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Abstract: Materials with the approximate stoichiometry Cu2ZnSnS4 with the crystal structure of the mineral kesterite are currently being
investigated as promising materials for thin film solar cells fabrication. Direct imaging, along with chemical analysis, can crucially contribute to
assess the quality of the process. This poster presents the results from the obtained fluorescence and scattering maps from a sample of kesterite
precursors produced by pulsed laser deposition (PLD). The obtained chemical information was compared with energy dispersive spectroscope
(EDS) measurements previously made on the same sample.

Introduction: Third-generation photovoltaic

Experimental Setup: We acquired both

Results: The obtained results allow the identification of

solar cells are currently under research and
development as an attractive technology for
cheap and efficient solar energy conversion.
This new type of solar cells is characterized by
its design (thin films) and by the use of nontoxic and Earth-abundant materials with a
potential significant decrease in energy
payback time when compared to common
silicon-based solar cells.
Kesterite photovoltaics utilizing Cu2ZnSnS4
(CZTS) are one of the promising emerging
technologies that have already demonstrated
a high absorption coefficient (104 cm-1) and a
direct band gap of 1-1.5 eV which allows an
effective energy absorption in absorber layers
of a few microns.
One of the main challenges during the
synthesis of CZTS is related with formation of
different secondary phases that compromise
the operation of this material as a photoelectric converter. The phase diagram bellow
exhibits the narrow confined conditions for
the synthesis of the desired Cu2ZnSnS4 phase.

fluorescence and scattering maps from a thin
film CZTS sample, illuminated by an 10.72 keV Xray beam at the NanoMAX beamline.

several inhomogeneities in the kesterite precursors
deposition. The measured stoichiometric ratio between
Cu and Zn was found to be in agreement with previous
EDS measurements.

Experimental Setup: X-ray fluorescence data was acquired by a detector
placed in transmission mode at approximately 70° from the outgoing
beam. Diffraction patterns were acquired simultanesouly at the exact
same sample positions of the fluorescence measurements.

Surface overview: A large 20x20µm area was mapped in order to locate hotspots
associated with non-uniform precursors distribution. The fluorescence maps above
suggest local higher concentrations if Cu and Zn in different sections of the sample
that may be related with secondary phases.

Data analysis: The acquired fluorescence
spectra were processed with PyMca, a dedicated
software developed in the European Synchrotron
Radiation Facility (ESRF).
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Detailed view: A local scan of 3x2µm area was performed in one of the detected
hotspots. We believe that the observed structure in the Cu and Zn fluorescence maps
is associated with the presence of a droplet on the sample surface with uneven
distribution of the CuS and ZnS precursors. Droplet structures on the sample surface
of similar dimensions were also observed in SEM images.
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Experimental Setup Definition in PyMca: The introduction of additional
information regarding the sample and experimental setup allows the
definition of the propper matrix correction coefficients required for
quantitative assessment of the precursors mass fractions in the sample.
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Kesterite Phase Diagram: Quasi-ternary phase diagram of the CuZn-Sn-S system at 400°C. (Olekseyuk, Dudchak & Piskach 2004)
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Scattering Maps: Scattering maps computed from local integrations of the measured
diffraction patterns can provide additional information about the surface morphology
and identify possible defects such as cracks that are not visible in fluorescence maps.

A good understanding of different synthesis
methods is therefore essential in order to
control the optimal conditions for kesterite
formation and improve future thin-films
kesterite solar cells.
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