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Introduction

In bilayer graphene (BLG), the orbital, spin, and valley degrees of freedom give rise to the eightfold degeneracy in the lowest Landau level (LL), which can be broken by electronic interactions and/or single-particle perturbations, leading to multicomponent quantum Hall (QH) ferromagnetic states at intermediate integer filling factors. In particular, the fractional and odd integer QH states in BLG, as well as their dependence on magnetic field B and out-of-plane displacement field E⊥, are relatively less explored, due to the smaller gaps that require high mobility samples and high magnetic fields.
Experimental


We study the QHE in suspended dual-gated BLG devices in cell 9 at NHMFL. Using transport spectroscopy, we investigate the energy gaps of integer and fractional QH states in BLG with controlled layer polarization. 
Results and Discussion


We find that the state at filling factor = 1 has two distinct phases: phase I is resolved at E⊥= 0 and B > 20 T, with a relatively smaller energy gap ∼ 0.1 meV/T, corresponding to an layer-valley coherent QH ferromagnet that is hitherto unobserved; phase II is resolved at large E⊥ and relatively small B, with a much larger energy gap  ∼ 1.6 meV/T, corresponding to a layer/valley polarized QH ferromagnet. In contrast, the (= 2/3 QH state and a feature at = 1/2 are only resolved at finite electric field and large magnetic field, as shown in Fig.1c.
Conclusions

The QH states at = 1 and = 2/3 in BLG are both strongly dependent on the electric field. These results highlight the importance of controlling layer polarization in understanding the interplay among quadratic band touching, spin-valley symmetry, and Coulomb interactions in the unusual QH system of BLG.
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Fig.1 (a) Measured LL gaps of BLG (B) at E( = 0 (blue) and E( = -20 mV/nm and -40 mV/nm (red), respectively. (b) Schematics of electronic configurations of the different  1 phases. T: top layer; B: Bottom layer. S (AS): their symmetric (anti-symmetric) combination. The numbers 0 and 1 are the orbital indices. The solid (dotted) lines represent occupied (empty) levels. (c). G(B,  at E( = 35 mV/nm, showing a QH plateau at = 2/3 and a feature at = 1/2.
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