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Abstract: Periodically patterning silicon with a subwavelength pitch opens 

new degrees of freedom to control nonlinear effects and optomechanical 

interactions in silicon photonic circuits with unprecedented flexibility. In this 

invited presentation, we will show our most recent results on the use 

suspended silicon waveguides for nonlinear supercontinuum generation in the 

near-IR and mid-IR. We will also discuss our recent demonstrations of 

subwavelength engineering of photons and phonons in non-suspended silicon 

optomechanical cavities. 



 

The wide transparency range of silicon (1.1-8 µm wavelength) and 

the negligible two-photon absorption for wavelengths above 2 µm, make 

this technology a very promising candidate for supercontinuum 

generation in the mid-IR [1]. However, the use of the silicon-on-insulator 

(SOI) technology in the mid-IR is limited by the absorption of the silica 

cladding for wavelengths above 3.5 µm. Suspended silicon waveguides 

overcome the silica absorption limitation, allowing the use of the full 

silicon transparency range [2-4]. On the other hand, Brillouin scattering, 

i.e. the nonlinear interaction between optical and mechanical fields inside 

a material, has generated great scientific interest for its numerous 

applications in communications, sensing and quantum technologies [5]. 

However, efficient Brillouin interactions require simultaneous 

confinement of optical and mechanical modes. Such optomechanical 

confinement is challenging in SOI waveguides due to a strong phonon 

leakage towards the silica cladding.  

 



Fig. 1. (a) Schematic view of the proposed optomechanical silicon waveguide 

exploiting subwavelength periodic structuration. Calculated (b) optical and (c) 

mechanical modes of the subwavelength silicon waveguide. 

Since their first demonstration in silicon photonics [6,7], 

subwavelength-grating metamaterials [8, 9] have been used as a powerful 

tool for overcoming performance limitations of conventional silicon 

photonic devices. Furthermore, periodically patterning silicon with a 

subwavelength pitch opens new degrees of freedom to control the 

propagation of light and sound in silicon photonic circuits with 

unprecedented flexibility. In this invited presentation, we will show our 

most recent results on the use suspended silicon waveguides for 

supercontinuum generation in the near-IR and mid-IR [10]. We will also 

discuss our recent demonstration of subwavelength engineering of 

photons and phonons in non-suspended silicon optomechanical cavities 

[11]. We use subwavelength structuration of silicon to tightly confine 

near-infrared photons and MHz phonons in non-suspended silicon 

waveguides, fully compatible with standard silicon photonics. Photons 

are confined by metamaterial index guiding, while phonons are confined 

by destructive interference of radiation to the cladding, while.  

These results open exciting new perspectives to exploit nonlinear and 



optomechanical effects with scalable silicon photonics technology, having 

great potential for applications in optical and wireless communications, 

radar, sensing, metrology and quantum technologies. 
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