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Sustainable energy supply and mobi l i ty  are key e lements in meet ing the im-

minent environmental  and economic chal lenges our society is  fac ing.  Super ior 

solut ions require fresh thinking and a comprehensive v iew of the overal l  sys-

tem. At Fraunhofer I ISB,  th is  exact ly  const i tutes the object ive of our research 

on inte l l igent power e lectronic systems and technologies. 

Our work on materials engineering, semiconductor technology, advanced packaging, and exten-

sive system development, including a special focus on silicon carbide and other wide-bandgap 

semiconductors, explicitly addresses the demands of digitalization, energy efficiency, and climate 

protection. 

In energy research, it is important to consider the complete, and partly complex, framework of 

generators, consumers, storages, and power grids. That was apparent also in our symposium 

on energy systems, held on the occasion of the ceremonial inauguration of our eagerly awaited 

latest extension building in Erlangen in July. The new office and laboratory complex offers an 

infrastructure which allows the highly flexible and efficient linkage of different forms of energy, 

using various modern storage technologies, an intelligent load management, data analytics and 

AI, renewable sources of energy, a powerful DC microgrid, a cogeneration unit, and our growing 

fleet of electric vehicles. Another highlight is a large medium-voltage application hall. This makes 

IISB a living lab on industrial scale. 

In the current endeavors for global climate, electric driving is a key issue. The long-standing 

expertise of IISB in this field was underlined by our »Week of Electromobility« in September, 

including the IISB Annual Conference dealing with power electronics for electric vehicles, the 

10-year anniversary edition of our BMBF-Fraunhofer student program DRIVE-E, as well as the 

public finish of the e-rally WAVE Germany 2019 on the central square of Erlangen. 

I would like to thank all my colleagues for their magnificent work and the trusting collaboration 

in the past year. I also thank our partners in industry and all our funding authorities, especially the 

Bavarian Ministry of Economic Affairs, Regional Development and Energy as well as the German 

Federal Ministry of Education and Research (BMBF), for their support. 

Now, I warmly encourage you to catch up on the latest work of Fraunhofer IISB presented in this 

report. Let yourselves be inspired!

Sincerely yours, 

Prof. Dr. Martin März (Erlangen, February 2020) 
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Profile

The Fraunhofer Institute for Integrated Systems and Device Technology IISB conducts applied 

research and development in the field of electronic systems for application in, e.g., electric 

vehicles or energy technology. In this connection, the IISB extensively covers the complete value 

chain from basic materials to entire power electronic systems. With its two business areas, semi-

conductors and power electronics, the institute provides innovation and solutions in materials 

development, semiconductor technology and manufacturing, devices and modules, as well as in 

system development for vehicle power electronics, energy electronics, and energy infrastructures. 

This is supplemented by broad activities in reliability, simulation, characterization, and metrology.

The institute is located in Erlangen, Germany, and has branches in Nuremberg and Freiberg. As 

one of the 74 institutes of the Fraunhofer-Gesellschaft, the IISB does contract research for industry 

and public authorities. Moreover, it closely cooperates with the University of Erlangen-Nürnberg. 

The IISB has more than 250 employees plus numerous students working as research assistants. 

The institute is equipped with high-class laboratories, such as a test center for electric cars and 

an application center for DC grid technology. Together with the University, it operates 1500 m2 

of cleanroom area for semiconductor technology on silicon and silicon carbide.

The IISB is a close partner of national and international industry. Its main objective is to provide 

excellent research to its customers and to set technological benchmarks as one of the leading 

research institutions in electronic systems. Cooperation includes research and development 

projects, prototyping, consultancy, licensing, and studies.

History

The Fraunhofer Institute for Integrated Systems and Device Technology IISB in Erlangen is an 

important center of applied R&D for intelligent electronic systems, power electronics, semicon-

ductor technology, and materials development in the Nuremberg metropolitan region, Germany, 

and Europe. It was founded in 1985 as the Electron Devices department AIS-B of the Fraunhofer 

Working Group for Integrated Circuits. In 1993, it became a Fraunhofer institute (IIS-B), but was 

still formally linked to its sibling institute IIS-A, today’s Fraunhofer Institute for Integrated Circuits 

IIS. In 2003, IIS and IISB became completely independent from each other as two individual Fraun-

hofer institutes. From 1985 until 2008, Prof. Heiner Ryssel was the head of the IISB. From 2008 to 

2018, Prof. Lothar Frey was director and currently Prof. Martin März leads the institute. From the 

beginning, the IISB has been closely cooperating with the University of Erlangen-Nürnberg (FAU). 

In 2015, IISB together with IIS and FAU founded the “Leistungszentrum Elektroniksysteme” (LZE).

FRAUNHOFER I ISB AT A GLANCE

Profile AND History ADVISORY BOARD 2019 

I ISB is  consulted by an Advisory Board,  whose members come from industry and research:

Dr. Stefan Kampmann (Chairman of the Advisory Board)

OSRAM Licht AG

Dr. Helmut Gassel

Infineon Technologies AG

Dr. Christina Hack 

Brose Fahrzeugteile GmbH & Co. KG

Thomas Harder

European Center for Power Electronics (ECPE)

Prof. Dr. Joachim Hornegger 

Friedrich-Alexander-Universität Erlangen-Nürnberg 

Prof. Dr. Reinhard Lerch

Friedrich-Alexander-Universität Erlangen-Nürnberg

MinR Dr. Stefan Mengel

Federal Ministry of Education and Research (BMBF)

Petra Mönius 

Conti Temic microelectronic GmbH

Dr. Andreas Mühe

PVA Crystal Growing Systems GmbH

Dr. Martin Schrems

AT&S AG

Dr. Thomas Stockmeier

ams AG

MR Dr. Stefan Wimbauer

Bavarian Ministry of Economic Affairs, Regional Development and Energy 
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Packaging & Reliability

New methods and materials for packaging, cooling, lifetime and failure analysis, and reliability 

play an important role. At IISB, packaging and reliability research are closely combined with each 

other. By analyzing the exact failure mechanisms after lifetime and reliability tests, the joining tech-

nologies, materials, concepts and mechanical designs are further improved. On the other hand, 

new packaging designs have a direct impact on the test methodologies and accelerating factors. 

Vehicle Electronics

Efficient, compact, and robust power electronic systems for all kind of vehicles are in the focus of 

the IISB. This comprises electric drives, battery systems, and the charging infrastructure of electric 

cars. Benchmark values for energy efficiency and power density are regularly set for the work of 

the IISB. Further fields of application are shipping and aviation.

Intelligent Energy systems 

Power electronic systems are indispensable for realizing a modern energy supply and the transi-

tion to predominantly regenerative energy sources. The developments of the IISB contribute to 

this on all levels of the power grid through, e.g., electronic components for HV DC transport, 

local DC micro grids or the integration of electrical storages and regenerative sources in the 

power grid.

Energy Infrastructure Technologies

The goal of this field of activity is the coupling of electric and non-electric energy and the 

development of the necessary interfaces for implementing a sustainable energy infrastructure, 

especially for industry-size environments.

The R&D act iv i t ies  of  the I ISB cover the complete value chain for complex 

and inte l l igent e lectronic systems, from basic mater ia ls  to devices and mo-

dules up to complete systems for appl icat ion in mobi l i ty  and energy tech-

nologies,  with power e lectronics as a cont inuous backbone of the inst i tute.  

Materials

Together with its industrial partners, the IISB develops equipment and process-

es for the production of crystalline bulk and layer materials for electronics. This 

comprises silicon, wide-band-gap semiconductors (e.g., silicon carbide, galli-

um nitride), materials for optical applications, detectors, and energy technology. 

Technology & Manufacturing

The IISB operates extensive semiconductor technology lines, cleanroom infrastructure, and 

metrology on silicon and silicon carbide for the development of custom-tailored processes 

and prototype devices in power electronics and microelectronics. Furthermore, IISB works 

on nanotechniques, particle and thin-film systems. Manufacturing aspects such as process 

and quality control, equipment optimization, automation, and efficiency are also considered. 

Modeling & Artificial INtelligence 

The research activities of the IISB and its customers are supported by extensive competencies 

in simulation, modeling, and software development in the fields of, e.g., process and device 

simulation in semiconductor technology, AI augmented simulation, crystal growth simulation, or 

thermal simulation for designing power electronic systems.

Devices

The institute develops customer-specific active and passive electron devices on silicon and silicon 

carbide for application in power electronics, microelectronics, and sensors. This includes novel 

device concepts and the development of cost-efficient processes tailored towards implementa-

tion and realization of customized products.

FRAUNHOFER I ISB AT A GLANCE
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Within i ts  research act iv i t ies ,  Fraunhofer I ISB pursues cooperat ion with nu-

merous nat ional  and internat ional  partners in jo int  projects  and associat ions, 

among others:

•	 Since its foundation, the IISB has been closely cooperating with the University of Erlan-

gen-Nürnberg (FAU). The institute is directed by the head of the Chair of Electron Devices of 

the University. The joint operation of infrastructure as well as the exchange in education and 

training create extensive synergies. 

•	 The IISB is a core member of the “Leistungszentrum Elektroniksysteme”  

(LZE, www.leistungszentrum-elektroniksysteme.de, www.lze.bayern). 

•	 The IISB is a member of the “Research Fab Microelectronics Germany”  

(FMD, https://www.forschungsfabrik-mikroelektronik.de).

•	 The IISB is the coordinator of the Bavarian energy research project SEEDs  

(www.energy-seeds.org).

•	 The IISB is a member of the “Energie Campus Nürnberg” (EnCN, www.encn.de).

•	 The IISB is a partner of the excellence projects at the University of Erlangen-Nürnberg  

(www.eam.uni-erlangen.de, www.aot.uni-erlangen.de/saot/).

•	 The IISB closely cooperates with industry and research associations, such as the European 

Center for Power Electronics, the Bavarian Clusters for Power Electronics and Mechatronics 

& Automation, or the German Crystal Association DGKK e.V. 

•	 The IISB is the coordinator and partner, respectively, of numerous European research 

projects.

•	 Together with the Federal Ministry for Education and Research (BMBF), the IISB initiated and 

operates the joint student program of BMBF and Fraunhofer for electric mobility, DRIVE-E 

(www.drive-e.org).

•	 The IISB is a close partner of the “Förderkreis für die Mikroelektronik e.V.”

•	 The IISB is in close cooperation with the Technical University TU Bergakademie Freiberg in 

the area of semiconductor materials 

The I ISB is  member of the fol lowing Fraunhofer groups and al l iances:

•	 Fraunhofer Group for Microelectronics (www.mikroelektronik.fraunhofer.de)

•	 Fraunhofer Energy Alliance (www.energie.fraunhofer.de)

•	 Fraunhofer Battery Alliance (www.batterien.fraunhofer.de)

•	 Fraunhofer Nanotechnology Alliance (www.nano.fraunhofer.de)

Locations

Headquarters of Fraunhofer IISB Erlangen

Schottkystrasse 10, 91058 Er langen

The headquarters of Fraunhofer IISB in Erlangen are located close to the University of Erlan-

gen-Nürnberg. About 10,000 m2 of laboratories and office area allow research and development 

on a broad range of power electronics, semiconductor technology, and materials development. A 

test center for electric cars, a medium-voltage application hall, an application center for DC grid 

technology, and extensive cleanroom area for semiconductor technology on silicon and silicon 

carbide, which is partly operated together with the Chair of Electron Devices of the University, 

are part of the available infrastructure.

Branch labs of Fraunhofer IISB 

 

Fraunhofer I ISB Nuremberg-EnCN 

Fürther Strasse 250, “Auf AEG”, 90429 Nuremberg

As a member of the “Energie Campus Nürnberg” (EnCN), the IISB operates a branch lab 

on megawatt power electronics for energy supply in the joint EnCN building in Nuremberg. 

 

Technology Center for Semiconductor Mater ia ls  THM Freiberg 

Am St.-Nic las-Schacht 13, 09599 Fre iberg

The THM is a joint department of Fraunhofer IISB and Fraunhofer ISE. It supports industry in tech-

nologies for the production of innovative semiconductor materials to be used in microelectronics, 

optoelectronics, and photovoltaics. The IISB part of the THM comprises 650 m2. 

FRAUNHOFER I ISB AT A GLANCE
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The fol lowing staff  members of Fraunhofer I ISB regular ly  g ive lectures at  the 

Univers i ty  of  Er langen-Nürnberg:

Dr. Andreas Erdmann

•	 Optical Lithography: Technology, Physical Effects, and Modeling 

Dr. Tobias Erlbacher

•	 Semiconductor Power Devices

•	 Prozessintegration und Bauelementearchitekturen

•	 Technologie Integrierter Schaltungen

Dr. Jochen Friedrich

•	 Course on Crystal Growth 

Dr. Michael Jank

•	 Introduction to Printable Electronics

•	 Nanoelectronics 

Dr. Jürgen Lorenz

•	 Process and Device Simulation 

Prof. Dr. Martin März

•	 Power Electronics for Decentralized Energy Supply - DC Grids

•	 Power Electronics in Vehicles and Electric Powertrains 

•	 Thermal Management for Power Electronics

•	 Technische Isoliersysteme und deren Zustandsdiagnose

•	 Power Electronics

Priv.-Doz. Dr. Peter Pichler

•	 Reliability and Failure Analysis of Integrated Circuits

Chair Of Power Electronics (LEE),  

University of Erlangen-Nürnberg (FAU)

Since September 1, 2016, Prof. Dr. Martin März, acting director at Fraunhofer IISB, is head-

ing the Chair of Power Electronics (LEE). The chair conducts research on current topics in 

the field of power electronics for electric power supply. Besides stationary decentralized 

electrical power systems, the addressed application fields also include the power-grids 

in vehicles, ships, railways, and airplanes. LEE is part of the Energy Campus Nuremberg 

(EnCN) in the Fürther Strasse in Nuremberg, and the first chair grown out of the EnCN. 

Chair of Electron Devices (LEB),  

University of Erlangen-Nürnberg (FAU)

The Fraunhofer IISB and the Chair of Electron Devices (German abbreviation: LEB) of the Uni-

versity of Erlangen-Nürnberg are both currently headed by Prof. Martin März as acting director. 

Within the framework of a cooperation agreement, the two institutions not only jointly operate 

the University‘s cleanroom hall and other laboratories, but also work closely together with regard 

to teaching and research. 

The cooperation of the Chair of Electron Devices and the Fraunhofer IISB makes it possible to 

cover the entire chain of topics from basic research to the transfer to industry. For many years, 

the vocational training as a “microtechnologist” has been offered jointly by IISB and the Chair of 

Electron Devices. Employees of IISB assist in courses and internships at the University. 
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The Fraunhofer-Gesellschaft is the world’s leading applied research organization. With its focus 

on developing key technologies that are vital for the future and enabling the commercial ex-

ploitation of this work by business and industry, Fraunhofer plays a central role in the innovation 

process. Based in Germany, Fraunhofer is an innovator and catalyst for groundbreaking develop-

ments and a model of scientific excellence. By generating inspirational ideas and spearheading 

sustainable scientific and technological solutions, Fraunhofer provides science and industry with 

a vital base and helps shape society now and in the future. 

At the Fraunhofer-Gesellschaft, interdisciplinary research teams work together with partners 

from industry and government in order to transform novel ideas into innovative technologies, 

to coordinate and realize key research projects with a systematic relevance, and to strengthen 

the German and the European economy with a commitment to creating value that is based on 

human values. International collaboration with outstanding research partners and companies 

from around the world brings Fraunhofer into direct contact with the key regions that drive 

scientific progress and economic development. 

Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and research insti-

tutions. The majority of our 28,000 staff are qualified scientists and engineers, who work with an 

annual research budget of 2.8 billion euros. Of this sum, 2.3 billion euros is generated through 

contract research. Around 70 percent of Fraunhofer’s contract research revenue is derived from 

contracts with industry and publicly funded research projects. The remaining 30 percent comes 

from the German federal and state governments in the form of base funding. This enables the 

institutes to work on solutions to problems that are likely to become crucial for industry and 

society within the not-too-distant future. 

Applied research also has a knock-on effect that is felt way beyond the direct benefits experi-

enced by the customer: our institutes boost industry’s performance and efficiency, promote the 

acceptance of new technologies within society, and help train the future generation of scientists 

and engineers the economy so urgently requires. 

Our highly motivated staff, working at the cutting edge of research, are the key factor in our 

success as a scientific organization. Fraunhofer offers researchers the opportunity for indepen-

dent, creative and, at the same time, targeted work. We therefore provide our employees with 

the chance to develop the professional and personal skills that will enable them to take up 

positions of responsibility at Fraunhofer, at universities, in industry and within society. Students 

who work on projects at Fraunhofer Institutes have excellent career prospects in industry by 

virtue of the practical training they enjoy and the early experience they acquire of dealing with 

contract partners.
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One-Stop-Shop: Microelectronics innovation 

from fundamental research to pilot products

Since Apr i l  2017, Fraunhofer I ISB is  part  of  the Germany-wide Research Fab 

Microelectronics Germany (FMD).  With 13 member inst i tutes and over 2000 

act ive researchers,  th is  research network represents Europe’s largest  R&D col -

laborat ion for micro and nanoelectronics.

The investments in FMD are paying off

Within the last two and a half years, successful project ventures have been established and 

numerous contracts completed in cooperation with the FMD. In 2019, projects with an FMD-

wide overall volume of €66.8 million were made possible as a result of investments into the FMD. 

Pure industry projects accounted for more than €17 million in 2019, underlining the importance 

of this unique cooperation in German microelectronics research. 

In 2020, the final set-up phase for the Research Fab Microelectronics Germany is being initiat-

ed. The FMD is a promising model for major project initiatives. The innovative concept’s great 

potential for cross-site cooperation has already been proven, e.g. in the frame of the Leitban 

project. The project aims at developing aluminum nitride as the new semiconductor material for 

highly efficient power semiconductors, to test it with suitable devices and to qualify it for future 

applications in systems. Until 2023, the project will be funded with €3.3 million by the Federal 

Ministry of Education and Research within the ForMikro program. 

Within the project, Fraunhofer IISB (AlN crystal growth, wafer manufacturing) is collaborating 

with the Ferdinand-Braun-Institut (AlN device design and development), which is also part of 

the FMD, and the TU Bergakademie-Freiberg (process module development, analytics), the 

Friedrich-Alexander-Universität Erlangen-Nürnberg (material analysis), the Brandenburgische 

Technische Universität Cottbus-Senftenberg (AlN millimeter wave systems), and the Technische 

Universität Berlin (AlN power electronic systems). 

Founders’ dreams come real in the FMD-Space. The start-up support concept FMD-Space – first 

proposed at the very start of the FMD’s set-up – has continued to make headway in 2019 in 

several successful pilot projects. Technology-driven start-ups are thus provided efficient and ready 

access to the technologies and facilities of the member institutes. The enterprising minds behind 

the start-ups team up with the institutes’ research staff to produce working demonstrators of 

their product concepts. 
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The FMD vision of successful research and development work happening collaboratively at 

locations across Germany is supported by Germany’s Federal Ministry of Education and Research, 

with approx. €350 million in funding set aside until late 2020. This investment into the FMD fuels 

the future viability of applied microelectronics research in Germany. Practically, this primarily 

takes the form of updated and modernized research facilities at the 13 participating institutes 

from the Fraunhofer-Gesellschaft and Leibniz Association. By the end of 2019, 157 new pieces 

of equipment have already been delivered and are, in the main, already up and running – a great 

step forward in substantially expanding the institutes’ technological capabilities.

FMD at Fraunhofer IISB

Within FMD, Fraunhofer IISB has a unique selling point with its integrated, certified production 

line for the processing of individual SiC-based prototype devices in an industry-compliant envi-

ronment.

In the front-end area for wafer sizes of mainly 150 mm, all necessary process steps can be 

performed at Fraunhofer IISB, such as epitaxy, ICP dry etching, growth of silicon dioxide, alumi-

num implantation at elevated temperatures, activation anneal, and metallization. Usually, vertical 

devices are manufactured in SiC for power electronics. Therefore, the processing of the backside 

of the SiC wafers is of critical importance. The FMD investments now also enable the bonding 

and debonding of already finally processed wafers at the front side, the thin grinding of wafers 

at the backside and the reduction of contact resistance at the rear side by means of advanced 

metallization and laser silicidation.

New integration technologies and innovative assembly and system concepts for prototyping and 

the production of future power modules are available in the backend area. This makes it possible, 

for example, to realize particularly complex and compact structures, heavily stressed (special) 

applications with sometimes small quantities or durable high-temperature power electronic 

modules.

Extensive, complementary methods are available along the process chain for quality control. The 

most important of these are a fast, high-resolution X-ray topography system for the analysis of 

the structural properties of crystals, wafers and partially processed wafers, and a combined sur-

face inspection photoluminescence device for the analysis of the near-surface material properties 

of SiC along the process chain. The SiC metrology is supplemented by special measuring stations, 

which are adapted to the specific, sometimes extreme conditions of power electronics, such as 

an extra-high voltage measuring station as well as special lifetime and reliability test laboratories. 

For the research on new semiconductor materials with large band gaps, crystals of these mate-

rials are needed, which then have to be further processed into wafers in order to evaluate the 

potential in FMD for power electronics or for other applications such as in quantum technology. 

Since the new crystal materials, such as GaN, AlN or diamond, are usually crystals with small 

diameters (50 mm or smaller), Fraunhofer IISB operates a special substrate and wafer laboratory 

to produce wafers from such crystals. The quality of the wafers used to manufacture the devices 

is tested using various analytical methods, including the determination of their epitaxial suitability 

and the production of special test structures.

You will find more information about the Research Fab Microelectronics Germany at 

https://www.forschungsfabrik-mikroelektronik.de/ 

FRAUINHOFER I ISB AT A GLANCE

The Fraunhofer GesellschaftResearch Fab Microelectronics  
Germany 

2 	 Cleanroom packaging 

laboratory: Modern paste 

printing systems for flexible 

die attach.  

© Kurt Fuchs / Fraun-

hofer IISB

2



23

Model ing and s imulat ion has dur ing the last  decades establ ished i tse lf  as 

indispensable for the development and opt imizat ion of technologies and appl i -

cat ions in most industr ia l  areas.  I ts  methods range from f i rst-pr inc ip le calcula-

t ions done on the atomic or molecular  scale through mult iphys ics  s imulat ions 

to large-area s imulat ions us ing heur ist ic  models ,  which do not solve detai led 

phys ica l  equat ions but employ s impl if ied analyt ica l  express ions and elaborated 

methods for extract ion of the parameters required.  At I ISB,  current ly  numerical 

methods are complemented by approaches from data sc ience,  known as Art if i -

c ia l  Inte l l igence (AI ) . 

In micro and nanoelectronics, the simulation of semiconductor fabrication processes, devices, 

circuits, and systems (the so-called Technology-Aided Design TCAD) has a great share in the re-

duction of development costs in the semiconductor industry. Among others, this was confirmed 

for micro- and nanoelectronics already in the 2013 issue in the International Technology Roadmap 

for Semiconductors (ITRS). The department “Modeling and Artificial Intelligence” contributes to 

this by developing physical models and programs for the simulation and optimization of semicon-

ductor fabrication processes and equipment. Furthermore, it supports the characterization and 

optimization of lithography (incl. masks, materials, and imaging systems) and other processes, 

devices, circuits, and systems by providing and applying its own and third-party simulation and 

optimization tools. Whereas the research effort on the modeling and simulation of processes for 

aggressively scaled devices has since the foundation of the institute been the core of the activities 

of the department, in recent years the activities of the department have been strongly extended 

into the area of “More than Moore”, which consists of fields such as analog/RF, low-power 

electronics, power electronics, and microsystems technology. These new fields of application 

in particular often require the combination of heterogeneous competencies, because thermal, 

mechanical, optical, and chemical effects also occur in addition to electronic effects. This gives 

rise to an additional demand for research.

Addressing scaling of nanoelectronic devices 

The department also continues to make important contributions to support the further scaling of 

advanced nanoelectronic devices. These activities have been mainly carried out in five cooperative 

projects on the European level, funded by the European Commission and in some cases also by 

the member states: 

The EU Horizon 2020 project “Stability Under Process Variability for Advanced Interconnects and 

Devices Beyond 7 nm Node” (SUPERAID7) coordinated by the department has dealt with the 

simulation of the impact of process variations on advanced transistors and circuits. SUPERAID7 

has been completed very successfully at the beginning of 2019. More information on this project 
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was given in a dedicated article in the preceding annual report for 2018, where it was also 

outlined how this project has contributed to the so-called “Design-Technology Co-Optimization” 

(DTCO), which is now a key tool to support developments in semiconductor industry. 

The Horizon 2020 project “Ion-irradiation-induced Si Nanodot Self-Assembly for Hybrid SET-

CMOS Technology“ (IONS4SET), coordinated by the Helmholtz Zentrum Dresden-Rossendorf, 

aims at merging of single electron transistors, granting low-power consumption, and CMOS 

technology, providing speed, performance and integrability. Here, the department uses simula-

tion to assess technological options and device performance.

The traditionally optics-driven resolution improvements through extreme ultraviolet (EUV) lithog-

raphy have been addressed in the ECSEL KET pilot lines “Technology Advances and Key Enablers 

for 5 nm” (TAKE5 - finished end of March 2019), “Technology Advances for Pilotline of Enhanced 

Semiconductors for 3 nm (TAPES3) and „Pilot Integration of 3 nm Semiconducter Technology“ 

(PIn3S – started October 2019). The new PIn3S project aims to launch a pilot production line of 

3-nanometer semiconductor technology. The focus is on optimizing process integration, and 

developing new lithography, mask repair and metrology tools. These key lithography projects 

have been or are carried out by large consortia of companies, research institutes, and universities, 

coordinated by ASML, the leading vendor of lithography steppers. For each of them, the German 

part is coordinated by Zeiss. The department contributes with the extension and especially with 

the application of its leading-edge lithography simulator Dr.LiTHO. In several activities of the de-

partment, lithography simulation is used not only for the development of advanced lithography 

technology but also for metrology and inspection. 

Furthermore, the department also earns license fees for software developed within “More 

Moore” projects. Our solid expertise gained in the field of “More Moore”, for instance regarding 

tailored numerical methods for model implementation, provides a sound basis for the develop-

ment and application of simulation in other fields, such as “More than Moore”. 

Software engineering and Artificial Intelligence

Software engineering techniques are developed and applied in various areas of the institute, 

among others for smart battery management, which is an important research topic in power 

electronics. Genetic algorithms, neural networks, and hierarchical modeling approaches are 

utilized for component and system optimization. Multiphysics simulations that include electri-

cal, mechanical, and/or thermal effects on a case-by-case basis are employed for applications 

especially in the power electronics area. Methods based on Artificial Intelligence have been 

increasingly used to enhance traditional approaches for modeling, simulation, and optimization, 

especially on system level. Key information hidden in large data sets including signals and pictures 

can be extracted in a largely automated and parallelized way to describe and optimize systems 

at all levels. The challenge and approach is not to replace physics-based modeling and simula-

tion by data science based predictions, but to combine and utilize the strengths of these two 

complementary approaches. In order to highlight this approach and mission, at the beginning 

of 2019 the department Simulation was renamed to “Modeling and Artificial Intelligence”, and 

a new group “AI-Augmented Simulation” was founded in order to implement and exploit this 

approach especially for the optimization of power electronic systems.

Conclusions and outlook

In  the various areas of “More Moore”, “More than Moore”, and Power Electronics, the expertise 

gained or expanded in publically funded cooperative projects also provides the foundation for 

several research and development projects directly commissioned and financed by industry, e.g., 

for the optimization of lithography or the simulation of platinum diffusion for power devices. 

The department will continue its approach to performing focused work on physical models and 

algorithms in order to develop the necessary skills and tools on the one hand and to transfer 

these results to applications in industry on the other. Especially, the combination of physical 

understanding with the additional capabilities of data science implemented in AI approaches 

considerably extends the capabilities of the department to provide promising research results and 

valuable support to industry. Here, a close and trustful cooperation based on sharing work ac-

cording to the individual competencies and requirements of the partners has been a key element 

of the success achieved for many years.

Physics and Artificial Intelligence:  

No competitors but together ever more useful

“Art if ic ia l  Intel l igence” (AI)  nowadays seems to be a buzzword, rais ing broad 

expectat ions that i t  can solve many – or most – problems in numerous areas. 

Is  the inst i tute just fol lowing the crowd, among others by having renamed its 

department “Simulat ion” into “Model ing and Art if ic ia l  Intel l igence”? No – we 

have been using selected approaches from the AI area for about 15 years to en-

able specif ic appl icat ions. Due to the huge growth of computing power – among 

others enabled by the industr ia l  use of TCAD – the possibi l i t ies for AI have in 

the meantime grown tremendously.  In turn, the I ISB is  us ing methods from AI 

increasingly for var ious appl icat ions, ranging from nano to power electronics. 
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Microelectronics and computing push each other

The huge capabilities of microelectronics and its complexity are two sides of the same medal: For 

many years now, the simulation of processes, devices, and circuits is an indispensable part of the 

development of microelectronic devices, circuits, and systems. On the other hand, the enormous 

growth of the computing power allows both for simulations with more complex physical models 

and for the extraction of information from ever growing data sets. Among others, approaches 

from supervised, unsupervised, and enforced learning are applied for the analysis, prediction, and 

optimization of the performance, stability (and costs) of complex systems. Such approaches from 

data science are examples of “Artificial Intelligence”. They frequently complement and at best 

are combined with physical simulations. 

Early results from AI at IISB 

Among others, already 15 years ago we used so-called “Genetic Algorithms” (GAs) for global 

optimization in lithographic applications. Here, a large number of process and mask parameters 

must be selected to optimize the structure generated in terms of nominal values (e.g., feature 

size) and its stability against process variations. A Genetic Algorithm mimics the natural evolution 

process, which consists of selection, recombination, and mutation (here of parameter vectors) 

on a computer. Its main advantages are that it does not get stuck in local optima but finds the 

best global value, that boundary conditions and restrictions can be easily satisfied via the so-

called fitness functions used, and that it can be easily implemented on parallel computers. Other 

departments of the institute used AI already long ago among others for Predictive Maintenance, 

where, e.g., Bayesian Networks were used to predict equipment breakdown from data recorded 

during equipment operation. 

High-quality data and physical simulation for AI 

The key for the successful application of AI methods like the various kinds of Neural Networks 

is the quality of the data used for their training, which must very well represent the system to 

be studied in all its modes of operation or failure in question. Here, the broad competence of 

the institute in semiconductor equipment, technologies, systems, and applications assures the 

quality of the relevant data used. Furthermore, physical simulation can be and is used to provide 

complementary data for domains where measured data is not available. In consequence, at IISB 

AI methods like data analysis and neural networks are complemented with (multi)physical sim-

ulations, and include digital twins. Here, the department “Modeling and Artificial Intelligence” 

(MKI) and its group “AI-augmented simulation” conduct crosscut research starting from physical 

models and AI algorithms, whereas AI activities, e.g., in the departments “Intelligent Energy 

Systems” and in its group “Data Analytics” are driven by data acquisition, quality, and usage 

based on detailed knowledge of the domain. 

Examples from nano to power electronics 

Current AI activities in the department MKI range from optimization in nanoelectronics to power 

electronic systems. One example for the combination of supervised learning with physical sim-

ulation in the department MKI is the characterization and assessment of defects in masks for 

Extreme Ultraviolet Lithography (EUV): EUV is the leading-edge lithography technique currently 

foreseen for the production of chips based on the most advanced nanoscale transistors. The aim 

of our work is to easily and efficiently decide if a mask is defective or not, based on the image 

generated by the mask (the so-called aerial image). In principle, Scanning Electron Microscope 

(SEM) pictures of the mask (Fig. 3) could be used to train neural networks. However, in real 

cases the SEM pictures do not contain sharp structures but smooth transitions between black 

and white. Methods from image processing are used to convert single features from these SEM 

pictures into the closed rectangular polygons (so-called “Manhattan structures”) needed as input 

for lithography simulation (Fig. 4). However, the SEM data basis is not sufficiently broad and does 

not sufficiently cover the possible defect classes. Instead, the Manhattan structures are generated 

for the non-defective structures, and all relevant defect classes are added to these structures on 

the computer (Fig. 5). Then, for all of these structures the aerial image generated in the EUV 

lithography step is computed with the rigorous lithography simulator Dr.LiTHO of IISB (Fig. 6). 

This data set consisting of mask inputs and corresponding aerial images is then used to train the 

neural network. The trained network can then be used to decide for a measured SEM picture 

whether the mask feature is defective or not, and to classify the kind of defect. Furthermore, the 

use of a neural network especially tailored for this application by IISB resulted in a reduction of 

the training time by about a factor of ten compared to general-purpose neural networks report-

ed as efficient in the literature, whereas the accuracy of the trained network was even slightly 

increased. In the next step, Dr.LiTHO is also used to assess the so-called “process window” for the 

defective structure, which is the range of the process parameters focus and threshold for which 

the printed feature size (“critical dimension” CD) does not deviate from its nominal value by 

more than 10 % (Fig. 7). The parabolic lines represent the certain values for the CDs in horizontal 

and vertical direction. Black lines represent the CD without defect and the red lines with defect. 

Upper lines are for nominal CD plus 10 %, lower lines for nominal CD minus 10 %. The yellow 

area represents the common process window where both horizontal and vertical feature sizes are 

within the 10 % specification both without and with defect. 

The other extreme of the application window addressed at IISB deals with the optimization of 

power electronic systems. For this area, it is frequently not sufficient to combine TCAD tools, 
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such as process and device simulation, with AI approaches: The diverse nature of the active and 

passive components used, the various physical effects to be addressed, including electrical, me-

chanical, thermal, and reliability properties, and the need to include cost aspects require a more 

sophisticated workflow combining multiphysics simulation with powerful global optimization. 

The following subchapter on “design automation in power electronics” deals with this aspect. 

Design Automation in Power Electronics: 

Workflow and AI 

In the development process for power e lectronic components and systems one 

of the dominat ing t ime and cost  factors is  the des ign of prototypes.  This  results 

f rom the large number of assembl ing,  manufactur ing,  and ver ify ing process-

es required for a funct ional  product,  and cal ls  for  innovat ive approaches to 

drast ica l ly  increase eff ic iency in the workf low. Even though a wide bunch of 

software tools  provides solut ions for a l l  k inds of s imulat ion,  data storage, and 

analys is  as wel l  as v isual izat ion and report ing,  an automated software pipel ine 

for a s imulat ion based product development is  st i l l  lacking. Consequent ly , 

an increas ing internat ional  community of domain and s imulat ion experts  ad-

dresses this  topic gathered under the term of “Design Automation in Power 

Electronics”. 

Technological domain knowledge and simulation combined at IISB 

At IISB, the interaction of experts on power electronic systems and simulation specialists was al-

ready during the LZE (Leistungszentrum Elektroniksysteme) project driving the design of inductive 

components. It has been brought to a new level during the two last years by designing a new 

software framework in the group “AI-Augmented Simulation”. The open-source python-based 

framework has a modular structure (see Fig. 8) and provides workflow functionality for a parallel 

execution on different computational hardware (CPU, Cloud and Cluster), license, and resource 

management as well as an advanced multi-objective optimization strategy. Up to now, several 

separate software modules are designed enabling interactions with different software tools 

(Ansys Q3D, SigmaET, FEMM, LTSpice, etc.). Based on these modules, customized workflows 

can be set up and evaluated within the framework. Due to the modular implementation, a 

fast adaption on varying use cases and the interaction of multiple software tools and programs 

can be realized. Exemplarily, geometries are automatically generated in a CAD program and 

afterwards transferred to an electromagnetic analysis and a fluid simulation in parallel, while the 

8 	 Schematic workflow for 

design automation, includ-

ing Convolution Neural 

Networks (CNN), Long 

Short Term Memory Net-

works (LSTM), Generative 

Adversial Networks (GAN) 

and Genetic Algorithms 

(GAs). 

9 	 Example for optimization of 

inductive systems concern-

ing space and losses. 
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of production /acquisition, and the costs of operation. Here, a set of circuit simulations has been 

used to train neural networks for a wide set of converter topologies and devices (see Table) to be 

investigated. Several Genetic Algorithms are then employed, which compete in the search of the 

global optimum. Since the reduction of acquisition and of operating costs are partly competing 

targets, for each converter topology a Pareto plot for the optimum values in the acquisition 

costs  / operation costs space is found, see Fig. 10. Within the front the characteristics of the 

devices used in the inverter change, as indicated in the colour code. This is an example how the 

workflow of physical simulation tools and Neural Networks can be combined with advanced 

optimization approaches and domain knowledge to assess and approach the technological limits. 

Device_ID VCES Configuration IC

1 1700.0 Dual   400.0

2 1700.0 Single 1200.0

3 1700.0 Single 1600.0

...

4 6500.0 Single   750.0

Device_ID VRRM Configuration IF

23 1800.0 Dual Diode 1200.0

24 1800.0 Dual Diode   900.0

...

30 4500.0 Dual Diode   400.0

Future work 

Based on the experience made regarding the capabilities and performance of the framework, 

and on the domain knowledge of IISB in power electronics, current work focuses on the further 

enhancement of the performance and user friendliness of the software and its demonstration 

and where needed extension for a wide set of use cases in power electronics. 

results are combined for determining a Pareto optimum. Within such a scenario, sophisticated 

scheduling strategy for the different modules is crucial for reaching a highly efficient use of the 

resources, taking into account the CPU, memory, and license load: The targeted and achieved 

average efficiency is more than 90 % on multi-core processors. 

Workflow approach 

Especially for typical power electronic design cases, the number of degrees of freedom leads to a 

large amount of simulation tasks, which need to be carried out efficiently. One typical application 

case is to find the inductive component or system with minimal losses for a defined installation 

space (length, width, and height of the system) and specific construction parameters (number 

of windings, diameter of coils, etc.) including a choice from a variety of different materials and 

electric components. Moreover, the losses should represent a realistic usage scenario and there-

fore require the calculation for multiple operating points. Within the optimization process, a few 

setups based on a randomized parameter selection are used to get the first initial components 

and corresponding simulation results. Based on this first generation, representative fitness values 

are calculated and used for rating the designs within the evolutionary optimization strategy 

of the genetic optimizer employed. The expediency of the underlying fitness function can be 

enhanced by implementing domain system knowledge through rating and weighting the output 

results. The performance of the evolutionary optimization crucially depends on the mating and 

mutation strategy applied on the parameter pool. A clever and adaptable strategy will provide 

iteratively generations of setups with an increasingly better performance in terms of power losses. 

After some thousands of evaluation loops and achieving convergence, system proposals will be 

available, which have the minimal power loss while still satisfying the initially specified criterions.

Application examples 

This procedure has already been demonstrated in minimizing the power losses of coil systems in 

the domain of inductive power transfer (see Fig. 9), in the design of efficient (considering drag 

drop versus power transfer) pin fin structures and in the circuit design. It is this latter item in 

particular which provides a high potential for design automation in power electronics: Based on 

a defined netlist structure of an electric circuit, multiple parameter values have to be tuned to 

achieve a defined performance. The highly non-linear system behavior combined with multiple 

minimization objectives is very challenging and pushes even the best experts to their limits. 

Within our optimization framework, several millions of circuit evaluations are performed in one 

day providing tailored solutions for most of the circuit problems. 

One example deals with the multiobjective optimization of the topology and the devices used in a 

converter regarding its required electrical properties (which were treated as constraints), the costs 

10 	Pareto front resulting 

from the optimization of 

a power electronic circuit 

with regard to acquisition 

(production) and operation 

costs for four different 

circuit topologies (symbols) 

and using different devices 

(colour scale). 

11 	Table „Device technology“: 

Example for list of devices 

used in optimization of 

Fig 10. 
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Our mission 

We support material, device, and equipment manufacturers and their suppliers by delivering 

scientific-technological solutions in the field of production and characterization of crystals, 

epitaxial layers, and devices. For that purpose, we develop and improve equipment, processing, 

modelling, and characterization techniques. Our main focus is on semiconductors, but we are 

also experienced with optical, laser, and scintillator crystals. We pioneer novel ultra-wide band 

gap, quantum, and battery materials. Our customers’ benefits are new products at reduced costs, 

higher yield, better quality, and improved device reliability.

Our strategy 

Our strategy is the optimization of the manufacturing processes through a combination of 

thorough experimental process analysis, tailored characterization techniques, and numerical 

modeling. For that purpose, we have a well-suited infrastructure at hand, which consists of R&D 

type furnaces and epitaxial reactors, state-of-the-art-metrology tools for the investigation of the 

physical, chemical, electrical, and structural material properties as well as powerful simulation 

programs well suited for heat and mass transport calculations in high temperature equipment.

Main areas 

Silicon: We perform specific research on growth of silicon by the Czochralski technique mainly 

for power electronics and photovoltaics application with respect to higher yield and improved 

material quality. In the field of directional solidification, emphasis is put on innovative crucible 

and coating materials to reduce harmful defects and impurities. Numerical modeling gives us a 

deeper insight into the heat and mass transport phenomena occurring during growth. We offer 

individual services such as specific crystal growth experiments and characterization of silicon.

Silicon Carbide & Diamond: We develop the SiC epitaxy process with emphasis on improved ma-

terial quality. State-of-the-art metrology tools such as UV-PL or XRT together with the possibility 

to process complete devices allow us to correlate the properties of the epilayer and the substrate 

with electrical device parameters. Based on these findings solutions are demonstrated how to 

overcome harmful defects. In addition, the potential of SiC and diamond for quantum applica-

tions is explored. In this area we investigate especially how color centers in SiC and diamond can 

be generated.

GaN & AlN: We develop the HVPE growth of GaN crystals. The process is optimized towards a 

high uniform V/III ratio along the growing interface by comparing in-situ process data, ex-situ 

determined properties of the crystal with results from numerical modeling of the growth process. 

1 	 View into horizontal 

hot-wall reactor for SiC 

homoepitaxy during wafer 

loading.  

© Kurt Fuchs / Fraun-

hofer IISB 

2 	 Dr. Jochen Friedrich, head 

of the Materials depart-

ment. 

© Kurt Fuchs / Fraun-

hofer IISB 
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INNOVATIVE RELIABLE NITRIDE-BASED POWER DEVICES 

AND APPLICATIONS: THE EU PROJECT INREL-NPOWER 

Conversion of electric energy is currently highly inefficient to the point that only around 20 % 

of the whole energy involved in energy generation reaches the end-user. Wide bandgap semi-

conductors like SiC, GaN, AlN, or diamond and devices based on those materials exhibit unique 

characteristics like high maximum current, high breakdown voltage and high switching frequency 

as compared to Si and are therefore the materials of choice for solving future energy problems. 

The partners within the EU-project InRel-NPower aim for the development of robust and reliable 

GaN- and AlN-based power devices. Within this project, Fraunhofer IISB investigates the role of 

material characteristics like certain defects on device performance and reliability. 

GaN on Si power devices 

Quality and homogeneity of semiconductor wafers are crucial for devices processed on top. 

Nowadays, commercially available free-standing GaN-wafers have a diameter of typically 2 inch-

es and exhibit a dislocation density of 106 cm-2 at a prize of around 1 - 2 k€. These scales and 

costs motivate the heteroepitaxial growth of GaN on Si. The device of choice is the AlGaN/GaN 

high electron mobility transistor (HEMT), which is realized by growing a 20 nm thin AlGaN layer 

with an AlN mole fraction of 0.25 on top of the GaN layer. The great advantage of such a device 

is the intrinsic presence of a highly conductive transistor channel in terms of a two dimensional 

electron gas (2DEG), which forms at the AlGaN/GaN interface as a consequence of the materials’ 

different internal polarizations. However, crystal lattice parameters and thermal expansion coef-

ficients of GaN and Si differ significantly, which requires advanced strain-engineering techniques 

by growing a multi-layer stack between AlGaN/GaN and Si. Still, a large amount of defects 

like dislocations in the order of 109 cm-2 remains in the material. It is yet unknown how these 

defects will impact performance and reliability of power devices, which is a major concern for 

wide-spread market adoption. 

How V-pits limit the device breakdown

Growth of GaN on Si typically starts with an AlN nucleation layer. The surface of this layer is 

commonly covered by so called V-pits due to a 3D growth mode. Consecutive layers are grown 

on top of this surface and can be assumed to have material characteristics that depend on density 

and size of such V-pits. Fraunhofer IISB was able to directly reveal one dominant impact of V-pits 

on power device structures and to develop more robust devices together with its project partners 

by adapting growth parameters of the nucleation layer. 

We pioneer the PVT growth of AlN crystals with the focus of deeper understanding of growth 

mechanisms and upscaling towards larger crystal diameters. In our wafering line we explore ad-

vanced GaN and AlN crystal preparation and characterization technologies for epi-ready wafers.

Other Crystal Materials: We are well experienced in the growth and characterization of a variety 

of other semiconductor materials (Ge, GaAs, InP, CdTe) as well as of optical, laser, and scintil-

lator crystals (sapphire, oxides (LSO, YVO4, Y2O3) or halides (CaF2, CeBr3)) by different melt 

and solution growth techniques. We support our customers in the development of new crystal 

growth and epitaxy equipment and processes based on our broad material expertise and by 

using numerical simulation. Furthermore, we offer specific characterization services of crystal 

and wafer material.

Material qualification & test devices: We are experienced with the characterization of the elec-

trical, structural, physical, and chemical properties of different crystal, wafer, and epi materials. 

This includes, e.g., specific techniques like x-ray topography, various atomic force microscopy 

methods, and electrical and optical defect spectroscopy. Furthermore, we utilize a customized 

design of test devices, which are processed in a fully CMOS equipped cleanroom facility. This 

allows a systematic correlation of the material properties to device performance and the identifi-

cation of device critical defects. 

Energy Materials: We analyze rechargeable aluminum-ion battery systems as future long-term 

alternative of lithium-ion batteries. Therefore, we develop new cathode materials and electro-

lytes. The materials are assembled into battery test cells and characterized with respect to their 

electrochemical behavior. Furthermore, we develop technologies to recycle silicon from sawing 

waste and to reuse the recycled silicon for thermoelectric generators, as anode material for 

lithium batteries, and for precursors for 3D printing of high strength, lightweight AlSi alloys. 

Equipment Simulation: We support the development of high-temperature equipment and 

processes by our expertise in numerical modeling of the heat and mass transport phenome-

na. Specific expertise is available for crystal growth and epitaxial processes. But we are also 

experienced with thermal treatment of wafers and CVD applications. We provide solutions for 

furnace modifications in order to optimize the process equipment and we give new insights into 

the processes, especially for parameters that are hardly accessible via measuring techniques like 

species distributions or convection pattern. 

3 	 AlN-Crystal with 1 inch 

diameter grown by the PVT 

method at IISB. 

© Anja Grabinger / Fraun-

hofer IISB 
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Moreover, the study showed a vertical breakdown limitation of typical GaN on Si HEMT structures 

due to other defects like dislocations by extrapolating the found relationship to zero V-pits below 

the device. 

The role of dislocations

Like V-pits, dislocations in GaN on Si HEMT structures emerge from the AlN nucleation layer. In 

contrast to V-pits, they are able to penetrate the whole layer stack and reach the wafer surface. 

The role of dislocations with regard to device reliability is widely discussed, but still hardly under-

stood due to the big challenge to experimentally address open questions. 

Within InRel-NPower, Fraunhofer IISB developed an innovative characterization methodology 

to investigate the electrical properties of single dislocations. Without any processing being 

necessary, this allowed to map leakage paths through the topmost AlGaN layer only, which is 

especially relevant for transistor gate characteristics, and to demonstrate why present results in 

literature are widely spread and seem to be diverse. 

Mapping of microscopic leakage paths on different samples was carried out by using an Atomic 

Force Microscopy and applying a bias between Si and the AFM tip (C-AFM). A typical result ob-

tained for GaN on Si HEMT structures exhibits a large density of discrete leakage spots (see Fig. 8). 

Different samples have been investigated with regard to the presence of V-pits in the multi-layer 

structure by cross-sectioning and the fabrication of slanted samples. It turned out that not only 

the presence of V-pits within the nucleation layer itself, but also the efficiency of over-growth in 

the layers above is strongly dependent on nucleation layer growth conditions (see Fig. 5). 

A depth-resolved analysis of crystalline impurities by Secondary Ion Mass Spectrometry showed a 

significant statistical correlation between the presence of V-pits and an increased/decreased con-

centration of O/C. This relation was also directly probed by cross-sectional Cathodoluminescence 

investigations (see Fig. 4). Not only the luminescence was greatly enhanced within the overgrown 

region of V-pits, but also its dependence on temperature, which was found to be indicative for 

the local presence of defect centers involving O, vacancies or V-impurity complexes.

As O is a shallow donor and C a deep acceptor in n-type AlGaN and GaN, a highly increased 

electrical conductivity at V-pit sites was supposed. This hypothesis was directly proven by mea-

suring the vertical leakage current through the material on a sub-µm scale and comparing the 

appearance of leakage spots to the location of V-pits within the material, which gave a one-to-

one correlation (see Fig. 6). 

The meaning of these findings for devices was statistically evaluated. Vertical breakdown voltage 

was measured on different devices for different samples and compared to the amount of V-pits 

that are statistically expected within the highly insulating C-doped GaN-layer of the layer stack 

below the devices. The result was a common relationship for all measurements, that is a logarith-

mic dependence of breakdown on the amount of V-pits (see Fig. 7). 

4 	 Panchromatic and 

monochromatic Cathodo- 

luminescence mappings of a 

V-pit in cross-section: 

a) 	 Panchromatic CL 

b) 	 GaN NBE 

c ) 	 BL 

5  	 Scanning Electron 

Microscopy images showing 

V-pits in cross-section and 

development of the V-pit 

diameters in dependence of 

vertical position within the 

layer stack. 

6 	 C-AFM measurement show-

ing the correlation between 

local leakage current paths 

and V-pits. 

7 	 Logarithmic dependence 

of the vertical breakdown 

on the amount of V-pits 

below the device within the 

C-doped GaN-layer. 
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A direct correlation to the sample topography measured by AFM, the full underlying dislocation 

structure measured by Cathodoluminescence and the etch pit distribution and geometry after 

defect selective etching showed that first only a portion of dislocations is able to conduct current 

within the detection limit of the setup and second that only dislocations with screw component 

are candidates for that, but never dislocations of pure edge type (see Fig. 8). 

The portion of dislocations with a screw component and therefore the total amount of conduc-

tive dislocations was found to be characteristic for the growth process. 

A comparison of some tailored samples and of C-AFM measurements in a lateral bias config-

uration could show that observed leakage spots represent leakage paths through the topmost 

AlGaN layer and are not necessarily leakage paths that penetrate all the way down to Si. The 

reason for this is the shunting of all layers below the 2DEG due to its high lateral conductivity 

(see Fig. 9). 

The specific role of single dislocations in terms of gate characteristics is work in progress and 

something to be investigated in the last year of the project. 

Conclusion

The results achieved within the project InRel-NPower enabled the partners to develop AlGaN/GaN 

HEMTs based on Si- and AlN-substrates that do not only show a significantly enhanced device 

breakdown capability, but also a greatly improved dynamic behaviour by developing advanced 

multi-layer stack designs. 

This was accomplished by a close collaboration between partners from the material, device, and 

application site both from academic and industrial institutions. 

1.0 µm

0.0

-150.0 pA

2.5 nm

8 	 Correlation of C-AFM, AFM, 

Cathodoluminescence and 

defect selective etching on 

an identical area. 

9 	 Draft of the dislocation-re-

lated leakage current flow 

in vertical direction. 
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ADVANCED X-RAY TOPOGRAPHY IMAGING

Characterization of structural defects in semiconductor materials is an important task to un-

derstand the influence of the production conditions on the material quality of substrates and 

epilayers and to correlate the impact of structural defects on the performance and reliability of 

devices manufactured out of the substrates and epilayers. 

In the frame of Research Fab Microelectronics Germany (FMD) IISB has installed a unique X-ray 

topography tool (see Fig. 10). The XRTmicron gives the possibility to investigate crystallographic 

defects with high speed and highest resolution on full wafer scale. 

It is well suited for bare wafers, wafers with epilayer structures, partially processed wafers as 

well as bonded wafers. The amount and different types of dislocations, slip lines, dislocation 

networks, (small angle) grain boundaries, inclusions, precipitates, pits, scratches, stress level, 

etc. can be imaged and quantified on the samples. These features pushes Fraunhofer IISB on a 

leading position in the area of non-destructive defect characterization in semiconductor wafers 

of industrial relevance. 

Tool features and benefits 

•	 Non-destructive imaging of defects for samples up to 300 mm in diameter 

•	 Materials: Si, Ge, Diamond, SiC, GaN, AlN, GaAs, InP, CdTe, Al2O3, etc. 

•	 Dual wavelength X-ray source (Mo and Cu) in transmission and reflection geometry 

•	 Imaging by two high resolution cameras with 5.4 and 2.4 µm per pixel 

•	 Cross section topography and 3D reconstruction of defects in the volume 

Typical application examples 

After intensive performance tests of the equipment, numerous measurements for industrial 

clients were performed. For instance, glide plane distributions in a processed 200 mm silicon 

wafer can be unambiguously made visible indicating at which position on the wafer device failure 

can be expected (see Fig. 11). 

The main focus was in the development of measurement routines and subsequent quantitative 

analysis of threading screw dislocations (TSD) of 4H-SiC wafers with diameters up to 150 mm. 

10 	XRTmicron at Fraunhofer 

IISB. 

© Kurt Fuchs / Fraun-

hofer IISB 

11 	Glide planes on a 200 mm 

processed silicon wafer. 
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Fig. 14 shows a typical topograph and Fig. 12 the respective TSD density map. These maps serve 

as valuable feedback information for the substrate supplier in order to ensure the quality of the 

growth process. Also it allows in the device processing predicting the device yield by measuring 

the defect distribution before and after homoepitaxy. 

In addition, measurement routines for cross-sectional topography inside the wafer volume with 

respect to three-dimensional defect reconstruction have been established. Exemplarily, a triangle 

defect in a 4H-SiC homoepitaxial layer is visualized in Fig. 13 which acts as a killing defect in 

subsequent device fabrication. 

Finally, the XRT tool is extensively used for other materials like AlN and GaN crystals and sub-

strates, Ge or Sapphire. 

12 	Quantitative analysis of the 

Threading Screw dislocation 

density (TSD) of the 4H-SiC 

wafer in figure 14.

13 	Three-dimensional 

reconstruction of the 

triangle defect in 4H-SiC 

homo-epitaxial layer by 

cross sectional XRT mea-

surement. 

14 	XRT topograph of a 100 mm 

4H-SiC wafer (left) with 

enlargement of the center. 
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Technology and manufacturing at Fraunhofer IISB mean above all research, development, and 

prototype manufacturing in the field of power electronic devices on silicon (Si) as well as on 

4H-silicon carbide (SiC). In particular the service sector is set up in a separate organizational unit 

called π-Fab, to meet the requirements of our external and internal customers better. π-Fab is 

intended for the fabrication of custom-tailored prototype electron devices, mainly for power 

electronic application, and it is ISO 9001:2015 certificated for this. For this purpose, IISB and 

the Chair of Electron Devices of the University of Erlangen-Nürnberg operate joint cleanroom 

facilities of 1500  m2 (primarily class 10) with CMOS-compatible equipment. This allows the 

implementation of important process steps on silicon wafers with diameters of up to 200 mm 

and on SiC wafers with diameters of up to 150 mm. An industrial CMOS process transferred to 

IISB and constantly adapted for research and development purposes is used as a reference and as 

the basis for developing advanced process technologies. 

The main activities focus on the fields of Si power semiconductors, passives, and silicon carbide 

electronics. IISB has increased its commitment especially to SiC by implementing new equipment 

and processes to meet special and additional requirements for SiC power device processing. The 

main part of the FMD (Forschungsfabrik Mikroelektronik Deutschland – “Research Fab Microelec-

tronics Germany”) investments of the Technology and Manufacturing department are dedicated 

to the change in wafer size on SiC from 100 mm to 150 mm. This above all concerns the 

etching and refilling of deep trenches and the high-temperature processing of SiC. Furthermore, 

the FMD investment allows us to broaden our process portfolio by providing backside grinding 

and polishing for SiC wafer thinning and providing laser annealing for backside ohmic contact 

formation on the front side of already processed wafers. As a result, industrially competitive low 

ohmic contact can be provided. All of this allows the department to strengthen its competence in 

manufacturing high-voltage power devices. By now, IISB has developed its resources and exper-

tise to the point where it can perform nearly all manufacturing steps on SiC substrates according 

to an industrial standard. The devices currently under development include diodes and merged 

pin diodes in the voltage ranges from 1.2 kV up to 4.5 kV, as well as MOSFET devices such as 

vertical or lateral DMOS. A trench technology for vertical diodes and MOSFET as well as sensor 

and high-temperature CMOS devices are in progress. For the development of novel process steps 

in the field of dielectrics and metallization, IISB operates advanced sputter and chemical vapor 

deposition tools on the basis of ALD that are used for the deposition of high-k and metallic layers. 

Furthermore, special activities focus on ion implantation technologies. At IISB, implantation tools 

with acceleration voltages ranging from a few eV up to 800 keV are available. Special implan-

tations for CMOS as well as for power semi-conductors have been established (for example, 

commercial tools have been modified to be able to implant several wafer diameters and manifold 

elements at elevated temperatures). The physical and electrical characterization of process steps 

and device structures is of the utmost importance for the manufacturing of semiconductor devic-

1 	 Debonding of 100 µm 

thinned 150 mm SiC device 

wafer.  

© Kurt Fuchs / Fraunhofer 

IISB 

2 	 Dr. Anton Bauer, head of 

the Technology and Manu-

facturing department.  

© Kurt Fuchs / Fraunhofer 

IISB  

Fraunhofer I ISB RESEARCH AREAS

TEChnology and manufacturing

2

11



4746

Adaptive sampling and contamination 

control methods for silicon and SiC 

manufacturing lines and their supply chains

From the very beginning, Fraunhofer IISB has been working on methods for the control of 

ultra-clean manufacturing processes and ultra-trace analysis. Typical applications of these 

methods are the contamination control of manufacturing processes including the correspond-

ing equipment and process media as well as the control of manufacturing environments (e.g., 

cleanroom, minienvironments) including the evaluation of cleanroom filters and filter materials 

in general. With feature sizes shrinking, thinner layers, new materials, 3D integration, thin wafer 

technologies, and more complex designs, contamination control is a constant challenge and a 

prerequisite for a continuous quality control and achieving high yields in the manufacturing pro-

cesses. Recently, microcontamination control has become a very hot topic, as it has been shown 

that microcontamination, while not affecting yield, can affect the long-term reliability of a chip. 

This can be a major problem, especially in automotive applications such as autonomous driving. 

With the establishment of the π-Fab – a prototyping service which comprises a continuous silicon 

CMOS and silicon carbide process line in an industry-compatible environment – and its ISO 9001 

certification, contamination control procedures also became a must in a variety of internal pro-

cesses, like equipment qualification / requalification and continuous quality control. 

The focus of equipment development and assessment projects is to quantify the contamination 

behavior of the equipment, to determine contamination sources, and to certify the cleanroom 

suitability. Usually outgassing tests of equipment components and used material are common 

during the deployment phase. Therefore, different collection and extraction methods are being 

utilized and adapted, respectively. 

Based on many years of experience and profound knowledge of the group “Manufacturing 

Control” in this field, we develop and adapt sample preparation methods and analytical methods 

to offer our internal and external customers new solutions along the entire process chain of 

silicon and SiC manufacturing lines – for the characterization of wafers (e.g., Si, SiC), manu-

facturing processes, process media (e.g., ultra-pure water, chemicals), and supporting materials 

(e.g., glues, filter material) – and the associated supply chains. Our service portfolio ranges from 

a single analytical service to a fully integrated development project with troubleshooting and 

several optimization loops. 

es. Important steps in this respect are the determination of the topography, doping profile, and 

further physical and chemical parameters, as well as FIB investigations, energy-dispersive  X-ray 

analysis, and AFM surface characterization of layers. A specific competence of the department is 

the combination of several methods for failure analysis during the processing of semiconductor 

devices and tracing the causes of failures. The spectrum for electrical characterization has been 

further increased (e.g., lifetime measurements and high-voltage measurements especially for 

SiC). Furthermore, from nanotechnology to printable macro-electronics, the Technology and 

Manufacturing department is your contact for the realization and characterization of single 

process steps up to prototype devices. 

Based on comprehensive cleanroom facilities, further activities are becoming more and more 

relevant. An example of such current activities is low-temperature deposition of inorganic ma-

terials using printing techniques. The emerging markets for such products are control units and 

specific sensors based on inorganic materials. The field of thin-film systems ranges from materials 

to device exploration to the development of TOLAE (thin, organic, and large-area electronics) 

applications. Based on a carefully targeted selection from solution processing/printing, spray 

coating, or vapor deposition of inorganic layers, the devices are optimized for their respective 

environment. Printed electrolyte sensors integrated with read-out and data handling electronics 

allow physical strain to be monitored in wearable sports trackers and can also be utilized in 

the chemical industry, water quality assessment, or several agricultural tasks. Capacitive and 

temperature sensing in combination with high performance TFTs enable the realization of smart 

integrated thin-film systems. Another focal area of the department‘s work is the processing of 

structures in the range of a few nanometers as well as the repair and analysis of electronic device 

prototypes by means of focused ion beam (FIB) techniques and electron beams. In addition to 

that, UV nano-imprint lithography, a cost-effective fabrication technique that allows the transfer 

of nano-sized features to photo-resist without the use of advanced optical lithography by ap-

plying small rigid stamps and, most importantly, by applying large-area (up to 150 mm) flexible 

stamps too, is now well established. A core competence of the Manufacturing Control group is 

contamination control in advanced CMOS processing. The IISB analysis laboratory for micro and 

nanotechnology with various chemical, physical-chemical, and physical test methods is essential 

for a conclusive and comprehensible assessment. 

Several working groups at Fraunhofer IISB contribute their expertise in Advanced Process Control, 

manufacturing science, productivity, contamination control, and yield control aspects to the run-

ning ECSEL projects “Productive4.0” and “iDev40”. With 109 partners involved, Productive4.0 

is Europe’s biggest research project in the field of Digital Industry. By interlinking development 

processes, logistics, and production with Industry 4.0 technologies, iDev40 achieves a disruptive 

step towards speedup in time to market.

3 	 Sample preparation for 

contamination control by 

ion chromatography  

© Kurt Fuchs / Fraunhofer 

IISB 
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Our characterization methods include the analysis of inorganic (mainly metals, acids and bases), 

particulate contamination and organic contaminants (mainly airborne molecular contamination- 

AMC / volatile organic compound – VOC).  Our analytical toolset consists of triple quadrupole 

inductively coupled plasma mass spectrometry (ICPMS), high-pressure ion chromatography (IC), 

airborne particle counter and unpatterned wafer surface inspection system, gas chromatography 

mass spectrometry (GCMS) with automatic thermo desorption system (ATD), wafer thermo 

desorption system and micro-chamber/thermal extractor. 

The availability of the state-of-the-art analytical equipment and sample preparation methods for 

various substrates and materials within an ultra-clean and particle free environment is essential 

for high performance ultra-trace analysis. To meet these requirements, our sample preparation 

and some of the analytical equipment is installed in an ISO class 3 cleanroom. Depending on the 

sample methods and measurements, very low detection limits (down to sub-ppt level) can be 

achieved. 

A current example of our adapted sample preparation methods is a vapor phase decomposition 

droplet scan method using aqua regia to investigate wafer contamination with precious metals 

(e.g., Pd, Ag, and Au) introduced in power device manufacturing. For investigations of the 

contamination level in cleanrooms we modified thermal and chemical extraction methods to 

optimize the analysis of new and used filter material as well as other applications. In particular, 

the boron release out of particle filter elements were systematically analyzed. 

Industrial users of environment control systems generally prefer analytical systems that are au-

tomatically operated and can be implemented directly in the manufacturing lines or in the areas 

to be monitored. For the investigations in cleanrooms and equipment minienvironments classical 

sampling tubes together with a pump and control unit were integrated into a standardized wafer 

container, in this particular case a 300 mm FOUP (front opening unified pod), in order to allow 

to control the ambient of the equipment minienvironment without any manual opening of the 

equipment. 

As another example, there are various systems for air and environmental control available on the 

market. However, these systems typically use different gas sensors, which have to be evaluated 

and to some extend calibrated under different conditions. An important aspect here is also the 

cross sensitivity to different gases. With our experience in gas and environmental control a specif-

ic gas sensor testbed was implemented. The gas sensor testbed allows the characterization of all 

types of gas sensors or gas sensor systems with respect to different target gases (e.g., volatile or-

ganic compounds – VOCs). By using a permeation furnace and corresponding permeation tubes, 

almost any chemical in the relevant concentrations (typical concentration of 10 - 100 ppm) can 

be provided in the test cabinet at different temperatures (up to 90 °C heat only) and humidity 

4 	 Open micro-chamber / ther-

mal extractor for material 

outgassing tests.  
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(10 % - 90 % rH). To calibrate the gas sensor systems and to perform correlation measurements 

the gas sensor testbed includes the possibility to use classical sampling methods and standard 

analytical methods in the laboratory (e.g., gas chromatography mass spectrometry or ion chro-

matography). In addition, test capabilities could be provided for the assessment of sensors or 

other electronic systems in harmful atmospheres. For this purpose, corrosive gases (H2S, SO2, Cl2 

with carrier gas N2, NO2 with carrier gas synthetic air) are provided in a corrosion test chamber 

with a conditioned air volume (10 - 90 % RH, 15 - 60 °C). 

5 	 Gas sensor testbed at the 

IISB laboratory.  

© Anja Grabinger / Fraun-

hofer IISB 

6 	 Autosampler (close-up) for 

gas chromatography mass 

spectrometry analysis of 

liquid samples.  

© Anja Grabinger / Fraun-

hofer IISB 
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The department acts as a bridge between the Semiconductor Technology business unit, which 

is focused on materials and processes, and the application-oriented Power Electronics business 

unit. The fields of research include design and fabrication aspects of active and passive devices, 

packaging technology and concepts, as well as electrical characterization, lifetime testing, mod-

elling, and reliability.

On-going development of silicon carbide processing technology for power devices has focused 

on the implementation of self-aligned process steps in 2019. This technology extends the 

manufacturing capabilities towards shorter device channels in VDMOS transistors beyond the 

limitations imposed by photolithography. 

In the joint collaboration with the National Institute for Nanomaterials Technology in Pohang, Re-

public of Korea, Fraunhofer IISB has started implementation of trench etching processes towards 

a baseline TrenchMOS technology. Results can be expected throughout 2022. The project has 

moved right into the second two-year stage. Close collaboration between both institutions and 

significant exchange of staff was continued towards the establishment of subsequent joint R&D 

activities in Korea and Germany. 

The SiC CMOS baseline technology for high-temperature capable circuits was moved forward 

with the next round of process batches. Presently, the work focuses on process optimization and 

implementation of analog circuits like high-temperature amplifiers.

Further work towards RC snubbers suitable for switching speed enhancement in SiC-based 

1200 V power modules has been carried out to implement the feasibility of technology transfer 

to an external silicon foundry. Additionally, together with the Leistungszentrum Elektroniksys-

teme (LZE), efforts are ongoing to identify and address more use cases for this technology.

In the field of packaging, new research projects have been started. MESiC, sponsored in the 

PREPARE program by Fraunhofer Association, was kicked off in the early year of 2019. PREPARE 

projects serve the purpose of demanding, cross-institutional preliminary research in preparation 

for new business fields. These projects intend to lay the foundation for a longer-term alliance 

between the institutes IISB, IKTS, IMWS, and IWM. Within the MESiC project, a novel thermally 

extremely stable (up to 400 °C) and highly compact power module concept for SiC devices is 

being researched and developed. In contrast to previous technologies, the approach is based on 

the sintering of multilayer ceramic substrates embedding SiC components. The task of MESiC 

is to achieve the competitiveness of SiC-based electronics in a wide range of power electronic 

applications like drive inverters. The main goal is to reduce SiC semiconductor costs by a factor 

of three and at the same time to fully exploit its superior performance characteristics. This project 

goes hand in hand with the whole packaging strategy followed in this working group. 

1 	 Copper crystal after 

corrosion testing.

2 	 Andreas Schletz, head of 

the Devices and Reliability 

department.  

© Kurt Fuchs / Fraun-

hofer IISB
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For the die attach, direct bonding technology was further researched and developed. Now it is 

possible to stack semiconductor components without any additional intermediate layer like solder 

or sinter material. Furthermore, not only devices may be attached without an intermediate layer, 

but also contacting lead-frames or flexible circuit boards can be assembled. Thermomechanical 

testing is ongoing right now to show the relevance of this technology for power electronics. 

More tools have been installed and set up. The complete packaging line from storage, printing, 

die bonding, soldering and sintering, encapsulation, and testing is available in a high-quality 

packaging lab. 

The research activities concerning testing and reliability have now settled in the new “environ-

mental test lab”. Thanks to the FMD project, the new tools are now nearly completely finished. 

The new possibilities are fitting perfectly to the department’s road map enabling the future needs 

for power electronics. Especially wide band gap devices, such as high voltage, high temperature, 

and low on-resistance silicon carbide devices can be tested without compromises. 

Thanks to the ongoing project “Research Fab Microelectronics Germany (FMD),” sponsored by 

the Federal Ministry of Education and Research, this new hardware was installed that allows new 

research to be well equipped for the future.

Material characterization for the next generation of lifetime modelling for power electronics is 

ongoing. A project started to investigate thick-copper-based insulating substrates. Modelling 

and the simulation tools were improved. Now, it is possible to simulate power modules with 

their electro-thermo-mechanical behavior. Therefore, different simulation tools had been linked 

together to enable the three domains. Within the simulation, thermal heating and cooling is pos-

sible like it happens in the real application by passive and active temperature cycles. All material 

and simulation models are validated by experiments to get a good confidence in the results. The 

output is a reference value for the lifetime.

Everything is connected to everything. Within the publically funded research project “SiCool”, 

supported by the Federal Ministry of Education and Research, a new genetic optimization algo-

rithm for different target values was developed and tested. First, the thermal resistance of direct 

cooled pin fin cold plate structures is enhanced automatically. The target is to get an optimized 

power module setup with a minimized chip size at a required lifetime and lowest cost at the same 

time. Therefore, the workflow is established. 

In addition to the variety of publicly funded projects, there were a huge number of joint industrial 

projects in all research fields. The topics ranged from assistance and consulting to large feasibil-

ity studies and process and technology developments for devices, packaging, and testing. The 

applied research within the department is financed by an industrial budget contribution of well 

above 40 %. This perfectly achieves the Fraunhofer target. 

Many thanks to all colleagues for their great support during challenging times and the excellent 

work that has led to success and keeps the institute ready for the future.

SiC-VDMOS: Beyond the lithography limits 

with Self-Alignment Channels

 

Industry drives the commercialization of Silicon Carbide power transistors on 150 mm wafers at 

full speed towards application in energy-efficient converters. An increasing number of fast-fol-

lowers are moving into the market. Fraunhofer IISB uses its qualified 150 mm 4H-SiC baseline 

planar processes to develop and manufacture such kind of devices using an 800 nm UV stepper 

technology. While this lithography resolution is sufficient for 1200 V VDMOS transistors, the 

overlay accuracy of the stepper tool limits the electrical performance of such power devices. To 

further increase integration density, a large density of cells within an integrated circuit is needed 

to obtain low on-state resistance power devices. Self-aligned processes, e.g., the self-aligned 

channel for MOSFET, help to downscale the cell pitch and as a result increase the cell integration 

in the devices. 

The self-aligned channel for SiC-based MOSFETs in planar technology implemented by Fraun-

hofer IISB uses the spacer process, which is also fully compatible with silicon CMOS technology 

where this process flow is part of the lightly-doped-drain process. In a first step, a thin oxide is  

deposited onto the front side of the wafer. Subsequently, deposition of a thick polysilicon layer is 

carried out. This polysilicon layer is subsequently patterned on the front side using photolithogra-

phy and dry etching in order to create a hard mask for the aluminum ion implantation (so-called 

PBASE region). Here, the thin oxide acts both as a stopping layer for the etching process and as a 

scattering oxide for the ion implantation. After the implantation, silicon nitride of a well-defined 

thickness is deposited onto the wafer. A feature of the conformal LPCVD deposition is to form a 

layer of a homogenous thickness even on rugged topographies – in this case on the polysilicon 

mesa, trench bottom, and sidewalls. Next, dry chemical etching is used to etch back the silicon 

nitride anisotropically. This step removes the silicon nitride from the mesa and trench bottom but 

leaves it on the trench sidewalls as depicted in the SEM image (Fig. 3). Hereby, a silicon nitride 

spacer with well defined width is created next to the polysilicon region. The thin oxide again acts 

as a stopping layer for the etching process and simultaneously as a scattering oxide for the sub-

sequent nitrogen ion implantation (so-called SOURCE region). The channel length of the MOSFET 

3 	 SEM image of process 

patterns for self-alignment 

VDMOS channel structures. 
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is defined between the PBASE edge and SOURCE and it corresponds roughly to the width of the 

spacer, which in turn equals the thickness of deposited silicon nitride. The main advantages of 

this process are its self-alignment and achievable short channel lengths, compatibility with the 

silicon technology and application even for a high-temperature ion implantation. 

Hence, it is possible to manufacture 1200 V VDMOS transistors with on-state resistance below 

6 mΩcm2. This approach is already well known from silicon technology and augments our tool 

box of fabrication processes for baseline VDMOS transistors. This SiC baseline technology is, 

to the best of our knowledge, free of third party IP. Thus, collaboration in this field allows our 

partners to quickly step into the SiC power device domain with a competitive device design and 

process portfolio that can be tailored to their needs.

New Environmental Test Lab at IISB

Corrosion and corrosion protection are studied at Fraunhofer IISB including basic research con-

cerning corrosion mechanisms, environmental testing, and condition monitoring and corrosion 

protection for power electronic devices. 

During the last year, the environmental laboratory was completed by a temperature shock 

chamber (temperature range: 60 - 300 °C), a corrosive gas test chamber (temperature range: 

15 - 85 °C, humidity range: 10 - 90 °C and range of gas concentration: up to 50 ppm for H2S, 

SO2, and NO2), a HAST (Highly Accelerated Stress Test) system for accelerated testing with high 

humidity, high temperature, and air pressure, and a salt spray test chamber. 

The new equipment was provided by the investment program “Forschungsfabrik Mikroelektronik 

Deutschland” (FMD) of the “Bundesministerium für Bildung und Forschung” (BMBF). 

In the fully equipped environmental laboratory, different application conditions are simulated 

and environmental influences can be investigated. Customized as well as standardized tests like 

salt spray test (e.g. DIN EN 60068-2-52), thermal shock test (e.g. DIN EN 60068-2-14), damp 

heat test (e.g. DIN EN 60068-2-67) and corrosive gas tests (e.g. DIN EN 60068-2-42, DIN EN 

60068-2-43 and DIN EN 60068-2-60) can be performed. An overview of all environmental tests 

being performed at Fraunhofer IISB can be found in the table beside (Fig. 5).

Device Environmental 

test

Temperature 

range in °C

Humidity range 

in % RH

More 

parameters

Cyclic corrosion 

test chamber

Salt spray test RT+5 to +50 Up to 93

Condensation 

test

RT+5 to +42

Air-air tempe-

rature shock 

chamber

Temperature 

Cycling

-70 to +400

Climatic 

corrosive gas 

chamber

Corrosive gas 

test (single and 

mixed gas)

+15 to +85 10 to 90 NO2: up to 50 

ppm

SO2: up to 50 

ppm

H2S: up to 50 

ppm

Cl2: up to 1 

ppm

HAST system / 

pressure cooker

Highly accelera-

ted stress test

+50 to +142.9 75 to 100 Pressure: 0.020 

to 0.196 MPa

Environmental 

stress chamber

High tempera-

ture and high 

humidity test

-75 to +180 10 to 98

After environmental testing, different methods for damage analysis are available at Fraunhofer 

IISB. Besides optical techniques like light and scanning electron microscopy, surface analysis 

techniques like energy dispersive X-ray spectroscopy (EDX), focused ion beam (FIB) cuts, X-ray 

photoelectron spectroscopy (XPS), and scanning acoustic microscopy are available.

Characterization of coatings for corrosion protection is performed to develop new coatings, 

compare different coatings and investigate the influence of environmental testing on coating 

properties. One important parameter is the adhesion of coatings that can be evaluated by 

different methods (scratch test, pull test, shear test, etc.). Furthermore, laser interferometry is 

conducted for the analysis of coating thickness and quality. Thermo-gravimetric analysis (TGA) 

and differential scanning calorimetry (DSC) is available to get information about different prop-

erties, like melting point, melting range, heat capacity, etc. Further analyzing tools include Fouri-

er-transform infrared spectroscopy (FTIR), radiography / computer tomography, partial discharge 

measurement, and comparative tracking index (CTI) is ready to use. 

4 	 Dendrites between two 

circuit carrier pads within a 

condensation test.  

© Thomas Richter / Fraun-

hofer IISB 

5 	 Table: Overview of 

testing capability in the 

fully equipped environ-

mental laboratory at 

Fraunhofer IISB 
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From material characterization to  

FE-based design optimization

In the field of lifetime and reliability prediction, as well as optimization of power electronics as-

semblies, numerical simulation is successfully being used. The idea is to support the development 

engineer in making important decisions during the product design process. Typical situations, 

where FE simulation is applied, straddle all physical domains, where the spatial field information 

has to be taken into account. The applications can range from computing the electrical current 

density distribution and electrical fields over the dissipated heat and temperature field for cooling 

optimization to mechanical forces and displacements for studying substrate deflections or failure 

mechanisms occurring in accelerated lifetime tests. In addition, all kinds of couplings between 

the different physical domains are intensively used. What all of these variants have in common, 

however, is that they are being used to study the influence either of the spatial geometrical prop-

erties or the material behavior on the assembly properties. Some insights regarding the activities 

in this field of the group “Test and Reliability” can be found in the following subchapters. 

Mechanical characterization and modelling of packaging materials by nanoindentation 

for lifetime prediction supported by FE simulations 

Many properties of the materials that are used in power electronics assemblies show a strong 

dependency on the individual manufacturing process. If one wants to carry out FEM simulations 

of an electronics assembly, the material properties need to be determined as accurate as possible 

including all the processing history, as long as no process simulations are done in advance. When 

standard tests such as uniaxial tensile, shear, or bending tests, are planned, sample preparation 

can become a very time intensive and failure prone task. In this case, all interactions from the 

different manufacturing processes need to be taken into account.  

An optimal method of testing in the aforementioned situation is nanoindentation. With the 

standard cross-sectioning preparation method, samples can be produced relatively simple and 

fast. The advantage is that the indentations can be made on the cross-section of the samples, 

where under favorable conditions all relevant materials are present and, most important, have 

seen exactly the same process history as in the manufacturing routine of the product. However, 

there are certain steps to be taken in this process. After the mechanical cross sectioning, an 

ion-polishing step is recommended in order to reduce the hardening depth from the mechanical 

grinding and polishing on the surface. Also “multi-layering” should be avoided. This means that 

the layers located under the layer of interest have to either be removed or taken into account in 

the analysis procedure. 

Keeping this in mind, nanoindentation makes it very easy to obtain the elastic modulus, in a 

temperature range from room temperature up to 500  °C, for the most common electronics 

packaging materials. Even rate-dependency can be addressed. 

When it comes to nonlinear inelastic material properties, additional support by FE analysis is 

needed, since the complex state of stress does not allow for analytical calculation of the param-

eters for the nonlinear behavior laws. If the material is assumed to have an isotropic behavior, 

a 2D finite element model with rotational symmetry is sufficient. This saves computational time 

and delivers acceptable results in most cases. The aim is to evaluate the computed load-displace-

ment curve from FEA for an initial guess of the material parameters and to compare it with the 

experimental measured load-displacement curve. By varying the material parameters within a 

meaningful range, it is possible to investigate the influence of the parameters on the predicted 

load-displacement curve. The number of parameters as well as their range can then be reduced, 

in order to obtain the input parameters with a significant influence on the response. With the 

help of multivariate polynomials or Kriging interpolation, a meta-model can be build, which 

can be further used for direct optimization with algorithms like “nonlinear programming by 

quadratic Lagrangian” for finding the material properties, which represent the best matching 

result between experiment and simulation. 

After the development of this procedure, it was possible to parameterize all necessary tempera-

ture dependent material behavior laws for different assemblies with GaN power semiconductors 
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6 	 Dependence of accumu-

lated plastic strain on Tmin   

and ton for a power cycling 

test. 

7 	 Validation of the simulated 

temperature distribution by 

means of IR thermography: 

a) 	 Simulated, 

b) 	 Measured.

8 	 Validation of the simulated 

average temperature in the 

semiconductor by using the 

PCT data and a custom-de-

signed validation setup. 
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soldered on PCBs. The collected data is currently used in FE-Simulations that contribute to build 

lifetime models together with power cycling test results. 

Finite-element analysis for lifetime testing and design optimization 

With lifetime tests often requiring excessive amounts of time and financial resources, numerical 

analysis has become a very useful tool in complementing as well as partially supplementing 

experimental activity. 

By using numerical methods such as finite element analysis coupled with sensitivity analysis and 

stochastic optimization techniques, great progress has been made with respect to understanding 

and predicting the impact of both design (e.g., layer thickness, bondwire diameter, etc.) and test 

parameters (e.g., pulse length ton, coldplate temperature Tmin, etc.) on the sample degradation 

during lifetime tests. This provides valuable information, and example of which can be seen in 

Fig. 6, which is used to optimize and tailor design lifetime for specific applications. 

The complex task of predicting component lifetime and developing reliable lifetime models 

using test data has been a central topic of our group’s activities for many years. Using the 

physics-of-failure approach in combination with numerical simulation has made it possible to 

correlate the test results with the numerical results, allowing for a direct way from mission profile 

to accurate lifetime prediction. 

Besides using the current state-of-the-art finite element numerical solvers, development activities 

in the field of physics solver coupling are also taking place within the group, keeping up with the 

constant need for more realistic simulation models. 

Numerical model validation is a key part of the simulation workflow. Several non-destructive 

measurement methods such as thermography and digital image correlation have become 

standard procedure to verify the validity of the generated numerical results. This has enabled 

an overall improved confidence in the simulation data as well the development of accurate 

validation strategies. 

A successful example of numerical model validation can be seen in Fig. 7 and Fig. 8, where the 

simulated temperature distribution at the end of the heating cycle of the power cycling test is 

being compared to the measured one. The procedure was developed and applied within the 

BMBF funded project HELENE (FKZ.:  16EMO0231). Now it is possible to do efficient lifetime 

simulation in direct link to the packaging technologies, geometries, materials, and concepts. 
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9 	 2D-FEA model of the 

nanoindentation process 

for the inverse material 

model parameterization.
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Challenging applications up to megawatt of electric power

The vehicle electronics department is covering a wide field of power electronic solutions in various 

applications. The original focus on electric passenger cars is opening up to electrified buses, 

trucks, and construction vehicles, as well as trains and ships with much higher requirements on 

power and lifetime. An extremely challenging field is electric air mobility. On one side there is the 

urban air mobility with different kinds of multi-rotor aircrafts with vertical takeoff and landing 

(VTOL) capability with a voltage range up to 800 V and requirement of 200 kW up to 1000 kW of 

electric power, on the other side there are hybrid-electric regional aircrafts with power demands 

in the megawatt range. But both applications need very lightweight and highly reliable power 

electronic solutions. 

To tackle all these upcoming challenges, the Vehicle Electronics department is working on 

mechatronic integrated drive inverters, DC/DC converters and chargers with latest silicon carbid 

(SiC) or gallium nitride (GaN) semiconductors. The mechatronic integration of the drive inverter 

with the electric motor saves space and weight of an additional housing and the failure prone 

three-phase AC cables and connectors. Another positive effect of the integration is the significant 

reduction of the electromagnetic interference (EMI) caused by the power electronics. The EMI of 

ultra-fast switching of SiC and GaN power electronics is an upcoming challenge, making filters 

more space consuming. To optimize the EMI spectrum and reduce the size of the filter elements, 

the Vehicle Electronics department is working on new simulation models and concepts to achieve 

low EMI emissions by design of the power electronic system, optimized passive and active filters, 

and software. This opens up the possibility that the electrical engineer can simulate and adapt 

the electrical design to the EMI specifications during the early stages of the design process. 

Beside the challenges, the SiC and GaN power devices enable the realization of much smaller 

and more efficient DC/DC converters necessary for future powertrains powered by fuel cells for 

heavy-duty or autonomous vehicles and aircrafts. Placed between the fuel cell and the electric 

drive and a power in the range up to several hundreds of kilowatt, a high efficiency is mandatory 

for improved range of the vehicle and low cooling effort on the power electronic converter. 

To reduce the size of DC/DC converters further, the research project “InKoleZ” is focusing on 

galvanic isolated resonant DC/DC converters with a switching frequency of 1  MHz and an 

optimized transformer and EMI filter for a small size 11 kW off-board charger, for an ”in-cable 

charger box”. 

Besides small and efficient solutions, there is a growing demand for reliable power supply for fail 

operational functionality for upcoming autonomous vehicle and aircraft solutions. Therefore, the 

research project “HiBoard” is focusing on safe and fail operational power supply concepts for 

autonomous vehicles. To fulfil the challenging requirements of a fail operational power supply a 

1 	 Intelligent energy distri-

bution for fail-operational 

power supply of future 

autonomous vehicles.  
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special power supply unit with a DC/DC converter, safety power switches, and a super cap energy 

storage is developed. 

A great event was the IISB Annual Conference on vehicle electronics combined with DRIVE-E 

summer school and the “WAVE”, an electric vehicle tour with its final destination in Erlangen. 

This gave the 50 participating students a focused view on the challenges for future electric 

vehicles and the possibility for testing different kinds of common and brand new electric cars. 

With several new topics, many successful projects, and a great team, the Vehicle Electronics 

department is looking back on an eventful year. Sincere thanks to all my colleagues for the 

extraordinary work, the support of our public and industrial partners, and Fraunhofer Gesellschaft 

for great support.

Electric Motor Design

A step forward to complete cognitive drive train development  

The Drives and Mechatronics group started motor design activities to establish a much deeper 

understanding of the interaction between the drive inverter and the motor. This is essential for 

the cognitive power electronic solutions, with the goal that the drive inverter can monitor and 

detect upcoming defects in the motor, like isolation problems or a wear out of the ball bearings. 

To gain knowledge, a complete 150 kW electric motor was developed. During the design process 

the magnetic and mechanic design was simulated and optimized for high torque and a peak 

output power of 230 Nm and 150 kW at 800 V supply voltage. The maximum shaft speed is up 

to 20.000 rpm, and a six phase approach is chosen to get a small and scalable multi-phase drive 

inverter. 

With the simulation model of the motor first evaluations of different failure scenarios were 

investigated to detect, e.g., a wear out of the bearings. The very positive simulation results were 

now verified on our motor test bed in order to continue the training of the software algorithm 

of the cognitive drive inverter. 
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net synchronous machine 

(PSM) ready for assembly. 
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4 	 Magnetic field simulation 
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The department “Intelligent Energy Systems” develops the technologies for the digitalization 

of the power electronic and energy conversion in the transportation and energy domains. The 

department integrates these technologies in interconnected intelligent energy systems, building 

the “Cognitive Power Electronics” ecosystem initiated at the Fraunhofer IISB. Its research and 

development efforts are focusing on cutting-edge power and control electronic hardware, as 

well as on advanced software algorithms and data processing technologies making intensive 

use of artificial intelligence, targeting electrical power conversion and electrical energy storage 

in mobile and stationary applications, covering the entire power range from a few watts up to 

several gigawatts.

Organization of department 

The department is organized in five working groups with a total of about 35 researchers. A 

highly skilled staff in mechanics, mechatronics, electronics, embedded software, informatics, and 

computational mathematics with long-term experience in industrial R&D projects and technology 

transfer allows us to successfully support and accompany our customers in addressing today’s 

digitalization and tomorrow’s digitalization challenges in the energy and power businesses. The 

close cooperation with the Chair of Power Electronics (LEE) at the University of Erlangen-Nürnberg 

in Germany provides us with access to the latest fundamental research results and an attractive 

pool of highly skilled and motivated students.

Activities of the research groups

The group “Data Analytics”, headed by Dr. Martin Schellenberger, helps our partners and cus-

tomers to get the most out of their data in the context of IoT and Industry 4.0. The group takes 

an application-oriented approach that includes system analysis, conception, data collection, 

filtering, clustering, and finally the development and implementation of intelligent algorithms in 

industrial processes or in embedded systems. 

The group “Energy Technologies”, headed by Dr. Richard Öchsner, investigates and optimizes 

intelligent and decentralized energy systems like fuel cells and redox-flow batteries for the energy 

and transportation domains. The focus is on the integration of different physical storage systems 

(i.e., electrical, thermal, hydrogen), and on the intelligent interconnection as well as control – also 

based on forecasts – of different energy areas (sector coupling, peak load reduction). 

The group “Industrial Power Electronics”, headed by Markus Billmann, supports our customers 

in solving power electronic challenges in the field of multi-level converters of all voltage ranges. 

Whether development support or problem analysis for running facilities and equipment, the 

1 	 Test stand for the investi-
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fuel cell systems.  
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list of strengths in the field of troubleshooting of this group is large: longstanding industrial 

application experience, fast response time, and familiarity with industrial processes. 

The “Battery Systems” group, headed by Martin Wenger and Radu Schwarz, is working on 

innovative solutions for lithium-ion-based electrical energy storage systems for stationary and 

mobile applications. The activities range from the development of battery management systems 

(e.g., BMS platform foxBMS), algorithms for battery state estimations and predictions, up to the 

design of full-custom battery systems for large applications like racing cars, submarine explora-

tion robots, airships, and electric gliders. 

The group “DC Grids”, headed by Bernd Wunder, focuses on innovative solutions for local DC 

grid systems. Their work ranges from applied research, e.g., on safety and stability issues of 

DC networks, through concept studies, up to the development of innovative grid components, 

such as customized DC/DC converters, DC plugs, and protection devices. Bernd Wunder also 

represents the DC topic on boards such as VDE/DKE, IEC, eMerge Alliance, and IEEE Smart Grid. 

Sincere thanks to all colleagues in the department for their extraordinary dedication, to all our 

supporters from industry, politics, and Fraunhofer, and to the entire staff of the IISB.

Advanced system integration of fuel cells 

and electrolyzers 

Hydrogen is expected to play a key role in future energy and transportation systems. In many 

present applications and future scenarios, energy from the electrical grid is converted into hy-

drogen via electrolysis. For converting the stored energy within the hydrogen back into electrical 

energy, fuel cells are a promising and suitable solution for many applications. Fraunhofer IISB 

uses its competencies to enhance existing hydrogen power technologies and to develop new 

routes for the system integration of innovative hydrogen storage technologies. 

Having lots of expertise in power electronics and different kinds of electrical and thermal energy 

storage systems, Fraunhofer IISB takes a holistic look at the whole power systems, in which 

electrolyzers and fuel cells are integrated. For example, within commercially available mobile 

applications like the hydrogen car Toyota Mirai or the hydrogen train Alstom iLint, hybrid systems 

combining fuel cell stacks and battery systems are implemented to cover the load requirements. 

Due to the limited dynamics of several hydrogen technologies, the hybridization with fast-acting 

battery storages is necessary to fulfil highly dynamic load requirements. Furthermore, a smart 

3 	 Innovative energy storage 
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hybrid system design and operation offers to enhance lifetime of components and to optimize 

parameters like weight, efficiency or costs. Therefore, the overall system design including power 

electronics architecture as well as control strategy development and implementation are main 

elements of the advanced system integration realized at Fraunhofer IISB. 

Looking at the unique research platform for power systems based on the storage of hydrogen 

within liquid organic hydrogen carriers (LOHC) at Fraunhofer IISB, the so-called LOHC container, 

hybridization plays a major role, too. This research platform includes the electrolyzer to convert 

electrical energy into hydrogen, which is stored compact and safe under ambient conditions for 

pressure and temperature within a liquid carrier, and the fuel cell to convert the stored hydrogen 

into electrical energy. 

The electrolyzer and the fuel cell are based on the PEM (polymer electrolyte membrane) tech-

nology and are integrated in the DC microgrid of the Fraunhofer IISB via self-developed power 

electronics. The hybrid operation of electrolyzer or fuel cell and the hydrogen storage unit requires 

the researchers at Fraunhofer IISB to develop specific control strategies regarding operational 

constraints, e.g., the different dynamic behavior of the single components. In addition to the 

LOHC container, a flagship project of LOHC technology realized together with the University 

of Erlangen-Nürnberg, the scientists at Fraunhofer IISB gathered extensive knowledge on the 

operation of PEM fuel cells with a high content of non-hydrogen gas in a specially developed 

hydrogen test bench in recent years. With the developed system setup, PEM fuel cell systems 

became able to run with nitrogen contents of up to 60 %. It was also demonstrated that PEM 

fuel cells can be operated with exhaust gas of the epitaxial process used in the semiconductor 

manufacturing. The described test bench is also used to investigate hybrid systems of fuel cell 

and battery. 

However, hybrid system solutions also require a hybridization of competencies. Besides the 

extensive operating experience with hydrogen systems, relevant core competencies at Fraun-

hofer IISB are battery technology, power electronics, and development of control strategies and 

optimization algorithms. In addition to various cooperations with industrial partners in the field 

of hydrogen technology, the institute expands its existing competencies in the field of the novel 

LOHC technology by a close cooperation with the leading experts of the Helmholtz Institute 

Erlangen-Nürnberg (HI ERN). 

The acquired competencies and existing cooperation enable the scientists at Fraunhofer IISB to 

create tailored simulation models for various application scenarios. For example, a simulation 

model of a fuel cell-battery hybrid system with hydrogen storage in LOHCs for the mobile appli-

cation in trains is used to develop control strategies and to find an appropriate dimensioning of 

fuel cell, battery, and LOHC unit to cover the dynamic load requirement. 

As a research service, Fraunhofer IISB offers the simulation-based design and control strategy 

development of hydrogen based power systems for defined stationary and mobile applications. 

The new hydrogen laboratory in the extension building opened in 2019 also offers additional 

possibilities for the setup and investigation of further research demonstrators. The scientists 

at Fraunhofer IISB are pleased to pave the way for hydrogen technology to a broader future 

application through advanced system integration within current and future projects. 

SMART DC MICROGRIDS FOR INCREASED ENERGY 

EFFICIENCY

DC microgrids have established themselves well over the last couple of years as a beneficial 

approach to interconnect distributed renewable energy resources, battery storage systems, and 

loads locally. After maturing in telecommunication and data center applications, DC microgrids 

are now sparking interest also for industrial applications comprising a large number of speed-reg-

ulated drives. The fundamental challenges within these applications are power quality issues 

due to harmonic distortion caused by a large number of passive rectifiers on the one hand 

and the difficulty to regenerate braking energy on an economical scale on the other hand. DC 

microgrids offer a cost-efficient solution for these challenges by eliminating the rectifier stages 

through provision of a common DC bus supplying the drive inverters directly. In addition to that, 

controlling the power flow within a DC microgrid is significantly easier in comparison with the 

AC mains, because the number of state variables directing the power flow is reduced from the 

quantity of two in the AC case, namely line voltage level and frequency, to only one in the DC 

case, which is the bus voltage level. Fraunhofer IISB has participated in different projects involving 

DC microgrids for industrial applications targeting different power levels 

Large-scale industrial production fed by DC power 

The project “DC-Industrie”, which was funded by the German Federal Ministry of Economic 

Affairs and Energy (BMWi), aimed at showing the benefits of local DC microgrids for different 

branches of industry like car manufacturing, machine tool building and plant engineering. After 

defining a broad consensus among different industrial equipment manufacturers on a compre-

hensive operating concept for the grid, three demonstration sites were built, commissioned, and 

scientifically analyzed. Fraunhofer IISB contributed in three fields: investigation of a decentralized 

load flow management concept that only requires the grid-side voltage value to determine the 

infeed level of a power source, advanced methods to measure the grid impedance within noisy 

industrial environments in real-time, and development of high-efficiency DC-to-DC converter 

4 	 Real DC microgrid 

demonstration plattform at 

Fraunhofer IISB. 
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systems. The converters were deployed to interconnect a battery storage unit and a wood-work-

ing tool machine. Besides providing resiliency, the deployment of the active controlled storage 

system contributed to improve the total energy efficiency of the machine by up to 10 % by 

regenerative braking energy that would otherwise be dissipated into heat. 

DC microgrids for rural areas 

The rapid and progressive connection of distributed renewable energy resources, mainly PV 

generation, to low-voltage distribution grids especially in the rural areas of Germany over the last 

two decades has led to several issues among which significant deviations of AC line frequency 

from the nominal value and overload of distribution lines and cables being the most critical 

ones. Fraunhofer IISB addresses these challenges again by promoting DC microgrids that are 

adapted to the specific needs of the typical consumers found in these respective areas: small and 

medium-sized businesses, agriculture, and private households. The DC-Grid Manager concept 

provides an integrated solution for these challenges by provision of up to eight power DC-to-DC 

converter channels within one housing. The system is ideally suited for setting up a local energy 

system containing PV generation, battery strorage units, and loads. This system approach enables 

enhanced local utilization of PV generation and helps to relieve the public AC grid. 

Blockchains as an enabling factor for new business opportunities 

Besides developing highly efficient and versatile power electronic converter systems, Fraun-

hofer IISB is also conducting investigations on new concepts related to and making use of data 

security, data integrity, and trusted electronics. Blockchain-based trading systems for local energy 

markets are also investigated. This further helps to increase the utilization of local energy resourc-

es with the additional benefit on creating financial revenues especially for less favored regions. 

Smart safety devices for modern DC microgrids 

Operating a modern and DC microgrid requires not only converters, storage systems and renew-

able energy sources, but also an efficient and safe infrastructure to transport the energy. Since DC 

installations pose several challenges that usually do not occur in normal AC installations – e.g., 

long standing switching arcs or a change of direction in power flow – those must be addressed 

as well. Hence, in the research project „DC-Schutzorgane“ („DC safety elements“), funded by 

the German Federal Ministry of Economic Affairs and Energy, a comprehensive protection system 

for DC microgrids was developed. Besides responding to the specific technical requirements of 

DC technology, the system and the individual protection devices – e.g., against arc faults and 

overvoltages – provide additional information about grid status and their own state of health, 

allowing predictive maintenance as well. 

5 	 Main test enviroment from 

the ETIBLOGG project to 
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ENERGY MANAGEMENT – STANDARDIZATION IN 

MULTI-LEVEL-CONVERTER SUBMODULES 

The world’s growing demand for electrical energy needs a new concept to ensure a reliable and 

also flexible power scaling. Today systems from HVDC to STATCOM are provided by a few big 

players worldwide. For scalable high power applications up to the gigawatt-range they all use 

the principle of modular multi-level converters (MMC). Such systems are based on submodules, 

mostly voltage source half- or full-bridge topologies. From up to several tens to thousands of 

such »megawatt-submodules« are arranged side by side in converter halls, similar to bricks in a 

wall. The basic functionality is always the same: the design varies in small details depending on 

the provider. 

Standardization in modular multi level submodules – A new standard for high energy 

transportation and power quality systems was introduced by Fraunhofer IISB 

Comparing existing designs we identified that they all appear very similar, but not adapted for 

a future up-scaling. Enhancing power will lead to more and more »hard-to-handle« mechanical 

concepts while their aspect ratio will run into an undesirable direction. Spare part exchange 

time – a major system cost aspect – will increase as a consequence. 

A similar design pattern within such players is obvious; but all observed modules seem to be 

»developed for a current demand«, not really considering future needs and requirements. This 

means various MMC generations appear quite similar at first glance, but have never been har-

monized in terms of interface or rack-mounting compatibility. This leads to a variety in non-com-

patible mechanical outlines. If we additionally consider reduced product life cycles in high-voltage 

IGBTs, which follow the 600 V to 1700 V IGBT chip and packaging technology mainstream, this 

principle will lead to an immense amount of variants. 

Long term compatibility and availiability 

By requirements, each version has to provide spare parts for several decades, which is a real 

challenge because downward compatibility was never a design issue from the start. At the 

Fraunhofer IISB, a new approach was developed in cooperation with an independent industrial 

stakeholder. The plan is to provide such submodule family members for the global market with 

centralized perfective maintenance, quality and quality management, thus establishing a down-

ward-compatible MMC submodule standard. 

7 	 Very simple rack mounting 

and minimized service time.  
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Design expertise 

The Fraunhofer IISB has a long-term successful expertise in the field of MMC submodule design. 

Based on a family platform idea this approach provides identical interfaces and same rack design 

for various IGBT voltages and topologies. A much better form factor will guarantee not only a 

volume neutral power enhancement for future generations, but also a nearly ideal mounting 

space for power electronics components and a seemless integration. The design also introduces 

water cooling for key components. 

Design verification 

Meanwhile, explosion sustainability tests have successfully been performed at the Fraunhofer 

IISB. Such validation is mandatory for MMC systems, because chain reactions from level to level 

must be excluded. Even at highest DC-link voltage level the mechanical design provides enough 

strength to keep all debris and plasma inside the submodule level. No impact to neighbours has 

been validated. 

FOXBMS - FREE AND OPEN BMS PLATFORM FOCUSED 

ON FUNCTIONAL SAFeTY AND AI

The last years have shown a strong market demand for battery systems with higher energy den-

sities, longer lifetimes, and lower costs, but without compromising safety. To provide developers, 

engineers, and researchers worldwide a high flexibility Fraunhofer IISB has established the free 

and open Battery Management System platform “foxBMS” (foxbms.org). This BMS platform 

consists of a modular hardware and software architecture and a complete toolchain for software 

development. With regard to the implemented functional safety features, as well as the accurate 

and stable battery state estimation, the second generation of foxBMS provides a BMS platform 

beyond state-of-the-art. 

Functional safety 

The second generation of foxBMS was designed to be conformal with functional safety require-

ments for various domains (e.g., automotive, aviation, railway, industrial, marine). Therefore, key 

components of the hardware architecture have been selected to not only cover the ISO 26262, 

but also the IEC 61508 and other domain specific standards. As a key component, the Texas 

Instruments TMS570LC4357 was selected as the MCU, paired with two NXP FS8530 system 

basis chips. This enables the designer to reach high safety integrity levels or even directly use 

pre-certified parts for its design. 

AI workflow for precise state estimation in embedded systems 

An artifical intelligence (AI) based algorithm was implemented on foxBMS in order to improve 

battery state parameter analysis and estimation. For this purpose, a large amount of data was 

generated by our own fleet of electric vehicles, and preprocessed, so that an appropriate training 

of the neural network (NN) is guaranteed. The data is the result of the measurements done by 

the foxBMS platform, consisting of a foxBMS Master Unit and one Slave Unit per battery module. 

Both are integrated into commercially available electric vehicles and approved to be roadworthy 

by TÜV. The measured data from foxBMS and current sensor along with others such as vehicle 

speed, acceleration, and vehicle position are transmitted over CAN to a data logger integrated 

into the vehicle. This data is regularly uploaded to a server and shared with a High Performance 

Cluster (HPC). 

With this setup, real-world driving data has been accumulated for more than a year. During this 

period, more than one terabyte of driving data has been logged. For a better understanding of 

the data, clustering algorithms are used, which divide the driving profiles into clusters. Based 

on the clustering, the most relevant information is extracted, which is used for an optimized 

training of the NN. As a result, the NN achieves a better generalizability, whereby a precise SOC 

estimation is ensured even for dynamically changing environment and working conditions. The 
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input data is used to train a long short-term memory (LSTM) NN offline on a HPC to predict the 

SOC of the battery with the precise Coulomb Counting as learning reference. After a hyperpa-

rameter optimization, the generated NN is compiled for the embedded device and flashed on the 

BMS. By using highly adaptable and real-time capable data-driven approaches, foxBMS is able to 

accurately model the highly non-linear behavior of LIB caused by changes of environment and 

working conditions all along the battery lifetime. 

DATA ANALYTICS

We support our partners to get the best out of their data in the context of IOT and Industry 4.0. 

We follow an application-oriented approach that includes system analysis, design, data acquisi-

tion and finally the development and implementation of intelligent algorithms on the edge or in 

the cloud. In doing so, we pursue two main areas of work: Cognitive Power Electronics 4.0 and 

Dr. Production®.

Cognitive power electronics 4.0	

Power electronic converters form the basis of modern electrical and electronic devices in house-

holds, industrial plants, and in mobility. They convert electrical energy, switch loads, regulate 

electrical drives, and much more. For this purpose, they continuously record parameters such as 

current, voltage, and their change over time. Therefore, the circuits in themselves bear the po-

tential to directly determine the state of the connected overall system, e.g., the energy network, 

a production plant, a storage system, or an electric motor, and to make intelligent decisions.

At Fraunhofer IISB, we established the new research field „Cognitive Power Electronics 4.0“ to 

develop power electronic converters that can be used as intelligent modules and are able to make 

intelligent decisions regarding the connected system – not least in the context of Industry 4.0. 

Example: Intelligent drive technology

Within the project Leistungszentrum Elektroniksysteme (LZE) Phase II - Intelligent drive technology, 

we develop and investigate new Permanent Magnet Synchronous Motors (PMSM) and inverter 

with integrated data analytics capabilities at the edge to improve detection of anomalies and 

prediction of potential motor faults. Data analytics is conducted using the electrical parameters 

available from the inverter (Fig. 13). 

Within the first project year, work focused on the development of the PMSM motor and the 

development of AI-based algorithms to detect characteristic spectral features from the motor 

current signals, which indicate healthy and faulty motors states with high resolution, and signal-

to-noise ratio. Additionally, the spectral analysis is applicable for a consistent investigation of 

different motor speeds. The applicability of the spectral analysis for detection of irregular motor 

states by machine learning was investigated on a reference data set. 
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Fig. 14 shows a characteristic current spectrum of a healthy motor with a very good spectral 

resolution and signal to noise ratio. In the ongoing second year of the project, we focus on the 

demonstration of the analysis methods at the example of artificially induced bearing faults and 

the transfer of the methods to other motor systems.

Dr. Production®

Dr. Production® is our application-oriented and customer-focused service for data-driven pro-

duction and process optimization. This service paves the way for the integration of beneficial 

ideas from the context of Industry 4.0 into existing manufacturing environments (for details see:  

www.dr-production.de). With Dr. Production®, we provide holistic solutions in three interrelated 

modules following the specific objectives (Fig.  15): First consulting and conception, second 

production process analysis and data collection, third algorithm development and test implemen-

tation. Depending on the given task, this chain of modules is run through completely or in parts.

In order to achieve custom-tailored solutions, our methodologies include proven, but appropri-

ately adapted approaches of project planning and implementation. Moreover, Fraunhofer IISB’s 

wealth of experience in applied machine learning and artificial intelligence (AI) is used here, 

which covers a pool of verified procedures and algorithms. Latest research and development 

activities complement the existing elements both on conceptual and technological level.

Examples: “Smart Experiments” and cyber-physical systems for semiconductor manu-

facturing

In 2019 we continued the development of a concept for “smart experiments” within the Europe-

an project iDev40 (Integrated Development 4.0), now entering concept validation in Fraunhofer 

IISB’s π-Fab, which offers prototyping services for electron devices. In brief, the “smart experi-

ments” concept considers the whole life cycle of information in a fab with the aim of achieving 

an accelerated transfer from process development up to ISO-certified production. 

Beyond that, we developed together with our partners AI-based solutions to optimize everyday 

production. One of them is dedicated to the recognition of mechanical misadjustments of pro-

duction equipment in semiconductor manufacturing: Since 2017 we investigate the backend 

process chain »die attach – optical inspection – wire-bonding – molding« in the Bavarian-funded 

project CPS4AuP (Cyber-Physical Systems for Assembly and Packaging). At the core of the pro-

ject, we developed an algorithm for failure state recognition on the wire-bonding tool, based on 

available production data. In a prototypic implementation, we achieved detection accuracies for 

failure states above 90 percent. Together with our partners, we now implemented a first version 

of an IT-architecture for transferring the results to the production line. 

Collaboration in data analytics and AI

Both areas, Cognitive Power Electronics 4.0 and Dr. Production®, rely on state-of-the-art 

know-how in data analytics and the application of AI and machine learning algorithms. Since 

these fields of expertise are developing at a dramatic pace, strategic collaboration is essential 

to develop innovative solutions based on state-of-the-art models and algorithms. In-house, we 

benefit from the close cooperation with the department “Modeling and Artificial Intelligence” 

(MKI) and its group “AI-augmented simulation”. Beyond that, IISB is a founding member of the 

ADA LOVELACE-CENTER, the newly established competence center for industry-oriented data 

analytics and AI, located in Nuremberg. 

14 	Dr. Production® consists 

of three focused modules: 

Conception, data collection 

and analysis, and develop-

ment and implementation 

of intelligent algorithms. 
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More Space for Energy Research 

2nd extension building of Fraunhofer IISB inaugurated in Erlangen 

On July 8th, 2019, the extension building of the Fraunhofer IISB in Erlangen was officially inau-

gurated. The new laboratory facilities serve the development of state-of-the-art power electronic 

systems for electrical energy supply and electromobility as well as the research and testing of 

complex energy infrastructures on an industrial scale. 

After a construction period of about three years, the extension of the Fraunhofer IISB in Erlangen 

was officially celebrated. In addition to the Bavarian Minister of Economic Affairs and Deputy 

Prime Minister Hubert Aiwanger, Erlangen’s First Mayor Dr. Florian Janik, the President of the 

University of Erlangen-Nürnberg Prof. Joachim Hornegger, and Fraunhofer Executive Board 

member Andreas Meuer expressed their best wishes for the IISB in their welcoming speeches. 

Various laboratory tours for the guests as well as the symposium “Rethinking Energy Systems” 

afterwards demonstrated the broad competencies and activities of the IISB in this field. 

“A successful energy system transformation does not comprise the sum of individual isolated 

solutions. It needs an overall concept that combines power generation from renewable energies 

with storage, mobility, and efficiency strategies. Fraunhofer IISB has understood this – not only 

for research, but also for the construction of the new building section. At the same time, we 

recognized that modern equipment is necessary for the development of new technologies. That’s 

why we have provided 7.5 million euros for the extension. It is now possible to continue working 

at full speed on the energy systems of tomorrow in Erlangen”, commented Bavaria’s Minister of 

Economic Affairs, Hubert Aiwanger. 

The responsible use of energy is a key element of the Fraunhofer IISB program, both in its facilities 

and in its research topics. “We are pleased that politicians recognized the importance of this topic 

at an early stage and are also taking account of this with comprehensive strategic investments 

in future-oriented energy research in Germany. Fraunhofer IISB would like to thank the Bavarian 

State Ministry of Economic Affairs, Regional Development and Energy and the Federal Ministry of 

Education and Research (BMBF) for their support, which has financed the extension with a total 

of approximately 15 million euros,” said Prof. März. 

A living laboratory for energy research 

Together with extensive outdoor areas, almost 3,000 m2 of floor space was created for offices 

and laboratory facilities that address the actual requirements for the energy supply of the future, 

1	 The new extension 

building B of Fraunhofer 

IISB in Erlangen, exterior 

view from the east, with 

battery containers in the 

foreground.  
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especially in the industrial sector. In the last ten years, the number of employees has more than 

doubled and an expansion of the institute became necessary again. The acting director of the 

IISB, Prof. Dr. Martin März, presented three of the research fields that have been the key to this 

outstanding success story: Cutting-edge research in the fields of power semiconductor technol-

ogy, in particular in wide-bandgap semiconductors such as silicon carbide and gallium nitride, 

power electronics for electromobility, and intelligent energy systems. 

In addition to offices and laboratories, the new research complex offers an infrastructure that en-

ables highly flexible integration of a wide range of energy sources using state-of-the-art storage 

technologies. The focus is on intelligent energy and peak load management. Renewable energy 

sources, electrical and chemical storage facilities, and loads are efficiently interconnected via a 

powerful direct current (DC) microgrid. A combined heat and power unit, cold and heat storages, 

and the growing fleet of electric vehicles at the institute are also integrated. Many talk about 

sector coupling, but at Fraunhofer IISB it’s a reality. 

A highlight in the extension building is the large medium-voltage test bed, which allows the 

examination of test objects with a power of up to 20 MVA and a voltage of up to 30 kV. 

Using a specially developed modular multi-level converter, it is also possible to simulate network 

anomalies and failure conditions at a predefined time. 

Today, Fraunhofer IISB acts as a real-world energy laboratory for the investigation of energy 

related questions, open to partners from industry and research. Despite this flexibility, numerous 

precautions have been taken to guarantee the operational reliability of the institute’s extensive 

high-tech process facilities. The energy requirements of the high-tech infrastructure at Fraunhofer 

IISB are comparable to those of a small industrial plant. Large amounts of energy are required 

for the generation of cold and heat, compressed air, vacuum, and ultrapure water, but also for 

the production of semiconductor crystals, and very high peak loads occur during operation. 

Today, this complex infrastructure forms a “living” demonstration and test platform for new 

energy technologies and concepts. Several hundred measurement parameters are continuously 

recorded and feed a powerful database. Comprehensive energy monitoring, the incorporation 

of weather data, and highly developed software algorithms using artificial intelligence allow to 

operate the entire infrastructure in an optimal manner. By optimizing the cooling technology 

itself, the institute’s electricity consumption has been reduced by 20 %. The acquired knowledge, 

the system technology, and the optimisation algorithms can be transferred to any other energy 

infrastructure in the fields of industry, commerce, and residential areas. 

Fraunhofer IISB: A “living laboratory” and open for partners, whether as a source of real data or 

for testing own components, system solutions, or algorithms. 

2	 The acting director of 

Fraunhofer IISB Prof. Martin 

März and the Bavarian Min-

ister of Economic Affairs 

and Deputy Prime Minister 

Hubert Aiwanger (right) 

discuss the potential of 

innovative energy storage 

systems based on hydrogen 

for the Energiewende. 
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3	 Bavaria’s Minister of 

Economic Affairs and Dep-

uty Prime Minister Hubert 

Aiwanger at the opening 

ceremony of Extension 

Building B of Fraunhofer 

IISB in the new medi-

um-voltage test hall on July 

8th, 2019 in Erlangen. 
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DRIVE-E Academy and Study Awards 2019 

Ideas for the future of electric driving 

For the tenth time, the DRIVE-E programme for young talents provided students with insights 

into the variety of electric mobility. Four young high potentials were honoured with the DRIVE-E 

study awards in Nuremberg in 2019. In 2019 it is clear: The future belongs to alternative drive 

technologies. The issue of the mobility turnaround is gaining momentum not only in the public 

debate. Many fascinating new ideas for the future of mobility are also emerging in science: In 

Nuremberg, four young scientists were awarded with one of the DRIVE-E study prices by the 

Federal Ministry of Education and Research (BMBF) and the Fraunhofer-Gesellschaft for their 

innovative work in the field of electromobility. 

“In order to address challenges such as global warming, we must also break new ground in 

mobility. Electromobility offers one way of doing this. It contributes to climate protection. It is 

all the more important for researchers to gain new insights here. And new knowledge is a key  

to progress”, wrote Federal Research Minister Anja Karliczek in her message of greeting to the 

young researchers. 

The formal award ceremony takes place every year as the highlight of the DRIVE-E Academy. 

The Academy offers 50 selected participants from all over Germany the opportunity to immerse 

themselves in the theory and practice of electromobility, related technologies, and concepts for 

a whole week with lectures, workshops and excursions. 

A lot of exciting activities for the anniversary 

DRIVE-E was established in 2009 as a joint initiative of the Federal Ministry of Education and 

Research (BMBF) and the Fraunhofer-Gesellschaft. Since its inception ten years ago, more than 

500 young talents, who are enthusiastic about the future of electromobility, have participated in 

the young academics program. On its tenth anniversary, the DRIVE-E young researchers program 

once again took place at the Fraunhofer IISB in Erlangen. The DRIVE-E university partner in 2019 

was the Friedrich-Alexander University Erlangen-Nürnberg (FAU). The academy program gave 

the participants the opportunity to get a glimpse of practical experience during excursions to the 

companies ABL SURSUM, Metz Mecatech, and Continental. At a driving event, the attendees 

were also able to experience the driving feeling in various electric vehicles themselves. In addition, 

the students also had the opportunity to participate in the Fraunhofer IISB annual conference on 

power electronics for electromobility. 

4	 Driving event with electric 

vehicles as part of the 

DRIVE-E Academy 2019 at 

Fraunhofer IISB in Erlangen  

©: Kurt Fuchs / Fraun-

hofer IISB 

5	 Award-winners, academy 

participants, and guests 

at the presentation of the 

DRIVE-E Study Awards 

2019 at the Museum Indus-

triekultur in Nuremberg  
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WAVE Trophy Germany 2019 

Finish of the e-mobile rally in Erlangen 

The world’s largest rolling electric car event toured Germany in autumn 2019, and on Saturday, 

September 21st, 2019, WAVE Germany crossed the finish line in Erlangen. On the Schlossplatz 

in Erlangen, all interested people could watch the arrival of the electric vehicles and talk to the 

participants of the rally. 

The WAVE Trophy is the world’s largest rolling electric vehicle event. Electric car fans have been 

invited to take part in the WAVE (World Advanced Vehicle Expedition) every year since 2011. 

With the motto “Sunshine Tour”, around 50 different electric vehicles and their teams started at 

WAVE Germany 2019. They travelled together from September 13th to 21st on a total distance of 

1600 kilometres across the west and south of Germany. The big finish with subsequent award 

ceremony took place on the Schlossplatz in Erlangen. All interested people were invited to see 

the arrival of the vehicles and to talk to the participants and organizers of the rally afterwards. 

Partners for the official conclusion of the WAVE in Erlangen were the City of Erlangen, the 

Stadtwerke Erlangen, Schaeffler AG, FAU Erlangen-Nürnberg, and the Fraunhofer IISB. Erlangen’s 

First Mayor Dr. Florian Janik, the technical director of the Erlanger Stadtwerke Frank Oneseit, 

and University President Prof. Joachim Hornegger welcomed the WAVE teams and the audience. 

With the WAVE, organisers, participants, and partners want to set an example for a new, envi-

ronment-friendly mobility and demonstrate its suitability for everyday use. On its way through 

Germany, the rally passed through some 25 cities and visited numerous companies and institu-

tions that are committed to electric mobility. 

The origins of the WAVE Trophy 

The initiator and organizer of WAVE, the Swiss Louis Palmer, completed the first round-the-

world trip in a solar-powered vehicle in 2007/08, which took him over 54,000 kilometres across 

38  countries in just over 18 months. The first electric car race around the world in 80 days 

followed in 2010. For his commitment to sustainable technology, Louis Palmer was awarded 

the title of Champion of the Earth by the United Nations Environment Programme. Since 2011, 

he has been organizing WAVE, which has already toured Switzerland, Austria, Germany, Italy, 

France, Belgium, the Netherlands, the Czech Republic, and even India. 

6	 Finish of the WAVE 

Trophy Germany 2019 on 

September 21st, 2019 at the 

Schlossplatz in Erlangen   

© Kurt Fuchs / Fraunhofer 

IISB 

7	 After one week and a 

distance of 1600 kilometres,  

50 different vehicles and 

their teams arrived in 

Erlangen.  
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The Long Night of The Sciences 2019

A wide range of insights into IISB‘s research activities 

On October 19th, 2019, the IISB took part again in the biennial “Long Night of the Sciences - 

Nuremberg, Fürth, Erlangen”, where it presented itself to the general public. More than 2000 

guests were attracted by an extended offer to visit the IISB personally. Along the unique value 

chain “From Materials to Power Electronic Systems”, the institute’s staff offered a wide range 

of insights into their research activities in the fields of materials research, semiconductor process 

technology, novel devices and packaging technologies, as well as electromobility, and electrical 

energy technology. 

Crowd-pleasers at the main location of the institute in Erlangen were again the visits to the test 

centre for electric vehicles, the “Electrotainment” lecture on mega-volts and kilo-amperes, and 

the guided tours to the hydrogen-based energy storage container. 

A completely new presentation in the program was “Pretzfeld – the cradle of modern semi-

conductor electronics”. In a medieval castle in Pretzfeld in Franconian Switzerland, a series of 

technical and scientific ground-breaking works in the field of silicon electronics were carried 

out from 1946 onwards. Prof. Georg Müller vividly illuminated this chapter of the history of 

technology, which is barely known today. 

Rare insights into a high-tech laboratory were also given by the popular guided tours through 

the large clean room laboratory of the University of Erlangen-Nuremberg in cooperation with the 

Chair of Electron Devices (LEB). The large crystal exhibition fascinated the visitors, as well as the 

real-time monitoring of energy flows at the institute. A grid demonstrator set up especially for 

the “Long Night” clearly showed the processes in a direct current grid, and a real wire bonder 

could even be used to bond chips. In live experiments, printed electronic sensors were shown, 

which might soon be used in sportswear or in agriculture. How future nano-electronics is being 

created on the computer today was shown by simulation experts. Furthermore, applications 

with artificial intelligence were demonstrated. The IISB researchers also explained the extreme 

demands on the reliability of electronics for energy supply and electromobility and how electric 

drives will revolutionize not only road traffic but also aviation. The students from the “TechFak 

EcoCar” team presented their new flying robot and the Leistungszentrum Elektroniksysteme 

(LZE) also introduced itself. 

8	 At the Long Night of 

the Sciences, visitors of 

Fraunhofer IISB were able 

to bond a chip live at the 

wire bonder. 

© Anja Grabinger / Fraun-

hofer IISB 

9	 One of the highlights 

during the Long Night of 

the Sciences at Fraunhofer 

IISB: Various experiments 

with large currents and 

high voltages were 

presented in the humorous 

experimental lecture  

“Electrotainment at IISB”.  
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Made in Franconian Switzerland 

Colloquium on power electronics enlightened the history of semiconductor technology 

All that computer technology comes from Silicon Valley? Not at all! What only few people know 

is that in an old castle in the idyllic village of Pretzfeld in Franconian Switzerland, important 

groundwork was done in the post-war period. And long before Intel and Co. inventions of 

worldwide significance were made. 

In doing so, technological history was written by pioneering achievements in semiconductor 

research: 

After World War II, the Siemens company was looking for new locations to replace the destroyed 

laboratories in Berlin. As early as 1944, the well-known physicist Walter Schottky and his family 

moved from Berlin to Pretzfeld, one of the reasons for the opening of the Siemens laboratory in 

Pretzfeld Castle in 1946 under the management of Eberhard Spenke. It was a lucky coincidence 

that with Schottky and Spenke – complemented by Heinrich Welker in Erlangen – several physi-

cists of international standing came together in the region. 

Thanks to them, German semiconductor research attained international recognition in the 1950s. 

The decade from 1946 to 1956 was marked by an extremely dynamic progress. Important devel-

opments from Pretzfeld during this period included the process for obtaining ultra-pure silicon, 

which is now used worldwide and is known as the Siemens process, and the manufacturing of 

the first silicon power rectifier. 

At the beginning of the 1950s, various materials were also investigated for their potential for use 

in semiconductor devices, including the well-known germanium. However, germanium was not 

suitable for higher temperatures. Siemens-Pretzfeld relied on silicon – absolutely right – which 

then began its triumphal march worldwide. 

Until the 1980s, researchers in Pretzfeld worked on developments for power electronics. In 1990, 

the Siemens laboratory was merged with the semiconductor activities of AEG under the name 

eupec. The location was closed down in 2002. 

Today, only the Walter-Schottky-Strasse in Pretzfeld reminds us of the high-tech history of the 

medieval castle first mentioned in 1145. The technologies established in Pretzfeld are now found 

in every smartphone, laptop, or television, as well as in every solar system, and modern power 

grids. The Energiewende would not be possible without these fundamentals. 

10	 The cradle of silicon 

electronics: Pretzfeld Castle 

in the village of the same 

name in Wiesenttal in 

Franconian Switzerland.  

© Karlheinz Loch / private 

11	 Old production hall in the 

garden of the Pretzfeld 

Castle.  
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This almost forgotten chapter in the history of technology was presented on April 29th during the 

public power electronics colloquium at Fraunhofer IISB. The colloquium is an event in partnership 

with Fraunhofer  IISB, the Bavarian Cluster for Power Electronics, and the Leistungszentrum 

Elektroniksysteme (LZE). 

Prof. Georg Müller, the long-time director of the renowned crystal growing laboratory at the 

University of Erlangen-Nuremberg, and former Pretzfeld employee Alfred Porst highlighted the 

history of the Pretzfeld semiconductor laboratory, the technological advances in semiconductor 

materials and power electronics, and the special working atmosphere at Pretzfeld Castle, which 

was characterized by collegiality and a spirit of optimism. Numerous contemporary witnesses, 

former employees, and cooperation partners of the Pretzfeld Laboratory did not miss the oppor-

tunity to come to the event and reminisce about the old days. 

17th Fraunhofer IISB Lithography Simulation 

Workshop 

From September 26th to 28th, 2019, the 17th Fraunhofer IISB Lithography Simulation Workshop 

was held in Behringersmühle near Ebermannstadt, Germany. As in previous years, renowned 

scientists from America, Asia, and Europe could be won over as lecturers. The approximately 

40  workshop participants from leading industrial companies and research institutions unani-

mously praised the wide spectrum of topics and the high scientific level of the workshop.

The focus of this year’s workshop was on computational methods for EUV lithography (a 

next-generation lithography technology using a range of extreme ultraviolet wavelengths) as 

well as on computational metrology in the context of lithography. Particular attention was paid 

to the use of artificial intelligence (AI). The opening lecture of the workshop dealt with machine 

learning techniques applied to the fabrication of lithography photomasks.

The numerous multidisciplinary technical discussions were loosened up by a cave tour as well as 

by a hike followed by a barbecue in a grotto.

Further information on the Fraunhofer IISB lithography simulation workshops is available at:

https://websites.fraunhofer.de/Fraunhofer_IISB_Lithography_Workshop/

12	 Semiconductor production 

in the historical Pretzfeld 

Castle: Welding of a quartz 

glass tube for diffusion 

experiments. 

© Karlheinz Loch / private

 

13	 3D lithography mask, which 

was generated from an SEM 

image by the IISB simulator 

Dr.LiTHO. The defect at 

the structure in the center 

is classified using artificial 

intelligence (AI) methods. 
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Nationwide school competition 

3500 pupils from 250 schools from all over Germany took part in the nationwide 

school competition “Who grows the most beautiful crystal?” 

The contest was organized by Fraunhofer IISB, the German Society for Crystal Growth and 

Crystal Growing (DGKK), and the Leistungszentrum Elektroniksysteme (LZE), together with the 

P-Seminar “Crystal Competition” of the Eckental High School. Bayern Innovativ with its new 

materials and energy technology clusters and the companies (alphabetically) Aixtron, AMS, 

Freiberger Compound Materials, PVA CGS, and Siltronic supported the project financially. 

An expert jury selected the most beautiful winner crystals from 350 alum crystals sent in. These 

crystals are characterized by a double pyramidal shape, are mostly water clear, and as large as 

possible. The first prize went to the Theodor-Fliedner-Gymnasium in Düsseldorf. Second place 

was shared by the Max-Planck-Gymnasium in Munich, the Georg-Kerschensteiner-Schule in 

Müllheim, and the Staatliche Realschule in Dornburg-Camburg. Third place was taken by the 

Kaufmännische Schulen Hausach. In addition, the Kant-Gymnasium in Boppard and the Staatli-

che Realschule in Herzogenaurach received special prizes. 

All winners will receive a “silicon crystal” with the name of their school as a representative certif-

icate, a monetary award, and a bonus for travel expenses to attend the official award ceremony. 

The award ceremony will take place on March 12th, 2020 during the German Crystal Growing 

Conference in Munich. 

There was consistently positive feedback for the initiative from the participating schools. Based 

on this positive feedback, a re-run of the competition is already planned for the 2021/2022 

school year. Here are some selected comments: 

•	 “At first, we could not believe that such small fragments can grow into such large, beautiful 

crystals. You need a lot of patience [...] Even the blackout of the fridge during the summer 

holidays [...] could not slow us down.” 

•	 “The students had a lot of fun and they tried very hard, even though a lot of patience was 

demanded of them”, according to the feedback from the supervising teachers. 

•	 “I think it’s great that such a competition gives young people the opportunity to look 

beyond the classroom and try out scientific work for themselves. Excitingly enough, the 

format of external competition is often more attractive than the offer of elective lessons at 

one’s own school.” 

14	 Prize-winning alum crystals 

in the 2019 nationwide 

school competition “Who 

grows the most beautiful 

crystal?  
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15	 Winning crystals of the The-
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Düsseldorf in the nation-

wide school competition 

2019 “Who grows the most 

beautiful crystal? 
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Fraunhofer IISB receives “FamilienLogo” 

Reconciling work and private life

The IISB is one of 16 Fraunhofer Institutes that have been awarded with the Fraunhofer Family 

Logo (“FamilienLogo”) for outstanding conditions for the compatibility of work and private life. 

Fraunhofer is excellently positioned in terms of work-life balance. This is shown not only by the 

results of Fraunhofer employee surveys, but also by external rankings. To make the successes 

measurable and visible, and to establish a Fraunhofer-wide standard, the Executive Board of the 

Fraunhofer-Gesellschaft has decided to give Fraunhofer Institutes with excellent work-life balance 

capabilities their own seal of quality – the Fraunhofer FamilienLogo. The Fraunhofer FamilienLogo 

is based on comparable external certifications such as the Work and Family Audit. It covers 

six different topics, ranging from flexible work opportunities, childcare services, support during 

parental leave, up to the use of Fraunhofer support services, which are of central importance for 

the realization of the compatibility of work and family. 

The Fraunhofer FamilienLogo was granted to 16 institutes for the next two years, among them 

the IISB. These institutes are offering their employees excellent family and life phase oriented 

working conditions. 

IISB Research and Development Awards 2019 

Outstanding achievements in R&D honored

On December 18th, 2019, the research and development awards of the IISB were presented at the 

annual closing ceremony. These awards, which are presented annually by the Institute’s Board 

of Directors, are given in recognition of colleagues who made outstanding achievements in the 

areas of research and development. 

The 2019 prize winners for the single prize were: 

•	 Sven Besendörfer, for the correlation of growth induced defects with electrical behaviour of 

GaN power transistors, and, for the team prize, 

•	 Dr. Hubert Rauh and Fabian Streit, for the development of power electronics and controls for 

the realization of an “electric transmission” in electric motors. 

16	 The winners of the IISB 

Research and Development 

Awards 2019 (from left to 

right): Fabian Streit and Dr. 

Hubert Rauh from the Vehi-

cle Electronics department 

and Sven Bösendörfer from 

the Materials department.  

© Anja Grabinger / Fraun-

hofer IISB 

17	 The new FamilienLogo of 

the Fraunhofer-Gesellschaft 

is an award for Fraunhofer 

Institutes that offer 

excellent conditions for 

reconciling work and 

private life.  

© Fraunhofer 

Fraunhofer I ISB 

Events
Fraunhofer I ISB Receives “Fami l ienLogo” 

I ISB Research and Development Awards 2019 

1 6

1 7



101

EnCN Energy Award 2019 

Simon Quergfelder, member of the Medium Voltage Electronics group in the Vehicle Electronics 

department at Fraunhofer IISB, has been awarded the EnCN Energy Prize at the annual conference 

of the Energie Campus Nürnberg (EnCN) for his master thesis “Initial Operation of a 3-Level In-

verter to Investigate Different Control Methods and their Influence on Power Quality and Voltage 

Symmetry”. The EnCN Energy Award aims to reward and promote outstanding achievements of 

young graduates in the field of research and development of renewable energies. 

In his work, Simon Quergfelder examined how different control methods for electric motors 

affect the voltage and current forms at the output of the inverter. He not only showed these 

relationships theoretically, but also realized a prototype inverter including complex data acquisi-

tion. The topic is relevant for the energy-efficient operation and control of electric motors in the 

automotive, railway, aviation, and power generation industries. 

Best Paper Award for Academic Performance 

Benjamin Ruccius, member of the Medium Voltage Electronics group of the Vehicle Electronics 

department at Fraunhofer IISB, was awarded the Best Paper Award – 3rd Prize – at the 10th Inter-

national Conference on Power Electronics ICPE 2019-ECCE Asia in Busan / South Korea. 

In his paper, Benjamin Ruccius presented an approach to estimate the submodule capacitor 

voltages in a Modular Multilevel Converter (MMC) and to realize this in a hardware test setup. 

One disadvantage of the MMC topology is the high communication and measurement effort. As 

the submodule voltages are being estimated, the measurement effort as well as the communi-

cation effort between the submodules and the main controller hardware is significantly reduced. 

Thereby, the reliability of the system also increases. 

In the hardware test setup, it is verified that using a notch filter in the feedback path of the 

energy control loop significantly decreases unwanted AC components of the circulating currents 

within the MMC. Subsequently, the current stress as well as the conduction and switching losses 

in the semiconductors can be minimized. Furthermore, the dynamic performance of the capacitor 

voltage estimation and control scheme was analyzed via hardware tests. 

17	 Simon Quergfelder from 

Fraunhofer IISB at the 

presentation of the EnCN 

Energy Award at the EnCN 

Annual Conference 2019. 

Left in the picture: Christian 

Zens, Chancellor of FAU. 

© Energie Campus Nürn-

berg (EnCN) 

18	 Prof. Eui-Cheol Nho (Pu-

kyong National University, 

Busan, Korea), General 

Chair of the ICPE 2019-ECCE 

Asia, hands over the Best 

Paper Award – 3rd Prize – 

for Excellent Academic Per-

formance to IISB employee 

Benjamin Ruccius.  

© ICPE 2019-ECCE Asia 
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IFEEC 2019 Best Paper Award 

Matthias Schulz, member of the DC Grids group of the Intelligent Energy Systems department 

of the IISB, is one of the winners of the Best Paper Award of the 4th International Future Energy 

Electronics Conference IFEEC 2019 in Singapore. 

In his publication “A bidirectional and isolated DC/DC inverter connecting mobile battery systems 

to a DC grid in commercial buildings” Matthias Schulz dealt with a galvanically isolated DC/DC 

converter for connecting a portable 48 V battery storage to a 380 V DC grid. By means of a 

newly developed modulation method and a bidirectional energy flow, the topology used enables 

charging and discharging over the entire range of battery and grid voltage. The implemented 

control method also allows the storage of the energy contained in the parasitic inductance of a 

transformer in a capacitor. In addition, soft switching of the power semiconductors on the grid 

side as well as an increase of the output voltage is now possible. Thus a lower transformation 

ratio can be selected for the capacitive half bridge with actively clamped and current-fed push-

pull output stage and a high efficiency can be achieved. 

LZE Tech Day 2019 gives insights into R&D

On November 7th, 2019, the LZE Tech Day 2019 presented the latest work of the Leistungszen-

trum Elektroniksysteme (LZE, High-Performance Center for Electronic Systems) to the public and 

to interested partners from industry. Under the motto “Efficient Electronics – Use Cases, Inspi-

ration, Ideas”, examples from every step of the innovation chain were illustrated. 

In his keynote speech, Dr. Mathias Glasmacher from Diehl Group talked about the successful  

MIOTY® communication technology for massive IoT, which is a best-practice example for an 

extensive and successful market development based on systematic research projects. In addition, 

scientists working on the different LZE research projects introduced new technologies, close to 

the stage of commercialization or even at the very beginning of transfer-oriented R&D work. 

Inbetween the presentations, the LZE forum offered an exhibition including many different part-

ners of LZE and constituted a perfect opportunity for networking. The official program closed 

with the award ceremony for this year’s innovation prize for microelectronics granted by the close 

LZE partner Förderkreis für die Mikroelektronik e.V.  

20	 Prof. Martin März, acting 

director of Fraunhofer IISB, 

welcomes the participants 

of the LZE Tech Day 2019 at 

Fraunhofer IISB in Erlangen  

© Kurt Fuchs / Fraun-

hofer IISB 

21	 In the picture from left: 

Prof. Huang-Jen Chiu, 

National Taiwan University 

of Science and Technology; 

Matthias Schulz; Prof. Josef 

Pou, Nanyang Technolog-

ical University, Singapore, 

at the Best Paper Award 

ceremony at the 4th Inter-

national Future Energy 

Electronics Conference 

IFEEC 2019 in Singapore.  

© ERIAN@NTU / IFEEC 
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Guest Scientists

L. Di Benedetto

April 24, 2019 - April 26, 2019

University of Salerno, Italy

Overview on numerical SiC simulation at University of Salerno

H. Luo

July 01, 2019 - September 30, 2019

Tianjin University, China

Photoluminescence spectroscopy characterization of 4H-SiC 

doping using ion implatation an annealing

S. Ogawa

July 01, 2019 - June 30, 2020

Toray Research Center, Japan

Evaluation of optical LTS for defect characterization of Al-im-

plantation in 4H-SiC

H. Du

September 10, 2019 - March 10, 2020

Aalborg University, Department of Energy Technology, 

Denmark

Mitigation Strategy for SiC MOCFETs under Short-Circuit 

Condition

L. Welkin

October 01, 2019 - November 18, 2019

Industrial Technology Research Institute (ITRI), Canada

Research on Battery System with Reconfigurable Battery Array 

(RAIBA Demonstrator)

X. Guan

October 01, 2019 - May 10, 2019

Tianjin University, China

Determination of effective channel lengths of 4H-SiC 1,2 

kV VDMOS devices by electrical evaluation of misalignment 

structures

Y. Chen

October 01, 2019 - May 10, 2019

Tianjin University, China

Temperature Dependent Point Contact Current Voltage (PCIV) 

Resistance Profiling of Doped 4H-SiC

Patents (granted in 2019)

C. F. Bayer, E. Bär, A. Meyer, M. Reger, A. Schletz, U. Waltrich:

Verfahren zum Herstellen eines Metall-Keramik-Substrates und zugehöriges Metall-Keramik-Substrat

DE102014119386B4

M. Beier, J. Friedrich, C. Reimann, G. Schierning, F. Thiel:

Thermoelektrisches Material und Verfahren zur Herstellung eines thermoelektrischen Materials sowie Verwendung dieses 

Materials in einem Thermogenerator

DE102018200483B3

M. Billmann, C. Blösch, D. Malipaard, A. Zenker:

Power semiconductor module having layered insulating side walls

Indian Patent 310117

B. Eckardt, S. Matlok:

Umrichter, Vorrichtung mit einem solchen Umrichter, System und Verfahren zum Steuern einer steuerbaren Energiequelle

Inverter, device with such an inverter, system and method for controlling a controllable energy source

Inverseur, dispositif avec un tel inverseur, système et procédé de commande d’une source d’énergie contrôlable

DE502017002248.0

EP3410589B1

T. Erlbacher, A. Hürner:

Monolithisch integrierter Halbleiterschalter, insbesondere Leistungstrennschalter

Monolithic integrated semiconductor, in particular isolating switch 

Commutateur à semi-conducteur intégré monolithique, en particulier commutateur de séparation de puissance 

United States Patent 10,325,984

EP3242399B1

T. Erlbacher, A. Hürner:

Monolithisch integrierter Halbleiterschalter, insbesondere Leistungstrennschalter

Monolithically integrated semiconductor switch, in particular a power circuit breaker

United States Patent 10,325,984

T. Erlbacher, C. D. Matthus:

UV-Strahlungssensor zur Detektion schwacher Strahlungssignale

DE102017207315B4

Fraunhofer I ISB 

Names and Data
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A. Tobisch:

Verfahren und Vorrichtung zur Messung der Ablenkung von Lichtstrahlen durch eine Objektstruktur oder ein Medium

EP2863167B1

S. Zeltner:

Leistungselektronische Schaltung, leistungselektronischer Energieübertrager und leistungselektronisches  

Energieübertragungssystem

DE502015009526.1

EP3152824B1

T. Erlbacher, V. R. H. Lorentz, G. Rattmann, R. Waller:

Device and Method for Bridging an Electrical Energy Storage

United States Patent 10,186,734

L. Frey, K. H. König, M. Steinberger, R. Öchsner:

Verfahren und Einrichtung zur Energieerzeugung aus wasserstoffreichem Industrie-Abgas

Method and device for generating power from a hydrogen-rich industry exhaust gas

Procédé et dispositif de production d’énergie à partir des gaz industriels riches en hydrogène

DE502016004986.6

EP3266512B1

J. Friedrich, C. Reimann, S. Schwanke, M. Trempa:

Tiegel mit einer Innenbeschichtung aus SiC als Diffusionsbarriere für Metalle sowie Verfahren zu dessen Herstellung,  

Verwendung und darin hergestellte Halbleitkristalle

DE102016201495B4

J. Friedrich, R. Martin, C. Heilmann, V. Schneider:

Wiederverwendbarer Tiegel aus einer Siliziumnitrid-Keramik, Verfahren zu dessen Herstellung, Verwendung des Tiegels, sowie 

Verfahren zur Herstellung eines mono- oder multikristallinen Silizium-Ingots und eines Silizium-Einkristalls aus einer Schmelze

DE102013109024B4

R. Hopperdietzel:

Device for switching a semiconductor-based switch and sensor for detecting a current change velocity at a semiconductor-based 

switch

United States Patent 10,218,185

R. Hopperdietzel:

Device for switching a semiconductor-based switch and sensor for detecting a current change velocity at a semiconductor-based 

switch

United States Patent 10,224,722

S. Schwanke, C. Reimann, J. Friedrich:

Verfahren und Tiegel zur Herstellung von multikristallinem Silicium mittels gerichteter Erstarrung sowie Verfahren zur Herstellung 

des Tiegels und Verwendung des Tiegels

DE102018206969B3

Continuation: Patents (granted in 2019)
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J. Ahopelto, G. Ardila, L. Baldi, D. Belot, G. Fagas, S. De Gent, D. Demarchi, M. Fernandez-Bolaños, D. Holden, 

A. M. Ionescu, G. Meneghesso, A. Mocuta, M. Pfeffer, R. M. Popp, E. Sangiorgi, C. M. Sotomayor Torres:

Nano Electronics roadmap for Europe: From nanodevices and innovative materials to system integration

Solid-State Electronics, 155 (Elsevier Ltd, 2019) pp. 7-19

ISSN: 0038-1101

DOI: 10.1016/j.sse.2019.03.014

M. Albrecht, T. Erlbacher, A. J. Bauer, L. Frey: M. Albrecht, T. Erlbacher, A. J. Bauer, L. Frey:

Improving 5V digital 4H-SIC CMOS ics for operating at 400°C using PMOS channel implantation

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 827-831

DOI: 10.4028/www.scientific.net/MSF.963.827

E. Amat, A. Del Moral, J. Bausells, F. Perez-Murano, F. Klüpfel:

Quantum dot location relevance into SET-FET circuits based on FinFET devices

Proceedings of 33rd Conference on Design of Circuits and Integrated Systems, DCIS 2018, Art. No. 8681478, Lyon, France, 

November 14, 2018 - November 16, 2018 (IEEE, 2019)

ISBN: 978-1-7281-0171-2 / 978-1-7281-0172-9

ISSN: 2640-5563 / 2471-6170

DOI: 10.1109/DCIS.2018.8681478

E. Amat, F. J. Klüpfel, J. Bausells:

Influence of Quantum Dot Characteristics on the Performance of Hybrid SET-FET Circuits

IEEE Trans. Electron Devices, Vol 66 (10) (IEEE, 2019) pp. 4461-4467 

DOI: 10.1109/TED.2019.2937141

M. Angerer, A. Amler, B. Ruccius, M. März:

Multi-tap bus communication for modular power converters with distributed isolation

Proceedings of International Exhibition and Conference for Power Electronics, Intelligent Motion, Renewable Energy and Energy 

Management PCIM Europe, Nuremberg, Germany, May 07, 2019 - May 09, 2019 VDE - Verlag

ISBN: 978-3-8007-4938-6

Publications
H. L. Bach, D. Dirksen, C. Blechinger, T. M. Endres, C. F. Bayer, A. Schletz, M. März:

Stackable SiC Embedded Ceramic Packages for High-Voltage and High-Temperature Power Electronics Applications

IMAPS Additional Conferences (Device Packaging, HiTEC, HiTEN, & CICMT), Vol 2019 (HiTen), Oxford, UK,  

July 08, 2019 - July 10, 2019 (IMAPS, 2019) pp. 28-33

ISSN: 2380-4491

DOI: 10.4071/2380-4491.2019.HiTen.000028

H. L. Bach, D. Dirksen, C. Blechinger, T. M. Endres, C. F. Bayer, A. Schletz:

Stackable SiC Embedded Ceramic Packages for High-Voltage and High-Temperature Power Electronics Applications

Journal of Microelectronics and Electronic Packaging: October 2019, Vol 16, No. 4 (IMAPS, 2019) pp. 176-181

ISSN: 1551-4897

C. F. Bayer:

Fraunhofer IISB erforscht Korrosion

Mikroelektronik Nachrichten, Vol 74: March 2019 (Fraunhofer-Verbund Mikroelektronik, Berlin, 2019)

M. Beier, C. Reimann, J. Friedrich, U. A. Peuker, T. Leißner, M. Gröschel, V. Ischenko:

Silicon waste from the photovoltaic industry – A material source for the next generation battery technology?

Materials Science Forum, Vol 959 (Trans Tech Publications, 2019) pp. 107-112

DOI: 10.4028/www.scientific.net/MSF.959.107

S. Beljakova, P. Pichler, B. Kalkofen, R. Hübner:

Diffusion of Phosphorus and Boron from Atomic Layer Deposition Oxides into Silicon

Physica Status Solidi (A) Applications and Materials Science, 216 (17), Art. No. 1900306 (PSS, 2019) 

ISSN: 1862-6300

DOI: 10.1002/pssa.201900306

C. Bentheimer, A. Ilsami, S. Mainusch, F. Hilpert, B. Eckardt, M. März:

Highly efficient SiC inverter for aircraft application with innovative thermal management

Proceedings of International Exhibition and Conference for Power Electronics, Intelligent Motion, Renewable Energy and Energy 

Management PCIM Europe, Nuremberg, Germany, May 07, 2019 - May 09, 2019 VDE - Verlag

ISBN: 978-3-8007-4938-6
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Continuation: Publications
J. Buettner, T. Erlbacher, A. J. Bauer:

Technological advances towards 4H-SiC JBS diodes for wind power applications

Applications in Electronics Pervading Industry, Environment and Society. ApplePies 2018. Lecture Notes in Electrical Engineering, 

Vol 573 edited by S Sapponara, A De Gloria (Springer International Publishing, Cham, 2019) pp. 83-89

ISBN: 978-3-030-11972-0 (Print) / 978-3-030-11973-7 (Online)

DOI: 10.1007/978-3-030-11973-7_11

Y. C. Chen, P. S. Salter, M. Niethammer, M. Widmann, F. Kaiser, R. Nagy, N. Morioka, C. Babin, J. Erlekampf,  

P. Berwian, M. J. Booth, J. Wrachtrup:

Laser Writing of Scalable Single Color Centers in Silicon Carbide

Nano Letters, 19 (4) (ACS Publications, 2019) pp. 2377-2383

DOI: 10.1021/acs.nanolett.8b05070

L. Devaraj, G. Bottiglieri, A. Erdmann, F. Wählisch, M. Kupers, E. Van Setten, T. Fliervoet:

Lithographic effects due to particles on high-NA EUV mask pellicle

Proceedings of SPIE - The International Society for Optical Engineering, Vol 11177, 35th European Mask and Lithography Con-

ference, EMLC, Art. No. 111770V, Dresden, Germany, June 17, 2019 - June 19, 2019 (Society of Photo-Optical Instrumentation 

Engineers (SPIE), Bellingham, 2019) 

DOI: 10.1117/12.2534177

L. Di Benedetto, G. D. Licciardo, A. Huerner, T. Erlbacher, A. J. Bauer, A. Rubino:

First Experimental Test on Bipolar Mode Field Effect Transistor Prototype in 4H-SiC. A Proof of Concept

Materials Science Forum, Vol 963 / Silicon Carbide and Related Materials 2018 : Selected papers from the 12th European Con-

ference on Silicon Carbide and Related Materials ECSCRM 2018, Birmingham, UK, September 02, 2018 - September 06, 2018 

(Scientific.Net, 2019) pp. 697-700

DOI: 10.4028/www.scientific.net/MSF.963.697

L. Di Benedetto, C. D. Matthus, T. Erlbacher, A. J. Bauer, G. D. Licciardo, A. D. Rubino, L. Frey:

Performance of 4H-SIC bipolar diodes as temperature sensor at low temperatures

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 572-575

DOI: 10.4028/www.scientific.net/MSF.963.572.

A. Diepgen, V. Zimmermann, C. F. Bayer, Y. Zhou, C. Forster, P. Wilbers, J. Leib, A. Schletz, S. Virtanen, M. März:

Parylene Coatings in Power Electronic Modules

ISAPP 2019 International Symposium on Advanced Power Packaging, Osaka, Japan, October 07, 2019 - October 08, 2019 

S. Besendörfer, E. Meissner, A. Lesnik, J. Friedrich, A. Dadgar, T. Erlbacher:

Methodology for the investigation of threading dislocations as a source of vertical leakage in AlGaN/GaN-HEMT heterostructures 

for power devices

Journal of Applied Physics, Vol 125 (9), Art. No. 95704 (AIP Publishing, Melville, 2019) 

ISSN: 0021-8979 / 1089-7550

DOI: 10.1063/1.5065442

J. Beyer, N. Schüler, J. Erlekampf, B. Kallinger, P. Berwian, K. Dornich, J. Heitmann:

Minority carrier lifetime measurements on 4H-SiC epiwafers by timeresolved photoluminescence and microwave detected 

photoconductivity

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 313-317

ISSN: 1662-9752

DOI: 10.4028/www.scientific.net/MSF.963.313

S. Bockrath, A. Rosskopf, S. Koffel, S. Waldhör, K. Srivastava, V. R. H. Lorentz:

State of Charge Estimation using Recurrent Neural Networks with Long Short-Term Memory for Lithium-Ion Batteries

IECON 2019, IEEE 45th Annual Conference of the Industrial Electronics Society, Lisbon, Portugal,  

October 14, 2019 - October 17, 2019 (IEEE, 2019) 

DOI: 10.1109/IECON.2019.8926815

N. Boettcher, T. Heckel, T. Erlbacher, K. Peliac:

Silicon RC-Snubber for 900 V Applications Utilising non-Stoichiometric Silicon Nitride

Proceedings of the 31st International Symposium on Power Semiconductor Devices and ICs, ISPSD, Art. No. 8757589, Shanghai, 

China, May 19, 2019 - May 23, 2019 (IEEE, 2019) pp. 351-354

ISBN: 978-1-7281-0581-9 / 978-1-7281-0580-2 

ISSN: 1946-0201 / 1063-6854 

DOI: 10.1109/ISPSD.2019.8757589

A. R. Brown, L. Wang, P. Asenov, F. J. Klüpfel, B. Cheng, S. Martinie, O. Rozeau, S. Barraud, J. C. Barbe, C. Millar, 

J. K. Lorenz:

From devices to circuits: Modelling the performance of 5 nm nanosheets

International Conference on Simulation of Semiconductor Processes and Devices, SISPAD 2019, Art. No. 8870357, Udine, Italy, 

September 04, 2019 - September 06, 2019 (IEEE, 2019) 

ISBN: 978-1-7281-0940-4 /  978-1-7281-0941-1

ISSN: 1946-1577 / 1946-1569 

DOI: 10.1109/SISPAD.2019.8870357

Fraunhofer I ISB 

Names and Data



113112

J. Friedrich, G. Müller:

Erlangen – An Important Center of Crystal Growth and Epitaxy: Major Scientific Results and Technological Solutions of the Last 

Four Decades

Crystal Research and Technology, Art. No. 1900053 (WILEY-VCH Verlag, Weinheim, 2019) 

DOI: 10.1002/crat.201900053

J. Friedrich, T. Jung, M. Trempa, C. Reimann, A. Denisov, A. Muehe:

Considerations on the limitations of the growth rate during pulling of silicon crystals by the Czochralski technique for PV 

applications

Journal of Crystal Growth, Vol 524, Art. No. 125168 edited by Thomas F. Kuech (Elsevier Ltd, Amsterdam, 2019) 

ISSN: 0022-0248

DOI: 10.1016/j.jcrysgro.2019.125168

M. Gepp, V. R. H. Lorentz, M. März, F. Geffray, E. Guyon, F. Chopard:

Spatial and Temporal Temperature Homogenization in an Automotive Lithium-Ion Pouch Cell Battery Module

ELECTRIMACS 2019, Salerno, Italy, May 21, 2019 - May 23, 2019 (Springer International Publishing, Cham, 2019) 

S. Grünler, G. Rattmann, T. Erlbacher, A. J. Bauer, F. Krach, L. Frey:

Towards highly integrated, automotive power SoCs using capacitors operating at 100 V implemented in TSV

Proceedings of CIPS 2016 - 9th International Conference on Integrated Power Electronics Systems (cited 1 time), Nuremberg, 

Germany, March 08, 2016 - March 10, 2016 (VDE - Verlag, 2019) 

ISBN: 978-3-8007-4171-7

V. Häublein, A. J. Bauer, H. Ryssel, L. Frey:

Mass Separation Issues for the Implantation of Doubly Charged Aluminum Ions

Proceedings of 22nd International Conference on Ion Implantation Technology IIT 2018, Würzburg, Germany,  

September 19, 2018 - September 24, 2018 edited by Volker Häublein, Heiner Ryssel (IEEE, 2019) pp. 291-294

ISBN: 978-1-5386-6828-4

DOI: 10.1109/IIT.2018.8807903

R. He, W. Heyn, F. Thiel, N. Pérez, C. Damm, B. Rellinghaus, C. Reimann, M. Beier, J. Friedrich, H. Zhu, Z. Ren,  

K. Nielsch, G. Schierning:

Thermoelectric properties of silicon and recycled silicon sawing waste

Journal of Materiomics, Vol 5 (1) edited by The Chinese Ceramic Society (Elsevier Ltd, 2019) pp. 15-33

ISSN: 2352-8478

DOI: 10.1016/j.jmat.2018.11.004

S. Ehrlich, C. Joffe, H. Tielke, M. Leinfelder, M. März:

Comprehensive SPICE model for power inductor losses

Proceedings of IEEE Applied Power Electronics Conference and Exposition - APEC, Art. No. 8722180 (IEEE, 2019) pp. 1237-1244

ISBN:  978-1-5386-8330-9 / 978-1-5386-8331-6

ISSN: 2470-6647 / 1048-2334 

DOI: 10.1109/APEC.2019.8722180

A. Endruschat, C. Novak, H. Gerstner, T. Heckel, C. Joffe, M. März:

A Universal SPICE Field-Effect Transistor Model Applied on SiC and GaN Transistors

IEEE Transactions on Power Electronics, Vol 34 (9), Art. No. 8586977 (IEEE, 2019) pp. 9131-9145

ISSN: 0885-8993 / 1941-0107 

DOI: 10.1109/TPEL.2018.2889513

A. Erdmann, P. Evanschitzky, H. Meshily, V. Philipsen, E. Hendrickx, M. Bauer:

Attenuated phase shift mask for extreme ultraviolet: Can they mitigate three-dimensional mask effects?

Journal of Micro/ Nanolithography, MEMS, and MOEMS, Vol 18 (1), Art. No. 11005 (Society of Photo-Optical Instrumentation 

Engineers (SPIE), Bellingham, 2019) 

DOI: 10.1117/1.JMM.18.1.011005.

A. Erdmann, P. Evanschitzky, G. Bottiglieri, E. Van Setten, T. Fliervoet:

3D mask effects in high NA EUV imaging

Proceedings of SPIE - The International Society for Optical Engineering, Vol 10957,  Extreme Ultraviolet (EUV) Lithography X, 

Art. No. 109570Z, San Jose, United States, February 25, 2019 - February 28, 2019 (Society of Photo-Optical Instrumentation 

Engineers (SPIE), Bellingham, 2019) 

DOI: 10.1117/12.2515678.

T. Erlbacher, G. Rattmann:

TSV-based passive networks for monolithic integration in smartpower ICS for automotive applications

Proceedings of 10. GMM Fachtagung “Automotive meets Electronics” 2019, Dortmund, Germany,  

March 12, 2019 - March 13, 2019 (VDE - Verlag, 2019) 

ISBN: 978-3-8007-4877-8

J. Erlekampf, B. Kallinger, J. Weiße, M. Rommel, P. Berwian, J. Friedrich, T. Erlbacher:

Deeper insight into lifetime-engineering in 4H-SiC by ion implantation

Journal of Applied Physics, Vol 126 (4), Art. No. 45701 (AIP Publishing, Melville, 2019) 

DOI: 10.1063/1.5092429
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Y. Huang, J. Buettner, B. Lechner, G. Wachutka:

The impact of non-ideal ohmic contacts on the performance of high-voltage SIC MPS diodes

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 553-557

DOI: 10.4028/www.scientific.net/MSF.963.553

A. Hutzler, B. Fritsch, M. P. M. Jank, R. Branscheid, R. C. Martens, E. Spieker, M. März:

Nanoparticles: In Situ Liquid Cell TEM Studies on Etching and Growth Mechanisms of Gold Nanoparticles at a  

Solid-Liquid-Gas Interface

Advanced Materials Interfaces, Vol 6 (20) (WILEY-VCH Verlag, Weinheim, 2019) 

DOI: 10.1002/admi.201970126

A. Hutzler, B. Fritsch, M. P. M. Jank, R. Branscheid, R. C. Martens, E. Spiecker, M. März:

In Situ Liquid Cell TEM Studies on Etching and Growth Mechanisms of Gold Nanoparticles at a Solid-Liquid-Gas Interface

Advanced Materials Interfaces, Vol 6 (20), Art. No. 1901027 (WILEY-VCH Verlag, Weinheim, 2019) 

ISSN: 2196-7350

DOI: 10.1002/admi.201901027

A. Hutzler, C. D. Matthus, C. Dolle, M. Rommel, M. P. M. Jank, E. Spieker, L. Frey:

Large-Area Layer Counting of Two-Dimensional Materials Evaluating the Wavelength Shift in Visible-Reflectance Spectroscopy

Journal of Physical Chemistry C, Vol 123 (14) (ACS Publications, 2019) pp. 9192-9201

DOI: 10.1021/acs.jpcc.9b00957

A. Hutzler, B. Fritsch, M. P. M. Jank, R. Branscheid, E. Spieker, M. März:

Preparation of graphene-supported microwell liquid cells for in situ transmission electron microscopy

Journal of Visualized Experiments, 2019 (149), Art. No. e59751 (JoVE, 2019) 

DOI: 10.3791/59751

F. Jach, P. Höhn, Y. Prots, M. Ruck:

Sr4N[CN2][C2N]: The First Carbodiimide Acetonitriletriide

European Journal of Inorganic Chemistry: Humidity and Condensation in PE Systems - Degradation Mechanisms and Lifetime 

Modelling (WILEY-VCH Verlag, Weinheim, 2019) pp. 1207-1211

ISSN: 1434-1948 / 1099-0682

DOI: 10.1002/ejic.201801242

Continuation: Publications
S. Jung, S. Matlok, B. Eckardt, M. März:

Analysis of a mixed transfer function and state space implementation of cascade control

Proceedings of International Exhibition and Conference for Power Electronics, Intelligent Motion, Renewable Energy and Energy 

Management PCIM Europe, Nuremberg, Germany, May 07, 2019 - May 09, 2019 VDE - Verlag, 

ISBN: 978-3-8007-4938-6

J. Kaiser, R. Weiß, J. Burk:

DC Microgrids for Commercial or Industrial Buildings

Bodo’s Power Systems April 2019 (Laboe, 2019) pp. 52-55

ISSN: 1863-5598

J. Kaiser, C. Strobl, H. Mann, H. Muhm, M. Klimpel, F. Schork, M. März:

Verbundprojekt „DC-Schutzorgane“ – Entwicklung eines neuen, integrierten Schutzkonzepts und neuer Schutzorgane für 

zukünftige Niederspannungs-Gleichstromnetze

VDE Albert-Keil-Kontaktseminar, Karlsruhe, Germany, October 11, 2019 - October 13, 2019 

J. Kaiser, C. Strobl, H. Mann, H. Muhm, M. Klimpel, F. Schork, M. März:

A Comprehensive Approach for Safety in DC-Microgrids

The 3rd IEEE ICDCM (International Conference on DC Microgrids), Matsue, Japan, May 20, 2019 - May 23, 2019 

J. Kaiser, F. Schork, K. Gosses, Y. Han, M. S. Schulz, L. Ott, B. Wunder, M. März:

Converter overvoltage protection for DC-Grids

Proceedings of INTELEC 2018, IEEE International Telecommunications Energy Conference, Art. No. 8612423, Torino, Italy, 

October 07, 2018 - October 11, 2018 (IEEE, 2019) 

ISBN: 978-1-5386-5370-8 / 978-1-5386-5371-5

ISSN: 0275-0473 / 2158-5210 

DOI: 10.1109/INTLEC.2018.8612423

B. Kallinger, J. Erlekampf, K. Rosshirt, P. Berwian, M. Stockmeier, M. Vogel, P. Hens, F. Wischmeyer:

Influence of substrate properties on the defectivity and minority carrier lifetime in 4H-SiC homoepitaxial layers

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 109-113

DOI: 10.4028/www.scientific.net/MSF.963.109
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J. Weiße, M. Hauk, M. Krieger, J. Erlekampf, H. Mitlehner, A. J. Bauer, M. Rommel, V. Häublein, T. Erlbacher, C. Csato, 

M. Rüb, S. Akhmadaliev, L. Frey:

Impact of Al-ion implantation on the formation of deep defects in n-type 4H-SiC

Proceedings of 22nd International Conference on Ion Implantation Technology IIT 2018, Würzburg, Germany,  

September 18, 2018 - September 23, 2018 edited by Volker Häublein, Heiner Ryssel (IEEE, 2019) pp. 66-69

ISBN: 978-1-5386-6828-3

DOI: 10.1109/IIT.2018.8807980

J. Weiße, M. Hauk, T. Śledziewski, M. Krieger, A. J. Bauer, H. Mitlehner, L. Frey, T. Erlbacher:

On the origin of charge compensation in aluminum-implanted n-type 4H-SiC by analysis of hall effect measurements

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 433-436

DOI: 10.4028/www.scientific.net/MSF.963.433

Z. W. Xu, Y. Song, M. Rommel, T. Liu, M. Kocher, Z. D. He, H. Wang, B. T. Yao, L. Liu, F. Z. Fang:

Raman spectroscopy characterization of ion implanted 4H-SiC and its annealing effects

Materials Science Forum, Vol 963 (Trans Tech Publications, 2019) pp. 424-428

ISBN: 978-3-0357-1332-9 / 978-3-0357-2332-8 / 978-3-0357-3332-7

DOI: 10.4028/www.scientific.net/MSF.963.424

Z. Yu, S. Wang, S. A. Letz, C. F. Bayer, F. Häusler, A. Schletz, K. Suganuma:

Optimization of Ag-Ag Direct Bonding for Wafer-Level Power Electronics Packaging via Design of Experiments

Proceedings of International Conference on Electronics Packaging, ICEP, Art. No. 8733496, Niigata, Japan,  

April 17, 2019 - April 20, 2019 (IEEE, 2019) pp. 229-234

ISBN: 978-4-9902-1887-4 / 978-1-7281-1710-2 

DOI: 10.23919/ICEP.2019.8733496

T. Zorenko, K. Paprocki, I. Levchuk, M. Batentschuk, B. Epelbaum, A. Fedorov, Y. Zorenko:

Luminescent properties of Ce3+ doped LiLuP4 O12 tetraphosphate under synchrotron radiation excitation

Journal of Luminescence, Vol 210 (Elsevier Ltd, 2019) pp. 47-51

ISSN: 0022-2313
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PhD Theses

G. M. Batanero:

Development of a Catalyst for Flue Gas Cleaning at Low Temperature in Biomass Power Plants

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

E. Fischer:

Entwicklung und Verifikation eines messtechnischen Verfahrens zur ortsaufgelösten Evaluierung dielektrischer Eigenschaften von 

Energieversorgungskabeln

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

H. Gehles:

Fortschrittliche Detektions- und Entfernungsmethode von Polymerrückständen in Through Silicon Vias (TSV)

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, March 15, 2019 

A. Hutzler:

Untersuchungen zur Lastwechselfestigkeit von Halbleiteranbindungen unter Hochtemperaturbelastung

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

C. Joffe:

Modellbasierter Entwurf und Charakterisierung eines induktiven Ladesystems für Elektrofahrzeuge

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, April 08, 2019 

A. Johnsson:

Post-implantation annealing of platinum in silicon / Diffusion von Platin während des Temperns nach der Implantation in Silizium

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, November 20, 2019 

F. Kersten:

Temperatur- und injektionsabhängige Stabilitätsuntersuchungen von multikristallinen Siliziumsolarzellen

Technische Universität Bergakademie Freiberg, Freiberg, Germany 

O. Kreutzer:

Untersuchungen zu nichtisolierenden bidirektionalen Hochvolt Hochvolt-DCDC-Wandlern mit Leistungsdichten jenseits von 

100 kW/dm³ auf Basis von SiC Bauelementen

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

C. D. Matthus:

Technologische Justierung der spektralen Empfindlichkeit von 4H-SiC-UV-Sensoren

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, January 08, 2019 

M. Neubert:

Catalytic methanation for small and mid-scale SNG production / Katalytische Methanisierung für die SNG Erzeugung in kleinen 

bis mittleren Anlagengrößen

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

T. Onanuga:

Process modeling of two-photon and grayscale laser direct-write lithography

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, March 12, 2019 

L. Ott:

Modellbasierte Stabilitätsuntersuchungen in Niederspannungs-DC-Verteilnetzen

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, June 12, 2019 

P. Puls:

Simulationsgestützte Effizienzoptimierung von industriellen Kaltwassersystemen mit thermischen Speichern

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, February 26, 2019 

J. Rimmelspacher:

Wideband Low Phase Noise 60 GHz Push-Push Oscillators in Advanced CMOS Technologies for FMCW Radar Applications / Breit- 

bandige phasenrauscharme 60 GHz Push-Push Oszillatoren in modernen CMOS Technologien für FMCW-Radaranwendungen

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

M. Steinberger:

Verstromung von wasserstoffreichen Gasgemischen mit PEM-Brennstoffzellen am Beispiel einer Epitaxieanlage

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

M. Trautmann:

Untersuchung einer neuartigen Kommunikationsmethode für induktive Leistungsübertragungssysteme

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

U. Waltrich:

Optimierung von Hochspannungsleistungsmodulen für modulare Multilevel-Topologien unter Berücksichtigung von  

Lebensdaueraspekten

Technical Faculty, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 
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master Theses

K. Albrecht:

Optimierung von SiC Pufferstrukturen zur Reduzierung von Kristalldefekten

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

K. Angermeier:

Topologieoptimierung induktiver Komponenten

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

T. Becker:

Charakterisierung von tiefen Störstellen nach Implantation von Aluminium in n-Typ 4H-Siliziumkarbid

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

O. Bogendörfer:

Thermische Modellierung eines elektrischen Antriebsystems zur Ermittlung lokaler Temperaturkollektive in Leistungselektronik 

und E-Motor

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

K. Brückner:

Bewertung, Entwicklung und Optimierung der Trockenätzeigenschaften von Siliziumkarbid zur Herstellung von  

Leistungshalbleiterbauelementen mit Grabenstruktur 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

A. Castaño:

Aufbau eines Simulationsmodells zur Untersuchung des dynamischen Betriebsverhaltens von LOHC-Systemen mit Brennstoffzelle 

und Batterie

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Conrad:

Entwicklung eines induktiven Heizsystems für einen Hochtemperatur-Werkstoffprüfstand

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

L. Devaraj:

Investigating the Lithographic Effects of Particles on High NA EUV Mask Pellicle

Erlangen Master Programme in Advanced Optical Technologies (MAOT) / FAU Erlangen-Nürnberg (Erlangen, 2019) 

Y. Dong:

Stabilitätsanalyse eines industriellen LVDC-Verteilnetzes

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

F. Fertig:

Bewertung unterschiedlicher Rotordesigns einer PM-Synchronmaschine für einen Fahrzeugantriebsstrang

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Freimuth:

Simulative Untersuchung verschiedener Regelungsansätze für elektrische Antriebe

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

O. Fröhling:

Untersuchung der Topologie des Dual-Invers-Wandlers als AC-Frontend mit PFC-Funktionalität

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Fuchs:

Entwicklung eines Batteriemanagementsystems für den Luftfahrtbereich

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

A. Ghasri:

EMV-Untersuchungen an einem bidirektionalen isolierenden DC/DC-Wandler

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Groccia:

Auslegung eines leistungselektronischen Modullayouts bei automatischer Topologieerstellung unter Zielparameteroptimierung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

L. Grunenberg:

Development of reliable battery monitoring electronics for electric gliders

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

J. Hager:

Entwicklung und Auslegung einer Entladeschaltung für das HV-Netz in Kraftfahrzeugen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 
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N. Händler:

Untersuchungen zur thermischen Optimierung eines Steckverbinders für das Hochleistungs-DC-Laden

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019)

T. Hauner:

Entwicklung eines Netzteils mit hoher Effizienz über einen weiten Lastbereich

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

 

F. Heusinger:

Untersuchung und Weiterentwicklung einer OCV-Messzelle zur Bestimmung des SOC-Wertes von Redox-Flow-Batterien

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

C. Hofmann:

Einzeltemperaturüberwachung bei parallel geschalteten Leistungshalbleitern durch Einsatz schaltbarer Induktivitäten

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

A. Hofmann:

Kompaktmodelle für SiC-MOSFET

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Ilg:

Analytische, simulative und messtechnische Bestimmung der Stromdichte in Flächenleitern

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Jung:

Steuerung eines mehrphasigen, sensorlosen DC/DC-Wandlers mittels Valley-Switching

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

J. Kaufmann:

Entwicklung eines Weitbereichs-Hilfsspannungsnetzteils für Eingangsspannungen bis 1 kV

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Y. M. Kemayou Feuntang:

Simulation und Aufbau eines LLCC-Konverters mit zusätzlicher Sekundärwicklung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Continuation: master Theses
S. Khadivianazar:

Optical and electrical properties of 4H-SiC

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

I. Klauser:

Grundlegende experimentelle Untersuchungen zur Verarbeitbarkeit von Aluminium-Silicium-Pulvergemischen mittels laser-

basierter additiver Fertigung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

I. Königer:

Untersuchung der leitungsgebundenen Störemissionen eines B6-BLDC-Umrichters und Optimierung anhand einer 

Kühler-Lüfter-Applikation

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

P. Kroker:

Entwicklung der Regelung eines Modularen-Multilevel-Umrichters (MMC) im Betrieb als Antriebsumrichter für Drehstrom-

maschinen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

R. Kuratov:

Entwicklung und Aufbau eines 50 kW HF-Transformators mit hoher Isolationsspannung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Lau:

Untersuchungen zur Notwendigkeit einer galvanischen Trennung in DC-Schnellladesystemen für Elektrofahrzeuge

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Y. Lu:

Analyse eines bidirektionalen isolierenden Gleichspannungswandlers hinsichtlich weichen Schaltens

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Lutz:

Entwicklung von Berechnungswerkzeugen für die elektrisch-thermische Simulation 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Märkl:

Klassifizierung elektrischer Lastspitzen im Energiesystem mittels maschineller Lernverfahren

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 
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M. Mayerhöffer:

Entwicklung und Implementierung eines Beobachters zur Bestimmung der Magnettemperatur einer permanentmagneterregten 

Synchronmaschine

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

A. Meier:

Untersuchung von Stabilitäts- und Fehlerszenarien in Gleichstromnetzen durch KI-Verfahren, Masterarbeit

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

H. Mesilhy:

High NA of 0.75: A Simulation Study and Multi-objective Optimization for EUV Lithography

Erlangen Master Programme in Advanced Optical Technologies (MAOT) / FAU Erlangen-Nürnberg (Erlangen, 2019) 

P. Müller:

Si/GaN-Hybridumrichter für Automotive-Traktionsantriebe

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

E. Ngonga:

Charakterisierung von Ansteuer-ICs für den Betrieb von permanenterregten Synchronmotoren

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Y. Ouyang:

Entwicklung eines Regelungsmodells für seriell-/parallelverschaltete Dual-Active-Bridge Converter

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

W. Paulus:

Aufbau einer Schutzschaltung für Hochleistungs-DC-Quellen und elektronische Lasten

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Quergfelder:

Inbetriebnahme eines 3-Level-Umrichters zur Untersuchung verschiedener Ansteuerverfahren und deren Einfluss auf  

Stromqualität und Spannungssymmetrie

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Continuation: master Theses
N. Richter:

Flexible HV-Architektur für Elektrofahrzeuge

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

F. Rottammer:

Entwicklung und Charakterisierung des Grabenätzens und –füllen mit p-Typ Epitaxie in n-Typ 4H-SiC

Friedrich-Alexander-Universität Erlangen-Nürnberg / TH Nürnberg Georg-Simon-Ohm (Nuremberg, 2019) 

S. Schey:

Herstellung von elektrooptischen Modulatoren mittels Nanoimprintlithographie

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

N. Schleippmann:

Entwicklung eines bidirektionalen, isolierenden Hilfsspannungsnetzteiles

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

F. Schmittner:

Entwicklung und Charakterisierung einer kurzschlussfesten Halbbrücke auf Basis neuartiger Galliumnitrid-Leistungshalbleiter

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

J. Schneider:

Auslegung und Optimierung eines Kühlsystems für Lasersysteme

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

E. Schuhmann:

Erstellung eines elektrisch-thermischen Simulationsmodells für SiC-MOSFET zur Bestimmung der Schalt- und Leitverluste bei 

Zero-Voltage-Switching

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019)

B. Semmler:

Summenstromschätzung mittels rekonstruierter Phasenströme

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

C. Shen:

Bildbasierte Generierung thermoelektrischer Simulationen zur Analyse von Leiterbahnen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 
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Continuation: master Theses

M. Sippel:

Entwicklung und Verifikation eines Sicherungsmodells in SPICE

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

K. Srivastava:

State of Charge Estimation of Lithium-Ion Battery using LSTM and Recurrent Neural Networks

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

F. Stammberger:

Untersuchungen zum Betriebsverhalten eines LOHC-basierten Energiespeichers

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Steinmüller:

Untersuchungen zur Parallelschaltung von Netzstromrichtern am Beispiel eines 3L-GaN Umrichters

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Z. Tian:

Entwicklung einer  Strategie zur optimierten Nutzung der Modulationsfreiheitsgrade in einem Dual Active Bridge Converter

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Y. M. Tientcheu:

Entwicklung einer Steuerelektronik für die sensorlose Regelung eines permanenterregten Synchronmotors 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Tratnikov:

BO-Degradation in PERC solar cells

Technische Universität Bergakademie Freiberg (Freiberg, 2019) 

S. Urban:

Untersuchungen zu halbleiterbasierten Gleichspannungsschaltern 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

J. Voll:

Einfluss der Partikelmorphologie auf das Trennverhalten mittels Hydrozyklonen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2020) 

R. von der Marwitz:

Isolationssysteme für Leistungselektronik in Luftfahrtanwendungen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019)

A. Weber:

Optimierung und Untersuchung von ALD-Al2O3 Schichten zur Oberflächenpassivierung von Solarzellen

Technische Universität Bergakademie Freiberg (Freiberg 2019)

N. Weitz:

Untersuchungen zur Leistungsdichte von PFC-Drosseln unter Berücksichtigung unterschiedlicher Kernmaterialien und  Schaltfrequenzen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

R. Westermann:

Weiterentwicklung der Regelung eines modularen Multilevel-Umrichters für Active-Front-End Anwendungen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

T. Wicht:

Untersuchung des Einflusses des Kristallwachstums auf die Defekte von im PVT-Verfahren hergestellten AlN-Kristallen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2020) 

J. Windisch:

Entwicklung, Aufbau und Inbetriebnahme eines Versuchsaufbaus zur Charakterisierung von Leistungswandlern bei sehr tiefen 

Temperaturen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

C. Yang:

Untersuchungen zum Einfluss der Schaltfrequenz auf die Magnetverluste in einer PM-Synchronmaschine mit segmentierten 

Magneten 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

X. Zhang:

Funktionale und sicherheitstechnische Systemanalyse einer Hubwerksapplikation mit Ableitung der optimalen  

Umrichterparametrierung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

Y. Zhou:

Adhesion Characterisation of Parylene Coatings on different Substrates, before and after Thermal Shock Testing

Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany (Erlangen, 2019) 
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Bachelor Theses

C. Clauß:

Erprobung der EBIC-Messtechnik (Electron Beam Induced Current) an AlGaN/GaN-HEMT-Strukturen auf Si zur Identifikation von 

elektrisch aktiven Defekten

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

F. Denkmeier:

Untersuchung der Einflüsse von mehrphasigen Hochsetzstellern auf den Zwischenkreisstrom eines Hochsetzsteller- 

Wechselrichtersystems

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Endter:

Neuartige Elektrolyte auf DES Basis für Al-Graphit-Batterien

Technische Universität Bergakademie Freiberg (Freiberg, 2019) 

T. Glaser:

Identifikation von Maßnahmen zur Erhöhung der Temperaturspreizung eines Kaltwassersystems

Friedrich-Alexander-Universität Erlangen-Nürnberg / TH Nürnberg Georg-Simon-Ohm (Nuremberg, 2019) 

F. Hofmann:

Spin-coating und Charakterisierung von Benzocyclobutenschichten für den Einsatz als Passivierung

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

T. Hullin:

Charakterisierung einer Kraft-Wärme-Kopplungs-Anlage

Friedrich-Alexander-Universität Erlangen-Nürnberg / TH Nürnberg Georg-Simon-Ohm (Nuremberg, 2019) 

D. Khouri:

Untersuchungen zur Strommessung mittels leiterplattenintegrierter Rogowski-Spulen 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Kredel:

Thermisch leitfähiger Verguss einer wickelkörperlosen Speicherdrossel

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

S. Kuttenkeuler:

Herstellung von Siliziumnitrid Beschichtungen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

A. Linse:

Untersuchung von Regelkonzepten und Modulationsverfahren für einen H-Brücken Buck/Boost Konverter 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

J. Lippert:

Charakterisierung und Optimierung eines Lacksystems für die Photolithographie in SiC-Leistungsbauelement-Prozessen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

V. Mayr:

Modifikation und Charakterisierung der Benetzungseigenschaften von Mikrofluidikkanälen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

R. Milac:

Untersuchungen zur Zusammensetzung elektrochemischer Migrationsspuren mittels verschiedener Analysemethoden

Friedrich-Alexander-Universität Erlangen-Nürnberg / TH Nürnberg Georg-Simon-Ohm (Nuremberg, 2019) 

M. Müller:

Entwicklung einer analog steuerbaren Präzisionsstromquelle zum Vermessen von Li-Ion Zellen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

T. Müller:

Regelung einer permanenterregten 2 x 3-phasigen Synchronmaschine für den Einsatz in einer autonomen Drohne

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

D. Perez Postigo:

Untersuchungen zu analogen SiC-CMOS Schaltungen für die Anwendung bei hohen Temperaturen 

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

K. Scheer:

Ermittlung der Einflussfaktoren von Ansteuerverfahren der Active-Neutral-Point-Clamped Topologie auf die Verlustleistung in 

den Leistungshalbleitern

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 
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COntinuation: Bachelor Theses

S. Schramm:

Entwicklung des Energiemanagements für ein flexibles Energiespeichernetzwerk

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Schraner:

Optimierung der Prozessparameter für das Füllen von Siliziumdurchkontaktierungen mittels eines Inkjet-Pastendruckers

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Schulze:

Untersuchung der Cristobalit-Bildung auf SiO2-Glastiegeln für die Czochralski-Züchtung von einkristallinem Silizium

Technische Universität Bergakademie Freiberg (Freiberg, 2019) 

M. Szabo:

Realisierung eines mikrofluidischen Partikeldetektors

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Thum:

Vergleich verschiedener Verfahren zur Herstellung von Ohm-Kontakten auf Siliciumkarbid

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

K. K. Ullerich:

Realisierung eines Überspannungsschutzelements mit Energierückspeisung für ein 380 Volt Gleichspannungsnetz

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 

M. Wild:

Entwurf und Charakterisierung von Messverstärkern für Thermoelemente zur Temperaturmessung beim Power-Cycling-Test von 

Leistungsmodulen

Friedrich-Alexander-Universität Erlangen-Nürnberg (Erlangen, 2019) 
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