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Large-scale qubit integration has advanced for implementing fault-tolerant quantum computing. CMOS technology, built up in the transistor-level industry, provides a great advantage for the Si spin qubit array. In parallel, Si isotope engineering enables the suppression of magnetic noise behind spin qubit operation, whereas electrical noise inherent in Si electronic devices is regarded as a major cause of decoherence [1]. In practice, the spin qubits embedded in the devices can be perturbed by temporal fluctuation from adjacent charge traps acting as two-level fluctuators [2], which potentially imposes a spin coherence limit for qubit control at arbitral array sites and long-range shuttling through the qubit bus [3]. In this work, we demonstrate an experimental assessment of electrical noise generated at the oxide interface from a non-equilibrium photocurrent. This allows for correlative exploration between photo-generated charge dynamics and fluctuations of charge trapping/de-trapping via interface defects. Here, microwave reflectometry, widely used in the Si-qubit research field, is adopted for a methodological extension to optical excitation near the gate-oxide interface of standard Si devices. The photo-excited modulation and gate-induced charge accumulation identify the charge relaxation paths via interface defects. Upon moderate excitation of excess charges at the MOS interface, the crossover regime is found to emerge as a manifestation of competitive relaxation between the dissipative interplay with accumulated excess charges and the sequential relaxation process via defect levels. For the noise assessment, we verified a noise spectral density contained in the non-equilibrium photocurrent. In a low-frequency regime, 1/f noise remarkably stands up with the increasing photo-excited excess charges, whose origin might be closely connected with the aforementioned relaxation processes. Meanwhile, the spectral exponent takes a value greater than unity, depending on the gate-induced charge accumulation. This power-law nature denotes that the source of charge noise goes through a transition from defect ensemble to single-level defect center, by charge occupancy at trapping sites. Meanwhile, we observe the presence of Lorentzian noise in the high-frequency regime, which may be caused by generation-recombination (G-R) noise related to photo-excitation in the devices. Additionally, G-R noise is found to increase at higher frequencies when excess charges are injected beyond the crossover point. We will also investigate the primary origin of defects that generate electrical noise at the gate-oxide interface.
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