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Semiconductor quantum dots, with their small footprints, compatibility with semiconductor manufacturing processes, and the potential for scaling up, have emerged as prime candidates for quantum computing and simulation[1]. Recent achievements in fault-tolerant quantum computing include single- and two-qubit gate fidelities exceeding the threshold required by the surface code, universal control of up to six qubits in linear arrays[2-5]. Additionally, quantum dot systems, offering extensive and electrical in-situ tunability of device parameters, have also demonstrated their capabilities for quantum simulation.
In the first part of this poster, we present a two-qubit quantum device in natural silicon with universal qubit control, designed to investigate the upper limits of gate fidelities in a non-purified Si/SiGe quantum dot device. By employing advanced device structures, qubit manipulation techniques, and optimization methods, we have achieved single-qubit gate fidelities exceeding 99% and a two-qubit Controlled-Z (CZ) gate fidelity of 91%. Decoupled CZ gates are used to prepare Bell states with a fidelity of 91%, typically exceeding previously reported values in natural silicon devices. These results underscore that even natural silicon has the potential to achieve high-fidelity gate operations, particularly with further optimization methods to suppress low-frequency noise.
In the second part, we present a highly controllable and interconnected 2D quantum dot array in planar silicon, demonstrating independent control over electron fillings and the tunnel couplings of nearest-neighbour dots. More importantly, we also demonstrate the wide tuning of tunnel couplings between next-nearest-neighbour dots, which plays a crucial role in 2D quantum dot arrays. This excellent tunability enables us to alter the coupling configuration of the array as needed. These results open up the possibility of utilizing silicon quantum dot arrays as versatile platforms for quantum computing and quantum simulation.
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