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Measuring Composition Variations and Lattice Strain in Nb3Sn films

Thin film composition measurements
• Sn concentration increases towards the surface
• Sn diffusion is mediated at the grain boundaries
• Formation of tin-rich and tin-deficient grains

Abstract: Due to its larger predicted superheating field and higher critical temperature Tc, Nb3Sn is a promising candidate to replace Nb as the superconducting material in RF cavities
with better cryogenic efficiency. However, performance of these cavities can be seriously impacted by the imperfections in crystal structure, such as tin deficiencies and vibrational modes
distortions caused by lattice strain and grain boundaries. Despite their influence on the superconducting properties, very little has been reported on how strain and composition variations
are manifested in thin Nb3Sn films at nanoscale.

In this work we employ Scanning Transmission Electron Microscope (STEM) equipped with an Electron Microscope Pixel Array Detector (EMPAD), allowing us to collect the diffraction
pattern at every scan point. Upon processing the 4-dimensional dataset, different grains within the film are segmented and the maps of the local lattice parameter are precisely
determined. Furthermore, we perform Energy Dispersive X-ray Spectroscopy (EDX) analysis to measure the chemical composition. Thus, tin-deficient regions are identified, and their
strain variations are mapped.
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• Image the cross-section with backscattered electrons at each slice of the
FIB lamella

• The signal is sensitive to the atomic number and can deliver insights on
the composition variations.
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• Expansion for areas with higher tin
concentrations for both orientations.

• At the grain boundaries and Nb/Nb3Sn
interfaces the lattice is expanded in one
direction and compressed in another
direction.

• Strain in [200] is the dominant one and
represents a bimodal distribution.
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Summary:
• Quantification of Nb/Sn 

concentration in every grain
• Correlation of the Sn 

concentration and lattice strain 
for tin-deficient grains.

• 3-dimensional composition 
variations within the film 

• Roughness of Nb/Nb3Sn 
interface.


