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Novel contributions
Cascaded ELM model validation

The method is now assessed on a realistic solar cell, with the following simulation features:

 RSoft DiffractMOD (Commercial RCWA)

 Harmonics = 50

 Resolution in Z direction = 10 nm

 Wavelength range = 400 – 1200 nm

 TE Mode

ELM model validation

Cascaded structure E-field maps. The Ey fields are reconstructed with high accuracy.

Adopted methodologies
 Relying on the structure periodicity, the electromagnetic field is expanded in terms of 

Floquet modes (plane waves)

 Study the multilayer planar (where photogeneration must be enhanced) and the 

patterned regions (requiring intensive full-wave ELM simulations) separately

 The optical response of each region is described by a multimode scattering matrix. The 

optical response of the solar cell is described by cascading Sgrating and S1D 

Addressed research questions/problems
Coupled ELM - transport simulation

Research context and motivation
Light-Trapping Enhanced Solar Cells

• Substrate removal enables the integration of rear reflectors

• Photonic management is indispensable to achieve high efficiency 

for ultrathin cells or ones utilizing weak absorbing materials.

Future work
• Fully coupled electrical-optical simulations

• Equivalent pyramidal grating modelling

• Simulating random textured surfaces

• Applying light trapping concepts on different cell configurations

• Novel solar cell parameter optimization methods
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QD corrected 

drift-diffusion

TMM, 2D/3D RCWA or FDTD

(e.g. for double-side gratings)

Self-consistency needed for

- QDs owing to strong dependence of optical properties on local carrier density

- Photon-recycling

Challenge: a “brute-force” feedback is too much computationally intensive for cells with 

textured surfaces (2D and 3D full ELM required)
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