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1. Vorwort  

Herzlichen Dank an unsere Studenten, Doktoranden, Mitarbeiter und Gruppenleiter 
f¿r ihre fantastischen Leistungen in 2021. Gemeinsam haben wir auch das zweite 
Coronajahr bewªltigt! 
Ich mºchte allen danken, die mit unerm¿dlichen Einsatz und akribischer 
Genauigkeit f¿r eine rigorose Umsetzung der Corona Richtlinien gesorgt haben, 
Vorlesungen f¿r das Internet designt und gehalten haben, unsere Praktika 
digitalisiert haben und sogar die Durchf¿hrung der Next Generation Solar Energy 
Conference 2021, gemeinsam mit dem NREL (ngse.info) meistern konnten. Ca 1000 
Teilnehmer wªhrend der dreitªgigen Konferenz teilten unsere Begeisterung f¿r 
wissenschaftlichen Strategien um den "detailed balance limit" f¿r Single Junction 
Solarzellen zu ¿berwinden.  
Besonders herzlichen Dank an unser Verwaltungsteam und unsere technischen 
Angestellten ï ohne sie wªre es nicht mºglich, das i-MEET so erfolgreich zu f¿hren. 
Ihnen allen, den Kooperationspartnern und Unterst¿tzern des i-MEET danke ich f¿r 
die erfolgreiche Zusammenarbeit in 2021 und w¿nsche viel SpaÇ beim Lesen 
unseres Tªtigkeitsberichts.  
 
Many thanks to our undergraduates, graduate students, staff, and group leaders for 
their fantastic accomplishments in 2021. Together we have successfully managed 
the second Coronayear! 
I would like to thank everyone who worked tirelessly and meticulously to ensure 
rigorous implementation of Corona policies, designed and delivered lectures 
digitally, digitized our lab courses and supported the successful delivery of the 2021 
Next Generation Solar Energy Conference with NREL (ngse.info). About 1000 
participants shared our fascination for scinetific concepts allowing to overcome the 
detailed balance limit for single junction solar cells.  
Special thanks to our administrative team and our technical staff - without them, it 
would not be possible to run i-MEET that successfully. I would like to thank all of 
you, the cooperation partners and supporters of the i-MEET for the successful 
cooperation in 202 and hope you enjoy reading our activity report. 
 
 

 
 
Best, Christoph Brabec 

 

 

Please note that some of our highlights can be found on i-MEETôs youtube channel 

i-MEET Lab.  

(https://www.youtube.com/channel/UC6RHRl5xyzL1b-lcJ6FG3PA).  

Please note also our alumni network at LinkedIn (Institute i-MEET). 
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2. Members of the Chair 

Professors 
 
 

     
 Prof. Dr. Prof. Dr. Prof. Dr.  Prof. Dr.-Ing. 
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 Head of the chair   
 
 
Professors emeritus 
 
 

     
 Prof. Dr. rer. nat.  Prof. Dr. rer. nat.  
 Georg M¿ller Albrecht Winnacker 
 
 
Secretaries 
 

     
 Manuela Baumer Irina Dºhrer Elisabeth Henneberger Claudia Koch 
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   Academic      Associate Professors 
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Miroslaw Batentschuk Hans-Joachim Egelhaaf Michael Thoms 
 
 
 
  
Assistant lecturer             
 

      
 Dr. Dr.-Ing. Dr.-Ing. 
 Jens Hauch Thomas Heum¿ller Ulrike K¿necke 
 
 

     
 Dr. Dr.  
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Technical staff 

 

     
 Dr. Leonie Brandner Joshua Kirsch 
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    Leonid Kuper Hans-Dieter Schmidt Corina Winkler 

 

    

 Ronald Wirth 
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Solar and Semiconductor Devices (SSD) 

(Scientifical staff, doctoral candidates) 
 

    
 Prof. Dr. 
 Christoph J. Brabec   
 Group leader  
 
 

                                                       
      PD Dr. Dr.-Ing.       Dr. 
    Miroslaw              Thomas Heum¿ller   Ning Li 
  Batentschuk                       
   Group leader    Group leader              Group leader 
 
 

        
 Dr.            Dr.  
 Larry L¿er      Andres Osvet   
 Group leader        Group leader   
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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.  
 The Device Group at i-MEET focuses on the development of 

solution-processed emerging photovoltaic devices with 

excellent performance and device stability, in particular for 

organic- and perovskite-based photovoltaic technologies. In 

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.   
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 Vanessa Arango Elshaimaa Mostafa Dr. Yakun He 

  Darwish       Maria Hammer 

 MSc MSc  MSc  
 Doctoral candidate Doctoral candidate Postdoc Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
 
 
 

     
 Huiying Hu Violetta Kalancha Andr® Karl Mengqin Kong 

 MSc MSc MSc MSc
 Doctoral candidate  Doctoral candidate  Doctoral candidate Doctoral candidate 
 i-MEET i-MEET  i-MEET i-MEET 

 

 

 

     
Christian Kupfer Dr. Dr. Dr. 

        MSc Vincent Marc Le Corre Jihoon Lee Junsheng Luo 
Doctoral candidate  Postdoc Postdoc Postdoc 
  i-MEET i-MEET  i-MEET i-MEET 
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    Wei Meng Zijian Peng Juan Sebastian Fahimeh 

   Rocha Ortiz  Shahvaranfard 

         MSc MSc MSc MSc
Doctoral candidate  Doctoral candidate Doctoral candidate Doctoral candidate 
   i-MEET i-MEET  i-MEET i-MEET 

 

 

 

     
 Albert These Jingjing Tian Rong Wang Paul Weitz 

        MSc   MSc MSc MSc
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
 

 
 

      
 Zhiqiang Xie Qian Xie Junyi Xu Difei Zhang

 MSc MSc MSc MSc 
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate 
       i-MEET    i-MEET            i-MEET    i-MEET 
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       Heyi Zhang Kaicheng Zhang  

              MSc MSc  
   Doctoral candidate Doctoral candidate  
           i-MEET    i-MEET   
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Solution-Processed-Semiconductor-Materials (SOPSEM) 

 (Scientifical staff, doctoral candidates) 
 

  
Prof. Dr. 

Wolfgang Heiss 
Group leader 

 
 

 Dr. 
 Mykhailo Sytnyk   
 Task 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 

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 
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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.  

 

 

                                                 
   Hany Elsayed                    Niall Killilea   Oleksandr Mashkov 
     MSc   MSc             MSc 
  Doctoral candidate  Doctoral candidate   Doctoral candidate 
 i-MEET  i-MEET             i-MEET 

 

                                                   
Max-Quast Pascal            Viktor Rehm      Shuyu Yhou 
 MSc   MSc                           MSc 
Research associate      Doctoral candidate       Doctoral candidate 
 i-MEET   i-MEET                            i-MEET 
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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 ñFAU ï 

Industrial Services in Crystal Growth of SiCò. 

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: 

¶ 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. 

¶ 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. 

¶ 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. 

¶ In the field of semiconductor characterization, a large variety of electrical, 

spectroscopic and structural  techniques are used which serve the better 

understanding of materials processing. Special emphasis is put on 

topographic/mapping methods. 
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¶ As a future material system, the synthesis and layer deposition of chalcogenide 

perovskites like BaZrS3, BaZrSe3, BaSrS3, BaSrSe3 are investigated. 

¶ 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 Jonas Ihle  Manuel Kollmuss 

 MSc   MSc   MSc   MSc  
 Doctoral candidate Doctoral candidate Doctoral candidate  Doctoral candidate 
 i-MEET i-MEET i-MEET  i-MEET
   
 

      
 Johannes Kºhler Dr. Dipl.-Ing Dr.-Ing.  Johannes Steiner

 MSc   Ulrike K¿necke Saskia Schimmel MSc 

 Doctoral candidate Scientifical staff Postdoc Doctoral candidate 
        i-MEET    i-MEET            i-MEET     i-MEET    
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Solar Factory of the Future (SFF) 

(Scientifical staff, doctoral candidates) 
 

    
 PD Dr. 
 Hans-Joachim Egelhaaf   
 Group leader  
 
 

                                                
           Dr.  .                Dr. 
                            Andreas Distler                 Michael Wagner 
                                   Task leader                                    Group leader 
 
 

The ñSolar Factory of the Futureò 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. 
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Jos® Garcia Cerrillo Lirong Dong Tian Du Sarmad Feroze 

 MEng MSc Dr MSc  
 Doctoral candidate Doctoral candidate Postdoc Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
 
 
 

     
 Ezgi Nur G¿ler Julian Madeleine Heyder DongJu Jang

  Haffner-Schirmer   

 MSc MSc Dipl.-Ing MSc  
 Doctoral candidate Doctoral candidate Research associate Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
 
 
 

     
     YingLok Lee Mohammed Mohsun Shudi Qiu Marc Steinberger 

        MSc MSc MSc MSc 
 Doctoral candidate  Doctoral candidate  Doctoral candidate  Doctoral candidate 
        i-MEET i-MEET  i-MEET i-MEET 
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    Kai Cheong Tam Josua Wachsmuth  

        MSc MSc  
  Doctoral candidate  Doctoral candidate   
         i-MEET i-MEET  
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Helmholtz-Institut Erlangen -N¿rnberg (HI ERN)  

(Scientifical staff, doctoral candidates) 

 
 

    
 Dr. 
 Jens Hauch   
 Head of Research Unit 

Group leader 
 
 

  
 Dr. 
 Ian Marius Peters   
 Group leader 
 
 

     
 Dr-Ing. Dr Dr. MSc 

Thomas Heum¿ller Ning Li Larry L¿er Jerrit Wagner
 Task leader Task leader Task leader Task leader 
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The research unit ĂHigh Throughput Methods in Photovoltaicsò at the HI ERN aims 

to develop materials, processes and technologies fostering a sustainable and 

significant cost degression of photovoltaic technology, from small non-gird 

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 Bavarian Center for Applied Energy Research (ZAE 

Bayern), the Friedrich-Alexander-University Erlangen-Nuremberg (FAU) and HI 

ERN and performs its research in two active research groups: 

¶ High Throughput Materials and Devices for PV 

¶ High Throughput Characterization and Modelling for PV 

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.  

  

     
 Vanessa Arango Ecem Aydan Christian Berger Manuel Daum 

 MSc MSc MSc MSc
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
 
 

     
 Bernd Doll Dr. Dr. Stefan Langner. 

 MEng Xiaoyan Du Johannes Hepp MSc
 Doctoral candidate Postdoc Postdoc Doctoral candidate 
 i-MEET i-MEET i-MEET i-MEET 
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   Chao Liu Abdus Saboor Jonas Wortmann Dr. 

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

 

     
 Jiyun Zhang Dr.  

 MSc Yicheng Zhao  
 Doctoral candidate  Postdoc  
 i-MEET i-MEET   
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External doctoral candidates 

 

      
Fabian Carigiet  Sarah Deumel    Tobias H¿bner 
 MSc MSc MSc  
 ZHAW Siemens Healthineers Osram   
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Visitors  

 
Bayerischer Rundfunk (15.04.21) 

Avancis GmbH (11.05.2021) 

ACP Systems AG (09.09.2021) 

CDU Delegation (18.10.2021) 

Stadtverf¿hrungen N¿rnberg (18.10.2021) 

Fa. Epishine (11.11.2011) 

Prof. Dr. Serdar Sariciftci, Linz Institute for Organic Solar Cells (LIOS), Physical 

Chemistry, Johannes Kepler University Linz (11.11.2011) 

Sch¿ler des Hermann-Kesten-Kollegs N¿rnberg (11.11.2021) 

Prof. Dr. Wolfgang Arlt, Department Chemie- und Bioingenieurwesen (CBI) 

Lehrstuhl f¿r Thermische Verfahrenstechnik (TVT), FAU (17.11.2021) 

Christog Erban und Maksim Toropov, Fa. Sunnovation, (10.2021) 

Lukas Zdraģil, Department of Physical Chemistry, Faculty of Science, University of 

Olomouc, Czech Republic 
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3. Highlights 2021 

Paul takes the leadership in publishing a review on historic and future 

NFA developments on behalf of Advanced Energy Materials 10th 

anniversary 

 

The emergence of a family of materials-the nonfullerene acceptors (NFAs) ï has 

rocked OPV science and technology during the last 5 years. NFAs have delivered a 

discontinuous advance in cell efficiencies, with the significant milestone of 20% 

now in sight. These materials challenge the accepted wisdom of how organic solar 

cells work and force new thinking in areas such as morphology, charge generation 

and recombination. This perspective provides a historical context for the 

development of NFAs, and also addresses current thinking in these areas but also 

critically questions how far can they can be further pushed, and whether they will 

deliver on equally important metrics such as stability. 
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Yongfangôs new NIR acceptor pushes the bandgap of OPV towards 1.2 

eV and enables well performing tandem cells 

 

Yongfang extended the pi-conjugation of Y6 by inserting a double bond between the 

central core and end groups and pushed the optical bandgap to 1.21 eV (BTPV-4F). 

The single-junction devices based on this novel acceptor achieved a short-circuit 

current density of 28.9 mA cmī2, and provide ideal conditions for current matching 

in tandems. The resulting tandem devices reached a high power conversion 

efficiency beyond 16 % (16.4 % uncertified) and exhibited as well good 

photostability. Very curious to find out what happens when introducing further 

double bonds into these molecules ï achieving bandgaps comparable to the one of 

silicon appears to be within reach 
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Xiaoyan publishes automated OPV device processing and modelling on 

AMANDA in Joule  

Self-driven laboratories are current 

discussed as a fast and reliable 

methodology to overcome the limitation 

of classical high-throughput 

experimentation. In his most recent 

article in Advanced Materials, Stefan 

challenged a robot based high 

throughput process to identify the most 

photostable composition for 

multicomponent polymer blends as 

required for OPV. Stefan developed a 

method for automated film formation 

which allows the fabrication of up to 

6000 films per day. Loic, Florian and Alan Guzik from the University of Toronto 

supported equipping our automated experimentation platform with a Bayesian 

optimization algorithm, and together we constructed a self-driven laboratory that 

autonomously evaluates measurements to design and 

execute the next experiments. To demonstrate the 

potential of these methods, a 4D parameter space of 

quaternary OPV blends was mapped and optimized for 

photostability. While with conventional approaches, 

roughly 100 mg of material would be necessary, the 

robot-based platform can screen 2000 combinations with 

less than 10 mg, and machine-learning-enabled 

autonomous experimentation identifies stable 

compositions with less than 1 mg 
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i-MEET is developing transparent and efficient organic and perovskite 

solar modules for window integration in a European project consortium 

with 8 partners from 7 European countries ï CITYSOLAR  

Transparent photovoltaics 

(TPV) possesses a huge 

untapped potential in the 

harvesting of solar energy 

where it readily can be 

embedded in buildings 

applications worldwide. TPV 

will increase the utilization of 

renewable energy directly 

where it is needed and play a 

crucial role for the sustainable 

transformation of the energy 

sector in large cities. In the 

CITYSOLAR project, a new breakthrough concept for TPV will be developed by 

exploiting the combined use of emerging technologies, namely multi-junction solar 

modules developed from near-ultraviolet perovskite and near-infrared organic solar 

cells. CITYSOLAR brings together world-leading European academic and industrial 

players, some with key intellectual property, together with two non-EU partners 

belonging to Mission Innovation countries specialized in the synthesis of advanced 

materials for hybrid and organic solar cells. The consortium will develop highly 

efficient and transparent solar cells and modules to increase the performance of 

available TPV technologies by 50%, and via innovative integration schemes present 

a route for its use in building integrated PV (BIPV) applications. 
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NicolaËs work on unravelling the impact of energy aligned interfacial 

states lines out how to further improve organic solar cells 

 
 

Nicola (and many colleagues) combine device and spectroscopic data to model the 

thermodynamics of charge separation and extraction, revealing that the relatively 

high performance of the devices arises from an optimal adjustment of the CT state 

energy, which determines how the available overall driving force is efficiently used 

to maximize both exciton splitting and charge separation. The model proposed is 

universal for donor:acceptor (D:A) with low driving forces and predicts which D:A 

will benefit from a morphology optimization for highly efficient OSC. 
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OPV roadmap 

 

Photovoltaic technologies emerge rapidly and fascinates us more and more entering 

our daily life in different aspects. The perspectives of organic photovoltaics as 

flexible, colourful and semi-transparent modules available ubiquitously discussed by 

Christoph Brabec, Andreas Distler and Hans-Joachim Egelhaaf in ñThe 2021 

flexible and printed electronics roadmapò. The roadmap issue was coordinated by 

Ronald ¥sterbacka from Pritzker School of Molecular Engineering, University of 

Chicago allows us to feel the heartbeat of the latest progress and trends in different 

fields of the printed electronics. 
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Yichengôs article on high-throughput robotic learning of hybrid 

perovskite materials featured by the Nature Communications! 

 

Yichengôs article ñDiscovery of temperature-induced stability reversal in perovskites 

using high-throughput robotic learningò published in Nature Communications is 

highlighted as the Featured article! The Editorsô Highlights pages aim to showcase 

the 50 best papers recently published in an area. 

Yicheng et al. use a high-throughput robotic platform, 

combined with machine learning, such as correlation 

analysis, model regression and SHAP evaluation to study 

the stability of organic-inorganic hybrid perovskite 

materials with mixed cations (K/Rb/Cs/MA/FA-PbI3). The 

effect of the ratio of organic cations (MA/FA) and 

inorganic cations (Cs/Rb) on the stability of chalcogenide 

was found to be significantly dependent on the aging 

temperature. At high temperatures (> 100 ÁC), the doping 

of inorganic cations improves the photothermal stability of 

the films, while the doping of organic cations reduces the 

photothermal stability of the films; at low temperatures (< 

100 ÁC), this effect is evidently reversed. Further theoretical studies show that this 

stability inversion is caused by differences in the kinetic constants and kinetic 

activation energies in decomposition. Since the majority of perovskite-based devices 

operate at <100 ÁC, it is recommended that photothermal stable FAPbI3-based 

perovskite materials should be doped with at least 10 mol.% MA and at most 5 

mol.% Cs/K/Rb. 
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Concepts and Strategies towards Energy Autonomous Mobility 

  

Only few years ago, the concept of autonomously driving cars has been regarded as 

a science fiction scenario which never will leave the halls of Hollywood. But, by 

today, first autonomous cars are driving on our roads, thanks to rapid development 

of the camera and sensor technology as well as to enormous progress in artificial 

intelligence (AI) and machine learning (ML). But autonomous technologies should 

not be only understood as ñautonomously drivingò. Instead, the concept of 

autonomous mobility has to be extended towards energy autonomy.  

At most promising aspect of energy autonomous mobility was recently demonstrated 

by our model blimp. Hans Egelhaaf and his team have equipped a zeppelin with 

light weight organic solar cells to power the battery storage and to explore the 

correlation between sun hours and energy autonomous flight duration. Christoph 

Pflaum and his team from the department of computational science has developed an 

algorigthm to calculate the optimum flight path for a solar powered blimp, 

maximizing sun hours and exploiting wind conditions. The FAU solar blimp is a 

first example that interdisciplinary innovation will be the driving force towards truly 

energy autonomous mobility 
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iMEETôs ñSolar Factory of the Futureò on the Bavarian Future 

Councilôs OnlineCongress ñClimate 2030. Sustainable Innovations.ò 

The head of the Solar Factoy of 

the Future PD Dr Hans-Joachim 

Egelhaaf took part in the Bavarian 

Future Councilôs OnlineCongress 

ñClimate 2030. Sustainable 

Innovations. He explained how 

printed photovoltaics is produced, 

why it offers unique advantages 

for building integration and how 

it will turn urban areas into hot 

spots of renewable energy production. The video is present on the i-MEET 

homepage. 

 

Solarfactory of the Future (SFF) demonstrates fully printed Perovskite 

modules with over 15 % PCE and remarkable environmental stability 

Fu and Hans from the SFF 

are taking perovskite 

processing to the next level. 

After having demonstrated 

that printed Carbon 

electrodes are the most 

interesting alternative to 

evaporated or sputtered top 

electrodes, Fu optimized 

the perovskite layer and 

was able to align the 

interfaces between the absorber and the HTL such that he achieved a cell PCE of 

over 18 % and a module PCE of 15 % for all solution processed devices. Devices 

stored outside did not change performance at all during a monitoring period of 

almost one year (5000 hrs). To continue the technology development from our 

previous work we selected an MA based perovskite for this work, well knowing that 

MA based precursors with a content of > 20 % tend to temperature instabilities. The 

next major objective for the SFF will be to demonstrate modules with these 

efficiencies which are equally stable for 1000 hrs under 85 ÁC! 
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Oleksandr demonstrates the power of our high throughput transient PL 

setup 

Oleksandr investigated brightly 

luminescent, composition- and size-

selected aqueous AgīInīS (AIS) and 

core/shell AIS/ZnS (ZAIS) quantum dots 

(QDs) by high-throughput time-resolved 

photoluminescence (TRPL). Both QD 

size and QD composition effects were 

probed independently by using an 

automated high-throughput TRPL setup. 

Linear relationships were found between 

the average PL lifetimes of AIS and 

ZAIS QDs and their respective bandgaps (Eg). This is a strong indication that the 

dynamics of radiative recombination is governed by the energetics of the QD excited 

state irrespective of which factor is affecting the QD bandgap, i.e., their size or 

composition 
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Exciting world of organic photovoltaics ï research in the Solarfactory of 

the future 

 
 

In addition to basic research, field application is a major cornerstone in research 

activity. One very special project carried out in collaboration with Energie Campus 

N¿rnberg and ZAE is the Zeppelin. It was launched as a student project and is 

intended to monitor solar parks in the future using infrared cameras and identify 

faulty modules. The Zeppelin will autonomously fly over the solar park and then 

automatically evaluate the collected data. The video about the project are available 

in both English and German, donôt hesitate to take a look at our homepage!  

 

Letôs ñdrainò our sun! 

 
Thanks to our colleagues Julian and Vanessa, we can enjoy this interesting video 

clip. ñLetôs ñdrainò our sun!ò is a video that was presented on the WW-internal 

ñScience Slamò on this yearôs digital Sommerfest. The main topic of the video is 

transparent solar cells or selective absorbers and their different applications in 

energy production. The video is available at i-MEET homepage. 
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FAIRmat: A Treasure Box of Material Data  

FAU is involved with two projects in the FAIRmat project, which was approved on 

Friday, 2 July 2021 by the Joint Science Conference (GWK) in a multi-stage 

competition of the National Research Data Infrastructure (NFDI). The project will 

receive funding to build an infrastructure that makes it possible to make materials 

science data FAIR: findable, accessible, interoperable and re-purposable. This will 

enable researchers in Germany and beyond to store, share, find and analyse data 

over the long term. During the five-year term, a total of 60 project leaders from 34 

German institutions will work together in the FAIRmat consortium. 

 

The findings from condensed matter physics, chemistry and materials science have a 

decisive impact on the wealth and lifestyle of our society: new products and goods 

in the fields of energy, environment, health, mobility and IT depend on improved or 

even novel materials.  The enormous amounts of research data produced daily in 

these scientific fields are therefore a treasure of the 21st century. However, this 

treasure is worth little if the data is not comprehensively described and made 

available. How can we refine this raw material, i.e. turn the data into knowledge and 

value? For this, a FAIR data infrastructure is a must. 

This is where FAIRmat (ñFAIR Data Infrastructure for Condensed-Matter Physics 

and the Chemical Physics of Solidsò) comes in. By setting up a FAIR research data 

infrastructure for the above-mentioned fields, the consortium aims to recover the 

treasure of material data and thus contribute to a fundamental change in science and 

research. FAIRmatôs deputy spokesperson Matthias Scheffler from the Fritz Haber 

Institute of the Max Planck Society explains: ñWe interpret the acronym FAIR in a 

future-oriented way: Research data should be discoverable (Findable) and ready for 

Artificial Intelligence (Artificial-Intelligence Ready). This new perspective will 
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advance scientific culture and practice. It will not replace scientists ï but researchers 

who use such a FAIR infrastructure can replace those who donôt.ò 

FAU is active in the FAIRmat consortium with two projects. Prof. Heiko B. Weber 

and Dr. Michael Krieger from the Department of Applied Physics, together with 

Heinz Junkes from the Fritz Haber Institute in Berlin, are developing a universal and 

easy-to-configure software environment for measurement data acquisition and 

documentation. ñIn our field of research, measurement set-ups with numerous 

special measurement devices are often required ï each adapted to the experimental 

problem,ò explains Prof. Weber. ñThis diversity requires adaptable and easy-to-

configure software for experiment control and data acquisition.ò But itôs not just 

about the raw data. The experiment description including all settings of the 

laboratory equipment used, the so-called metadata, is also necessary. This is the only 

way to document the experiment completely and FAIR, and the valuable 

measurement data can also be used by other scientists. ñWe have already been using 

prototype software for experiment control with uniform and documented data output 

developed by us for years,ò says Dr Krieger. ñIn the FAIRmat project, we will bring 

this successful concept together with the open-source Experimental Physics and 

Industrial Control System (EPICS), which will take over the recording of data and 

metadata, storage, archiving and provision of research data in accordance with the 

standards to be developed in FAIRmat.ò 

In the second sub-project at FAU, Prof. Christoph Brabec from the Chair of 

Materials Science, who also heads high-throughput photovoltaic research at the 

Helmholtz Institute Erlangen ï Nuremberg as Director of the J¿lich Research 

Centre, will test, apply and further develop FAIRmat data collection in the field of 

semiconductors for optoelectronic applications in practice together with Dr. Thomas 

Unold from the Helmholtz Zentrum Berlin. Prof. Brabec: ñThe goal is to build up a 

material encyclopaedia by means of automated and, in future, autonomous 

laboratories. With the help of the FAIR principle in data and metadata processing, 

optimisation algorithms of machine learning can directly access the data and suggest 

and also execute new experiments or tests in real time. Using optoelectronics as an 

example, the aim is to discover and research highly efficient, cost-effective and non-

toxic semiconductors with optimal properties for devices and systems for the 

generation and conversion of renewable energy.ò 

The FAIRmat consortium is part of the National Research Data Infrastructure 

(NFDI). The NFDI is a nationwide network currently being set up and funded by the 

federal and state governments with up to 90 million euros per year from 2019 to 

2028 to systematically manage research data. 



 
 

Report 2021 i-MEET, Materials for Electronics and Energy Technology, University of Erlangen-N¿rnberg 

 - 49 - 

 

FAIRmat covers a broad spectrum of research areas in physics and related fields, 

and the basic concepts and measurement techniques, working methods and research 

data are correspondingly diverse and heterogeneous. Here, the need for a FAIR data 

infrastructure is extremely urgent. FAIRmat promotes the efficient sharing of 

research data (sharing is caring!) and its preparation for reuse and analysis by 

artificial intelligence (AI) tools. In this way, FAIRmat enables a new level and 

quality of science. 

In doing so, the consortium is pursuing a bottom-up approach that is oriented 

towards the needs of scientists and is already receiving great support from the 

community. For example, FAIRmat is just as well integrated into the Condensed 

Matter Section of the German Physical Society as it is into the Max Planck Society 

(e.g. Big Data Network, CPTS), and into a large number of universities and 

institutes as well as international activities. 

ñOf course, we are now looking for highly motivated scientists from domain 

sciences and IT who share our enthusiasm for a paradigm shift in fundamental 

materials science to join our team and realise the FAIRmat principles together,ò says 

FAIRmatôs spokesperson Claudia Draxl. 

To learn more about FAIRmat, visit https://www.fair-di.eu/fairmat 

To become part of the FAIRmat team, visit: https://nomad-lab.eu/career To learn 

more about the NFDI, visit ww.dfg.de/nfdi  

 

Jerrit shows the power of automation for solar cell research with 

AMANDA  

Jerrit discusses the vision of Materials 

Acceleration Platforms and AMANDA and 

shows the advantages of an automated and 

integrated system. As an example, PM6:Y6 

bulk-heterojunction system was optimized in 

air and achieved efficiencies for ambient 

atmosphere processing of up to 13.7% under 

AM1.5 illumination. 
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Organic solar modules in the permanent exhibition of the Deutsches 

Museum Nuremberg 

The German Museum Nuremberg ï The Museum of the Future was ceremoniously 

opened in Nurembergôs Old Town on 17.09.2021. Through many hands-on 

activities, visitors gain an exciting insight into the future of technology and society. 

The museum is divided into five thematic areas: 

 

1 Work and everyday life 

2 Body and Mind 

3 System City 

4 System Earth 

5 Space and Time 

The Nuremberg Energy Campus is also represented in the Deutsches Museum 

Nuremberg. The pioneering printed organic solar modules from the solar factory of 

the future are represented in the museum with their own exhibits. Visitors can test 

how much light can be converted into energy and how the different colors of the 

solar modules affect energy conversion. The solar modules can be seen in the 

System Earth area. 
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The installation on the left consists 

of a Si-module and 3 organic 

modules of different colors. By 

switching light sources of different 

colors on and off and by sliding 

different color filters in front of the 

modules, the effect of the 

absorption spectrum of the modules 

on the resulting power under 

specific illumination conditions can 

be investigated. The installation on 

the right consists of two organic PV 

modules with different 

transparencies. Upon illumination, the module with higher transparency provides 

less power, thus demonstrating the law of energy conservation. 

 

 

Can photovoltaic modules operate continuously? 

As photovoltaic applications and 

installations enter almost every aspect of 

daily life we need to ask ourselves Ăhow to 

keep it working longer?ñ And what is 

better, to exchange 20 years old module for 

the new one, or to invest in maintenance 

and keep the module running? Is it possible 

for the module to run for 40 or even 50 

years? In his recent publication Dr. Ian 

Marius Peters answers these questions and 

introduces an economic steady-state model 

that supports the idea of systems operating 

continuously instead of operating for a 

fixed period. 

https://doi.org/10.1016/j.joule.2021.10.019 
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Perovskite solar cell with ultra-long durability  

 
 

Perovskites are the greatest hope for the solar modules of the future. Until now, the 

biggest obstacle for practical use has been the short lifetime. Yicheng and co-authors 

presented the solar cell that impresses with its extraordinary stability. The 

illuminated cell survived 1450 hours at elevated temperatures around 65 degrees 

Celsius in the 

laboratory and remained largely stable throughout the entire test period! At the end, 

it still had 99 percent of the initial efficiency. ñA long-term prognosis is always 

difficult. But the perovskite solar cell we have now developed could certainly be 

operated for over 20 000 hours under normal circumstances,ò estimates Prof. 

Brabec. To find the right material, hundreds of different perovskite mixtures were 

systematically tested for their suitability using high-throughput methods. The 

researchers then used the best ones to build their cells. 

ñTo improve stability at the contact point, we packed the entire electrode in a kind of 

protective shell,ò says Yicheng. A new double-layer conducting polymer structure, 

the bottom side of which is undoped and the top side doped with a non-ionic dopant. 

On the one hand, this architecture protects the very sensitive interface of the 

perovskite and, on the other hand, enables extraordinarily stable ohmic contacts, 

even at elevated temperatures. 
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Congratulations to our colleagues with their PhD defenses 

Many i-MEETers have passed their PhD examinations during the 2021 with 

excellent success and already have made the first step in the professional career. 

Weôve shared together this exciting moment that summarized around 4 years of their 

intensive research and hard work. We cordially congratulate Matthias Arzig 

(Untersuchung der Wachstumskinetik von SiC mithilfe der in-situ 

Computertomographie des Gasphasenkristallisationsprozesses und der 

Modellierung der Wachstumsbedingungen), Seyed Amir Hashemi Jazi (A 

contactless Solid Surface Temperature Determination Using Phosphor 

Thermometry) and Michael Schºler (Sublimationswachstum von 3C-SiC 

Einkristallen auf freistehenden 3C-SiC Keimschichten) for successfully finishing 

their PhD studies. 

     
 Matthias Arzig Seyed Amir Michael Schºler 
  Hashemi Jazi      

 

Within the last five years Andr® worked on 

developing the fundamental imaging techniques 

allowing to identify the vertical position of a 

defect in a thin film solar cell. Most importantly, 

Andre demonstrated that his methodology can 

uniquely assign a defect to a specific layer of a 

solar cell, and thus distinguish whether defect-

assisted lossed origin from the bulk or the 

interface layer. Further scientific impact was 

created by successfully extending his technique 

towards tandem solar cells and, in an outlook, to 

modules as well. He competed the thesis with a 

remarkable defense and received the best possible 

grades. Andr®ôs PhD work, titled ñImaging of 

artificial defects in organic solar cellsò will be 










































































































































