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Summary of the Research Project
The current limitations of detecting ultralow magnetic fields with state-of-the-art magnetoelectric (ME) sensors impose fundamental material questions to the amorphous and crystalline structure of sensor components. The specific nanostructure and its structural change must be correlated to growth conditions and heat treatments, but also linked to functionality of the operating sensor. Diverse material systems included in thin film sensor concepts are targeted in A6 to examine these structural and functional properties with advanced analytical methods of transmission electron microscopy (TEM) and Synchrotron-based X-ray scattering combining multiscale information with excellent resolution and precision. Together with project partners from A1 we intend to continue the methodological combination of Synchrotron-based pair distribution analysis with advanced electron diffraction techniques to examine the transition from amorphous to (semi-)crystalline states of novel (exchange bias) magnetic (multi-)layer systems (e.g., FeCoSiB, FeCoC, FeGaC, A1) relevant for surface acoustic wave (SAW, A9) and electrically modulated (A7) and ΔE-sensor concepts (A4). A6 aims to understand the impact of sputtering gas pressure and annealing temperatures during sensor preparation and packaging as the essential processing parameters. In situ heating experiments in the TEM and with brilliant Synchrotron X-ray sources will interrelate the short-to-long range ordering with magnetic properties of the sensors. 
Together with A9, crystalline piezomaterials (e.g., AlScN) as components of novel SAW thin film sensors will be examined with respect to the crystallographic texture and strain distribution on multiscales. To this context, aberration corrected STEM provides information on epitaxial interface structures and local strain and coherent X-ray diffraction imaging (CXDI) can visualize strain in 3D. The focus will be on the examination of Silicon and Sapphire substrate-based SAW sensor structures during operation to investigate possible substrate losses, e.g. clamping of acoustic waves at structural defects. Novel methodological advances of in operando X-ray scattering will be exploited to design experiments for standing wave excitations and time-resolved pulsed-probe measurements coupled with in situ SEM observations. This approach provides the experimental link between the SAW sensor performance and simulations targeting the material behavior in sensor operation, e.g., the distribution of Rayleigh-wave modes to support the understanding of structural parameters (epitaxial strain, c-axis orientation, etc.) with loss and fatigue phenomena. The ultimate goal of our research is to identify rules for the synthesis and design of tailor-made materials for highly sensitive and low noise magnetoelectric ME sensors.
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