled with greater precision to preclude 
skyrmion pinning.  
 
 
 
 
 
 
 
 
 
 
[1] C. Moreau-Luchaire, et al., Nature Nanotech. 11, 444-448 (2016). 
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