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A few-electron quadruple quantum dot in a closed loop
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Controlling the path of a single electron in semiconducting nanostructures is an interesting
tool in the context of spin qubits systems. In particular, it opens the route towards the
transport of quantum information on a chip and represents a potential strategy to scale up
the number of spin qubits in interaction. In addition, in presence of spin-orbit interaction,
it represents an interesting way to manipulate coherently the spin of a single electron[1].
Recently, fast and efficient single electron transport could be obtained by assisting the
transport through a 1D-channel electrostatically defined with surface acoustic waves on
AlGaAs heterostructures [2]. Nevertheless, such a technique is restricted to displacements
on a straight line. To perform more complex displacements, engineering the path of the
electron with series of quantum dots is a promising alternative. In this context, it has
been demonstrated that topological spin manipulation can be obtained if the electron is
transported adiabatically on a closed path under spin-orbit interaction [3].

We report the realization of a quadruple quantum dot device in a square-like configuration
where a single electron can be transferred on a closed path free of other electrons [4]. By
studying the stability diagrams of this system, we demonstrate that we are able to reach
the few-electron regime and to control the electronic population of each quantum dot
with gate voltages. This allows us to control the transfer of a single electron on a closed
path inside the quadruple dot system. This work opens the route towards electron spin
manipulation using spin-orbit interaction by moving an electron on complex paths free of
electrons.
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