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Brillouin optomechanics in Silicon germanium photonics circuits

Brillouin scattering is a nonlinear optical phenomenon based on the interaction between light and the
mechanical modes of a structure. Brillouin scattering allows the generation of new optical frequencies, and
is of great interest for the generation of ultra-stable microwave signals or for opto-microwave
conversion. Optomechanics, or the coupling between optical mode and mechanical mode, has recently
seen a lot of attention in silicon photonics community, the idea being to benefit from high-volume and low-
cost manufacturing techniques [1-4]. However, silicon-on-insulator guides, commonly used in silicon
photonics, do not have naturally a good confinement of mechanical modes, while Germanium is expected
to offer good optical and mechanical mode confinement simultaneously [5].

In parallel, Ge-rich SiGe photonics has been developed in our group in the recent years, in strong
collaboration with Politecnico Di Milano. First works targeted mainly electro-optical devices in the near IR
range exploiting Ge quantum well structure [6]. More recently it was demonstrated that graded index SiGe
waveguide can be used in a large wavelength range in the mid-IR, and a large range of passive building
bloc including Mach Zehnder interferometers or integrated resonators have been obtained [7]. Then, the
demonstration of large bandwidth optical source on chip based on non-linear optical effects of SiGe
waveguides [8], and the realization of optoelectronic devices (modulator and photodetector) recently
completed the photonics platform [9].

In this context, the objective of the work is to study Germanium on silicon structures, which seem
promising for simultaneous confinement of optical and mechanical modes.

In this context, the goal of the PhD project is to study and develop a novel platform for Brillouin
optomechanics, relying in SiGe waveguides on Si substrates. Different strategies will be employed to
achieve simultaneously mechanical and optical confinement, and innovative devices will be developed
based on the research findings.

The research activity will include:
-Modeling of the photonics devices (optical, mechanical, electro-optical simulation using
commercially available software and developing code interfaces (python/matlab)
- Design and fabrication of the devices in in-house clean room
- Experimental characterizations of the devices, using near IR and mid-IR optical benches

The work is done in the framework of EU ERC Electrophot project (2023-2028), in collaboration
with Politecnico Di Milano and with Kasetsart University (Thailand)
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