Dispersive readout of the donor-based flip-flop qubit
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Superconducting resonators coupled to qubits offer a promising route to scalability, enabling both long-range operations and fast qubit readout. A key requirement is for qubits to have tunable electric dipole moments that couple strongly to the electric field of the resonator. The donor-based flip-flop qubit is a serious candidate due to the electron-nuclear spin states that can be controlled by microwave fields. However, a theoretical estimate of its spin-photon coupling strength is about 3 MHz [1, 2], placing it on the border between weak and strong coupling for typical planar resonator quality factors. Additionally, its lifetime is reduced by 8 orders of magnitude compared to donors in bulk silicon due to enhanced spin-valley relaxation from interface states [3]. It is therefore important to investigate whether the flip-flop qubit can leverage its advantages for dispersive readout. We show that good signal-to-noise ratios (SNR) and single-shot readout fidelities are possible across a range of qubit parameters. At most working points, the qubit remains sufficiently long lived to allow readout fidelities exceeding 90% in the weak coupling regime and fidelities > 99% in the strong coupling regime. Furthermore, such high fidelities are possible with fast readout times under 100 microseconds. Our results demonstrate that fast, high-fidelity dispersive readout of the flip-flop qubit using superconducting resonators is possible in both weak and strong coupling regimes.
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