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Flexible perovskite photovoltaics: From all laserscribed mini-modules to thin film tandem devices
Dr. Stefano Pisoni
Laboratory for Thin Films and Photovoltaics, Empa, Duebendorf, Switzerland
Biography Stefano Pisoni is currently a postdoctoral scientist under the supervision of Prof. Ayodhya

N. Tiwari at Empa-Laboratory for Thin Films and Photovoltaics, Switzerland. He received his MSc
degrees in Materials Engineering and Nanotechnology at Polytechnic of Milan and Polytechnic of
Turin (Italy) in 2015. He joined the Laboratory for Thin Films and Photovoltaics in 2016 and
completed his Ph.D. degree from Department of Electrical Engineering and Information Technology,
ETH Zürich, in 2019. His current research focuses on the development and characterization of flexible
perovskite solar cells and mini-modules for all-thin-film tandem applications

Abstract In order to improve photovoltaic (PV) deployment, i.e. reduce its cost, it is necessary to enhance the power

conversion efficiency of solar devices. By combining different single-junction solar cells, namely tandem devices, it is possible
to better harvest the entire solar spectrum, resulting in higher efficiencies. To further decrease fabrication costs, the use of
lightweight flexible substrates paves the way to high-throughput roll-to-roll manufacturing. In this talk, I will focus on the most
promising thin-film PV technologies: Cu(In,Ga)Se2 (CIGS) and perovskite solar cells (PSCs). We propose different approaches
based on interface and growth-morphology engineering to achieve flexible PSCs with efficiencies of ~16% and 14% for opaque
and NIR-transparent configurations, respectively. Eventually, a fully flexible perovskite/CIGS tandem is demonstrated with
19.6% efficiency in four-terminal configuration. Further, to demonstrate the scalability of the developed device structure, we
rely on laser scribing to realize flexible perovskite mini-modules with an aperture area >10 cm2. In order to identify future
pathways for further efficiency improvements, we eventually disentangle the role of bulk and interfaces in terms of nonradiative recombination losses. Our work aims to provide insights into growth of layers and interfaces for high efficiency
flexible solar cells and mini-modules.
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Passivating contacts for highly efficient silicon and
perovskite solar cells
Prof. dr. Stefaan De Wolf
King Abdullah University of Science and Technology (KAUST), Thuwal, Saudi Arabia
Biography Stefaan De Wolf received his Ph.D. degree in 2005 from the Katholieke Universiteit

Leuven in Belgium, in affiliation with IMEC, working on crystalline silicon solar cells. From 2005 to
2008, he was with the National Institute of Advanced Industrial Science and Technology (AIST),
Tsukuba, Japan, investigating silicon heterojunction structures and devices. In 2008, he joined the
Photovoltaics and Thin-Film Electronics Laboratory, Ecole Polytechnique Federale de Lausanne
(EPFL), Neuchatel, Switzerland, as a team leader for its activities on high-efficiency silicon solar cells.
Since September 2016 he is an associate professor at the King Abdullah University of Science and
Technology (KAUST) in Saudi Arabia, investigating high-efficiency silicon and perovskite solar cells.

Abstract In silicon and perovskite solar cells, the presence of surface states at their electrical contacts is increasingly

recognized as a key factor limiting device performance. In this presentation, first I discuss how such surface states result in
Fermi-level pinning (FLP) and surface recombination. FLP impairs the ability of contact materials through their work function to
induce an anticipated band bending in the photovoltaic absorber underneath, affecting charge collection. On the other hand,
surface recombination inflates the open-circuit deficit WOC = Eg/q – VOC. Quite generally, for all photovoltaic technologies, a
high WOC also results in a poor FF. Passivating-contact technology aims at minimizing the interface-gap state density; a prime
example is silicon heterojunction solar cell technology, using very thin amorphous silicon films for contact formation and
passivation. Such devices have demonstrated record-high voltages and power-conversion efficiencies. Nevertheless, the used
very thin amorphous silicon films may result in some parasitic absorption losses. Therefore, an important area of research in
recent years has been the development of strategies to improve current generation in these devices. Essentially, three options
are available: the use of more transparent contacting materials, placing all contacts at the back of the device, or develop
tandem technologies to harvest more effectively the blue part of the solar spectrum. An example of the first strategy is the use
of metal oxides to replace the (doped) amorphous silicon films, such MoOx
replacing p-type amorphous silicon. In the context of such ‘doping-free’ contact
materials, recently several attractive materials have been proposed for electron
collection as well such as TiOx and the metal nitrides TaNx and TiNx [2,3].
Regarding silicon-based tandems, the combination with a perovskite top cell has
been identified to be particularly promising to enable ultra-high efficiency
photovoltaics at affordable cost. I will finish my presentation with a discussion
how passivating contacts are also of increasing interest in perovskite solar cells
to enable higher VOCS, FFs, as well as to quench hysteresis in their currentvoltage characteristics [1,4].
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Industrial scale-up for back-end interconnection
technology on CIGS
Dr. Veronique S. Gevaerts
Solliance Solar Research, TNO, Netherlands
Biography Veronique Gevaerts received her BSc (2005) and MSc (2008) degrees in Chemistry at

Utrecht University in The Netherlands. During her studies she investigated near-infrared
sensitation of bifacial silicon solar cells in a six month internship under supervision of dr. Gavin
Conibeer and prof. Martin Green at the University of New South Wales in Sydney, Australia. In
2008 she started her PhD in the group of prof. René Janssen at the Eindhoven University of
Technology, The Netherlands. Her dissertation was titled “Morphology control and device
optimization for efficient organic solar cells”. Since 2012 Veronique works at the Energy research
Centre of the Netherlands (ECN), now part of TNO, in the joint innovation center Solliance. Her
current research interests are in the up-scaling and module manufacturing of thin-film PV.

Abstract In photovoltaics going from cell-level to modules, a serial interconnection of the cells is needed. For thin-film PV on

isolating substrates, such as glass or plastic, cell sizes are limited to ~5mm due to high resistance of the transparent contact. A
so-called monolithic interconnection is made for separating and connecting cells using repeated deposition and in-line scribing
processes. This approach results in the need for intermediate cleaning steps and alignment, which reduces the yield of the
module production. The Solliance back-end interconnection approach combines the use of laser scribing with dielectric and
conductive inkjet printing after full deposition of the layer stack. The work that Solliance has been doing on CIGS together with
industry on this topic has resulted in the demonstration of shunt-free laser scribing and mini-modules that show no electrical
losses in the interconnect compared to reference modules. Main technological challenges that are addresses are the shuntfree laser scribing of CIGS, ink-material interactions and the up-scaling of the back-end interconnection technology.
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