A singlet-triplet hole-spin qubit in planar silicon
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Hole-spins in silicon quantum dots have been demonstrated to be highly promising for spin qubit applications. This is because holes experience a strong spin-orbit coupling, which enables rapid electrical manipulation, in-situ control over key parameters, and the ability to achieve sweet spots in the decoherence subspace. However, spin-orbit coupling also produces a complex response of the hole spin to the magnetic field orientation. This presents opportunities to optimize hole-spin qubits and deepen the understanding of spin-orbit effects in silicon. 
[image: ]In this work [1] we demonstrate a hole-spin singlet-triplet qubit formed using a planar MOS double quantum dot in silicon, with integrated SET charge-readout. Two axis control of the qubit is achieved with Rabi periods observed at 7ns with T2* of 300ns. We experimentally investigate the magnetic field anisotropy of the qubit eigenstates and relate the experimental results to a theoretical model of the system, which includes the effects of spin-orbit coupling and anisotropic site-dependent g-tensors. Comparison of the theoretical and experimental results provides insight into how spin-orbit coupling influences the hole-spin qubit operation. The demonstration of a high quality of the qubit (quality factor = T2*/TRabi >40) in a 2D planar architecture bodes well for scaling up to large arrays of coupled hole-spin qubits, or quantum circuit architectures.
Figure 1: a) 3D model of the planar silicon double quantum dot, which is used to form a singlet-triplet qubit. b-(bottom) The qubit is controlled by applying a manipulation pulse of duration S, which drives singlet-triplet oscillations. This experiment is performed for a range of in-plane magnetic fields (Bx). Ps is the measured singlet probability. b-(top) Shows a FFT of the singlet-triplet oscillations demonstrating coherent manipulation approaching 200MHz at 30mT.
[1] S. D. Liles et. al. Nature Communications 15, 7690 (2024).
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