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Reconfiguration of silicon photonic integrated circuits relying on the weak, volatile thermo-optic or electro-optic effect of silicon usually suffers from large footprint and energy consumption. Non-volatile phase change materials, such as Ge2Sb2Te5 (GST) provide an attractive solution to solve this problem. I will talk about our effort on integrating GST with silicon photonics to demonstrate an energy-efficient, compact, non-volatile, reprogrammable platform. By adjusting the energy and number of free-space laser pulses applied to the GST, we characterized the strong broadband attenuation and optical phase modulation effects of the platform, and perform quasi-continuous tuning enabled by the thermo-optically induced phase changes. As a result, a non-volatile optical switch with high extinction ratio as large as 33 dB is demonstrated [1]. We also solved the problem of large absorptive loss in GST by designing a new type of directional coupler, and demonstrated an optical switch with less than 1dB insertion loss, even though the material itself has very high loss [2]. Using silicon p-i-n heater, we demonstrated electrical actuation of the phase transition to create a prototype of electrically controlled reconfigurable switch with ultra-low power consumption [3,4]. Finally, I will discuss new phase change materials, and device engineering to create next generation low-loss reconfigurable optical switch and phase-shifters.
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