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1. Vorwort

2022 war ein Jahr der groRen Ereignisse. Die Coronaregelungen wurden weltweit
zuruickgefahren und der wissenschaftliche Austausch auf Konferenzen hat neuen
Schwung in das akademische Leben gebracht. Doch der Ukrainekrieg hat die gerade
wiedergewonnenen Freiheiten wieder eingeschrankt. Die darauffolgende
Energiekrise und Inflation hat uns alle, privat als auch beruflich, massiv betroffen
und die Grenzen der aktuellen globalen Modelle der Energieversorgung in Frage
gestellt. Was sonst kann man aus der Krise schliessen auler dass der Ausbau der
erneuerbaren Energien dramatisch beschleunigt werden muss.

Herzlichen Dank an unsere Studenten, Doktoranden, Mitarbeiter und Gruppenleiter,
die mit ihren fantastischen Leistungen 2022 zu einem erfolgreichen Jahr gestaltet
haben.

Besonders herzlichen Dank an unser Verwaltungsteam und unsere technischen
Angestellten — ohne sie ware es nicht mdglich, das i-MEET so erfolgreich zu fuhren.
Ihnen allen, den Kooperationspartnern und Unterstiitzern des i-MEET danke ich fur
die erfolgreiche Zusammenarbeit in 2022 und winsche viel SpaR beim Lesen
unseres Tatigkeitsberichts.

2022 was another year full of surprises and big events. The fight against Corona was
so successful that the worldwide regulations could be taken back. Scientific
exchange at conferences has become possible again, refueling our passion and fire
for academic and applied research. Just when we started to enjoy the bit more of
freedom, war in Ukraine restricted our life in multiple aspects. The corresponding
energy crisis, the inflation, the support for refugees - that all has affected us
privately but also in our professional life. The crisis further showed us the limitation
of our energy system, which was believed to be globally stable while it actually was
depending on single players. There is only one conclusion from that crisis - we need
to rebuild our energy system under the aspects of national security and become more
independent. Accelerating the build-up of renewable energy capacities is the only
answer to that learnings.

At that stage | want to thank undergraduates, graduate students, staff, and group
leaders for their fantastic accomplishments in 2022. Together we have accomplished
a very successful year.

i-MEET is very proud of our students and postdocs. Nevertheless, it is always sad to
see our most excellent researchers leaving. Yakun is building her career at KAUST,
Xiaoyan and Yicheng have accepted calls for professorship positions to SDU and
UESTC respectively, and, after so many years, Ning has accepted a professorship
position at SCUT.

Many thanks to our NGSE team (ngse.info), Karen, Vincent, Ning and Jens who
made this years NGSE a big success. Let me also acknowledge the NGSE early
career presentation series, which was brought to life by Vincent. | want to thank
Osbel and Karen for their efforts to coordinate the emerging-PV platform
(emerging-pv.org). The curated date set on record performing solar cells has made it
into the second year and will be continuously expanded to new features.
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Finally, big thanks to the Solar TAP team, who allowed us to win the outstanding
prestigious Helmholtz grant on accelerating photovoltaics technology transfer into
industry. Driving that project to the breakthrough we are envisaging will take all our
resources for the next three years.

Special thanks to our administrative team and our technical staff - without them, it
would not be possible to run i-MEET that successfully. | would like to thank all of
you, the cooperation partners and supporters of i-MEET for the successful
cooperation in 2022 and hope you enjoy reading our activity report.

o S

Best, Christoph Brabec

Please note that some of our highlights can be found on i-MEET’s youtube channel
i-MEET Lab.
(https://www.youtube.com/channel/lUC6RHRI5xyzL 1b-1cJ6FG3PA).

Please note also our alumni network at LinkedIn (Institute i-MEET).
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Research of the group is devoted to the design, simulation, processing and analysis
of modern innovative semiconductors, electronic materials as well as advanced
devices. Next generation concepts for electronic devices and future light harvesting
techniques complete our research focus.
Development of low cost, long lived and highly efficient printed solar cells is one
major vision of this research group. This includes the development of stable and
efficient materials, the development of printed multilayer tandem technologies,
ternary sensitization and controlling microstructure formation. Advanced organic
semiconductors, p-type & n-type interface layers, printed transparent / opaque
electrodes, flexible substrates and low cost barriers are further activities of this
research group.
Organic semiconductors, perovskite hybrid composite semiconductors as well as
colloidal quantum dots are the material fundament of our device engineering and
process development activities. Further activities include low temperature processed
chalcogenides and kesterites.
o F, The Device Group at i-MEET focuses on the development of
& R%’Q’Z;” solution-processed emerging photovoltaic  devices with
excellent performance and device stability, in particular for
organic- and perovskite-based photovoltaic technologies. In
%,% o order to develop efficient, cheap and stable optoelectronic
devices, we explore advanced materials, novel device
architectures and characterize relevant fundamental and loss mechanisms. In close
collaboration with partner groups at i-MEET, HI-ERN and ZAE Bayern, the
scientific research findings obtained by the Device Group will help further promote
the industrialization of emerging photovoltaic technologies.
Research of Materials for optoelectronic applications group is focused on the
development of phosphors for light conversion, on semiconductors for optical or x-
ray detectors and light-emitting devices, and other functional materials used in
optoelectronics. The applications of the light conversion phosphors range from
LED-based ambient or horticultural lighting to liquid crystal displays. A specific
application is harvesting the ultraviolet and infrared solar emission in solar cells,
based on transforming the emission by up- or downconversion effect into the most
efficient spectral range of a solar cell. The materials can be roughly divided into
rare-earth or transition metal doped inorganic phosphors on one hand, and
semiconductor quantum dots, thin films, and micropowders on the other hand.
The Lifetime group develops novel characterization methods and device
architectures to improve the long-term stability of organic solar cells. Advanced
optical and electrical time resolved measurements are combined with in-situ stability
testing under controlled atmosphere, illumination and temperature.

Emerging
Photovoltaics

System g
\niegratio,
Slupayn®
Amgense
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Friedrich-Alexander-Universitat NURNBERG

Technische Fakultat

Solution-Processed-Semiconductor-Materials (SOPSEM)
(Scientifical staff, doctoral candidates)
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Wolfgang Heiss
Group leader

Solution processed semiconductor materials are
 —— synthesized as a basis for the development of
electronic devices. The materials include colloidal
nanocrystal quantum dots and metal-halide
perovskites. For the perovskites their epitaxial growth

SOPSEMNM has been achieved by inkjet printing on various
substrates, as a first step towards the development of
epitaxial heterostructures. Micro-crystallites of perovskites are grown to provide
laser cavities, which exhibit lasing under optical pumping. Metal-oxide nanocrystals
are applied as electrochromic materials, exhibiting within an electrochromic device
color changes upon intercalation or de-intercalation of Li-ions. For their application
as electrodes in the devices, films of the colloidal nanocrystals are prepared, whose
function rely heavily on ligand treatments procedures which are developed in our
group. The resulting electrochromic devices have the potential to be used in smart
windows, providing diming from sun light upon electrical activation. PbS
nanocrystals are synthesized and applied as absorber in infrared-photodiodes and
solar cells. For their fabrication within a single deposition step the ink formulation is
of uppermost importance. Solvent mixtures are applied, in order to allow the
deposition of ~ micron thick films within a single step, which are smooth, free of
cracks and contain a minimum amount of organic residuals. Such inks are usable not
only by spin coating but also by doctor blade deposition, enabling the scaling of the
device fabrication to large areas. They are used for the development of infrared solar
cells and photodetector arrays.

4F
=
§2Ty
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Guest scientist
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Friedrich-Alexander-Universitit
Technische Fakultat

Materials for Electrochemical Energy Conversion
(Scientifical staff, doctoral candidates)

Prof. Dr.
Olga Kasian
Group leader

The main research focus of the group is placed on the materials for electrochemical
energy conversion and storage. We aim at understanding of the structure-function
relationships in electrocatalysis and dynamic transformations of the catalytic
surfaces under the reaction conditions. The group explores structural and
compositional changes of model electrode surfaces induced by the electrocatalytic
reactions and their impact on the mechanism and Kinetics. This is achieved by
combination of various ex situ and in situ methods.

The major research task is to provide a detailed mechanistic understanding of
chemical processes ongoing at complex and dynamic interfaces, with a special focus
on electrocatalysis for energy conversion and storage, aiming to overcome stability
limits of the catalyst materials.

The scope of methods includes variety of physical vapor deposition techniques,
advanced electrochemical characterization methods, atom probe tomography and X-
ray photoelectron spectroscopy including synchrotron based methods.
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Friedrich-Alexander-Universitat
Technische Fakultat

Crystal Growth Lab (CGL)
(Scientifical staff, doctoral candidates)

Prof. Dr.-Ing. Peter Wellmann
Group leader

In the Crystal Growth Lab @ FAU headed by Prof. Dr.-Ing. Peter Wellmann, the
research activities are devoted to modern topics in semiconductor technology and
include crystal growth, epitaxy and characterization of various electronic materials.
Since December 2017 the successful activities of Crystal Growth Lab are listed by
the European Union as a Key Enabling Technology (KET) Centre on “FAU -
Industrial Services_in Crystal Growth of SiC”.

The R&D activities of the Crystal Growth Lab lie in the areas of materials for
power electronics, energy saving & novel photonic applications with a major
focus on the semiconductor SiC:

e SiC for power electronic devices is a key player for energy saving. The lab
focuses on bulk of SiC using the PVT method and the newly developed CS-PVT
process.

e SiC for novel photonics includes applications like optical waveguides,
quantum information, intermediate bandgap solar cells, photocatalytic water
splitting and fluorescent SiC. The lab focuses on bulk like materials and thin films
processed using the CS-PVT process as well as Chemical Vapor Deposition.

e The lab environment covers all processing steps from the synthesis of the SiC
source material, the crystal growth process of SiC boules and thin films, grinding
and wafering, as well as wafer inspection.

e In the field of semiconductor characterization, a large variety of electrical,
spectroscopic and structural techniques are used which serve the better
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understanding of materials processing. Special emphasis is put on
topographic/mapping methods.

e As a future material system, the synthesis and layer deposition of chalcogenide
perovskites like BaZrSs, BaZrSes, BaSrSs, BaSrSes are investigated.

e Other topics investigated in the lab include (i) ammonothermal growth of
nitride semiconductors like GaN, (ii) CIGSSe and CZTSSe thin film solar cell
materials recently, (iii) printed electronic layers using nanoparticles and hybrid
organic semiconductor & nanoparticle composites, (iv) hybrid nanomagnet-
semiconductor structures, (v) rare earth doped semiconductors and (vi)
semiconductor superlattices and quantum dot structures.

In all fields service for industrial and institutional partners may be provided.

Matthias Arzig Tim Freund Manuel Kollmuss
MSc MSc MSc MSc
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate
i-MEET i-MEET i-MEET i-MEET

i =l
Dr.-Ing. Jana Schultheif3 Dr.-Ing. Sven Striber

AN

Saskia Schimmel MSc Johannes Steiner MSc
Postdoc Doctoral candidate Postdoc Doctoral candidate
i-MEET i-MEET i-MEET i-MEET

Report 2022 i-MEET, Materials for Electronics and Energy Technology, University of Erlangen-Nirnberg
-22-



EAU HZB......

Friedrich-Alexander-Universitét
Technische Fakultat

Helmholtz-Institut Erlangen-Nuirnberg (HI ERN)
(Scientifical staff, doctoral candidates)
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Head of Research Unit
Group leader
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The research unit ,,High Throughput Methods in Photovoltaics” at the HI ERN aims
to develop materials, processes and technologies fostering a sustainable and
significant cost degression of photovoltaic technology, from small non-grid
connected energy harvesting to large scale energy production and from the Watt
scale to the Terawatt scale. The research combines achievements from automated
materials research, digitization, simulation and big-data methods with the
specialized knowledge of Photovoltaic technology. The research unit is a
cooperation between the Friedrich-Alexander-University Erlangen-Nuremberg
(FAU) and HI ERN and performs its research in three active research groups:

* High Throughput Materials and Devices for PV
« High Throughput Characterization and Modelling for PV
« High Throughput Processing / Solar Factory of the Future

With their research the groups address specific challenges in the fields of materials
and device development, highly productive processes for the manufacture of PV-
modules as well as the maintenance and operations of very large-scale solar power
plants.

The “Solar Factory of the Future” develops advanced concepts of printed
photovoltaic (PV) modules and of high-throughput-processes for their production.
The main goal of our activities is the upscaling of highly efficient small size solar
cells to industrially viable roll-to-roll (R2R) producible large area solar modules at
minimum efficiency losses. This involves: the formulation of inks based on green
solvents, the optimization of R2R printing and coating processes, the development
of advanced patterning processes for high efficiency organic and perovskite solar
modules by laser ablation and ink jet printing, development of novel concepts for the
encapsulation of printed PV modules, and the integration of our modules in mobile
applications and in building integrated PV installations.

Vanessa Arango Ecem Aydan Robin Basu Christian Berger

MSc MSc MSc MSc
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate
i-MEET i-MEET i-MEET i-MEET/BUILD.ING
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Manuel Daum Bernd Doll Lirong Dong
MSc MEng MSc
Doctoral candidate Doctoral candidate Doctoral candidate
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Sarmad Feroze José Garcia Cerrillo DongJu Jang
MSc MEng MSc
Doctoral candidate Doctoral candidate Doctoral candidate
i-MEET i-MEET i-MEET

Dr. Shudi Qiu Abdus Saboor
Chao Liu MSc MSc
Postdoc Doctoral candidate Doctoral candidate
i-MEET i-MEET i-MEET

Dr
Tian Du
Postdoc
i-MEET

Stefan Langner
MSc
Doctoral candidate
i-MEET/Biontech

Marc Steinberger
MSc
Doctoral candidate
i-MEET
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Josua Wachsmuth Dr. Ernst Wittmann Dr

MSc Michael Wagner MSc Jianchang Wu
Doctoral candidate Postdoc Doctoral candidate Postdoc
i-MEET i-MEET i-MEET i-MEET

Zhenni Wu Jiyun Zhang

MSc MSc
Doctoral candidate Doctoral candidate
i-MEET i-MEET
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3. Highlights 2022

Wei demonstrates the effect of strain at buried interfaces in halide

perovskite photovoltaics

Strain Engineering
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Wei managed to process perovskite solar
cells with different levels of strains
embedded at the interface to the substrate.
Interestingly, device performance under 1
sun was not that different, however, when
going to low light or when looking into the
stability, we started to see a clear trend. The
paper just got published in Joule (DOI
10.1016/j.joule.2022.01.011)!
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Please cite this article in press as: Meng et al., R
perovikite solar cells, Joule (2022), hutps:/dai org/ 101016/ joule 2022.01.011
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the perfomance and stability of

Article

Revealing the strain-associated physical
mechanisms impacting the performance
and stability of perovskite solar cells

WeiMeng,' Kaicheng Zhang,’ Andres Osvet,’ Jiyun Zhang,'* Wolfgang Gruber,* Karen Forberich,*
Bernd Meyer,® Wolfgang Heiss,” Tobias Unruh,** Ning Li,"*"-* and Christoph J. Brabec'-*~

SUMMARY Context & scale
Identification and investigation of strain at buried interfaces in The management of strain in
halide perovskite photoveltaics are crucial for directing research halide perovskite films, together
on the performance and stability of perovskite solar cells. In this with a deeper understanding of its
work, we find a gradual shift in the band gap of up to 60 meV over mechanisms, bears tremendous
a perovskite layer thickness of 300 nm caused by interfacial strain. opportunities for further
This graded band gap is desired insofar as it relates to the aspect enhancement in the power
of device engineering. However, in parallel, the increased defect conversion efficiency and stability
density causes charge recombination at the buried interface. These of peravskite solar cells. Here, the
two effects compensate for each other, resulting in an overall per- distribution of strain inside the
formance impre under standard 1 sun illumination. Never- perovskite film is systematically
theless, the disadvantage of enhanced defect density is clearly investigated through a
observed at low-light intensities, where the device performance be- combination of temperature-
comes dominated by charge recombination and ion migration. dependent photoluminescence,
Moreover, the strained interfaces are proven to induce enhanced thickness-dependent
defect densities, causing significantly accelerated device degrada- photoluminescence, and
tion under illumination as well as in the dark. photoluminescence imaging
techniques. The impacts of strain
INTRODUCTION on charge-transfer,
In the past few years, hybrid organic-inorganic p I sy ke recombination P.mcesmasvell
d as one of the most promising ials for ph Itaic applications owing a5 lhfz mf" mb"'t_" miler varitlis
to their excellent optoel ic properties. ' Significant efforts, such as interface en- Humietion concitions 8re
gineering, composition engi ing, and process engi ing, have been devoted analyzed. Our work provides new

insights into the presence and
influence of strain at the buried
interfaces in halide perovskite
photovoltaics and reveals the
strain-associated physical

to improving the power conversion efficiency (PCE) of perovskite solar cells,”* The
recent record efficiency of 25.5% for kite solar cells has already surp d the
benchmark efficiency values of commercial solar panels based on silicon orinorganic
thin films."’ However, the relatively poor intrinsic stability of perovskites, such as be-
wng gensllwe' to moisture, Oxyg'm and ultraviolet light, remains a challenge for

of p i ltaics, which needs to be urgently mechanisms impacting the device
unders!aod and addressed.”” Ir| addition to the conventional power plant Pe”“m_a"” asec eishily.of
PP i kites are p : i for Icw«-lnghl and m"m lnghl perovskite solar cells.
harvesting'' " owing to lheur llent defect tol * and op

properties under low-light conditions.”’ '

Recently, the resicual steain at the buried interface causing lattice distertion of the
microscopic crystal structure, and further affecting the optoelectronic properties
of perovskite films, has drawn an i ing amount of ion. Strain engineering
has been developed as a novel app h to enh the peri and stability
of perovskite solar cells. """ When a crystal is com pressed or stretched, the result-
ing deformation is called strain. The strain in the polycrystalline perovskite films is

Jouly &, 1-18, February 16, 2022 © 2022 Elsevier Inc. 1
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Yinhua demonstrates alcohol-dispersed conducting polymer complex
for fully printable organic solar cells with improved stability

'PEDOT:PSS l PEDOTF PEDOTPSS SRR

89.70° (+2.4°) 18.90° (+2.2°) . -

. @ p

' Water ' Water

17.70° (+£1.6°) 90.70° (+1.2°)

i
N
@ 7 days

Congrats to Yinhua for our recent Nat Energy paper (DOI 10.1038/s41560-022-
00997-9) on a novel PEDOT:F, that can be processed from alcohol! That PEDOT:F
overcomes the incompatibility between most NFAs and PEDOT and represents a
scalable printed alternative to evaporated MoOx. Both, efficiency and lifetime for
this PEDOT:F are at the state of the art, as demonstrated by fully printed cells and
modules with two Ag NW electrodes!

SOPSEM group demonstrates high-quality epitaxial growth of oriented
perovskite microcrystallites

Hany Afify from the SOPSEM team and
colleagues from i-MEET, with the support of
several groups from FAU (Prof. Brabec, Prof.
Unruh, Prof. Guldi) have demonstrated (DOI
10.1002/adom.202200237) the first solution
epitaxially grown perovskite micro-resonators
exhibiting laser emission. The observed
thresholds are comparable to those obtained
with vapor deposition methods. Astonishing is
the stability of the lasing, which is the best
reported for devices kept in air. These findings are also enabled by the use of single
crystalline PbS substrates, grown in Poland, providing relatively high heat
conductance and thus facilitating device cooling. In addition, the results demonstrate
the power of solution processed epitaxial growth and possibly represent a first step
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towards electrically driven devices,
semiconductors

since the substrates are highly conducting

nature
energy
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An alcohol-dispersed conducting polymer
complex for fully printable organic solar cells
with improved stability

Youyu Jiang®, Xinyun Dong', Lulu Sun’, Tiefeng Liu', Fei Qin ®", Cong Xie', Pei Jiang @, Lu Hu®",
Xin Lu®', Xianmin Zhou®', Wei Meng(®2, Ning Li®*3, Christoph J. Brabec®?? and Yinhua Zhou®'=

Efficient and stable organic solar cells via full coating are highly desirable. Poly(3,4 ¥ )p sul-
fonate (PEDOT:PS5) is a classic conducting polymer complex and widely used for hole :ollacdon in fully prlntwla devices.
However, PEDOT:PS5 Is typlcally dispersed in water and exhibits strong acidity that deteriorates device efficlency and stabil-
ity. Here we raport an alcohol-disparsed formulation (denoted as PEDOT:F) by adopting perfluorinated sulfonic acid lonomers
as counterions. The lonomers have a special advantage of having two solubility parameters and can be dispersed in water or
alcohols, which enables us to prepare PEDOT:F formulations dispersed in alcohols. The alcohol-dispersed formulation has good

wetting properties and low acldity, which aveids the drawbacks of aqueous PEDOT:PSS. Fully printable organic photovoltaics
electrode to top

(from bottom
retain 83% of the initial effici

under conti illuminati

electrode) basad on PEDOT:F were obtained with a power conversion efficiency of 15% and could

hottom electrode to the top electrode is highly desirable for

achieving cost-effective, high-throughput and large-area man-
ufacturing'~*. However, the performance and stability of fully printed
{05Cs still lag behind those of devices with vacuum-deposited metal
electrodes™; their power conversion efficiencies (PCEs) are approx-
imately 10% (refs, **). A key challenge is the absence of a stable and
high-performance printable hole-transporting layer (HTL) between
the emerging non-fullerene active layers and solution-processed top
electrode. A qualified printable HTL must be electrically capable
of hole transport/collection and simultaneously must be compatible
with other layers in terms of processing, induding orthogonality
and wettability.

The conducting polymer poly(3,4-ethylenedioxythiophene)-pal
yistyrenesulfonate)} {(PEDOT:PSS) is a widely used printable HTL
with the advantages of high conductivity, optical transparency and
easy coating without the need for harsh post-treatments on the
fabricated film'*"". However, FEDOT:PSS is water-based and has
strong acidity that causes issues in devices.

The dassic PEDOT:PS8 formulations, that is, Al 4083 and
PH1000, exhibit a pH range of 1.0-2.5 in water. In a recent review,
Cameron et al."” comprehensively discussed the damaging effects of
the acidity in PEDOT:PSS on organic devices. Acidic PEDOT:PSS
can react and degrade the electrodes of indium tin oxide and silver
nanowires {AgNWs), and the electron-transporting layer of Zn0.
De Jong et al ™ detected a high indium content in PEDOT: PSS films
using Rutherford backscattering spectrometry. Kim et al* reported
that acidic PEDOT:PSS induces an increase in the sheet resistance
of AgNWs upon thermal annealing. In addition, the acidic moi-
eties can protonate the organic active layers. Van der Poll et al =
reported that pyridyl[2.1,3]thiadiazole in the active layer is proton-
ated by PEDMOT-PSS, which results in a reduction in performance.

FLIJ] printing or coating of organic solar cells (0SCs) from the

at maximum power point tracking for 1,330h.

Duet al ™ also reported that acidic PEDOT:PSS reacts with nitrogen-
containing polymer donors (such as pDPPST-2 and FThBDTP), and
the reaction causes performance degradation. Inorganic (NaOH™)
and organic (2-dimethylaminoethanol™) bases were added into the
PEDOT-P3S formulations to neutralize their acidity. These strate-
gies can suppress the degradation of the electrodes and active lay-
ers. However, the neutralization of PEDOT:PSS simultaneously
reduces its doping level and causes tive effects on the electri-
cal properties with decreased electrical conductivity and reduced
work function.

PEDOT:PSS is processed from water. Moisture is regarded as
one of the main causes of device degradation®. Moisture ingress is
prone to occur at the interfaces and causes degradation of charge
extraction at those interfaces™ . In addition to interfaces, it has
also been reported that water can penetrate into nanovoids in the
organic semiconductor thin films. Nanovoids with absorbed water
maolecules are believed to cause charge carrier traps by forming
hydrogen-bonding interactions between water and the polbymer
chain that locally change the conformation of the chain™ or by
dielectric effects from the water-absorbed nanovoids™. In addi-
tion, water has a high surface tension of approximately 72 mM m™
at 25°C. That causes a de-wetting issue when it is coated onto
hydrophobic organic active layers in inverted devices; surfactants
are added into aqueous dispersions to reduce the surface tension
and improve its wetting property. However, the added surfactants
typically remain in the films and negatively impact the long-term
stahility and efficiency of the devices™.

These issues of acidity, moisture and de-wetting influence
the device efficiency and stability. The issues are related to the
water: the strong acidity is due to the high dissociation rate of
poly(styrenesulfonic acid) (PSSH) in water, and the de-wetting is
due to the high surface tension of water. In early literature™, it was

"Wuhan Matlonal Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan, China ?Institute of Materials for Electronics
and Energy Technology (1-MEET), Friedrich-Alexander-Universitat Erlangen-Mornberg, Erlangen, Germany. *Helmholiz-Institute Erlangen-MNomberg for
Renewable Energy {HI ERN), Forschungszentrum Milich (FZ1), Erlangen, Germany. 2e-mail: yh_zhoushust adu.on
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Highly Stable Lasing from Solution-Epitaxially Grown
Formamidinium-Lead-Bromide Micro-Resonators

Hany A. Afify, Mykhailo Sytnyk, Viktor Rehm, Anastasiia Barabash, Oleksandr Mashkov,
Andres Osvet, Valentine V. Volobuev, Jedrzej Korczak, Andrzej Szczerbakow, Tomasz Story,
Klaus Gétz, Tobias Unruh, Christoph Schiifdlbauer, Dominik Thiel, Tobias Ullrich,

Dirk M. Guldi, Christoph J. Brabec, and Wolfgang Heiss*

success of epitaxial growth of conven-

High-quality epi | growth of ori d microcrystallites on a semicon- tional inorganic semiconductors for (opto)

ductor sub is d d here for for idinium lead b jids clcctmniu.:s. \‘l.n:n: are va.riuus attempts

perovskite, bydrop eaning of precursor solutions in air. The microcrystallites to obtain single-crystalline structures

exhibit ' AT el sl by the epitaxial growth of metal halide

low thresk Y- e T iﬂh& o ful e perovskites (MHPs), as promising mate.
ng d even thoug| substrate is fully opaque rials  for

at the Iaslng wavelengths, and even though it has a higher refractive index as
, the lasing is stable for more than 10°
ntdmion pulses, which is more than what is previously achieved for devices
kept in the air. Such highly stable lasing under pulsed excitation represents

ion or even electrical

the p active

an important step ds contil mode op
excitation in future perovskite-based devices.

1. Intreduction

Brisavial . . ]

growth p and crystalline structures
on top of a single crystalline substrate. Inspired by the great
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optoelectronic  applications.
While most attempts have been pursued
by some ways of chemical vapor depo-
sition (CVD) on various substrates and
also by molecular beam epitaxy,"* albeit
with elab , the adt

of the MHPs are enrolled by solution
processing them. Solution epitaxy is an
inexpensive and facile approach to obtain
high-quality films and microstructures.
Simple techniques such as spin coating delivered a]ready l.‘pl—
taxial crystalline films of g as highly itive ph

tors." Thereafter, spin coalmg was introduced by Kelso et al.,
as a general technique for the epitaxial growth of inorganic
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Bringing back PV manufacturing to Europe

Several European research institutes, among them HIERN, and companies are
sharing their thoughts how to build a European PV industry. Watch a movie full of
information but also visions what is required to guarantee an independent and
sustainable PV supply for Europe.
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Review on defects and performance of Si PV modules in the field

PV MODULE ENCAPSULATION
* Glass damage
o Glass breakage
o Glass corrosion
» Degraded encapsulant
o Encapsulant discoloration
o Encapsulant delamination
Degraded backsheet
o Backsheet discoloration
o Backsheet delamination
Frame damage
Junction box damage

Sealant problems
Image feproduced
it permission from
Enpal GmbH

PV CELL
* Hot Spots
® Cracks and fractures
« PID, LID, LeTID
« Edge defects, degraded AR
coating

PV MODULE INTERNAL WIRING
« Contact failure
* Bypass diode problems
® Substring in open circuit
e |nternal circuitry discoloration

ENVIRONMENT

* Soiling

—
='

OPERATION

* s o

Shading
Natural event
Theft
Vandalism

Grid problems

Project financing
problems

Operation & Maintenance
Data monitoring

PV SYSTEM

Wrong wiring
Defective wiring
Clamp failure
Defective inverters
Mounting structure
damages

The importance of solar panels cannot be overestimated. And it is also important to
ensure their proper maintenance. Big paper by Janine and Marius (DOI
10.1039/D2EE00109H) — a most comprehensive review (summarizing the data on
about 200 outdoor PV plants from about 80 reports) on the frequency and likeliness

that PV modules fail in operation.
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ANALYSIS

Defects and performance of Si PV modules in the
field — an analysis

J. Denz.” J. Hepp.” C. Buerhop,” B, Doll.” J. Hauch," C. J. Brabec” and
1. M. Peters 2°

Cite this: Energy Emvron. Sci,
2022.15. 2180

Photovoltaic installations will likely become one of the major power sources in the 21st century and we
need photovoltaic modules to operate rehably In this review, we explore what is known today about the
status of installed silicon in the world, how different sources classify
madule defects, and what we might deduce for future instaliations. Looking at more than 200 results
from 132 instailations and 79 reports, we find that PV modules in general are robust in outdoor
operation, with about one in 250 modules failing completely each year. About one in ten modules will
develop a defect resulting in greater than expected power loss throughout their lifetime, and practically
every module will develop visually percedvable alterations. We observe no trends of changes over time in
these findings, hence there is no ir that future perf: will deviate dramatically. We note
though that more B needed. studies rep a module fleet with greater age
than current installations, and are over-representing multicrystal = P to ¥ sili-
con, and AL-BSF — compared to PERC cell architectures, Studies from Asia and Africa and from tropical
climates are undemepresented, A maor challenge in the analysis was the vanety of metnics used.
To facilitate easier comparison, we propose reporting guidelnes.

wital

Recelved 12th January 2022
Accepted 215t Apnl 2022

DOl 10.1039/d2ee001009h

s lifees

Broader contest
mmwsm«lfmnhyminlhmmnmmnwmlmkmMmm mmmmluanmwmm lslhe
led a solar panel. The reliability of PV power stations depend on the b

Mﬂmmummwmmum-m«mmmmm rios degn our current
knosedge about the nature snd quantity of defects in febd: d modules. We d compare than
3GW of installed photovoltaie modules ranging over a periad of more than 30 years. We find that the majority of modules performs well and within
expectations, despiie developing visible defects. Yet, about one in ten modules has developed a defec in high ps losses, and
about one in every 230 medules fails cawstrophically cach year. We note that available data ks biased as to the induded photovoltaic technolgics and with
respedt to locations - most studies were done in the US and Furope. To improve the comparability of future studics, we propose a sa of reporting rules.

in this analysis, we exp

from long-term performance ohservations™* and from warmanty

Introduction , A ; .
periods of up to 30 years,” PV plants experience varying degrees

Photovoltaic (PV] power has become one of our most important
sourees of electricity. Solar and wind are projecied o beeome
the major power sources in the 21st century,’ with solar about
to reach the terawatt-scale of worldwide installed capacity.”
While overall reliability of PV modules is high, as is evident

* Forschungszentrum fulich Institu fir Energie- und Klimaforschung, (EK-11,
Erlangen, Germany

* FriedrichAlexander-Universiedt Erlangen-Niimberg, Institute Materials for
electranics and energy technalogy, Erlangen, Germany

* Farschungszentrum Jilich GmbH, Hetmholtz-Institut Erlangen-Nrnberg fir
Ernewerbare Encrgien (IEK-11), Erlangen, Germany

2180 | Energy Emviron. Sci, 2022, 15, 2180-2199

of power loss. The company DNV, for example, found a median
performance gap of 3.1% between expected and actual PV
power output for PV plants in the USA with a wial capacity of
1.2 GW.” During fabrication, during installation, and during
decades of exposure to stresses from outdoor operation, PV
modules may acquire a variety of defects. Fig. 1 gives an
overview of possible defeets in different pants of the module
and plant,

As photovoltaic installations mature, the question arises as
to how important these defects are. How many modules carry
one or several defects? How relevant are they for the reliable
generation of PV electricity? In this review, we will present an

This journal is & The Royal Society of Chermstry 2022
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Simon’s user proposal for Lawrence Berkeley National Laboratory’s
Molecular Foundry got accepted

For his master’s thesis, Simon will be joining the group of Dr. Carolin Sutter-Fella
at the Molecular Foundry, located at the Lawrence Berkeley National Laboratory in
Berkeley, California. The goal of this project is to utilize high throughput screening
and in situ characterization techniques to further study the effects of A-site cations
on the crystallization pathway of a-FAPbI3 based perovskite thin films in air. The
Foundry acquired the robotic spin coating platform SpinBot One by SCIPRIOS
which enables automated, reproducible, and high throughput synthesis of perovskite
thin films. It consists of a robotic pipette channel, multiple spin coaters, hot plates,
heatable solution shakers, quenching possibilities, and a characterization unit to
efficiently vary both chemical compositions and thin film synthesis parameters.
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Carolin’s group provides great experience with optical absorption-based in situ
characterization techniques. So, candidates of interests that stood out during the
SpinBot One investigation, will be further studied with multimodal in situ probes to
gain a better understanding of the structure-property relationships of a-FAPbI3
based perovskite thin films. This project starts in July and is supported by the
Bavaria California Technology Center BaCaTeC

I-MEET participating in the Next-Generation V+PV Materials
Conference

Live conferences are coming back. And of course we couldn’t resist attending a PV
conference at the University of Gronningen. It was a great time and fantastic
speakers!
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How to reach stable non-fullerene acceptor solar cells?
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Stability is one of the most important challenges facing material research for organic
solar cells on their path to further commercialization. Our recent article in Nature
Communications (DOI: 10.1038/s41467-022-31326-z) focuses on degradation
mechanisms of inverted photovoltaic devices in the high-performance material
system PMG6:Y6. In cooperation with the colleagues from Chemnitz and Dresden
Universities we show that despite the most stable material properties, the formation
of trap states upon thermal degradation with their impact on non-radiative
recombination and transport limitations remain the key issue to be addressed for
improving the state-of-the-art organic solar cells stability
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Traps and transport resistance are the next
frontiers for stable non-fullerene acceptor
solar cells

Christopher Wépke!, Clemens Gohler® |, Maria Saladina!, Xiaoyan Du??, Li Nian®*, Christopher GreveS,
Chenhui Zhu®, Kaila M. Yallum?, Yvonne J. Hofstetter ® 8%, David Becker-Koch®?, Ning Li® 230,
Thomas Heumdiller @ 22, Ilya Milekhin', Dietrich R. T. Zahn® 1, Christoph J. Brabec® 22, Matalie Banerji’,
Yana Vaynzof ® 29, Eva M. Herzig® 5, Roderick C. I. MacKenzie™ & Carsten Deibel@ '™

Stability is one of the mest important challenges facing material research for organic solar
cells (OSC) on their path to further commercialization. In the high-performance material
system PMEYE studied here, we i igate degradation mechani of inverted photo-
voltaic devices. We have identified two dlstlnct degradation pathways: one requires
the presence of both illumination and oxygen and features a shart-circuit current reduction,
the other one is induced thermally and marked by severe Insses of open-circuit voltage and
fill factor. We focus our i igation on the th lly ace d degradation. Qur findings
show that bulk material properties and interfaces remain remarkably stable, however, aging-
induced defect state formation in the active layer remains the primary cause of thermal
degradation. The increased trap density leads to higher non-radiative recombination, which
limits the open-circuit voltage and lowers the charge carrier mobility in the photoactive layer.
Furthermere, we find the trap-induced transport resistance to be the major reason for the
drop in fill facter. Qur results suggest that device lifetimes could be significantly increased by
marginally suppressing trap formation, leading to a bright future for O5C.

Tinstitut fir Physk, Technische Universitht Chemnitz, 09126 Chernnitz, Germany, * ?institute of Materials for Electronics and Energy Technology (i-MEET),
Friedrich-Alexander-LUniversitdt Erlangen-Nilmberg, 954 Edangen, Germany. * Helmholtz Institule Edangen-Nimberg for Renewable Energy (HI ERN).
Immenwahrstrasse 2. 91058 Erlangen, Germany, ‘Guaﬂgdmg Provincial Key Laboratory of Optical Materials and T ingy. Instifute of
Electronic Paper Displays, South China Academy of Advanced Optoelectronics, South China Mermal University, Guangzhou 510006, P, R. China,

& Physikalisches Institut, Dynamik und Strukturbildung - Herzig Group, Universitdt Bayreuth, Universititsstr. 30, 95447 Bayreuth, Germany, ® Advanced Light
Saurce, Lawrence Berkeley National Labaratory, Berkeliy, CA 94720, USA. 7 Departrment of Chemistry and Biocheristry, University of Bem, 3012

Bam, Switzerland. ¥ integrated Conter for Appled Photophysics and Photonic Materials, Technische Universitil Dresden, 01062 Dresden, Germany. ® Center
for Advancing Electronics Dresden. Technische Uiniversitat Dresden, 01062 Dresden, Germany, 0 State Key Laboratory of Luminescent Materials and
Devices, Institute of Polymer Optoslectronic Materials and Devices, School of Materials Science and Engineering. South China Uintversity of Technology, 381
‘Wushan Road, 510640 Guangzhou, China. " Department of Engineering, Durham University, Lower Meunt Joy, South Road, Durharm DH1 3LE, UK.
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A deeper look into the design of highly efficient semitransparent
perovskite/organic tandem solar cells
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Solar cells transparent in the visible range are highly requested for integration in
see-through photovoltaic (PV) applications such as building glass facades or
greenhouse roofs. The development of advanced transparent PV can fully exploit the
tandem technology where the top cell absorbs the near-ultraviolet solar spectrum
while the bottom one absorbs the near-infrared part. In our Solar RRL publication
(DOI 10.1002/s01r.202200242), a possible implementation of this tandem PV
paradigm, namely, the tandem structure composed of a high-bandgap halide
perovskite solar cell and a low-bandgap organic solar cell, is considered.
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Design of Highly Efficient Semitransparent Perovskite/Organic

Tandem Solar Cells

Daniele Rossi, Karen Forberich, Fabio Matteocci, Matthias Auf der Maur,
Hans-Joachim Egelhaaf, Christoph J. Brabec, and Aldo Di Carlo*

opportunity to generate electricity through

Solar cells tranqment In the visible range are lllghly q! d for integration in
ugl ic (PV) appli such as building glass fagades or
| ruof: The develog of ads | F PV can fully exploit

ﬂ|e tandem technology where the top cell absorbs the near-ultraviolet solar
spectrum while the bottom one abserbs the near-infrared part. Herein, a possible
implementation of this tandem PV paradigm, namely, the tandem structure
composed of a high-bandgap halide perovskite solar cell and a low-bandgap
organic solar cel. is considered. Electro-optical simulation results based on

c i on experil | data show that an efficiency of 15% can be
achieved with an average visible transmittance above 50%. This can be obtained
midulng the halide perovskite with mixed chlorine and bromine anions, a

see-through glass fagades and windows.
TPV could indeed guarantee good power
conversion efficiency (PCE) and average
visible transmittance (AVT) of over 50%,
as often required in facades and window
applications!"! Over the years, several
TPV approaches have been proposed.
The use of thin films can be exploited to
reduce the absorption in the visible range.
As an wavelength-selective
approach, highly efficient ultraviolet (UV)
and near-infrared (NIR) photoactive mate-

alternative

based bulk h T a well-calibrated light
a three-terminal configuration of the tandem.

1. Introduction

Bilding.d d pt I

ics (BIPV) represents one of the
most effective and innovative solutions capable to meet the
neatly zero energy building (NZEB) policy widely promoted in
the last decades by the Furopean Union! In this context, ll:m-—
hotovaltaic (TPV) technologies offer an additi

rials can be employed and, in particular,
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B and c 1 10 reduce ab in the visi-
ble range and consequently increase the
AVT.

As fully organic semitransparent solar
cells have recently attracted great attention
due to the high efficiency m[xml'«l 24 semitransparent tandem
solar cells represent a p g candidate for new efficiency/
AVT breakthroughs. In tandcm structures, solar cells consisting
of two or multiple photoactive layers with different bandgaps are
used to selectively absorb different wavelength regions of the
solar spectrum. Furthermore, it has been demonstrated that
tandem architectures provide better light management than
single-cell devices, allowing to reduce the total loss induced by
reflection and p - absorption,™ To this end, the ease in
bandgap tuning of a wide class of organic materials, such as
the low-bandgap NIR-absorbing small molecules and polymers,
and of high hdndgd]: [H rovskites for UV d]JkDI’[ﬂIDI’I such as
and formamidinium lead b de/chloride
|MAP'I\B|\ #Cl and FAPbBry_,Cl,). makes these materials suit-
able for semitransparent tandem PV applications.” This is dem-
onstrated by the record efficiency of 9.8% for a semitransparent
organic salar cell (ST-08C) based on the FTB?-Th:FOIC:PC; BM
BHJ and 7.5%™ for a FAPbBr2siCloe-based semitransparent
perovskite solar cell (ST-PSC).

In the last decade, the PCE and AVT of semitransparent tan-
dem sclar cells have been dramatically improved due to the
choice of innovative organic and hybrid absorbers and their opti-
mization in terms of thickness and coating techniques. In fact,
the efficiency of 3.07% and AVT = 40% obtained using low- and
high-bandgap solid-state dye-sensitized solar cells ($5-DSSC)™
has been rapidly surpassed by fully organic tandem devices
(UV-0OSC/NIR-0SC) with performance increase up to 8% and
AVT = 45%1' and more recently achieving the current record
using perovskite and organic solar cells (UV-PSC/NIR-OSC)

& 2002 WileyVCH GmbH
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Understanding and Controlling the Evolution of Nanomorphology and
Crystallinity of Organic Bulk-Heterojunction Blends with Solvent
Vapor Annealing
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Solvent vapor annealing (SVA) has established itself as a highly efficient post-
treatment process for enhancing power conversion efficiency (PCE). In cooperation
with the Prof Spiecker group and CENEM we investigate (DOI
10.1002/s01r.202200127) the mechanisms of the SVA process of Organic Bulk-
Heterojunction Blends. Thanks to the systematic EFTEM study by Christina we
could measure the nm crystal growth kinetics from solvent vapor annealing. It really
sets the standards on high resolution TEM imaging for organics!
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Understanding and Controlling the Evolution of
Nanomorphology and Crystallinity of Organic
Bulk-Heterojunction Blends with Solvent Vapor Annealing

Christina Harreif}, Stefan Langner, Mingjian Wu, Marvin Berlinghof,
Stefanie Rechberger, Johannes Will, Michele Conroy, Ursel Bangert, Tobias Unruh,

Christoph J. Brabec, and Erdmann Spiecker*

Solvent vapor annealing (SVA) has been shown to significantly improve the
device perfc of organic bulk-t solar cells, yet the mecha-

One key issue in further improving the
device efficiency of such BH] solar cells
is getting an in-depth understanding of

. : T . how the phology of the active layer
nisms linking nanomorphology, Cl']'!ll.lll'lli)’ of the active layer, and p ; can be en,gmeered in a controlled way, This
are still largely g. Here, the are tackled by comelating the is i t since the ol
evolution of nanomorphology, crystallinky, and e with advanced letermines the charge separation at the

ically. Model system of donor-acceptor interfaces and the subse-

DRCNST:PC;,BM blends are SVA treated \mﬂl four solvents differing in their
donor and acceptor solubilities. The choice of solvent drastically influences the
rate at which the device effici blishes, though similar values
mhﬂw&dmmmdonwwhhlﬂysﬂwtﬁedasaby
parameter that controls the kinetics of diffusion and crystallization of the blend
molecules, resulting in an inverse relationship k optimal ling time
and donor solubility. For the highest efficiency, optimum domain size and single-
crystalline nature of DRCNST fibers are found to be crucial. Moreover, the m-x
stacking orientation of the crystallites is directly revealed and related to the
nanomorphology, providing insight into the charge carrier transport pathways.
Finally, a qualitative model relating morphology, crystallinity, and device
efficiency evolution during SVA is presented, which may be transferred to

quent electron and hole transport to the
respective electrodes, Hence, it decisivel

influences the device's performance.”

For efficient exciton diffusion and dissoci-
ation, the formation of a bicontinuous
donor and acceptor network with domain
sizes in the range of the exciton diffusion
length is of urgent need. The nanomor-
phology can be varied and adjusted by
several strategies like thermal anneal-
ing (TA)''¥ solvent vapor annealing
(SVA)* 1249 the addition of additives! ™14
or a combination of those technigues."! In
particular, SVA has established itself as a

other light-harvesting blends.

1. Introduction

Organic bulk heterojunction {BH]) solar cells have attracted great
attention over the past years due to their low cost and
simple fabrication, their high flexibility, and their scalability.'
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highly efficient post-treatment process for
enhancing power conversion efficiency

(PCE).I1
In the case of SVA, the active layer is
exposed to a saturated solvent vapor that diffuses into the blend
structure and leads to a phase separation and reorganization of
donor and acceptor phases, This process is influenced by the sol.
ubility of the donor and acceptor in the respective solvent vapor,
the partial pressure of the solvent, and the time of exposure.'"1"!
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Double-Cable Conjugated Polymers for Single-Component Organic
Solar Cells
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Our beautiful and very successful cooperation with Weiwei from Beijing University
of Chemical Technology on double conjugated polymers delivering 10 % for the
first time. From 1998 — 2000, the first European Project on organic solar cells
(Molecular Plastic Solar Cells) concluded that double cable polymers are too
complex to control microstructure formation. 20 years after that, Weiwei shows
(DOI 10.1002/anie.202209316) how to overcome these limitations by advanced
material design!
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Double-Cable Conjugated Polymers with Pendent Near-Infrared
Electron Acceptors for Single-Component Organic Solar Cells

Shijie Liang', Baigiao Liu’, Safakath Karuthedath, Jing Wang, Yakun He, Wen Liang Tan,
Hao Li, Yunhua Xu, Ning Li, Jianhui Hou, Zheng Tang, Frédéric Laguai,
Christopher B. McNeill, Christoph J. Brabec, and Weiwei Li*

Abstract: Double-cable conjugated polymers with ne

nfi
single-component organic solar cells (SCOSCs). Through the development of

ed (NIR) electron acceptors are synthesized for use in

Judicious syntheti the highly

hwa

sensitive nature of the 2-(3-o0x0-2.3-dihydroind

acceptor segments, enhaj
applied in SCOSCs, providing an elficiency of over 10% w
excellent thermalTight stability
polvmers and will enable SCOSCs to enter a new stage.

L-ylidene
protonic solvents is overcome. In addition, an asymmetric design mouif is adopted to optimize the packing of donor and

ng charge separation efficiency. As such, the new double-cable polymers are successfully

These results demonstiate

¥
itrile (1C)-based electron acceptors in basic and

it broad photo response from 300 to 850 nm and exhibiting

the powerful design of NIR-acceptor-based double-cable

Introduction

Double-cable conjugated polymers are one class of con-
jugated polymers that contain electron donor (D) as the
conjugated backbone and electron acceplor (A) as side

units, in which the /A molecular h tion can

enabled by the double-cable polymer design allows such
materials to act as model systems to study the photo-
electrical conversion process. For example, a larger VA
distance has been shown to reduce non-radiative recombina-
tion losses and voltage losses in OSC These merits

separate bounded excitons into free charges!! Therefore,
double-cable polymers can be applied to single-component
organic solar cells (SCOSCs)M showing the <||.|\.:1|l.ne,c ol
superior deviee stability pared o bulk-h Il
organic solar cells (BHJIOSCs) with physically mixed VA
systems! In addition. the precise control of D/A separation

wn

I the great potential application of SCOSCs.
Although double-cable conj | have been
reported over two decades, the Jmm_l conversion efficien-
cies (PCEs) based on these polymers were always below
5% This was mainly due to the limited material spee
among which fullerene derivatives have always been used as
pendant side units (Figure 1a). Rylene dimides, such as
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I-MEET participating in 23rd Sede Boger Symposium on Solar
Electricity Production

Christoph gave a talk at the 23rd Sede Boger Symposium on Solar Electricity
Production at the Ben-Gurion University. Eugene Katz and the Solar Institute team
did a terrific job in organizing the 23rd summit, after two years of Corona enforced
delays. Fantastic talks and so great to see many of our colleagues again!

Our printed solar cells make you happy - and don’t require a
prescription

N v During  the visit of the
delegation of the Bavarian
Parliament at the EnCN in
October, led by President llse
Aigner, the members were able
to see for themselves the
progress made at the *“solar
factory of the future” (SFF
under the leadership of Dr.
Hans Egelhaaf)). Thereby our
s - 4 /'LJ visitors (in the image on the
Ieft the president of the Bavarian parllament llse Aigner and Prof. Dr. Joachim
Hornegger, president of FAU) noticed the positive effect of organic solar cells —
they are efficient, flexible, colorful and make you smile
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High-speed sequential deposition of photoactive layers for organic solar
cell manufacturing
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Great work from Jie and
Yongfang (DOl
10.1038/s41560-022-01140-4)

pushing sequential deposition of
donor-acceptor composites to
the limits in web speed.
Sequential processing of
interdiffused  bilayers opens
even more advantages. This
concept overcomes the necessity
of mutual solubility of the donor
and acceptor and opens a much
wider space of available green
processing solvents! Seems we
are ready to printing km2 of
NFA based organic solar cells!
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Despite the great success of organic photovoltaics in terms of device
efficiency and stability at the laboratory scale, pressing demand for

high-throughput and cost-effective solutions remains unresolved and rarely
reported. Here we propose that a sequential-deposition, blade-coating
approachusing donor and acceptor materials can facilitate high-speed
fabrication of photoactive layers while maintaining device performance.

The sequent

I-deposition-processed blend and thickness of its designed

PMa:TS system can be optimized by the fine-tuning of the solution
concentrations and coating speeds. We show that this strategy can be

applied to a non-halogenated solvent and under high-humidity conditions.
This high-speed approachis applicable to other non-fullerene photovoltaic
systems and the slot-die coating technigue. Techno-economic analysis
suggests that this strategy can decrease the minimum sustainable price of

module manufacturing. Overall, this work represents a step towards the
scalable, cost-effective manufacturing of organic photovoltaics with both
high performance and high throughput.

ltaics (OPYs) ane of

Solution-pr « organic ph
the most p isingf ic technologies for clean and renew-
able energy sources™, One main advantage of OPY materialsis their
solution processal whichopens the doar to high-throughput and
low-cost roll-to-roll {(R2R) technologies for the commercialization
of OPVs™*, Great progress has been made in improving the power
conversion efficiencies (PCEs) to over 18-19%°, drawing on signifi-
cant achievements in material design”" and interface and device
engineering'”"". Moreover, recent improvements in the multiple
stability boundaries of OPVs by ing the effects of d dation
induced by internal and external factors have been facilitated™ .
\hn)-' non- Fullercne systems with both market-competitive dv:\ €
nd yseale®
Conslderlngtim bothefficiency and smbih(y are now reaching such

i Iy high levels, scalable manufacturing issues with low

production cost :b and are critical to
OPVapplications.

More current research has focused on reducing the cost of
functional materials as part of the production cost through various
methods* . However, research on reducing production costs via
low-energy consumption and high-throughput manufacturing pro-
cesses is rare. One main reason is that transforming OPY materials
from solution into reliable industrial-scale, solid-state photoactive
layers remains a vital challenge™. Current experimental processing
mhmqm.:runht. l':lm formations of bulk heterojunction [BHJ] photo-

more pr

@ oating (SC), doctor bl
coating”, ink-jet printing”, slot-die coating (SDC)™ and so on’
do not comply with the i ical and i i

for convenient scaling into high-throughput. industrial manufactur-
ing. In most cases, these processing techniques are only considered
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Lead-free halide perovskites review is published

Congratulations to Oleks, Oleksandra, Jens, and
Christoph for publishing a Minireview on lead-
free halide  perovskites with  ultimate
photoluminescence (PL) quantum yields in
Angewandte Chemie! Being a current “hot”
topic, doping/alloying of halide lead-free
perovskites is recognized as a pathway to
highly efficient phosphors with PL quantum
yields of up to 100% with a unique combination
of spectral properties ideal for many light-
harvesting applications. The Minireview (DOI 10.1002/anie.202212668) outlines the
state-of-the-art in doped lead-free perovskite phosphors, provides an analysis of
factors determining the efficiency and spectral parameters of their broadband
emission, and highlights the most relevant challenges and promising concepts in this
rapidly developing research area.
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Minireviews
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Figure 1. a) Schema of the sxcitation and recombination processes in LFPs, G5 —ground state, FC - frae charge carniers, FE — free exciton, STE -

selftrapped exciton, E, ..,

= Stokes shift, w,, = spectral width of PL band. b) Statistics on publications related to LFPs collected for the [ast five

years: total number of all publications on LFPs (black bars, divided by 10), papers on luminescent materials (LFP+PL, red bars), and papers on
doped luminescant LFPs (LFP-+PL+doping, blue bars). c) Yearly distribution of reports an doped LFP materials with PL QY higher than 50% for

the last five years. Data collected by Web of Science service

However. nanosized phosphors face multiple adverse impli-
cations regarding the ¢ A PL
emission which we will analvze in the present Minireview.
Iy, we provide a gen outlook on the most promising

for the quest for new LFP host matrices
¢ dopants, the tailoring of the spectial properties
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and kinetics of §
the host matrix lattice, and special features rev
: LFP phosphors.
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We note a quite astonishing fact that ca. 30% of all
reports on h doped LFPs with PL QYs
than 50% have been published in 2022 (Figure 1e), i
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Congratulations to our colleagues with their PhD defenses

Many i-MEETers have passed their PhD examinations during the 2022 with
excellent success and already have made the first step in the professional career.
We’ve shared together this exciting moment that summarized around 4 years of their
intensive research and hard work. We cordially congratulate YousefiAmir,
AminAbbas (Printed Thin Film Photodetectors), Tam, Kai Cheong (Materials and
architectures for fully solution-processed organic solar modules: material-specific
requirements for lossminimized module interconnection), Hubner, Tobias
(Tintenstrahldrucken von Indiumphosphid basierten Quantenpunkt-Leuchtdioden)

-

YousefiAmir Tobias
AminAbbas Hulbner

Fahimeh has finished her doctoral study with very
good grades. The PhD defence took place digitally
via zoom that allowed a larger audience to be
present. During her PhD Fahimeh worked on the
modification of low dimensional nanostructured
TiO, for energy application. Nanostructured TiO;
can provide unique advantages for photovoltaic and
photocatalysis reactions. Fahimeh focused on
synthesizing nanostructured TiO2 and employing
novel approaches to modify its properties in order to
use in photovoltaic solar cells and photocatalysis Ha
evolution. She says: “l believe the results of this
thesis provide considerable insight into the importance of not only using TiO; in
specific nanostructure forms but also appropriate modification approaches in order
to obtain efficient solar energy conversion systems”

Kai Cheong “Eric” Tam finished his PhD thesis “Materials and architectures for
fully solution-processed organic solar modules: material-specific requirements for
loss-minimized module interconnection” in March 2022.
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Organic photovoltaics is a promising technology thanks to many advantageous
properties, such as printability, semitransparency and flexibility. Despite the recent
breakthrough of power conversion efficiencies around 20% on small cell level,
module efficiencies still lag behind by around 8%. A major challenge on the way to
closing this lab-to-fab efficiency gap lies in establishing high quality monolithic
interconnections between individual cells in a solar module. In his thesis, Eric
analysed and minimized the electrical losses that are attributed to interconnections,
focusing on those formed with silver.

In the first part of the thesis, Eric replaced the conventional evaporated silver
electrodes with printed ones, in order to enable fully printed organic modules. By
developing appropriate silver nanoparticle inks and the corresponding printing
processes he managed to reduce the performance difference between evaporated and
printed silver electrodes to less than 4% in a 4 cm2 organic solar module.

In the second section Eric replaced the opaque silver nanoparticle top electrodes by
transparent ones, consisting of silver nanowires (AgNW), which enables the
fabrication of semi-transparent OPV modules. Employing the novel cross bridge
Kelvin resistor structure (CBKR) as an accurate tool to measure interconnection
resistances, he found that the resistance between silver nanowire (AgNW) top
electrode and Indium tin oxide (ITO) bottom electrode is orders of magnitude higher
than the interconnection resistance between printed silver and ITO observed in the
first section. He managed to reduce this interconnect resistance by two orders of
magnitude by choosing an alternative interconnection approach. Instead of making a
direct contact between the two electrodes, he printed narrow lines of silver
nanoparticles (AgNP) onto the ITO bottom electrode which connect the
subsequently coated AgNW top electrode to the ITO.

In the last section Eric realized fully printed organic solar modules by replacing also
the ITO bottom electrode by AgNWSs. The challenges of this approch, apart from the
surface roughness of AgNW bottom electrodes, lies in the small effective contact
area between bottom and top AgNW electrodes, which causes not only a high
interconnection resistance but results also in a low damage threshold of the
AgNW/AgNW contact. On the basis of quantitative measurements of the
interconnection resistance and its power rating, the interconnection between top and
bottom AgNW electrodes was optimized step by step, until it reliably connected the
individual cells of a fully printed 4 cm? organic solar module with minimal electrical
and active area losses. Eric concludes the thesis with a short guide providing
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qualitative estimations on the efficiency losses caused by interconnections to
facilitate future printed solar module design.

" Chao passed her PhD examination with the
great success and excellent grades! Her study
focused on the development of advanced
functional interface materials as required for the
scalable production of highly efficient and
stable organic solar cells with simple solution
processing techniques. One major outcome of
her thesis is the demonstration and application
of a fully functional and robust tandem
recombination layer that indeed inhibits solvent
penetration and thus protects the bottom solar
cells. A second major success was the
clarification of the fundamental processes how
Sn0O2-based nanoparticles do form interfaces to
organic semiconductors.

Having resolved that challenge allowed
Chao to demonstrate a significant reduction
of the currently existing interface
challenges of OSCs with PEDOT:PSS,
which now no longer of that great concern
to the photovoltaic community. Thank you
Chao for the fantastic work you have done
over the years and looking forward to
another exciting year with you as Postdoc
working on transparent solar cells for the
project CitySolar!
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Power electronics

Planar coil

Fabian has finished his doctoral study on Friday with very good grades! In his work
the inductive power transfer was applied in the field of PV in order to develop a
completely new and innovative PV system, which does not require a large number
of traditional electrical connectors. The direct current of the solar cells is converted
into an alternating current using a resonant converter and fed through a primary coil
placed inside the PV module, which then induces a voltage to the secondary coil
placed outside the PV module. The measured power transmission efficiency over the
coils was 97.9% +0.83% (k=1) and the modelled European efficiency of the whole
wireless PV module including power electronics was 94.3%.
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During his doctoral research, Sasha worked at SOPSEM
group (Prof Dr. Heif}) with pigments and their application
in photocatalysis and in electrochromic smart devices.
For the photocatalysis Sasha shaped quinacridone to the
hedgehog-like nano-microstructures and covered them
with platinum, as well as he used pigment-doped carbon
nitride. Those systems were able to enhance H;O:
generation from water and showed good stability.
Alongside with this Prussian blue and cerium oxide were
modified for the smart windows applications. Prussian
blue-based inks were optimized to achieve optical
transparency without the formation of aggregates. While for the cerium oxide
various methods of stripping oleylamine from the surface of nanocrystals were
investigated. This improved the electrical conductivity and allowed to utilize it
subsequently as an ion storage material. Fabricated electrochromic devices based on
Prussian blue and cerium oxide showed improved performance and promising
results. Sasha will continue working at HI ERN, investigating the correlation
between external influences and the degradation of backside polymer films of PV
modules.
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Sarah has done her PhD with Siemens Healthineers and was supervised by W. Heil3
at i-Meet. Her work was devoted to metal-organic perovskites for direct X-ray
conversion. Especially she introduced a new strategy to integrate perovskite wafers
with a read-out electronics, which allowed to demonstrate an X-ray imager with
both, high sensitivity and high spatial resolution. Further, she demonstrated the
scalability of this approach and studied the long-term stability of such X-ray
detectors. While the majority of the work was focused on methyl-ammonium lead
perovskite wafers, she expanded this approach also to lead-free perovskites.

Report 2022 i-MEET, Materials for Electronics and Energy Technology, University of Erlangen-Nirnberg
-55-



Welcome to the family!

We are also happy to welcome Dr. Hannah Smith, and Dr. Masoudeh Maleki

Dr. Hannah Smith Dr. Maleki Masou‘deh Dr. Oleksiy Balitskii

PhD students

Robin Basu

' ve‘h‘:StrUber Ernst Wittmann

7
Z

Ntumba Lobo

Zhenni Wu Endong Zhang
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Difei left i-MEET after more than a year working in our group on novel Y6
derivatives and is continuing her career back at SCUT. Yakun is leaving i-MEET
after 5 years PhD and ~ 1 year Postdoc working on double cable materials and will
join KAUST as a Postdoc working on the photophysics of advanced
semiconductors. Junsheng is also back to China and will work at the University of
Electronic Science and Technology of China (UESTC)

Dr. Dr. Dr. Dr.
Matthias Arzig Fabian Carigiet Sarah Deumel Yakun He

=3
C L 2
& o©
Dr

e

N

Dr.
Johannes Hepp Tobias Hibner Jihoon Lee N\Mpe Lobo

Dr. Dr.
Junsheng Luo Oleksandr Mashkov  Jerrit Wagner Difei Zhang

Yicheng. Zhao
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4. Bachelor Theses

Daniel Kinzl, (Brabec/Daum)
Optimierung der Prozessierung von Nanopartikeldispersionen fir Organische
Solarzellen

Mihai Gusetu, (Egelhaaf)
Surface Modification of Perovskites Using a Series of Different SAM Materials

Robert Kammel, (Heiss/Rehm)
Alkali-halide single-crystal-growth for solution-epitaxy of metal-halide-perovskites

Danica Kettner, (Brabec)
Methodenevaluation zur Untersuchung von Subsurface Damagelayern in CdTe-
Wafern nach mechanischer Bearbeitung

Ole Schneider, (Brabec/Heumdiller)
Messung und Aufbau zur Charakterisierung der temperaturabhéngigen Leitfahigkeit
dotierter organischer Halbleiter

Claudia Heinzl, (Hock/Batentschuk)
Investigation of the influence of surface roughness on the reflex positions in X-ray
diffractometry under grazing incidence
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5. Master Theses

Cosima Gittler, (Brabec/Stroyuk)
Spectroscopic characterization of the state of degradation of polymer
encapsulations of silicon-based photovoltaic modules

Caroline Graéser, (Egelhaaf/Distler)
Investigation and Minimization of the Performance Gap between High-Efficiency
Organic Solar Cells and Modules

Frederik Schmitt, (Brabec/Heumdiller)
Using Machine Learning to optimize the Efficiency and Stability of Organic Solar
Cells

Maximilian Diez, (Batentschuk)
Tailoring Electronic Properties of Zn-In-Cu-S Quantum Dots for Solar Applications

Maximilian Siegel, (Brabec)
Untersuchung der elektrochemischen und morphologischen Eigenschaften von
thermisch abgeschiedenen Iridiumoxid-Beschichtungen

Maret Ickler, (Heiss)
Verbesserung von polykristallinen Methylammoniumbleiiodid - Perowskit
Rontgendetektoren

Alexander Flohrer, (Batentschuk)
Material optimization of SiO, and TiO; by use of an ion-assisted e-beam
evaporation process for the deposition of high reflectivity interference mirrors

Christopher Clauss, (Heiss),
Bleisulfid Quantum-Dots: Einfluss des Schwefel-Prakursors auf die
Bauteileigenschaften

Rishabh Raval Nitin, (Egelhaaf)
Development of a process for printing Organic solar cells on 3D object using Inkjet

Printing
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6. Doctoral Theses

Doctoral Theses in Preparation

Ali, Amjad (Batentschuk, i-MEET)
Developement of phosphors for light conversion in solar panels

Arango Marin, Vanessa (Brabec/Hauch, i-MEET)
Development of a high throughput screening routine for printed photovoltaics

Aydan Alkan, Ecem (Brabec/Hauch, i-MEET)
High-througput Synthesis of Conjugated Polymers for Development of
Semitransparent Organic Photovoltaics

Berger, Christian (Brabec, i-MEET)
IT systems and infrastructure for the world wide materials genome

Basu, Robin (Brabec/Egelhaaf/Distler, i-MEET)
Fully solution-processed organic solar cells

Bornschlegl, Andreas (Brabec, i-MEET)
Radiation Hard OPV for Outer Space

Classen, Andrej (Brabec, i-MEET)
Investigation of factors limiting the performance of organic solar cells

Elshaimaa, Darwish (Batentschuk, i-MEET)
Fabrication of nanomaterials with enhanced stability for photovoltaics applications

Daum, Manuel (Heumdller / Brabec, i-MEET)
Nanoparticle based processes and structures for organic solar cells

Doll, Bernd (Brabec/Peters, i-MEET)
Towards monitoring of large-scale photovoltaic installations with advanced high
throughput luminescence imaging

Dong, Lirong (Egelhaaf, i-MEET)
Interface dipole engineering in fully printed perovskite solar cells and module

Elia, Jack (Batentschuk, i-MEET)
Liquid Phase Epitaxy of Perovskite-Halides and Garnets

Elsayed, Hany (Heiss, i-MEET)
Solution-Epitaxial Metal Halide Perovskite Microcrystal Lasers

Feroze, Sarmad (Egelhaaf, ZAE)
Building Integrated Organic Photovoltaics

Freund, Tim (Wellmann, i-MEET)
Phase Formation and Synthesis of Chalkogenide Perovskite Thin Films

Report 2022 i-MEET, Materials for Electronics and Energy Technology, University of Erlangen-Nirnberg
-60 -



Garcia Cerrillo, José (Brabec/Egelhaaf, i-MEET)
Fabrication of multication-, mixed halide-perovskite/silicon tandem solar cells by
partial processing in air

Haffner-Schirmer, Julian (Egelhaaf, i-MEET)
Predictive models for Photophysics at buried Interfaces

Hu, Huiying (Brabec/Osvet, i-MEET)
Enhanced stability of perovskite nanocrystals for display and lighting

Ihle, Jonas (Wellmann, i-MEET)
Semi-insulating and high-purity SiC

Jang, DongJu (Egelhaaf, ZAE)
In situ approaching on perovskite crystallization

Kalancha, Violetta (Brabec/Forberich, i-MEET)
Investigation of Hybrid Silver Nanowire Electrodes

KollmuR, Manuel (Wellmann, i-MEET)
Sublimation-Epitaxy of cubic silicon carbide "bulk" material with 100 mm diameter

Kong, Mengqin (Brabec/ Batentschuk, i-MEET)
Synthesis and application of AgInS/ZnS in QDs and double
perovskite

Kupfer, Christian (Brabec/Osvet, i-MEET)
Development of a high-throughput method for the synthesis, characterization and
processing of new semiconducting perovskite compounds

Li, Chachui (Brabec/Luer, i-MEET)
Highly efficient and stable inverted perovskite solar cells

Lobo, Ntumba (Brabec, i-MEET)
Pigment Nanocrystals for Energy and Energy Saving Applications

Langner, Stefan (Brabec/Hauch, i-MEET)
Ink formulation and high-throughput experimentation in organic photovoltaics

Meng, Wei (Brabec/Li, i-MEET)
Defects associated physical mechanism and engineering for perovskite solar cells

Peng, Zijian (Brabec/Ler, i-MEET)
High-throughput engineering of perovskite materials and devices towards excellent
efficiency and stability

Qiu, Shudi (Egelhaaf, i-MEET)
In-situ monitoring of perovskite film formation

Rocha Ortiz, Juan Sebastian (Brabec, i-MEET)
Synthesis of triphenylamine-based hole transporting and donor-acceptor molecules
for photovoltaic applications
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Rehm, Viktor (Heiss, i-MEET)
Solution Processed Ferroelectrics in Photovoltaic Devices

Saboor, Abdus (Brabec/Stroyuk, i-MEET)
High-Throughput “Green’” Synthesis of Indium- and Tin-based Multinary
Chalcogenide and Perovskite Nanocrystals for Light Conversion Applications

Schulthei3, Jana (Wellmann, i-MEET)
Defektcharacterisierung mittels Réntgenbeugung von 4H-SiC

Steinberger, Marc (Egelhaaf/Distler, ZAE)
Process-Structure-Performance Relationship of Organic Solar Cells

Steiner, Johannes (Wellmann, i-MEET)
Experimentelle und numerische Untersuchung von Stickstoffdotierung und
Temperaturfeld auf Versetzungen in einkristallinem 100 mm 4H-SiC PVT-Wachstum

These, Albert (Brabec, i-MEET)
Defects in Perovskites

Tian, Jingjing (Brabec/Luer, i-MEET)
Development of highly efficient and stable wide bandgap inorganic
perovskite/organic tandem solar cells

Wachsmuth, Josua (Egelhaaf/Distler, ZAE)
Solution-Processed HTL-Layers for NFA-based Organic Solar Cells

Wang, Rong (Brabec/Li, i-MEET)
Exploring the properties of Donor-Acceptor interface in organic solar cells

Weitz, Paul (Brabec/ Heumdiller, i-MEET)
Wavelength dependent degradataion of Organic Solar Cells

Wortmann, Jonas (Brabec, i-MEET)
High Throughput Production and Characterization of Organic Solar Cells

Wu, Zhenni (Brabec/Peters, i-MEET)
Recycling of perovskite solar cells

Xie, Qian (Brabec/ Li, i-MEET)
Study on the stability of organic solar cells based on random polymer donor
materials

Xie, Zhigiang (Brabec/ Osvet, i-MEET)
Aerosol printed perovskite memristors for neuromorphic computing

Xu, Junyi (Brabec/ Heumdller, i-MEET)
Organic nanoparticles as the transport layer for solar cells

Zhang, Heyi (Brabec/Li/Osvet, i-MEET)
The co-modification of dipole aligned and group passivation on MeOx HTL in p-i-n
perovskite solar cells
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Zhang, Jiyun (Brabec/Hauch, i-MEET)
Synthesis of Functional Photovoltaic Materials by a Robot Based High Throughput
Approach

Zhou, Shuyu (Heiss, i-MEET)
Two-dimensional nanomaterials for interface engineering

Zhang, Kaicheng (Brabec/Luer, i-MEET)
Development and Characterization of Novel Interfaces for Organic and Perovskite
Solar Cells

7. Doctoral Theses Completed

21.01.2022
Shahvaranfard, Fahimeh (Brabec, i-MEET)
Modification of low dimensional nanostructured TiO, for energy application

15.03.2022
YousefiAmir, AminAbbas (Heiss, i-MEET)
Printed Thin Film Photodetectors

16.03.2022

Tam, Kai Cheong (Brabec, ZAE)

Materials and architectures for fully solution-processed organic solar modules:
material-specific requirements for lossminimized module interconnection.

10.06.2022
Hlbner, Tobias (Brabec, i-MEET/OSRAM)
Tintenstrahldrucken von Indiumphosphid basierten Quantenpunkt-Leuchtdioden

22.06.2022

Liu, Chao (Brabec, i-MEET)

Design, Characterization and Application of Interfaces for Efficient Organic Solar
Cells

01.10.2022
Carigiet, Fabian (Brabec, Zircher Hochschule fir Angewandte Wissenschaften)
Inductive Power Transfer for Photovoltaic Modules

14.10.2022
Mashkov, Oleksandr (Heiss, i-MEET)
Pigment Nanocrystals for Energy and Energy Saving Applications

03.11.2022
Deumel, Sarah (Heiss, i-MEET)
Metall-organische Perowskite fur direkt konvertierende Rontgendetektoren
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8. Awards

We cordially congratulate Dr. Ning Li on his appointment as
Professor at the South China University of Technology. He has
been a valuable member of our family for over a decade, making
significant contributions to teaching, research, and service. As a
| : Professor, Dr. Li will start his own research group, which we
. . believe will have a positive impact on the university's research

r landscape. We thank Dr. Li for his dedicated service and wish him

continued success in his new role!

Our sincere congratulations go to Dr. Xiaoyan Du as well, who
obtain her PhD in i-MEET and was working here as a postdoc,
accelerating research with AMANDA. Dr. Du has received the
position of Professor at Shandong University. Although we are
sad to see her leave our department, we are excited for her new
opportunity and congratulate her on this achievement. We wish
Xiaoyan all the best in her future endeavors, and we are
confident that she will continue to make important contributions to the field of
organic photovoltaics!

We also want to extend our heartfelt congratulations to Dr.
Zicheng Yhao on his recent appointment as junior professor in
the School of Electronic Science and Engineering at the
University of Electronic Science and Technology of China
(UESTC). This is a well-deserved recognition of his outstanding
contributions and his dedication to advancing knowledge in his
field.

Vincent Le Corre for receiving Emerging Talents
Initiative Grant, 15 000 euro. The Emerging Talents
Initiative (ETI) is aimed at helping excellent young
researchers apply for external funding within the
funding period (12 months).
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Saskia Schimmel _with IUCr Young Scientist Award (International Union of
Crystallography) and also Emerging Talents Initiative (ETI) (Friedrich-Alexander-
Universitdt ~ Erlangen-Nurnberg).  The
program aims to give outstanding
researchers the opportunity to lead a junior
research group and fulfill specific teaching
tasks, thus meeting the requirements for
being appointed as a university lecturer.

A total of 1,320,000 euros has been 4
approved for the first three-year funding r¢ ‘}r :

period, with a total of 550,000 euros plus M‘\/} K/

project lump sums earmarked for the second funding period, also lasting three years.
The research group’s project will focus on developing innovative nitride
semiconductors and gaining a deeper understanding of the manufacturing process
using ammonothermal synthesis. The materials investigated within the project are
potentially combinable, thereby creating new opportunities for creating devices. Dr.
Schimmel’s work aims to contribute to inventing innovative and more energy-
efficient electronic devices and to drive forward fundamental research into the
synthesis and properties of semiconducting nitrides.

Viktor Rehm with IRTG Young Researcher Award "Highest Impact"

Yakun He won the best oral presentation prize at nanoGe
Spring Meeting 2022. She took the prize for the best oral
presentation at NanoGe spring meeting 2022! In her talk
Yakun highlighted recent research published in Advanced
Energy Materials. In the article the quality of charge
generating interface was quantitatively assessed from purely
optical measurements, and, without changing the density of
interfaces, slowly convert the nature of the interface from
geminately recombining to free carrier generating

Alonside Yakun’s paper is the top cited

article of Organic Materials in 2022!

Single- Companent Organic Solar Cels with Comperitive Performance Her review on single-component organic
e e e solar cells dedicated to the 65th birthday of

; Prof. Peter Béuerle become a Thieme

__ Chemistry Organic Materials Top Cited

. o mnieme | Article, Congratulations!

g Organic Materials Top Cited Article 2022
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Christoph is highly cited researcher 2022!

For the tenth time in a row, Prof. Brabec is recognised by
Clarivate as a highly cited researcher. The list represents the top
1% of the world’s most influential scientists in their field based
on the analysis of the most cited publications over the last 10
years. Christoph is nominated in the cross-field category, which
means that his influence already goes beyond the field of
materials science. It is interesting to note that Germany ranks
first in the EU among countries by the number of highly cited
researchers. This year is specifically great. Not only Christoph
made it into the HCR list, but also Ning Li (SCUT and HIERN) as well as Yi Hou
(NUS and FAU), two of our PhD students, Postdocs and now professors made it at
an unusual young age on the Highly Cited Researcher List from Clarivate. 3 HCR
from one institute is a very strong sign! The full list of highly cited researchers can
be found on the Clarivate website.

A
i)

Clearall

Powered by Essential Science Indicators

FULL NAME CATEGORY

Schober, Robert
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9. Publications

(Full Papers and Conference Proceedings)

Osbel Almora, Derya Baran, Guillermo C. Bazan, Carlos |I. Cabrera, Sule
Erten-Ela, Karen Forberich, Fei Guo, Jens Hauch, Anita W. Y. Ho-Baillie, T.
Jesper Jacobsson, Rene A. J. Janssen, Thomas Kirchartz, Nikos Kopidakis,
Maria A. Loi, Richard R. Lunt, Xavier Mathew, Michael D. McGehee, Jie Min,
David B. Mitzi, Mohammad K. Nazeeruddin, Jenny Nelson, Ana F. Nogueira,
Ulrich W. Paetzold, Barry P. Rand, Uwe Rau, Henry J. Snaith, Eva Unger,
Lidice Vaillant-Roca, Chenchen Yang, Hin-Lap Yip, Christoph J. Brabec
Device Performance of Emerging Photovoltaic Materials (\Version 3)

Advanced Energy Materials, 13(1), Article number 2203313, 2022

DOI: 10.1002/aenm.202203313

Zhang, Jiyun, Liu, Bowen, Liu, Ziyi, Wu, Jianchang, Arnold, Simon, Shi,
Hongyang, Osterrieder, Tobias, Hauch, Jens, Wu, Zhenni, Luo, Junsheng,
Wagner, Jerrit, Berger, Christian G., Stubhan, Tobias, Schmitt, Frederik,
Zhang, Kaicheng, Sytnyk, Mykhailo, Heumueller, Thomas, Sutter-Fella,
Carolin M., Peters, lan Marius, Zhao, Yicheng, Brabec, Christoph J. Brabec

A Fully Robotic Platform for Optimizing the High-Dimensional Processing
Parameter Space of Perovskite Thin-Films

Joule, in press, 2022

DOI: 10.2139/ss5rn.4309089

Qian Xie, Yongjie Cui, Zeng Chen, Ming Zhang, Chao Liu, Haiming Zhu, Feng
Liu, Christoph J. Brabec,Xunfan Liao and Yiwang Chen

Achieving Efficient and Stabilized Organic Solar Cells by Precisely Controlling the
Proportion of Copolymerized Units in Electron-rich Polymers

Nanoscale, 47, 2022

DOI: 10.1039/D2NR03992C

Youcai Liang, Difei Zhang, Zerun Wu, Tao Jia, Larry Luer, Haoran Tang,
Ling Hong, Jiabin Zhang, Kai Zhang, Christoph J. Brabec, Ning Li & Fei
Huang

Organic solar cells using oligomer acceptors for improved stability and efficiency
Nature Energy, 7, pp. 1180-1190, 2022

DOI: 10.1038/541560-022-01155-x

Ntumba Lobo, Takuya Kawane, Gebhard J Matt, Andres Osvet, Shreetu
Shrestha, Levchuk levgen, Christoph J Brabec, Andrii Kanak, Petro Fochuk
and Masashi Kato

Trapping effects and surface/interface recombination of carrier recombination in
single- or poly-crystalline metal halide perovskites

Jpn. J. Appl. Phys., 61(12), Article number 125503, 2022

DOI: 10.35848/1347-4065/aca05h
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Yuanging Bai, Zhisheng Zhou, Qifan Xue, Chunchen Liu, Ning Li, Haoran
Tang, Jiabin Zhang, Xinxin Xia, Jie Zhang, Xinhui Lu, Christoph J. Brabec,
Fei Huang

Dopant-Free Bithiophene-Imide-Based Polymeric Hole-Transporting Materials for
Efficient and Stable Perovskite Solar Cells

Advanced Materials, 34(49), Article number 2110587, 2022

DOI: 10.1002/adma.202110587

Rui Sun, Tao Wang, Xinrong Yang, Yao Wu, Yang Wang, Qiang Wu, Maojie
Zhang, Christoph J. Brabec, Yongfang Li & Jie Min

High-speed sequential deposition of photoactive layers for organic solar cell
manufacturing

Nat Energy, 7, pp. 1087-1099, 2022

DOI: 10.1038/s41560-022-01140-4

Shijing Sun, Ming Liu, Janak Thapa, Noor Titan Putri Hartono, Yicheng Zhao,
Donglin He, Sarah Wieghold, Matthew Chua, Yue Wu, Vladimir Bulovi¢,
Sanliang Ling, Christoph J. Brabec, Andrew I. Cooper, and Tonio Buonassisi
Cage Molecules Stabilize Lead Halide Perovskite Thin Films

Chem. Mater., 34(21), pp. 9384-9391, 2022

DOI: 10.1021/acs.chemmater.2c01502

Jingjing Tian, Kaicheng Zhang, Zhigiang Xie, Zijian Peng, Jiyun Zhang,
Andres Osvet, Larry Luer, Thomas Kirchartz, Uwe Rau, Ning Li, and
Christoph J. Brabec

Quantifying the Energy Losses in CsPbl.Br Perovskite Solar Cells with an Open-
Circuit Voltage of up to 1.45 V

ACS Energy Lett., 7(11), pp. 4071-4080, 2022

DOI: 10.1021/acsenergylett.2c01883

Vanessa M. Koch, Jaroslav Charvot, Yuanyuan Cao, Claudia Hartmann,
Regan G. Wilks, Ivan Kundrata, Ignacio Minguez-Bacho, Negar Gheshlaghi,
Felix Hoga, Tobias Stubhan, Wiebke Alex, Daniel Pokorny, Ece Topraksal,
Ana-Suncéana Smith, Christoph J. Brabec, Marcus Bér, Dirk M. Guldi, Maissa
K. S. Barr, Filip Bure§, and Julien Bachmann

Sh,Ses Thin-Film Growth by Solution Atomic Layer Deposition

Chem. Mater., 34(21), pp. 9392-9401, 2022

DOI: 10.1021/acs.chemmater.2c01550

Oleksandr Stroyuk, Oleksandra Raievska, Jens Hauch, Christoph J. Brabec
Doping/Alloying Pathways to Lead-Free Halide Perovskites with Ultimate
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P.J. Wellmann, M. Arzig, J. lhle, M. Kollmuss, J. Steiner, M. Mauceri, D.
Crippa, F. LaVia, M. Salamon, N. Uhlmann, M. Roder, A. Danilewsky, B.D.
Nguyen, S. Sandfeld

Review of Sublimation growth of SiC bulk crystals

Materials Science Forum 2022 Vol. 1062 Pages 104-112

DOI: 10.4028/p-05sz31

Matthias Arzig, Ulrike Kiinecke, Michael Salamon, Norman Uhlmann and
Peter J. Wellmann

Analysis of the morphology of the growth interface as a function of the gas phase
composition during the PVT growth of silicon carbide

Materials Science Forum Vol. 1062 Pages 89-93, 2022

DOI: 10.4028/p-f58944

M. KollmuB3, J. Koéhler, H. Ou, W. Fan, D. Chaussende, R. Hock, P.J.
Wellmann.

Chemical Vapor Deposition of 3C-SiC on [100] oriented Silicon at low Temperature
< 1200°C for photonic applications

Materials Science Forum Vol. 1062 Pages 119-124, 2022.

DOI: 10.4028/p-nshb40

J. Steiner, B. D. Nguyen, M. Roder, A. Danilewsky, S. Sandfeld, P. J.
Wellmann.

Applicability of a flat-bed birefringence setup for the determination of bulk
properties of silicon carbide wafers,

Materials Science Forum Vol. 1062 Pages 113-118, 2022.

DOI: 10.4028/p-y8n42h
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Jonas lhle and Peter J. Wellmann.

In-situ monitoring of unintentionally released nitrogen gas in the initial PVT silicon
carbide growth process using mass spectrometry.

Materials Science Forum Vol. 1062 Pages 79-83, 2022.

DOI: 10.4028/p-gt22u6

M. Kollmuss, M. Schoeler, R. Anzalone, M. Mauceri, F. La Via, P. Wellmann.
Large area growth of cubic silicon carbide using close space PVT by application of
homoepitaxial seeding.

Materials Science Forum 2022 Vol. 1062 Pages 74-78, 2022

DOI: 10.4028/p-6ef373

K. Hayashi, M. Lederer, Y. Fukumoto, M. Goto, Y. Yamamoto, N. Happo, M.
Harada, Y. Inamura, K. Oikawa, K. Ohoyama, P. Wellmann.

Determination of site occupancy of boron in 6H-SIC by multiple-wavelength
neutron holography.

Applied Physics Letters 2022 Vol. 120 Issue 13 Pages 132101, 2022

DOI: 10.1063/5.0080895

KollmuB3, Manuel, Mauceri, Marco, Roder, Melissa, La Via, Francesco and
Wellmann, Peter J.

In situ bow reduction during sublimation growth of cubic silicon carbide.

Reviews on Advanced Materials Science, vol. 61, no. 1, 2022, pp. 829-837, 2022.
DOI: 10.1515/rams-2022-0278

Calogero, G.; Deretzis, I.; Fisicaro, G.; KollmuB3, M.; La Via, F.; Lombardo,
S.F.; Schéler, M.; Wellmann, P.J.; La Magna,

A. Multiscale Simulations for Defect-Controlled Processing of Group IV Materials.
Crystals 2022, 12, 1701.

DOI: 10.3390/cryst12121701

Steiner, Johannes, and Peter J. Wellmann.

Impact of Mechanical Stress and Nitrogen Doping on the Defect Distribution in the
Initial Stage of the 4H-SiC PVT Growth Process

Materials 15, no. 5: 1897, 2022

DOI: 10.3390/mal5051897
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10. Books

Hai-Qiao Wang, Andres Osvet, Miroslaw
Batentschuk & Christoph J. Brabec

Rare-Earth lon-Based Photon Up-Conversion for
Transmission-Loss Reduction in Solar Cells
Book Chapter in Lissau, J.S., Madsen, M. (eds)
Emerging Strategies to Reduce Transmission and
Thermalization Losses in Solar Cells. Springer,
Cham, pp 241-267, 2022

ISBN: 9780128188903
DOI: 10.1007/978-3-030-70358-5_12

Thermalization
Losses i Sodar Cells
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11. Presentations at Conferences, Workshops, Events

Brabec, Christoph J.

17.01.2022
The inauguration of the Perovskite Society of India, online symposium
Invited talk:

02.2022
Bitterfeld, Avancis
Invited talk:

01.03.2022
Farewell symposium for Ning, Erlangen, Germany
Opening talk: OPV at i-MEET with Ning — a glimpse back and one into the future

7-11.03.2022

NanoGE spring meeting, online

Invited Talk: Bulk or Interface — what is limiting the operational lifetime of
perovskite solar cells

Invited Talk: Long Lived OPV — what are the lifetime limitations of organic solar
cells

04.2022
CPE Symposium for Prof. Dr. Bradley, London, UK
Invited Talk:

09-10.05.2022

KAUST Research Conference: Accelerating Solar Energy Research towards
meeting Vision 2030 Goals, Jeddah, Saudi Arabia

Invited Talk: Long Lived ““Solution Processed” Photovoltaics- a look into the
Material Science behind Interfaces

20.06.2022
DGM Regionalforum Erlangen, Germany
Invited Talk: Accelerating Solar Energy Materials Discovery

27-30.06.2022

XXXVIII biennial meeting of the Royal Spanish Chemical Society for Spain,
Granada, Spain

Invited Talk: Accelerating the development of solar materials with automated
research lines

04-06.07.2022
Next-Generation V+ PV Materials, Oosterpoort, Groningen, the Netherlands
Invited Talk: Progress on tandem cell and module technology

07.2022

Groningen, International Symposium on behalf of Prof. Kees Hummelen,
Groningen, the Netherlands

Invited Talk:

30.08 -02.09.2022
Annual Accelerate Conference, Toronto, Canada
Plenary Talk:
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05-07.09.2022

The 23rd Sede Boger Symposium on Solar Electricity Production, Summit on Solar
Electricity, Ben-Gurion University, Be'er Scheva, Israel

Plenary Talk: Accelerating Lifetime Engineering of Emerging-PV Technologies

19-21.09.2022
Singapore, MRS Singapore
Plenary talk:

27-30.09.2022

International Summit on Organic and Hybrid Photovoltaics Stability, 1ISOS-XIII
Sonderborg, Denmark

Invited talk:

24-28.10.2022

nanoGe Fall Meeting Materials for Sustainable Development Conference (MAT-
SUS) (NFM22) ENO05, MRS Boston, USA (virtual conference)

Invited talk: Spectrally induced degradation mechanisms in organic solar cells — the
last hurdle on the road to longevity?

Invited talk: An Automated Platform to Screen Lead-Free Halide Double-
Perovskites for Opto-Electronic Applications

10.2022
Workshop between DOE and HGF, Washington, USA
Invited talk:

11.2022
NSA workshop on acceleration science, Washington, USA
Invited talk:

11.2022
Infineon Technologies, Regensburg, Germany
Invited talk:

12.2022
Department of physics, Linkdping, Sweden
Invited talk:

12.2022
Green Al Seminar, (online)
Invited talk:

14-15.12.2022

Techblick PV conference, The Future of Photovoltaics: Organic, Perovskites, CIGS,
Tandem, (online)

Invited talk:

18-20.12.2022

The 14™ International Photonics and OptoElectronics Meetings (POEM), Wuhan,
China

Invited talk: Accelerating emerging PV technologies
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Distler, Andres

17.09.2022
Nacht der Wissenschaften 2022, Energie Campus Nirnberg
Talk: Gedruckte Photovoltaik und deren Anwendungsfelder

Dong, Lirong

04-06.07.2022

NEXT-GEN V+ PV materials, Groningen, Netherlands

Poster: Minimalistic interface requirement for fully printable perovskite solar cells
and modules enabled by a dipole layer

Doll, Bernd

28.03. - 01.04.2022
12th International Conference on Crystalline Silicon Photovoltaics, Konstanz,
Germany

Poster: Photoluminescence setup for photovoltaic module characterisation in the
field

26-30.09.2022
8th World Conference on Photovoltaic Energy Conversion, Milan, Italy

Poster: Artificially Induced Series and Parallel Resistance for Precise
Determination of IV Curves from Luminescence Images of PV Modules

Du, Tian

19-25.05.2022

HOPV 2022 (International Conference on Hybrid and Organic Photovoltaics),
Valencia, Spain

Talk: Additive-free, Low-temperature Crystallization of Stable a-FAPDbI3 Perovskite

Kalancha, Violetta

30.05-03.06.2022

Emerging Solar Energy Materials and Applications (ESEMA 2022), Porquerolles,
France

Talk: Overcoming Temperature-Induced Degradation of Silver Nanowire
Electrodes by an Ag@SnOx Core-Shell Approach

23 -24.06.2022

GRK final Symposium, Erlangen, Germany

Talk: Highly Stable Solution-Processed Silver Nanowires SnOx Core-Shell
Conductive Transparent Electrode

KollmuR, Manuel

11-16.09.2022

International Conference on Silicon Carbide and related Materials, Davos,
Switzerland

Poster: Transfer of heteroepitaxial grown 3C-SiC layers for application in optical
frequency combs
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Le Corre, Vincent

05.2022
Perovskite house seminar of the Loi's Group, University of Groningen, online
Invited Talk: Do's and Don’ts for SCLC analysis of perovskite materials

30.05-03.06.2022

Emerging Solar Energy Materials and Applications (ESEMA 2022), Porquerolles,
France

Contributed Talk: Lessons learned from device modeling of solar cell current-
voltage characteristics

07-09.09.2022

International Conference on Simulation of Organic Electronics and Photovoltaics
(SimOEP '22) — Fluxim, Winterthur, Switzerland

Invited Talk: Smart-Automated Device Doctor for Solar Cells

27.11-02.12.2022
MRS Fall Meeting Boston, USA
Contributed talk: Do's and Don’ts for SCLC analysis of perovskite materials

11.2022
Institut Photovoltaique d'lle-de-France (IPVF), Palaiseau, France
Invited Talk: Smart-Automated Device Doctor for Solar Cells

Lier, Larry

22.06.2022
PVSPACE Online Conference on New Generation Photovoltaics for Space

(PVSPACE), online

Contributed talk: Fully solution-processed, light-weight, and ultraflexible organic
solar cells

24-27.10.2022

NanoGE Fall Meeting 2022, Barcelona, Spain

Invited talk: Optimizing performance and stability of organic photovoltaics with
small driving force for charge separation

Invited talk: Solution-Processed Light-Weight and Ultraflexible Organic Solar Cells
(in replacement for Christoph J. Brabec)

07.12.2022
Next Generation Solar Energy (NGSE7), online

Contributed talk: Quantitative Structure-Property Relationships in organic
photovoltaic devices from high throughput experimentation

Peng, Zijian

04-06.07.2022
NEXT-GEN V+ PV materials, Groningen, Netherlands
Talk: Minimizing interfacial losses for inverted CsPblI2Br inorganic solar cells
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Rocha Ortiz, Juan Sebastian

01-03.07.2022
DAAD Scholarship Holder Meeting, Munich, Germany
Talk: BODIPY and Triarylamines as potential moieties for organic solar cells

Schimmel, Saskia

29.05-02.06.2022

8th International Workshop on Crystal Growth Technology, Berlin, Germany
Poster: High Energy Computed Tomography as a Tool for Validation of Numerical
Simulations of Ammonothermal Crystal Growth of GaN

25-27.07.2022

7th European Conference on Crystal Growth, Paris, France

Poster: In Situ Monitoring Technologies as Prospective Validation Tools for
Numerical Simulations of Ammonothermal Crystal Growth

Steinberger, Marc

28.08-01.09.2022
Advanced Materials Congress, Stockholm, Sweden
Talk: All Inkjet-printed Organic Solar Cells on Curved Surfaces of 3D Objects

Tian, Jingjing
04-06.07.2022
NEXT-GEN V+ PV materials, Groningen, Netherlands

Talk: Quantifying the Energy Losses in CsPbl.Br Perovskite Solar Cells with an
Open-Circuit Voltage of up to 1.45 V

These, Albert

03.06.2022

Emerging Solar Energy Materials & Applications, IGeSA, Porquerolles Island,
France

Talk: Additive Manufacturing of Semiconducting Perovskites: the relevance of
process induced defects

Wang, Rong

04-06.07.2022

NEXT-GEN V+ PV materials, Groningen, Netherlands

Talk: Tailoring the charge transfer states between polymer donor and nonfullerene
acceptor in organic solar cells by interface engineering

Wortmann, Jonas

30.05-03.06.2022
Emerging Solar Energy Materials and Applications (ESEMA 2022), Porquerolles,
France

Talk: Quick lifetime evaluation of OPV by separate degradation of incomplete layer
stacks
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Wou, Jianchang

10-13.10.2022

11% Solar Technologies Go Hybrid (SolTech), Munich, 2022

Poster: Semi-Automated Synthesis and Autonomous Optimization of Molecular
Materials for Photovoltaic Applications

Zhang, Jiyun

10-13.10.2022

11% Solar Technologies Go Hybrid (SolTech), Munich, 2022

Poster: Exploring the Steric Hindrance of Alkylammonium Cations in the Structural
Reconfiguration of Quasi-2D Perovskite Materials Using a High-throughput
Experimental Platform

Zhang, Kaicheng

30.05.-01.06.2022

TandemPV 2022 Workshop, Freiburg, Germany

Talk: Reducing Energy Losses in Narrow-bandgap Solar Cells by Bulk and Surface
Passivation
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Participation in the Summer/Winter schools, scientific courses:

These, Albert
PV School Les Houches, Quantsol Summer School

Wortmann, Jonas
GRK Summerschool

Hu, Huiying
SAOT Winter Academy 2022:“A brief introduction to photovoltaics”

Kalancha, Violetta
Event: Softskill seminar: “PhD Thesis Defence Training”

Date: 07-08.07 2022
Location: IZNF (01.160), CauerstraRe 3, 91058 Erlangen, by Anja Berninger

Event: Online-Webinar: Self-presentation and networking
Date: 18.07./20.07./22.07.2022
Location: online, by Karin Bodewits

Exkursionen: Fraunhofer-Institut fiir Keramische Technologien und Systeme (IKTS)
Date: 19.05.2022
Location: AuBere Niirnberger Strasse 62, 91301 Forchheim, Germany

Exkursionen: company Osram
Date: 30.06.2022
Location: LeibnizstraRe 4, 93055 Regensburg, Germany

Exkursionen: Zeiss manufacturer
Date: 11.10.2022
Location: Carl-Zeiss-Strale 22, 73447 Oberkochen
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12. Seminar Presentations

12.01.2022
Christopher Clauss
Ligandenaustausch an ATO Nanokristallen

26.01.2022
Benfang Niu, (guest talk, Zhejiang University, China)
On the lead leakage concern of perovskite solar cells

02.02.2022

Cosima Gittler, (Master Thesis, supervisors Prof. Dr. Christoph Brabec, Dr.
Oleksandr Stroyuk)

Spectroscopic characterization of the state of degradation of polymer
encapsulations of silicon-based photovoltaic modules

Christian Kupfer, (annual PhD report)

09.02.2022

Huiying Hu, (annual PhD report)

Enhanced photostability for perovskite with Mn3* introduction
Wei Meng, (annual PhD report)

Interface engineering for perovskite solar cells

16.02.2022
Andreas Bornschlegl, (guest talk, LMU Miinchen)
Exciton Diffusion in Perovskite Nanocrystals

23.02.2022
Yicheng Zhao
The dance of cation and halide in hybrid perovskite materials

02.03.2022

Jiyun Zhang, (annual PhD report)

Intercalating-organic-cation-induced Stability Bowing in Quasi-2D Metal-halide
Perovskites

09.03.2022

Caroline Gréser, (Master Thesis, supervisors PD Dr. Hans-Joachim Egelhaaf, Dr.
Andreas Distler)

Investigation and Minimization of the Performance Gap between High-Efficiency
Organic Solar Cells and Modules

Milap Mehta

MEG and Quantum Materials- Generate more excitons with one

Jingru Zhao

Concept to break the Detailed - Balance Limit

Shuyue Yao

Singlet Fission in photovoltaics
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23.03.2022

Violetta Kalancha, (annual PhD report)

Detailed investigation of SnOx layer on silver nanowires using electrochemical and
TEM techniques

06.04.2022

Frederik Schmitt, (Master Thesis, supervisors: Prof. Dr. Christoph Brabec, Dr.
Thomas Heumdiller)

Using Machine Learning to optimize the Efficiency and Stability of Organic Solar
Cells

Bernd Doll, (annual PhD report)

Towards monitoring of large-scale photovoltaic installations with advanced high
throughput luminescence imaging

20.04.2022

Daniel Kiinzl, (Bachelor Thesis, supervisors: Prof. Dr. Christoph Brabec, Manuel
Daum)

Optimierung der Prozessierung von Nanopartikeldispersionen fiir Organische
Solarzellen

18.05.2022

Maximilian Diez, (Master Thesis, supervisor: PD Dr. Miroslaw Batentschuk)
Tailoring Electronic Properties of Zn-In-Cu-S Quantum Dots for Solar Applications
Mihai Gusetu, (Bachelor Thesis, supervisor: PD Dr. Hans-Joachim Egelhaaf)
Surface Modification of Perovskites Using a Series of Different SAM Materials

25.05.2022

Safety instructions, Dr. Andres Osvet

Benny Febriansyah, (guest talk, Berkeley Education Alliance for Research in
Singapore (BEARS), Campus for Research Excellence and Technological
(CREATE))

Low dimensional organic metal-halide hybrids: molecular design & optoelectronic
properties

01.06.2022

Laser and XRD safety instructions, Dr. Andres Osvet

Dr. Hannah Smith, (guest talk, Princeton University, USA)

Doping at the Limit: Improving Charge Transport in Organic Light-Emitting Diodes
Using Molecular Dopants

08.06.2022

Maximilian Siegel, (Master Thesis, supervisor: Prof. Dr. Christoph Brabec)
Untersuchung der elektrochemischen und morphologischen Eigenschaften von
thermisch abgeschiedenen Iridiumoxid-Beschichtungen

Julian Haffner-Schirmer

Free charge photogeneration in a single component high photovoltaic efficiency
organic semiconductor
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Michael A. Anderson, (guest talk, Materials Science and Engineering University of
Avrizona, USA)

A multi-modal approach to understanding degradation of organic photovoltaic
materials

15.06.2022

Maret Ickler, (Master thesis, supervisor: Prof Dr. Wolfgang Heiss)
Verbesserung von polykristallinen Methylammoniumbleiiodid - Perowskit
Rontgendetektoren

06.07.2022
Thomas Osterberg, (guest talk, Epishine)
Laminated Printed Photovoltaics for Indoor Applications

13.07.2022
Robert Kammel, (Bachelor thesis, supervisor: Prof. Dr. Wolfgang Heiss)
Alkali-halide single-crystal-growth for solution-epitaxy of metal-halide-perovskites

03.08.2022

Alexander Flohrer, (Master Thesis, supervisor: PD Dr. Miroslaw Batentschuk)
Material optimization of SiO; and TiO2 by use of an ion-assisted e-beam
evaporation process for the deposition of high reflectivity interference mirrors

24.08.2022

Dr. Loredana Protesescu, (guest talk, University of Groningen, Nanomaterials
Chemistry Zernike Institute for Advanced Materials)

Chemical design for metal halide perovskites nanostructures

14.09.2022

Josua Wachsmuth, (annual PhD report)

Routes to highly efficient fully solution-processed printed Organic Solar Cells:
Materials and Challenges

Danica Kettner, (Bachelor thesis, supervisors: Prof. Dr. Christoph Brabec)
Methodenevaluation zur Untersuchung von Subsurface Damagelayern in CdTe-
Wafern nach mechanischer Bearbeitung

07.10.2022

Dr. Olga Wodo, (guest talk, Materials Design and Innovation Department (MDI)
University of Buffalo, USA)

Microstructure informatics: bridging materials and data science for accelerated
design

12.10.2022

Christopher Clauss, (Master thesis, supervisor: Prof Dr. Wolfgang Heiss),
Bleisulfid Quantum-Dots: Einfluss des Schwefel-Préakursors auf die
Bauteileigenschaften
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19.10.2022
Ahmed S. M. Ismail, (guest talk, Dunia Innovations)
A catalyst acceleration platform towards realizing the energy transition

16.11.2022

Huiying Hu, (annual PhD report)

Engineering of Perovskite Quantum Dot Enhanced Films (QDEF) for
implementation in a tablet device with high color purity

23.11.2022

Andreas Bornschlegl, (annual PhD report)

OPV in Outer Space: Designing a high-throughput Al guided experiment

Prof. Dr. Alessio Gagliardi, (Guest talk, Technische Universitdt Miinchen, Munich
Data Science Institute),

Machine Learning to Investigate Material Properties

30.11.2022

Lirong Dong, (annual PhD report)

Fullerene-enabled interface engineering in fully printed perovskite solar cells and
modules

07.12.2022
Robin Basu, (annual PhD report),
Aerosol Jet Printed Barriers for Organic Photovoltaics

21.12.2022

Ole Schneider, (Bachelor thesis, supervisors: Prof. Dr. Christoph Brabec, Dr.
Thomas Heumdiller)

Messung und Aufbau zur Charakterisierung der temperaturabhéngigen Leitfahigkeit
dotierter organischer Halbleiter
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Guest Talks 2022

26.01.2022
Benfang Niu, (Zhejiang University, China)
On the lead leakage concern of perovskite solar cells

16.02.2022
Andreas Bornschlegl, (LMU Minchen)
Exciton Diffusion in Perovskite Nanocrystals

25.05.2022

Benny Febriansyah, (Berkeley Education Alliance for Research in Singapore
(BEARS), Campus for Research Excellence and Technological (CREATE))

Low dimensional organic metal-halide hybrids: molecular design & optoelectronic
properties

01.06.2022

Dr. Hannah Smith, (Princeton University, USA)

Doping at the Limit: Improving Charge Transport in Organic Light-Emitting Diodes
Using Molecular Dopants

08.06.2022

Michael A. Anderson, (Materials Science and Engineering University of Arizona,
USA)

A multi-modal approach to understanding degradation of organic photovoltaic
materials

06.07.2022
Thomas Osterberg, (Epishine)
Laminated Printed Photovoltaics for Indoor Applications

24.08.2022

Dr. Loredana Protesescu, (University of Groningen, Nanomaterials Chemistry
Zernike Institute for Advanced Materials)

Chemical design for metal halide perovskites nanostructures

07.10.2022

Dr. Olga Wodo, (Materials Design and Innovation Department (MDI)
University of Buffalo, USA)

Microstructure informatics: bridging materials and data science for accelerated
design

19.10.2022
Ahmed S. M. Ismail, (Dunia Innovations)
A catalyst acceleration platform towards realizing the energy transition

23.11.2022

Prof. Dr. Alessio Gagliardi, (Technische Universitat Miinchen, Munich Data
Science Institute),

Machine Learning to Investigate Material Properties
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13. Conferences organized by Members of the Institute

Brabec, Christoph

01.03.2022
Conference (Full name): Farewell symposium for Ning
Location: Erlangen, online

6-8.12.2022

Conference (Full name): The 7th International Conference on Next Generation Solar
Energy (NGSE7)

Location: Erlangen, online conference

Peters, lan Marius

05-10.06.2022

Conference (Full name): 49. IEEE Photovoltaic Specialists Conference (PVSC),
Area 10

Location: Philadelphia, USA
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The 7th International Conference on Next Generation Solar Energy
(NGSE7)

De
Boulder, USA & Nuremberg, Germany

This year the conference (NGSE7) was held from 6th — 8th of December 2022 in
hybrid format. For the 7th edition of the NGSE conference, 14 speakers were invited
to give 30 min talk in the topic of ‘Machine learning method and high-throughput
experimentation for material research’.

The NGSE 7 was followed by two topic-specific workshops about ‘Emerging PV
database workshop’ and “Transparent photovoltaic workshop’.

Over 230 people registered for the conference and the average attendance for the
talks was around 80-100.

Q Y ’
» ‘
Larry Liier Thomas Kirchartz Jie Xu

University of Erlangen - Forschungszentrum Jiilich, DE - Argonne National
Nuremberg, DE Laboratory, USA

Yicheng Zhao
- University of Science
and Technology of China

o

N

[ W

Curtis P. Berlinguette Aram Amassian
- University of British - NC State University,
usA

Beat Ruhstaller ng Sun Tobias

- ZHAW & Fluxim AG, CHE . 2 i - SCIPRIO!
h Institute, . Columbia, CA

SA
i) >
Pascal Friederich Jens Hauch Evelyne Knapp Loic Roch Alexander Hammer|

nstitute of - Helmholtz Institute - ZHAW & Fluxim AG, CHE wolc - Dunia, DE
Technology, DE Erlangen-Niirnberg, DE
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NGSE 7 schedule:

Emerging PV Transparent PV
NGSE 7 NGSE 7 workshop workshop
Tuesday Wednesday Thursday Thursday
Dec. 6th Dec. 7th Dec. 8th Dec. 8th
(morning) (afternoon)
15:45-15:55
Welcome
NGSE
Introduction
15:55-16:30 . .
Aram Amassian 5.5 165 Roland. Kripprer
(North Carolina 2720~ 10:00-10:15 | R ripp
Yicheng Zhao (Technische
State N Osbel  Almora
L (University of o Hochschule
University) . (University Pablo -
: Science and . Nirnberg)
Sustainable, de Olavide) -
Technology of Building-
Scalable  and : 3 Years of .
. China) - integrated
Collaborative . Emerging PV .
: High-throughput S 2 S photovoltaics -
High . . initiative: .
intelligent On design and
Throughput . Summary and .
: . photoluminescence transparency  in
Experimentatio Ivsi Outlook facad
n for Energy analysis acade
Research constructions
. . 16:05-16:40 14:30-15:00
Lo L0 Beat Ruhstaller ] ] Aldo di Carlo
Alexander . S 10:15-10:40 S
(Zurich  University ; - (University of
Hammer . Anita Ho-Baillie
. of Applied S Rome)
(Dunia . - (University of -
. Sciences,  Fluxim Semitransparent
Innovations) Sydney) o
. AG) . photovoltaics:
From high- . Perovskite
Characterizing & from dye
throughput L Tandem Solar .
optimizing next sensitised to
platforms to . | Cells Ki |
smart labs generation solar perovskite  solar
cells cells
17:05-17:40 . . 15:00-15:30
Loic Roch  16:40-17:15 Il—IO|n4(I)_;105 Yi Harald Ade
(Atinary Tobias  Stubhan (Cit [)Jniversitp (North  Carolina
Technologies (SCIPRIOS GmbH) y Y State University)
- . of Hong Kong)
Inc.) From  Spincoating L Solar-Powered
: . Monolithic
Atinary Robot to Materials erovskite/oraani Integrated
SDLabs: ML-  Acceleration E tandem 2olar Greenhouse
driven Platforms cells (SPRING)
experiment Systems Using
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planning for
accelerated
material
discovery.

17:40-18:15
Larry Lier
(University  of
Erlangen-
Nuremberg)
High
throughput
experimentation
for quantitative
structure-
property
relationships

18:15-18:25
Break

18:25-19:00
Pascal
Friederich
(Karlsruhe
Institute of
Technology)
Machine
learning
methods for
accelerated
materials
simulation and
discovery

17:15-17:50
Thomas Kirchartz
(Forschungszentru
m Julich)
Bayesian parameter
estimation for
halide  perovskite
solar cells

17:50-18:00
Break

18:00-18:35
Evelyne  Knapp
(Zurich  University
of Applied
Sciences, Fluxim
AG)
Machine-Learning
Assisted Parameter
Extraction in Solar
Cells

11:05-11:30
Mohammad
Khaja
Nazeeruddin
(EPFL)

To be announced

11:30-11:55

Fei Guo
(Jinan University)
Suppressing
Nonradiative
Losses in Wide-
Bandgap
Perovskites  for
Printed Tandem
Photovoltaic

Devices
11:55-12:20
Eva Unger
(Helmholtz-
Zentrum  Berlin)
The  Perovskite
Database: where

we started from
and where we
need to go

Wavelength

Selective
Photovoltaics for
Complete  Solar
Utilization
15:30-16:00
Richard Lunt
(Michigan  State
University)

Emergence  and
Commercializatio
n of Highly
Transparent PVs
for Distributed
Applications

17:00-17:40
ePV meeting &
website
demonstration-
(American and
Europe times
edition)
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19:00-19:35
Jens Hauch
(Helmholtz
Institute
Erlangen-
Nirnberg  for
Renewable
Energy)

From

automated
materials
research to
autonomous
materials
discovery

19:35-20:10
Jie Xu
(Argonne
National
Laboratory)
Autonomous
robotic platform
(PolyBot) for
electronic
polymer
discovery

18:35-19:10
Shijing Sun
(Toyota Research
Institute)

How machine
learning can help
with  experimental
energy  materials
innovation
19:10-19:45
Curtis P.
Berlinguette
(University of
British Columbia)

Self-Driving Labs
for the
Optimization of
Solar Cell Hole
Transport Materials

12:20-13:00

ePV meeting &
website
demonstration-
(Asia and Europe
times edition)

13:00-14:00
Break
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The Next Generation Solar Energy (NGSE) PhD-Postdoc series

! 4 o
TN
PhD-Postdoc series AL

The Next Generation Solar Energy (NGSE) PhD-Postdoc  series
(https://www.ngse.info/phd-postdoc-series/) continued in 2022 to promote the work
of Emerging Scientists (PhD students and Postdocs) in the field of solar energy. In
this series, only early career researchers present in order to promote a new
generation of promising scientists.

This year 17 talks were organized with researchers from 8 different countries and 18
different institutions.

Attendance:

Attendance throughout the series has been relatively stable with an average
attendance of 60 people. In total over 600 people registered for at least one of the
talk.

Statistics for the NGSE PhD-Postdoc series:

NGSE - PhD-Postdoc series Speakers' gender:

Attendance

Male

Speakers' position:

PhD

Postdoc

71,9%
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Social Media Presence:

Followers

436

Edit profile.

Twitter:

Social media
presence of the
group has been
increase in 2022.

The follower

count nearly
double for both
the i-MEET

and the NGSE
conference

(@NGSE_conf)
accounts over the
course of 2022.

‘n.mm“;ﬁ.'m;:::.;.mmm. Followers -
FQM 527 51 (@IMEET_PV)

Going from 260 and 238 to 436 and 527 respectively.

YouTube:

2500
2000
1500
1000

Views

500

0
S & Qb 0% 99 AT
s @? (g» rﬁgﬂ' A 'f" AR q§£"

Following trends from last year,
the monthly views on the
YouTube channel now stabilized
between 500 to 1000 views per
month. Videos from the NGSE
PhD-Postdoc series are released
regularly.

The most viewed video of the
channel is the video by Dr.

Yicheng Zhao ‘Perovskite solar cell with ultra-long durability’ with over 5.5 k
views. The channel now has over 23 k views and 376 subscribers.

Speakers list 2022:
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26-Jan-

Simon Kahmann

Taking a closer look:

2022 — University of the power of optical
Cambridge, UK microscopy to unravel
the complex world of
two-dimensional
perovskites.
09-Feb- Erkan Aydin Solution-processed
2022 - KAUST, KSA perovskites on
textured interfaces: A
successful platform for
efficient
perovskite/silicon
tandem solar cells.
23-Feb- Mathias Uller Advanced Electron
2022 Rothmann Microscopy of Metal
— University of Oxford, | Halide Perovskites.
UK
09-Mar- Rhiannon Kennard Using Grazing
2022 — UC Santa Barbara, Incidence X-Rays to
us Understand Halide
— University of Perovskite Films.
Sheffield, UK
23-Mar- Pietro Caprioglio Open-circuit and
2022 — University of Oxford, | short-circuit loss
UK management in
inverted wide-gap
perovskite pin solar
cells.
13-Apr- Nutifafa Doumon Challenges Faced by
2022 - INRS, Ca Emerging (Organic)
- NREL, US Photovoltaic

Technologies.
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27-Apr- Loreta A. Muscarella Strain-induced
2022 — AMOLF, NL stabilization of phase
— Utrecht University, segregation in mixed-
NL halide perovskites.
11-May- Clément Maheu Photoelectron
2022 — TU Darmstadt, DE Spectroscopies
provide insights in
solar energy materials
and their interfaces.
25-May- Safakath Karuthedath Role of lonization
2022 — KAUST, KSA Energy Offset in
Binary and Ternary
Organic Solar Cells.
08-Jun- Mohammed Azzouzi Multiscale modelling
2022 Imperial College of OPV devices:
London, UK Reconciling models of
interfacial state
kinetics and device
performance in
organic solar cells.
22-Jun- Basita Das Parameter estimation
2022 — Forschungszentrum in Perovskite solar
Julich, DE cells using Bayesian

Inference.
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28-Sep- Daniel A. Jacobs Lateral lon Migration
2022 — EPFL, CH Accelerates
Degradation in Halide
Perovskite Devices
12-Oct- Carlo A.R. Perini Halide perovskite
2022 — Georgia Institute of photovoltaics:
Technology, US tailoring interfaces to
maximize the energy
yield
26-Oct- Tobias Osterrieder Autonomous
2022 — Alexander-Universitat | Optimization of
Erlangen-Nirnberg, DE | ternary OPV devices
on automated research
lines
09-Nov- Sapir Bitton lodine Reactions as
2022 — Technion Israel Mobile
Institute of Technology, | Recombination
IL Centers — a Drift-
Diffusion Reaction
Simulation of
Perovskite Cells’
Degradation
23-Nov- Amran Al-Ashouri Boosting Perovskite
2022 — Helmholtz-Zentrum Tandem Solar Cells

Berlin, DE

and Exploring Charge
Carrier Dynamics with
Self-Assembled
Monolayers
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14-Dec- Arava Zohar In Operando,
2022 — UC Santa Barbara, Photovoltaic, and
uUs Microscopic

Evaluation of
Recombination
Centers in Halide
Perovskite-Based
Solar Cells
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14. Cooperation in Committees

Batentschuk, Miroslaw

Internship Committee of the Material Department, Friedrich-Alexander University
Erlangen-Nirnberg

Study Commission of the Department of Material Science, Friedrich-Alexander
University Erlangen-Nurnberg

Practical Course Commission of the Department of Material Science, Friedrich-
Alexander University Erlangen-Nirnberg

Brabec, Christoph J.

Activities for the Friedrich-Alexander University Erlangen - Nirnberg (FAU):
Member of the Material Science Department’s Steering Committee

Spokesman of the Material Science Courses, Friedrich-Alexander University
Erlangen-Nirnberg

Representative of the Material Science Department in the Faculty’s Commission of
Studying

Spokesmen of the Erlangen Research Cluster FAU Solar

National Activities:

Scientific Director Department Renewable Energies, ZAE Bayern, Erlangen
Member of the ENCN Science Board (Energy Campus Nirnberg)

International Activities:

Honorary Professor at the University of Groningen

Director at the Forschungszentrum Julich (FZJ) for Highthroughput Methods in
Photovoltaics — Helmholtz Institute Erlangen-Niirnberg (HI-ErN)

Member of Scientific Board of the PE graduate school, Imperial College, London
Member of the Scientific Advising Board, CRANN AMBER, Trinity College
Dublin, Ireland

Member of the Scientific Board of the International Conference on Organic
Electronics (ICOE)

Head of the Organization Board of the Next Generation Solar Energy Conference
(NGSE)

Member of two European INFRAIA consortia

Member of the Management Committee Member of 3 GPV School

Spokesman of the HGF Initiative “Solar TAP”

Services to the Community:

Serving as expert referee for European Community - European Research Council
(ERC Awards)

Chairman of the Editorial Board “Advanced Energy Materials”, Wiley VCH
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Member of the Editorial Board of “Progress in Photovoltaics”, Wiley VCH
Member of the Editorial Board of “Emerging Materials Research”, ICE publishing
Serving as referee for several funding organizations, among them the Austrian
Science Fund (FWF), for the German Research Foundation (DFG), the Baden-
Wirttemberg Stiftung, and for more than 15 top ranked journals in the field of
materials, semiconductors and energy (Nature Family, EES, Advanced Family)

Carigiet, Fabian
Paper Reviewer Expert and member of the International Scientific Committee of the
EU PVSEC

Kalancha, Violetta
Center for Nanoanalysis and Electron Microscopy, GRK1896

Wellmann, Peter

President of E-MRS (European Materials Research Society)

Senate Member of E-MRS

Member of the E-MRS executive committee

Co-chair of the development commission of IUMRS

Board member of the Joint Institute of Advanced Materials and Processes (ZMP,
FAU)

Organizer: Europa-Afrika Zusammenarbeit Materialwissenschaft

Treasurer of Deutsche Gesellschaft fur Kristallziichtung und Kristallwachstum
(DGKK e.V.)

Reviewer for Journal of Crystal Growth, Journal of Crystal Growth & Design,
Journal of Crystal Research and Technology und Journal of Thin Solid Films
Member Editorial board Nature Applied Sciences by Springer
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15. Research Projects

Deutsche Forschungsgemeinschaft DFG: 7559825, (Germany)
01.08.2018 - 31.10.2022
Lead-free Perovskite Xray detectors

GRK 1896, DFG (Germany)
01.04.2018-30.09.2022
In situ microscopy with electrons, X-rays and scanning probes

Deutsche Forschungsgemeinschaft DFG: Teilprojekt (755890) (Germany)
01.01.2020-30.06.2024

IGK 2495: Energy conversion systems: From Materials to Devices, Teilprojekt I:
Growth of Single Crystal Transition Metal Perovskite Chalcogenides

EU Project 952911 “Booster”
2020-2024
Boost Of Organic Solar Technology for European Radiance

European Union’s Horizon 2020 research and innovation programme,
CITYSOLAR, 101007084

08.2020 —-07.2023

Energy harvesting in cities with transparent and highly efficient
windowintegratedmulti-junction solar cells

Bundesministerium fir Wirtschaft und Technologie (BMWi), (PV-IL,
ZF4506011DF9) (Germany)

01.04.2020 -30.09.2022

Entwicklung der Laserparameter fir die Inline-Strukturierung von gedruckten
Solarmodulen

Bayerisches Staatsministerium fiir Wissenschaft und Kunst (D7-F5121.3.6.3.4),
(Germany)
Solar Technologies go Hybrid (SolTech)

Bayerisches Staatsministerium fur Wissenschaft und Kunst (EB1022),
(Germany)

01.08.2018 -31.10.2022

Modulanalytik und Fehlerauswertung (optiCIGS_I1)

Bayerisches Staatsministerium fiir Wissenschaft und Kunst (iPV4.0),
(Germany)

08.2018 -31.01.2022

Laboranalyse von Degradationsmechanismen unter beschleunigter Alterung und
Entwicklung geeigneter feldtauglicher bildgebender Detektionsverfahren und
Entwicklung und Evaluation eines Algorithmus zur Fehlerdetektion und
Prognostizierung der Ausfallwahrscheinlichkeit (iPV4.0)

Bundesministeriums fur Wirtschaft (AiF), KK5094002LTO, (Germany)
01.01.2021-31.12.2023
ZnInCuAgs Herstellung Nanokristall-Partikel
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Deutsche Forschungsgemeinschaft DFG, BR 4031/21-1 (Germany)

01.05.2021 - 30.04.2024

Versténdnis der Quanteneigenschaften von angeregten Zustanden an der Donator-
Akzeptor-Grenzflache - auf dem Weg zu effizienten organischen Soalrzellen mit
minimalem Energieverlust ,,EXTRAORDINAIRE*

Deutsche Forschungsgemeinschaft DFG, BR 4031/22-1 (Germany)

01.01.2022 - 31.12.2024

Entwicklung und Erforschung von effizienten und strahlungsresistenten organischen
Solarzellen fir Raumfahrtanwendungen basierend auf einer K1 angeleiteten
Hochdurchsatz Forschungsstrategie ,,RADIATION HARDNESS*

Deutsche Forschungsgemeinschaft DFG DU 2323/1-1 AOBJ: 688992 (Germany)

05.08.2022-04.05.2025
Experimentelle und theoretische Untersuchungen von Prozessparametern zur
Herstellung dicker und defektfreier Perowskit-Schichten

Das Zentrale Innovationsprogramm Mittelstand (ZIM) des
Bundesministeriums fur Wirtschaft (AiF), KK5094004GM1

01.05.2021 - 30.04.2023
PV-CO2

Chinesisch-Deutsches Zentrum fiir Wissenschaftsforderung
01.01.2021-31.12.2023
Sino-German Center

Deutsche Forschungsgemeinschaft DFG, BR 4031/20-1 (Germany)
01.09.2020 - 31.08.2023
Prozess-Struktur Relationen fur die l6sungsmittelbasierte organische Photovoltaik

ARMOR SPF
01.05.2021-30.04.2023
Development of Printed Perovskite Solar Modules

Das Zentrale Innovationsprogramm Mittelstand (ZIM) des
Bundesministeriums fur Wirtschaft (AiF), 16KN098724
01.12.2021 - 30.11.2023

OPV4loT

Das Zentrale Innovationsprogramm Mittelstand (ZIM) des
Bundesministeriums fur Wirtschaft

01.03.2020-30.09.2022

Photoinduzierte Ladungstragerdynamik als Qualitatskriterium in der

Halbleiterproduktion (PIASOL)
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Strukturbildende Verbundprojekte am Energie Campus Nirnberg
01.01.2022 - 31.12.2022
EnCN-OPVplus

BMWK via AiF Berlin, ZIM project
01.01.21-31.12.23
Development of new ZnInCuAgsS — photoluminescence nanocrystals for optical

active layers in Si solar modules for enhancement of energy efficiency via alignment
of the spectral distribution of incoming sunlight

VolkswagenStiftung, Stipendium for Mrs. M. Sc Inna Khyszna
01.09.2022 - 31.08.2022
Spectroscopy of defects in semiconductors for new generation of optoelectronics

Bayerische Forschungsstiftung (BFS), PhD-Stipendium
01.09.21 - 30.08.2024
High-throughput synthesis of conjugated polymers for the development of semi-

transparent organic photovoltaics for greenhouse and window applications

Epishine
01.06.2022-31.05.2023

Deutsche Forschungsgemeinschaft DFG WE 2107/15-1 AOBJ: 646355
(Germany)

01.01.2018-31.03.2022

Quantitative Charakterisierung und Vorhersage von Versetzungsverhalten in
hochreinem SiC

Das Zentrale Innovationsprogramm Mittelstand (ZIM) des
Bundesministeriums fiir Wirtschaft (AiF)

(Germany)

2021-2023

Entwicklung von neuartigen Silizium Solarmodulen mit internen optisch aktiven
Schichten zwecks Steigerung des Wirkungsgrades um 5 %

Deutsche Forschungsgemeinschaft DFG-EIN-SBH: AOBJ: 670990 (Germany)
01.10.2020-30.09.2022

Analyse der Wachstumskinetik wéhrend der Kristallziichtung von SiC auf grof3en
Kristalldurchmessern unter Anwendung der p-Computer-Laminographie zur in-situ
3D Visualisierung der Wachstumsphasengrenze

EU, 8. Rahmenprogramm Horizon 2020, Teilprojekt (899679)
01.10.2020- 31.03.2024
CMOS compatible and ultra broadband on-chip SiC frequency comb (SiComb)
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China Scholarship Council (China)

CSC grant No. 201206130055
Design and Fabrication of organic solar cells based on solution-processed small
molecules (Ke, Lili)

International Research and Training Group GRK 2495, DFG (Germany)
2020 -2025
Solution Processed Ferroelectrics in Photovoltaic Devices

i-PEN Project (EU and Israel)
Photonic Education in Nanotechnology

Deutsche Forschungsgemeinschaft DFG, BR4031/20-1 (Germany)
09.2020 -08.2023
Prozess-Struktur Relationen fiir die I6sungsmittel-basierte organische Photovoltaik

Deutsche Forschungsgemeinschaft DFG, BR4031/20-1 (Germany)
09.2020 -08.2023
Prozess-Struktur Relationen fir die I6sungsmittel-basierte organische Photovoltaik

Bundesministerium fur Wirtschaft und Technologie (BMWi), (ZF4506004RES8)
(Germany)

20.12.2018-30.06.2021

Entwicklung eines Wachstumsprozesses fuir SiC-Wafer mit Durchmessern gréier
10cm unter Anwendung der neuen SiC-Quellenmaterialien
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16. Teaching

Winter Term 2021/2022

Lectures (VORL)

Advanced Semiconductor Materials - Excited States and Charge Transport in
Organic Semiconductors [ASM-ES-ChT-OE], H.-J. Egelhaaf. Ch. J. Brabec

Advanced Semiconductor Technologies - Materials for Organic Electronics [AST-
MatOE], M. Halik

Advanced Semiconductor Technologies - Photovoltaic Systems for Power
Generation - Design Implementation and Characterization [AST-PVS-Design], Ch.
J. Brabec, J. Hauch

Advanced Semiconductors Introduction: Devices & Applications [ASI - D&A], A.
Osvet, Ch. J. Brabec

Advanced Semiconductors Introduction: Fundamentals [ASI - F] , W. Heiss

Crystal Growth 1 - Fundamentals of Crystal Growth and Semiconductor Technology
[CG-1], P. Wellmann

Grundlagen der Halbleiterphysik [GHI], W. Heiss
Materialien der Elektronik und der Energietechnik (5. Sem), [MEET-V]P. Wellmann

Materialien und Bauelemente fiir die Optoelektronik und Energietechnologie:
Grundlagen [OpEt-G], Ch. J. Brabec
Nano-Bauelemente-Sensoren, MEMS, Micromachining [(NanoDev)], O. Kasian

Nanospektroskopie [NanoSpek], W. Heiss, M. Batentschuk

Phosphors for Light Conversion in Photovoltaic Devices and LEDs [Ph-PV-LED],
M. Batentschuk

Photo Physics and Electronic Transport [PhPhys], H.-J. Egelhaaf

Photo Physics and Electronic Transport (Extention) [PhPhys_ext], H.-J. Egelhaaf
Technische Grundlagen medizinischer Diagnostikverfahren [TGmD], M. Thoms
Werkstoffe und Verfahren der medizinischen Diagnostik | [WVmDI], M. Thoms

Werkstoffkunde fur Studierende der Elektrotechnik (EEI) [Werkstoffk.(ET)], P.
Wellmann

Exercises and laboratory courses (PR, PJS, SL, UE)

Advanced Semiconductor Technologies - Characterization and Advanced Defect
Imaging of PV Modules and Systems [AST-Deflm-PR], Ch. J. Brabec, J. Hauch

Advanced Semiconductor Technologies - Manufactoring and Characterization of
Phosphors and Dielectric Mirrors [AST-PhosMirr-PR], M. Batentschuk

Advanced Semiconductor Technologies - Photovoltaic Systems for Power
Generation - Design Implementation and Characterization [AST-PVS-Design], Ch.
J. Brabec, J. Hauch
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Advanced Semiconductor Technologies - Synthesis of Carbon Quantum Dots [AST-
QD], W. Heiss

Crystal Growth - Lab Work 1 Crystal Growth, P. Wellmann

Crystal Growth - Lab Work 2 Semiconductor Technology, P. Wellmann
Excercises Photovoltaic systems — Fundamentals (CEP) (Ex-PVS-F) [EX-AST-PVS-
Design], K. Forberich, Ch. J. Brabec, A. Osvet

Exercices Phosphors for Light Conversion in Photovoltaic Devices and LEDs (CEP)
(Ex-PVS-LC) [Ex-Ph-PV-LED], M. Batentschuk, A. Osvet

Lab Work Characterization and Advanced Defect Imaging of PV Modules and
Systems [LW - Ch&Im], A. Osvet, J. Hauch

Lab Work Organic Electronics [OE-Pra-MWT], Th. Heumdiller
Lab Work Organic Electronics NT [OE-Pra-NT], N.N.
Lab Work Solution Processed Electronics [LW-SP-EI], Th. Heumdller, A. Osvet

Praktikum Materialien der Elektronik und der Energietechnologie (5. Sem.)
[PR2-ET], P. Wellmann

Nano-Bauelemente-Sensoren, MEMS, Micromachining [(NanoDev)], O. Kasian
Praktikum Funktionswerkstoffe in der Energietechnologie [FEt-Pra], P. Wellmann
Praktikum Nanotechnologie 2 (Master) [NT2-Pra], W. Heiss, E. Spiecker
Praktikum Transporteigenschaften in HL [TrEHI-Pra], A. Osvet

Praktikum Wahlfach Crystal Growth [WCrGr-Pra], P. Wellmann

Praktikum Werkstoffe 2 [PW 2], M. Batentschuk

Projektarbeit - Arbeitsgemeinschaft Kristallisation von SiC und CIS [AGK-Sem1],
P. Wellmann

Projektarbeit -Arbeitsgemeinschaft Organische Photovoltaik [OPV-AG-Sem],

Ch. J. Brabec

Projektarbeit —Arbeitsgemeinschaft Solution Processed Semiconductors [SPS_AG-
Sem], W. Heiss,

Ubung Nano Devices [(UbNanoDev)], N.N.

Vorbesprechung Masterstudium i-MEET [VB-Master-i-MEET], Ch. J. Brabec M.
Batentschuk, P. Wellmann, W. Heiss, H.-J. Egelhaaf, A. Osvet

Seminars (AWA, SEM, TUT)

Advanced Semiconductor Technologies - Solution Processed Semiconductor
Materials [AST-SPS-PR], W. Heiss

Anleitung zur wissenschaftlichen Arbeit - Accelerated lifetime testing of materials
and devices [AnwA - Lifetime-Test], Ch. J. Brabec, Th. Heumiller

Anleitung zur wissenschaftlichen Arbeit - Devices [AnwA - Dev], Ch. J. Brabec, N.
Li

Anleitung zur wissenschaftlichen Arbeit - High Throughput Characterisation and
Modelling [AnwA - HT-Ch-Mod], Ch.J. Brabec, M. Peters
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Anleitung zur wissenschaftlichen Arbeit - High Throughput Material and device
Research for photovoltaics [AnwA - HT-Mat-Res], Ch.J. Brabec, J. Hauch

Anleitung zur wissenschaftlichen Arbeit - Materials for Optoelectronics [AnwA -
Materials], A. Osvet,Ch. J. Brabec, M. Batentschuk

Anleitung zur wissenschaftlichen Arbeit - Solution Processing of Semiconductors
[AnwA-SolPro-SC], H.-J. Egelhaaf

Anleitung zur wissenschaftlichen Arbeit- Solution-Processed-Semiconductor-
Materials [AnwA- SOPSEM], W. Heiss

Electronic Materials — Tutorium [EM - Tut], N. Li, Ch. J. Brabec

eTutorial - Materialien der Elektronik und Energietechnik [5.Sem], [eTUT-WET], P.
Wellmann

eTutorial Werkstoffkunde fiir EEI (1. Sem) [eTUT-WW-EEI], P. Wellmann

Hauptseminar MWT/NT M12-WW6 [HS-MWT-NT-WW§6], Ch. J. Brabec, P.
Wellmann, W. Heiss, A. Osvet, N. Li

Kern-/ Nebenfachseminar i-MEET [KF/NF-IMEET-Sem], Ch. J. Brabec, A. Osvet

Literaturrecherche und Arbeitstechniken M12-MWT-WWS86 [LitRe-MWT-WW86],
Ch. J. Brabec, W. Heiss, P. Wellmann, A. Osvet, N. Li, M. Batentschuk

Literaturrecherche und Arbeitstechniken M12-NT-WW6 [LitRe-NT-WW§6], Ch. J.
Brabec, W. Heiss, A. Osvet, N. Li, P. Wellmann, O. Kasian

Neuere Fragen zu Werkstoffen der Elektronik und Energietechnologie (Lehrstuhl-
Seminar) [iIMEET-Sem], Ch. J. Brabec, K. Forberich, M. Batentschuk

Seminar and Conference Participation on Solar Energy [Sem&Conf_SE], J. Hauch,
N. Li, Ch. J. Brabec

Seminar Uber "Solution Processed Semiconductors" [SoPS-Sem], W. Heiss
Seminar Uber Bachelor- und Masterarbeiten [BMBr-Sem], Ch. J. Brabec

Seminar Uber Bachelor-, Master und Doktorarbeiten — Crystal Growth [BMD-CG-
Sem], P. Wellmann

Summer Term 2022

Lectures (VORL)

Advanced Semiconductor Technologies - Processing (including Lab Work Organic
Electronics Processing) [AST-Processing], H.-J.Egelhaaf, Ch.J.Brabec

Advanced Semiconductor Technologies - Solution Processed Devices / Applications
[AST-SPDev-Appl]. Ch.J. Brabec, Th.Heumuller

Advanced Semiconductors Introduction: Characterization [ASI - Ch], W. Heiss
Devices, Ch.J. Brabec, Th. Heumuller

Crystal Growth - Numerical Simulation of the Crystal Growth Process using
COMSOL Multi-Physics [CGL-Comsol], P. Wellmann
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Crystal Growth 2 - Electronic Devices & Materials Properties/Processing, Epitaxial
Growth [CG-2], P. Wellmann

Crystal Growth 2 - Wide Bandgap Semiconductors, P. Wellmann
Elektrische, magnetische und optische Eigenschaften - Energietechnik, W. Heiss

Elektrische, magnetische, optische Eigenschaften [EMO], Ch.J. Brabec, M.
Batentschuk, A. Osvet, W. Heiss

Halbleitercharakterisierung, W. Heiss
Kolloidale Nanokristalle [KNKr], W. Heiss

Materialien und Bauelemente fur die Optoelektronik und Energietechnologie:
Anwendung [WET I1], Ch. J. Brabec

Thin films: processing, characterization and functionalities, H.-J. Egelhaaf

Thin films: processing, characterization and functionalities (Extension), H.-J.
Egelhaaf

Werkstoffe der Elektronik in der Medizin [WEM-V/U], M. Batentschuk, A.
Winnacker

Werkstoffe und Verfahren der medizinischen Diagnostik 11 [WVmD 11, M. Thoms

Exercises and laboratory courses (EX, PJS, PR, UE)

Advanced Semiconductor Technologies - Processing (including Lab Work Organic
Electronics Processing) [AST-Processing], H.-J.Egelhaaf, Ch.J.Brabec

Advanced Semiconductor Technologies - Solution Processed Devices / Applications
[AST-SPDev-Appl]. Ch.J. Brabec, Th.Heumuller

Crystal Growth - Lab Work 2 Wafer Characterization, P. Wellmann
Crystal Growth - Lab Work 1 InSb Czochralski [WCrGr-Pra], P. Wellmann

Crystal Growth - Numerical Simulation of the Crystal Growth Process using
COMSOL Multi-Physics [CGL-Comsol], P. Wellmann

Devices, Ch.J. Brabec, Th. Heumdller
Exkursionen, P. Wellmann

Kernfachpraktikum I, Werkstoffe der Elektronik und Energietechnologie, M.
Batentschuk

Kernfachpraktikum 11, Wahlfach Organic Electronics, N.N.

Lab Work Manufacturing and Characterization of Phosphors and Storage Phosphors
[LW-Phosphors], A. Osvet, M. Batentschuk

Lab Work Thin Film Semiconductors [LW- ThFS], A. Osvet, Th.Heumdiller

Materialien und Bauelemente fiir die Optoelektronik und Energietechnologie:
Anwendung [WET I1], Ch. J. Brabec

Praktikum Eigenschaften von Leuchtstoffen [PREgsLs], M. Batentschuk
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Projektarbeit - Arbeitsgemeinschaft Organische Photovoltaik [OPV-AG-Sem], Ch.
J. Brabec, Th.Heumdiller, H.-J. Egelhaaf, J. Hauch

Werkstoffe der Elektronik in der Medizin [WEM-V/U], M. Batentschuk, A.
Winnacker

Seminars (SEM, SL)

Anleitung zur wissenschaftlichen Arbeit - Accelerated lifetime testing of materials
and devices [AnwA - Lifetime-Test], Ch.J. Brabec, Th. Heumdiller

Anleitung zur wissenschaftlichen Arbeit - Devices [AnwA - Dev], Ch.J. Brabec, N.
Li

Anleitung zur wissenschaftlichen Arbeit - High Throughput Characterisation and
Modelling [AnwA - HT-Ch-Mod], Ch.J. Brabec, M. Peters

Anleitung zur wissenschaftlichen Arbeit - High Throughput Material and device
Research for photovoltaics [AnwA - HT-Mat-Res], Ch.J. Brabec, J. Hauch

Anleitung zur wissenschaftlichen Arbeit - Materials for Optoelectronics [AnwA -
Materials], A. Osvet,Ch. J. Brabec, M. Batentschuk

Anleitung zur wissenschaftlichen Arbeit - Solution Processing of Semiconductors
[AnwA-SolPro-SC], H.-J. Egelhaaf

Anleitung zur wissenschaftlichen Arbeit- Solution-Processed-Semiconductor-
Materials [AnwA- SOPSEM], W. Heiss

How to start a company, Ch. J. Brabec, J. Hauch

Neuere Fragen zu Werkstoffen der Elektronik und Energietechnologie (Lehrstuhl-
Seminar) [IMEET-Sem], Ch. J. Brabec, M. Batentschuk, A. Osvet

Seminar "Solution Processed Semiconductors” [SoPS-Sem], W. Heiss

Seminar tber Bachelor- und Masterarbeiten, Ch. J. Brabec, A. Osvet, Th.Heumdiller,
M. Batentschuk, K. Forberich

Seminar Uber Bachelor- und Masterarbeiten _- Crystal Growth [BMD-CG-Sem], P.
Wellmann

Solar Energy Seminar [So-En-Sem], J. Hauch, Ch. J. Brabec

Vorbesprechung zum Masterstudium am i-MEET [IMEET-Vb-Ma], M. Batentschuk,
Ch. J. Brabec, W. Heiss, P. Wellmann, H.-J. Egelhaaf

Winter Term 2022/23

Lectures (VORL)

Advanced Semiconductor Materials - Excited States and Charge Transport in
Organic Semiconductors [ASM-ES-ChT-OE], H.-J. Egelhaaf, Ch. J. Brabec

Advanced Semiconductor Technologies - Materials for Organic Electronics [AST-
MatOE], M. Halik

Advanced Semiconductors Introduction: Devices & Applications [ASI - D&A], Ch.
J. Brabec, A. Osvet

Advanced Semiconductors Introduction: Fundamentals [ASI - F], W. Heiss
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Advanced Semiconductor Technologies - Photovoltaic Systems for Power
Generation - Design Implementation and Characterization [AST-PVS-Design], Ch.
J. Brabec, J. Hauch

Crystal Growth 1 - Fundamentals of Crystal Growth and Semiconductor Technology
[CG-1], P. Wellmann

Crystal Growth 1 - Fundamentals Wide Bandgap Semiconductors, P. Wellmann
Grundlagen der Halbleiterphysik [GHI], W. Heiss

Materialien der Elektronik und der Energietechnik [MEET-V], P. Wellmann
Nano-Bauelemente-Sensoren, MEMS, Micromachining [(NanoDev)(A)], O. Kasian
Nanospektroskopie [NanoSpek], W. Heiss, M. Batentschuk

Phosphors for Light Conversion in Photovoltaic Devices and LEDs [Ph-PV-LED],
M. Batentschuk

Technische Grundlagen medizinischer Diagnostikverfahren [TGmD], M. Thoms
Werkstoffe und Verfahren der medizinischen Diagnostik | [WVmDI], M. Thoms
Werkstoffkunde fur Studierende der Elektrotechnik (EEI) [Werkstoffk.(ET)], P.
Wellmann

Exercises and laboratory courses (PR, PJS, SL, UE)

Advanced Semiconductor Technologies - Characterization and Advanced Defect
Imaging of PV Modules and Systems [AST-Deflm-PR], Ch. J. Brabec, J. Hauch

Advanced Semiconductor Technologies - Manufactoring and Characterization of
Phosphors and Dielectric Mirrors [AST-PhosMirr-PR], M. Batentschuk

Advanced Semiconductor Technologies - Photovoltaic Systems for Power
Generation - Design Implementation and Characterization [AST-PVS-Design], Ch.
J. Brabec, J. Hauch

Advanced Semiconductor Technologies - Synthesis of Carbon Quantum Dots [AST-
QD], W. Heiss

Crystal Growth - Lab Work 1 Crystal Growth, P. Wellmann
Crystal Growth - Lab Work 2 Semiconductor Wafer Characterization, P. Wellmann
Crystal Growth - Lab Work 1 InSb Czochralski [WCrGr-Pra], P. Wellmann

Excercises Photovoltaic systems — Fundamentals (CEP) (Ex-PVS-F) [EX-AST-PVS-
Design(A)], Ch. J. Brabec, K. Forberich, A. Osvet.

Exercices Phosphors for Light Conversion in Photovoltaic Devices and LEDs (CEP)
(Ex-PVS-LC), M. Batentschuk, A. Osvet

Lab Work Characterization and Advanced Defect Imaging of PV Modules and
Systems [LW - Ch&Im], A. Osvet, J. Hauch

Lab Work Organic Electronics [OE-Pra-MWT], Th. Heumdiller
Lab Work Solution Processed Electronics [LW-SP-EI], A. Osvet, Th. Heumuller

Praktikum Materialien der Elektronik und der Energietechnologie (5.Sem.) [PR2-
ET], P. Wellmann
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Nano-Bauelemente-Sensoren, MEMS, Micromachining [(NanoDev)(A)], O. Kasian

Praktikum Funktionswerkstoffe in der Energietechnologie [FEt-Pra], P. Wellmann
Praktikum Nanotechnologie 2 (Master) [NT2-Pra], W. Heiss, E. Spiecker
Praktikum Wahlfach Crystal Growth [WCrGr-Pra], P. Wellmann

Praktikum Werkstoffe 2 [PW 2], M. Batentschuk

Projektarbeit - Arbeitsgemeinschaft Kristallisation von SiC und CIS [AGK-Sem1],
P. Wellmann

Projektarbeit —Arbeitsgemeinschaft Solution Processed Semiconductors [SPS_AG-
Sem], W. Heiss

Ubung Nano Devices [(UbNanoDev)], N.N.

Seminars (AWA, SEM, TUT)

Advanced Semiconductor Technologies - Solution Processed Semiconductor
Materials [AST-SPS-PR], W. Heiss

Anleitung zur wissenschaftlichen Arbeit - Accelerated lifetime testing of materials
and devices [AnwA - Lifetime-Test], Ch.J. Brabec, Th. Heumdiller

Anleitung zur wissenschaftlichen Arbeit - Devices [AnwA - Dev], Ch.J. Brabec, N.
Li

Anleitung zur wissenschaftlichen Arbeit - High Throughput Characterisation and
Modelling [AnwA - HT-Ch-Mod], Ch.J. Brabec,M. Peters

Anleitung zur wissenschaftlichen Arbeit - High Throughput Material and device
Research for photovoltaics [AnwA - HT-Mat-Res], Ch.J. Brabec, J. Hauch

Anleitung zur wissenschaftlichen Arbeit - Materials for Optoelectronics [AnwA -
Materials], A. Osvet, Ch.J. Brabec, M. Batentschuk

Anleitung zur wissenschaftlichen Arbeit - Solution Processing of Semiconductors
[AnwA-SolPro-SC], H.-J. Egelhaaf

Anleitung zur wissenschaftlichen Arbeit- Solution-Processed-Semiconductor-
Materials [AnwA- SOPSEM], W. Heiss

Electronic Materials — Tutorium [EM - Tut], N. Li, Ch.J. Brabec

Hauptseminar MWT/NT M12-WW8, Ch. J. Brabec, N. Li, W. Heiss, P. Wellmann,
A. Osvet

Literaturrecherche und Arbeitstechniken M12-MWT-WWS8, Ch. J. Brabec, N. Li,
W. Heiss, P. Wellmann, A. Osvet, M. Batentschuk

Literaturrecherche und Arbeitstechniken M12-NT-WW6, Ch. J. Brabec, N. Li, W.
Heiss, P. Wellmann, A. Osvet, M. Batentschuk, O. Kasian

Neuere Fragen zu Werkstoffen der Elektronik und Energietechnologie
(Lehrstuhl-Seminar) [iIMEET-Sem], Ch. J. Brabec, M. Batentschuk, K. Forberich

Seminar and Conference Participation on Solar Energy [Sem&Conf_SE], Ch. J.
Brabec, N. Li, J. Hauch
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Seminar Uber "Solution Processed Semiconductors™ [SoPS-Sem], W. Heiss
Seminar Uber Bachelor- und Masterarbeiten [BMBr-Sem], Ch. J. Brabec

Seminar Uber Bachelor-, Master und Doktorarbeiten — Crystal Growth [BMD-CG-
Sem], P. Wellmann
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17. Addresses and Maps

Department of Materials Science & Engineering
Materials for Electronics and Energy Technology
Friedrich-Alexander University of Erlangen-Nurnberg

Martensstr. 7

D-91058 Erlangen, Germany

Phone: +49 (0) 9131 85-27633 (Secretary)
Fax:  +49(0) 9131 85-28495

Internet: https://www.i-meet.ww.uni-erlangen.de/

an der B4
Haktestelle Erlangen/Sud

By car:
Highway A3 exit Tennenlohe;

direction to Erlangen (B4). Follow
the signs “Universitat
Sudgelande”. After junction
“Technische Fakultat” please
follow the map.

By train:
Railway station Erlangen.

Bus line No. 287 direction
“Sebaldussiedlung”. Bus stop
“Technische Fakultat”. 50 meters
to a layout plan; search for “Insitut
fur Werkstoffwissenschaften”.

Report 2022 i-MEET, Materials for Electronics and Energy Technology, University of Erlangen-Nirnberg

-118 -



HI ERN
Forschungszentrum Julich GmbH

Helmbholtz-Institut Erlangen Nirnberg (IEK-11)

High Throughput Methods in Photovoltaics
Immerwahrstrale 2

D-91058 Erlangen, Germany
Phone: +49 (0) 9131 /9398-100
Fax:

+49 (0) 9131/ 9398-199
Internet: https://www.hi-ern.de
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Technikum 2

Crystal Growth Lab
Dr.-Mack-Strasse 77

D-90762 Fiirth

Phone: +49 (0) 911 / 65078-65081
FAX: +49 (0) 911/ 65078-65083
Email: crystals@fau.de

Internet: http://crystals.tf.fau.de
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Geschéftsstelle Energie Campus Nirnberge.V.
Farther Str. 250

"Auf AEG", Gebéude 16

D-90429 Niirnberg

Phone: +49 (0) 911 /56 854 9120

Fax: +49 (0) 911 /56 854 9121

E-Mail: info@encn.de

Internet: http://www.encn.de
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