Correlation between the presence of structural defects, impurities and the electrical activity in silicon
for photovoltaic applications

Sirine Houam', Hadjer Ouaddah?, Gabrielle Regula?, Isabelle Périchaud?, Guillaume Reinhart!, Marisa
Di Sabatino Lundberg?, Lasse Vines®, Mathieu Silly*, Fabrice Guittonneau®, Laurent Barrallier®,
Etienne Pihan®, Nathalie Mangelinck Noél*

! Aix-Marseille Univ, Université de Toulon, CNRS, IM2NP, Marseille, France
2 NTNU, Department of Materials Science and Engineering, Trondheim, Norway
SUniversity of Oslo, Department of Physics, Oslo, Norway
* SOLEIL Synchrotron, CEA Paris-Saclay CNRS, Paris, France
5 Arts et Métiers Institute of Technology, MSMP, 2 cours des Arts et Métiers, 13617 Aix-en-Provence,
France
®Univ. Grenoble Alpes, CEA, Liten, Campus Ines, 73375, Le Bourget du Lac, France

Email of the corresponding and presenting author: sirine.houam@im2np.fr

During the fabrication of Si crystalline material for photovoltaic (PV) solar cells, several factors such as
thermomechanical stresses, crucible and impurity contamination are at the origin of deformation,
structural defects and impurity segregation [1,2] which can ultimately degrade the electrical properties.
In this work, we combine complementary structural, chemical and charge transport investigations that
are respectively carried out by EBSD (Electron Backscattered Diffraction), SIMS (Secondary lon Mass
Spectrometry), FTIR (Fourier-Transform Infra-Red spectroscopy), PL (Photoluminescence) and SPV
(Surface Photovoltage). Correlating these techniques enables to better understand the dependence
between structural defects, impurities and charge transport.

Figure 1 presents structural and interstitial oxygen composition maps of the same region of a Si wafer
characterised by the presence of sub-grain boundaries (sub-GBs) and grain boundaries (GBs). It can be
seen that sub-GB and GB positions on the EBSD map (Figure 1 left) are correlated to the local
distribution of interstitial oxygen (Figure 1 right). FTIR and uFTIR characterisations indicate that light
impurities segregate preferentially at the level of the structural defects, forming micro-precipitates,
whereas inside the grain, oxygen is predominantly found in interstitial position. The experimental
investigations conducted on Si material of several origin and with different levels of impurity
contamination show how the presence of defects of different dimensions, from dislocation to grain size,
influence the charge recombination in silicon, and consequently, degrade the solar cell quality and
efficiency all the more as they interact with impurities.
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Fig. 1. Grain and sub-grain boundary EBSD map, b) Interstitial oxygen composition map obtained by
MFTIR in the same area.
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