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Hybrid on silicon photonics for light amplification and Fanoenhanced electro-optical modulation at telecom wavelengths -Invited presentation
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The challenges to be solved in silicon photonics at telecom wavelengths are still of several kinds. Among these, two important locks concern the realization of integrated optical amplifiers essential for re-amplifying attenuated signals, and the realization of fast electro-optical modulators (>>10GHz) with low power consumption (<1fJ/bit) [START_REF] Thomson | Roadmap on silicon photonics[END_REF]. The approaches used in the literature to address these two locks have led to a wealth of proposals and works, including the hybrid integration of III/V semiconductors on silicon by sticking vignettes or full plate, or more rarely by monolithic growth. This solution, based directly on pre-existing mature solutions, raises co-integration problems, both in terms of materials and photonic integration (coupling of Si guide light to III/V guides, etc.), but has already demonstrated several very solid proposals. However, it presents difficulties related to the complexity of processes and technologies, without integration into a complete CMOS process flow [START_REF] Thomson | Roadmap on silicon photonics[END_REF]. In this context, our presentation will summarize our recent contributions on the two key functions mentioned above. Our approach to light amplification is based on the integration of Erbium-doped materials and brings a strong innovation to the field through the integration of state-ofthe-art active materials combined with a proper choice of slot silicon nitride waveguides. We report ultra-high onchip optical gain in Erbium-based hybrid slot waveguides with a monolithic, CMOS-compatible and scalable atomic-layer deposition (ALD) process. The nature of ALD provides a versatile tool to atomic scale engineering of the gain layer properties and an efficient integration with SiN waveguides and other photonic structures. We demonstrate 20dB/cm of modal gain at =1.53µm, which opens up very interesting perspectives for the creation of light sources and their transcription into various integrated system-level functions [START_REF] Rönn | Ultra-high onchip optical gain in erbium-based hybrid waveguides[END_REF]. In another complementary direction, the signals thus produced or amplified must be encoded by electro-optical modulation for the realization of optical links. We started from the observation that beyond the physical mechanisms leading to index modulation by refraction, a significant part of the contribution to the energy dissipation of the modulators was due to the type of resonators or interferometers used. An electro-optical modulator exploiting the plasma effect (refraction on free carriers) and integrating a phase modulator into a Mach-Zehnder interferometer geometry, for example, consumes several ps/bit. This is mainly due to the size of the interferometer (several mm), which brings back high structural capacities. The use of nanoresonators, such as nanobeam cavities, provides a very significant downscaling factor but is still insufficient to achieve the targeted consumption levels (about 1 fs/bit). The reason lies in the classical form of the optical resonances used (Lorentzians), which leads to a necessary strong modulation to detune the resonance from its maximum. We have recently shown that a complete paradigm shift could be achieved in the consumption of plasma electro-optical modulators when an asymmetric Fano resonance is considered. We have specially proposed and designed an original Fano cavity structure based on the electromagnetic coupling of two pre-existing resonances in a single silicon guide geometry [START_REF] Zhang | Generating Fano Resonances in a Single-Waveguide Silicon Nanobeam Cavity for Efficient Electro-Optical Modulation[END_REF]. This single guide geometry offers a generic platform of Fano cavities directly applicable to the production of electro-optical modulators characterized by a set of merit factors superior to those obtained previously due to the very abrupt transmission of the Fano resonance. All these results will be detailed and supplemented at the conference by the most recent experimental results obtained.
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