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Research context and motivation

Single-Pass Double-Pass Full LT

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.

........

T T T
=-a

/—_ -~
B

3 U

0.8 1 0.8f

| +1.5 mA/cm? I o6l +4.4 mA/cm?

0.6

EQE
EQE

L . i _ L
0.4 —REF SJ, single-pass ‘! 0.4 —QDSC, single pass

= = REF SJ, double-pass !|
021 i 1 0.2
--=-REF SJ, full LT

| = =QDSC, double pass
=-=QDSC, full LT

L L L 4 . 0 s L s
0.4 0.6 0.8 1 0.4 0.6 0.8 1
Wavelength, pm Wavelength, ym

Addressed research questions/problems

Coupled ELM - transport simulation

QD corrected

Sun spectrum drift-diffusion
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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)

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 S, and S,

typical cell structure
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List of attended classes

 01IRLUPE - Solid state physics/Electronic devices (2016, 12 credits)

 0INOPOQ - Photonic devices (2016, 6 credits)

 01QRNRV - Electromagnetic dosimetry in MRI (2017, 4 credits)

e 01RZLKI — Nanometric dielectrics: Achievements & future challenges (2017, 4 credits)
 01QFDRV - Photonics: a key enabling technology for engr. applications (2017, 5 credits)
 02RHQRV - Intellectual Property Rights, Technology Transfer and Entrepreneurship (2017, 9 credits)

Best Poster Award
Photovoltaics School, Les Houches School of Physics, Chamonix, France, March 2018

Quantum Dot Solar Cells

Farid Elsehrawy

Supervisor: Prof. Federica Cappelluti

Novel contributions

Cascaded ELM model validation
The method is now assessed on a realistic solar cell, with the following simulation features:
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ELM model validation
Cascaded structure E-field maps. The E, fields are reconstructed with high accuracy.
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"/ Using the electrical field map and the 3950

- optical models for the materials, it is
~ possible to compute the photogeneration
. rate assuming quantum yield = 1 (for
+each photon absorption, one e/h pair)
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* 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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