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Energy cont inues to be one of the global  chal lenges in economics,  industry, 

society – and in research.  Sophist icated e lectronics is  a key technology for any 

k ind of groundbreaking progress in this  f ie ld.  The R&D act iv i t ies  of  Fraunhofer 

I ISB contr ibute to energy sav ing and the reorganizat ion of our energy system 

for the sake of c l imate protect ion and a susta inable secur i ty  of  supply.  This  i s 

under l ined by a number of major events at  our inst i tute that took place in 

2012.

In spring, we had the pleasure to celebrate two extensions of our infrastructure. First, we opened 

our new technical center for crystallization and wafering in our branch lab THM in Freiberg, Sax-

ony. There, Fraunhofer IISB is working on the improvement of high-quality semiconductor mate-

rials like silicon for photovoltaics or gallium nitride for energy electronics, which are the basis for 

modern energy supply.

And secondly, we inaugurated our new laboratory building in Erlangen, Bavaria, which is pre-

dominantly dedicated to power electronics and its applications in electric mobility and energy 

technology. The building comprises power electronics labs, workshops for electric cars, and a re-

search and demonstration center for local DC power grids. This significantly enhances our tech-

nical capabilities.

The IISB Annual Conference was dedicated to the bulk growth and epitaxy of wide-band-gap 

semiconductor substrates, which allow the development of energy efficient electron devices and 

circuits.

This year, two new IISB research groups on energy were established, one in Erlangen, and one 

at the “Energie Campus Nürnberg” (EnCN). The latter will soon move into the new EnCN build-

ing in Nuremberg, which will house several research partners from the Nuremberg Metropolitan 

region. The regional Fraunhofer Innovation Cluster “Electronics for Sustainable Energy Use” suc-

cessfully passed its third year and will continue its collaborative work also after the end of the 

funding period. In view of this development, I am happy that Dr. Martin März, head of our power 

electronics department, was appointed deputy director of IISB at the beginnig of 2012.

Fraunhofer IISB as a partner of industry conducts applied research and development in the areas 

of power electronics and semiconductor technology, ranging from basic materials to complete 

systems. In semiconductor technology, comprehensive investments in our cleanroom and labora-

tory equipment allow us to stay in the forefront of research in this field.

Semiconductor research based on partnership will also be continued together with our partner 

companies residing in the IISB buildings. Together with NanoWorld Services, we could celebrate 

the 10th anniversary of their on-site engagement at IISB in Erlangen.

Also in 2012, researches of IISB were awarded with several research prizes, such as the ECPE 

Young Engineer Award, DGKK Award, the DRIVE-E Student Award, and the Ulrich Gösele Young 

Scientist Award.

I would like to thank my colleagues at IISB for their successful work, and I would like to express 

my gratitude to all our partners in industry, research, and public authorities, especially the Uni-

versity of Erlangen-Nuremberg and the funding authorities for supporting us.

Erlangen, April 2013

Prof. Dr. Lothar Frey

1 	 Prof. Dr. rer. nat. Lothar Frey,

	 Director of Fraunhofer IISB. 

Image: Matthias Heyde / 

Fraunhofer-Gesellschaft
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The Fraunhofer Inst i tute for Integrated Systems and Device Technology I ISB, 

founded in 1985, conducts appl ied research and development in the f ie lds of 

power e lectronics,  micro- and nanoelectronics,  and advanced mater ia ls .  With 

i ts  process,  equipment,  and mater ia l  development for semiconductor technol-

ogy,  i ts  act iv i t ies  in the f ie ld of s imulat ion as wel l  as i ts  works on power e lec-

tronic systems for energy supply and hybr id and electr ic  vehic les,  the inst i tute 

enjoys internat ional  attent ion and recognit ion.

The headquarters of the IISB is located in Erlangen. Branches of the institute are located in 

Nuremberg with the Center for Automotive Power Electronics and Mechatronics ZKLM and in 

Freiberg with the Technology Center Semiconductor Materials THM. The IISB has about 180 em-

ployees. It is one of 60 institutes of the Fraunhofer Gesellschaft and does contract research for 

industry or public institutions. The institute closly cooperates with the University of Erlangen-

Nuremberg and is a member of the “Energie Campus Nürnberg” (EnCN).

Scientific Profile

The research and development activities of the Fraunhofer IISB can be summarized in the business 

areas of:

-- Power Electronics

and

-- Semiconductors

The following topics are comprehensively dealt:

-- Nanoelectronics

-- 	Materials for Electronics

-- 	Power Electronic Systems

-- 	Electric Mobility

-- Energy Electronics

1 	 Building of the Fraunhofer 

IISB with test center for 

electric vehicles, cleanroom, 

and new laboratory building; 

behind: cleanroom laborato-

ry and building of the Chair 

of Electron Devices of the 

University of Erlangen-Nu-

remberg. Image: Kurt Fuchs / 

Fraunhofer IISB

Brief Portrait
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and theoretical analyses, metrology, and numerical modelling with software tools specially 

developed by IISB, represent a strategic alliance. The focus is put on the production of crystal ma-

terial and crystalline layers for microelectronics, photovoltaics, as well as for optical applications 

including detector and laser materials.

Power Electronic Systems

The spectrum of the Power Electronic Systems department ranges from the development of new 

materials reliability testing and error analyses, questions related to circuits and control, packaging 

and cooling technology, EMC, energy management to the realization of complete system 

solutions for automotive engineering as well as power supply, and automation engineering. 

The focus is put on the field of mechatronic system integration, i.e. the integration of power 

electronics, microelectronics, sensors, and mechanics, electric power converters as well as on 

technologies for the increase of efficiency and power density in industrial fields of application like 

electric mobility, power engineering, and network technology.

The projects  and subjects  of the Fraunhofer I ISB in micro- and nanoelectronics, 

power e lectronics,  e lectr ic  mobi l i ty ,  energy supply,  and mater ia ls  research are 

dealt  with interdiv is ional ly  in f ive specia l  departments:

Technology

Here, new materials, devices, and processes from semiconductor technology are developed for 

CMOS (CLSI, ULSI), nanoelectronics, and power electronics. For that purpose, complete process 

lines for silicon and silicon carbide are available. In particular, the activities and competences in-

clude, inter alia, surface and thin-film technologies for new materials, processes for thin dielectric 

and metallic layers, ion implantation, circuit modifications and IC repair, nanostructuring, particle 

electronics, metrology and analysis as well as the development of passive devices.

Semiconductor Manufacturing Equipment and Methods

The focus is put on the development and improvement of new manufacturing equipment and 

the corresponding methods and processes as well as their implementation in industrial produc-

tion. Great importance is attached to issues of yield and throughput optimization, process com-

patibility, contamination, safety, sustainable production, and optimization of resources. Process 

automation, pre-qualification of equipment, analytics in the IISB analysis laboratory (accredited 

according to ISO 17025) for micro- and nanotechnology as well as integrated and virtual metrol-

ogy are possible fields of application.

Technology Simulation

Here, physical models and powerful simulation programs for the optimization of individual pro-

cesses and process sequences in semiconductor technology are developed and transferred to ap-

plication. Furthermore, the development of processes, components, and circuits is supported by 

simulation. Special competence exists in the field of mask design and device development by pre-

dictive lithography simulation. Special emphasis is placed on the combination of electric, thermal, 

and mechanical simulations.

Crystal Growth

The aim is to identify the correlation between the properties of crystalline materials and their 

growth conditions in order to optimize the industrial process development. For this, experimental 

1 	 Organizational diagram of  

Fraunhofer IISB (2012).

Organization and Fields of Activity
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The headquarters  of the Fraunhofer I ISB is  located in Er langen, r ight next to 

the southern campus of the Univers i ty  of  Er langen-Nuremberg.  The I ISB pro-

v ides more than 5000 m2 of research and development fac i l i t ies  for  power 

e lectronics,  micro- and nanotechnology,  and crysta l  growth. In addit ion,  about 

1500 m2 of high-c lass c leanroom area is  avai lable,  which is  part ly  operated 

together with the Univers i ty  of  Er langen-Nuremberg.  With an area of addi-

t ional  1600 m2,  an extens ion bui ld ing,  which wi l l  be used mainly for power 

e lectronics,  was off ic ia l ly  inaugurated in spr ing 2012. I t  comprises,  inter  a l ia , 

an appl icat ion and demonstrat ion center for local  DC power gr ids.  S ince sum-

mer 2010, the I ISB has been operat ing i ts  new Test  Center for E lectr ic  Vehic les.

Test Center for Electric Vehicles

Electric vehicles make completely new demands on measurement and test engineering. The Test 

Center offers a unique infrastructure, customized for these requirements. Single components 

up to complete vehicles can be measured and optimized. The Test Center includes testbenches 

for electric drives, energy storage devices, electrical and thermal reliability, and electromagnetic 

compatibility. Core element is a temperature-controllable roller-type test stand. This test stand 

can be used to test entire vehicles, e.g., with regard to their range under extreme ambient con-

ditions. The Test Center is supplemented by laboratories and workshops for electric cars in the 

new extension building of IISB.

Cleanroom Laboratories

Fraunhofer IISB provides about 500 m2 of own cleanroom area and operates the big cleanroom 

hall of the University (1000 m2) together with the Chair of Electron Devices. Here, research 

is done on electron devices, processes, materials, equipment development, and metrology for 

semiconductor technology on silicon, silicon carbide, and nano particles.

Address and Contact

Fraunhofer IISB, Schottkystrasse 10, 91058 Erlangen, Germany

Prof. Dr. Lothar Frey, 

Phone: +49 (0) 9131 761-0, Fax -390

info@iisb.fraunhofer.de, www.iisb.fraunhofer.de

1 	 The new extension building 

of the Fraunhofer IISB. 

Image: Kurt Fuchs / Fraunho-

fer IISB

Fraunhofer IISB in Erlangen
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The Center for Automotive Power E lectronics and Mechatronics ZKLM is  a 

branch lab of Fraunhofer I ISB located in Nuremberg.  The ZKLM is  part  of  the 

“Power E lectronics Systems“ department of the I ISB.

In the focus of the research and development work at the ZKLM are power electronic system 

components for next generation vehicles like two-wheelers, cars, buses, trucks, and airplanes.

New technical solutions for electric mobility are developed based on innovations in the field of 

power electronics, particularly for all kind of electric drives, on-board electrical energy manage-

ment, vehicle-to-grid systems, and electrical energy storages.

About 680 m2 office and laboratory area are available for the meanwhile more than 20 engineers 

and technicians. 

Since 2007, the ZKLM is also domicile of three further working groups of IISB. The “Materials 

and Reliability” group is working on new materials as well as on reliability, lifetime, and robust-

ness issues of power electronic systems in the context of individual application requirements and 

mission profiles. The groups “Industrial Power Electronics” and “Energy Systems” develop com-

ponents for the power engineering and modern power grids.

Contact

Fraunhofer I ISB (ZKLM)

Landgrabenstrasse 94, 90443 Nuremberg,  Germany

Dr.- Ing.  Mart in März

Phone:	 +49 (0)  911 235 68-10

Fax: 	 +49 (0)  911 235 68-12

zklm@iisb.fraunhofer.de

www.zklm. i i sb.fraunhofer.de

1 	 Stuff of the ZKLM (Center for 

Automotive Electronics and 

Mechatronics) in Nuremberg 

with hybrid and electric ve-

hicles. Image: Bernd Müller / 

Fraunhofer-Gesellschaft

Center for Automotive Power Electronics 

and Mechatronics ZKLM
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The branch lab of I ISB in Fre iberg,  the Fraunhofer Technology Center of Semi-

conductor Mater ia ls  (THM) is  organized as a jo int  department of the Fraunhofer 

Inst i tute for Integrated Systems and Device Technology I ISB,  Er langen, and the 

Fraunhofer Inst i tute for Solar  Energy Systems ISE,  Fre iburg. 

THM supports industry in their developments of technologies for the production of innovative 

semiconductor materials to be used in micro- and optoelectronics as well as in photovoltaics.

The focal areas of research, which are investigated by THM in close collaboration with the Techni-

cal University Bergakademie Freiberg, are the production of semiconductor substrates at reduced 

costs, the improvement of the material quality of crystalline silicon, and III-V compound semicon-

ductors as well as the production of new materials. 

In spring 2012, the new crystallization and wafering technical center at THM was inaugurated.

Contact

Fraunhofer Technology Center for Semiconductor Mater ia ls  THM,

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

Dr.  Jochen Fr iedr ich

Phone:	 +49 (0)  3731 2033-100

Fax: 	 +49 (0)  3731 2033-199

jochen.fr iedr ich@thm.fraunhofer.de

www.thm.fraunhofer.de

1 	 Crystal growth furnace for si-

licon at the Fraunhofer THM 

(Technology Center for Se-

miconductor Materials) in 

Freiberg, Saxony.

Technology Center for Semiconductor  

Materials THM
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Dr. Martin März

Automotive Electronics - Power Electronics,

Architecture and Systems Technology for Electric Mobility

Prof. Dr. Lothar Pfitzner

Semiconductor Equipment Technics

Priv.-Doz. Dr. Peter Pichler

Reliability and Failure Analysis of Integrated Circuits

Prof. Dr. Heiner Ryssel

Cleanroom technology

I ISB and the Chair  of  E lectron Devices (German abbreviat ion:  LEB) of the Uni-

vers i ty  of  Er langen-Nuremberg are both headed by Prof.  Lothar Frey.  Within 

the framework of a cooperat ion agreement,  the two inst i tut ions not only 

jo int ly  operate the Univers i ty ‘s  c leanroom hal l  and other laborator ies,  but a lso 

work c losely together with regard to teaching and research.

The cooperation of the Chair of Electron Devices and the Fraunhofer IISB allows to cover the en-

tire chain of topics from basic research to the transfer to industry, e.g., in the fields of new dielec-

trics, metal gates, silicon carbide, and printable electronics. For many years, the vocational train-

ing 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.

Therefore, the following staff members of Fraunhofer IISB regularly give lectures at the University 

of Erlangen-Nuremberg:

Dr. Andreas Erdmann

Optical Lithography: Technology, Physical Effects, and

Modelling

Dr. Tobias Erlbacher

Semiconductor Power Devices

Dr. Michael Jank

Nanoelectronics,

Introduction to Printable Electronics

Dr. Jürgen Lorenz

Process and Device Simulation 1 	 Chair of Electron Devices of 

the University of Erlangen-

Nuremberg: main building 

and cleanroom laboratory. 

Image: Chair of Electron De-

vices (LEB)

Cooperation with the Chair of Electron  

Devices, University of Erlangen-Nuremberg
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Dr. Karl-Heinz Stegemann

SolarWorld Innovations GmbH

Dr. Thomas Stockmeier

SEMIKRON Elektronik GmbH & Co. KG

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

and research:

Dr. Reinhard Ploß (Chairman of the Advisory Board)

Infineon Technologies AG 

Dr. Dietrich Ernst

Förderkreis für die Mikroelektronik e.V.

Thomas Harder

European Center for Power Electronics (ECPE)

Dr. Stefan Kampmann

Robert Bosch GmbH 

MinR Dr. Ulrich Katenkamp

Federal Ministry of Education and Research (BMBF)

Markus Lötzsch

Nuremberg Chamber of Commerce and Industry

Prof. Dr. Marion Merklein

Dean of the Faculty of Engineering Sciences of the University of Erlangen-Nuremberg

Dr. Andreas Mühe

Siltronic AG

MR Dr. Georg Ried

Bavarian Ministry of Economic Affairs, Infrastructure, Transport and Technology

Dr. Martin Schrems

austriamicrosystems AG

Director

Prof.  Lothar Frey

Phone:	 +49 (0)  9131 761-100

Fax: 	 +49 (0)  9131 761-102

info@i isb.fraunhofer.de

Strategic Planning and Public Relations

Dr. Bernd F ischer

Phone:	 +49 (0)  9131 761-106

Fax: 	 +49 (0)  9131 761-102

bernd.f ischer@i isb.fraunhofer.de

Administration

Hartmut Hermes

Phone:	 +49 (0)  9131 761-305

Fax: 	 +49 (0)  9131 761-304

hartmut.hermes@i isb.fraunhofer.de

Power Electronic Systems, Deputy Director of IISB

Dr. Mart in März

Phone:	 +49 (0)  9131 761-310

Fax: 	 +49 (0)  9131 761-312

mart in.maerz@i isb.fraunhofer.de

Technology Simulation

Dr. Jürgen Lorenz

Phone:	 +49 (0)  9131 761-210

Fax: 	 +49 (0)  9131 761-212

juergen. lorenz@i isb.fraunhofer.de

Semiconductor Manufacturing Equipment and Methods

Prof.  Lothar Pf i tzner

Phone:	 +49 (0)  9131 761-110

Fax: 	 +49 (0)  9131 761-112

lothar.pf i tzner@i isb.fraunhofer.de

Technology

Dr. Anton Bauer

Phone:	 +49 (0)  9131 761-308

Fax: 	 +49 (0)  9131 761-360

anton.bauer@i isb.fraunhofer.de

Crystal Growth

Dr. Jochen Fr iedr ich

Phone:	 +49 (0)  9131 761-269

Fax: 	 +49 (0)  9131 761-280

jochen.fr iedr ich@i isb.fraunhofer.de
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Technology Simulation

-- 	development of physical and chemical models, algorithms and powerful simulation software 

for industrial and academic users

-- 	2D/3D device simulation, circuit simulation

-- 	process simulation (ion implantation, diffusion, etching, layer deposition)

-- 	powerful lithography simulation by rigorous modeling (Software Dr. Litho)

-- investigation of process fluctuations 

-- coupled electrical, thermal, mechanical, and metallurgical simulations

-- coupling of structure and equipment levels

Semiconductor Manufacturing Equimpent and Methods

-- 	development, testing, evaluation, qualification, and optimization of semiconductor manu-

facturing equipment, production technology

-- characterization of equipment, components, and materials

-- equipment assessment

-- integrated and virtual metrology

-- 	automation, Advanced Process Control, improved process reproducibility

-- 	optimization of yield, throughput, reliability, safety, energy consumption, and resources

-- 	accredited analysis laboratory for micro- and nanotechnology (DIN EN ISO/IEC 17025:2005)

-- 	contamination analysis: trace impurities on semiconductor and photovoltaic substrates, in 

process chemicals, process gases, and clean room environments (TXRF, AAS, ICP-MS, GCMS, 

FTIR, VPD-AAS)

-- 450 mm manufacturing

-- 	quality management

Power Electronic Systems

The IISB develops power electric systems for industrial plants, households, electric mobility, as 

well as for power engineering and network technology. Here, our aim is to make power electro-

nics more energy efficient, cost-effective, robust, compact, and system-integrateable. This covers 

a wide range of competencies and applications:

-- power conversion

-- system integration, mechatronics, system design

-- 	circuit design and simulation, innovative topologies

-- 	smart power ASIC design

-- 	embedded software

According to the Fraunhofer model, Fraunhofer IISB finances itself mostly by third-party funds 

and does applied contract research and development in close cooperation with its partners as 

contractual partner of industry and public funding authorities. With its activities in power elec-

tronics as well as micro- and nanotechnology, the institute offers a wide range of competencies 

from basic materials and devices, circuits and processes to overall system development. This is 

complemented by simulation support, the development of manufacturing devices, analysis, and 

metrology. Last but not least, the cooperation with the University of Erlangen-Nuremberg is one 

reason why the whole chain from basic research to prototyping and the transfer in industrial re-

alization can be covered. This wide range of services and flexibility are reflected in variety of the 

possible constellations of contractual cooperation.

The fields of activities of IISB include, inter alia, the following subjects and offers:

Nanoelectronics

Semiconductor Technology

-- 	processing steps and methods for very-large-scale integrated circuits on Si (VLSI, ULSI)  

(cleanroom class 10, wafer sizes of up to 200 mm, partly 300 mm)

-- 	comprehensive processing technology for SiC

-- 	analysis and repair of prototypes of electronic components (sensors, power electronic devic-

es, passives)

-- 	devices for micro- and nanoelectronics, microsystems technology, power electronics and 

high-temperature electronics on Si and SiC

-- 	implantation of dopants at low and high energy

-- 	production of thin dielectric and metallic layers, in particular MOCVD

-- 	nanostructuring (nanoimprint, “Focused Ion Beam“)

-- 	printable electronics based on inorganic nanoparticles

-- 	qualification of gases and chemicals

-- 	analysis and metrology (for example: MOS, I(U), C(U), film resistor, mobility, doping profile, 

Hall effect, REM, TEM, x-ray analysis, line width, thickness, wafer flatness, and wafer warp-

ing)

Institute-Specific Offers for Contract Research

RESEARCH AND SERVICES
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-- megawatt power electronics

-- local dc networks

-- electrical energy storages in the power grid

-- interfaces between the power grid and mobile systems

-- energy systems

Materials for Electronics

High-quality materials with customized properties enable increasing efficiency, reliability, and 

new functionalities. The IISB is a specialist in:

-- 	ultra-thin layers for nanoelectronics (dielectrics, metal electrodes, methods: MOCVD, ALD, 

PVD)

-- 	inorganic nanoparticles for printable electronics

-- 	materials for power electronics (SiC, magnetic materials, interconnect materials, sintering 

techniques, reliability tests)

-- 	simulation and characterization of material properties

Crystal Growth

-- development and optimization of processes and equipment for bulk growth and epitaxy

-- optimized mono- and multi-crystalline silicon for microelectronics and photovoltaics

-- wide-band-group semiconductors (SiC, GaN) for optoelectronics and power electronics

-- compound semi-conductors

-- optical crystals (oxides, fluorides)

-- detector and laser crystals for medicine, safety and security 

-- characterization and metrology

-- defect engineering

-- numerical modeling, software development (CrysMAS)

The close cooperation with the University of Erlangen-Nuremberg enables the synergetic use and 

operation of joint research laboratories, coordination of the research activities and application-

oriented education and teaching. The broad scientific basis of the IISB is shown also by its mem-

bership in the “Energie Campus Nürnberg” (EnCN), in the networks of the Fraunhofer Group 

for Microelectronics as well as of the Fraunhofer Energy and Nanotechnology Alliances, the rela-

tion to numerous regional, national, and international associations and committees as well as by 

the cooperation with universities, research institutes, and organizations in Germany, in European 

countries as wells as, e.g., in the United States, Japan, China, India, and Russia.

-- 	circuit and control technology

-- 	thermal management, thermomechanical simulations

-- 	energy efficiency, highest efficiency, highest power density

-- 	energy management

-- 	passive devices

-- 	new materials

-- 	packaging

-- construction, simulation

-- 	reliability tests and error analysis

-- 	product-related and lifetime-optimizing engineering

-- 	examples for fields of application: frequency converters, electric drives, automation, auto-

motive engineering, high-performance converters, energy storage devices, energy supply, 

HVDC, local DC networks, photovoltaics, power supply units, and consumer electronics

Electric Mobility

For more than ten years now, electric mobility has been one of the main focuses of the depart-

ment of power electronic systems at IISB. With many years of experience, we work together with 

our partners on the following themes:

-- considering the overall system power electronic systems for drives, energy storage devices 

and board supply networks of electric and hybrid vehicles, especially frequency converters, 

power converters, storage monitoring, and energy management

-- 	charging stations and systems for grid connection for electric and hybrid vehicles

-- 	space-adapted mechatronic system integration

-- 	development and testing of components and vehicles at the IISB Test Center for Electric Ve-

hicles (test benches for drives, batteries, complete vehicles and EMC)

Energy Electronics

Power electronics is an essential enabler of our future electrical energy supply with a large share 

of renewable energy sources. Among others, IISB is dealing with the following topics:

Continuation: Institute-Specific Offers for 

Contract Research 

RESEARCH AND SERVICES
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Research of pract ica l  ut i l i ty  l ies  at  the heart  of  a l l  act iv i t ies  pursued by the 

Fraunhofer-Gesel lschaft .  Founded in 1949, the research organizat ion under-

takes appl ied research that dr ives economic development and serves the wider 

benef i t  of  society.  I ts  serv ices are sol ic i ted by customers and contractual  part-

ners in industry,  the serv ice sector and publ ic  administrat ion.

At present, the Fraunhofer-Gesellschaft maintains 66 institutes and independent research units. 

The majority of the more than 22,000 staff are qualified scientists and engineers, who work with 

an annual research budget of 1.9 billion euros. Of this sum, more than 1.6 billion euros is gener-

ated through contract research. More than 70 percent of the Fraunhofer-Gesellschaft’s contract 

research revenue is derived from contracts with industry and from publicly financed research proj-

ects. Almost 30 percent is contributed by the German federal and Länder governments in the 

form of base funding, enabling the institutes to work ahead on solutions to problems that will 

not become acutely relevant to industry and society until five or ten years from now.

Affiliated international research centers and representative offices provide contact with the re-

gions of greatest importance to present and future scientific progress and economic develop-

ment.

With its clearly defined mission of application-oriented research and its focus on key technolo-

gies of relevance to the future, the Fraunhofer-Gesellschaft plays a prominent role in the German 

and European innovation process. Applied research has a knock-on effect that extends beyond 

the direct benefits perceived by the customer: Through their research and development work, 

the Fraunhofer Institutes help to reinforce the competitive strength of the economy in their local 

region, and throughout Germany and Europe. They do so by promoting innovation, strengthen-

ing the technological base, improving the acceptance of new technologies, and helping to train 

the urgently needed future generation of scientists and engineers.

As an employer, the Fraunhofer-Gesellschaft offers its staff the opportunity to develop the pro-

fessional and personal skills that will allow them to take up positions of responsibility within their 

institute, at universities, in industry and in society. Students who choose to work on projects at 

the Fraunhofer Institutes have excellent prospects of starting and developing a career in industry 

by virtue of the practical training and experience they have acquired.

The Fraunhofer-Gesellschaft is a recognized non-profit organization that takes its name from Jo-

seph von Fraunhofer (1787–1826), the illustrious Munich researcher, inventor and entrepreneur.

1 	 Locations of the Fraunhofer-

Gesellschaft in Germany.

The Fraunhofer-Gesellschaft

FRAUNHOFER-GESELLSCHAFT AND  
”FÖRDERKREIS“
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Fraunhofer I ISB is  a member of the Fraunhofer Group for Microelectronics as 

wel l  as of the Fraunhofer Energy and Nanotechnology Al l iances.

Fraunhofer Group for Microelectronics

The Fraunhofer Group for Microelectronics VµE has been coordinating the activities of Fraunhofer 

Institutes working in the fields of microelectronics and microintegration since 1996. Its member-

ship consists of twelve institutes as full members and three as associated members, with a total 

workforce of around 3,000 and a combined budget of roughly € 325 million. The purpose of the 

Fraunhofer VµE is to scout for new trends in microelectronics technologies and applications and 

to integrate them in the strategic planning of the member institutes. It also engages in joint mar-

keting and public relations work.

Further activities of the group concentrate largely on establishing joint focal research groups and 

projects. In this way, the group is able to provide innovative small and medium-sized enterprises, 

in particular, with future-oriented research and application-oriented developments that will help 

them gain a decisive competitive edge.

The core competencies of the member institutes are bundled in the Group‘s business areas:

-- Technology – from CMOS to Smart Systems Integration

-- 	Communication Technologies

-- 	Ambient Assisted Living

-- 	Energy-Efficient Systems and eMobility

-- 	Light

-- 	Safety and Security

-- 	Entertainment

The Business Office of the Fraunhofer Group for Microelectronics based in Berlin serves as central 

coordination and marketing office. It advises and assists the board of directors of the group on 

questions regarding strategies, roadmaps, and research coordination.

www.mikroelektronik.fraunhofer.de

Fraunhofer Energy Alliance

The Fraunhofer Energy Alliance is the gateway to the R&D services of the Fraunhofer-Gesellschaft 

in energy technology and energy economics. In cooperation with partners from industry, the al-

liance aims at strengthening their technological leadership with regard to energy efficiency and 

renewable energy sources. The Fraunhofer Energy Alliance offers simplified access to the exper-

tise of the Fraunhofer Institutes particularly to small and medium-sized companies, but also to 

policy and energy industry.

The Business Areas of the Fraunhofer Energy Alliance are:

-- 	Renewable Energies

-- 	Efficiency Technologies

-- 	Buildings and Components

-- 	Smart Grids

-- 	Energy Storage

www.energie.fraunhofer.de

Fraunhofer Nanotechnology Alliance

The activities of the Fraunhofer Nanotechnology Alliance comprise a wide range of topics such 

as e.g. multifunctional layers for use in the optical, automotive, and electronics industry. Metallic 

and oxidic nanoparticles, carbon nanotubes, and nanocomposites are used in actuators, struc-

tural materials, and biomedical applications. Moreover, the Fraunhofer Nanotechnology Alliance 

treats questions regarding toxicology and operational safety when dealing with nanoparticles.

This involves the following Business Areas:

-- 	Nanomaterials and Nanochemistry

-- 	Nanooptics and Nanoelectronics

-- 	Nanobiotechnology

-- 	Nanoprocessing / Handling

-- 	Measuring Methods / Techniques

-- 	Technology Transfer and Consulting

www.nano.fraunhofer.de

1 	 SpreePalais in Berlin (Mitte), 

location of the business 

office of the Fraunhofer 

Group for Microelectronics. 

Image: Fraunhofer-Gesell-

schaft

Fraunhofer Groups and Alliances
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At the end of 2012, the Fraunhofer Innovat ion Cluster  “Electronics for Sus-

ta inable Energy Use“ succesful ly  completed i ts  funding per iod.  Coordinated by 

Fraunhofer I ISB,  research inst i tut ions and companies from the Nuremberg 

Metropol i tan Region combine their  expert ise in this  cooperat ion network and 

develop innovat ive products in the f ie lds of power e lectronics and power engi-

neer ing.  The object ive of the Innovat ion Cluster  i s  to take up exist ing unique 

features of the region in an effect ive way,  to enter new markets and therefore 

to safeguard jobs in the long term. Even after  the funding per iod,  th is  coopra-

t ion cont inues by regular  exchange and jo int  projects .

Electronics for Sustainable Energy Use

Efficient and modern electronics, in particular power electronics, can make an essential contribu-

tion to energy saving. Whether in household appliances, consumer electronics or in the office, 

whether in industrial plants, power supply networks or electric vehicles – potential savings can be 

found along the entire chain from power generation and power distribution to the end-consum-

er. Due to low-loss components, tailored materials, and intelligent systems, devices, vehicles, and 

industrial plants are not only less energy-consuming and more efficient, they also become more 

operationally reliable and compact.

In close cooperation with the existing industrial networks and associations, the Innovation Clus-

ter is intended to realize an even closer coordinated linking between local economy and research. 

Besides Fraunhofer IISB, research partners of the Innovation Cluster are the University of Erlan-

gen-Nuremberg, the University of Applied Sciences in Nuremberg, the Bavarian Laser Centre, 

and Fraunhofer IIS. The Innovation Cluster also cooperates closely with the “Bayerischer Cluster 

Leistungselektronik“ (Bavarian Cluster for Power Electronics) and the European Center for Power 

Electronics, which is located in Nuremberg. Cluster research was funded by the Bavarian State 

Ministry of Economic Affairs, Infrastructure, Transport, and Technology and by the Fraunhofer-

Gesellschaft within the framework of the “Joint Initiative for Research and Innovation“ of the 

Federal Government as well as by means of orders from industrial partners.

The research activities of the Innovation Cluster comprise the following areas:

-- 	energy-efficiency at work and at home

-- 	smart power grids

-- 	electric mobility

The monthly public series of lectures on power electronics initiated in the frame of the Innovation 

Cluster is still being continued with great success.

Fraunhofer Innovation Clusters

The Innovation Clusters of the Fraunhofer-Gesellschaft are an initiative within the framework of 

the Federal Government‘s “Joint Initiative for Research and Innovation“. They are regional, ap-

plication-oriented project clusters between industry and research with a minimum duration of 

three years. The objective of the Innovation Clusters is to implement interdisciplinary research 

with scientific excellence in tangible projects. An Innovation Cluster bundles the existing research 

and development resources and acts as a driver of innovation and as a transfer interface between 

partners from university to industry. With this initiative, the Fraunhofer-Gesellschaft stimulates 

the further development of regional centers of excellence and supports the regions‘ expertise. 

The project work at the research institutions involved is supported by the Federal Land, industry 

and the Fraunhofer-Gesellschaft.

www.i isb.fraunhofer.de/ innocluster

1 	 Established within the Inno-

vation Cluster: IISB applica-

tion center for DC and highly 

efficient energy supply tech-

nologies. Image: Kurt Fuchs / 

Fraunhofer IISB

Innovation Cluster

FRAUNHOFER-GESELLSCHAFT AND  
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More than 25 years ago, the founders of the non-prof i t  “Förderkreis  für  d ie 

Mikroelektronik e.V.” (development associat ion for microelectronics)  recog-

nized the inf luence and importance of microelectronics in a l l  technical  f ie lds 

and almost a l l  aspects of dai ly  l ife,  with microelectronics as a key technology 

and innovat ion motor being decis ive for the economic power,  jobs,  and wealth 

of a high-tech producing nat ion l ike Germany and thus having an essent ia l 

meaning for a business locat ion.

Therefore, the “Förderkreis für die Mikroelektronik e.V.” was launched in 1983 with the goal of 

promoting microelectronics in and for the region of northern Bavaria. This was made possible by 

generous donations from industry, large subsidies from the Bavarian government, the permanent 

support by the IHK Nürnberg für Mittelfranken (the local CCI), as well as by enormous invest-

ments by the Fraunhofer-Gesellschaft, and resulted in the start-up of chairs of the Friedrich-Al-

exander University of Erlangen-Nuremberg and institutes of the Fraunhofer-Gesellschaft (among 

them the IISB) with ultra-modern equipment.

Besides the industrial members, academic partners of the Förderkreis are the two Fraunhofer in-

stitutes IIS and IISB in Erlangen, and of the University of Erlangen-Nuremberg the chairs of Tech-

nical Electronics, Reliable Circuits and Systems, Information Technology with Focus on Commu-

nication Electronics, as well as the Chair of Electron Devices, which is held by the director of the 

IISB, Prof. Lothar Frey.

The large activities of the “Förderkreis” include:

-- promotion of the cooperation between science and industry

-- 	support of technical and scientific events and presentations

-- 	granting of awards

Especially by the last item, the Förderkreis realizes its goal of promoting research, development, 

teaching, and technology transfer together with its partners. Therefore, in 1996 an innovation 

award for microelectronics was founded, which is annually granted and endowed with 3000 Eu-

ros. Criterion for the jury is mainly an outstanding progress in the field of microelectronics, but 

also its transfer by a practical utilization by industry. Besides a decoration for special achieve-

ments in the field of microelectronics, this award also represents a stimulation for innovative ac-

tivities and the strengthening of the business location Germany, which depends on ultra-high 

technology for competing in the world market. The IISB could already provide some of the laure-

ates with Dr. Thomas Falter (1996, together with GeMeTec), Dr. Lothar Frey (1999, together with 

Nanosensors GmbH), Dr. Andreas Erdmann (2000, together with Sigma-C GmbH), and Marc 

Hainke, Dr. Thomas Jung, Flaviu Jurma Rotariu, Dr. Matthias Kurz, Dr. Michael Metzger as well as 

Artur Pusztai (2002), Dr. Martin März and Stefan Zeltner (2005, together with Semikron), Dr. An-

ton Bauer with Dr. Volker Häublein (2006, together with Infineon), Dr. Mathias Rommel and Hol-

ger Schmitt (2008, with Süss MicroTec and S.E.T. SAS) and Dr. Jochen Friedrich (2009, together 

with SolarWorld Innovations), and Markus Billman and Dirk Malipaard (2011, together with Sie-

mens  and Konstruktionsbüro Blösch).

Furthermore, the Förderkreis has recognized the importance of protecting the future of techni-

cal education. In this context, in 2000 a youth award endowed with 500 Euro was created in 

order to support the interests and activities of young people as the future creators of our tech-

nical progress. The youth award, which is annually announced in about 300 schools in Bavaria, 

induces a brisk interest.

Moreover, the Förderkreis supports the stays of guest scientists and graduates at the listed Fraun-

hofer Institutes and microelectronics chairs.

A support of these activities and promotion goals can be achieved best by a membership in the 

Förderkreis. Details on this and extended information on the activities of the Förderkreis can be 

obtained from the contact address below or also from the IISB.

Förderkreis  für  d ie Mikroelektronik e.V.

Chief  Execut ive Off icer :  Dr.  sc.  techn. h.c.  Dietr ich Ernst

Off ice:  IHK Nuremberg for Middle Frankonia

Contact 

Managing Director

Knut Harmsen

Phone:	 +49 (0)  911 1335-320

harmsen@nuernberg. ihk.de

www.foerderkreis-mikroelektronik.de

Förderkreis für die Mikroelektronik e.V.

FRAUNHOFER-GESELLSCHAFT AND  
”FÖRDERKREIS“



34 35

The s imulat ion of semiconductor fabr icat ion processes,  devices and c i rcuits 

strongly contr ibutes to the reduct ion of development costs  in micro- and nano-

electronics.  Among the author i t ies  who have conf i rmed this  has been the In-

ternat ional  Technology Roadmap for Semiconductors ( ITRS) ,  which in i ts  2011 

issue est imated this  t ime- and cost-reduct ion at  about one third for cases of 

best  pract ice.  The Technology S imulat ion Department contr ibutes to this  with 

the development of phys ica l  models  and programs for the s imulat ion and opt i-

mizat ion of semiconductor fabr icat ion processes and equipment.  Furthermore, 

i t  supports  the development of processes,  l i thography masks,  devices,  c i rcuits 

and systems by providing and apply ing s imulat ion and opt imizat ion tools .

Whereas process and device simulation has by now become largely established in industry as 

an indispensable tool for the development and optimization of highly scaled devices (“More 

Moore”), the area of “More than Moore” – which consists of fields like power electronics, photo-

voltaics, and microsystems technology – provides a large variety of additional applications. Here, 

on the one hand, the offer of commercial tools has, as yet, not even come close to attaining a 

scale comparable to traditional fields such as the simulation of CMOS transistors. On the other 

hand, especially these new fields of application often require the combination of heterogeneous 

competencies, because not only electronic, but also thermal, mechanical, optical, and chemical 

effects are here encountered. This gives rise to an additional demand for research. 

The Technology Simulation Department responded to this demand by extending its activities to 

the “More than Moore” sector. However, when developing the physical models which are the 

core of each simulation activity, it cannot but become ever clearer that the successful develop-

ment of simulations for “More than Moore” is impossible without solid expertise in developing 

simulations for “More Moore”. A comparable situation also occurs in industrial production itself: 

the application of advanced technologies from the “More Moore” sector also leads to improved 

and more cost-effective products in the “More than Moore” sector.  In consequence, the depart-

ment has started to utilize “More Moore” results also in the “More than Moore” area.

Three projects either started or finished, respectively, in 2012 constitute good examples of cur-

rent activities of the department: In the CATRENE project EXEPT (Extreme UV Lithography Entry 

Point Technology Development), finished at the end of October, there were developed the tech-

nologies, tools and infrastructure components required for high volume EUV (Extreme Ultra Vio-

let) lithography with 22 nm pitch structures. The success of this project was owed to a close co-

operation between the semiconductor equipment industry, various institutes and a mask shop, 

and this success was acknowledged by the 2012 CATRENE Innovation Award, presented in No-

vember at the European Nanoelectronics Forum. IISB strongly contributed to the success of EXEPT 

by its work on the development and application of new simulation algorithms for EUV lithogra-

phy. In the FP7 project THERMINATOR, finished in December, there were developed innovative 

design concepts for modeling, controlling, compensating and managing temperature on semi-

conductor circuits and systems to be manufactured with the most advanced technologies. The 

department contributed with coupled electro-thermal simulations, ranging from process and de-

vice simulation to the extraction of thermally aware compact models, which can serve as a work-

horse for industry. In the FP7 project SUPERTHEME (Circuit Stability Under Process Variability and 

Electro-Thermal-Mechanical Coupling), coordinated by IISB and started in October, six companies 

and three institutes develop a simulation system which will enable the investigation of the impact 

of process variations, which are largely caused by the equipment used, on the devices and circuits 

fabricated. Such effects are not only challenging for aggressively scaled logic and memory devic-

es, but also for advanced analog ICs with somewhat relaxed dimensions.  

The department will continue to hold to its present approach and to perform focused work on 

physical models and algorithms – on the one hand in order to develop the necessary skills and 

tools and, on the other hand, in order to transfer these results to applications in industry. Here, 

a close and confident cooperation based on sharing the work according to the individual com-

petencies and requirements of the partners has been a key element of the success achieved for 

many years. The overall mission is to extend the well-established and well-proven contributions 

which simulation offers for aggressively scaled devices in the ”More Moore” area to the more 

diverse requirements and applications which are opening up in the “More than Moore” one.

1 	 Dr. Jürgen Lorenz, 

head of the department. 

Image: Kurt Fuchs / Fraunho-

fer IISB

Contact

Dr. Jürgen Lorenz

Phone: +49 (0)  9131 761-210

juergen. lorenz@i isb.fraunhofer.de

Focal Areas of Research and Development, 

Trends, and Potentials

TECHNOLOGY SIMULATION
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Melt ing laser anneal ing (MLA) is  a process which a l lows dopant act ivat ion and 

damage removal  of  ion- implanted s i l icon samples.  Dur ing this  process,  the 

surface of a s i l icon sample is  heated by laser i r radiat ion unt i l  i t  melts .  The melt 

f ront then proceeds deeper into the mater ia l  unt i l  the maximum melt  depth is 

atta ined. Dur ing the subsequent recrysta l l izat ion,  a high-qual i ty  s i l icon crysta l 

i s  formed by l iquid phase epitaxy.  Furthermore,  the dopant atoms are incorpo-

rated into the s i l icon latt ice and become electr ica l ly  act ive.  Due to the low 

thermal budget of a laser pulse with pulse durat ion in the nanosecond regime, 

anneal ing,  melt ing and recrysta l l izat ion of the implanted region takes place 

within a few hundred nanoseconds whi le areas away from the surface are not 

affected. This  can,  for example,  be used for shal low junct ion formation and 3D 

integrat ion.

While models describing the dopant redistribution caused by conventional anneals such as rapid 

thermal annealing, flash-lamp annealing, or non-melting laser annealing are already available in 

commercial TCAD simulation tools, no model describing melting-laser annealing has yet been in-

cluded here. Furthermore, the dopant redistribution mechanism causing the shape of the boron 

profiles measured after MLA has not yet been fully understood. Therefore, we investigated the 

redistribution mechanism of boron and the integration of a model for MLA in the European proj-

ect “ATEMOX” (www.atemox.eu), using a XeCl excimer laser with a pulse duration of 160 ns.

The models developed here can be separated into two parts: first, the thermal simulation con-

sidering the shape of the laser pulse, laser light absorption and reflection, a transient simulation 

of the heat flux, melting of the surface layer, and undercooling during recrystallization; second, 

a model describing the dopant redistribution that is solved and synchronized with the thermal 

simulation.

After calibration, the thermal model is in excellent agreement with the melt durations, measured 

during experiments as shown in Figure 1. The spreading in the measured and simulated melt du-

rations results from a slight variation in the energy, shape, and duration of the laser pulse.

As the boron redistribution mechanisms resulting in the profiles measured by secondary ion mass 

spectrometry (SIMS) were unknown, we investigated different possible mechanisms by simula-

tion. Outdiffusion of the boron atoms from the liquid phase could be excluded, while thermodif-

fusion – which is redistribution caused by the huge temperature gradient induced by the laser ir-

radiation – could explain some of the measured profiles, while failing to describe others. 

Finally, a model based on the adsorption of the boron atoms at the solid-liquid interface could 

explain the depletion at the surface as well as the shape of the boron profiles deeper in the sili-

con for the different laser energy densities. The measured and the simulated profiles for three dif-

ferent laser-energy densities are shown in Figure 2. This comparison also shows that the thermal 

model calibrated by melt-duration measurements not only reproduces the correct melt-duration, 

but also the correct melt-depth.
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measured and the simulated 

melt durations.

2 	 Simulated and measured bo-

ron profiles after melting-la-

ser annealing. The three pro-

files shown were obtained 
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Continuous miniatur izat ion is  one of the main character ist ics  of  today’s  semi-

conductor industry.  However,  not a l l  semiconductor devices can or need to be 

shrunk to the utmost extreme. Whi le fabr icat ion s i tes for the manufactur ing of 

the smal lest  integrated c i rcuits  commercia l ly  avai lable (CPUs and RAM) are 

most ly  located in the US and in the Far East ,  the European industry focuses on 

the fabr icat ion of more specia l ized devices,  often us ing larger structures to 

bui ld them. Structure s izes of 1 µm and above are st i l l  h ighly re levant for ap-

pl icat ions such as the packaging of integrated c i rcuits  and the manufactur ing 

of integrated power-electronic systems and of micro-mechanical  devices.  The 

des i re to improve the throughput y ie ld of the l i thographic processes used to 

manufacture these structures is  a strong incent ive to use modern opt imizat ion 

techniques,  such as the placement of ass ist  structures on the photomask 

(known as Opt ica l  Proximity Correct ion or OPC),  and to choose the mater ia ls 

(especia l ly  the photores ist )  in such a way that the outcome of the l i thography 

process is  as insensit ive as poss ib le to var iat ions in the process ing condit ions. 

The I ISB has invest igated the potent ia l  of  numerical  s imulat ions for low-cost 

l i thography appl icat ions within the framework of the project  “MALS”, funded 

by the Bayer ische Forschungsst if tung, and the project  “SEAL/F ISMA”, funded 

by the European Commiss ion.

In the realm of high-end photolithography (used for structure-sizes of approx. 100nm and be-

low) it is already common practice to use numerical simulation and optimization algorithms dur-

ing process development. Here, numerical techniques have helped to drastically reduce the costs 

of process development. The same benefits can be expected from the introduction of numerical 

simulations into the development of processes for the manufacturing of structures with sizes of 

1 µm and above. However, one has to take into account the different cost models and also sim-

plify the numerical techniques used in high-end photolithography. One example of how this can 

be done is shown in Figure 1, which shows the printing of a test structure on a mask aligner at 

a proximity gap of 50 µm. When printing this structure using a standard mask layout (top row 

in Figure 1) one can observe a number of artifacts in the resulting photoresist profile, especially 

near the corners and in regions where the two parts of the structure are very close to each other. 

The bottom row shows the results using a mask layout that was the result of a simple numeri-

cal optimization. The classical OPC-approach, as used in high-end photolithography, would be 

to locally modify the mask layout and to optimize these modifications until a solution is found 

that suppresses all of the artifacts. This approach typically requires large computational resources 

(complex layouts can only be optimized on a high-performance computing cluster) and results 

in mask layouts that contain many tiny assist structures that can significantly increase the costs 

of the mask.

The OPC-approach shown in Figure 1 is quite different. It is based on a global modification of the 

layout, consisting of a rim laid around the entire structure. The width of the rim and its distance 

from the structure are the parameters to be optimized. They were restricted to values above 700 

nm, which guarantees that the costs for the mask remain moderate. The experimental pictures in 

Figure 1 show that, with this simple and straightforward approach, it is possible to suppress the 

artifacts observed when using a standard mask.

Another important aspect of numerical simulation for low-cost lithography is the correct pre-

diction of the side-wall angles of photoresist profiles, because these have a large impact on the 

throughput yield of the process. The biggest obstacle in the simulation of photoresist develop-

ment is the fact that one needs a calibrated model for each photoresist. A very cost-efficient way 

to calibrate photoresist models is the use of a dissolution-rate monitor (DRM). Figure 2 shows the 

DRM-data for a DNQ-resist and the result of a simulation based on this data set as compared to 

a real 10 µm line. An excellent agreement between simulation and experiment can be observed, 

demonstrating the potential of numerical simulations to replace test exposures in low-cost lithog-

raphy applications.
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1 	 Comparison between a 

standard mask layout and a 

computationally optimized 

mask layout. The top row 

shows the standard mask 

layout, the bottom row the 

optimized mask layout. 

Experimental pictures provi-

ded by SUSS MicroOptics.

2 	 Data obtained from a dis-

solution-rate monitor (left) 

and a comparison between a 

simulation based on this data 

set and a real 10 µm line 

(right). The DRM-data was 

provided by the FH Vorarl-

berg.
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perature distribution under operation is shown in Figure 2. The effect of Joule heating is visible, 

though it does not lead to a significant increase of the temperature. The copper mass flow has 

been simulated based on the driving forces due to current density, as well as due to temperature 

and stress gradients. For the specific conditions studied, a small void forms in the copper beneath 

the via, resulting in a deteriorating conductivity. This can be displayed by modeling the resistance 

and its change over time. For a simulated time of 20000 s, the result is shown in Figure 3. It can 

be seen that only a slight increase in resistance occurs. For other scenarios, the increase might be 

more severe and even lead to interconnect failure.

For invest igat ing re l iabi l i ty  of  interconnects,  thermal,  e lectr ica l  and mechani-

cal  effects  are a l l  h ighly re levant.  The a im of the work of Fraunhofer I ISB 

within Work-Package 2 of the CATRENE project  RELY is  to establ ish and dem-

onstrate thermal,  e lectr ica l ,  and mechanical  s imulat ion models  for  intercon-

nects as a bas is  for  studying re l iabi l i ty .  In the fol lowing example,  there is 

demonstrated the appl icat ion of such models  to a structure consist ing of two 

metal  l ines connected by a v ia.  The goal  of  the s imulat ions is  to a l low predic-

t ions regarding interconnect re l iabi l i ty ,  for  instance by descr ib ing the change 

in the res istance over t ime.

Reliability of current and future interconnects needs to be considered when attempting to op-

timize overall circuit reliability. The phenomena that need to be taken into account are rather 

complex, as a variety of physical quantities and effects are involved. These are, among others: 

the temperature distributions, the mechanical stress in the structures, and the mass flow in the 

interconnecting lines and vias. The last-mentioned in particular is among the most important de-

termining factors with respect to the failure of interconnects and needs to be adequately mod-

eled in order to permit the quantitative assessment of interconnect reliability. The aim of the RELY 

project is to derive rules for an optimized design in order to improve reliability. Parameters of in-

terest are, for instance, the layout, or other geometrical quantities of the interconnect.

For the example shown, structure-creation is based on the in-house tools of Fraunhofer IISB as 

well as on geometrical modeling engines available within the Synopsys TCAD framework. Differ-

ent levels of structure-creation are available, ranging from schematic modeling (such as for the 

example shown) to simulations which also take into account process effects leading to non-ideal 

geometries. The electrical, thermal, and mass-transport simulations shown have been carried out 

with the tools Synopsys Sentaurus Interconnect.

The geometry of the interconnect structure is shown in Figure 1. It consists of two copper lines 

connected by a via and a tantalum barrier layer partly surrounding the upper copper line. For 

visualization reasons, the oxide dielectric in which the metal is embedded is not shown. The 

boundary conditions imposed for the simulations are a fixed temperature of 300 °C at the top 

and at the bottom of the simulation region, a current density of 7∙106 A / cm2 for the intercon-

nect terminals at the simulation domain boundaries, and a stress-free state at 250 °C. The tem-
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1 	 Geometry of the simulated 

interconnect structure con-

sisting of two metal lines 

connected by a via.

2 	 Simulated temperature distri-

bution under operation.

3	 Modeled change of the resis-

tance over time.
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began with the preparative work for an experiment to be carried out in outer space under micro-

gravity conditions in April 2013. The goal of this experiment is to analyze the interaction of for-

eign particles like SiC with the moving solid-liquid interface during the growth of silicon crystals.

In the field of wide-band-gap semiconductors, we have begun to support our industrial partner 

in the further development of the HVPE technique for growing GaN boules. The focus of the re-

search activities here is on improving the efficiency of the conversion of the precursors to GaN. 

Furthermore, valuable knowledge could be gained about the structural properties of free-stand-

ing GaN and of bulk crystals by using the high-resolution analytic tools available at IISB. In close 

collaboration with the University of Erlangen – Nuremberg, we made progress in setting up an 

experimental high-pressure system to be used for the ammonothermal synthesis of nitrides, e.g. 

GaN. In parallel, a thermal model was developed for the ammonothermal growth reactor and 

validated by experimental data. In the field of SiC we started to study how the minority carrier 

lifetime of the SiC epilayers can be improved as a prerequisite for power devices with high block-

ing voltages. Furthermore, we began, together with our partners, to develop a luminescence 

scanner for rapid detection of recombination active defects in SiC substrates and epilayers.  

At our subsidiary THM in Freiberg, we began, in close collaboration with the Technical University 

of Freiberg, to work on developing new materials which have a high application potential for fu-

ture energy conversion and storage systems. Our goal is to correlate the properties of such func-

tional layers to the conditions of their synthesis, using physical and chemical routes. To this end, 

small application demonstrators made out of these new materials have also been developed.

Two research awards given to the IISB have strengthened the international reputation of the 

Crystal Growth Department. Dr. Birgit Kallinger received the Young Scientist Award of the Ger-

man Association of Crystal Growth (DGKK e.V.) for her detailed investigations into the avoidance 

of basal plane dislocations during SiC epitaxy. Dr. Christian Reimann received the Ulrich Gösele 

Award for his investigations into the formation of foreign phases in multicrystalline silicon. Sev-

eral invited talks during international conferences as well as participation in different national 

and international expert panels in the field of crystal growth also underline the reputation of the 

Crystal Growth Department. Further elements of the networking process were the events orga-

nized by IISB. Moreover, the Crystal Growth Department works closely together with different 

research institutions and maintains not only national, but also international, relations of coop-

eration with industry.

The research focus of the Crysta l  Growth department is  on c lar ify ing – in c lose 

col laborat ion with our industr ia l  partners – how the mater ia l  propert ies of 

bulk crysta ls ,  as wel l  as those of thin epitax ia l  or  other funct ional  layers,  cor-

re late with their  respect ive condit ions of product ion.  This  bas ic  understanding 

of the corre lat ion between mater ia l  qual i ty  and growth condit ions is  of  the 

utmost importance for any improvement in bulk crysta l  growth and layer depo-

s i t ion techniques used in industry with a v iew to achiev ing larger crysta l  d i -

mensions,  less  harmful  crysta l  defects,  more uniform electr ica l  and structural 

propert ies and new mater ia ls .  The strategy adopted by the I ISB together with 

i ts  subsidiary in Fre iberg,  the Fraunhofer Technology Centre for Semiconductor 

Mater ia ls  (THM),  i s  the opt imizat ion of the crysta l  growth processes through a 

combinat ion of thorough exper imental  process analys is ,  ta i lored character iza-

t ion techniques and numerical  model ing.  For that purpose,  I ISB and THM are 

provided with a wel l -suited infrastructure,  consist ing of R&D type furnaces and 

epitax ia l  reactors,  state of the art  metrology tools  as wel l  as powerful  and user-

fr iendly s imulat ion programs. These programs are especia l ly  suitable for heat 

and mass transport  ca lculat ions in high-temperature equipment with complex 

geometry.  In 2012, the Crysta l  Growth department of Fraunhofer I ISB has a l-

ready consol idated i ts  pos i t ion as a worldwide-acknowledged center of compe-

tence in the f ie ld of crysta l  growth. 

In the field of crystallization of solar silicon, the IISB, together with its subsidiary in Freiberg, the 

Fraunhofer Technology Centre for Semiconductor Materials (THM), and its partners from industry 

and academia began to investigate how the directional solidification process for multicrystalline 

silicon ingots can be further improved. Experiments were carried out in a lab-scale furnace at IISB 

and in a special R&D pilot plant scale furnace at THM with the aim of reducing detrimental dis-

location clusters and grain boundaries. The reduction of these crystal defects is considered to be 

a likely way of closing the currently existing efficiency gap between multicrystalline and mono-

crystalline materials. 

Another topic being researched by the IISB is the analysis of the interaction of crucible materials 

and coating with silicon. A special furnace was in operation which permitted, for example, the 

in-situ measurement of the contact angle between the silicon and the crucible. Furthermore, we 
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Microstructure and Dis locat ions in Semiconductor mater ia ls :  A macroscopic 

phenomenon often has i ts  or ig in on the atomic or microscopic scale.  I f  a mate-

r ia l  i s  produced in larger dimensions (wafer or crysta l  s ize) ,  i t  i s  often diff icult 

to ident ify  the indiv idual  cause on the nanometer scale and re late this  to mi l -

l imeter or cent imeter features.  Thus,  the microstructure of a semiconductor 

mater ia l ,  regardless of whether i t  i s  a matter  of crysta ls ,  poly-crysta ls  or  epi-

tax ia l  layers,  i s  an important issue with regard to sa id mater ia l ’s  targeted 

electronic propert ies and contains extremely cr i t ica l  information. I f  we def ine 

microstructure as a mater ia l ’s  phys ica l  structure observed on a microscopic 

scale,  i t  can be regarded as the sum and arrangement of microscopic areas 

with perfect  crysta l  structure and areas with structural  d isturbances.  Depend-

ing on the mater ia l ,  d is locat ions may mult ip ly  and create extended defects e.g. 

d is locat ion arrays or gra in boundar ies.  I f  a repl icat ion on a larger scale occurs, 

th is  can a lso cause severe obstacles e.g.  with regard to the growth of volume 

crysta ls  for  substrate purposes.  The crysta ls  can develop sub-grain boundar ies 

and may subsequent ly  break at  these points upon further growth.

Synchrotron white-beam topography (SXRT) is a unique, powerful and non-destructive method 

for the observation of the microstructure of a material on a centimeter scale and moreover, opens 

the way to the investigation of functional layers, and of structured or stacked materials with re-

gard to buried or underlying substrates or technological disturbances, something which is not 

possible by any other means. A device or wafer can be inspected across its entire area by either 

back-reflection or transmission geometry. The contrast visible on the SXRT topogram is gener-

ated by different interaction processes, but mostly refers to strained lattice regions, which differ 

from the primary diffraction condition for various reasons (dislocations, poly-crystals, inclusions, 

local elastic strain and so on).

The diffraction of the synchrotron white beam produces a so-called Laue pattern in which any 

one of the diffracted spots contains a full topogram of the interaction volume. Fig. 1 shows a 

schematic drawing of the SXRT principle for back-reflection topography. Our SXRT investigations 

were performed at the Topo-Tomo beamline of the Angström-source Karlsruhe (ANKA). Within 

the framework of the optimization of a crystal growth process for GaN volume crystals, we used, 

for example, the SXRT method to investigate the evolution of the microstructure of a GaN bulk 

crystal at various crystal heights representing different stages of the crystal growth process. Fig. 

2 shows, as an example, the topogram of the crystallographic c-plane of a GaN wafer. Sub-grain 

boundaries appear as black lines forming a cell-type structure. The irregular outer edge of the 

topogram indicates that significant strain is present in the material. A thorough study was per-

formed on different crystallographic directions of the crystal. These SXRT investigations led, for 

the first time, to a deeper understanding of the three-dimensional situation as regards the devel-

oping dislocation microstructure in bulk GaN across the entire expanse of the crystal. The crys-

tal growth process can now be further inspected with regard to the influences of particular pro-

cess parameters, in such a way that further improvements of the crystal quality will be possible.
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1 	 Schematic drawing of the 

principle of SXRT back-

reflection topography: The 

white synchrotron beam 

interacts with the sample 

and produces a Laue pattern 

on the high-resolution film 

placed in front of the sample 

in the direction of the inco-

ming beam. The single spots 

represent the individual to-

pograms.

2 	 SXRT back-reflection topo-

gram [0002] of a c-plane wa-

fer from a bulk GaN crystal. 

The black lines forming a 

cell-type structure represent 

sub-grain boundaries. 
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For s i l icon solar  ce l l  product ion there are current ly  used two different crysta l -

l i zat ion processes:  s ingle crysta l l ine growth by the Czochralsk i  method and 

direct ional  sol id if icat ion result ing in mult i -crysta l l ine ingots.  S ingle crysta l l ine 

mater ia l  offers  better  mater ia l  qual i ty  and produces solar  ce l l s  with higher 

energy-convers ion factors (ηmax, 2012  =  25.0  %) than those produced by mult i -

crysta l l ine mater ia l  (ηmax, 2012  =  20.4 %).  But i t  does so at  h igher product ion 

costs.  Among the factors affect ing energy convers ion are:  l imited recombina-

t ion;  act ive crysta l  defects such as impuri t ies coming from the s i l icon feedstock 

and the crysta l l izat ion furnace;  and structural  defects such as grain boundar ies 

and dis locat ions.  Dis locat ions are defects introduced by plast ic  deformation, 

due to mechanical  stresses occurr ing dur ing and after  crysta l  growth. Research-

ers and solar  ce l l  manufacturers agree that the high density of dis locat ions in 

mult i -crysta l l ine s i l icon has to be reduced in order to achieve more eff ic ient 

solar  ce l l s .  Two strategies could be promis ing in future:  Reduct ion of dis loca-

t ion generat ion dur ing crysta l  growth; or thermal anneal ing of the s i l icon 

crysta l  after  sol id if icat ion.

Advanced crystal growth processes use a mono-crystalline seed as a starting point for crystalliza-

tion, or dendritic nucleation at the crucible bottom, in order to grow crystals with a lower dislo-

cation density. On the other hand, several research groups have shown results produced by ther-

mal annealing procedures after crystal growth which suggest that these procedures can indeed 

produce a reduction in dislocation. It is known already from metal physics that thermal annealing 

of a plastically deformed material can lead to a recovery of its mechanical properties by disloca-

tion reduction and rearrangement.

Within the framework of the SilKriT project, IISB investigated the possibility of reducing, by ther-

mal annealing, the dislocation density of multi-crystalline wafers and bricks as grown. To investi-

gate the response of multi-crystalline silicon to thermal annealing, two types of experiments were 

conducted: the thermal annealing of wafers and small bricks by the application of mechanical 

stress to promote dislocation movement (see Fig. 1), and long-term annealing experiments with 

a boron source to analyze the effects of improving dislocation mobility by diffusion gettering. The 

samples were annealed at temperatures ranging from 1200 °C to 1365 °C, for up to five hours 

with applied load, and for up to 96 hours with a boron source.

None of the experiments conducted using the application of mechanical stress to wafers or bricks 

led to any measurable reduction of the dislocation density, regardless of the annealing time and 

the magnitude of applied stress. Fig. 2 shows a microscope image of one sample before and 

after annealing. No change in the dislocation microstructure is observable. Crystal defects are 

made visible by a wet chemical etching solution which preferably attacks crystal defects protrud-

ing from the sample surface. Dislocations are made visible as circular etch pits. Grain boundaries 

result in line-shaped depressions.

The long-term annealing experiments with boron source likewise show no reduction in disloca-

tion density (see Figs. 3a and c). The boron source creates a boron-rich layer in the silicon sample 

with a thickness depending on the annealing time. Boron is a dopant for silicon, which changes 

the electrical characteristics of the material in the boron-rich layer. The etching behavior depends 

on the amount of free charge-carriers in the material, and because of that, after the annealing 

process, no dislocations can be made visible with wet chemical etching solution, which had suc-

cessfully revealed dislocations before the annealing (see fig. 3b). By using an etching solution 

suitable for highly doped material, dislocations can be made visible again (see Fig. 3c).The results 

show no hints of dislocation reduction by thermal annealing of multi-crystalline silicon. When 

comparing these results to what is known from metal physics, one has to conclude that recov-

ery in cold-worked metals is observed at plastic strain-rates greater than ten percent while the 

plastic deformation in the ingot growth of silicon never exceeds one percent. Moreover, metals 

which show a high tendency for recovery always exhibit high stacking-fault energies. Silicon has 

a stacking-fault energy comparable to copper, in which hardly any recovery is observed. There-

fore, it could be concluded that dislocation-reduction in multi-crystalline silicon by thermal an-

nealing is not possible under the process conditions adopted. The work was honored with the 

Fraunhofer IISB Research Award 2012.
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1 	 Experimental setup for 

thermal annealing of mc-Si 

wafers with an applied me-

chanical load. A die applies 

bending stress to the wafer, 

the magnitude of bending 

stress can be varied by diffe-

rent weights.

2 	 Visible light microscopy ima-

ges before and after anne-

aling treatment with applied 

load; dislocations and grain 

boundaries were made visi-

ble by wet chemical etching: 

no dislocation density reduc-

tion can be observed.

3 	 Secondary electron micro-

scope images before (a) and 

after annealing with a boron 

source (b) and after anne-

aling with a boron source 

and etching with a solution 

suitable for highly doped 

material (c).
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Crysta l l ine s i l icon has hitherto been the dominant mater ia l  for  the product ion 

of solar  ce l l s .  There are two different technologies for crysta l  growth of solar 

s i l icon in industr ia l  appl icat ion.  The f i rst  one is  the re lat ive ly  expensive Czo -

chralsk i  crysta l  growth technology,  which results  in mono-crysta l l ine s i l icon, 

whereas the second one is  the re lat ive ly  cheap “direct ional  sol id if icat ion” 

method which produces mult i -crysta l l ine s i l icon ingots.  Counterbalancing the 

lower expense of the latter  method is  the fact  that the eff ic iency of mult i -

crysta l l ine s i l icon is  2% less compared to mono-crysta l l ine s i l icon, due to 

crysta l  defects such as grain boundar ies,  d is locat ions,  and a higher contamina-

t ion level .  However,  the process of direct ional  sol id if icat ion exhibits  further 

potent ia l  for  improving the result ing qual i ty  of  the mult i -crysta l l ine mater ia l . 

One approach is  the reduct ion of the density of recombinat ion-act ive crysta l 

defects,  such as dis locat ions,  so as to increase the solar  ce l l  eff ic iency at  the 

same cost  level .

During the directional solidification process silicon is molten in a crucible at 1450 °C. It is then 

directionally solidified from bottom to top. After an initial heterogeneous nucleation of silicon 

at the crucible bottom, grains should grow in a columnar structure to the top of the ingot. The 

grain structure, in combination with the thermal cooling history of the silicon ingot, can affect 

the generation and multiplication of dislocations and therefore the efficiency of the solar cell. 

The control of the initial grain growth is therefore an important task to tackle if we are to further 

improve the quality of multi-crystalline silicon ingots for PV application.

At Fraunhofer THM a special R&D furnace was installed which provides the possibility of control-

ling the grain growth during directional solidification of multi-crystalline silicon. To influence the 

initial nucleation process a special heat-exchanger unit was installed under the crucible bottom. 

This tool provides the possibility of extracting the heat from the silicon melt either over the whole 

crucible bottom area or only locally. This in turn makes it possible to control the number of crys-

tal seeds and the nucleation area respectively. The heat-exchanger unit operates with argon gas, 

which can be switched on or off during the whole process. In Fig 2 the initial grain structure of 2 

different crystals, grown with different cooling rates, is shown. In one case dendrites grow along 

the crucible bottom. In the other case small grains appear at the crucible bottom. 

The results clearly show that it is possible to trigger the initial grain growth by choosing suitable 

cooling conditions. 

This provides the further possibility of improving the material quality of multi-crystalline silicon 

ingots and thereby increasing the efficiency of the resulting solar cell.
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The core competence of the department “Semiconductor Manufactur ing Equip -

ment and Methods“ is  the mult id isc ip l inary research and development for 

manufacturers of equipment,  mater ia ls ,  and semiconductor devices.  The deci-

s ive factor for this  i s  the expert ise in process development,  metrology,  analyt-

ics ,  software,  s imulat ion,  and device integrat ion combined to develop ta i lor-

made solut ions together with customers.

For this approach, a wide-ranging expertise is essential which manifests itself in the competence 

area regarding equipment, advanced process control, manufacturing science, productivity, con-

tamination, and materials. Experts from the fields of electrical engineering, materials science, me-

chanical engineering, physics, computer science, and chemistry work together on the issues that 

will sustainably influence efficiency in the construction of manufacturing equipment, the produc-

tion of materials for manufacturing, and IC manufacturing itself.

The scope of developments ranges from lead research for novel processes and measurement 

methods to the application of new research results in cooperation with corporate partners and 

to the assessment and optimization of equipment in an industry-compliant environment. Essen-

tial for a conclusive and comprehensible assessment is the successful accreditation of IISB’s test-

ing laboratory according to DIN EN ISO 17025 in 2009.

Preliminary research in the reporting period includes, for example, the optimization of UV-based 

measurement of thinnest layers under vacuum conditions, or the development of a novel ap-

proach for optical nanotopography measurements on reflecting surfaces. On the side of applica-

tion-oriented research, IISB leads the EU project “SEAL” which aims at developing and evaluating 

innovative process and metrology equipment in a European network of 36 equipment suppliers, 

device manufacturers, and research institutions to make them ready for series production. To 

support the collaboration of semiconductor stakeholders in Germany, a BMBF-funded study on 

the development of common themes for semiconductor manufacturers and their suppliers was 

started.

The ENIAC project “IMPROVE”, which aimed at doing research in the field of cutting-edge meth-

ods for increasing the efficiency of domestic and European semiconductor manufacturing, was 

successfully finished and received the ENIAC Innovation Award during the European Nanoelec-

tronics Forum in November 2012. An overview about the IMPROVE project as well as research 

results are presented in separate reports. The ENIAC project “EEMI 450” with focus on the speci-

fication and preliminary development of equipment and materials for the upcoming production 

on 450 mm silicon wafers was also finished successfully in 2012.

Successfully completed collaborations like “NANOCMOS”, “PULLNANO”, “SEA-NET” or “IM-

PROVE”, as well as ongoing projects such as “SEAL”, “Enable450” or “UTTERMOST” make 

highest demands – especially in the European context – on knowledge and communication skills 

of the researchers involved: automated process control, integrated and virtual metrology, envi-

ronment, energy and resource optimized manufacturing, yield optimization, predictive mainte-

nance, throughput optimization, device integration, 450 mm processes and devices as well as 

simulation of manufacturing equipment and components are just some of the challenges that 

can only be met successfully in a multidisciplinary approach. Research projects of this kind as well 

as bilateral development projects with industrial partners confirm the broad approach of the de-

partment which is well-positioned for the future due to its variety of topics.

The described research activities are complemented by the involvement in national and interna-

tional committees and panels: staff members of the department are active in several committees 

and sections of the “VDI/VDE-Fachgesellschaft GMM” and take leadership roles in the develop-

ment of SEMI standards and the ITRS, the International Technology Roadmap for Semiconduc-

tors.
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Motivation

The European semiconductor industry offers  excel lent technologies,  and the 

race on the world market has not yet been decided, not by a long shot.  The key 

to success l ies  in inte l l igent products as wel l  as in eff ic ient product ion.  In the 

jo int  research project  IMPROVE, a consort ium of key European chip manufac -

turers,  research inst i tut ions,  univers i t ies ,  suppl iers  and serv ice providers were 

working together on susta inably enhancing the eff ic iency of European semi -

con-ductor fabs.  The project  was successful ly  completed by mid-2012.

R&D Approach of IMPROVE 

Since the area of “productivity enhancement” covers a broad variety of methods and applica-

tions, the consortium focused on the field of “manufacturing science” and concentrated on 

joint R&D activities the approach of which was oriented to the question: ‘how to make the infor-

mation that is buried inside typical day-to-day fab data available for enhanced process control’. 

Thus, the focus of R&D in IMPROVE was on the new manufacturing solutions: virtual metrology 

(VM), predictive maintenance (PdM) and adaptive control planning (ACP), as explained in the 

Fraunhofer IISB’s 2010 annual report.

Results from IMPROVE

Scientists from Fraunhofer IISB actively paved the way for successful collaboration and developed 

novel manufacturing science solutions:

-- Acting as “honest broker”, Fraunhofer IISB carried out a workshop-based survey amongst 

the nine participating European manufacturing sites to collect information on their current 

state and their needs, building up the knowledge-base for the project’s work packages.

-- 	Based on survey results, there were developed general specifications and UML models for 

VM, PdM, data frame-works and other IMPROVE R&D topics.

-- 	Together with partners, the “IMPROVE Framework” was modeled as a “digital nervous 

system” that might be used to integrate VM, PdM and ACP and to transfer data amongst 

them and with existing fab systems.

-- 	Together with Infineon and ams, solutions for VM, PdM and ACP were researched, imple-

mented and evaluated – examples for this work are provided in the following articles.

-- 	To support the modeling activities, a “virtual equipment” was developed, which comprises 

an equipment simulator and a means of introducing project disturbances (e.g., parameter 

drifts, process faults, maintenance events) to test and benchmark VM and PdM algorithms 

in different situations – something that could not easily and quickly be done using real 

equipment.

-- 	The “IMPROVE Calculator” was also developed in order to assess benefits, risks, costs and 

RoIe of the new manufacturing solutions VM and PdM, including sensitivity analyses to 

identify critical parameters. 

-- 	The “Equipment Forum” was initiated as a communication platform with equipment sup-

pliers and equipment-related projects – this forum was well received and will continue in 

existence beyond the finalization date of IMPROVE.

-- 	Finally, building on relevant project results, the “Book of IMPROVE” was prepared, a scien-

tific-technical collection of definitions, results, best practices and literature to support the 

effective implementation of the new manufacturing solutions.

Next Steps

Being part of a lively and dedicated R&D community in IMPROVE, Fraunhofer IISB has developed 

and defined a new state-of-the-art with regard to manufacturing-sciences solutions. More than 

was ever expected, the project work revealed that data from equipment, metrology steps, logis-

tics and other areas of the fab is an excellent knowledge-source about the current manufactur-

ing state and a good basis for improvement measures. If we are to achieve high fab productiv-

ity, the move from static to dynamic and interacting control systems, as developed in IMPROVE, 

is inevitable.
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In semiconductor manufactur ing,  the implementat ion of Advanced Process 

Control  (APC) systems has become essent ia l  in order to achieve cost-effect ive 

manufactur ing at  h igh qual i ty .  Within the European ENIAC project  “ IMPROVE”, 

there were successful ly  developed new control  methods,  such as V irtual  Me-

t ro logy (VM),  and solut ions for their  gener ic  implementat ion in ex ist ing fabr i -

cat ion environments.

Virtual Metrology Algorithms and Benefits

IC manufacturing is characterized by the continued requirement to increase device functionality 

and system integration at reduced cost per function. To achieve cost-effective manufacturing and 

to improve process quality, existing APC technologies, e.g. run-to-run control, are complemented 

by new techniques such as Virtual Metrology. Stand-alone and integrated metrology of critical 

parameters have been key measures used to reliably determine quality parameters on monitor or 

product wafers in individual process-steps and in the overall processing sequence of semi-con-

ductor manufacturing. Virtual Metrology aims at supporting these conventional measurements 

by prediction of post-process metrology results based on equipment and process parameters, 

complemented by logistic data and, if required, by data from preceding process- and metrology-

steps. Figure 1 depicts the place of VM execution in a process flow. 

In addition to the support of APC methods and metrology operations, the main benefits of Virtu-

al Metrology are that process monitoring and control can be achieved on a wafer-to-wafer basis 

and that those parameters which are not accessible with in-line measurements may, in this way, 

still be predicted. In Virtual Metrology, typically statistical models are developed and trained from 

historical fab data to enable precise prediction of quality parameters and to make allowances 

for time-dependent process variations, e.g. process drifts or changes introduced by maintenance 

or product variation. Figure 2 depicts a Virtual Metrology development example for a complex 

trench etch process which is conducted for two levels of etch-depth, for a large variety of prod-

ucts, and on different etching chambers. By VM, the etch-depth is precisely predicted, as can be 

seen from the comparison to the reference metrology results. 

VM Test and Implementation

Within the European project “IMPROVE”, the applicability of VM algorithms has been demon-

strated for a variety of important unit processes, e.g. dry-etch, chemical vapor deposition and 

rapid thermal oxidation. In addition to the development of VM algorithms in unit processes, key 

requirements for successful VM implementation are that these algorithms be susceptible of being 

systematically tested on new data and that their robustness with regard to process variations be 

susceptible of being assessed. For this purpose, a Virtual Equipment test bench was developed to 

support the development, test and implementation of VM models (Figure 1). To enable a generic, 

reusable application of VM algorithms in fab environments with different data and automation 

infrastructure, a software framework solution was also developed and realized within the context 

of “IMPROVE”. This framework acts as a layer between the different fab architectures and the 

various components and services required for VM deployment in production. In summary, major 

development steps have been successfully accomplished in order to enable the proliferation of 

Virtual Metrology in semiconductor manufacturing.
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Predict ive Maintenance (PdM) is  a new technique for the predict ion of equip -

ment fa i lures and of l ike ly  end-of- l ifet ime dates for components subject  to 

wear-and-tear.  Ut i l iz ing mult ivar iate stat ist ica l  learning methods,  these PdM 

predict ions a im at achiev ing improved maintenance planning and at prevent ing 

unscheduled equipment downtime, waste of spare parts ,  and scrap produc-

t ion.

Maintenance Planning in Semiconductor Manufacturing

A significant part of the operational costs in a semiconductor manufacturing plant is related to 

the frequent need for maintenance of the manufacturing equipment, which causes unscheduled 

downtime, scrap production and logistic challenges. In addition to random equipment failures, 

some of these maintenance necessities emerge periodically due to wear and tear of certain parts. 

The length of such a periodic maintenance interval is not always constant, due to the influence 

of actual processing conditions, as well as random factors, e.g. the quality of the spare parts used 

and of the maintenance actions. 

To prevent unscheduled downtime and scrap production, today’s most common maintenance 

strategy (Preventive Maintenance, PM) aims for the time-based replacement of spare parts at an 

early stage, so as to prevent sudden equipment failures. This strategy results in additional, early 

maintenance actions, and therefore causes unnecessary non-productive downtime and increased 

spare-part consumption. For better equipment and spare-part utilization, it is necessary to pre-

dict the exact point in time when the system will fail. This innovative approach is also called Pre-

dictive Maintenance (PdM) and is currently acquiring more and more importance in semiconduc-

tor production.

PdM Implementation

PdM can be implemented by direct wear-and-tear measurement, but this is only possible in some 

special cases. Especially in semiconductor production, where many critical processes are executed 

under vacuum conditions, direct wear-and-tear measurement is usually very difficult and costly. 

An alternative approach is the utilization of statistical modeling methods together with equip-

ment-, process-, and logistical data in order to identify equipment conditions that tend to permit 

negative phenomena with respect to the wear-and-tear condition of the equipment or of certain 

parts subject to wear-and-tear.

In some cases, component wear-and-tear can be predicted by the monitoring of a single piece 

of equipment or process parameter and by defining the end-of-life limits for this particular para-

meter (univariate case). In other cases, this is not possible due to strong interactions between dif-

ferent input parameters. In this multivariate case, all relevant parameters have to be taken into 

account, and reliable wear-and-tear indicators have to be calculated. Utilizing machine-learning 

techniques, models can be built from historical production data to predict the next equipment 

failure and to calculate a health factor that can be used for logistical decision-making. 

Within the frame of the ENIAC project IMPROVE, PdM models were created for prediction of 

the filament breakdown in ion-implanter sources (Figure 1). Figure 2 shows the “time-to-failure” 

curve for two maintenance cycles (real and predicted). As a modeling method, Bayesian Net-

works regression was selected, resulting in a prediction error of below 9 h and thereby permit-

ting “just-in-time” maintenance decisions.
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Electronic thin f i lms are the most important components for many European 

key technologies,  such as e lectronic devices,  p last ic  and pr inted e lectronics, 

opto-electronics,  d isplays,  l ight ing and photovolta ic  components.  To maintain 

Europe’s leading posit ion in these mult i -mi l l ion-Euro markets i t  i s  absolutely 

necessary to cont inuously improve qual i ty  at  reduced cost  and t ime-to-market. 

The biggest chal lenge is  to effect ive ly  control  the qual i ty  of  th in f i lm produc-

t ion by metrology,  which has constant ly  to be adapted to the latest  manufac-

tur ing demands.  I t  i s  obvious that susta inable research and development is 

required to achieve this  object ive.

The EMRP Programme

In order to drive innovation forward in this area by collaborative, pan-European efforts, combin-

ing expertise across different countries, EURAMET (the European Association of National Metrol-

ogy Institutes) launched the “European Metrology Research Program” (EMRP): its objective is to 

enable collaboration of European metrology institutes, industrial organisations and academia on 

joint research projects for metrology.

Based on its long-lasting experience in the area of manufacturing equipment and methods, 

the Fraunhofer IISB participated in a research project on “Metrology for the Manufacturing of 

Thin Films”, together with eight metrology institutes, such as the Physikalisch-Technische Bunde-

sanstalt (PTB) in Germany or the National Physical Laboratory (NPL) in England. Based on a “Re-

searcher Excellence Grant”, Peter Petrik from the Institute of Technical Physics and Material Sci-

ence (MFA) of the Hungarian Academy of Science took up a one-year research residency at IISB, 

leading the Institute’s activities within the project.

Metrology for the Manufacturing of Thin Films

The objective of the research project was to substantially enhance European competence as 

regards validated and traceable measurement techniques for the characterization of the main 

properties of thin films, such as composition, structure or homogeneity.

Peter Petrik’s main tasks were the preparation of specific thin-film samples to support the R&D 

work of the partners, and the development and adaptation of measurement techniques. During 

his stay he significantly contributed to the development of measurement techniques at IISB (such 

as ellipsometry, reflectometry, or secondary ion mass spec-trometry).

Petrik was the main organizer of the symposium “Highly precise characterization of materials for 

nano- and bio-technologies” at the Fall Meeting Conference of the European Society for Mate-

rials Research (EMRS) and guest editor of the conference issue of the journal “Applied Surface 

Science”. He made public the results of his research at IISB in three conferences and four articles

The main results at IISB include the development of metrology for ZnO and Al2O3 reference lay-

ers, as well as the preparation of these layer structures and several patterned wafers. The most 

important metrologies applied at IISB are spectroscopic ellipsometry, X-ray photoelectron spec-

troscopy and VUV reflectometry. It has been shown that the high-quality samples prepared at 

IISB and MFA can be used as reference and calibration materials. The importance of taking into 

account the surface nano-roughness, possible surface contaminations and interface layers when 

characterizing ultra-thin layers has been pointed out in the studies. The highly reliable reference 

dielectric function of ZnO has also been determined, and the sensitivity of the measurement of 

low-concentration Ga doping demonstrated. The results have been cross-checked by versatile 

technologies of all the project partners, including X-ray fluorescence and Raman spectrometry. 

Figure 2 shows depth-profiling XPS measurements on ZnO (10 nm) / Al2O3 (3 nm) multilayers 

created by atomic layer deposition. It was shown that, by using a combination of sensitive tech-

niques, thin films can be resolved even in the nanometer range.
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Above al l ,  Technology stands for research and development in the f ie ld of 

e lectronic devices on al l  d imensional  scales,  but a lso for fac i l i ty  serv ices for 

customers.  From nano-technology through to pr intable macro-electronics,  the 

Technology Department is  your contact for the real izat ion and character izat ion 

of s ingle-process steps and devices up to prototypes.  Based on comprehensive 

c leanroom faci l i t ies ,  s i l icon, as wel l  as s i l icon-carbide process ing,  forms the 

backbone of the technology.  Examples for current act iv i t ies  are high-resolut ion 

electr ica l  character izat ion of novel  d ie lectr ic  layers,  the development of ta i-

lored ion implantat ion processes,  advanced integrated power devices,  low-

temperature deposit ion of inorganic mater ia ls  by pr int ing techniques or the 

preparat ion of nanostructures with focused ion-beam technology.  The hetero-

geneous integrat ion of var ious technologies is  current ly  acquir ing more and 

more importance.

For this purpose, IISB and the Chair of Electron Devices of the University of Erlangen-Nuremberg 

operate joint clean-room facilities of 600 m2 (class 10), provided with CMOS-compatible equip-

ment. This allows the implementation of the most important process steps on silicon wafers with 

diameters of up to 200 mm. An industrial CMOS process transferred to IISB and adapted for 

research and development purposes is used as reference and basis for the development of ad-

vanced process technologies.

For the development of novel process steps in the field of gate stack engineering, IISB operates 

advanced sputter and chemical vapor deposition tools, on the basis of ALD and MOCVD, which 

are used for the deposition of high-k and metallic layers. Adaptation of the process to the partic-

ular chemistry of the precursor, deposition of a multiplicity of precursors, and the characterization 

of the deposited layers are the main tasks of the department. Special activities are focused on ion 

implantation technologies. At IISB, implantation tools with acceleration voltages ranging from 

a few eV up to several MeV are available. Special implantations for CMOS as well as for power 

semiconductors have been established (for example, commercial tools have been modified so to 

be able to implant several wafer diameters and manifold elements at elevated temperatures).

Further activities focus on the fields of power semiconductors and silicon-carbide electronics. IISB 

has increased its commitment in these fields by implementing new equipment and processes to 

meet special requirements necessary for Si and SiC power devices. This is above all a matter of 

the etching and refilling of deep trenches and high-temperature processing of SiC. A Smart Pow-

er IGBT technology with integrated trench isolation has been successfully implemented. This al-

lows the department to strengthen its competence in manufacturing smart-power or high-volt-

age devices. By now the IISB has developed its resources and expertise to the point where it can 

perform nearly all manufacturing steps on SiC substrates. The devices currently under develop-

ment include chemical gas sensors on a MOSFET basis with attached logic gates for high-temper-

ature applications and power devices like vertical or lateral DMOS.

Physical characterization of process steps and device structures is of the utmost importance for 

the manufacturing of semiconductor devices. Important steps in this respect are the determina-

tion of composition, topography, doping profile, and further physical and chemical parameters 

as well as SEM & TEM investigations, energy-dispersive X-ray analysis, and AFM surface charac-

terization of layers. The specific competence of the department consists in the combination of 

several methods for failure analysis during the processing of semiconductor devices, or the trac-

ing of causes of failure. The spectrum for electrical characterization has been further increased 

(e.g. lifetime measurements).

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 prototypes of electronic devices by means of fo-

cused ion beam (FIB) techniques and electron beams. In addition to that, nanoprobes for atomic 

force microscopy are currently being developed, by using FIB to determine physical and chemi-

cal parameters such as doping profiles or layer properties with a much higher resolution. Based 

on these experiences, models have been developed describing the collateral modifications of the 

substrates outside those areas which were deliberately irradiated.

The focus of the department’s activities in the field of printable electronics lies on the investiga-

tion and development of manufacturing methods for solution processing of inorganic thin films 

for electronics. A special emphasis is placed on the interaction of processing and the resulting 

electrical properties of the application. Based on inks with semiconducting, conducting, and in-

sulating nanoparticles or the respective molecular precursors, there are brought into being thin-

film transistors (TFTs) comprising printed features. The properties of functional thin films made by 

means of liquid processing are also analyzed in detail.
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Because of i ts  advantageous phys ica l  propert ies,  such as wide band gap, high 

thermal conduct iv i ty  or  a ten-t imes-higher cr i t ica l  e lectr ica l  f ie ld strength as 

compared to s i l icon, s i l icon carbide (S iC)  i s  one of the most promis ing mater i -

a ls  for  future high-power,  h igh-frequency,  and high-temperature e lectronic 

c i rcuits .  S iC-based devices wi l l  a l low the bui ld ing of more energy-eff ic ient 

power converters  ( for  automotive appl icat ions)  and HVDC (high voltage direct 

current)  power energy transmiss ions and wi l l ,  therefore,  contr ibute to a s ig-

nif icant reduct ion in CO 2 emiss ions.  For more than 15 years,  the I ISB has been 

one of the leading inst i tutes in the f ie ld of S iC technology in Europe. I t  oper-

ates a complete S iC device manufactur ing l ine inc luding epitax ia l  growth, ion 

implantat ion,  h igh-temperature anneal ing and oxide growth. This  i s  the bas is 

on which var ious S iC e lectron devices with up to 15 mask layers are manufac-

tured at I ISB. 

A key device for high power applications is the MOSFET. Such a field effect transistor on SiC, 

however, displays a significant drawback as compared to silicon MOSFETs: namely, a poor chan-

nel field mobility which results in a fairly high channel resistance and therefore limits the maxi-

mum transistor currents. In order to investigate the causes of this low channel mobility and, in 

addition, to improve the channel mobility, an optimized process technology is being developed 

within the framework of the MobiSiC project which was launched in September 2010. MobiSiC 

is cofunded within the Programme Inter Carnot Fraunhofer (PICF 2010) by the Federal Ministry 

of Education and Research (BMBF) on the German side and by the Agence Nationale de la Re-

cherche (ANR) on the French side.

While the IISB develops sophisticated test structures and MOSFETs, beginning with the layout 

and followed by the processing and electrical characterization of the devices, the French part-

ners from LAAS (Laboratory for Analysis and Architecture of Systems, Toulouse) are responsible 

for material characterization, such as High-Resolution-TEM, Electron Energy Loss Spectroscopy 

(EELS) as well as for Hall measurements and provide, therefore, valuable input for improving dedi-

cated process steps. 

The IISB and LAAS have developed, for example, MOS-gated Hall structures which were pro-

cessed together with corresponding MOSFETs. This complex process requires 12 mask layers and 

involves about 200 single process steps which need to be performed with the utmost accuracy 

and reproducibility and a reliable process control. Figures 1a and 1b show microscopic pictures of 

the implanted regions of a MOS-gated Hall bar and a MOSFET, respectively. The analysis of test 

structures and the MOSFET characteristics confirm that the electron scattering which takes place 

in the transistor’s channel just beneath the oxide / SiC interface plays a major role as regards the 

channel mobility. Moreover, the scattering can be tuned by providing additional elements at the 

oxide / SiC interface by means of ion implantation. Figure 2 depicts the Hall mobility of processed 

MOSFETs as a function of the gate voltage. It is shown that it is possible to increase the Hall mo-

bility significantly, from a value of about 20 cm2v-1s-1 without channel implant up to a remarkable 

value of approx. 80 cm2v-1s-1 with an implanted nitrogen dose of 5∙1013 cm-2. 

There is an indication that further elements besides nitrogen may improve the channel mobil-

ity. In further devices which are currently being processed, therefore, the effects on the channel 

mobility of impurities such as rubidium or phosphorus near the oxide / SiC interface will also be 

studied.
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1 	 Microscopic pictures of the 

implanted regions of a gated 

Hall structure (a) and a MOS-

FET (b).

2	 Channel Hall mobility of 

MOSFETs as a function of the 

gate voltage for different ni-

trogen channel implantation 

doses.
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In modern (state-of-the-art )  power modules for switch-mode converters ,  ca-

pacitor-res istor- (RC) networks are implemented in order to damp voltage peaks 

and osc i l lat ions.  These diss ipat ive networks are usual ly  des igned with several 

d iscrete surface-mounted-devices (SMD) and are attached to the power module 

by means of SMD solder ing techniques.  By contrast ,  s i l icon semi-conductors 

for power appl icat ions (e.g.  IGBT) are mounted as bare dies onto the module 

substrate,  us ing a different solder ing technique. Therefore,  implementat ion of 

damping (snubber)  networks in power modules requires an addit ional  solder-

ing process – which tends,  however,  a lso to go hand in hand with a reduced 

re l iabi l i ty  due to degradat ion of the f i rst  solder ing process of the semiconduc-

tor.  Furthermore,  the temperature coeff ic ients of the discrete devices are dif-

ferent from those of the semiconductors,  thus reducing re l iabi l i ty  in high-

temperature power-cyc l ing appl icat ions.

Fraunhofer IISB and Semikron Elektronik GmbH have invented and successfully developed an 

integrated silicon RC-snubber network for 200 V applications. The focus of an ongoing project 

funded by the Bavarian Research Foundation (BFS) lies on arriving at a detailed understanding of 

the failure mechanisms, and the exact lifetime prediction, of the RC-snubber network. Standard 

end-of-life (EOL) test procedures for thin (gate-) dielectrica, such as the constant-current-stress 

(CCS) or constant-voltage-stress (CVS) procedures, are not suitable for passive RC-snubbers. EOL-

tests, however, such as the ramped-voltage-stress or logarithmically-ramped-current-stress tests, 

show good results. With a view to testing whether they were “manufacturing-compatible”, test 

structures were designed and characterization was performed at elevated high temperatures in 

order to accelerate the test procedure. One test result is shown in Figure 2.

Here, the impact of the metallization area of the DUT, which corresponds to the capacitance, on 

the breakdown voltage is illustrated. This makes it possible to extract appropriate parameters for 

different device areas. Now it is possible to perform destructive tests on smaller test devices in-

stead of the RC-snubber and to make a prediction of the maximum breakdown voltage under 

nominal load.

The requirement for the characterization of the RC-snubber network, both on wafer level and 

when mounted in a power module for fork trucks, is a stable manufacturing process with a high 
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reproducibility. One main challenge is the uniform silicon nitride deposition for the trench capac-

itor. An example for the optimization of the nitride deposition over the whole wafer surface is 

shown in Figure 1. A tight distribution of the capacitance value of the RC-snubber was achieved: 

The yield of the RC-snubber with a nominal capacitance value of 15 nF could be significantly in-

creased. The wafer-to-wafer yield is above 90 % (related to a tolerance of +/-5 % of the nomi-

nal capacitance value).

1	 Wafer map of the capaci-

tance value distribution of 

the RC-snubber after optimi-

zing the nitride deposition.

2 	 Impact of the mealliztion 

area of the RC-snubber on 

the breakdown voltage.

Reliable Systems with Passive Silicon 
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UV nano- imprint l i thography (UV-NIL)  i s  a wel l -establ ished and cost-effect ive 

fabr icat ion technique that a l lows the transfer  of nano-s ized features into res ist 

without the use of advanced opt ica l  l i thography.  Unl ike opt ica l  l i thography, 

UV-NIL is  based on the mechanical  deformation of a l iquid polymer res ist  by a 

r ig id stamp. Whi le the stamp is  in contact with the res ist ,  UV l ight is  used to 

harden the polymer.  After  the cur ing process is  f in ished, the stamp is  re leased 

from the formed pattern and the next impr int cyc le can begin.  Results  have 

shown that even features below 10 nanometers can be ful ly  repl icated by UV-

NIL.  At I ISB,  UV nano- imprint l i thography was establ ished in 2005 and, s ince 

then, has been successful ly  ut i l ized in different research projects .

To allow the curing of the polymer resist by UV exposure, UV-NIL stamps have to be manufac-

tured from a transparent material, such as quartz. One possible way to fabricate such nano-struc-

tured quartz stamps is a process based on Electron Beam Lithography (EBL) and involving two 

Reactive Ion Etching (RIE) steps. However, the structuring of a complete quartz stamp with EBL is 

a time-consuming and expensive process, in particular for users without direct access to an EBL 

system. Alternatively, a rapid prototyping technique like Focused Ion Beam (FIB) can be applied 

for the fabrication of UV-NIL stamps. 

In the past, the only approaches to stamp fabrication which have been investigated have been 

those relying on direct milling of material by FIB. The direct structuring of quartz by the ion beam 

is of course a relatively slow process, since it requires the removal of a large amount of material. 

Another approach is based on the physical structuring of a chromium layer – just a few nano-

meters thick – on top of the quartz sample, thus reducing the amount of removed material and 

the process time. This structured chromium layer can then be used as a mask for subsequent RIE 

processes. A novel approach established at IISB consists of patterning using the implantation of 

Ga+ ions via a FIB system and subsequent RIE. As shown in previous publications, gallium-rich 

areas can serve as etch masks for dry and wet etching of silicon and quartz. The etch-resistance 

of the implanted areas is assumed to be caused by the formation of gallium oxides which do 

not react with the etching gases of the dry etching process and can only be removed by physi-

cal sputtering.
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In contrast to the FIB techniques involving direct milling, the implantation of Ga+ ions works as a 

“positive” masking process, since only the non-implanted areas are going to be attacked by the 

dry etching process. Depending on the desired structures (e.g. pillars) this can save a significant 

amount of time, especially compared to direct milling in quartz. 

As mentioned above, one possible application for the resistless Ga+ beam lithography could be 

the rapid prototyping of quartz stamps for UV-NIL. After optimization of the dry etching pro-

cess for the use of the implanted gallium mask it was possible to realize quartz nano-structures 

with steep side-walls (lead angle above 82 degrees). Figures 1 and 2 show an array of lines with 

around 100 nm line-width, a period of around 250 nm and an etching-depth of about 240 nm. 

The implantation dose for the mask lies at around 3.6∙1016 cm-2. The implantation was carried 

out using a beam-current of 28 pA which leads to a total writing time of 9.4 seconds. The use 

of a larger beam-current would reduce the writing time but might lead to a loss in resolution.

The fabricated quartz stamps were coated with an anti-sticking layer and successful test imprints 

were conducted. All in all, our experiments showed that the gallium-induced etch mask can be a 

suitable rapid prototyping approach for the fabrication of UV-NIL stamps. 

1 	 Scanning Electron Microscopy 

(SEM) image of a line array; 

line width 100 nm.

2	 SEM image of FIB cross sec-

tion through the line array 

shown in figure 1.

Novel Fabrication Method of Quartz Stamps 

for UV Nanoimprint Lithography using 

Gallium-Induced Etch Masks
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Thin-f i lm systems wi l l  make poss ib le advanced, ubiquitous and inv is ib le sensor 

arrays,  control  and dr iver  units ,  and s ignal /data handl ing for energy,  industr ia l 

or medical  e lectronics.  Imagine sens i t ive surfaces for widespread temperature- 

and humidity-monitor ing in heat ing systems, a i r-condit ioning systems, indus-

tr ia l  machinery,  or  u l t rathin f lex ib le control  systems omitt ing the use of bulky 

ICs for medical  appl icat ions.

Key features, such as low-cost and low-temperature processing, permit the application of thin-

film electronic solutions to almost any substrate one may care to name. Additional specifically 

addressable features are ultra-thin shape, flexibility, transparency, or large-area feasibility. Pas-

sive and active thin-film devices can be integrated together with radically new substrates, such 

as plastics, paper, or cardboard, but also with mature electronics technologies of the “manifold 

printed circuit board” variety (such as epoxy , ceramic / DCB, flex, 3D,…), with chip packaging 

technologies, or even with on-wafer technologies, i.e. with standard silicon or compound semi-

conductor manufacturing technologies.

While pursuing its course to the perfection of thin-film systems, IISB is developing materials, de-

vices and heterogeneous integration solutions based on both conventional and new material 

deposition technologies. Technological examples here are nanoparticle dispersions for the depo-

sition of semiconducting and conducting layers by ink jet printing, molecular precursors for at-

mospheric spray coating of semiconductors and insulators, or sputter- and CVD techniques for 

low-temperature deposition of semiconductors, conductors, insulators, and encapsulation layers. 

The currently ongoing European projects POINTS and superLIB enabled the realization, charac-

terization, and integration of certain key devices: a current driver TFT capable of driving several 

100s of mA (Figure 1) and a fully-printed temperature sensor (Figure 2) .

The execution of the driver TFT involves its mounting on a silicon carrier, and it utilizes a mask 

aligner patterning for the metal S / D and the semiconductor. Figure 3 shows typical output char-

acteristics for a device with an active area of ~70 mm2.

With respect to the temperature sensor, two materials systems were taken into consideration. 

Both a compound material comprising a polymer with graphite nanoparticle fillers and the pro-

prietary silicon nanoparticle ink deliver thin films, bringing about the expected PTC and NTC be-
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havior in the application-specific temperature range (Figure 4). They are currently being tested in 

the battery-module environment at the project partners.

Together with logic circuitry that will be developed in the course of the POINTS project, we can 

offer a toolset that, on a functional basis, delivers sensing, evaluation, and also acting / driving 

components and that will be further broadened in its functions in collaboration with our current 

and future partners. On the technological side, IISB covers the whole value-chain from materi-

als development through to demonstration of thin-film systems in customer-related application 

cases.

1 	 Metal oxide (semi)conductors 

and insulators exhibit wide 

band gaps and can be emplo-

yed for transparent applica-

tions on glass or plastics.

2	 Fully screen-printed tempe-

rature sensor for integration 

with battery modules.

3	 Large-area thin-film transis-

tors deliver driving currents 

in the 100 mA range. Output 

characteristics of a TFT with 

80 mm2 of active area.

4	 Characterization of sensitive 

materials for temperature-

dependent resistor (thermis-

tor) application. High posi-

tive / negative temperature 

coefficient materials can be 

integrated into both printed 

and conventionally processed 

thin-film systems.

Components for Integrated Thin-Film 

Systems
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The year 2012 was marked by the re locat ion of the Power E lectronics Depart -

ment to a new extension of the headquarters  in Er langen, which was ready for 

occupat ion in spr ing 2012. In the twelve years s ince founding, the department 

has grown to about 90 heads ( inc luding students) ,  so that the space s i tuat ion 

in Er langen was becoming intolerable.  This  could be mit igated only part ia l ly  by 

outsourc ing act iv i t ies  to the ZKLM in Nuremberg or the THM in Fre iberg.

The new labs, designed and equipped to fit requirements exactly, not only make possible more 

effective working, e.g. work meeting the safety requirements for work under high-voltage and 

high-energy conditions. With our new vehicle hall, the “e-Car Factory”, our four working groups 

in the field of powertrain electrification now have at their disposal a fully equipped vehicle work-

shop. An additional workshop could be made available for the students engaged in the univer-

sity projects EcoCar and Formula Student Electric. An important step, that became possible due 

to the move, was the spatial merging of the various work teams within the department. Strong 

staff growth, which is fed primarily by young graduates joining the faculty, inevitably brings the 

problem of a fall in the proportion of experienced staff to young learners. So much important just 

now, then, is the close spatial integration, right from day one, of new staff members in project 

teams comprising older colleagues. Another important step that was made possible by the large 

power-electronics labs, which now number seven in total, is the even more rigorous separation of 

the development work for various clients, particularly from the automotive industry, where most 

projects are subject to very restrictive confidentiality obligations.

Despite the significant additional work load caused by the move and the establishment of the 

new laboratories, the department once more achieved an excellent economic result, with an in-

dustry contribution well above 30 percent. Several EC projects started during the year: E2SG and 

DCC+D, both focusing on local DC grid issues. Additionally, we were able to enter into the on-

going EC project MotorBrain. APEx, a project funded by the Federal Ministry of Education and 

Research (BMBF), could also be launched in 2012.

From 12th to 16th March 2012, the third “DRIVE-E Academy” took place at the RWTH Aachen. 

This academy week is a joint initiative of the Federal Ministry of Education and Research (BMBF) 

and the Fraunhofer Gesellschaft. Fifty students from all over Germany working in the area of e-

mobility experienced a week with professional lectures from well-known speakers, excursions, 

and the award ceremony for the “DRIVE-E Students’ Awards”. One of the prize-winners, Florian 

Hilpert, was himself a student of the University of Erlangen-Nuremberg. We congratulate him 

and are happy to welcome him henceforth as a colleague of ours in the Power-Electronics De-

partment. We also congratulate the head of our “Drives and Mechatronics” group, Dr. Maximil-

ian Hofmann, who received his PhD in 2012. The Fraunhofer IISB Innovation Award 2012 went 

once again to the Power Electronics Department for the development and realization of a tri-port 

high-power DC to DC converter. The system was developed for a German automotive OEM un-

der automotive requirements and sets a new benchmark with respect to compactness, efficiency 

and functionality.

The new working group “Energy Systems“ under the direction of Dipl.-Ing. Dirk Malipaard took 

up its work on 1st of April. The group is focusing on “Megawatt Power Electronics“ for the gen-

eration, distribution and application of electrical energy in the high power range. A key topic is 

the modular multi-level converter (M2C). The group is today located at the ZKLM in Nuremberg 

and will move to the “Energy Campus Nuremberg” (EnCN) as soon as the facilities “auf AEG” 

are ready for occupation in spring 2013. The EnCN is a research platform and is committed to 

putting into practice the vision of a sustainable power society based on renewable energy. The 

work packages of the IISB focus on new solutions for megawatt power electronics, the integra-

tion of electrical energy storage systems in a smart power grid, and convenient wireless energy 

interfaces to mobile systems such as electric vehicles.

The funding period of the Fraunhofer Innovation Cluster “Electronics for Sustainable Energy 

Use” ended with the end of 2012. Valuable relations of cooperation with universities could be es-

tablished, among them a joint working group on drive control with Prof. Bernhard Wagner from 

the University of Applied Science (GSO) in Nuremberg. The established networks and collabora-

tions will of course be continued and strengthened even beyond the end of the funding period.

This point applies even more strongly since the topic energy efficiency will be one of the central 

challenges of the coming decades in the context of Germany’s announced “energy transition”, 

climate change, resource scarcity and sustainability. This confronts society with enormous chal-

lenges - but also offers for the Fraunhofer IISB very interesting new topics for engagement and 

business opportunities. It is up to us to strengthen the leading position in the field of power elec-

tronics which we have already attained and to consistently expand it thematically. Sincere thanks 

go to all the colleagues in the department for their extraordinary engagement, and to all our sup-

porters from industry, politics, Fraunhofer, and the entire institute.
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A s ignif icant factor in the acceptance of e lectr ic  vehic les is  the avai labi l i ty  of 

a pract ica l  charging procedure.  Whereas refuel ing of convent ional  vehic les is 

accompl ished in just  a few minutes,  the “f i l l -up” an electr ica l ly-powered ve-

hic le can take hours.  As part  of  the BMBF research project  “e performance”, 

the I ISB has developed, in cooperat ion with Audi  E lectronics Venture GmbH 

(AEV),  a universal  on-board rapid (22 kW) charger for high-voltage batter ies in 

electr ic  vehic les.  This  charger is  based on a phase-modular c i rcuit  des ign,  as 

F igure 3 i l lustrates.  With the on-board rapid-charger here developed, the “re -

fuel” wait ing t ime can be reduced to about 30 minutes,  assuming a three-

quarters  empty tract ion battery with an energy content of 15 kWh.

The approach presented here consists of three identical phase units (7.3 kW), with each of these 

phase units comprising two identical (3.7 kW) base units. This means that, by using three base 

units, on-board chargers in the 11 kW class can be easily realized, especially for weaker mains 

connections (3 x 16 A). Only one base unit is necessary for the conventional single-phase (3.7 kW) 

mains connection (1 x 16 A).

The phase-modular circuit design provides the possibility of producing identical units in order to 

bring into existence a broad on-board charger product line for 3.7 kW, 11 kW and 22 kW re-

quirements, with overall low system costs, thanks to the use of high-volume base units.

Achieving a true modular system means not only partitioning the power-electronic unit but also 

adopting a modular-control approach. Figure 2 shows the main control board as developed, 

which is, for example, responsible for communication via CAN with the overall energy system 

control unit, or with the control of the mains connection according to DIN EN 61851-1. More-

over, Figure 2 shows the boards necessary to control the AC / DC converter and the galvanic iso-

lated DC / DC converter for one phase unit.

For achieving smaller ripple currents, especially in the case of the 22 kW version of the on-board 

charger, the control section provides interleaved gatesignals for the power semiconductors. By 

using this approach, less passive components can also be used in the high power section, which 

means saving on weight, volume and costs.

Despite using a very flexible circuit design concept, which is designed for a worldwide use on dif-

ferent main voltages as well for delivering a constant battery charging current in the case of a 

single AC phase mains connection, the 22 kW variant (see Figure 1) offers a galvanic insulation 

of the high-voltage battery in a very small overall volume of less than 12 liters and a high effi-

ciency of up to 94 %.

Besides the possibility of bringing into existence a broad productline of chargers with only one 

high-volume base unit, the phase-modular circuit design concept also offers further advantages. 

Examples are: the increased redundancy in the case of malfunction or failure of one of the mains 

phases (e.g. due to a switched-off fuse in the AC distribution), or the increased efficiency in the 

so-called low-load operation area. Figure 4 shows how the efficiency of the on-board charger can 

be significantly increased by switch-off of two of three units under light-load conditions. Thus 

the high-efficiency operation area, with an efficiency of over 93 %, can be expanded from about 

63 % to 88 % of the output powerrange.

Moreover, inasmuch as it uses the very latest power semiconductors involving GaN or SiC tech-

nology, the concept here presented is also ideal for future scenarios such as V2G (Vehicle to 

Grid), which makes possible the integration of mobile energy storages into smart grids, by using 

on-board chargers, thus creating the possibility of a bi-directional energy-transportation.
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1 	 Universal 22 kW on-board 

rapid charger.

2 	 Phase-modular control con-

cept.

3 	 Phase-modular circuit con-

cept.

4 	 Increased high efficient ope-

ration area by switch-of units 

under light-load conditions.
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For the ongoing process of e lectr if icat ion in vehic les,  l ight trucks and publ ic 

t ransport  a very compact,  powerful  and highly eff ic ient DC /  DC converter  so -

lut ion is  needed in order to supply the current ly-used 12 V, 24 V and ( in the 

near future)  48 V units  out of high-voltage powertra ins with a voltage range 

from 250 V to 400 V or 500 V to 800  V.

A solution for this challenge is an innovative DC / DC converter approach. With its two inter-

leaved phases, which can be connected in a parallel input / parallel output or a serial input / par-

allel output configuration, the converter concept developed here can be adopted to 250 V, to 

400 V, to 500 V, or to 800 V very easily. Another advantage of their serial input connection is the 

use of MOSFET power switches with a blocking voltage of 600 V for a converter with an input 

voltage range up to 800 V. With the superior electrical properties of 600 V devices in comparison 

to 1000 V or 1200 V devices, the converter prototypes developed were able to reach a power 

density of 5 kw / dm³.

With this two-phase topology, and only minor changes to the transformer, the following input 

and output voltage ranges were realized:

Input voltage range Outout voltage range Outout power

500 V ... 800V 16 V ... 24 V ... 32 V 5,0 kW

250 V ... 400 V 16 V ... 24 V ... 32 V 5,0 kW

250 V ... 400 V   9 V ... 12 V ... 16 V 2,5 kW

250 V ... 400 V 34 V ... 48 V ... 54 V 5,0 kW

500 V ... 800 V 34 V ... 48 V ... 54 V 5,0 kW

This very flexible DC / DC converter design  is fully digital controlled by a FPGA for pulse-pattern 

generation and a 8-bit microcontroller for the implemented CAN-Bus control and thermal de-

rating.

A control strategy to balance serial-input-connected and parallel-output-connected phases was 

researched, implemented and successfully tested. At the same time, a new improved parallel con-

trol structure without wind-up and significantly reduced resource usage was developed.

Besides the power density and the flexible and modular concept, a main achievement of the con-

verters as developed is their outstandingly high efficiency, especially under part-load conditions. 

That is a great advantage in comparison to a conventional design with 1200 V semiconductors.
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1	 DC / DC converter phases in 

serial input and parallel out-

put configuration.

2 	 DC / DC converter phases in 

parallel input and parallel 

output configuration.

3 	 Outstanding high efficiency 

measurements, especially un-

der part-load conditions.

An innovative Approach for Wide-Range 
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Pass ive components st i l l  p lay a v i ta l  ro le in e lectronics c i rcuit  des ign.  A wide 

spectrum of operat ions,  such as f i l ter ing,  damping or energy storage, are st i l l 

performed by these components.  The power that must be handled by these 

devices ranges from microwatts to k i lowatts .  Unfortunately,  pass ive devices 

have not kept pace with the rapid development in the semiconductor industry 

regarding power density and thermal management.  This  leads to a re lat ive ly 

low overal l  performance as compared to their  act ive col leagues.  Consequent ly , 

pass ive devices are often bulky in des ign,  g iv ing them a bad reputat ion.  They 

are often seen as a necessary ev i l .

Today’s capacitors are dominated by three material technologies: aluminum, ceramics and film. 

All are represented in the power range mentioned above, though each has specific characteris-

tics. Aluminum electrolytic capacitors are available in a wide capacitance spectrum, ranging from 

one micro-farad to one farad. Typical rated voltage ranges up to 500 V. But the operating-tem-

perature range is poor. Future potential for fundamental improvement is considered to be mini-

mal. State-of-the-art ceramic capacitors are made of three ceramic material classes. In brief, the 

main difference consists in the relative permittivity. Class I ceramic dielectric constant goes up to 

200, Class II up to 10000 and Class III is all situated above this figure. The main drawback of ce-

ramic dielectrics is the more or less strong dependence of capacitance upon voltage. The high-

er the dielectric constant, the higher the capacitance drops with rising voltage. To make things 

worse, there also exists a strong dependence on temperature. To overcome these phenomena 

would be a major progress, marking a vast field for material research. Polypropylene is the mate-

rial that is mainly used in film capacitors. The production process makes film thicknesses of as low 

as 2.3 µm possible. But higher energy densities are required. Thus, the operating-field strength of 

the material has to be increased. Materials of extreme purity are demanded. Another option is to 

use film materials other than plastics. Two ways for improving capacitor technology thus become 

clear: ceramic materials with high relative permittivity, voltage and temperature stability; and film 

materials displaying high operational field-strength.

A promising approach for better ceramics-based capacitors is one involving the use of nano-crys-

talline glass-ceramics. Barium-titanate-based liquefied material forms a glass-like state by under-

cooling. In a second, well-defined tempering process, nano-crystalline phases grow. These pro-

cess steps result in densely-packed nanocrystallites embedded in a continuous glass phase free 

of pores. As a result, the breakdown voltage is much higher as compared to porous ceramics. 

Due to the nano-crystallites’ dimensions, the dielectric constant is high in the range of the fer-

roelectric domain and its temperature dependence is correspondently low. Breakdown voltages 

of over 20kV / mm and dielectric constants of 4000 have been reported. The material complies 

with X8R characterization.

Systems used in high-power applications for energy transmission and distribution have to deal 

with high operational field-strength. DC-link capacitors in conventional design are therefore 

large and heavy. Ultra-thin glass with thicknesses as low as 12 µm could thus increase energy-

density to a great extent. Within the envisaged application, capacitors will become smaller, since 

the internal-series connection or the metallization of many capacitors will become unnecessary. 

The breakdown voltage of a single ultra-thin glass sheet is 1200 kV / mm. The relatively high di-

electric constant of 5.1 supports the effort to create smaller devices. Ultra-thin glass as dielectric 

also offers one more benefit: thermal management is easier, as the material allows far higher 

hot-spot temperatures. Thus, higher power-dissipation can be tolerated. With higher tempera-

ture differences from hot-spot to surface, and a larger thermal conductivity of 1 W / (mK)3, more 

heat can be dissipated.

But having a dielectric does not imply that one has a capacitor. The construction of a capacitor 

requires a detailed look at the electric constraints. Isolation distances and field control has to be 

kept in mind as well as parasitic effects such as resistance and inductance. These are mainly de-

termined by the metallization and the interconnection technology. Endurance and fatigue as-

pects complete capacitor design.

IISB’s group Materials and Reliability participates in public funded projects like SUPERGRID and 

EPa which cope with the tasks of making capacitors for high voltage applications in an extended 

temperature range. Many thanks to the Federal Ministry of Education and Research (BMBF) and 

the State of Bavaria for the financial support of this work.

Contact

Andreas Schletz

Phone: +49 (0) 911 23568-27

andreas.schletzt@iisb.fraunhofer.de

1 	 Double sided metallized 

ultra-thin glass sheet for ca-

pacitors.

New Materials for Capacitors

POWER ELECTRONIC SYSTEMS

1



78 79

Today,  h igh-power solenoids are used in a wide range of appl icat ions in var i -

ous sectors of industry.  One can f ind them as pul l  or  push solenoids in steel 

works,  as e lectromagnet ic  brakes for ra i led vehic les,  as exc i tat ion f ie ld genera-

t ion in e lectr ic  motors,  as magnet separators in waste sort ing plants,  as de-

f lect ing magnets for part ic le accelerators,  and as def lect ing coi ls  and focusing 

magnets in e lectron microscopes or e lectron beam welding machines.  In a 

further f ie ld of appl icat ion,  one can f ind solenoids as l if t ing solenoids in mo-

bi le or stat ionary magnet cranes for l if t ing,  holding, t ransport ing and handl ing 

of heavy magnet ic  goods

The requirements placed on control units for high-power solenoids vary depending on the par-

ticular application. This article describes essential functional requirements for lifting-solenoid con-

trol units and a first application-oriented realization of such control units at Fraunhofer IISB:

-- 	To generate a stable and continuous magnetic field a direct current is needed, althought 

the current orientation is irrelevant.

-- 	To adapt the magnetic force to the load, the magnetic field strength has to be adjustable.

-- 	To compensate for the lower magnetic force at the start of the lifting action – caused by air 

gap – a current boost function is needed.

-- 	After lowering the load, a degaussing function is desirable, in order to remove the solenoid 

remanence.

-- 	To reduce handling time, a rapid deexcitation of the solenoid has to be possible.

-- 	To reduce the effort of assembly and the risk of interface-caused failures, the number of 

cable interfaces should be kept as low as possible.

The functional safety issue is especially closely focused on. In contrast to standard inverter ap-

plications, where the safe state for the load is “SWITCH OFF”, in solenoid lifting applications it 

is the continuing flow of current that ensures the magnetic force and prevents the uncontrolled 

dropping of the load and thus the risk of serious injury or death. Consequently, “KEEP ON RUN-

NING” is the safe state for this application.

This also means that safety precautions have to be taken to handle the following risks:

-- Failure of the power supply

-- 	Failure of the power semiconductors

The example actually realized is based on a strictly generic and modular concept.

The input power supply interface is designed to be redundant, for functional safety reasons. A 

supervisory system monitors the input power supply, detects possible failures and ensures the 

emergency current flow in the solenoid.

The power section is based on IGBT bridge topology. The main advantage compared to tradition-

al DC contactor solutions consists in a strongly increased operational availability, since the miss-

ing switching cycle sometimes caused breakdowns. These breakdowns resulted from electric arcs 

emerging between the switching contacts when the current in inductive loads was turned off. In 

addition a DC contactor control unit would require more construction volume, would be more 

expensive, less dynamic, would need more activation power and, finally, would produce acoustic 

noise and a huge amount of electromagnetic noise during the electric arc generation.

Solenoid current adjusting is achieved, as before, by excitation field control. In this way, the 

switching losses of chopping IGBTs can be eliminated. As an additional benefit, the electromag-

netic emission is minimized. On the other hand, with a direct current control loop by PWM-con-

trol of the IGBT´s there also exists a potential for cost-reduction, minimization of construction 

space plus better dynamic performance.

By using a special design concept, we are able to achieve, in the quasi static ON-condition, a sig-

nificant reduction in static ON-losses. This means that forced cooling is not needed.

The emergency current flow relevant to functional safety can be ensured even in cases of control 

unit breakdown, IGBT failures or power supply failures. 

For minimized material handling times a fast “release” of the load is essential. To achieve this 

aim, a reliable state-of-the-art design solution is also implemented on the basis of IGBT.

Especially when working with sheet metal, a degaussing function is very useful. Because the met-

al sheets are relatively lightweight, the magnetic force caused by remanence alone is enough to 

pull the sheet along, even without there being any activation from the operator. Therefore, with 

the aid of IGBT´s the degaussing function is implemented.
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ted in an easy way for special 
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The state-of-the-art centralized battery-monitoring architecture has major drawbacks which 

prevent the cost-efficient development of battery systems for electrified vehicles:

-- The assembly and contacting of the battery cells for monitoring their voltage is very expen-

sive, even if manufactured in high volumes.

-- The high number of connectors is a source of failures.

-- Different applications, such as different types or models of electric vehicles, often have dif-

ferent requirements and specifications. In most cases, this leads to a full redevelopment of 

the battery modules and the battery monitoring circuit board.

-- The redevelopment of battery monitoring boards increases the time-to-market, as well as 

the development and the production costs, which makes the centralized battery monito-

ring architectures economically unviable for the mass market.

This new distributed-battery monitoring architecture consists of smart battery cells with integ-

rated electronics, allowing bidirectional contactless communication between each of the smart 

battery cells and the battery management system:

-- The monitoring and balancing functions are integrated on each smart battery cell, thus im-

proving reliability and reducing the effort involved in assembling and contacting.

-- The printed resistor used for passive cell-balancing and integrated into the battery cell can 

be additionally used for heating the cell in winter conditions.

-- Smart battery cells make possible much shorter times-to-market when developing novel 

battery packs, since no more complex application for specific battery-monitoring circuits 

and boards need to be developed.

-- The modularity and flexibility-in-use of the smart battery cells is greatly improved.

-- 	The hardware of the battery-management system can be standardized and re-used in new 

and different developments by improving the software part alone.

-- The smart battery cells provide all the integrated electronics that need to be monitored.

-- The electronics integrated into the smart battery cells protect it against counterfeiting.

-- The cell voltage, temperature, pressure, and balancing current can be measured by the mo-

nitoring electronics and sent to the BMS without any additional contacting effort needed 

when constructing the battery module.

Different data transmission methods can be used for the bi-directional communication interface 

between the battery-management system and the battery cell electronics: ohmic contact, radio 

frequency (RF), optical (e.g., opto-coupler), inductive (e.g., transmission over a transformer), 

or capacitive. The ohmic contact requires a high contacting effort; therefore it is economically 

less than optimal. The RF solution is interesting but is susceptible to strong electromagnetic 

interferences (EMI) and other perturbations occurring in battery packs. The optical solution 

is promising in theory, but the reliability issues mean that it is not a practical method at the 

present time. The inductive solution can be very cheap, but for a proper magnetic coupling, a 

core is required, which makes it bulky.

Capacitive coupled transmission is the method of choice for transmitting data between the 

battery-management and the battery cells since it does not require a great amount of effort 

for contacting. Using the parasitic capacitors provided by simple copper strips directly applied 

to the receivers of the battery cells makes this solution extremely cost efficient. No specific 

dielectric is required. Large tolerances are acceptable for the capacitors, since they are only 

transmitting data signals.

With this system providing integrated voltage- and temperature-sensing, integrated passive 

cell-balancing (which can also be used for cell heating in winter conditions), and with an 

external bi-directional capacitive communication interface providing a low-cost galvanic 

isolation, battery pack designers now no longer need to worry about the contacting of the 

sensing elements. Also, the development and manufacturing costs of the battery pack are 

optimized and the time-to-market when developing a new battery pack is strongly reduced, 

since the development of a battery-monitoring circuit for each single battery module becomes 

unnecessary.

Comparison of the currently commonly-used centralized battery-monitoring and the new 

distributed battery-monitoring architectures:

Component centralized distributed

Wiring and contacting effort very high lowest

Modularity and flexibility low very high

Robustness good better
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A research platform for the evaluat ion and opt imizat ion of e lectr ic  vehic le 

powertra in components is  current ly  being developed. The vehic le is  based on 

the chass is  of  an ARTEGA GT and electr if ied ent i re ly  with Fraunhofer I ISB com-

ponents.

Some of the specific focuses of research within this vehicle project are:

-- Efficient and system-integrated HV-powertrain

-- Overall vehicle energy management (electrical and thermal)

-- Operational strategy for increased part-load efficiency (e.g. variable DC-link voltage)

-- Position-tolerant inductive charging at the vehicle-front

-- Model-based vehicle control system using Matlab / Simulink and dSpace

-- Advanced vehicle safety architecture 

-- Street legality

The propulsion power is delivered from an integrated central drive unit with two independent 

electric machines which have a maximum power output of 2 x 80 kW. The double-IGBT-invert-

er is completely integrated in the drive-system, which results in an optimized system set-up in 

terms of packaging, EMC-behavior and costs. Two independent field-oriented control (FOC) al-

gorithms are implemented on the central inverter control board, which is based on Infineon Tri-

CoreTM with additional safety watchdog. An independent torque allocation for each wheel of 

the axle is realized this way. Permanent magnetic synchronous motors with a nominal voltage of 

400 V and buried magnets are used for an improved field-weakening operation and a high part-

load efficiency.

All converters necessary for electrical energy-management, power supply and charging are in-

tegrated into the energy storage (355 V and 14 kWh) which therefore transforms into a smart 

battery unit. This kind of system partitioning follows the basic idea of a “site-of-action integra-

tion” concept and minimizes voltage cable harness and system costs. The high-power Li Ion cells 

(40 Ah) are divided into 8 submodules with an end-of-charge voltage below 60 V. Each of the 

submodules is equipped with voltage / temperature measurement for the individual cells and 

passive balancing. Double-sided water cooling – using thin heat-spreaders between the cells – 

results in greatly reduced thermal resistances and therefore minimizes the temperature gradient 

within the whole battery system.

An innovative multiport DC / DC-converter is used in the electric vehicle platform for managing 

the high-voltage electrical system. This allows a flexible combination of different energy storages 

with different voltage levels (e.g. a traction-battery with additional supercap storage for peak ac-

celeration- and break-power). The converter provides a variable output-voltage for the DC-link 

of the drive-system, depending on the driving situation. Investigations prove the possibility of 

raising the overall vehicle drive-train efficiency especially for low-speed driving cycles with this 

strategy. For the supply of the vehicle’s 14 V-systems, a combination of two DC / DC-converters 

is installed. Both are fed directly from the HV-battery system. The use of two DC / DC-converters 

with different output-power levels (2 kW and 500 W) results in an optimized efficiency for all op-

erating modes (e.g. driving or charging) and power demands.

For the evaluation and demonstration of different charging strategies for the vehicle’s traction 

battery, three different technologies are installed in the vehicle:

-- 	3 kW position-tolerant inductive charging in the license plate holder at the vehicle-front

-- 3 kW on-board AC-charger

-- 22 kW DC fast-charging 

The component development and the detailing of the system architecture was carried out in 

2012. The integration of the systems and of the vehicle control system was also begun in that 

year. The aim for 2013 is the official approval and homologation for the street-legality of the 

demonstrator vehicle.
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Economical ly ,  ecological ly  and socia l ly  susta inable energy concepts are c losely 

l inked to the use of renewable energy and to enhanced energy eff ic iency.  The 

“Energy Campus Nuremberg” (EnCN) is  a research platform for the develop-

ment and demonstrat ion of a c losed renewable-energy supply chain.  This  inter-

disc ip l inary research project  inc ludes the combinat ion of power-generat ion 

from renewable sources with eff ic ient and inte l l igent energy-transportat ion 

and storage systems. The EnCN targets bas ic  research but a lso supports  the 

development of pract icable solut ions and marketable products.  The whole 

value-creat ion chain is  covered, from energy generat ion r ight up to i ts  ut i l iza-

t ion.

The accomplishment of these goals is guaranteed by the unique collaboration of six national re-

search organizations: 

-- 	Fraunhofer Institute for Integrated Systems and Device Technology (IISB)

-- 	Fraunhofer Institute for Integrated Circuits (IIS) 

-- 	Fraunhofer Institute for Building Physics (IBP)

-- 	Friedrich-Alexander-University of Erlangen-Nuremberg (FAU)

-- 	Georg Simon Ohm University of Applied Sciences Nuremberg (OHM)

-- 	The Bavarian Center for Applied Energy Research (ZAE Bayern)  

All the activities of the different partners take place in the new EnCN laboratory facility on the 

historical former AEG industrial complex. In 2012, the EnCN laboratory was voted a “Selected 

Landmark” in the nationwide “365 Land-marks in the Land of Ideas” competition.

The EnCN works in several interdisciplinary research areas:

-- 	Materials research and process-development for solar-power generation and the transpor-

tation of energy

-- 	Power electronics and information technology as well as energy-flow control for electric 

grids (“smart grids”)

-- Increasing energy efficiency by means of new materials, processes and electronics as well 

as through building tech-nologies

-- 	Optimal and holistic intelligent energy systems as well as methods for process manage-

ment

Within the EnCN framework, the Fraunhofer IISB is working on three projects with a special fo-

cus on power-electronic systems for future energy networks: Energy-flow control systems in the 

grid, interfaces between stationary energy supply grids and mobile consumer loads, and energy 

storage within the grid.

Due to changes in the energy supply system there will, in future, be an increased use of power-

electronic systems. In particular, the utilization of modular-multilevel-converters will make it pos-

sible to achieve a more flexible and efficient control of the energy-flow within the grid. The goal 

of the research is to design power-electronic components with increased efficiency and increased 

lifetime and simultaneously to reduce system costs. This includes a complete power-electronic 

system design as well as component development. One part of this project focuses on packaging 

solutions as a technical base for the use of future high voltage wide-band-gap semiconductors 

in power-electronic applications. By optimization of the module design, advantages in efficiency 

and system costs can be achieved. A specialized design of the module increases the system avail-

ability under fault conditions. The development of a power-electronic system demonstrator pro-

vides the opportunity to optimize and validate dimensioning methods, simulation models and 

control algorithms. 

The connection between the grid and mobile consumer loads (e.g. electric cars) poses high de-

mands with respect to consumer acceptance. These include ease of operation, safety, and robust-

ness against weather and vandalism. A common solution is the use of wireless and contactless 

interfaces. The project focuses on new approaches in the field of inductor dimensioning, circuit 

design and system technology. The goals for a wireless energy transmission are a high tolerance 

in positioning between receiver and transmitter, a high efficiency in transmission, low electro-

magnetic fields, bi-directional energy transmission and an integrated communication channel in 

the interface. The requirements for an industrial implementation have still to be researched. One 

major challenge in the transition of the energy system towards sustainable energy supply is the 

development of suitable energy-storage systems. Applications within the energy network involve 

very high requirements regarding operational safety, availability, efficiency and system costs. This 

project focuses on the development of an intelligent energy-storage system with several inde-

pendent DC-ports to integrate different electrical-storage technologies simultaneously. This stor-

age station can be used to increase the voltage quality in the grid, to buffer fluctuating regen-

erative energy sources and as an uninterruptable power supply. Furthermore, this system can be 

used for the rapid charging of electric vehicles.
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Electronics for Energy Supply and E-Mobility – Fraunhofer IISB Extension is opened

On the 30th of March 2012, the extension to the Fraunhofer IISB in Erlangen was officially opened. 

Research and development work on highly efficient power-electronic systems is to be carried out 

at this new facility – research, that is to say, which will be of great significance especially to such 

issues of burning relevance to the immediate future as energy supply and e-mobility.

Using modern power electronics, electric energy can be converted and distributed without major 

losses and exactly as required. In this way, significant savings in energy consumption can be 

achieved – be it at home or at work, in industrial production or in terms of the transport of elec-

tricity on all the most various levels of the electrical power grid. In the energy grid of the future, 

the surely impending expansion of the cables and interfaces linking the producers and consumers  

of, and the storage facilities for, such energy will require new power-electronic solutions. Without 

the key technology that is power electronics, the switchover to a regenerative energy supply is 

impossible. E-mobility also requires efficient power electronics. Power-electronic converters form 

a significant part of drive units, battery systems and charging devices for electric and hybrid cars.

When, in their capacity as representatives of the sponsors, the Bavarian State Secretary for the 

Economy, Katja Hessel, and Dr. Christine Thomas, Head of the sub-department “Innovation in 

the Service of Society” (Innovation im Dienste der Gesellschaft) set up within the Federal Ministry 

for Education and Research, officially opened the IISB extension for use, several types of work 

were already underway within the offices. These included electronic laboratories and vehicle 

workshops under the management of Dr. Martin März, Deputy Director of the IISB and Head of 

the IISB Power-Electronic Systems Department.

Another example is the “Application Centre for Direct-Current Technology and for the Power-

Supply Solutions of Tomorrow” which is established in the extension as part of  the Fraunhofer 

“Electronics for Sustainable Energy Use“ (Elektronik für nachhaltige Energienutzung) Innovation 

Cluster, coordinated by the Fraunhofer IISB. The potentialities as regards the replacing of parts 

of today’s AC grid with a DC grid will be developed and tested here – a course of action which 

would make it possible to dispense with unnecessary conversions and inefficient power supply 

units.
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tine Thomas, Head of the 

sub-department “Innovation 

in the Service of Society” 

(Innovation im Dienste der 

Gesellschaft) set up within 

the Federal Ministry for 

Education and Research 

(BMBF), Head of the Fraun-

hofer IISB Prof. Lothar Frey, 

Bavarian State Secretary for 

the Economy Katja Hessel, 

and  Fraunhofer Senior Vice 

President Research Planning 

Prof. Ulrich Buller during the 
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“With regard to those topics ever increasing in relevance and importance: energy supply and 

e-mobility, the institute in Erlangen is a place of genuine greatness,” stresses the Bavarian State 

Secretary for the Economy Katja Hessel. “Its research helps to make our energy supply more 

efficient. Because this research tends to the development of systems which will ensure that no 

kilowatt-hour will be produced that is not actually used.”  

The Head of the IISB, Prof. Lothar Frey, adds: “For this reason, the IISB works closely together 

with industry - especially with the vigorous power-electronics, automobile-supply and energy-

technology industries in the metropolitan region of Nuremberg, as well as the company associa-

tions resident in the region. Industry and research in Bavaria both profit from this proximity.”

Some 8.3 million Euros were contributed as subsidies to the building of the Fraunhofer IISB 

extension as part of the package of measures introduced by the Federal German Government 

and the Free State of Bavaria with a view to stabilizing and enlivening the national and regional 

economy in the wake of the international economic crisis of 2008 / 2009.

The Fraunhofer IISB thanks the sponsors for the friendly support given by the Bavarian State 

Ministry for Economy, Infrastructure, Traffic and Technology as well as the Federal Ministry for 

Education and Research (BMBF).

Research for the “Energy Transition” – Fraunhofer and the TU Bergakademie inaugura-

te a new Technical Center for Crystallization and Wafer Processing in Freiberg

The new technical center for crystallization and “wafer” production has been formally opened 

at the Fraunhofer Technology Center THM in Freiberg on Wednesday the 7th of March 2012. The 

Fraunhofer THM is a jointly-run division of the Fraunhofer Institute’s IISB in Erlangen and the ISE 

in Freiberg. It also cooperates with the TU Bergakademie Freiberg and the local semiconductor 

industry in order to support and strengthen the economic and commercial region of Freiberg in 

the field of electronic materials production. The aim of the new technical center is to conduct 

research into semiconductor materials displaying better qualities and more efficient production 

methods. 

The Fraunhofer Technology Center for Semiconductor Materials THM, founded in 2005, comple-

ments with its research the development tasks of the semiconductor industry concentrated in 

Freiberg. After more than two years of planning and building, the Technical Center for Crystal-

Continuation: Selected News
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lization and Wafer Processing for Semiconductor Materials is now being inaugurated there. The 

new laboratory area, which cost some 9.9 million Euros, was 60 % financed from EU resources, 

with the remaining 40 % of funding being taken over, in equal parts (20 % each), by the Federal 

German Ministry for Education and Research and the State of Saxony.

The main emphasis of research in the new technical center lies on the question of how to pro-

duce crystal materials, and wafers made from them, more economically, while also improving on 

the qualities of the material, e.g. silicon for microelectronics and photovoltaics as well as gallium 

nitride for energy electronics. Efficient semiconductor materials are the basis for a modern energy 

supply system, because energy can be produced, transmitted, changed and stored efficiently by 

them.

“A pleasantly close cooperation links the TU Bergakademie Freiberg with the Fraunhofer Technol-

ogy Center for Semiconductor Materials THM”, says Dirk Meyer, Professor of Physics and Pro-

Rector for Education at the TU Bergakademie Freiberg. “For the endeavor of the Bergakademie 

to achieve and further develop a closed chain of innovation, in the field of materials in research 

and education, from mineralogy through to condensed-matter physics and chemistry, our co-

operation with the THM means a successful synthesis of academic research and education with 

technological application”, adds Prof. Meyer.

The formal opening, in the Alte Mensa on the Petersstraße in Freiberg, has been attended by Dr. 

Henry Hasenpflug, Saxony’s State Secretary for Economy and Art, Bernd-Erwin Schramm, Mayor 

of the city of Freiberg, Prof. Dirk Meyer, Pro-Rector for Education at the TU Bergakademie Frei-

berg, Prof. Dr. Ulrich Buller, board member for research planning of the Fraunhofer-Gesellschaft, 

Prof. Eicke Weber, Head of the Fraunhofer ISE, Prof. Lothar Frey, head of the Fraunhofer IISB, 

Prof. Hans Joachim Möller, Head and Spokesman of the Fraunhofer THM, as well as Dr. Jochen 

Friedrich, Deputy Head and Spokesman of the Fraunhofer THM in Freiberg.

“The ‘energy transition’ in Germany initiated by the Federal Government will require great efforts 

in all social areas. Besides the actual production of renewable energies, the intelligent and safe 

distribution as well as the saving of electrical energy are matters of great significance here. All 

this can only be achieved through tailor-made solutions in micro and power electronics. Cheap 

electronic materials of high quality which are used in the form of crystal materials and of the 

wafers made from them occupy a key position”, states Jochen Friedrich.

Continuation: Selected News
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Custom-Made Substrates for Energy-Efficient Wide-Band-Gap Components  – 14th An-

nual Conference of the Fraunhofer IISB Electrifies the Semiconductor Materials Scene

About 40 % of worldwide energy requirements are to be traced back to the use of electrical 

energy. The use of modern electronics means that it is now possible to realize considerable 

potential savings. For example, electronic components and circuits can now be produced on the 

basis of semiconductors with wide band gaps that are much more efficient as compared to the 

already-established silicon technology. Examples of such components are electricity-saving lights 

using gallium nitride LEDs, inverters for solar and wind plants with circuit breakers made of silicon 

carbide, or the energy-saving generation of UV-light using devices made of aluminum nitride.

Dr. Jochen Friedrich, head of the Crystal Growth Department at the Fraunhofer IISB and host of 

the 14th IISB annual conference, says: “Our annual conference this year has as its keynote com-

pound semiconductors, which were invented 60 years ago in Erlangen. The commercialization 

of components made from these materials has been pushed on strongly over the last ten years. 

An important precondition was the availability of the materials in sufficient amounts, sizes and 

quality to attain the level of performance required from the components. Present developments 

mean that new fields of application for energy-efficient component made of semiconductors 

with a wide band-gap are opening up, so that this commercialization will proceed further.”

The 14th annual conference, then, which took place on the 6th of December 2012, took as its 

central theme the wide-band-gap semiconductors silicon carbide, gallium nitride, and aluminum 

nitride. Experts from industry and science gave presentations on the current state of crystal and 

substrate production, as well as on the epitaxy and the processing of new components based on 

those semiconductors. They also discussed with the several experts in attendance the influence 

of these materials on the properties of the components.

The 14th annual conference took place in conjunction with the 27th DGKK (Deutsche Gesellschaft 

für Kristallwachstum und Kristallzüchtung e.V.) workshop “Epitaxy of III  / V-Semiconductors”, 

which was organized by the University of Erlangen-Nuremberg and the Fraunhofer IISB under 

the patronage of the DGKK Working Group on Epitaxy. The event – which was sold out, with 

130 participants – was not only a success for the Fraunhofer IISB. The huge resonance it enjoyed 

shows the current standing of the semiconductor theme and the current importance of semicon-

ductor and component specialists.

University of Erlangen-Nuremberg expands its Range of Large-Scale Machinery in 

Cleanroom Laboratory

A new system for ion implantation was put into operation at the Fraunhofer IISB in Erlangen. The 

new piece of large-scale machinery, weighing 15 tons and costing 3 million Euros, was set up in 

the cleanroom jointly operated by the University of Erlangen-Nuremberg and the Fraunhofer IISB. 

This new equipment acquisition means that the possibilities of both facilities as regards research 

and theory in the field of semiconductor technology for micro, nano and power electronics will 

be significantly extended.

Today, ion implantation is the standard process for the doping of semiconductors. The ions of the 

desired dopant are accelerated in an electric field and shot onto the surface of semiconductor 

wafers. Depending on the different velocities, or rather the different energies and dosages, with 

which these alien elements are shot onto the semiconductor, there emerge different profiles in 

terms of penetration depth into the solid body of, for example, a silicon wafer. The possibility of 

selecting both this and the allocation material itself means that the electric qualities of semicon-

ductors can be set more or less precisely as required. This is an important requirement for the 

realization of modern semiconductor devices.

The Fraunhofer IISB is one of the leading research facilities for ion implantation in Europe and has 

decades of experience on this field. The IISB’s new ion implanter replaces the older system and 

is one of the larger items involved in the current modernization of the cleanroom equipment in 

Erlangen – a modernization which is supported by funds from the Bavarian Ministry of Economic 

Affairs, Infrastructure, Transport and Technology, the Federal German government, and the EU. 

Using the new system, researches on semiconductor wafers with a diameter of up to 200 mm 

will be possible, as opposed to only 150 mm hitherto, using the old one. In addition, the energy 

range for the acceleration of the ions will be expanded significantly. From now on, it will be 

possible to produce singly charged ions with an energy bandwidth of 2 to 270 kilo-electronvolts 

(keV). Especially in the lower energy range, very thin implantation layers can now be created - 

something which is important for steady miniaturization in device technology. Also new is the 

use of up to triply charged ions, thus allowing implantations with energies up to a maximum of 

810 keV.

“The spectrum of materials for implanted elements comprises the standard dopants for silicon 

wafers, such as boron, phosphor and arsenic, but also elements such as aluminum and nitrogen 

for the doping of silicon carbide, a semiconductor which offers many possibilities especially in 

high-temperature and power electronics”, explains Dr. Volker Häublein, who is responsible for 

the ion implantations as a group leader at the IISB.
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Furthermore so-called “eccentrics”, such as cesium, rubidium or lanthanum, can now be im-

planted outside of the classical semiconductor technology. The delivery of the system, as well as 

its installation in the cleanroom, meant a huge logistic effort. More than 24 tons of transport-

weight required the use of three standard trucks and one heavy-duty truck. A special construc-

tion made of steel girders and aluminum plates was used to stabilize the floor of the cleanroom 

laboratory so as to allow it to bear the weight of the heavy system. The university, as the host of 

this cleanroom, which is one of the biggest of its kind for research and theory in Germany and 

even in Europe, participated by carrying out the necessary renovations on the laboratory level of 

the cleanroom building.

Lothar Frey, director of the Fraunhofer IISB and holder of the Chair for Electron Devices at the 

University Erlangen-Nuremberg said: “The modernized equipment in the cleanroom will render 

still closer the already close, synergetic cooperation between the Fraunhofer IISB and the Univer-

sity of Erlangen-Nuremberg. Besides the expanded possibilities for research, the cleanroom now 

offers an attractive environment for students of technical disciplines such as electronic engineer-

ing or nano-engineering.”

Fit for E-Mobility – DRIVE-E Academy and DRIVE-E Studienpreis 2012 

Within the Framework of the DRIVE-E Academy, the Federal Ministry of Education and Research 

(BMBF) and the Fraunhofer Gesellschaft recently awarded the DRIVE-E Studienpreis for 2012. 

With 62 applications from universities lying as far apart as Aachen and Dresden, Bremen and 

Konstanz, the interest in the DRIVE-E Studienpreis has been livelier than ever before. On the 14th 

of March 2012, the Ministry of Education and Research, together with the Fraunhofer Gesell-

schaft awarded for the third time, in Aachen, awards and distinctions to outstanding pieces of 

work by students on the topic electric mobility.

“The federal government’s aim is that there should be one million electric vehicles on German 

roads by year 2020. For this aim to be achieved, we need highly motivated and qualified up-and-

coming young scientists. We are happy that the young generation is interested in this topic.” This 

are the words of Thomas Rachel, Parliamentary State Secretary in the BMBF, addressed to this 

year’s award winners on the day of the event.

The first prize in the “Diploma / Master’s Thesis” category went to Fabian Peters from the Uni-

versity of Bremen. Peters had examined, in his Master’s thesis, the factors tending to limit the 
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energy density and lifespan of lithium ion batteries. The second prize went to Xuyang Men from 

the RWTH Aachen, whose Master’s thesis looks likely, thanks to its development of an online 

diagnostic system, to make it possible to reliably predict the range of electric vehicles. 

The jury awarded the first prize in the category “Term Project / Capstone Project / Bachelor’s 

Thesis” to two students. Florian Hilpert from the University of Erlangen-Nuremberg was dis-

tinguished for his project thesis, in which he made calculations about the thermal behavior of 

drive engines. Johannes Burkard from the RWTH Aachen got his prize for his Bachelor’s thesis in 

which he examined the possible flaws occurring in a battery-charging device and strategies to 

avoid them. The second prize went to Lisa-Maria Zak from the University of Applied Sciences in 

Augsburg. She had developed, in her Bachelor’s thesis, an optimized concept for cooling lithium 

ion batteries.

This award ceremony for the DRIVE-E Studienpreise formed the highlight of the DRIVE-E Acad-

emy. From the 12th to the 16th March 2012, selected students of various technical subjects took 

a close look at all the important aspects of this issue soon to be of crucial relevance. On the 

Academy’s agenda were lectures by top-flight experts, practical workshops, and a trip to the 

Europäisches Zentrum für Alternative Antriebe set up by General Motors in Mainz-Kastel as well 

as to the company e-WOLF in Frechen near Cologne, which develops electric vehicles from the 

prototype stage right up to the start of production. This year the DRIVE-E program was organized 

together with partner universities for the first time. With the RWTH Aachen, there was won as a 

partner a university with the very highest reputation in the field of e-mobility.

The Academy and the Studienpreis form two key component parts of the DRIVE-E program 

for the up-and-coming generation of graduates, which was established jointly by the Federal 

Ministry for Education and Research (BMBF) and the Fraunhofer-Gesellschaft (FhG) in 2009. On 

the FhG side, it is specifically the IISB that acts as initiator and organizer of the DRIVE-E program.

R&D for SMEs – 10 Years of Cooperation between NanoWorld Services GmbH and 

Fraunhofer IISB

NanoWorld Services GmbH and the Fraunhofer IISB in Erlangen have now been cooperating 

closely with one another for 10 years. The Institute’s work together with this leading producer 

of scanning tips for Atomic Force Microscopy is a perfect example of successful R&D practice.

Jörg Diebel, manager of  NanoWorld Services GmbH, took this anniversary occasion as an oppor-
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tunity to honor all that the two organizations have achieved together and, at the joint summer 

festival held on 19th of July 2012, to thank all the employees of both for their contributions to 

these achievements. In addition, the guests received – by way of a gift representative of the 

region – a beer stein especially designed for this occasion. “Our cooperation with the Fraunhofer 

IISB offers an attractive combination of scientific research and product-specific development. This 

is of incalculable value for a high-tech company like NanoWorld,” said Diebel.

Already as early as 2002, NanoWorld was deeply impressed by the groundbreaking work being 

done by the Fraunhofer IISB in the field of nanostructuring and decided to establish an MEMS 

foundry of its own. NanoWorld Services GmbH is part of the NanoWorld Group, whose members 

are leading actors in the development, production and sales of AFM probes made of silicon and 

of other materials used in Atomic Force Microscopy (AFM).

AFM is a high-resolution imaging process and allows the characterization of surfaces in the 

atomic realm. The screening of the surface is carried out by means of ultra-fine needles – the so 

called “AFM scanning tips”. Or, conversely, the AFM process can also be used for the grafting 

of molecules and atoms onto bearer substrates, e.g., for the purpose of research on quantum 

computers.

Until now, the close cooperation has proven extremely positive for both partners and has pro-

vided NanoWorld with access to the modern laboratory infrastructure and the very well-equipped 

cleanroom laboratory of the Chair of Electron Devices (Lehrstuhl für Elektronische Bauelemente, 

or LEB) of the University of Erlangen-Nuremberg, which is co-administered by the IISB. Over 

the years, several projects in the field of thermal und field emission AFM probes, some of them 

partly publicly funded, have been executed. The results flow directly into the steady improvement 

of the products. NanoWorld also uses the expertise of the IISB in the field of the ultra-precise 

modification of structures by means of focused ion beams (FIB), for example in the case of the 

refinement of high-resolution nano-probes.

For Prof. Lothar Frey, head of the Fraunhofer IISB and current holder of the Chair of Electron  

Devices (LEB) at the University, the cooperation with NanoWorld is a real win-win-situation: “We 

are very content to have proven so attractive to industry and to have brought highly qualified 

jobs into the region. The IISB not only benefits from the direct exchange in-house but also gains 

thereby an immediate insight into the requirements and latest developments on the market.”

Passion for Electronics – Dr. Martin März becomes Deputy Director of Fraunhofer IISB

Dr. Martin März, Head of the Power-Electronic Systems Department at Fraunhofer IISB, has been 

appointed to the position of Deputy Director of the IISB. In this function, he has been supporting 

the Institute’s Director, Prof. Lothar Frey, in the management of the research faculty since the 

beginning of the year. In his field of expertise, Martin März is meeting the challenge of the 

present age – modern power electronics is essential for the successful introduction of e-mobility.

After finishing his studies and his doctorate at the University of Erlangen-Nuremberg, Martin 

März, born in 1962, worked for five years in the Semi-Conductor Division of Siemens AG, later 

called Infineon Technologies AG. In April of 2000, he moved over to the Fraunhofer-Gesellschaft 

in order to build up the “Power-Electronic Systems” Department at the IISB. Today, this depart-

ment has become the biggest at the Fraunhofer IISB and has significantly contributed to the 

Institute’s growth. Besides his own department, Martin März leads the Nuremberg branch of the 

IISB, the Centre for Automotive Power Electronics and Mechatronics (ZKLM). He has applied for 

around 50 patents, given lectures about automotive electronics and e-mobility at the University 

of Erlangen-Nuremberg (FAU) and is committed to supporting youth – for example, through the 

student project TechFak EcoCar of the FAU or as the person responsible for the BMBF-Fraunhofer 

young-academic support program for e-mobility, DRIVE-E.

Electric energy is distributed by power-electronic components and systems and changed into the 

form needed, e.g., from DC into AC or from one voltage level to another. The technological chal-

lenge is to keep heat losses as low as possible, in other words, to work with a high effectiveness 

and therefore energy-efficiently. Questions of cost-optimization, robustness, safety and reliability 

also play a big role, as well as heat removal, volume and weight reduction and the system 

integration of the electronics directly at the place where they perform their function, e.g., in the 

drive unit of an electronic vehicle. This offers broad fields of application for Martin März and 

his employees – ranging from drive, battery or charging systems for e-mobility, highly efficient 

electricity supplies for consumer electronics, and power converters for photovoltaic plants right 

up to heavy-duty power switches for high-voltage DC transmission (HVDCT). The work done by 

the team regularly sets benchmarks for effectiveness and performance density.

Here, Martin März works together with numerous industry partners especially from the metro-

politan region of Nuremberg, which stands out due to its density of power-electronic, energy-

technological and automobile-supply companies. He is the close contact for regional and interna-

tional industrial associations, such as the Bavarian Cluster on Power Electronics, or the European 

Center for Power Electronics (ECPE). He is also a member of the Steering Committee of, and 

Priority Area Manager in, the Fraunhofer System Research Group on Electromobility (FSEM) and 

Project Leader of the Fraunhofer Innovation Cluster “Electronics for Sustainable Energy Use”, 
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coordinated by the IISB. In addition to this, he actively participates in the National Platform on E-

Mobility and holds membership in several scientific advisory councils and committees of experts.

The IISB runs an extensive test center for electronic vehicles in Erlangen under the management 

of Martin März. More vehicle workshops and laboratories have been added, due to the building 

of an extension. This dovetails well with the next model project of this power-electronics expert: 

a completely electronically-driven sports car.

Jochen Friedrich takes over the Chairmanship of the “Deutsche Gesellschaft für Kris-

tallwachstum und Kristallzüchtung e.V.“

Dr. Jochen Friedrich, Head of the Crystal Growth Department at the Fraunhofer IISB in Erlangen 

and Deputy Spokesman for the Fraunhofer THM in Freiberg, took over the chairmanship of the 

Deutsche Gesellschaft für Kristallwachstum und Kristallzüchtung e.V. (DGKK) on the 1st of Janu-

ary 2012. The DGKK, which consists of approx. 400 members, is the umbrella organization for 

crystallographic scientists and technologists in Germany. Its task is to develop research, theory, 

and technology in the field of crystal growth and crystal breeding.

Many radical transformations and developments of the past 50 years would not have been pos-

sible without the availability of synthetically produced crystals with special qualities. Without 

crystals there would be no computers, no cellphones, and especially no Internet. What DVD play-

ers, games consoles, or the screens of modern televisions have in common is that it is artificially 

created crystals which make all these devices possible. Crystals are key materials for the efficient 

production and transmission of energy – as, for example, in photovoltaic systems. In optics, 

crystals are integrated into highly developed systems in the form of windows and lenses. Devices 

equipped with laser and detector crystals have made possible the development of new medical 

treatments, of resource-saving methods in material processing, and of modern measurement 

technologies, including satellite-based environment-observation.

The production of such crystals is called crystal growth. It is estimated that some 10.000 jobs 

in Germany are connected to crystal growth. That includes the original crystal producers but 

also suppliers for systems and devices as well as for process materials. For these crystal experts 

the DGKK, a registered public association in Germany, has been the designated professional 

federation for about 40 years now. The statutory task of the DGKK is to support research, theory, 

and technology in the field of crystal growth. The DGKK disseminates information about ongoing 

work in this field, and about results achieved in it, through the medium of meetings and mes-

sages: It promotes scientific contacts between its own members and also their relations to other 

scientific societies. It also represents the interests of its members on a national and international 

level.  

Dr. Jochen Friedrich has occupied the chair of the DGKK since the 1st of January 2012. This 

eminent scientist has been conducting applied research in the field of crystal growth for some 20 

years now. After completing first his university studies in the field of Materials Science and then his 

doctorate, taken at the Institute for Materials Science at the University of Erlangen-Nuremberg, 

he moved on to the Fraunhofer Institute for Integrated Systems and Device Technology IISB 

in Erlangen. Today, he manages the Crystal Growth Department there and is also responsible 

for the Fraunhofer Technology Center for Semiconductor Materials THM in Freiberg. Jochen 

Friedrich has been the recipient of several awards for his research in the field of crystal breeding, 

including the Wissenschaftspreis des Stifterverbandes (2003), the VDE / VDI-GMM-Preis (2005), 

the IWCGT Best Lecture Award (2008) and the Hans-Georg-Waeber-Innovationspreis (2009). The 

main emphasis of the research being conducted by Jochen Friedrich and his 45 employees in 

Erlangen and Freiberg today lies on silicon crystal growth for microelectronics and photovoltaic 

systems, on bulk crystal growth and the epitaxy of so called semiconductors with wife band gap, 

and on the development of new detector and laser crystals, including measurement technology 

and computer simulation.
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Alessandri, A.

October 01, 2011 – April 30, 2012

Italy

Politechnico Di Milano

Study on the Dual-Pad Calibration Method for Thin Film 

Characterization by Vacuum Ultraviolet Reflectometry

Belko, V.

October 01 – November 29, 2012

Belarus

Belarusian State University

Modeling of thermical transport in electronic devices

Blanc, B.

May 28 – August 08, 2012

France

CEA-Léti

Dupont, J.

April 04 – June 22, 2012

France

CEA-Léti

Distributed battery cell monitoring

Herbei, E.

May 15 – December 15, 2012 

Romania

University Dunarea de Jos

Novel hybrid inorganic-organic dielectrics for printed electro-

nics

Petrik, P.

January 01 – December 31, 2012

Hungary

MFA Budapest

Joint Metrology Development in the “European Metrology 

Research Programme“

Schreitl, M.

January 15 – 21, 2012 

May 02 – 12, 2012

Austria

TU Vienna

Towards a nuclear clock with Thorium-229-doped Calcium 

Fluoride

Journet, T.

April 09 – June 22, 2012

France

CEA-Léti

Distributed battery cell monitoring

Justinas, T.

February 16 – June 15, 2012

Lithuania 

Vilnius Gadminas Technical University

Contactless determination of the thickness of high-k dielectrics 

by electrical SPM

Kumar, A. 

July 09  – 13, 2012 

India

Ohio State University 

Simulation of the generation, diffusion and reaction of point 

defects in SiC detectors

Liehr, M.

May 28 – August 13, 2012

USA

Rensselaer Polytechnic Institute

Parameter studies

Paskaleva, A.

June 11 –  24, 2012

Bulgaria

Bulgarian Academy of Sciences

Evaluation of current conduction mechanisms in HfO2

laminates

Billmann, M.; Dorn, J.:

Power semiconductor module comprising an explosion protection system 

Billmann, M.; Dorn, J.:

Leistungshalbleitermodul für die Energieverteilung

Freudenberg, B.; Radel, G.; Trempa, M.; Dadzis, K.; Dietrich, M.; Nauert, D.; Proske, S.; Reimann,C.; Friedrich. J.:

Vorrichtung und Verfahren zur Herstellung von Siliziumblöcken

DE102010014724A1

Graf, A.; März, M.; Salifernig, M.:

Absicherungsschaltung

DE 10 2005 024 321 A1

Graf, A.; März, M.; Salifernig, M.:

Sicherungselement mit Auslöseunterstützung

DE 10 2005 024 346 A1

Shrivastava, K.

May 20 – July 31, 2012

India

IIT

Electronic bicycle

Takai, Prof., M.

September, 2012

Japan

Osaka University                                                                                                    
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Graf, A.; März, M.; Salifernig, M.; Marr, U.:

Zwei Leiterplatten und ein Verfahren zum Detektieren einer Temperaturänderung einer Leiterplatte

DE 10 2008 052 467 A1

Lehrer, C.; Beuer, S.; Engl, W.; Richter, C.; Sulzbach, T.:

Verfahren zur Erzeugung von Submikrometer-Strukturen an einer ausgeprägten Topographie

DE 10 2007 056 992 A1

Meißner, E.; Birkmann, B.; Hussy, S.; Friedrich, J.; Müller, G.:

Verfahren zur Erhöhung des Umsatzes von Gruppe-III-Metall zu Gruppe-III-Nitrid-haltiger Metallschmelze

EP 1 802 553 B1

März, M.; Eckardt, B.; Schimanek, R.; Tadros, Y.; Starzinger, J.; Schmidhofer, A.:

Doppelumrichter zur Ansteuerung einer ersten und einer zweiten elektrischen Maschine

DE 10 2008 050 017 A8

Reimann C.; Friedrich, J.; Diertrich, M.:

Vorrichtung und Verfahren zur Herstellung von kristallinen Körpern durch gerichtete Erstarrung 

EP 2 242 874 A1

Reimann, C.; Trempa, M.; Friedrich, J.; Krause, A.; Dietrich, M.; Freudenberg, B.:

Verfahren zur Herstellung eines Silizium-Ingots

DE 10 2011 075 093 A1

Trempa, M.; Reimann, C.; Friedrich, J.; Proske, S.; Nauert, D.; Dadzis, K.; Rodel, G.; Dietrich, M.; Freudenberg, B.:

Strukturierung von Bodenplatte und/oder Kühlblock

Bauer, A.J.

-- Koordinator der VDE / VDI – Fachgruppe 1.2.4 „Heißprozesse“

Burenkov, A.

-- Member of the Program Committee of the V All-Russia Science and Technology Conference „Problems of advanced Micro- 

and Nanoelectronic Systems Development“ MES-2012, Moscow, RUS, October 2012

Erdmann, A.

-- Member of the Program Committee of the “Micro- and Nanoengineering Conference Europe (MNE) 2012”, Lyon, FRA, Sep-

tember 2012

-- 	Member of the Program Committee of SPIE Advanced Lithography, San José, CA, USA, February 2012

-- Co-chair of the SPIE Optical Design Conference Europe, Barcelona, ESP, November 2012

Erlbacher, T.

-- Mitglied im Arbeitskreis „Materialien für nichtflüchtige Speicher“ der Deutschen Gesellschaft für Materialkunde

Frey. L.

-- Mitglied der Studienkommission Elektrotechnik, Elektronik und Informationstechnik

-- Mitglied der Deutschen Physikalischen Gesellschaft

-- Mitglied der Böhmischen Physikalischen Gesellschaft

-- 	Member of the Excellence Cluster “Engineering of Advanced Materials” (EAM) der Universität Erlangen-Nürnberg

-- 	Mitglied der Erlangen Graduate School in Advanced Optical Technologies (SAOT)

-- 	Mitglied des wissenschaftlichen Beirats des Leibnitz-Instituts für Innovative Mikroelektronik IHP Frankfurt/Oder

-- 	Member of the Evaluation Panel (NT-L) of the Swedish Research Council

-- 	Representative of the Fraunhofer Gesellschaft / Microelectronics Alliance at the European Semiconductor Industry Associati-

on (ESIA)

-- 	Nationale Plattform Elektromobilität, AG1

-- 	Wissenschaftlicher Beirat der NaMLab GmbH in Dresden

-- 	Advisory Board, Res. Inst. for Tech. Phys. and Matl. Sci. (MFA), Budapest, HUN

-- 	Kerngutachter in der Auswahlkommission „Kooperative Projekte“ der Fraunhofer Gesellschaft mit dem Max-Planck-Institut

-- 	Wissenschaftlicher Beirat der Gesellschaft für Mikro- und Nanoelektronik GMe, Vienna, AUT

 

Friedrich, J.

-- Vorsitzender der Deutschen Gesellschaft für Kristallwachstum und Kristallzüchtung e.V. (DGKK)

-- Mitvorsitzender des DGKK-Arbeitskreises „Herstellung und Charakterisierung massiver Halbleiter“
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Öchsner, R. 

-- Member of the “Factory Integration Working Group (FITWG)” of the “International Technology Roadmap for Semiconduc-

tors (ITRS)”

-- Member of Semicon Europe Semiconductor Technology Programs Committee (STC)

-- Member of the Steering Committee European 450 mm Equipment & Materials Initiative: EEMI 450

-- Mitglied im Kernteam Spitzencluster Automation Valley

-- Member of the Advisory Committee “online educa”, International Conference on Technology Supported Training and Lear-

ning

-- Member of SEMI European Equipment Automation Committee

-- Member of SEMI Task Force: Equipment Productivity Metrics Task Force

-- 	Member of SEMI Task Force: Process Control Systems (PCS)

-- 	Member of SEMI Task Force: Data Quality

Pichler, P.

-- Member of the Board of Delegates of the European Materials Research Society (E-MRS)

Pfitzner, L.

-- Honorarprofessor an der Universität Erlangen-Nürnberg, Fachbereich Elektrotechnik

-- Chair of IPWGN (International Planning Working Group of Nanoelectronics)

-- 	Chairman of the Executive Committee and of the 4th International Conference on “450 mm - Status and Overview” 2012, 

Dresden, Germany, October 9-10

-- 	Member of the Program Committee of the 5th International Conference on “450 mm - Status and Overview”, Dresden, Oc-

tober 09 – 10, 2013

-- 	Member of the Program Committee ISSM 2012 (IEEE „International Symposium on Semiconductor Manufacturing „),  

Tokyo, JPN, October 15-17 

-- Member of the Program Committee ISSM 2013, September 6, 2013, HsinChu, Taiwan

-- Member of the Program Committee of the FCMA, International Conference on “ Frontiers of Characterization and Metrolo-

gy for Nanoelectronics”, Gaithersburg, MD, USA, March 25-28, 2013

-- 	Chairman of the „Yield Enhancement Working Group“ (ITWG) of the ITRS (International Technology Roadmap for Semicon-

ductors) Conference 2012, Tokyo, JPN, December 3-4

-- Mitglied der VDE/VDI-Gesellschaft für Mikroelektronik, Mikro- und Feinwerktechnik,  Fachbereich „Halbleitertechnologie 

und Halbleiterfertigung“, Leiter des Fachausschusses „Produktion und Fertigungsgeräte“

-- Mitglied der VDE/VDI-Gesellschaft für Mikroelektronik, Mikro- und Feinwerktechnik,  Fachbereich „Halbleitertechnologie 

und Halbleiterfertigung“, Leiter der Fachgruppe 1.1„Geräte und Materialien“

-- 	Co-chair of the SEMI Task Force „Environmental Contamination Control“

-- Counciler in the Executive Committee of the International Organization of Crystal Growth (IOCG)

-- Program Co-Chair of the “International Conference on Crystal Growing” (ICCG-17), Warsaw, POL

-- Advisory Committee of International Workshop on Crystalline Silicon for Solar Cells

-- Advisory Committee of International Workshop on Modeling of Crystal Growth

-- Reviewer for Journal of Crystal Growth, Applied Physical Letters 

Häublein, V.

-- Koordinator der VDE / Vdi – GMM Fachgruppe 1.2.2. „Ionenimplantation“

Jank, M.P.M.

-- Working group on nanomaterials – European Semiconductor Industry Association (ESIA) 

Lorenz, J.

-- Chairman of the Modeling and Simulation International Working Group (ITWG) of the ITRS 

(International Technology Roadmap for Semiconductors)

-- Member of the Electrochemical Society
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Kolloquium zur Halbleitertechnologie und Messtechnik
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4. Erlanger Symposium über Kristallzüchtung von Halbleitern 

und optischen Kristallen
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Schülerbesuch Gymnasium Eckental

IISB, Erlangen, January 26, 2012

8th International Thin-Film Transistor Conference

Lisbon, POR, January 30 – 31, 2012

Schülerbesuch Gymnasium Stein

IISB, Erlangen, February 07, 2012

“realize your visions!“

Nuremberg, February 16, 2012

Leistungselektronik - Öffentliche Vortragsreihe des Fraunhofer-

Innovationsclusters „Elektronik für nachhaltige Energienut-

zung“, Themenschwerpunkt „Thermal Management“
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Leistungselektronik - Öffentliche Vortragsreihe des 
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Berlin, April 03 - 04, 2012

MRS Spring Meeting 2012

San Francisco, CA, USA, April 09 – 13, 2012
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Reutte, AUT, September 27, 2012

Kolloquium zur Halbleitertechnologie und Messtechnik

IISB, Erlangen, Winter Semester 2012/2013

DGKK-Workshop „Herstellung und Charakterisierung von 
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für die Elektromobilität“
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International Conference on Extended Defects in Semiconduc-
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Thessaloniki, GRE, June 24 – 29, 2012

Workshop on Dielectrics in Microelectronics (WoDiM) 

Dresden, June 25 – 27, 2012

International Conference on Ion Implantation Technology – 
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Valladolid, ESP, June 25 – 29, 2012

Leistungselektronik - Öffentliche Vortragsreihe des 

Fraunhofer-Innovationsclusters „Elektronik für nachhaltige 

Energienutzung“, Themenschwerpunkt „Isolierende Gleich-

spannungswandler für E-Fahrzeuge“

IISB, Erlangen, July 16, 2012

6. Wissenschaftstag der Metropolregion Nürnberg

Erlangen, July 20, 2012

Schülerbesuch Emil-von-Behring-Gymnasium Spardorf 

IISB, Erlangen, July 25, 2012

19th International Conference on Ion Implantation Technology

Valladolid, ESP, July 25 – 29, 2012
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Cluster–Seminar „Niederspannungs-Gleichstromnetze / LV DC 

Grids“
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Informatik contactING 2012
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GMM-VDE/VDI-Fachgruppe 1.2.3, Abscheide- und Ätzver-

fahren,  Fachausschuss 1.2: Verfahren, Nutzergruppentreffen 

PVD, PECVD und Ätzen
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Munich, November 14, 2012

Lorentz, V.R.H.; Wenger, M.M.; Grosch, J.L.; Giegerich, M.; Jank, M.P.M.; März, M.; Frey, L.: 

Novel Cost-Efficient Contactless Distributed Monitoring Concept for Smart Battery Cells 

21st IEEE International Symposium on Industrial Electronics ISIE 2012 

Hangzhou, CHN, May 28, 2012

Lukas, S.; Jank, M.P.M.; Weis, S.; Frey, L.: 

Handling of Surface-Sensitive Nanoparticles Under Ambient Air Conditions 

EAM Symposium 2012, Exzellenzcluster Engineering of Advanced Materials 

Oberhof, October 24, 2012

März, M.: 

Aspekte der Hochvolt-Bordnetztopologie Leistungselektronik und intelligente Batteriesysteme 

VDE Symposium Elektromobilität 

Offenbach, July 06, 2012

März, M.: 

Basics on Heat Generation and Heat Transfer 

ECPE Tutorial on Thermal Engineering, 

Erlangen, July 23 – 24, 2012

März, M.: 

Batteries and Smart Battery Management 

PCIM Europe Conference, 

Nuremberg, May 10, 2012

März, M.: 

Elektronik für nachhaltige Energienutzung. 

Realize Your Visions – Ingenieure gestalten die Zukunft, Infotag Ingenieurwissenschaften, 

Nuremberg, February 16, 2012

März, M.: 

Energieeffiziente Netz- und Gerätekonzepte. 

Realize Your Visions – Ingenieure gestalten die Zukunft, Infotag Ingenieurwissenschaften, 

Nuremberg, February 16, 2012

März, M.: 

Leistungselektronik für die Elektromobilität, Herausforderungen für Forschung und Entwicklung 

SMT Packaging Kongress 2012 

Nuremberg, May 09, 2012

März, M.: 

Mobilität von morgen

Informationstag des Technik ohne Grenzen e.V., 

Erlangen, June 19, 2012

März, M.: 

Mobilität von morgen - Herausforderungen, Fakten, Perspektiven,  Szenarien 

Drive-E-Akademie

Aachen, March 12 – 16, 2012

März, M.: 

Niederspannungs-Gleichstromnetze - Eine thematische Einführung 

Bay. Cluster Leistungselektronik, Seminar LV-DC-Grids, 

Erlangen, November 07 – 08, 2012

März, M.:

Parasitics in Power Electronics - Avoid them or Turn Enemies into Friends. 

ECPE Workshop „Future Trends for Power Semiconductors“, ETH 

Zürich, SUI January 27, 2012
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März, M., Schletz, A.; Malipaard, D.: 

Trend zur Hochtemperatur-Leistungselektronik? Zusammenhang zwischen neuen Materialien, Bauteiloptimierung 

und Systemintegration, 

Industrieworkshop,

Mainz, January 31, 2012 

Meißner, E.:

Mehrskalen-Defektanalyse von GaN

27. DGKK-Workshop „Epitaxie von III/V Halbleitern“

Erlangen, December 06 – 07, 2012

Meißner, E.; Azizi, M.; Geiger, T.; Erlekampf, J.; Scharin, M.:

Analysis of key defects, in multi crystalline silicon for solar applications, influencing the performance of the solar cell

1st Annual World Congress of Advanced Materials 2012 (WCAM2012)

Beijing, CHN, June 06 – 08, 2012

Meißner, E.; Erlekampf, J.; Alt, N.; Seebeck, J.; Friedrich, J.; Frey, L.; Schluecker, E.:

Development and experimental validation of a thermal model for the ammonothermal reactor and possibilities for in-situ insight 

into the ammonothermal growth process

Seminar on the Growth of Nitride Semiconductors

Sendai, JPN, October 22 – 23, 2012

Meißner, E.; Knetzger, M.; Friedrich, J.; Knoke, I.; Spiecker, E.: 

Direct evidence for the microstructural origin of cracks in thick GaN crystals during the crystal growth by hydride vapour phase 

epitaxy (HVPE) 

International Workshop on Nitride Semiconductors

Sapporo, JPN, October 22 – 23, 2012

Mortet, V.; Bedel-Pereira, E.; Bobo, J.; Strenger, C.; Uhnevionak, V.; Burenkov, A.; Cristiano, F.; Bauer, A.J.:

Hall effect characterizations of 4H-SiC MOSFETs: Influence of nitrogen channel implantation

Poster Presentation, European Conference on Silicon Carbide and Related Materials (ECSCRM) 2012

St. Petersburg, RUS, September 02 – 06, 2012

Murakami, K.:

Advanced Characterization of high-k dielectrics by Conductive AFM Measurements and sensitive Evaluation Methods

Kolloquium zur Halbleitertechnologie und Messtechnik 

Erlangen, January 16, 2012

Murakami, K.; Rommel, M.; Bauer, A.J.; Frey, L.; Hudec, B.; Rosova, A.; Hueková, K.; Fröhlich, K.; Kasikov, A.; 

Ramula, R.; Aarik, J.; Han, J.H.; Han, S.; Lee, W.; Song, S.J.; Hwang, C.S.:

Nanoscale characterization of TiO2  films grown by atomic layer deposition

Poster Presentation, Workshop on Dielectrics in Microelectronics (WoDiM)

Dresden, June 25 – 27, 2012

Niemietz, K.; Dadzis, K.; Nauber, R.; Burger, M.; Büttner, L.; Pätzold, O.; Wunderwald, U.; Czarske, J.; Friedrich, J.:

Experimental and numerical modeling of melt flow for directional solidification of multicrystalline silicon in a traveling magnetic 

field

7th International Workshop on Modeling in Crystal Growth  IWMCG7

Taipei, TPE, October 29 – 31, 2012

Niemietz, K.; Pätzold, O.; Stelter, M.; Dadzis, K.; Wunderwald, U.; Friedrich, J.:

Model experiments and numerical simulation for directional solidification of silicon in a traveling magnetic field

Poster Presentation, 4th European Conference on Crystal Growth (ECCG-4)

Glasgow, SCO, June 17 – 20, 2012

Petrik, P.; Pollakowski, B.; Zakel, S.; Gumprecht, T.; Beckhoff, B.; Lemberger, M.; Labadi, Z.; Baji, Z.; Jank, M.P.M.; 

Nutsch, A.: 

Characterization of ZnO structures by optical and x-ray methods 

Poster Presentation, E-MRS 2012 Fall Meeting 

Warsaw, POL, September 17 – 21, 2012

Petrik, P.; Nutsch, A.; Roeder, G.; Gumprecht, T.; Fodor, B.; Juhasz, G.; Polgar, O.; Major, C.; Freid, M.:

Comparative measurements on atomic layer deposited AI203 thin films using ex situ table top and mapping allipsometry, as well 

as X-ray and VUV reflectometry

Poster presentation, E-MRS 2012 Spring Meeting

Strasbourg, FRA, May 14 – 18, 2012

Pfeffer, M.; Schöpka, U.; Öchsner, R.; Pfitzner, L.; Eckert, S.; Hartmann, A.; Gold, H.; Biebl, G.; Kaspar, J.:

Predictive Sampling Approach to Dynamically Optimize Defect Density Control Operations 

IMPROVE-Projekttreffen

Villach, AUT, June, 2012
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Pfitzner, L.:

450 mm in Europe - Challenges, Opportunities and Synergies

12th European Advanced Process Control and Manufacturing Conference

Grenoble, FRA, April 16 – 18, 2012

Pfitzner, L.:

450 mm Manufacturing Development and Synergies for Smaller Diameters

4th Sino-German Symposium “The Silicon Age”

Berlin, September 18 – 23, 2012

Pfitzner, L.:

Equipment, Materials and Manufacturing in Europe – Strength or Weakness, Challenges and Opportunities

38th International Micro & Nano Engineering Conference (MNE 2012)

Toulouse, FRA, September 16 – 20, 2012

Pfitzner, L.:

European Vision and Achievements Towards Larger Diameter Wafers

International Symposium on Semiconductor Manufacturing 2012 (ISSM)

Tokyo, JPN, October 15 – 17, 2012

Pfitzner, L.:

Fraunhofer Activities towards 450 mm

Semicon Europe

Dresden, October 10 – 11, 2012

Pfitzner, L.:

ITRS – YE  ITWG

International Technology Roadmap for Semiconductors (ITRS)

San Francisco, CA, USA, December, 2012

Pfitzner, L.:

Nanoelectronics for Intelligent Production – Intelligent Production for Nanoelectronics

Technology Forum Alpbach

Alpbach, AUT, August 23 – 25, 2012

Pfitzner, L.; Roeder, G.:

Equipment research development and innovation for semiconductor manufacturing – a global challenge

1st Korea-EU Exploratory Workshop on Nanotechnology

Seoul, Republic of Korea, March 20, 2012

Pichler, P.:

Bor, Phosphor, Arsen, Einfluss von Damage, Diffusion von Phosphor und Bor durchs Oxid 

Infineon 

Munich, October 22, 2012

Pichler, P.:

Boron-interstitial clusters in silicon

Workshop „Defects and Surfaces in Electronic Materials“ 

Bremen, September 14, 2012

Pichler, P.: 

Zuverlässigkeit und Fehleranalyse integrierter Schaltungen 

Lecture 

IISB, Erlangen, Winter Semester 2012/2013

Polster, S.; Baum, M.; Ammesdörfer, D.; Oertel, S.; Jank, M.P.M.; Schmidt, M.; Frey, L.: 

Electrical Properties of Laser Treated, Solution Processed ZnO Films for the Application in Thin Film Transistors 

Poster Presentation, mrs Spring Meeting 2012 

San Francisco, CA, USA, April 12, 2012

Popov, J.: 

Isolierender 14 V Spannungswandler mit zwei „unsymmetrischen“ Kanälen 0,5 kW / 2,5 kW

Leistungselektronik-Kolloquium des Fraunhofer Innovationsclusters „Elektronik für nachhaltige Energienutzung“, Erlangen, July 

16, 2012

Rauh, H.: 

Einfluss der Umgebungsbedingungen auf die Reichweite von Elektrofahrzeugen 

CTI-Konferenz „Heiz- und Kühlsysteme im KFZ“, 

Wiesbaden, November 29, 2012
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Reimann, C.; Meißner, E.; Trempa, M.; Lehmann, T.; Friedrich, J.:

A new characterization tool for the investigation of the crystal structure of multicrystalline silicon

Deutsche Kristallzüchtungstagung 2012

Freiberg, March 07 – 09, 2012

Reimann, C.; Meißner, E.; Trempa, M.; Lehmann, T.; Friedrich, J.:

A new characterization tool for the investigation of the crystal structure of multicrystalline silicon

Poster Presentation, 27th European Solar Energy Conference and Exhibition (PVSEC)

Frankfurt, September 24 – 28, 2012

Roeder, G.; Mattes, A.; Pfeffer, M.; Schellenberger, M.; Pfitzner, L.; Knapp, A. et. al.:

Framework for Integration of Virtual Metrology and Predictive Maintenance

15. Workshop der GMM – Fachgruppe 1.2.3 Abscheide- und Ätzverfahren 

Erlangen, December 13, 2012

Roll, G.:

Leakage Current and Defect Characterization of Short Channel MOSFETs

PhD Thesis

IISB, Erlangen, September 10, 2012

Rommel, M.; Jambreck, J.D.; Murakami, K.; Lemberger, M.; Richter, C.; Weinzierl, P.; Bauer, A.J.; Frey, L.:

Approaches for the reduction of the influence of parasitic capacitances on local IV characteristics for conductive AFM

Workshop on Dielectrics in Microelectronics (WoDiM) 

Dresden, June 25 – 27, 2012

Rommel, M.; Murakami, K.; Paskaleva, A.; Erlbacher, T.; Lemberger, M.; Bauer, A.J.; Frey, L.:

Nanoscale characterization of high-k dielectrics by electrical scanning probe microscopy

Bratislava, SVK, March 07, 2012

Rommel, M.; Rumler, M.; Haas, A.; Bauer, A.J.; Frey, L.:

Processing of nanoelectrode structures by direct Ga+ FIB milling and by Ga+ resistless lithography

38th International Conference on Micro and Nano Engineering

Toulouse, FRA, September 16 – 20, 2012

Rommel, M.; Rumler, M.; Haas, A.; Meixner, A.; Büttner, A.:

Gallium-induzierte Trockenätzmaskierung für die Herstellung von Nanostrukturen

Kolloquium zur Halbleitertechnologie und Messtechnik 

Erlangen, December 03, 2012

Rumler, M.; Fader, R.; Haas, A.; Bauer, A.J.; Frey, L.:

Evaluation of resistless Ga+ beam lithography for UV-NIL stamp fabrication

38th International Conference on Micro and Nano Engineering

Toulouse, FRA, September 16 – 20, 2012

Rumler, M.; Fader, R.; Haas, A.; Bauer, A.J.; Frey, L.:

Evaluation of resistless Ga+ beam lithography for UV-NIL stamp fabrication

Poster Presentation,11th International Conference on Nanoimprint & Nanoprint Technology, NNT 2012 

Napa, CA, USA, October 24 – 26, 2012

Ryssel, H.:

„Geschichte des Silicium - von der Entdeckung bis zu höchstintegrierten Schaltungen“ 

Jahrestagung der Deutschen Gesellschaft für Kristallzüchtung  

Erlangen, March 06 – 08, 2012

Schletz, A.:

Aktive Temperaturwechsel – Test und Interpretation

Fraunhofer Innovationscluster „Elektronik für nachhaltige Energienutzung“

Erlangen, May 21, 2012

Schletz, A.:

Messplatz für aktive Temperaturwechsel (Power Cycling Test) - Test und Interpretation

Deutsche IMAPS-Konferenz

Munich, October 12, 2012

Schellenberger, M.; Koitzsch, M.; Roeder, G.; Pfeffer, M.; Schöpka, U.; Mattes, A.; Pfitzner, L.:

IMPROVE - a joint European effort to boost efficiency in semiconductor manufacturing

Advanced Process Control Conference (APC)

Ann Arbor, MI, USA, September 10 – 12, 2012

Schneider, V.; Reimann, C.;  Friedrich, J.:

New sessile drop furnace for multi-purpose measurement options 

Poster Presentation, 6th International Workshop on Crystalline Silicon Solar Cells 

Aix-les-Bains, FRA, October 08 – 11, 2012
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Schneider, V.; Reimann, C.;  Friedrich, J.; Müller, M.; Blumenau, A.:

Tiegel für die gerichtete Erstarrung von Silicium: SiO2 und Si3N4 Keramiken im Vergleich

DGKK-Arbeitskreis „Herstellung und Charakterisierung massiver Halbleiter“

Freiberg, October 04 – 05, 2012

Schöpka, U.; Mattes, A.; Öchsner, R.; Barak, B.; Kyek, A.; Lenz, B.; Pfitzner, L.:

Bayesian Networks for maintenance planning in ion implantation

International Symposium on Semiconductor Manufacturing 2012 (ISSM)

Tokyo, JPN, October 15 – 17, 2012

Schöpka, U.; Mattes, A.; Öchsner, R.; Barak, B.; Kyek, A.; Lenz, B.; Pfitzner, L.;

Predictive Maintenance modelling of an IHC implanter ion source utilizing Bayesian Networks

Poster Presentation

Berlin, December, 2012

Schöpka, U.; Roeder, G.:

Application of Predictive Maintenance for semiconductor manufacturing equipment

Erlangen, December 13, 2012

Schmidt, K.; Jank, M.P.M.:

Einführung in die gedruckte Elektronik

Lecture

IISB, Erlangen, Winter Semester 2012 / 2013

Schwarzmann, H.; Erlbacher, T.; Bauer, A.J.; Ryssel, H.; Frey, L.:

Amplitude modulated resonant push-pull driver for piezoelectric transformers in switching power applications

7th International Conference on Integrated Power Electronics Systems 

Nuremberg, March 06 – 08, 2012

Seebeck, J.; Jung, T.; Kupka, I.; Friedrich, J.: 

Modelling of TMF-like Electromagnetic Stirring Using AC Operated Heaters during Directional Solidification of Multi-Crystalline 

Silicon

7th International Workshop on Modeling in Crystal Growth-IWMCG7

Taipei, TPE, October 29 – 31, 2012

Seebeck, J.; Jung, T.; Rudevics, A.; Friedrich, J.:

Modeling of turbulent melt flows in industrial-scale crystallization furnaces

Poster Presentation, 7th International Symposium on Turbulent Heat and Mass Transfer

Palermo, ITA, September 24 – 27, 2012

Seebeck, J.; Jung, T.; Rudevics, A.; Friedrich, J.:

Numerical requirements for modeling turbulent melt flows in industrial-scale crystallization furnaces

International Conference on Computational Science (ICCS-2012)

Omaha, NE, USA, June 04 – 07, 2012

Seebeck, J.; Rudevics, A.; Jung, T.; Friedrich, J.:

Recent developments in modeling Cz crystal growth using CrysMAS

Poster Presentation, Deutsche Kristallzüchtungstagung 2012

Freiberg, March 07 – 09, 2012

Smazinka, T.: 

EMV Basis-Know-How. Leistungselektronik

Kolloquium des Fraunhofer Innovationsclusters „Elektronik für nachhaltige Energienutzung“,

Erlangen, March 19, 2012

Trapnauskas, J.; Rommel, M.:

Semiconductor oxide surface potential measurements in macro- and nano-scale

Poster Presentation, Microelectronics for Society – More than Moore expands More Moore

Bad Honnef, June 10 – 16, 2012

Trempa, M.; Reimann, C.; Friedrich, J.:

Grain growth of different orientated mono-crystalline silicon ingots for photovoltaic application

4th European Conference on Crystal Growth (ECCG-4) 

Glasgow, SCO, June 17 – 20, 2012
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Trempa, M.; Reimann, C.; Friedrich, J.:

Grain growth of different orientated mono-crystalline silicon ingots for photovoltaic application

Deutsche Kristallzüchtungstagung 2012

Freiberg, March 07 – 09, 2012

Trempa, M.; Reimann, C.; Friedrich, J.:

Grain growth of different orientated mono-crystalline silicon ingots for photovoltaic application

Poster Presentation, 27th European Solar Energy Conference and Exhibition (PVSEC)

Frankfurt, September 24 – 28, 2012 

Trempa, M.; Reimann, C.; Friedrich, J.:

Influence of seed joints on the defect development during directional solidification of mono-crystalline silicon ingots for photo-

voltaic application

6th International Workshop on Crystalline Silicon Solar Cells 

Aix-les-Bains, France, October 08 – 11, 2012

Trempa, M.; Reimann, C.; Friedrich, J.:

Influence of seed joints on the defect development during directional solidification of mono-crystalline silicon ingots for photo-

voltaic application 

Poster Presentation, 27th European Solar Energy Conference and Exhibition (PVSEC)

Frankfurt, September 24 – 28, 2012 

Uhnevionak, V.; Strenger, C.; Burenkov, A.; Mortet, V.; Bedel-Pereira, E.; Cristiano, F.; Bauer, A. J.; Pichler, P.:

Verification of near-interface traps by electrical measurements on 4H-SiC n-channel MOSFETs

European Conference on Silicon Carbide and Related Materials (ECSCRM), 2012

Saint Petersburg, RUS, September 02 – 06, 2012

Voelkel, R.; Vogler, U.; Bramati, A.; Weichelt, T.; Stürzebecher, L.; Zeitner, U.D.; Motzek, K.; Erdmann, A.; Hornung, M.; 

Zoberbier, R.: 

Advanced Mask Aligner Lithography (AMALITH) 

SPIE Advanced Lithography 

San Jose, CA, USA, February 2012

Weis, S.N.; Koermer, R.; Jank, M.P.M.; Lemberger, M.; Peukert, W.; Frey, L.: 

Solution-Processed Silicon Nanoparticle Thin Films – Field Effect, Surface Conditions and Environmental Sensitivity 

Poster Presentation, mrs Spring Meeting 2012 

San Francisco,CA, April 12, 2012

Weis, S.; Mehringer, C.; Körmer, R.; Jank, M. P. M.; Ryssel, H.; Peukert, W.; Frey, L.: 

Solution-Processed Silicon and Germanium Nanoparticle Thin Films 

EAM Symposium 2012, Exzellenzcluster Engineering of Advanced Materials 

Oberhof, October 24, 2012

Wenger, M., Lorentz, V.R.H.: 

Dezentrales Batteriemonitoring mit kapazitiv gekoppelter Datenübertragung

EMA-Nürnberg 2012 

Nuremberg, September 21 – 22, 2012

Wenger, M., Lorentz, V.R.H.: 

Intelligente Batteriezellen für skalierbare Batteriesysteme 

Fraunhofer Netzwert Symposium 2012, 

Munich, December 04, 2012

Yang, J.; Wang, X.; Li, S.; Duan, L.; Yan, G.; Xua, D.; Bourov, A.Y.; Erdmann, A.: 

In situ aberration measurement technique based on quadratic Zernike model 

SPIE Optical Design Europe 

Barcelona, ESP, November 2012.

Yan, G.; Wang, X.; Li, S.; Yang, J.; Xu, D.; Duan, L.; Bourov, A.Y.; Erdmann, A.: 

In-situ Aberration Measurement Technique Based on Aerial Image with Optimized Source 

SPIE Optical Design Europe 

Barcelona, ESP, November 2012. 

Zeltner, S.: 

Leistungselektronik für DC-Netze Cluster-Seminar LV-DC-Grids,

Bay. Cluster Leistungselektronik, Seminar LV-DC-Grids, 

Erlangen, November 07 – 08, 2012

Zeltner, S.:

Realize YOUR Visions… With Power Electronics

PCIM Europe 2012

Nuremberg, May 10, 2012
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Ammesdörfer, D.:

Lasersintern nanopatikulärer ZnO Schichten für den Einsatz als aktive Schicht in Dünnfilmtransistoren

Bauer, J.:

Simulation und Regelung von Drehfeldmaschinen mit sinus- und blockförmiger Bestromung

Filimon, R.:

Signal conditioning electronics for distributed battery monitoring in electric and hybrid vehicles

Groos, P.:

Erstellung eines Simulationsmodells für Gleichspannungswandler

Grosch, J.:

Untersuchungen zu gedruckten Temperatursensoren

Daves, W.:

Silicon Carbide Field-Effect Transistor (FET) Transducers for Harsh Environment Applications

Hofmann, M.:

Charakterisierung eines mechatronisch integrierten Achs-Antriebssystems für Hybrid- und Elektrofahrzeuge

Kaiser, J.:

Beiträge zur Herstellung von MOSFETs in Germaniumschichten

Roll, G.:

Leakage Current and Defect Characterization of Short Channel MOSFETs

Kusbandiah, T.:

Surface Reconstruction from Makyoh Data for the Determination of Nanotopography on Semiconductor Wafers

Miled, H.:

Entwicklung einer schnellen Strommesswerterfassung und modellgestützen Signalaufbereitung in einem FPGA

Murmann, S.:

Untersuchungen zu einer störsicheren Schnittstelle für Ansteuerschaltungen

Rauch, M.:

Entwicklung eines Fahrzeugmanagement–Systems für ein batteriebetriebenes Elektrofahrzeug

Röthel, F.:

Systemauslegung und Verifikation eines Kühlkreislaufs in einem Elektrofahrzeug

Schlierf, E.:

Simulation gekoppelter Gleichspannungsnetze

Schulz, S.:

Modellierung, Simulation und Optimierung des Chemikalienflusses eines Anlagenprototypens zum nasschemischen Ätzen von 

Kupfer

Schwabaur, N.:

Analyse und elektrotechnische Auslegung des Antriebssystems eines allradgetriebenen Elektrofahrrads

Stauber, T.:

Modellierung der Grenzschicht unterhalb des Kristalls beim Czochralski-Prozess mittels LES und DNS

Tinius, S.:

Untersuchungen der Einsatzgrenzen von SiC-Leistungsbauelementen im hartschaltenden Betrieb

Vogt, A.:

Einfluss von Phosphor und Stickstoff auf das Metall-Oxid-Halbleiter-System auf 4H-Siliciumcarbid
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Begel, M.:

Evaluierung von Niedertemperatur-Oberflächenpassivierungsverfahren für die Messung von Ladungsträgerlebensdauern von 

Silicium für die Photovoltaik

Bouaziz, W.: 

Überwachung von Li-Ionen–Akkumulatoren mittels Gassensoren

Börngen, H.:

Dynamisches Abschaltverfahren von schnell schaltenden pin-Dioden

Burjakow, B.:

Analyse des Oxidationsverhaltens einer Keramik und deren Benetzbarkeit durch Silizium

Doll, B.:

Untersuchung und Optimierung von Prozessen zur Herstellung von Siliciumdioxidschichten an einer Mikrowellen-Plasmaoxidati-

onsanlage

Falk, S.:

Aufbau und Inbetriebnahme eines Leistungsteils zur Untersuchung der Leistungsskalierbarkeit und des Betriebsverhaltens von 

Antriebsumrichtern mit verteiltem Zwischenkreiskondensator

Feihl, C.:

Entwurf und Implementierung einer Betriebssoftware für TriCore-basierte Steuergeräte im Antriebsstrang

Gerstner, H.:

Entwicklung und Aufbau einer Leistungsendstufe für einen bidirektionalen Traktions–

DC/DC–Wandler

Greifzu, G.:

Erprobung und Weiterentwicklung eines Lateral Photovoltage Scanning Messplatzes 

Herbst, M.:

Entwicklung eines effizienten Präprozessors zur Definition der Streckenvorgabe für Verbrauchs- und Fahrdynamiksimulationen

Hubenthal, L.:

Kornauslese bei der gerichteten Erstarrung von kristallinem PV–Silizium

Hutzler, B.:

Entwicklung eines Algorithmus für einen Testaufbau zur Fehlererkennung

Kastner, P.:

Strukturelle und elektrische Charakterisierung von multikristallinen String Ribbon–Silizium für die Photovoltaik

Körber, T.:

Entwicklung und Aufbau einer Leistungsendstufe mit direkt gekühlten Leistungsschaltern für einen Traktionswandler

Lechner, T.:

Topologieuntersuchungen zur energieeffizienten Klimatisierung von Elektrofahrzeugen

Linhardt, S.:

Bestandsaufnahme und Evaluierung von Einsparpotentialen am Beispiel eines Institutsgebäudes

Lohse, D.:

Entwicklung eines Multi-Kanal-Protokolls für die Integration eines Android Systems in ein Elektrofahrzeug

Obermeier, S.:

Herstellung und Untersuchung einer Tiegelbeschichtung für die gerichtete Erstarrung von Silizium

Pflaum, M.:

Einfluss von Cäsium auf das Metall-Oxid-Halbleiter-System auf 4H-Siliciumcarbid

Saratov, E.:

Modellierung von Interferenz- und Talbot-Lithographie

Schmidt, C.:

Untersuchung und Auslegung eines stationären Energiespeichers für Gleichstromnetze

Schuh, P.:

Herstellung von photonischen Strukturen zur definierten Einkopplung und Auskopplung elektromagnetischer Strahlung

Schultheiß, F.:

Entwicklung und Inbetriebnahme eines Batterieüberwachungssystems
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Agasculesei, D.:

Simulation von Leistungsbauelementen in Siliziumcarbid 

Bartzsch, G.:

Entwicklung und Optimierung einer automatischen Detektion von Versetzungen in mc-Si mit Hilfe der Lichtmikroskopie

Baumgärtner, F.: 

Bestimmung der Ladungsträgerverteilung in eingeschalteten SiC–PIN-Dioden durch Messung der Rekombinationsstrahlung

Filimon, R.:

Entwicklung eines induktiv aufladbaren Retrofit–Akkusystems für konventionelle Hörgeräte 

Kramer, R.: 

Entwicklung eines EMV-Filters zur Anbindung von elektrisch betriebenen Fahrzeugen an das Niederspannungs-Versorgungsnetz 

Menrath, T.:

Konzeptionierung und Konstruktion eines Moduls mit Lithium-Ionen Zellen 

Spätling, T.:
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