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Atomic-Scale Investigation of Ca Segregation at Low-Angle, Bicrystal Thin Film, [001] Tilt Grain Boundaries in YbBa2Cu3O7-δ High Temperature Superconductor 
Kametani, L. (NHMFL-ASC); Li, P. (Fermi National Accelerator Laboratory); Abraimov, D.; Polyanskii, A. and Larbalestier, D. (NHMFL-ASC)
Introduction 

Arbitrary misorientation grain boundaries (GBs) in high temperature superconductors (HTS) are known to obstruct supercurrent. Earlier thin film [001] tilt bicrystal studies showed that the critical current density Jc across HTS GBs (JcGB) exponentially decreases as a function of misorientation angle θ when θ exceeds 3-5°. When θ of [001] tilt GBs is less than 7-8° (so called low angle grain boundaries (LAGBs)), the GB plane is actually considered as an array of edge dislocations which lie parallel to [001]. We and others have found that Ca additions to the such REBa2Cu3O7-δ (REBCO, where RE denotes rare earth) LAGBs can mitigate the current blocking effects. However, Ca has the drawback of reducing the critical temperature (Tc).  Moreover because of the strong segregation of Ca to the GB, the mechanism of the changes to Jc has not been fully understood. 
Experimental


Ca-doped YbBCO thin films were deposited on 5-7° [001] tilt bicrystal SrTiO3 substrates. Atomic resolution imaging and stoichiometry studies were carried out in a JEOL ARM200cF scanning transmission electron microscope (STEM) installed at the NHMFL in Tallahassee. 
Results and Discussion
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Figure 1 shows Ca and O concentration variation across the GB dislocation core. Strong Ca segregation at the GB dislocation core is indicated by the sharp Ca peak at the core (Fig. 1b). The O concentration variation (Fig. 1c) suggests a slight increase of oxygen at the dislocation core as well. In figure 2, we compare the atomic structure of the GB dislocation core in pure and 30% Ca-doped YbBCO. As seen in fig. 2a and c, the GB dislocation core region is expanded by Ca-doping and the dislocation core region shows darker contrast than the matrix and the pure dislocation core, consistent with Fig.1 that shows segregation of the lighter element Ca to the core. It was earlier thought that Ca segregation relieves the strain around the GB dislocation by Ca substitution on RE sites. However, comparing the strain maps (Fig. 2b and d) derived from Fig.2a and c by geometrical phase analysis (GPA), it appears that Ca segregation expands both tensile and compressive regions of the GB dislocation within the GB plane, resulting in a narrowing of the supposedly “good” undistorted channels through which supercurrent has generally been thought to preferentially flow. This appears counter-intuitive because 30% Ca doping increased JcGB. Further analysis and the simulations are in progress.
Conclusion

[image: image3.png]We studied the atomic structure and stoichiometry of pure and Ca-doped YbBCO LAGBs by atomic resolution, analytical STEM.  We found that the strain field at GB dislocation cores is expanded by Ca segregation, but also found enhanced oxygen concentration there too. The enhanced carrier density may be the key for enhancing JcGB by Ca addition.
Fig. 2 (a) (c) High angle annular dark field STEM images showing the atomic structure of pure and Ca-doped GB dislocation core, respectively. (b) (d) Distribution of strain field (εxx) associated with a GB dislocation core of (a) and (c) is visualized by using the geometric phase analysis (GPA), respectively. Respective color gradation to blue-black and yellow-white represents compressive and tensile strain.





Fig. 1 EELS line scan across the Ca-doped 6° tilt low angle grain boundary (LAGB), including the GB dislocation core. (Left and right) Ca and O concentration variation across the LAGB, respectively. 









