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Upper Critical Fields of Two-Dimensional NbSe2
Gopalan, D. (Carnegie Mellon, Physics); Tsen, A.W. (Waterloo, Physics); Telford, E. (Columbia, Physics); Dean, C.R. (Columbia, Physics) and Hunt, B.M. (Carnegie Mellon, Physics)   

Introduction


Atomicaly-thin transition-metal dichalcogenides (TMDs), such as NbSe2, present new opportunities to investigate superconducting phenomena in the two-dimensional limit.  Examples of recent phenomena that have been studied include a superconductor-quantum metal (QM) transition in perpendicular magnetic field [1] and a robust protection of electron pairing to parallel magnetic fields known as “Ising superconductivity” [2], which relies on the spin-momentum locking unique to the crystal symmetry of monolayer TMDs.  Both of these works relied on the NHMFL for high-field measurements.  Many questions remain about these phenomena, such as the behavior of the QM phase in the presence of a parallel field, the low-temperature behavior of the parallel upper critical field (Hc2||), and the exact nature of Ising superconductivity in multilayer TMDs.   

Experimental


We performed magnetotransport measurements on bilayer and trilayer NbSe2 devices in both Cell 9 and Cell 12 as a function of the angle between the magnetic field and the two-dimensional plane of the superconductor.
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Results and Discussion


Figure 1 shows our results for the resistance of bilayer and trilayer NbSe2 devices as a function of parallel and perpendicular magnetic field at various temperatures.  In bilayer NbSe2, we extended the results of [2] to lower temperatures and we found a notable deviation from the canonical pair-breaking theory used in [2].  In trilayer NbSe2, we mapped the resistance (at 0.3 K) as a function of both perpendicular and parallel magnetic fields to study the behavior of the QM state (small Hperp)    
Conclusions

In our 2016 measurements on atomically-thin NbSe2, we have shed new light on the QM and Ising superconductivity phenomena.  In bilayer NbSe2, the reduction of Hc2|| at low temperature relative to standard pair-breaking theory may point to the importance of other effects such as Rashba spin-orbit coupling, and the overall lower Hc2|| relative to the monolayer is the result of the competing effects of Ising SOC and interlayer hopping (absent in the monolayer).  Better numerical models will help to disentangle these various effects.  In the QM phase of the trilayer NbSe2, the parallel field had little effect up to about 17.5T.  Above 17.5T the effect of a parallel field on the QM is difficult to disambiguate from the effect of broad transitions in this particular trilayer sample.  This complication will be mitigated by better understanding and control of the sample-dependent width of the SC transition (which for the bilayer data in Fig. 1 is rather sharp and for the trilayer data rather broad). Future measurements will include monolayer NbSe2 in the low-temperature limit, tuning of Rashba SOC via gates, and investigation of these phenomena in other TMD superconductors such as TaS2.
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Fig. � SEQ Figure \* ARABIC �1� (top) Parallel upper critical fields of NbSe2. Squares/circles: this work; triangles, ref. [2].  Red is fit to pair-breaking equation [3]. Data deviate from this curve as T->0.  (bottom) Resistance of trilayer NbSe2. Black contour is a fit to the classic expression for Hc2 in the presence of both Hperp and H || [3]. White dashed line shows trajectory of QM state in parallel field, with little change up to 17.5T.








