Eleciron hydrodynamics in antidot graphene superlattices
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Electron hydrodynamics offers a bunch of exciting phenomena in two dimensional materials
[1-2], from Poiseuille flow to electronic whirlpools, as well as the archetypal superballistic
conduction [3]. The geometry plays an essential role, and the hydrodynamic effects are
enhanced in geometrically engineered devices. We build graphene antidot superlattices
with different hole sizes and explore its electrical properties. We find enhanced superballistic
conduction, which reduces the electrical resistance of the device below the ballistic limit,
and we find a strong enhancement of this effect in the superlattices with the narrowest
geometrical features. We explore the effect of the magnetic field, with the
magnetoresistance showing up to six quantum and hydrodynamic effects. The non-
monotonous character of the superballistic effect with the magnetic field shows four different
regions. We perform detailed simulations of the kinetic Boltzmann tfransport equation to
explain all the ballistic to hydrodynamic effects and the enormous dependence of the
electrical properties with the device size, another signature of hydrodynamic transport. We
developed novel explanations based on [4] to understand the non-monotonous
superballistic effect. Our work presents a convenient geometry for studying viscous electron
flow and it also contributes to the understanding of hydrodynamic effects.
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Figure 1: a Micrograph of the graphene device. b SEM image of a flake analogous to the one in the
device that shows the anfidot geometry. ¢ Simulation of the Boltzmann transport equation for the
ballistic to hydrodynamic transition in this geometry. d Experimental results of superballistic
conduction in one of the laftices. The decrease of the resistance with increasing temperature, for
some magnetic fields, is a hydrodynamic signature.
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