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Fig. 1. Time-reversal (TR) odd and even linear layer Hall effects in van der Waals bilayers. (a)-(d) TR odd layer Hall effect in
bilayer antiferromagnetic insulators. The yellow arrows denote the antiferromagnetic configuration. (a) The layer Hall counterflow
in up and down layers, represented respectively by red and blue arrowed curves, driven by in-plane electric field (green arrow), due
to (b) the layer-locked and -contrasted momentum space Berry curvature (the red and blue fluxes); (c), (d) when a perpendicular
electric field (the cyan arrow) is applied, the system shows layer-locked anomalous Hall effects tunable by the electric-field direction.
(e), (f) TR even layer Hall effect in nonmagnetic van der Waals bilayers. The red, green, and blue arrows denote the three vectors
in ju= ou x E. (e) The twisted interfacial coupling between the system layer (Sys layer, blue plane) and an environmental layer
(env layer, gray surface) yields a TR even Hall current in the system layer, whereas a counterflow Hall current is expected in the
environmental layer, by Onsager relation on the whole structure: system (Sys) + environment (Env). Green shaded area denotes the
interlayer hopping between the Brillouin zone (BZ) with twist angle 6. (f) The TR-even Hall voltage Vi due to charge accumula-
tion at the sample edges (red and black +/-) can be detected with a layer resolved measurement. Black arrows denote source and

drain current j . Reproduced with permission from Refs. [12,19].
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Fig. 2. Schematics of layer pseudospin structure of twisted bilayer transition metal dichalcogenide: (a) The relative rotation between

the two layers leads to the displacement of the degenerate band edges from the two layers (red and blue parabola) in momentum
space, and breaks all the mirrors and results in a chiral structure; (b) interlayer quantum tunneling hybridizes the band edges from
the two layers and form the superlattice minibands. An example at twisting angle of 2° is shown. Color denotes the expectation
value of o7, the z component of layer pseudospin, under the superlattice Bloch state, which displaces a layer pseudospin texture

that is controlled by twisting angle.
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(d)  Reversed Hall currents with opposite angles
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Fig. 3. Band structure and TR-even Hall conductivity for twisted bilayer graphene at different 6. (a) 6 = 1.05° . Insets: Hall ratio

of Hall conductivity Uls_ly ® to the longitudinal conductivity oz when the Fermi level is within the central bands. (b) Evolution of

the two central peaks of Uls{y * with 6, here o‘ily * should be multiplied by a factor of 2 accounting for spin degeneracy. (c¢) Moife of
0 = 21.79° twisted bilayer graphene (the red lines enclose one unit cell), the low-energy band structure near the Dirac points, and
the Hall conductivity in the system layer. (d) Schematics of reversed Hall currents in the system layer 7% by twisting in opposite

directions, where the moiré lattices are mirror images of each other. In the calculations we take the electron relaxation time to be

7 =1 ps. Reproduced with permission from Ref. [19].
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Abstract

In van der Waals system, the interlayer van der Waals coupling between adjacent atomically thin layers

makes the electronic wave function spread on more than one specific layer, turning spatial discrete layer degree

of freedom into a quantum mechanical degree of freedom. The coupling of layer degree of freedom with the in-

plane center-of-mass motion of electrons forms a nontrivial layer pseudospin structure in momentum space,

resulting in various new quantum geometric properties in an extended parameter space, which is unique to the

lattice mismatched van der Waals systems. They trigger off a plenty of novel transport and optical effects,

linear and nonlinear responses, and offer new pathways towards device applications, becoming the research

frontiers of quantum layertronics. This article briefly reviews this emerging research direction, and discusses

possible development in the near future based on its crossing with other intensive research fields such as

nonlinear electronics, twistronics and chiral electronics.
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