
 

 
 

Institut des Nanotechnologies de Lyon UMR CNRS 5270 
 

   http://inl.cnrs.fr 
 
 

 
Master 2 internship 

Implementation of a CAD environment for optical simulation 
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Context 
Nanophotonic devices are widely developed for applications such as sensors, communications are 
solar energy harvesting. A first step of their design is to calculate the optical properties (reflectance, 
transmittance, absorptance) all over a given spectral range of optical frequencies using 
electromagnetic simulation tools based on rigorous numerical solving of the Maxwell equations in the 
optical domain. 
Then, it is required to describe the optical index n of their structure as a function of the space 
coordinates in two (x, z) or three (x,y,z) dimensions. 
Among the widely used methods is the RCWA [1], which is dedicated to periodic structures. The 
electromagnetic field is developed on a discrete set of diffracted orders for a given slice along (x) or 
(x,y) dimensions. The z direction is taken into account using a Transfer Matrix Method. Thus, each 
structure has to be described slice by slice along the z direction. The resulting advantage is that 
arbitrary thick slices can be simulated without changing the simulation time. Another main intrinsic 
advantage of RCWA is it can be parallelized on a large number of cores. 
 
This method is available within a free code, S4 [2], that is thus easy to use on clusters for massively 
parallel computation. The description of the structure uses a proprietary scripting based on python 
classes. For multilayer, z depending profiles, their discretization is required. The resulting description 
slice by slice is illustrated in figure 1.  
 
Research subject 
The aim here is to develop a code that enables to simply design the optical structure n(x,y,z) using a 
CAD, so thus to translate the CAD description into a code compatible with S4. 
 

 
Figure 1. Example of a structure to be described under a CAD environment for the computation of its 

optical properties using S4 (from [3]). 
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Work plan 
After getting started with S4, the candidate will choose a free CAD environment/file format, then 
develop a code under Python to generate the code for S4, starting with the 2D case. Gitlab will be used 
for versioning. Validation will imply other methods in collaboration with researchers. 
 
Profile 
The student will have a background in computation science, especially Python, and CAD. 
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