[image: image1.jpg]<



[image: image1.jpg]

Critical currents in YBaCuO7–based coated conductors in pulsed fields
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Vortex pinning in superconductors at fields above 30T is almost uncharted territory.[1] Recent records in all-superconducting magnets reinforce the need to study critical current density (Jc) in fields above 20T. Achieving Jc measurements in pulsed magnetic fields would provide a tool for this. However, rapid vortex movement occurring during field pulses is a priori one of the major obstacles that may impede this achievement. Heating by eddy currents in the metal substrate may also be detrimental.
Experimental


Using Fast Programmable Gate Arrays (FPGA) at LANL-PFF we measured reproducible current–voltage curves (I-V) in narrow superconductor thin films on metal substrates known as coated conductors. We show it is possible to measure Jc in high pinning coated conductors up to at least 50T. We determined the window of dB/dt where meaningful data (reproducing Jc values in DC  fields) can be obtained.
Results and Discussion


Low noise FPGA developed at LANL enable taking multiple I-V curves in one field pulse while ensuring the voltage never exceeds an unsafe value for the integrity of the sample. The critical current (Ic) can then be determined from the I-V curves (see Fig.1). The values of Jc were highest near the peak field and much lower during the upward and downward part of the field pulse. This is contrary to the observation in DC fields where Jc monotonically decreases with increasing magnetic field. We rule out heating at the substrate or from rapid vortex movements as measurements in the normal and liquid vortex states showed no dependence with maximum field in magneto-resistance or irreversibility line (higher maximum field means higher dB/dt). The values of Jc, obtained near the peak field, were reproducible and matched values obtained in DC fields, provided they were taken when |dB/dt| is of the order of 10 T/s. Fig. 1 shows I-V curves taken at T = 65K for a YBa2Cu3O7 (YBCO) standard film.[2] The 8T data shows several I-V curves taken with varying current step sizes and integration times, and evidences excellent reproducibility. The Jc values at different fields are consistent with Jc(H) measured in DC fields. In Fig. 2 we show DC and pulsed field data on a YBCO CC with ~10nm BaHfO3 (BHO) nanoparticles.[2] Pulsed field data taken at 8T show very good agreement with Jc obtained in DC fields (the small downward shift in pulsed field can be assigned to a small calibration disparity between thermometers). We also show Jc measured up to 50T at 27K, a world first above 30T and a region of key interest in the development of future high field inserts.
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Conclusions

We performed Jc measurements up to 50T in YBCO based coated conductors showing excellent reproducibility and consistency with DC fields. Further studies will determine the viability of extracting Jc from higher dB/dt regions.
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Fig.1 Reproducible IV curves measured in  a YBCO CC near peak magnetic field, to minimize dB/dt.





�


Fig.2 Jc vs field for at different temperatures for a YBCO+BHfO3 coated conductor.








