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Scientific description: Magnetic skyrmions are topological spin textures that can be found in magnetic 
materials, which break inversion symmetry, in which the skyrmions are stabilized by the Dzyaloshinskii-
Moriya interaction (DMI). Due to their reduced size (as small as a few atomic lattices) and expected low 
depinning threshold for current-induced motion, magnetic skyrmions are expected to allow for 
improved scalability and be suitable for “abacus”-type applications in information and communication 
technologies, or even more promising bioinspired architectures.  

Up to the last years, magnetic skyrmions were observed mostly at low temperature and under large 
magnetic fields in a few bulk non-centrosymmetric compounds and magnetic monolayers. In 2016, we 
succeeded to image for the first time small skyrmions (30-80 nm) at room temperature in several types 
of multilayers associating magnetic layers of Co and nonmagnetic layers of heavy metals (Pt, Ir, Ru, etc.). 
Since then we also achieve to detect these individual skyrmions electrically or to move them by spin 
transfer torques.  Even though many questions remain to be answered, these results demonstrating all 
the basic functions are very important towards the potential applications.  

In this Mastership, the first objective will be to tailor the different magnetic parameters in the 
multilayers, i.e. perpendicular anisotropy, interfacial chiral interaction, effective magnetization and the 
number of repetitions in order to decrease further the size of the skyrmions in the range of 10 nm. One 
strategy will be to study skyrmions in multilayers in which dipole field effects between layers (which 
tend to increase the size of skyrmions and create hybrid textures are minimized), e.g. multilayers of 
ferrimagnetic or synthetic antiferromagnetic multilayers. The second objective will then be to use 
advanced magnetic imaging techniques such as Magnetic Force Microscopy (MFM) with customized 
tips or with the new advanced technique of scanning NV center microscopy. Then, we will investigate 
the skyrmion motion driven by spin transfer torques originating from charge-spin conversion occurring 
either in a heavy material in contact with the magnetic multilayers or directly from the magnetic layers 
itself. 

Techniques/methods in use: Participation to Sputtering deposition ; Magnetometry ; Magnetic Force 
Microscopy ; Scanning NV Microscopy ; Magneto-transport     

Applicant skills:  Solid basis in magnetism and transport properties in metallic thin films. LabView 
programming basic knowledge. Skills in numerical simulations and matlab/python would be beneficial. 
Good (English) communication skills. 

Industrial partnership: No 

Internship supervisor(s) Nicolas Reyren nicolas.reyren@cnrs-thales.fr 0169415839; Vincent Cros 
vincent.cros@cnrs-thales.fr 0169485862 

Internship location :  Unité Mixte de Physique CNRS/Thales, 1 ave A. Fresnel 91767 Palaiseau     

Possibility for a Doctoral thesis: Yes 
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