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Quantum Electronic Transport in Atomically-Layered Semimetals and Superconductors
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Introduction 
[bookmark: _GoBack]	Transitional metal dichalcogenides (TMDs) provide an attractive platform for realizing superconductivity in the two-dimensional limit. For example, several studies of niobium diselenide (NbSe2) flakes have verified the existence of superconductivity down to the monolayer limit, with the superconductivity critical temperature (Tc) reduced from 7 K to 3 K when decreasing the layer number from bulk to monolayer [1]. Tantalum disulphide in its 2H polytype (2H-TaS2) is another promising candidate of the TMDs family (with a similar crystal structure to NbSe2), but the dependence of Tc on layer thickness for this material is not well understood. Prior work attempting to access the 2D limit of 2H-TaS2 is hampered by significant sample degradation after fabrication or exposure to air, resulting in undesired insulating behavior when the thickness is less than 3.5 nm.
Experimental 
	In our experiment, we encapsulate exfoliated TaS2 flakes with hexagonal-boron nitride in a glove box to prevent air from reacting with the sample. Additionally, we also use ultra-thin pre-evaporated metal contacts as an electrical contact to maintain a good van der Waals “seal”. We then studied electronic transport in these gated devices in a helium-3 cryostat in Cell 12. The Tc for various layer thicknesses are measured as a function of the total in-plane magnetic field applied.
Results and Discussion
	We observed a pronounced increase in Tc from approximately 0.7 K (bulk crystal) to 2.5 K (bilayer) when the thickness of the flake is decreased (Fig. 1a), which is opposite of the trend observed in most superconducting films as well as recent studies on NbSe2. Fig. 1b shows the measured in-plane critical field of TaS2 samples of various thicknesses, where we observe the persistence of superconductivity in bilayer 2H-TaS2 up to in-plane magnetic fields of  31 T, in contrast to bulk 2H-TaS2 where superconductivity only persists up to 1.2 T. This value far exceeds the Pauli limit, and can be understood as the large intrinsic spin–orbit interactions competing with the Zeeman effect in non-centrosymmetric TaS2 monolayers, where the electron spin is locked to the out-of-plane direction.
Conclusions
	Our transport measurements have provided interesting evidence that reducing the dimensionality can actually strengthen superconductivity in TaS2, as opposed to weakening it as reported for other 2D materials. The existence of a high in-plane critical magnetic field also verifies the Ising pairing in superconducting TaS2 atomic layers. 
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[image: Macintosh HD:Users:yafang:Dropbox (Personal):Maglab data:maglab:Figure:Hc2inplaneVsT_RvsT.jpg]Fig. 1 Transport properties of bi-/tri-/few-layer and bulk TaS2 devices. (a) Temperature dependence of the resistance for TaS2 samples of varying thickness. The resistance is normalized to the normal-state value right above the superconducting transition. (b) The in-plane critical field Hc2 as a function of temperature for bilayer and bulk TaS2 samples. The superconductivity in monolayer TaS2 persists up to 31 T.


image1.jpeg
o

Normalized Resistance ()

1.2

0.8

0.6

0.4

bilayer
trilayer
few—layer |
bulk

E;

In—plane ch (T)

W
O

W
o

N
&)

N
o

Y
o1

.y
o

O

o

Q. O bilayer
.0 O bulk
\Q\
0.

- O\‘t
O~

i 4
G%I 1 cf?\
0 1 -





image2.jpeg
<




