Enhanced Coherence of an Industry-Compatible Silicon Spin Qubit through Correlated Noise Suppression
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Abstract
Silicon spin qubits are a leading candidate for large-scale quantum computing due to their compatibility with industrial CMOS manufacturing processes. While highly optimized industrial environments can successfully minimize material defects, the specific limits of quantum coherence in these environments—and how to overcome them—remain critical areas of exploration. In this work, we demonstrate that a combination of a low-noise, 300 mm-compatible spin-qubit process flow and the strategic selection of qubit encoding can significantly enhance coherence.
We report on the operation of a singlet-triplet () qubit fabricated on a state-of-the-art 300 mm CMOS platform featuring polysilicon gates. Our results show that the devices benefit from an exceptionally quiet electrical environment, with measured detuning noise amplitudes as low as . Through noise spectroscopy and cross-correlation analysis between neighboring dots, we identify strong zero-phase correlations in the charge noise. We demonstrate that the  basis effectively rejects these common-mode fluctuations, leading to a substantial suppression of dephasing.
By leveraging this correlated noise environment, we achieve a Hahn-echo coherence time of . To the best of our knowledge, this is the longest  reported to date for any gate-defined quantum dot spin qubit. These findings highlight that tailoring qubit encoding to the specific spatial correlations of the noise landscape is a powerful strategy for scaling foundry-fabricated quantum processors toward practical error-correction thresholds.
