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Magneto-Optical and SEM Study of IBAD-MOCVD-based 2G HTS 
Wires Under Uniaxial Tension
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Introduction

Second generation high temperature superconducting REBCO coated conductors are now being supplied by a number of manufacturers for the development of various electric and electromagnetic devices including high field magnets, superconducting fault current limiters (SFCL), superconducting magnetic energy storage (SMES), power cables etc. The new generation HTS tapes have a multilayer architecture consisting of a substrate, a stack of buffer layers and REBCO. The mechanical and electromechanical properties of such conductors are one of the most important features when the wire is under uniaxial tension in practical devices.
Experimental 
The REBCO tapes were manufactured by SuperPower Inc. using an IBAD-MgO MOCVD technology and were deposited on a 50μm thick electropolished Hastelloy substrate. The cap layer in the buffer stack was LaMnO3, and the REBCO layer was deposited on the buffer surface with MOCVD technology. A customized setup for the uniaxial tensile from 0.6% to 1.5% strain was built to test the 12 mm wide tape in liquid nitrogen. The transport, magneto-optical (MO) measurements, and SEM visualizations were done after mechanical tests of 220 mm long REBCO tapes.
Results and Discussion


A critical strain for degradation of 0.8% was detected by Ic tests. Fig. 1 showed the MO images of two tapes that were strained to 0.8% (a) and 1.0% (b). The field penetration for the 1.0% strained sample is much deeper than the 0.8% strained tape. The images were taken at 20K, and 80 mT perpendicular to the tape after zero-field cooling (ZFC) into the superconducting state. Uniaxial loading was applied along the rolling direction (the horizontal direction in the images). The defects in the 1.0% strained tape just above the irreversible strain are cracks (in Fig.2 (a) see arrows). Such cracks were found in a buffer layer (Fig. 2 (b) see arrows) after chemically etching away the REBCO layer and Hastelloy substrate. Most likely, cracks nucleate first in a substrate or a buffer layer and then propagate to REBCO. In any case the irreversibility strain of 0.8% is high and appropriate for high field magnet use.
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Conclusions

Using the combination of the Magneto-Optical and SEM methods we were able to find the nucleation of cracks in the second generation of conductors at around the irreversible strain.
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Fig. 1. MO images of the 12 mm wide tapes that were strained to 0.8% (a) and 1.0% (b).
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Fig. 2. Cracks in the 1.0 % strained tape: (a) SEM image of REBCO layer and (b) optical image of the buffer layer taken by a light microscope.









