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Abstract: To address the issues of large device size, high static power consumption, and volatility caused by thermo-optic/car-
rier effect modulation mechanisms in silicon-based photonic integrated circuits, two types of non-volatile electrically controlled
optical switch structures based on silicon-based Sb2Ses phase-change materials are designed—an asymmetric directional cou-
pler (ADC) and a Mach-Zehnder interferometer (MZI). The crystalline state of Sb2Ses is modulated using a silicon-based
PIN doped electro-thermal modulator. Experimental results show that the ADC optical switch achieves crosstalk values of -11
dB and -22 dB in the amorphous and crystalline states, respectively, at a wavelength of 1 550 nm, with insertion losses of ap-
proximately 0.4 dB and 1 dB. The coupling length is optimized to 23.65 pum, resulting in a compact structure with multi-level
modulation capability. The MZI optical switch exhibits an extinction ratio exceeding 14 dB, with a single modulation energy
consumption of only 0.32 mJ, demonstrating excellent low-power characteristics.
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