Towards a scalable spin-shuttling architecture for Si/SiGe
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[bookmark: _GoBack][image: ]Quantum processor architectures must enable scaling to large qubit numbers while providing two-dimensional qubit connectivity and exquisite operation fidelities. The SpinBus architecture[1], utilizing conveyor-mode electron shuttling to connect qubits, addresses the challenge of wiring fan-out and reduces qubit crosstalk, while offering low operating frequencies, easy tunability, and improved qubit coherence. Device simulations for all relevant operations in the Si/SiGe platform validate the feasibility with established semiconductor patterning technology and predict that operation fidelities exceeding 99.9 % are feasible. We also present recent experimental progress in electron shuttling for the implementation of the SpinBus architecture. Figure 1, Stylized figure of the quantum processor chip, which consists of unit cells tiled like a brick wall and local electronic components. Unit cells are connected via the green colored shuttling lanes controlled by a signal set shared across unit cells. Red and blue colored shuttling lanes are controlled individually in each unit cell.

A second aspect covered is a quantitative description of the exchange interaction, which is relevant for the SpinBus as well as any other spin qubit architecture using exchange coupling. A quantitative understanding of the dependence of the exchange coupling on the confinement potential is relevant for modelling qubit control, the effect of charge noise and residual coupling between qubits. However, widely used Hubbard models often do not match experimental results. Here, we measure the exchange interaction over the full range of detunings in a GaAs double quantum dot and compare our findings with both numerical and analytical models. To measure the exchange interaction in the small detuning regime, we use a technique based on amplitude and frequency of the free induction decay. Our results show that both 1D and 3D full configuration interaction simulations can replicate observed behaviour. Additionally, extending the Hubbard model to include excited states enhances its predictive accuracy across a broader range of detunings, which provides an understanding of the underlying physics.
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