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Understanding Pairing in NbxN: A new Epitaxial Superconductor
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Introduction

MBE-grown superconducting NbxN is highly crystalline and promises epitaxially perfect superconductor/semiconductor interfaces by growth of nitride semiconductor heterojunctions on NbxN[1]. The requested high-magnetic field measurements helped us uncover the critical magnetic fields when they are in the plane of the films as thin as 4 nm or less, and by comparison to the out-of-plane critical fields, helped identify the pair breaking mechanism.  
Experimental


We conducted a series of magnetoresistance measurements using the 35 T resistive magnet system (Cell 12) from 0.3K up to 10K for several thicknesses of NbxN samples.
Results and Discussion


During our time at the NHMFL, we measured the upper critical fields of ultrathin NbxN films as a function of temperatures and angles () relative to the growth plane. The results are shown in Figure 1a, where we clearly see that the critical field is close to 35 T at 0.3 K, when  = 2 degrees. We performed critical field measurements at multiple temperatures and summarized the critical field as a function temperature for two angles – 90 degrees (perpendicular) and 0 degrees (in parallel) in Figure 1b.  The experimental upper critical field data taken at the NHMFL was fit to the Ginzburg-Landau formula. Unexpectedly, we found that at very low temperatures (< 4 K) the measured in-plane critical fields deviate from the prediction from the Ginzburg-Landau formula while still far above the predicted Zeeman pair-breaking field (See Figure 1b). This phenomenon is possibly a result of spin-orbit coupling or scattering.
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Figure 1. (a) Resistance of 4 nm NbxN film as a function of magnetic field, with varying angles between the field and film plane.  (b) Ginzburg-Landau formula fitting to the experimental results. A clear discrepancy is found at temperatures below 4K and fields beyond 30 T.
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