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Controlling magnetism via electric fields can aid information storage and transfer
using spin-degrees of freedom, thereby avoiding Joule heating and paving the way
for energy-efficient devices. However, magnetism in most materials arise due to a
combination of Coulomb repulsion and Fermi statistics, neither of which can be
directly controlled by electric fields. Recently, electrically tunable orbital magnetism
has been observed in twisted graphene systems, raising hopes that such control may
be tunably realized in Van der Waals heterostructures. In this talk, we will discuss
two potential material platforms for such control. First, we will consider twisted
transition metal dichalcogenide (TMD) homobilayers, and identify, via analytical
arguments and exact diagonalization, a robust multiferroic insulator with co-existing
ferro-electricity and magnetism over a range of twist angles. In this case, tuning
electrical polarization by electric fields can be used to control magnetism. Second,
we will propose and analyze chiral few-layered graphene encapsulated by TMDs (no
twisting) to induce spin-orbit coupling, and show that one may use electric fields to
selectively flip either spin or orbital magnetism that is present spontaneously due to
interaction-induced spin and/or valley polarization.
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