Performance of Academic and Industrial Silicon Spin-Qubits
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Spin-qubit research, traditionally led by academic institutions, is now experiencing increased engagement from the semiconductor industry. This collaboration holds promise for scaling up the production of high-quality qubits. However, direct comparisons between academic and industrial spin-qubit devices remain limited in current literature. Here, we present an analysis of spin-qubit devices with different material stacks, fabricated in our academic cleanroom at RIKEN and provided by Intel from their industrial-grade facilities, both using 28Si/SiGe as the base material. We evaluate critical performance metrics such as coherence times, gate fidelities, and noise characteristics. 
Our investigation demonstrates that both device types exhibit comparable T2* times and achieve single-qubit gate fidelities exceeding 99.9% when utilizing Kaiser envelope control pulses. Notably, the industrial device demonstrates significantly longer T2Hahn times. The academic device exhibits correlated noise between neighboring qubits (correlation length of ~100nm), indicative of charge noise influence. In contrast, the industrial device shows markedly weaker correlations, suggesting that its performance is primarily limited by uncorrelated nuclear spin noise. Our findings highlight the advancements made possible by industrial fabrication techniques. 
Acknowledgements: This work was supported by JST Moonshot R&D (Grant Number JPMJMS226B). We thank the Intel Quantum team, particularly Matthew Curry, Lester Lampert, Rostyslav Savytskyy, and Mateusz Madzik, for their collaboration and for providing the industrial-grade fabricated devices used in this study. 
