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Research methods

WP1/WP2 Ex situ/In situ Real Structure Investigations of 

(Amorphous) (Multi)Layers (A1)

WP3 Ex situ investigation of AlScN structures for SAW sensors (A9)
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WP1 – Ex situ examination of amorphous 
magnetostrictive (multi)layers  

                

                

WP2 – In situ examination of amorphous 
magnetic (multi)layers  

                

                

WP3 – Real structure examination of 
AlScN thin film SAW sensors 

                

                

WP4 – Imaging of surface acoustic wave 
propagation in AlScN thin film sensors 

                

WP5 – In Operando examination of depth-
dependent strain during excitation of SAW  
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Structural changes in FeCoSiB before crystallization (A1)

• 4D-STEM Analysis of Radial Distribution Function 

in amorphous magnetostrictive layer

• Machine learning approach[1]: Identification and 

localization of component with increased density

[1] S. Kang, V. Wollersen, C. Minnert, K. Durst, H.-S. Kim, C. Kübel, X. Mu, Acta Materialia 2024, 263, 119495.

Time-resolved in situ X-ray total scattering on FeCoSiB films (A1)

Analyses of strain, atomic structure and polar domains in AlScN

• Quantification of interfacial strain by 4D-STEM

• ABF-STEM investigation of polar domain patterns and boundaries

50 nm

• Time/temperature resolved Pair Distribution analysis

• Initial onset of structural changes around 330°C

• Two crystallization transitions: 

• Gradual first transition with α-Fe-formation

• Second transition with Fe2B formation at 560°C

PDF 50 nm FeCoSiB

Coherent X-ray diffraction imaging (CXDI) of strain at interfaces of

piezoelectric composites (A5E)

Interface dependent

crystallization of

Ta-Cu-MnIr-FeCoSiB

multilayers

Amorphous material

4D STEM & Synchrotron-PDF

Crystalline material

HR(S)TEM & nano-XRD, GID

• Focus on pertubations related to defects, strain and texture (A7/A9) 

PDF and EXAFS: 

structural and 

chemical order in 

FeCoSiB films

• Strain imaging of Au coated ZnO rod →Schottky contact

• Distinct strain at interface and in volume

(A7/A9)

In situ and in operando techniques

WP5 In operando examination of depth-dependent strain in AlScN

during excitation of SAW modes (A9)

WP4 Imaging of acoustic wave propagation in AlScN SAW sensors

• Development of in operando measurements → time-resolved change

• Focus on crystalline texture, interfacial strain, polar domain structures

Iterative

reconstruction 

process
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From Materials to ME Sensors

• Amorphous structure of 

magnetostrictive layers

↔ thermal treatment

↔ changes at the nanoscale

↔ link to functional properties 

• Complex structural behavior of 

piezoelectrics (in operando) in 

SAW sensors

Atomic distance (pm) 

Advanced
understanding

Sensor materials

Sensor

Fabrication

Sensor

Characterization


