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 Gate Tunable Weyl Semimetal Transition in Layered Materials
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Introduction

As a new state of matter, a Weyl semimetal host Weyl fermions as emergent quasiparticles and may harbor novel electrical transport properties.[1]  WTe2 as a good candidate of this Weyl semimetal is used for magneto-transport studies to get its special magnetoresistance properties. [2]
Experimental - 

We have fabricated thin WTe2 and MoTe2 device with a Hall bar structure. Then 20mK low-temperature transport studies on those devices are performed with the 18/20 Tesla Superconducting Magnet, with Dilution Refrigerator (SCM1) in order to see the magnetoresistance behavior under different gate voltages. And we also tried MoSe2 device on ion substrate which has larger gate tunability. We also tried to investigate the bipolar tunneling supercurrent in black phosphorus device with two Aluminum electrodes. [3]
Results and Discussion


For the WTe2 device, we get the variable magnetoresistance using the 18/20 Tesla Superconducting Magnet. Although we have not observed the negative magnetoresistance expected in this system, we did observe the quantum interference beyond 15T, as shown in Fig. 1. For the MoSe2 device on ionic substrate, we found the contact between the material and electrode can preserve Ohmic contact down to hundreds of mK. While the MoTe2 device became oxidized and the conductivity was very small, making it very difficult to get the magnetoresistance information. We are currently working on BN encapsulated samples to prevent oxidization and maintain high electronic mobility. We will further explore gate tunable negative MR in device with improved stability, a signature of Wyle semimetal phase transition.
     While testing the proposed geometry, we have also fabricated BP thin layer device encapsulated with BN layers. We further contacted the BP with Al electrodes. As seen in Fig. 2, the device exhibits quantum interference induced conductance fluctuation which is tunable with bias voltage, a signature of high quality device. We plan to probe the possible proximity effect induced superconductivity in the future. The reason we are interested in BP is that it is predicted to be topological insulator in a large perpendicular electrical field, in line with our proposed investigation of gate tunable Weyl semimetal phase transition. 
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Fig.1 Magnetoresistance measurement of WTe2 Hall bar structure device





Fig.2 Transport measurement of black phosphorus device. (Differential conductivity Vs source drain voltage with different gate voltage)









