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Abstract

The recent discovery of magic-angle twisted bilayer graphene has attracted tremendous
interest. The moire superlattice potential due to the translational symmetry breaking strongly
modifies graphene’s electronic structure, leading to striking emergent quantum phenomena
such as correlated insulating and superconducting states. Despite the excitement, an important
open question is that whether layer stacking can enable other new dimensionalities that can be
utilized to discover fundamentally new physics and functionalities. In this talk, | will show that
van der Waals (vdW) homostackings can be used to very effectively design the quantum
geometry and nonlinear or nonreciprocal responses of many vdW materials. Specifically,
carefully designed homostackings can generate strong Berry curvature in the electronic
structures of 2D materials. As a result, exotic nonlinear responses such as nonlinear Hall and
circular photogalvanic effects are enabled in materials. Moreover, homostackings can turn
many vdW materials, even graphene and transition metal dichalchogenides, into being
ferroelectric, paving the way for realizing nonvolatile memory devices. The results are
applicable to a wide range of vdW materials and therefore provide a new means to discover,
control and harness emergent quantum phenomena in 2D devices.
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