
Master 2: International Centre for Fundamental Physics 
INTERNSHIP  PROPOSAL 

 
Laboratory name: Institut d’Electronique Fondamentale (UMR 8622) 
CNRS  identification code: UM 8622 
Internship director’surname: Eric CASSAN 
e-mail: eric.cassan@u-psud.fr   Phone number: +33 1 69 15 78 52 
Web page: http://silicon-photonics.ief.u-psud.fr/ 
Internship location: Orsay (RER-B Bures-sur-Yvette) 
  
Thesis possibility after internship:        YES 
Funding: Under submission       If  YES, which type of funding: ED 422 
 

“Modeling of FWM optical nonlinear processes in silicon slot waveguides 
including extreme mode confinement and/or slow wave phenomena” 

Silicon photonics has raised an increasing interest in the last years due to the foreseen possibility of merging electronics and 
photonics on the same chips using large scale wafers and well-established technologies. Significant breakthroughs have been 
demonstrated on optical waveguides and passive optical devices to distribute light, filter optical signals, add-drop individual 
wavelength around λ=1.5µm, etc, as well as in the field of active structures for light emission, modulation, and detection. The 
main potential applications of this silicon (on insulator: SOI) photonics technology are optical interconnects within CMOS 
chips, optical telecommunications, and biophotonics. 

The main forthcoming challenges are to increase the data bit rates of active components beyond 
40Gbits.s-1, significantly reduce their power consumption, reduce the footprint of photonic structures, manage the 
temperature dependence of SOI devices, and improve the sensitivity of SOI-based bio-sensors. For all these items, the use of 
non-linear optical phenomena is perceived as an interesting opportunity. 

In this context, the proposed internship topic is focused on the physical and numerical investigation of a key 
breakthrough in silicon photonics: for the future demonstration of the high gain parametric amplification going 
beyond the present state-of-the-art: 

http://www.nature.com/nature/journal/v441/n7096/abs/nature04932.html 

Slot waveguides are empty-core planar waveguides that can be filled by non-linear optical materials will be 
considered for this. The strong electromagnetic field confinement provided by these waveguides is significantly 
enhanced by the slowing down factor provided by the periodical corrugation of PhC waveguides when operating 
in the slow light regime. Alternatively, slot photonic crystal waveguide cavities with ultra-small modal volumes 
and high quality factors can be designed and fabricated. In recent papers, a new design of slot PhC waveguides 
has been proposed, theoretically studied, and experimentally characterized in our group [1,2]. Currently, strong 
efforts are made to push the theoretical understanding and experimental study of non-linear optical effects in 
such slotted slow light waveguides and cavities. 
The Master/Engineer student will be involved in this on-going research activity, mainly at the modelling level. The main 
internship aim will be to extend the resolution of the NonLinear Schrödinger Equation (NLSE) code already existing in our 
group, and then to couple it to electromagnetic numerical calculations to predict the light amplification properties in silicon 
slot waveguides around λ=1.5µm and evaluate the main physical limits and devices properties of the envisaged structures. 

 

 

 

 

 

 

 

 

 

 

 

 

The needed theoretical background to solve the NLSE in high-electromagnetic-density nanowaveguides is high. 

Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 
Quantum Physics:  YES    Theoretical Physics: YES 
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