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The Angular Critical Supercurrent Density in Faulty Regions of Coated Conductors
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Introduction

Commercial fabrication of coated conductors (CC) made of REBa2Cu3O7-x (RE=rare earth elements) in kilometer lengths makes attempts to build high field magnets and cables operating at 4.2 K tempting and appropriate. However, CC are still not perfect and one of the remaining CC issues regions where critical current (Ic) drops substantially. The origin of these bad spots is unclear since seem to arise during fabrication, others appear during testing of prototype coils and cables, and some are deliberately made during mechanical tests. 

Experimental 

Four probe-transport measurements were carried out in a reel-to-reel Ic measurement system, in which the CC moves incrementally in a time-step process from a feed reel onto a take-up reel. Ic measurements are made at each stop. For the measurement of the angular dependent Ic, a permanent magnet rotates incrementally to give discrete angles between magnetic field and the tape. 

Results and Discussion


Figure 1(a) shows the critical current as a function of the angle between magnetic field B and the normal to the tape. It is clearly seen that the overall Ic is substantially reduced in the faulty region and also that its angular dependence is dramatically modified. In the good region, the c-axis peak (B||c-axis)) dominates over the ab-plane peak (B||ab-plane), as expected for this BaZrO3 nanorod engineered conductor.  However, the c-peak is reduced more strongly than is the ab-peak. An example in Figure 1 shows an Ic reduction by factor of 5 and 2, for c-axis and ab-plane, respectively. It is a very surprising result, because one would expect a rather angle-independent, proportional reduction of Ic due to blocking cracks, bad grain bounderies etc. which decrease conductor cross section. However, what is observed suggests strong modification of the pinning mechanism which is surpising since BaZrO3 nanorods are mechanically robust. Another possibility is that the conductor is not uniform at some scale and BaZrO3 rich regions degrade easier than regions with low BaZrO3  content.  
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Figure 1. (a). Comparison of Ic(() at good and faulty regions of the CC. (b) the same traces normalized by the magnitude of the ab-peaks.
Conclusions

The observed dramatic modification of Ic(() develops in all faulty regions investigated. It is crucial for CC technology to determine its nature. We plan to achieve it by use of advanced microscopy, magneto-optical imaging, application of stress in situ, and transport at various temperatures.
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