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Fig. 1. (a) Schematic illustration of the Si-QuBus device. The clavier gate electrodes on the top surface generate a moving
array of QD potentials that allow to transport the electron spin-qubit in a conveyor-mode along the channel. (b) Top view
on the Si-QuBus with the four different clavier gate sets highlighted in color. Conveyor-mode shuttling requires only four
different control pulses, independent of the channel length, which is an important factor for the scalability of the approach.
The two screening gates on the left and the right hand side of the channel are employed to bypass a charged defect in the
channel by optimally engineered voltage pulses in Sec. 4. The pictures are adapted from [21, Fig. 2 and 5] used under
CC-BY.

the clavier gates, a linear array of QD potentials is formed in the QW, where the step-like epitaxial
QW confinement potential (in the z-direction) is superimposed with the potential generated by the
gate electrodes on the top surface of the structure. By continuously driving the phase of the clavier
gate voltages, the QDs can be propagated along the channel. As the device requires only four voltage
signals to drive the whole set of clavier gates—regardless of the length of the channel—this conveyor-
mode technique for electron shuttling can be scaled up to large architectures [21]. Underneath the
clavier gates, the device contains two long screening gates, the gap between which defines the one-
dimensional channel for the shuttling of the electron. The voltage applied to the two screening gates
serve for tuning of the lateral confinement. In addition, the trajectory of the lateral coordinate of the
shuttled electron can be controlled by proper pulsing of the screening gates. In Sec. 4, we investigate
the implementation of dynamical displacement of the electron using the screening gates in order to
achieve quasi-adiabatic passage of a charged defect in the channel.

3 Simulation of Electron Shuttling

In this section, we describe the mathematical model and the numerical simulation framework to simulate
coherent single-electron shuttling in the Si-QuBus. We focus on the dynamics of orbital excitations
triggered by Landau–Zener transitions [37] at charged impurities and investigate optimal control
strategies to achieve quasi-adiabatic driving in the presence of charged defects. Spin and valley states
as well as the respective interactions are neglected in this work. Moreover, the current model is limited
to the coherent wave packet evolution and disregards the effects of noise and dissipation.
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