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Abstract

The development of ultra-compact integrated nanophotonic structures for communications, sensing, and signal
processing has been of great interest lately. The use of compact microresonators (e.g., microrings, racetracks, and
microdisks) with high quality factors has resulted in order of magnitude reduction in the size of functional integrated
photonic devices that used to be formed using waveguides. Such resonators can be effectively tuned using the free carrier
dispersion and/or thermo-optic effect. This feature can be used to form reconfigurable photonic systems for on-chip signal
processing and communications. Among existing substrates, silicon (Si) is the most promising one for infrared wavelengths
due to the existence of excellent CMOS-based fabrication facilities. The same fabrication infrastructure can also be used to
manufacture integrated nanophotonic structures in silicon nitride (SiN) for operation in visible and near-infrared
wavelengths. With recent advances in the design and fabrication tools for photonic nanostructures, Si-based integrated
photonic platforms are a strong candidate for the realization of ultra-compact functional photonic microchips for a wide
range of applications including signal processing, communications, and sensing. However, some of the shortcomings of Si
for the formation of low-loss structures at high operating powers (e.g., two-photon absorption, free-carrier absorption, and
third-order nonlinearity) limit the maximum operation power in Si-based structures. This requires a new material platform
that is CMOS-compatible but allows low-loss operation at higher power levels.

In this talk, we will present a new three-dimensional hybrid material platform based on vertical integration of
different materials layers (e.g., Si and SiN layers). This new material platform is capable of addressing the main
shortcomings of Si for practical applications. We will further introduce different new device architectures that are enabled
by this new material platform. Finally, using the developed low-loss, fast, and low-power reconfigurable devices, we will
discuss the realization of reconfigurable photonic chips for signal processing applications.
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