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A major barrier to the development of spin-based electronics is the transition from current-based (via spin transfer
torque or the spin Hall effect), or magnetic-field-based magnetization reversal, to a more scalable voltage-based
magnetization reversal. To achieve this, multiferroic materials appear attractive, however the effects in current
materials often occur at very large voltages or at low temperatures. Here the potential of a new class of hybrid
multiferroic materials is described, consisting of a topological insulator adjacent to a magnetic insulator. As these
materials lack conducting states at the chemical potential in their bulk, no dissipative charge currents would flow
in the bulk in response to the applied voltage. Surface states at the interface between the topological insulator and
the magnetic insulator, if present (i.e. if the magnetic insulator is topologically trivial) act similar to surface
recombination currents in bipolar devices, but can be passivated using magnetic doping. The dependence of the
switching power on device geometry and material parameters is presented, and is exceptionally low, suggesting that
such hybrid multiferroics could form the basis of a new architecture for spin-based memory and logic. The role of
surface-passivating topological insulator materials, which would play a similar role to the presence of a barrier for
electronic states in quantum wells, is also described. These general considerations on the role of topological
insulators in a voltage-driven spintronic architecture should assist in the design of functional, e cient
heterostructures relying on voltage-driven magnetization dynamics.
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