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Quantum Hall Effect in Monolayer and Bilayer WSe2
Fallahazad, B.; Movva, H.C.P.; Banerjee, S.K. and Tutuc, E. (The University of Texas at Austin, Department of Electrical and Computer Engineering, Microelectronics Research Center)

Semiconducting transition metal dichalcogenides (TMDs) in 2H phase possess conduction and valence band minima at the corners (K points) of the first Brillouin zone. The broken inversion symmetry combined with strong spin-orbit coupling lifts the four-fold (spin-valley) degeneracy, and yields coupled spin and valley degrees of freedom, which translates into two-fold degenerate Landau levels (LLs) [1]. Recent advances in sample fabrication have enabled observation of the two-fold LL degeneracy through measurement of the Shubnikov-de Haas oscillations of high mobility holes in mono and bilayer WSe2 [2], further paving the path for quantum Hall effect (QHE) measurements.

We study the QHE in WSe2 using dual-gated mono and bilayer WSe2 samples with Pt contacts and hexagonal boron nitride (hBN) encapsulation, as shown in Fig. 1(a). Transport measurements in magnetic fields up to 35 T were conducted using the resistive magnets of Cells 9 and 12 at the NHMFL DC Field facility in Tallahassee, FL. 
Figure 1(b) shows examples of longitudinal (Rxx) and Hall (Rxy) resistance measured as a function of the perpendicular magnetic field (B) at a fixed hole density (p) for a bilayer WSe2 sample. The data show developed quantum Hall states (QHSs) at filling factors (FFs) of ν = 2, 3, 4,.., 7, 9, 11,… indicating a two-fold LL degeneracy at low B-fields, with a full lifting of the LL degeneracy at high B-fields. Furthermore, the samples show an unusual carrier density dependent QHSs sequence. Fig. 1(c) shows data for a monolayer sample at two different p values, where we observe a QHSs sequence transition from predominantly even filling factors to predominantly odd filling factors as p is reduced. This observation can be explained by the interplay between the cyclotron and Zeeman energies via a density dependent g-factor in WSe2.
Conclusions

We present a study of the QHE in mono and bilayer WSe2 where we observe an interesting density dependent QHSs sequence. These results hold promise towards uncovering the electron physics in WSe2.
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Fig. 1 (a) Optical micrograph of a dual-gated, WSe2 sample encapsulated in hBN, with Pt contacts. The red dashed contour marks the WSe2 channel as defined by the top-gate. (b) Bilayer WSe2 Rxx (left axis) and Rxy (right axis) vs. perpendicular magnetic field (B) measured at T = 1.5 K and p = 1.6(1012 cm-2 shows QHSs at ν = 2, 3, 4,.., 7, 9, 11,… (c) Monolayer WSe2 Rxx (left axis) and Rxy (right axis) vs. B at two different hole densities, p = 5.9(1012 cm-2 (top) and p = 4.5(1012 cm-2 (bottom) showing a transition of the QHS filling factors from predominantly even to predominantly odd as p is reduced.

