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Introduction

The performance of commercial REBa2Cu3O7-x (REBCO) coated conductors (CCs), which are used in the NHMFL all-SC 32 T magnet project, has improved substantially in the last few years but the uniformity of critical current Ic along these tapes still is uncertain as are the problems posed by the nature of the superconducting variations. To distinguish the vortex pinning variations from cross-sectional variations we performed reel-to-reel Ic measurement under different orientations of magnetic field [1] using the unique tool YateStar, manufactured at LANL and greatly extended here in Tallahassee.
Experimental

The position dependence of Ic, Ic (x), was measured by the reel-to-reel transport Ic measurement system, YateStar. Two channels measure the transport Ic , one with magnetic field parallel to the ab planes and one parallel to the c-axis. Regions of interest were cut out and examined by transmission electron microscopy (TEM).
Results and Discussion


In most tapes, we observe a rather weak correlation between Ic (x) measured with B||ab and B||c. This strongly suggests that vortex pinning, not cross-sectional variations are the main cause of Ic variation. Fig. 1 (a) shows an example of an extreme situation where the minima of Ic(x, B||c) corresponds to the maxima of Ic(x, B||ab), that is, traces are anti-correlated. The sample at x ≈500 cm was examined by TEM shown in Fig. 1 (b), where it can be seen that some BZO nanorods are enormous and not optimum with diameter > 30 nm. There are also RE2O3 precipitate arrays in the ab-planes. The normal size of BaZrO3 (BZO) nanorods is usually between 6 nm to 10 nm. This explains higher Ic(B||ab) and lower Ic(B||c) and their unexpected anti-correlation. These unusual BZO size and shapes are probably triggered by variations of growth temperature in the MOCVD chamber [2].
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Fig.1. (a). Ic(x) measured with B||ab, 0.6 T and B||c, 0.6 T. The lower panel shows the corresponding correlation coefficient for each section. (b) Cross-sectional view of the anti-correlated region (at x ≈500 cm) shows unusually thick BZO nanorods.
Conclusions

The change of the size of BZO nanorods is the reason for the anti-correlations between Ic(x, B||c) and Ic(x, B||ab). It calls for fabrication technology improvement, since such anti-correlation regions have substantially lower IC at low temperatures and high fields.
Acknowledgements

This work was supported by the NSF Cooperative Agreement, No. DMR-1157490
References

[1]
Hu, X., et al., IEEE Transaction on Applied Superconductivity, accepted, (2016).
[2]
Maiorov, B. et al., Nature Materials, 8, 398–404 (2009)
