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Abstract: I will discuss how topological properties of quantum

materials can be a game-changer for classical computing devices. Specifically,
I will illustrate with four attributes:
(a) Enhanced lifetime, as in ultrasmall skyrmions - vortex like magnetic
excitations - where topological protection allows them to shrink below the
fundamental super-paramagnetic thermal limit for high density digital, as
well as native analog memory applications [1].
(b) Engineered tunneling across barriers through added symmetry indices –
such as Klein and anti-Klein tunneling in of Dirac fermions in graphene,
which can be used to bypass the mobility-bandgap trade-off and build a
switch that operates at high mobility [2].
(c) Novel actuating schemes – such as the turning on and off of topological
semi-metal surface states using a strain gated in/out-of-plane magnet. Such a
gating mechanism can be used to design a compact processor-in-memory
(PiM) stack that can bypass the Von Neumann latency of data transfer
between memory and logic cores [3].
(d) Enhanced sensitivity. Since topological Dirac cone materials tend to
exhibit spin-momentum locking, and each spin preferentially couples with
circularly polarized photons of a definite helicity, we can realize an enhanced
nonlinear photogalvanic effect in a topological insulator for potential use in
higher contrast imaging and chiral photochemistry in a compact electronic
chip [4].

In other words, these four attributes – topology driven lifetime,
transmission, actuation and sensing, can be used to accomplish entirely
different goals in low-power classical computing and sensing.
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