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Current Status and Challenges of Device and Circuit Simulations for
Large-Scale Integration of Silicon Qubits
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Abstract

Silicon qubits are accelerated globally as a leading candidate for large-scale integration due to high compatibility
with CMOS processes. To scale, establishing a simulation platform bridging quantum devices and cryo-CMOS
control circuits is essential. TCAD and tight-binding capture atomic device physics like valley splitting and charge
noise, while compact modeling advances cryo-CMOS design. Key bottlenecks include variability, thermal
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constraints, and unstandardized interfaces. We propose a TCAD-SPICE co-simulation method unifying GAA
transistors and readout circuits (Tanamoto and Ono, IEEE Access 2026), discussing current challenges and future
directions.





