Ernst Ruska-Centrum o6
fur Mikroskopie U L I ‘ H
und Spektroskopie [
mit Elektronen FORSCHUNGSZENTRUM

Mapping surface plasmons in thin film solar cells using
energy-filtered transmission electron microscopy

M. Duchamp*, K. Soderstrom®, C. B. Boothroyd*, A. Kovacs*, F.-J. Haug?®, C. Ballif’, R. E. Dunin-Borkowski*

*Ernst Ruska-Centre (ER-C) and Institute for Microstructure Reseach (PGI-5), Julich Research Centre, 52425 Julich, Germany
§Photovoltaic:s and Thin Film Electronics Laboratory, IMT, EPFL, 2000 Neuchatel, Switzerland

Surface plasmons on Ag thin films 37 Method

The light trapped by thin film Si solar cells is improved In this work, we map plasmonic absorption in Ag layers in
when they are grown on rough substrates. The use of a real solar cells using energy-filtered (EF)TEM, followed by
rough Ag reflector layer results in additional optical post-process noise filtering and deconvolution (using a
absorption, partly through the creation of surface plasmon Richardson—Lucy algorithm).

polaritons [1]. We use EFTEM Iimages collected in a chromatic
In thin film solar cells, Ag surface plasmons are suspected I aberration corrected microscope, which results in better
to absorb part of the visible light in the 1-3.5eV range. spatial resolution than using STEM-EELS [2].

1200

— Principal component analysis allows noise
reduction before applying the Richardson-Lucy
algorithm.
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does not introduce artifact peaks.
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— Finding peak positions and energy shifts using
an automatic procedure becomes possible after
the use of principal component analysis and the
Richardson-Lucy algorithm.
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Intensity and energy loss maps for the different Ag plasmon peaks

Ag bulk plasmon peak ~3.8eV Ag surface plasmon peak ~3.3eV Ag surface plasmon peak ~2.5eV Ag surface plasmon peak ~1.5eV
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— Numerical processing is beneficial for energies below 3eV

— Plasmon peak energy across the sample can be determined with high spatial resolution

— The three surface plasmon resonances can be resolved using a combination of EFTEM and numerical processing

— The energy resolution is still limited by the energy steps used during acquisition and will be improved in future experiments
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