Universal control and benchmarking of four singlet-triplet qubits
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Semiconductor quantum dots have shown great promise for fault-tolerant digital quantum computation and analog quantum simulations. Significant progress has been made with individual spin qubits in both silicon [1] and germanium [2] in terms of scaling and performance. However, controlling large-scale arrays of individual spins presents multiple challenges, such as microwave heating and crosstalk. Unlike single-spin qubits, singlet-triplet qubits naturally align with the spin-readout basis in Pauli spin blockade and enable full electrical control using baseband voltages.
In this work, we investigate a 2x4 quantum dot ladder in Ge/SiGe, with controllable interactions between all neighboring spins, where we form four singlet-triplet qubits along the rungs of the ladder (Fig. 1 a). We demonstrate individual initialization, control, and readout of all qubits. We implement single-qubit gates along two axes of the Bloch sphere with average gate fidelities in the range of 99.49(8)-99.84(1)% obtained from randomized benchmarking (Fig. 1 b), and gate set tomography fidelities of 98.97(9)-99.61(5)%. Leveraging exchange interactions between qubits, we demonstrate a two-qubit SWAP-like gate with Bell-state fidelity of 73(1)-90(1)% and corresponding concurrences between 21(4)% and 64(4)% (Fig. 1 c). To further illustrate the remarkable level of control in the system, we create and distribute an entangled state across the array with remote Bell state fidelity of 75(2)% and concurrence of  22(4)%.
This work puts germanium singlet-triplet qubits firmly on the map as a potential platform for quantum computing.
[image: A graph of different colored lines

Description automatically generated]
Figure 1. a) A device scheme. b) Randomized benchmarking results for single-qubit gates, yielding average gate fidelity. c) Bell-state tomography fidelities for two-qubit gates and corresponding concurrences.
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QST results
F(%) | C()

QI-Q2| 90(1) | 64(4)
Q-Q3| (M) | 50¢4)
Q-Q4| 711 | 214





