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ABSTRACT
Ferromagnetic thin films are widely used in flexible electronics, being a key component in devices used as sensors, data storage and signal processing. To ensure the reliability of these systems, it is crucial to study the impact of mechanical deformations on their magnetic response. Such deformations can alter the magnetic behaviour of a material, creating both homogeneous elastic stresses and heterogeneous stresses arising from cracks [1] – associated with magnetoelastic coupling. After fragmentation, magnetostatic coupling can appear though dipolar interactions and shape anisotropy [2]. 

This study focuses on the impact of applied mechanical stress (from the elastic regime up to controlled crack propagation) on the magnetization curves of a ferromagnetic thin film (20 nm thick) of Ni60Fe40 deposited on a polymeric substrate. A new approach was implemented using a unique device developed at the SOLEIL synchrotron (DiffAbs beamline), combining four techniques to study in situ the crystalline and magnetic properties of the sample subjected to controlled biaxial tensile tests: X-ray diffraction to measure the deformation of the crystal lattice and deduce the stresses, digital image correlation to measure the applied macroscopic deformation, electrical resistivity to detect crack initiation, and the Longitudinal Magneto-Optical Kerr Effect (L-MOKE) to track the evolution of magnetic reversal. 

In situ SOLEIL synchrotron diffraction allows demonstrating the direct correlation between the evolution of the thin film mechanical stress and the magnetization reversal cycles, where magnetoelastic effects dominate over magnetostatic effects (i.e. geometrical effects due to fragmentation) in both elasto-plastic and cracking regimes [3]. 
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