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Metal to Insulator Quantum-Phase Transition in Few-Layered ReS2
Pradhan, N.R. (NHMFL); McCreary, A.(Penn State); Rhodes, D.; Lu, Z.; Feng, S. (NHMFL);  Manousakis, E. (NHMFL and FSU Physics); Smirnov, D. (NHMFL); Namburu, R.; Dubey, M. (ARL); Hight Walker, A.R. (NIST); Terrones, H. (RPI); Terrones, M.(Penn State); Dobrosavljevic, V. (NHMFL and FSU Physics), and Balicas, L. (NHMFL)
Introduction  

In ReS2 a layer-independent direct band-gap of 1.5 eV implies a potential for its use in optoelectronic applications. ReS2 crystallizes in the 1T’-structure which leads to anisotropic physical properties and whose concomitant electronic structure might host a non-trivial topology. Here, we report an overall evaluation of the anisotropic Raman response and the transport properties of few-layered ReS2 field-effect transistors. We find that ReS2 exfoliated on SiO2 behaves as an n-type semiconductor with an intrinsic carrier mobility surpassing i ~30 cm2/Vs at T = 300 K which increases up to ~350 cm2/Vs at 2 K. Semiconducting behavior is observed at low electron densities n, but at high values of n the resistivity decreases by a factor > 7 upon cooling to 2 K and displays a metallic T2-dependence. 
Experimental 

We fabricated field effect transistors based on few atomic layers of ReS2 and measured the temperature and gate voltage dependence of its field-effect mobility and four-terminal conductivity finding a transition from semiconducting to a metallic state upon increasing carrier concentration [1].
Results and Discussion

Fig. 1 displays detailed optical characterization of few layered transition metal dichalcogenides FETs.
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Fig. 1. Left panel: Four terminal conductivity  as a function of the temperature T and for several values of the gate voltage displaying a clear transition from semiconducting to metallic upon increasing the gate voltage Vbg. Right panel:  normalized by the conductivity at the critical concentration c as a function of the rescaled temperature T/T0 and for various values of Vbg. Notice the emergence of two branches, i.e. metallic and insulating, particularly at temperatures below 100 K. The power law dependence of  and T0 on the carrier concentration is related to the power law dependence of the conductivity on T. This provides self-consistency to our analysis, and indicates that the transition is not of the percolation type as claimed by other groups. 
Conclusions

The scaling analysis indicates that the gate-induced metal to insulator transition is second order in nature becoming a quantum phase-transition in the limit of zero temperatures indicating that the transition observed in transition metal dichalcogenides belongs to the same universality class as the metal insulator transition observed in Si MOSFETS and in GaAs heterostructures. 
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