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Ladies and gentlemen,

the year 2013 was a very successful year for the Fraunhofer Institute for Surface Engineering 

and Thin Films IST in many ways. We can look back on important awards and numerous new 

research results. 

We would like to take this opportunity to express our thanks to all people whose hard work 

and commitment made our success possible in the first place: above all the employees of the 

Fraunhofer IST, our partners from research and development, our customers from industry, our 

sponsors, colleagues and friends. Thank you for a trusting cooperation.

We provide you with a selection of the most important developments of the Fraunhofer IST in 

the annual report at hand. We hope you enjoy the reading and are looking forward to your 

ideas for cooperation in future. 

1 On the left: deputy director 

Prof. Wolfgang Diehl. On the right: 

director Prof. Dr. Günter Bräuer. 
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HIGHLIGHTS 2013
“Cells snuggle up in the mini-lab” and “Deep thoughts about 

surfaces – plasma coatings have conquered our daily lives”: 

with these headlines in June 2013 the Braunschweiger Zeitung 

acknowledged the work of the Fraunhofer IST. Also in June, 

five Braunschweig researchers received the highly esteemed 

Fraunhofer prize for human-centered technology for their 

“Plasma in a bag” research. They work at the Helmholtz 

Centre for Infection Research, at the Braunschweig Municipal 

Hospital (Städtisches Klinikum Braunschweig) and at the 

Fraunhofer IST. Plastic bags are conditioned with atmospheric-

pressure plasmas for the cultivation of stem cells from which 

“spare parts” are ultimately to be produced for the human 

body. This research project is a classic example of interdis-

ciplinary collaboration between plasma chemists, biologists 

and medical scientists and a further contribution towards a 

discipline which is still young – plasma medicine.

With the establishment of the Application Center for Plasma 

and Photonics (APP) in collaboration with HAWK University 

for applied Science and Art in Göttingen our institute has 

taken another important step towards plasma medicine. 

Since its dedication in the summer of 2012, the IST‘s center 

in Göttingen has developed outstandingly well and is already 

contributing over a million euros to the institute‘s balance 

sheet. One of the major topics here is the treatment of 

organic surfaces. Physicians are in urgent need of a gentle 

yet efficient treatment for skin and nail diseases or a faster 

healing of wounds after injuries or surgical interventions. 

Atmospheric-pressure plasmas can play an important role 

here. The scientists in Göttingen are also working on further 

innovations: the “plasma comb” kills unappetizing pests such 

as head lice or bedbugs, seeds are rendered germ-free, and 

the plasma in the vacuum cleaner is a deadly trap for dust 

mites. One extremely positive side-effect associated with this 

work is the increasing number of young and talented female 

scientists from the fields of biology and biotechnology who 

are enriching our research activities. “Talenta” is also the 

name of an internal Fraunhofer project within which we have 

already been able to foster the careers of four young female 

researchers. At this point I should like to express my thanks to 

our central office for this opportunity.

With its comprehensive equipment and its competence in the 

field of high-ionized low-pressure plasma, the Fraunhofer IST 

has also developed an outstanding reputation at national 

and international level. In 2013 the International Conference 

on Fundamentals and Applications of High Impulse Power 

Magnetron Sputtering was held in Braunschweig for the 

second time and was attended by around 150 experts from 

25 countries.

Despite developments of this kind, plasma is frequently still 

regarded as a “subset” of optical technologies. However this 

does not live up to the importance of this key instrument. 

Although plasma may appear in its most beautiful form as the 

aurora borealis, it is still a lot more than simply lights in the 

sky. For most plasma processes this illumination is irrelevant 

and only a free gift from nature.

The editor-in-chief of Metalloberfläche (mo), a periodical 

dedicated to metallic surfaces, headlined his editorial in a 

recent edition with the words “The future spells plasma”. This 

is a statement with which I wholeheartedly agree. 

I wish you great enjoyment in reading the report of our 

activities,

Günter Bräuer
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1 Dr. Michael Thomas with 

the plasma bag coater.

2 Prof. Dr. Wolfgang Viöl 

presents the plasma comb.
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FRAUNHOFER PRIZE FOR 
HUMAN-CENTERED TECHNOLOGY 2013
It sounds like one of those brainteasers where you have to 

change a matchstick figure into something else without 

adding or taking away any matches: How do you modify 

the inside of a closed bag without opening it? Impossible, I 

hear you say. But that is precisely what a team of researchers 

around Dr. Kristina Lachmann and Dr. Michael Thomas at the 

Fraunhofer Institute for Surface Engineering and Thin Films IST 

in Braunschweig have managed to do. They use plasma to 

activate the interior surfaces of plastic bags. The plasma acts 

as a disinfectant while also transfroming the surface of the 

bag such so that cells want and are able to grow on it.

“Our goal was to realize a closed system in which cells grow 

undisturbed and without the risk of contamination”, says 

Dr. Henk Garritsen from Braunschweig Municipal Hospital 

(Städtisches Klinikum Braunschweig). “Coating the bags 

with plasma enables us to use them as a GMP laboratory. 

GMP stands for good manufacturing practice – for quality 

assurance guidelines in, for example, the production of drugs 

and medicaments”. The background to these endeavors is 

stem cell research and the idea of treating illnesseses with the 

patient‘s own stem cells. Until now researchers have mostly 

used Petri dishes, flasks or bioreactors in a steril enivronment 

for cultivating stem cells. However, these systems still have to 

be opened in order to refill culture media or extract cells. This 

leads time and again to contamination and the painstakingly 

cultivated cells are become unusable.

At the Helmholtz Centre for Infection Research (HZI) in Braun-

schweig Dr. Werner Lindenmaier and Dr. Kurt Dittmar were 

already been working on bags for cultivating stem cells but 

without the success they were looking for. The geographical 

proximity and the expertise of Fraunhofer IST researchers in 

the field of plasma coating brought the two teams together. 

Initial tests showed that the cells grow on plasma-coated films. 

In a joint project sponsered by the German Federal Ministry of 

Economics and Technology (BMWi), the closed bag system and 

cell growth were to be investigated in greater detail. 

The key part of the method is coating with plasma. To achieve 

this, ordinary bags such as those used for blood infusions are 

filled with a noble gas and voltage is applied. “This produces 

plasma inside the bag for a short period – a luminous ionized 

gas that chemically modifies and at the same time disinfects 

the plastic surface”, explains Dr. Kristina Lachmann from 

Fraunhofer IST. In a pilot plant at the IST, bags were coated 

and then tested at the HZI and at the clinic to determine 

which coating is best suited for which type of cell. “We work 

with stem cells for bone, cartilage, fat and nerves – the coating 

can be optimized for each of these cell types”, says Dr. Kurt 

Dittmar. In the meantime the pilot installation at the IST has 

been optimized to the extent that the individual coating steps 

are automated. This makes it possible to produce standardized 

and reproducibly modified bags for cell cultivation. “We use 

medically approved bags for the coating”, says Dr. Michael 

Thomas. “Nevertheless, the plasma treatment must be 

demonstrated to be innocuous before approved for clinical 

use”. 

For their work on developing plasma in bags for cell cultivation 

in closed systems Dr. Kristina Lachmann, Dr. Michael Thomas, 

Dr. Henk Garritsen, Dr. Werner Lindenmaier and Dr. Kurt 

E. J. Dittmar have been awarded with the Fraunhofer prize 

for human-centered technology. The prize in the amount 

of 50,000 euros is granted every two years and founded by 

former executive board members and institute directors of 

the Fraunhofer-Gesellschaft and the Fraunhofer Excellence 

Foundation. It honors developments which make a significant 

contribution to improving people‘s quality of life.

The project-partners

 � Helmholtz Centre for Infection Research Therapeutic 
Cellular Vaccines 
Inhoffenstraße 7  
38124 Braunschweig 
www.helmholtz-hzi.de/en

 � Institut für Klinische Transfusionsmedizin 
Klinikum Braunschweig gGmbH 
Celler Straße 38 
38114 Braunschweig 
www.klinikum-braunschweig.de 

1  Dr. Kurt E. J. Dittmar, 

Dr. Michael Thomas, 

Dr. Kristina Lachmann, 

Dr. Werner Lindenmaier, 

Dr. Henk Garritsen and 

Dr. Hans-Ulrich Wiese, 

former director of 

human ressources of the 

Fraunhofer-Gesellschaft, (left 

to right) after being awarded 

with the Fraunhofer prize.

2  The five awardees with 

their development, plasma 

in a bag for cell cultivation in 

closed systems.
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PRIZES AND 
AWARDS IN 2013 
Next to the Fraunhofer pr ize for human-centered technology other pr izes have a lso been awarded to the 

employees of the Fraunhofer IST.  Even the Appl icat ion Center for P lasma and Photonics in Gött ingen can 

present some awards despite i ts  short  ex istence in the research community.

Ferchau Innovation Prize 2013 – 2nd place

Prof. Dr. Wolfgang Viöl, executive director of the Application 

Center for Plasma and Photonics of the Fraunhofer IST and 

Vice President Research of the HAWK University of applied 

Science and Art in Göttingen and his team were honored 

with the second place of the Ferchau Innovation Prize 2013. 

The important industry prize was guided by the topic: “Ac-

company the climate change – with technology for air, water, 

nutrition and energy.” Prof. Dr. Viöl and his team suceeded in 

making plasma technology accessible for dermatological ther-

apies and developed application free products for the therapy 

of skin diseases in partnership with the CINOGY GmbH. In the 

process the health-promoting anti-microbial and pH-modu-

lating effects of physical plasma are used to treat diseases like 

atopic dermatitis and psoriasis. So far no microorganisms with 

a resistance to plasma treatments are known. 

EFB Project Prize for Young Scientists 2013 

For the successful processing of the research project 

“Improvement in efficiency in tool and mold making 

throughout mechanical surface grading” Kai Weigel, scientist 

at the Fraunhofer IST, was awarded with the “EFB Project 

Prize 2013”. During the project the team of Fraunhofer and 

TU Darmstadt scientists were able to show that mechanically 

smoothed and coated tool surfaces, for example of molding 

tools, were at least as wear resistant as polished references. 

SVC Mentor Award

For his huge contribution to the understanding and of the im-

plementing of reactive sputter processes in an industrial stan-

dard Dr. Bernd Szyszka, professor for thin film components at 

the TU Berlin and former head of department for large area 

coatings at the Fraunhofer IST, was honored with the “Mentor 

1 2 3

1 Dr. Andreas Helmke, 

Prof. Dr. Christiane 

Dienel (president of 

the HAWK University), 

Prof. Dr. Wolfgang Viöl and 

industry partner Dr. Dirk 

Wandke with the Ferchau 

certificate.

2 Dipl.-Ing. Kai Weigel at 

the testing and characteriza-

tion of coatings.

3 Lower Saxony’s 

science minister 

Dr. Gabriele Heinen-Kljajic 

and M. Sc. Joana Hirschberg 

after the awarding of the 

Research Prize of Lower 

Saxony.

Award”. The prize is annually awarded at the Conference of 

Society and Vaccum Coaters SVC for special research activity 

and contribution.  

Research Prize of Lower Saxony 2013

Joanna Hirschberg, doctoral candidate at the Application 

Center for Plasma and Photonics of the Fraunhofer IST, was 

honored with the Research Prize of Lower Saxony 2013 for 

her extraordinary technical competence as well as her high 

social engagement. She is an active member of the academic 

self-administration of the HAWK University, where she helps 

to inspire students for technology and science. Furthermore 

she was engaged at the citizens’ initiative “Interrolli” which 

cares for the needs and interests of wheelchair users.
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If, as a mid-sized industrial enterprise, you turn to one of the 

Fraunhofer institutes, then you do so because special, even 

unique capabilities are to be found there – in other words, 

knowledge and practical abilities in the form of very highly 

qualified employees, special methods and procedures together 

with the corresponding equipment. But it is not just these 

capabilities which make an institute successful in its collabora-

tion with other scientific bodies and with companies operating 

in the market. A long-term, unbroken collaboration calls for 

another capability which is of fundamental importance: the 

ability to develop oneself. If this is lacking, as is more often 

the case in companies than one would believe, it will not be 

possible to rebalance properly after external shocks, such as 

economic crises, falls or other changes in demand or even 

technological jumps. On the other hand, if this capability 

is present, crises of this kind become, as the Chinese say, 

opportunities.

The Fraunhofer IST, of whose board of trustees I have now 

been a member for over eight years and chairman since 

May 2009, does have this self-development capability and 

at the present time is once again demonstrating this. I do 

not propose to go into detail about the impressive spectrum 

of scientific endeavor which is once again to be found in 

the annual report – it speaks for itself! On the other hand I 

should like to emphasize on behalf of the board of trustees 

the strategic process to which the Fraunhofer IST is currently 

subjecting itself – since it also reflects the contribution of the 

board of trustees. The stress is on the word “itself”. 

The trigger was the discussion at last year‘s meeting of the 

board of trustees. Since then the IST, and here I mean the first 

and second management levels in particular, has formulated 

a strategy based on a so-called SWOT analysis for each 

operational unit and presented these in a technology audit in 

November 2013. The overall orientation of the institute, its 

business fields and competences – here with an emphasis on 

market relevance – was audited, as also the implementation 

of the proposed measures and milestones (the roadmap). The 

auditors‘ report identified a series of subjects and fields of 

action which affect not only the internal organization but also 

the market cultivation and collaboration with partners. 

The objective now is to exploit the great capabilities of 

the Fraunhofer IST which were also identified in the audit, 

transforming them into scientific and economic success. One 

essential element here is an effective and efficient market 

development. 

As far as I can judge from the performance data of the 

Fraunhofer IST for 2013 and the prospects for 2014, the 

institute appears to be very much on the right road. This 

process is supported and encouraged by the members of the 

board of trustees.  

 Dr. Philipp Lichtenauer

  Plasmawerk Hamburg GmbH
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OUTSTANDING 
COLLABORATION
Schaeffler is one of the world‘s leading providers of rolling and spherical plain bearing 

solutions, of linear and direct drive technologies as well as being a well-known supplier to the 

automotive industry. We have already been a leader for many years in the field of innovative 

surface and coating technology in high-volume production.

To secure our long-term success, we attach strategic importance to products which to 

our customers throughout the world offer extra value as compared with those of market 

competitors. In this regard surface technology can offer great and significant potential which 

we are exploiting increasingly and judiciously. With our Schaeffler modular coatings concept 

we can therefore offer the component or system with the best coating or functional surface for 

each particular case – irrespective of whether friction reduction, wear and corrosion protection, 

current insulation or multifunctional coatings with sensorized properties are concerned.  

The Fraunhofer Institute for Surface Engineering and Thin Films IST in Braunschweig is a world 

leader in the industry-oriented research and development of thin, functional coatings. Its 

success is built on the outstanding quality of its scientists and also on the very latest equipment 

and analytical systems. For Schaeffler the Fraunhofer IST is therefore a valuable and strategic 

partner. We mutually supplement and exploit our areas of competence.   

 

Close cooperation with the IST is very valuable to us, especially in the field of sensorized 

coatings and analysis. In Sensotect® a thin, strain-sensitive PVD coating performs the actual 

measuring function. Measurement is carried out with extreme sensitivity and precision and 

without interruptions to operations. Future-looking research and development of this kind is  

often only possible with professional support from scientific establishments. At this point I should  

like to express my thanks to the Fraunhofer IST for its trusting and excellent collaboration. 

Dr.- Ing. Tim Hosenfeldt

Schaeffler Technologies GmbH & Co. KG

1 NJ206 cylindrical roller 

bearing with sensorized 

coating for measuring 

pressure on the raceway at 

rollover.

2 Car wheel bearing 

with Sensotect® coating for 

measuring wheel forces in 

operation.

3 Bicycle demonstrator: 

Pedal forces can be measured 

with the Sensotect®-coated 

sensor shaft and optimum 

support ensured for the 

electric motor.

4  Dr. Tim Hosenfeldt, head 

of the Competence Center 

Surface Technology at the 

Schaeffler Technologies 

GmbH & Co. KG.

1 2 3 4

Schaeffler modular  
coatings concept
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As an industry oriented R&D service center, the Fraunhofer Institute for Surface Engineering 

and Thin Films IST is pooling competencies in the areas surface treatment and modification, 

film deposition, coating production and application, film characterization, and surface analysis. 

A large number of scientists, engineers, and technicians are busily working to provide various 

types of surfaces with new or improved func tions and, as a result, help create inno vative 

marketable products. At pre sent, the institute’s business seg  ments are:

 � Mechanical and Automotive Engi neering

 � Aerospace

 � Tools

 � Energy, Glass, Facade

 � Optics and Electronics

 � Life Science and Ecology

In pursuing these business segments the institute utilizes its competencies in  

the following fields:

 � Friction Reduction and Wear Protection

 � Super-hard Coatings

 � Electrical and Optical Coa tings

 � Micro and Nano  Technology

 � Low Pressure Processes

 � Atmospheric Pressure Pro cesses 

 � Simulation

 � Analysis and Testing

INSTITUTE PROFILE
In line with the cross-sectional charac ter of coatings and surface technolo gies the institute 

cooperates with a large number of coating service pro viders, equipment manufacturers, and 

coating users from diverse in dus tries like machinery, transpor ta tion, pro  duction technology, 

electro nics, op tics, information technology, ener gy, medical devices, and biotech no lo gy to 

name just the most im por tant ones. 

At the site in Braunschweig on an office and laboratory area of more than 4000 square meters 

104 tenu red employees are addressing a variety of research projects. In addition the new 

building of the Application Center for Plasma and Photonics provides 1500 square meters 

of office and laboratory area on three storeys for the 15 tenured employees in Göttingen. 

The service offers of the Fraunhofer IST are supplemented by the com petencies of other 

institutes from the Fraunhofer Group “Light & Surfaces” as well as by the Institute for Surface 

Technology of the Technical Universitiy of Braunschweig which ist also managed by the 

IST director Prof. Dr. Günter Bräuer. Many projects are supported by funding through the state 

(Land) Nieder sachsen (Lower Sa xony), the federal government, the Eu ropean Union, and other 

institutions.

Important goals of the Fraunhofer IST are:

 � the rapid transfer of innovative solutions from application oriented research and develop-
ment to the industrial praxis,

 � the establishment of new future oriented technologies in the market place and

 � the transfer of these innovative technologies to small and medium sized companies.

F R A U N H O F E R  I S T
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Talent management

In 2013, the period under review, the Fraunhofer IST had 

119 employees. Around 50 % are scientific personnel, 

doctoral candidates and engineers. Research activities were 

supported by technical and commercial staff as well as a 

large number of graduands and student assistants. Training 

opportunities in the vocational fields of galvanics, physics and 

information technology were taken up by four employees in 

all.

Number of employees.
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THE INSTITUTE IN FIGURES
Operating budget

The operating budget ran in the period under review to a 

total of € 11.6 million, nearly constant to the year before. The 

personal costs contribute 62 % to the total operating budget. 

According to that at Fraunhofer IST exists an almost ideal 

60 : 40 ratio of personnel and material-related cost.

Personnel and material costs.
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Earning structure

The relative increase was 45.5 % in the period under review. 

This good figure is explained through industry amounting up 

to almost € 5.2 million. An additional € 3 million were realized 

through public-sector and other revenues. Therefore the total 

revenue of the period under review runs up to € 8.2 million.

Earning structure.
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Investments

All in all the Fraunhofer Institute for Surface Engineering and 

Thin Films IST dispensed on normal investment some € 700 K. 

€ 190 K could be invested through external project funds. This 

means for the Fraunhofer IST an overall budget (B + I) totaling 

€ 12.3 million.

Investments.
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IN FOCUS: THE APPLICATION 
CENTER IN GÖTTINGEN
With i ts  f i rst  year of ex istence passed in Summer 2013, the Appl icat ion Center in Gött ingen cont inues 

growing in i ts  importance for the R&D landscape. More than 18 innovat ive projects  in the f ie lds of plasma 

and photonics were executed with many regional  and nat ional  partners in this  f i rst  year,  more are to 

come.

Fraunhofer IST at the development site Göttingen

With the Application Center, the Fraunhofer IST develops 

a new and attractive research environment and market. 

Numerous renowned research institutions, as for example 

the University Medical Center Göttingen, the Max Planck 

Society with five scientific research institutes, the Helmholtz 

Association with two German Aerospace Centers and the 

HAWK University for applied Sciences and Art constitute an 

interdisciplinary framework for future innovations.

Strong Cooperation

The Application Center combines the innovative power of the 

Fraunhofer IST in Braunschweig with the extensive treasure 

trove of experience of the HAWK working group for laser and 

plasma technology headed by Professor Viöl. It was founded 

first from twelve Fraunhofer Application Centers and is to 

grow further as an IST department in Göttingen. At the end 

of 2013, fifteen employees and HAWK student assistants 

were already working on new ideas and projects. During 

the first year of existence, the center was able to raise about 

€ 1.1 million of financial resources. 

It aims to expand this first success up to the final evaluation in 

2017, including third party funding as well as research projects 

with the industry, to gain a secure location for research and 

development in Göttingen.

Space for Innovations

A new building on the HAWK Campus offers the necessary 

space for successful research. From the first symbolic cut with 

a spade in August 2013 it only took until November 2013 to 

finish the building shell. It is planned to move in in February 

2014. Three floors and 1.500 square meter offer room for of-

fice space and seven laboratories. The total costs for the new 

building amount to € 3.75 million and is financed by the GWG 

Gesellschaft für Wirtschaftsförderung und Stadtentwicklung 

Göttingen mbH (society for regional business and city develop-

ment). Fraunhofer IST and HAWK provides the interior. 

Priority Themes 

The special focus of the innovative and versatile plasma tech-

nology, which combines the Fraunhofer IST and the HAWK 

University in R&D projects such as the NIP (Plasma Technology 

1 2

1 New location in 

Göttingen.

2  Innovation focus: plasma 

technology, here  shown 

as an example, the plasma 

treatment of paper.

Innovation Network of Lower Saxony), is also the base for the 

common foundation of the Application Center for Plasma and 

Photonics. In Göttingen, the scientific key aspects are

 � Analytics and diagnostics

 � Plasma source conception

 � Functional coatings and surface technology

 � Wood and derived timber products

 � Bio Sciences and plasma medicine

 � Laser plasma hybrid technology 

 � Sensory systems 

 � Laser technology

Prof. Dr. Wolfgang Viöl, executive director of the Application 

Center, says: “We aim to use our applied science and research 

to generate innovative products and applications. We can 

achieve a lot together with the Fraunhofer IST, as a local 

contact for small and medium sized companies as well as the 

industry.”
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THE SCOPE OF RESEARCH 
AND SERVICES
Pretreatment –  

We clean surfaces

Successful coating processes imply a proper  surface pretreat-

ment. Therefore we offer:

 � Effective aqueous surface cleaning including drying

 � Special glass cleaning

 � Plasma pretreatment and Plasma cleaning

 � Plasma activation and Plasma functionalization

 � Wet-chemical etching pretreatment

 � Particle beam

Modification and Coating –  

We develop processes and coating systems

Thin films and specifically modified surfaces are the core busi-

ness of the Fraunhofer IST. The institute utilizes a wide range 

of coating technologies and surface treatments, ranging from 

plasma coating and treatment in vacuum and at atmospheric 

pressure over hot-filament CVD processes to  electroplating.  

Our services are:

 � Surface modification

 � Development of coatings

 � Process technology (including process diagnostics,  
modeling and control)

 � Simulation of layer systems and  processes

 � Development of system components  
and processes

 � Toolbuilding and plant engineering

Testing and Charac terization –  

We ensure quality

A fast and reliable analysis and quality control is the 

prerequisite for a successful coating development. We offer 

our customers:

 � Mechanical, chemical, micro morphological, and structural 
characterization

 � Test methods and product specific quality control methods, 
e. g. wear measurement on arbitrary parts

 � Ply adhesion test methods

 � Optical and electrical charac te riza tion

 � Rapid and confidential failure analysis

 � Testing of corrosion resistance

Application –  

We transfer research results in the production level

To guarantee an efficient technology transfer we offer a wide 

range of know how:

 � Cost-of-ownership calculations, development of  
economical production scenarios

 � Prototype development, pilot production and  
sample coating procedures

 � Equipment concepts and integra tion into  
manufacturing lines

 � Consulting and training

 � Research and development during production

F R A U N H O F E R  I S T
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ANALYSIS AND QUALITY ASSURANCE

Chemical and structural analysis

 � Energy-dispersive X-ray spectroscopy (EDX)

 � Electron microprobe (WDX, EPMA)

 � Secondary ion mass spectrometry (SIMS)

 � X-ray photoelectron spectroscopy (XPS)

 � Glow discharge optical emission spectroscopy (GDOES)

 � X-ray fluorescence analysis (RFA / XRF)

 � X-ray diffractometer (XRD, XRR)

Microscopy

 � Scanning electron microscope (SEM)

 � SEM with FIB (Focussed Ion Beam)

 � Confocal laser microscope (CLM)

 � Scanning tunnel and atomic force microscope (STM, AFM)

 � FTIR microscope

 � A variety of optical microscopes

Measurement of friction, wear and corrosion

 � Pin on disk tester

 � Ball-cratering test (Calo)

 � Wazau high-load tribometer (in air, in oil)

 � CETR high-temperature tribometer (in air, in oil)

 � Plint roller tribometer (in air, in oil)

 � Taber abraser test, abrasion test, sand trickling test

 � Microtribology (Hysitron)

 � Impact and fatigue tester (Zwick Pulsator)

 � Salt spray test, environmental tests

Mechanical tests

 � Micro and nano indentation (hardness, Young’s modulus)

 � Rockwell and scratch test (film adhesion)

 � Cross-cutting test, butt-joint test (film adhesion)

 � A variety of methods for the measurement of film thickness

 � A number of profilometers

Measurement of optical properties

 � IR-UV-visible spectrometer

 � Ellipsometer

 � Colorimetry

 � Angular-resolved scattered light measurement (ARS)

 � FTIR spectrometer

 � FTIR microscope

Specialized measurement stations 

 � Characterization of solar cells

 � Measuring station for photocatalytic activity

 � Contact angle measurement (surface energy)

 � Measuring systems for electrical and magnetic coating 
properties (e. g. Hall, Seebeck, conductivity)

 � Test systems for electrochemical wastewater treatment

 � Measuring stations for the characterization of piezoresistive 
sensor behavior

 � Biochip reader for fluorescence analysis

 � Layer mapping system (0,6 x 0,6 m2) for reflection, trans-
mission, Haze and Raman measurement

 � In-situ bondenergy measurement

Plasma diagnostics 

 � Absorption spectroscopy 

 � Photoacoustic diagnostics

 � LIF – laser induced fluorescence 

 � High-speed imaging

 � Optical emission spectroscopy OES

 � Retarding Field Energy Analyzer RFEA

 � Fiber thermometry

 � Electrical performance test

 � Numerical modeling

F R A U N H O F E R  I S T
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 � a-C:H:Me, a-C:H, hard coating production plant  
(up to 3 m3 volume)

 � Coating facilities incorporating magnetron and RF diode 
sputtering

 � Sputter plant for high-precise optical coatings

 � In-line coating facility for large-surface optical functional 
coatings (up to 60 × 100 cm2)

 � Industrial scale HIPIMS technology

 � Plants for plasma diffusion

 � Coating systems for hollow cathode processes

 � Coating plant for thermal and plasma atomic layer deposi-
tion (ALD)

 � Hot-filament-CVD units for crystalline diamond coatings (up 
to 50 × 100 cm2)

 � Hot-filament-CVD unit for silicon-based coatings (up to 
50 x 60 cm2)

 � Plasma-activated CVD (PACVD) units, combined with 
plasma nitriding

 � Atmospheric pressure plasma systems for coating and 
functionalization of large areas (up to 40 cm widths)

 � Microplasma plants for selective functionalization of 
surfaces (up to Ø = 20 cm)

 � Bond aligner with an integrated plasma tool for wafer 
pretreatment in the clean room

 � Roll-to-roll set-up for area-selective functionalization of 
surfaces

 � Machine for internal coating of bags or bottles

 � Laser for 2D and 3D microstructuring

SPECIAL EQUIPMENT
 � 2 mask aligner for photolithographic structuring

 � Laboratory for microstructuring (40 m2 clean room)

 � Equipment for electroplating processes

 � 15-stage cleaning unit for surface cleaning on aqueous 
basis

 � Clean room – large area coating (25 m2)

 � Clean room – sensor technology (35 m2)

 � Mobile atmospheric pressure plasma sources

 � Nanosecond dye laser (Nd: YAG-Laser)

 � CO2-laser and Excimer-Laser 

 � EUV spectrography

 � Semiconductor laser

F R A U N H O F E R  I S T
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SUSTAINABLE SOLUTIONS WITH SURFACE 
AND THIN FILM ENGINEERING
Sustainabi l i ty  i s  current ly  perhaps the most important socia l  guiding pr inc ip le of the age.  Not only in the 

European Union but a lso in Germany susta inable development processes are in f i rst  p lace on the agenda. 

In the f ie ld of surface and thin f i lm engineer ing the Fraunhofer  IST has for a number of years now been 

developing solut ions for susta inable products and susta inable industr ia l  product ion.

Material efficiency

 � With an additive galvanic metallization process, metals such 
as copper, for example, are applied to selected areas.

 � Working materials with new properties are being found by 
combining different materials. 

Production efficiency

 � Optimized hard-material and nanostructured coating sys-
tems for forming or cutting tools increase service lives and 
make more economically efficient manufacturing possible.

 � Faster to the goal: simulation means ever shorter devel-
opment times. For example, highly efficient production 
chains are made possible by model-based design and 
implementation of coating processes. 

 � Modules with sensorized thin-film systems are built into 
deep-drawing systems and driving machines to ensure 
efficient forming and machining of components.

 � Hard carbon-based coatings not only stop materials such as 
powders from adhering to tools but also prevent deposits 
on or fouling of surfaces  in, for example, heat exchangers 
or exhaust systems.

 � The application of nano particles as a source material 
at plasma spraying makes it possible to produce metal 
coatings on heat sensitive surfaces.

A large number of research subjects at the Fraunhofer IST are 

oriented by urgent future-related topics and by social trends, 

such as the implementation of an alternative energy supply, 

alternatives for scarce materials and raw materials, or mobility 

in the 21st century. The very thinnest high-performance coat-

ings are in addition the basis for a variety of further products 

and high-tech applications which are viable for the future, 

especially when it is a matter of saving material and energy 

Some examples from our research into sustainable industrial 

products and processes:

Innovative materials

 � At the Fraunhofer IST intensive research has been in prog-
ress on replacing indium tin (ITO) with alternative materials 
such as ones based on ZnO and SnO2 and TiO2. 

 � Low damage separations of indium free materials for high 
efficient LEDs are being developed. 

 � At the Fraunhofer IST alternative materials for the 
high-refractive-index tantalum oxide coatings used in 
high-precision optics are being developed.

 � New materials like canal materials for TFIs and p-conductive 
materials are being developed for transparent contact films 
(TFTs).

 � At the Fraunhofer IST a REACH-compliant plastic metalliza-
tion is used as an alternative to chrome (VI).

Energy efficiency

 � Lower energy consumption due to the erosion protection 
of aero-engines: very hard multilayer coatings of ceramic 
and metal prevent excessive fuel consumption and falling 
efficiency levels.

 � Broader and improved range of applications for lightweight 
components by means of wear-resistant, friction-reducing 
coatings which also protect against corrosion.

Clean environment

 � With the diamond electrodes developed at the 
Fraunhofer IST water can be conditioned electrochemical-
ly – adapted to the infrastructure on the spot and without 
the use of chemicals.

 � Photocatalytic coatings make self-disinfecting surfaces 
possible and the degradation of pollutants from the air. 

 � The functionalization of surfaces in plasma enables 
adhesive to be dispensed with when, for example, bonding 
materials. Plasma pretreatment is also suitable as a replace-
ment for primers and as a way of improving the adhesion 
of paint systems. 

Mobility in the future

 � Low-friction and extremely wear-resistant coatings reduce 
the fuel consumption of car engines and extend both 
maintenance intervals and service life. 

 � New corrosion coatings on metallic bipolar plates make 
possible the economic production of powerful fuel cells for 
the automotive industry.

 � Robust thin-film sensor systems in highly stressed parts of 
components increase reliability and safety in many fields of 
application, such as, for example, electromobility or wind 
power plants.

 � Plasma produced functional coatings for components of 
lithium ion batteries raise the efficiency and the durability 
of these storages for electro mobile applications

F R A U N H O F E R  I S T
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The business area “Mechanical and Automotive Engineering” has been developing 

particularly coating systems and surface technologies that reduce friction, which also 

protect against wear and corrosion and that are optimized according to the applica-

tion.  In addition to modifying coatings to suit different applications, the development 

and implementation of product- and production-adapted coating processes stands in 

the foreground. Furthermore are newly coating systems with up until now unknown 

characteristic profiles as well as sensorized surfaces for different fields of application 

developed and tested. Examples are:

 � Carbon-barrier films for applications in fusion reactors

 � High corrosion fixed carbon film systems for seal applications

 � Corrosion protection films for metallic bipolar plates in fuel cells

 � Thermoresistive thin film sensors to monitor engine components 

Customers of this business division include not only coating service companies but 

above all coating users from all areas of machine manufacturing and the automotive 

industry. 

MECHANICAL  
AND AUTOMOTIVE 
ENGINEERING

CONTACT
Dr. -Ing. Jochen Brand 

Phone + 49 531 2155-600 

jochen.brand@ist.fraunhofer.de

Dipl. -Ing. Carola Brand 

Phone + 49 531 2155-574 

carola.brand@ist.fraunhofer.de



Coating structure 

How the entire sealing system behaves under corrosive attack 

or even severe impact loading is decisively influenced by the 

coating structure. Thin-film technology offers a wide range of 

possibilities for adjusting the coating system to the most varied 

constraints and relevant requirements for different fields of 

application. In many cases the use of this coating even makes 

it possible to dispense with expensive basic materials such 

as nickel-base alloys, tantalum or SiC. Corrosion-resistant, 

high-alloyed steels will then suffice for most applications.

The application

For all rotating components or components in contact with 

product, the dry9000® system uses the newly developed 

DLC coating system as optimized corrosion protection and 

for the minimization of friction and wear. Since the system 

allows dry running there are significant reductions in supplying 

and monitoring a seal of this kind. Other advantages include 

the absence of leaks and unexpected failures as well as 

optimizations in the energy balance.

Advantages of dry9000®

As a standard component in applications for multi-purpose 

units – especially in the field of enameled agitators – this high-

tech coating is used in full-scale industrial production. In the 

pharmaceutical industry, the qualities of customer products 

can be permanently optimized and the loss of an entire batch 

due to contamination by barrier media can be prevented. 

In addition, using these seals in all moving equipment and 

installations boosts efficiency since maintenance of supply 

systems is no longer required. Even production processes with 

frequent changes of product or media can profit from this 

technology.

The sealing system

At the heart of the dry9000® seals are several special 

sealing lips arranged in-line in an intelligent modular system 

which, due to a patented compensation system, are entirely 

unaffected by forces originating in the production process. 

Possible shaft oscillations are compensated by this system. 

Since the seals operate completely dry, no barrier media and 

corresponding supply systems are required, such as is the case 

with face seals. This means that contamination of the product 

by barrier media is completely ruled out and installation times 

are considerably reduced.

Use of improved coatings

To make dry running possible with the very least wear and 

with low frictional losses those parts of the seal under high 

tribological loading are improved by the addition of an inno-

vative coating. This coating, which is only a few micrometers 

thick, is based on a combination of metallic layers and a 

diamond-like carbon coating (DLC). It is deposited at approx. 

200 °C by physical vapor deposition (PVD).

HARD WORK FOR THIN FILMS

CONTACT
Dr.-Ing. Jochen Brand

Phone +49 531 2155-600

jochen.brand@ist.fraunhofer.de

Dipl.-Ing. Helge Thomsen

Phone +49 531 2155-533

helge.thomsen@ist.fraunhofer.de

Process ing chemical ly  aggress ive,  tox ic  or high-pur i ty  substances makes extremely high demands on 

seal ing systems in agitators,  mixers or dr iers  in the chemical  and petrochemical  industr ies and also in 

foodstuffs  and pharmaceut ica ls .  For reasons of safety the seals  must work in such cases with absolute 

re l iabi l i ty  and should exhibit  v i r tual ly  no manifestat ions of wear at  a l l .  Not only that but the systems 

should last  as long as poss ib le and operate cost-effect ive ly .The interseal  company ( interseal  Dipl . - Ing Rolf 

Schmitz GmbH) in col laborat ion with the Fraunhofer Inst i tute for Surface Engineer ing and Thin F i lms  IST 

has developed an innovat ive seal ing system for highly corros ive environments which is  character ized by a 

high level  of  robustness and low operat ing costs .

1

1 The dry9000® sealing 

system.

2 The sealing system in 

an agitator in the chemical 

industry.

1 2
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The coating technology used makes it possible to deposit 

hard amorphous carbon coatings (a-C coatings) with good 

adhesion on large surfaces and a wide variety of components. 

For this purpose a metallic adhesion promotion layer and then 

the a-C functional layer are deposited by PVD magnetron 

sputtering. During coating and process development 

particular attention was paid to reproducible quality and to a 

homogeneous distribution of coating thickness and also to an 

economic and efficient coating for a relatively large number 

of screws (more than 20,000). While paying due regard to 

the various constraints, including pretreatment, cleaning, 

mounting concepts and uninterrupted quality surveillance, an 

effective protective coating was developed for applications in 

fusion reactors and successfully implemented on screws in a 

low-volume production run.

Further possible applications 

With the introduced process procedure not only high-per-

formance coatings have been developed. The reproducible 

coating quality and homogeneous distribution of coating 

thickness opens up in addition the possibility of using the 

screw heads as a sensor element to determine erosion rates 

in fusion reactor cladding elements. This process is also 

interesting because of the possibility of recoating screw heads 

with the developed coating system.

With the described coating and process technology, tailoring 

is possible not only of the carbon layer systems developed but 

also of other metallic or carbide coating materials.

Coating properties

On the basis of the Fraunhofer IST‘s experience with the 

deposition of carbon film systems a coating has been devel-

oped which offers low porosity, low internal stress and good 

coating adhesion with coating thicknesses of approx. 10 μm 

while at the same time being unaffected during cyclical ther-

mal exposure up to 1000 °C in vacuum. This combination of 

properties, particularly considering the relatively high coating 

thicknesses, was a challenge for the coating and process 

developments. A coating thickness in the range of approx. 

10 µm is however necessary to secure a certain sacrificial 

coating volume despite intensive particle bombardment in a 

fusion reactor and the concomitant surface erosion. 

CARBON COATINGS FOR APPLICATIONS 
IN FUSION REACTORS

CONTACT
Dipl.-Ing. Ralf Wittorf

Phone +49 531 2155-608

ralf.wittorf@ist.fraunhofer.de

Dr.-Ing. Martin Keunecke

Phone +49 531 2155-652

martin.keunecke@ist.fraunhofer.de

Mater ia ls  and surfaces in fus ion reactors must be able to withstand extremely high stresses,  for  example, 

high temperatures,  part ic le bombardment,  p lasma contact.  For the W7-X fus ion research reactor of the 

ste l lerator type under development at  the Max Planck Inst i tute for P lasma Phys ics  in Greifswald,  h igh-tem-

perature-res istant molybdenum screws are used for fastening structure c ladding elements.  Contaminat ion 

of the fus ion plasma with mater ia ls  of  a high atomic number (»high Z«),  such as molybdenum, must be 

prevented. For this  reason the Fraunhofer  IST has col laborated with the Max Planck Inst i tute for P lasma 

Phys ics  on developing processes and coat ings on a carbon bas is  in order to protect the screw heads with 

a »low Z« coat ing.

1

1 Attachment of structural 

components by means of 

high-temperature-resistant 

screws of the WZ-X fusion 

reactor of the stellarator 

type. 

2 SEM-cross section image 

of the carbon based coating 

system.

3 Screws to be coated.

1 2 3
2 µm
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Integration of thin-film sensor structures  

on the surface of valve stem seals

One special challenge is to apply the thin-film sensor to 

the complex geometry of the valve stem seal surface. A 

comparative investigation was conducted into the method of 

3D structuring using electrophoretic paint (see Fig. 3) on the 

one hand and direct structuring by laser on the other. Sensor 

structures of the same high quality were obtained by the two 

methods. 

Outlook

The development we have described has laid an important 

foundation stone for the integration of thermoresistive 

thin-film systems for monitoring (engine) components. The 

sensorized coating systems developed here for measuring 

temperature directly at the surface of the component can also 

be transferred to other base bodies made of steel or plastic. 

Furthermore, they have the potential for future integration 

into other applications, such as, thermoforming.

The project

These results were obtained as part of the CO2NSEAL project 

(Dynamic sealing systems for reducing CO2 and increasing 

the motor-related efficiency of drive systems and power 

generation systems with integrated sensor elements for 

detecting the state of seals and bearings) as funded by the 

Federal Ministry of Education and Research and with a project 

consortium including Freudenberg Sealing Technologies 

GmbH & Co KG,  AVL Software and Functions GmbH, ASG 

Luftfahrttechnik und Sensorik GmbH, the Institute of Internal 

Combustion Engines of the Technical University of Darmstadt 

and the Fraunhofer Institute for Surface Engineering and Thin 

Films IST.

Temperature-dependent resistance of a chromium meander 

on the valve.
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The temperature sensing system built up directly  

on the valve surface

The sensorized thin-film system is deposited directly on the 

valve surface. It consists of two electrically insulating layers, 

each with a thickness in the 3 µm range. Located between 

these layers are chromium meander structures with a thickness 

of approximately 250 nm. Insulating layers of SiCON® (a 

hydrocarbon coating modified with silicon and oxygen) and 

aluminum oxide are primarily used for this temperature 

sensing system. For the first time success has been obtained 

in structuring a chromium coating over 360 °, in other words 

around the entire valve stem, doing so not only by laser 

direct structuring but also by photolithography (see Figs. 1 

and 2). Since the valve does not just move axially when in 

operation but also rotates, the form of the contact pads on 

the meander structure is annular. Electrical contacting of the 

sensor structure is taking place by mechanical sliding contacts. 

The diagram shows the linear relationship between the 

resistance of the chromium meanders and temperature. The 

same gradient is found with both heating and cooling. This is 

a resistance change of 2.45 Ohm / K, as is characteristic of a 

laser-made sensor structure on a valve.

THERMORESISTIVE THIN-FILM SENSOR SYSTEM 
FOR MONITORING ENGINE COMPONENTS

CONTACT
Dipl.-Ing. Christian Rumposch

Phone +49 531 2155-661

christian.rumposch@ist.fraunhofer.de

Dr.-Ing. Saskia Biehl

Phone +49 531 2155-604

saskia.biehl@ist.fraunhofer.de

To ensure that the l imits  for  CO2 emiss ion la id down by the EU wi l l  be compl ied with in the future as wel l , 

inte l l igent seal ing systems with sensor coat ings have been developed. The a im is  to increase the motor 

eff ic iency of dr ive systems and power generat ion systems. At the Fraunhofer  IST,  a temperature measure-

ment point has been insta l led in the engine cy l inder head c lose to the combust ion chamber by integrat ing 

thin-f i lm temperature sensors into valves and valve stem seals .

1

1 Valve with tempera-

ture sensor structure 

in the background and 

painting mask before the 

wet-chemical etching process 

2 Laser-structured thin-film 

temperature sensor of the 

meander type.

3 Process steps in the 

production of temperature 

sensor structures on valve 

stem seals (right to left: 

metallized, with photoresist, 

after the structuring, after 

the wet chemical etching).

1 2 3100 µm
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to form a passive layer since it is not combined as chromium 

nitride. Notwithstanding this, the thin coatings have excellent 

electrical conductivities.

Corrosion research in Dortmund and Braunschweig

At the Dortmunder Oberflächencentrum (DOC) plasma 

diffusion methods for creating S-phases have been successfully 

developed on a combined plasma diffusions / PECVD coating 

installation (Fig. 2) using austenitic stainless steel sheets 

(1.4301, 1.4404). These developments, which are based 

on plasma nitriding (PN) and plasma nitrocarburizing (PNC) 

treatments, are very suitable for application to fuel cell 

components. Potential measurements of current density under 

conditions typical for fuel cells indicated considerably lower 

corrosion current densities in the passive range for treated 

surfaces as compared with reference measurements of the 

untreated materials. Also observed was an improvement in 

corrosion potential due to a shift towards positive values. 

This can be attributed to a surface which is, comparatively 

speaking, of a higher electrochemical quality.

A test rig for ex-situ corrosion investigations has been set up 

at the Fraunhofer IST in order to examine the electrochemical 

properties of the treated surfaces (Fig. 1). 

This enabled the following electrochemical measurements to 

be made:

 � Open-circuit potential measurements

 � Current density potential measurements: scanning range 
(with respect to SHE) of 0.0 to +1.8 V at a scan rate of 
1mV/s

 � Constant polarization

With the results thus obtained it is possible to reproduce on 

the laboratory scale the electrochemical conditions of a fuel 

cell and to successfully accompany process development of 

the surface modification.

Outlook

In addition to setting up a contact resistance measurement 

station at the Fraunhofer IST it is also planned to expand 

facilities for electrochemical characterization. The processes 

which have been developed will be available in subsequent 

projects in the application fields of alternative drive 

technologies and electrical energy storage technology.

The aim: improvement of contact resistance and 

corrosion resistance

Corrosion- and acid-resistant austenitic steels, with the 

alloying element chromium oxidizes, forms dense passive 

layers adhering to the surface and in this way acquire good 

anti-corrosion properties. The electrical conductivity of these 

oxide layers is, however, relatively poor, thereby greatly raising 

contact resistance. This causes a significant reduction in the 

performance of a fuel cell stack, which normally consists of 

several hundred individual cells. The requirements made of 

the corresponding surface modification therefore are to lower 

contact resistance considerably while simultaneously improving 

the corrosion resistance of the bipolar plate base material.

Optimal surfaces via plasma diffusion

Possibilities here include plasma diffusion processes in 

a nitrogen atmosphere. When the appropriate plasma 

parameters are selected, these processes can change the outer 

layer of the steel sheet so as to create a new phase which 

satisfies both requirements. In this so-called “S-phase” or 

also expanded austenite, the chromium continues to be able 

SURFACES FOR EFFICIENT FUEL CELLS
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Polymer-electrolyte fuel  ce l l s  (PEMFC) play an outstanding role in the development of different a l ternat ive 

dr ive technologies for the automotive industry.  To increase the power density of these systems, metal l ic 

b ipolar  p lates made of sta in less steels  are being developed whose e lectr ica l  contact res istance and 

electrochemical  propert ies need to be opt imized. P lasma diffus ion technologies ta i lored to this  specia l 

requirement are being developed at the Fraunhofer  IST and promise successful  approaches to solut ions. 

1

1 Ex situ corrosion test rig 

for qualification of suitable 

electrochemical surface 

properties under fuel cell 

conditions.

2 Combined plasma 

diffusion / PECVD coating unit 

at the DOC.
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In the “Aerospace” business field, processes and coatings are developed for special 

materials, such as lightweight materials, for which in many cases no established 

coating methods yet exist. The principle areas of application are wear and corrosion 

protection in aviation as well as optical and electrical functions in space travel. 

Currently the following areas are being tackled by the Fraunhofer IST:

 � Galvanic metallization of CRP components

 � Metallization of titanium components by process combinations

 � Wear-protection coatings for aircraft jet engines

 � Bearing sensor systems for condition monitoring in aircraft

 � Development of surfaces for molds which do not use release agents

 � Galvanic coating of magnesium for lightweight design in aircraft

Customers include companies in the aerospace industry and their suppliers.

AEROSPACE
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THIN FILMS ON A LONG JOURNEY

Once arrived at their destination the probes will be exposed 

probably for more than a year not only to marked temperature 

fluctuations with peaks considerably higher than 300 °C but 

also to extreme ultraviolet radiation from the sun. In addition, 

parts of the probes will experience extreme temperature 

differences due to changing between sun and shade phases.

Thin coatings help in cooling

Cooling louvers made of titanium will protect the valuable 

cargo from high thermal irradiation. To do so, the louvers 

are coated with silver. However it is a very complex matter 

to electroplate titanium directly with silver. To ensure good 

adhesion of the coating, a preparatory passivation treatment 

is necessary which involves the environmentally critical use 

of hydrofluoric acid or other chemicals containing fluorine. 

There is also a risk here of hydrogen embrittlement of the 

titanium. To prevent this, the titanium components were first 

given a thin film of copper in a PVD coating process at the 

Fraunhofer IST. The parts thus treated were then coated with 

silver by means of a very simple electroplating process.

Extremely reliable

Naturally the demands are extremely high which space travel 

makes of the quality of the coating processes and of the 

coatings themselves. For this reason the entire production 

chain for coating deposition at the Fraunhofer IST has been 

certificated by Astrium and the ESA. Furthermore, all steps in 

the complete manufacturing sequence for every individual part 

have been fully documented. A complete set of titanium parts 

for a functional model was coated back in 2010. Over the two 

years it successfully passed a series of complex climatic tests. 

Outlook

The European orbiter is now being built at Astrium Satellites in 

Friedrichshafen and the coatings from the Fraunhofer IST are 

scheduled to start on their long journey to Mercury in 2015.

The BepiColombo mission

The Mercury probe BepiColombo has three components: a 

European orbiter, a Japanese orbiter and a propulsion module. 

It has a total length of approximately six meters and weighs 

around four tonnes with a third of this taken up by fuel. The 

two space probes will assist in studying Mercury‘s magnetic 

field, the structure and other aspects of the planet. It is hoped 

that conclusions may be drawn regarding the development 

of the planet and the origins of our solar system. The mission 

counts as one of the most difficult and technically challenging 

missions ever planned by the ESA. The total cost of the project 

(including the operation) is already estimated as exceeding 

800 million euros. Overall responsibility for the three-part 

spacecraft lies with Astrium Deutschland.

The mission is scheduled to start in 2015. The flight will 

take more than six years with the probes being launched on 

an Ariane 5 rocket from Kourou, the European spaceport. 

Mercury is  the smal lest  and innermost planet of our solar  system. To date i t  has only been v is i ted by two 

American space probes.  The ESA (European Space Agency)  and JAXA (Japan Aerospace Explorat ion Agency) 

are now planning the jo int  BepiColombo miss ion to col lect  new information about this  v i r tual ly  unknown 

planet.  Coated parts  f rom the Fraunhofer  IST wi l l  be on board.
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1-2  The three-part 

Mercury probe BepiColombo 

with a European orbiter, 

a Japanese orbiter and a 

propulsion module. 
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FILIGREE ELECTROPLATING: METALLIZED 
CARBON FIBERS

CFRP fibers

In a current project with Airbus Defense & Space success 

has been obtained in galvanically metallizing even individual 

carbon fiber bundles which, due to their extremely high 

thermal conductivity, are used as flexible thermal bridges for 

aerospace applications. The aim was to apply a copper coating 

to the carbon fibers so as to create a solderable connection 

with other metal components. The challenge here was the 

mechanical instability of the fibers. The original component 

consisted of a CFRP composite with unidirectional oriented 

fibers and a resin matrix. Before the fiber ends could be electro 

coated, they had first to stand clear of the resin matrix.

Although the CFRP composite, in other words, the fiber-resin 

composite, does have outstanding mechanical properties, 

the individual fiber bundles, also called rovings, are very fine 

and fragile. This meant that special supports had to be built 

to protect the rovings against mechanical influences during 

metallization. Even the further processing of the metallized 

fibers represented a major challenge since great mechanical 

stresses arise especially at the phase boundary of metal 

coating and fiber and these stresses resulted in fiber fracture.

Outlook

The selective metallization of carbon fibers is a further step in 

the use of CFRP in aerospace applications. More applications 

are planned. Individual metallized fibers in a CFRP fabric can 

accordingly improve electric conductivity so as to provide 

excellent lightning protection in aircraft, for example. Fibers 

of this kind are also suitable for use as sensors to detect 

mechanical damage.

CFRP composite material

Due to its outstanding mechanical properties, CFRP has major 

advantages for structural components as compared with 

metallic materials. For example, the modulus of elasticity of 

CFRP at a density of 1.58 g / cm3 (magnesium: 1.74 g / m3) falls 

between 240 and 930 GPa (magnesium: 42 GPa) depending 

on its fiber orientation. Unlike metallic materials, CFRP is 

however a relatively poor electrical conductor. For this reason 

the Fraunhofer IST together with Airbus Defense & Space, 

formerly Astrium GmbH Deutschland, have collaborated on 

developing a galvanic procedure for metallizing entire CFRP 

components. It has already been used successfully for the 

metallization of waveguides for the ESA satellite Sentinel 1.

Due to i ts  excel lent mechanical  propert ies and low density,  carbon-f iber-re inforced plast ic  (CFRP) plays an 

outstanding role as a structural  mater ia l  in the aerospace sector.  As a composite mater ia l ,  CFRP is ,  for 

example,  galvanical ly  metal l ized and used as waveguide antennas for sate l l i te appl icat ions.  This  method 

has now been further developed at the Fraunhofer  IST to the point that even indiv idual  f iber bundles can 

be metal l ized and used for certa in appl icat ions.
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1  Individual leaves of a 

flexible high-performance 

thermal bridge before and 

after copper plating.

2  Metallized carbon fibers.
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LOAD MONITORING OF CRITICAL COMPO-
NENTS IN ROTOR TESTING TECHNOLOGY

As critical, dynamically highly stressed components, the 

push-pull rods between the META control system and the 

rotor require constant monitoring. Until now this has been 

done by means of strain gauges which provide information 

about the prevailing load state from the elongation of the 

rods during operation. As a supplement to strain gauge 

instrumentation the Fraunhofer IST and the DLR-FT have 

jointly developed thin-film sensors tailored to this application. 

In addition to a better signal-to-noise ratio and integrated 

temperature compensation, the thin-film sensor system 

has the advantage that loads on the push-pull rods can be 

measured directly on the load path. Following the first tests 

of the new sensor system on the DLR‘s rotor test rig and in 

the wind tunnel, the thin-film sensors should in the long term 

replace the strain gauge system used to date. 

Structure of the piezoresistive thin-film system

The thin-film sensor system takes the form of a multilayered 

structure. Here the first step in fabrication is to deposit 

a homogeneous piezoresistive DiaForce® coating by the 

PECVD process. To provide the electrode layer a chromium 

layer 0.2 µm thick is applied by PVD, structuring this by 

photolithography and wet-chemical etching. Finally, an 

electrically isolating and wear-protective layer is deposited 

which consists of a silicon- and oxygen-modified carbon 

coating (SiCON®).  The individual process steps are shown in 

Fig. 2. 

In addition, the connection surfaces are given a coating of 

copper. To create a bridge circuit in which two washers are 

placed on top of each other, a SiCON® coating is also applied 

on the underside to isolate the two washers electrically. This 

layering sequence has already been used successfully for 

sensorized washer systems.  

Sensorized washer system for measuring forces  

in the push-pull rod

Since the mid-1970s the DLR-FT has been running its own 

rotor testing facility (RVS) for model rotors and complete 

helicopter wind-tunnel models which have been used 

successfully in numerous wind-tunnel tests. As part of the 

aviation research program (LuFo) funded by the Federal 

Ministry of Economics and Technology (BMWi) the DLR 

is trialing a new concept, patented in 2008, for active 

rotor control by means of a multiple swashplate system 

(META). Here special attention is due to the higher-fre-

quency secondary control (HHC / IBC or higher-harmonic 

control / individual blade control) of the rotor up to approx. 

70 Hz with the aid of actuator elements in the non-rotating 

system.

The push-pul l  rods of hel icopters are the cr i t ica l  t ransmiss ion l ink between the mechanical  control  system 

and the aerodynamical ly  loaded rotat ing rotor blades.  For this  reason the loads occurr ing at  these rods are 

cont inuously monitored dur ing tests .  This  ensures prompt react ions at  cr i t ica l  va lues,  ramping down the 

system or modify ing the test  condit ions to prevent over loads.  A monitor ing system of this  k ind based on 

a piezores ist ive thin-f i lm sensor has been developed at the Fraunhofer  IST in col laborat ion with the 

Inst i tute of F l ight Systems (FT)  of  the German Aerospace Center.
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1  The DLR rotor test rig 

with a sensor module from 

the Fraunhofer IST.

2  Fabrication steps in the 

thin-film sensor system from 

front to back: sensor module 

with electrode structures, 

a sensor module with a 

complete coating system, 

and a module with an 

electrically isolating coating 

on the back. 
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In its “Tools” division the Fraunhofer IST concentrates on the following areas among 

others:

 � Plasma diffusion treatment and coating of press hardening and forging tools

 � Tool coatings for aluminum, magnesium and titanium processing

 � Nano-structured and high-temperature resistant coatings for cutting tools

 � Antiadhesive tool coatings for the molding of plastics

 � Diamond abrasive coatings for precision grinding tools

 � Thin film sensors for tool monitoring

Important customers of this business unit include coating service companies, tool  

manufacturers and users from, for example, the mold-making or automotive industries.

TOOLS
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deposition process (PECVD) while the chromium coating is 

deposited by sputtering (PVD). 

Integration of the sensor modules into the  

injection-molding line

The functional capability of the multifunctional thin-film 

system was tested on a plastic injection-molding installation at 

the Kunststoff-Institut in Lüdenscheid (KIMW) with acrylonitrile 

butadiene styrene (ABS) as the selected plastic. The sensor 

module was installed in the mold and preheated to 80 °C. 

The injection molding process then followed at 450 bar. The 

measurement results are shown in the opposite graph. The 

fact that the melt contacted two temperature sensors meant 

a fast rise in temperature. During the cooling phase which fol-

lows, the plastic solidifies. It was possible to demonstrate that 

thanks to the low surface energy of the SiCON® top coating 

there were no adhesions to the sensorized coating system. 

Outlook

The multifunctional coating system makes possible spatially 

resolved in situ measurement of loads and temperatures 

within the plastic injection-molding process. Due to its 

good demolding properties it is also eminently suitable for 

processing polymer melts without the use of releasing agents. 

Furthermore, the sensorized coating system also has great 

potential for other production processes in which measure-

ment of key data is required in highly stressed areas which are 

difficult of access, such as in spindle drive systems or in the 

thermoforming process.

The project

The results were obtained as part of the surface interaction 

project as funded by the Federal Ministry of Economics and 

Technology due to a decision of the German Bundestag and 

with a project consortium including Mold & Hotrunner Tech-

nology AG MHT, the Kunststoff-Institut für mittelständische 

Wirtschaft NRW GmbH KIMW, the Uddeholm AB, the Institute 

of Design and Production in Precision Engineering IKFF and the 

Fraunhofer Institute for Surface Engineering and Thin Films IST.

Characteristic resistance curves of the individual sensor 

structures during complete filling of the injection mold.
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Structure of the thin-film sensor system with non-stick 

properties for plastics 

The following coating system deposited on a steel substrate 

has been developed for the thin-film sensor system. It consists 

of these functional layers: 

 � The piezoresistive sensor layer (DiaForce®, d ~ 6 µm),

 � a lithographically structured metal layer (chromium, 
d ~ 250 nm), and 

 � an isolating and wear-protection layer which at the same 
time still has very good demolding properties as compared 
with the polymer melt (SiCON®, d ~ 3 µm). 

To increase the sensitivity of the pressure sensors and to 

enable integration of temperature sensors, the coating system 

is given an additional structured isolating coating (SiCON®, 

d ~ 2 µm) in the region of the conductors and contacts. The 

coating structure is shown in diagrammatic form in Fig. 2. The 

force sensing elements have a circular measurement range as 

can be seen from Fig. 1. The temperature sensors are meander 

structures made of chromium which are located between the 

force sensing structures. The functional layers of DiaForce® and 

SiCON® (hydrocarbon layer modified with silicon and oxygen) 

are produced by a plasma-supported chemical gas-phase 

SENSOR MODULES FOR PLASTIC 
INJECTION MOLDING

1  Sensor module with 

complete thin-film system.

2  Schematic diagram 

of the sensorized coating 

system.
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Development of sensor modules for plast ic  in ject ion molding must meet several  requirements.  F i rst ly ,  the 

sensor ized thin-f i lm system should measure temperature and force distr ibut ion over the mold surface; 

secondly,  i ts  surface should prevent plast ic  adher ing and thereby make i t  unnecessary to use demolding 

aids such as re lease agents.  A mult ifunct ional  th in-f i lm system for the plast ics-process ing industry has 

been developed at the Fraunhofer  IST which in addit ion to these propert ies has a high degree of wear 

res istance and is  thus suitable for product ion process monitor ing with long-term stabi l i ty .
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SiCON® ~3 µm

Chrome ~0.25 µm

DiaForce® ~6 µm
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Load-dependent wear protection measures

A detailed investigation of wear has led to a better 

understanding of the causes of wear thereby allowing the 

identification of successful protective measures. Since loads 

vary a great deal in individual areas of the dies, different wear 

mechanisms will also prevail there. This results in requirements 

for wear protection which are sometimes contradictory 

(cf. opposite chart): the plastic deformation caused by local 

thermal overloading can best be combated by an intensive 

nitriding to a great nitriding case depth. However, to keep to a 

minimum the cracking and breakaways resulting from thermal 

shock exposure, nitriding should on the other hand be avoided 

if at all possible. In areas with marked abrasive wear a coating 

will be useful providing it is combined with nitriding without 

compound layer formation and to only a shallow depth.

Outlook

At the Fraunhofer IST load-dependent local wear-protection 

measures are currently developed as part of the AiF research 

project »Realization of partial wear-protection measures 

for forging dies with the aid of load-specific model-based 

testing«. These are then tried out in model forging tests which 

can selectively reproduce the various wear mechanisms.

Overheating
- Loss of basic hardness
- Fall in nitriding hardness

Nitriding “intensive”

Thermal shock
- Cracking

Nitriding “weak”

Abrasion, adhesion
- Material removal
- Adherence of workpiece material

Nitriding and coating

Requirements of wear protection:
Wear in forging dies

Forging processes are very important in the economic manu-

facturing of highly stressed steel components, such as are 

found in vehicle construction. The forging blank, preheated 

to over 1000 °C, is inserted into the hot-working die steel 

and then formed at high pressure when the die closes. The 

workpiece is then removed and an aqueous cooling lubricant 

sprayed onto the surface of the die. It is thus repeatedly heat-

ed locally in a matter of seconds to a long way over 600 °C 

and then quenched. The consequence is a variety of signs of 

wear which limit the service life of the dies (cf. Fig. 1). 

Mechanical stress and thermal shock result in material 

breaking away and in cracking. Abrasive wear leads to massive 

removal of material in areas with a strong flow of material. 

Particularly critical are those parts of the die where local 

thermal overloading results in plastic deformations. To combat 

wear, the tools are generally gas-nitrided or plasma-nitrided. 

So far using die coatings has only been successful in individual 

cases.

WEAR PROTECTION FOR FORGING DIES  1  Forging die for 

manufacturing engine valves 

after use.

2  Breakaways in a forging 

die. 

3  Structure changes in a 

nitrided forging die due to 

local thermal overloading. 
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Forging dies are exposed to very high thermal and mechanical  stresses which lead to mass ive tool  wear.  

Wear-reduct ion measures involv ing diffus ion treatments and coat ings have been successful  in indiv idual 

cases but were frequent ly  not transferable to other cases.  A better  understanding of the wear mechanisms 

has resulted in new approaches to tool  opt imizat ion which are current ly  undergoing further development 

at  the Fraunhofer  IST.
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In the “Energy, glass and façade” business field the work of the institute concentrates 

among other things on the development of:

 � Inexpensive transparent conductive coating systems (TCOs) for photovoltaics and 
solar thermal panels, architectural and automotive glass

 � Semiconductor coatings for thin-film photovoltaics

 � Analytical methods for the characterization of thin-film solar cells

 � Improved functional layers and coating processes on architectural glass (Low-E, 
active or passive sun protection such as switchable glazing or coloring of glass)

 � Coating systems for fuel cells

 � Improved inexpensive high-temperature corrosion protection for turbine blades

 � Stable anodes and cathodes in lithium-ion batteries.

Clients include companies in the glass, photovoltaics, automotive and electrical 

industries, the energy and construction sectors, manufacturers of heating and sanitary 

equipment as well as plant manufacturers and coating contractors.

ENERGY, GLASS AND 
FAÇADE
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ELECTROLYTE COATINGS FOR SOFC WITH 
GAS-FLOW SPUTTERING

1  Individual cell as base 

element for metal-supported 

high-temperature fuel cell 

stacks.

2-3  Fracture micrograph 

of an eight-layer, gas-flow-

sputtered electrolyte coating.
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Metal-supported SOFCs

In conjunction with the Plansee SE company, the 

Fraunhofer IST is developing thin electrolytic coatings for fuel 

cells supported by a metal substrate (MSCs, or metal-support-

ed cells), which are to be used in mobile applications (Fig. 1). 

Special demands are made on electrolytic coatings based on 

8YSZ:

 � Despite the porous and comparatively rough substrate 
produced by powder metallurgy, they do have good barrier 
properties able to maintain an effective gas separation, 
especially at the temperature cycles which occur (operating 
temperature approx. 700 to 800 °C). 

 � On the other hand, they should be as thin as possible in 
order to minimize ohmic losses at the given operating 
temperatures and thereby raise the efficiency of the cell.

Multilayered sputtered electrolyte coatings

In this joint development success has been obtained with the 

help of gas-flow sputtering (GFS) in achieving considerable 

High-temperature fuel cells

What all fuel cells have in common is that a fuel is fed to the 

anode side and oxygen to the cathode side. The two sides are 

separated by an electrolyte – in other words, an ion-conducting 

membrane. Fuel cells are classified on the basis of the 

electrolyte type. 

SOFCs (solid-oxide fuel cells) are operated at temperatures 

ranging between 700 °C and 1000 °C, where the electrolyte 

material (frequently 8YSZ – that is, zirconium dioxide stabilized 

with 8 mol% yttrium oxide) has high oxygen-ion conductivity 

and virtually no electron conductivity at all. SOFCs stand out 

with their high flexibility with regard to the fuels used, for 

example, hydrogen, methane or diesel reformate. They are 

thus suitable for applications in the field of decentralized 

power supply or even as an auxiliary power unit (APU) in 

trucks, boats, aircraft and spacecraft. One technical challenge 

is found in the considerable thermal and corrosive stress on 

the materials.

Fuel  ce l l s  a l low chemical  energy to be converted direct ly  into e lectr ic  energy without intermediate steps 

and thus with a high level  of  eff ic iency.  Unl ike generators they run s i lent ly  and unl ike accumulators their 

operat ion can be permanent.  There is  great interest  on the part  of  industry in further improvements in 

their  re l iabi l i ty  and eff ic iency.

reductions in the thickness of the electrolyte coating in 

comparison with the plasma-sprayed coatings used to date, 

and doing so with the same leakage rate. One important step 

on this road was the use of multilayered electrolyte coatings 

with an alternating microstructure (Fig. 2). A recurrent 

interruption in the vertical microstructure ensures that even 

the very narrowest channels are closed off and that faults 

from the substrate or layer forming process cannot propagate. 

Only the columnar structure is interrupted while the chemical 

composition, the crystallographic, and ion-conducting 

properties of the oxide remain for the most part unaffected.

Outlook

Results have been so convincing that Plansee and the 

Fraunhofer IST will be jointly carrying out further development 

work on this coating solution. The progress being made is 

rendering the use of MSCs even more attractive for mobile 

applications.

1 2 32 µm
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ATOMIC LAYER DEPOSITION 1-2  Interior of the 

ALD coating plant (1) 

with coating chamber for 

three-dimensional objects (2).

3  Conform Al2O3 coating in 

deep trenches.
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ZnO-based coatings have been used, for example, for TCO 

applications such as LEDs or solar cells and deposited not only 

by thermal (see table on the opposite) but also by plasma 

CVD. Other fields of application for these coatings include fuel 

cells, lithium-ion batteries and corrosion-resistant coatings for 

automotive components. In addition, coatings for photochem-

ical water splitting are even being developed. 

Further development of ALD coatings

In practice many applications require greater coating 

thicknesses than can be economically produced by ALD. 

One possible solution here is to combine different coating 

processes such as PVD or CVD with ALD. The graph shows 

an example of a hybrid coating of this kind, in this case to 

increase breakthrough voltage by means of an integrated ALD 

layer. The hybrid coating systems approach is also used when 

a material cannot on its own satisfy all requirements made of 

it, such as chemical and mechanical resistance.

Outlook

One challenge in plasma ALD is to prevent inhomogeneities 

in the plasma. For this reason plasma simulations of 

different installation geometries are to be carried out at the 

Fraunhofer IST.

The technology

ALD is a modified version of chemical vapor deposition (CVD). 

This process is characterized by two successive, self-limiting 

surface reactions which allow extremely thin, pin hole free 

and extremely homogeneous coatings to be deposited. One 

special variant is plasma atomic layer deposition, in which 

the second precursor is activated by plasma. This means that 

precursors which are less reactive can be used or alternatively 

the substrate temperature can be lowered when, for example, 

coating sensitive substrates. Unlike other PVD and plasma CVD 

deposition processes, the part to be coated is not damaged by 

the plasma.

ALD processes at the Fraunhofer IST

The following thermal or plasma ALD coatings are under 

development at the Fraunhofer IST:

 � Transparent conductive oxides: ZnO:Al, ZnO:Ti

 � Dielectrics: ZnO, Al2O3, TiO2

 � Diffusion barriers: SiO2

 � Corrosion-resistant coatings in combination with other 
coating methods

Atomic layer deposit ion,  or  ALD for short ,  i s  a cutt ing-edge technology used s ince February 2011 at the 

Fraunhofer  IST by which even complex components can be coated with a part icular ly  h igh level  of 

uniformity.  The latest  developments focus on combining ALD with other coat ing methods.

 

Substrate temperature 170 °C 200 °C

Al content [at.%] 3.2 3.7

Thickness [nm] 102.8 100.37

Specific resistance, ρ [10-3Ωcm] 3.838 2.360

Mobility, µ [cm2 / (Vs)] 17.2 16.4

Charge carrier density, Ne [cm-3 x 1019] 9.4 16.0

Visual transmission [%] 84.0 80.0

Comparison of the breakthrough voltage of individual 

sputtered and ALD layers with combined layers. 

Layer thickness [nm]
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Topics in the business field of “Optics and electronics” include:

 � The development of electrical contact and insulating coatings

 � The development of coating systems for displays

 � The development and design of multilayer coatings for optical filters

 � The development of sensorized coatings

 � The development of new materials and of structuring and metallization technolo-
gies as substitutes for ITO coating systems in flat-panel displays

Clients of this business field include companies in the optical industry, in telecommuni-

cations, the automotive industry, manufacturers of displays and data storage media as 

well as plant manufacturers and coating contractors.

OPTICS AND 
ELECTRONICS

CONTACT
Dr. Michael Vergöhl

Phone + 49 531 2155-640

michael.vergoehl@ist.fraunhofer.de

Dr.-Ing. Ralf Bandorf

Phone + 49 531 2155-602

ralf.bandorf@ist.fraunhofer.de



With the aim of achieving an optimum coating, the following 

are some of the measures taken in production: 

 � Production of less critical coatings with suitable batch 
planning at the beginning and end of the target's life cycle, 

 � production of critical coatings at the optimum point in 
time,

 � replacement of masks,

 � adjusting the magnetic fields of the targets, and 

 � use of cylindrical targets.

The EOSS® sputtering system 

In the EOSS® sputtering system developed at the 

Fraunhofer IST the cylindrical targets already established in the 

flat glass industry are used for the first time in a production 

system for precision optical interference filters. The surface of 

these targets erodes evenly which means that the emission 

characteristic of the atomized material remains virtually 

unchanged over the lifetime of the target. The advantages are 

obvious: readjustments, batch plans and other measures are 

no longer necessary. 

The objective: uniform coatings and clean processes

One of the simplest ways of making uniform and homoge-

neous coatings is to move the workpiece to be coated with, 

for example, a rotary movement. Since demands to the 

cleanness of the coatings are extremely strict, solutions such as 

using planetary gear trains for movement are not be suitable. 

In the field of magnetron sputtering, especially in turntable 

configurations, subrotations are frequently realized by means 

of a separate drive for each substrate holder. This approach is 

however associated with a certain financial cost both to pur-

chase and in operation. This is one of the reasons why systems 

without subrotation hold their ground in the market. 

Possible solutions

Coating installations without subrotation use masks which 

modify the deposition profile of the typical planar targets in 

such a way that uniform coatings are created. This concept 

involves a great deal of effort in operation. In addition, the 

formation of erosion furrows on the target surface changes 

the distribution of atomized material over the life of the 

target. 

UNIFORM COATINGS ON 
THE EOSS® PLATFORM

1  A look through the 

viewing port of the EOSS® 

coating system.

2 Simulation of material 

flow in the computer-aided 

optimization of masks.

3 Final inspection of a 

coated wafer.
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Improving the cost-effect iveness of coat ing processes is  a permanent chal lenge, even in the f ie ld of opt ica l 

technologies.  One aspect here is  the uniformity of the coat ings.  Depending on the specif icat ions for 

spectra l  propert ies,  var iat ions in coat ing thickness should be subject  to re lat ive ly  wide or only extremely 

narrow tolerances.  Var ious approaches to a solut ion have been developed over recent decades.  One of 

these is  EOSS®,  a sputter ing system developed at the Fraunhofer  IST.

1

These advantages are confirmed by an analysis of the behavior 

of the cylindrical targets in the EOSS® system. It has been 

demonstrated that uniformities in the range of ±0.15% can be 

achieved with long-term stability. This means that the EOSS® 

concept has a cost-effectiveness which no other manufacturer 

can currently reach.

Measured distribution in and transversely the direction of 

rotation on a dia. 200 mm wafer. Deviation falls within 

the ±0.10% range in and ±0.15% range transversely the 

direction of rotation.
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the source were optimized. The simulation calculations in 

particular proved very helpful here in remedying design weak-

nesses in the source (anodic hotspots). In addition, iterative 

improvement of the masks also made it possible to achieve 

considerable improvements in the homogeneity of the coat-

ings. Furthermore, experiments confirmed that the mechanical 

properties of the coatings (elongation at break) can be varied 

by the source (see graphs on the opposite). 

Outlook

It is now possible with the aid of the modified deposition 

setup to integrate organically modified layers in the ceramic 

stack. This permits the creation of gradient coatings, for 

example, in which the mechanical properties of the coating 

are adapted to those of the substrate. In addition, outstanding 

barrier effects against the diffusion of water or oxygen can 

even be obtained by combinations of organic and inorganic 

layers.  

Testing a new PECVD source

To obtain a better understanding of the interplay of soft 

organic and hard oxidic coatings in optical coating systems 

an innovative PECVD source has been integrated into a 

conventional turntable sputtering chamber for optical coating 

systems (see Fig. 1). It is characterized by a low amount of 

energy being supplied to the substrate during the coating 

process, what has advantages for the coating of plastic 

substrates. The objective of the activities at the Fraunhofer IST 

was to integrate and also to optimize the source with regard 

to the highest and most homogeneous coating rate possible, 

a low input of energy to the substrate and variable mechanical 

coating properties.

Homogeneous coatings with a high optical quality

In comprehensive testing of the source using hexamethyl-

disiloxane (HMDSO) as precursor and by running various 

simulation calculations, the coating rate, the energy input, 

the coating properties and the coating homogeneity of 

PECVD COATINGS FOR OPTICAL 
COATING SYSTEMS

1  Turntable sputtering 

system with integrated 

PECVD source.

CONTACT
Dr. Thomas Neubert

Phone +49 531 2155-667

thomas.neubert@ist.fraunhofer.de

Dr. Andreas Pflug

Phone +49 531 2155-629

andreas.pflug@ist.fraunhofer.de

Optical  coat ing systems, for example ant i - ref lect ion coat ings,  opt ica l  f i l ters  or  laser mirrors are usual ly 

produced by phys ica l  vapour deposit ion (PVD) methods such as evaporat ion or sputter  deposit ion.  Opt ica l 

metal  ox ide coat ings of a very high qual i ty  and hardness can be created by these methods.  However,  hard 

coat ings are not a lways what are suitable on soft  substrates such as plast ics .  Deformations can give r ise 

to mechanical  stresses and cracking in the coat ings and thus have a negat ive effect  on their  opt ica l  prop-

ert ies.  A chemical  vapour deposit ion process has now been developed at the Fraunhofer  IST which a l lows 

the mechanical  propert ies of coat ings to be var ied over a wide range. This  in turn means that opt ica l 

coat ing systems can be better  adapted to plast ic  substrates.

1

Influence of masks on coating homogeneity.
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the silicon oxide results in a change in the layer hardness. A 

suitable choice of mixing ratio ensures that when rubbed with 

sharp-edged corundum particles in the tightened Bayer test 

(oscillating abrasion test) the topmost layer loses hardly any 

material. Antireflective properties are thus left unaffected. 

When the layer is subjected to the impact of the same parti-

cles in the sand trickling test, noticeably fewer bits of coating 

break away, resulting in a reduction in light scatter.

Characterization

In addition to coating technology, the Fraunhofer IST also 

has at its disposal various standardized test methods for 

determining wear resistance. These have been specially 

adapted to the requirements of dielectric coatings such as 

antireflective systems. Among other things the increase in light 

scatter following the sand trickling test can be determined, 

as also the thickness of the abraded coating after the Bayer 

test. Supplementing the familiar photometric measurements 

(reflectance, transmittance, light scatter) and ellipsometric 

measurements (material parameters, coating thicknesses), 

these tests can now also be carried out on substrates supplied 

by the customer.

Structure of antireflective coatings

Antireflective coatings usually consist of a layer of high-refract-

ing titanium oxide or silicon nitride and one of low-refracting 

silicon dioxide (silica). Due to the interference conditions the 

top layer here must be the silica. But this particular material 

cannot offer sufficient resistance to abrasive influences. A 

layered system with a top layer of aluminum oxide would 

have this resistance but there would be too much residual 

reflectance. For this reason, material mixtures of silicon oxide 

and aluminum oxide were among other things investigated as 

part of the “NoScratch” project in order to make the positive 

properties of each of the two materials usefully accessible.

Resistance provided by optimized  

processes and materials

On the basis of plasma simulations the coating process was 

optimized up to a high input of energy. A bipolar sputtering 

process at medium frequency was used here. Compaction of 

the deposited coating was assisted by direct heating and a 

substrate bias. With this method even industrial anti-reflective 

systems based on silicon nitride and silicon oxide can be 

even further improved. The addition of aluminum oxide to 

SCRATCH-RESISTANT 
ANTIREFLECTIVE COATINGS

1  Sapphire glass before 

testing.

2  Sapphire glass after the 

sand trickling test.

3  Standard antireflective 

coating after the sand 

trickling test.

4 Optimized antireflec-

tive coating after the sand 

trickling test.
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I tems of dai ly  use such as watches or cel l  phone displays are constant ly  exposed to abras ive fr ict ion and 

impacts.  In many cases part icular ly  hard sapphire glasses based on art if ic ia l ly  grown aluminum oxide 

crysta ls  are used to protect them. However,  when compared with normal mineral  g lasses,  they have one 

dist inct  d isadvantage: they are highly ref lect ive and this  makes i t  more diff icult  to see objects  behind the 

glass.  For this  reason the Fraunhofer IST has,  as part  of  the EU project  “NoScratch”, created ant i ref lect ive 

coat ings which show minimal  abras ive wear even under the most extreme condit ions.

1 2 3 4

Minimal increase of the residual reflectance of a antireflec-

tive coating following abrasion in the Bayer test resulting 

from the use of a silicon-aluminum oxide mixture.
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the electronic properties of the component. Furthermore, 

simulation models are being developed regarding detailed 

wall reactions in the deposition of doped, semi-conducting 

materials and in particular the dynamics of the doping process 

during coating is also under investigation.

Coating processes

For applications on temperature-sensitive substrates or for 

coatings on energy-sensitive materials, atomic layer deposition 

(ALD) has proved to be a gentle CVD-deposition alternative 

to PVD processes in which substrate damage can occur due 

to ion bombardment. In the ORAMA project ALD coating 

processes are for this reason being developed for commonly 

used TCO materials. In addition, concepts under examination 

include, for example, the creation of individual layers with 

thicknesses in the nanometer range for closing off defects or 

for the application of chemical barriers.

Material development

To prevent the price of display and illumination applications 

from being pushed up by the dwindling availability of the 

indium needed to produce transparent electrodes made of 

Project overview

The focus of the ORAMA project is on the task of developing 

alternatives to silicon-based semiconductor electronics. 

A holistic approach is followed: from simulation of new 

combinations of elements, precursor synthesis and the 

development of alternative coating processes to transparent 

conductive oxides (TCOs) and other oxidic semiconductors. 

Even their application in electronic components forms part of 

the work. At the Fraunhofer IST the main points of emphasis 

are the synthesis of p-type TCOs and the creation of TCOs 

with grain sizes over 50 µm in lateral extension. In addition, 

new coating concepts based on atomic layer deposition (ALD) 

are to be established. Fields of applications will be illustrated 

below through examples.

Simulation

With the help of particle-in-cell Monte Carlo simulation it 

has been possible to gain understanding of the influence of 

negatively charged oxygen ions on the deposition of p-GaN 

LEDs. This means that on the basis of the simulation results, 

the process can be selectively optimized as a function of instal-

lation geometry and process parameters and thus improved 

OXIDIC ELECTRONICS FOR 
FLEXIBLE APPLICATIONS

1  Transparent electronics 

on PET sheeting.

2  A ceramic InGaZnO 

target.

3  Optical microscope 

image of TiO2:Nb with large 

grains.
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In the EU project  “Oxide mater ia ls  for  the post-s i l icon electronics era – ORAMA” (www.orama-fp7.eu) 

thi r teen partners under the leadership of the Fraunhofer  IST are working together on developing new 

metal  ox ide mater ia ls  for  future e lectronics appl icat ions.  Specia l  importance is  attached here to model ing 

mater ia l  propert ies and deposit ion condit ions.  Dur ing the course of this  work success has been achieved 

in creat ing the f i rst  components,  such as,  pn-diodes,  for  example,  ent i re ly  f rom oxidic mater ia ls .

1

indium tin oxide (ITO), manufacturing methods are being 

investigated for alternative materials whose electro-optical 

properties resemble those of ITO. One development of this 

kind at the Fraunhofer IST has been a coating process with 

a downstream tempering step, which produces inexpensive 

TiO2:Nb coatings with large lateral extensions and thus high 

conductivity and switching speeds. 

Oxidic components

For future applications in the display and lighting industries 

p-TCOs may constitute an important building block. The 

material phases of the delafossite structure CuAlO2 and 

CuCrO2 developed at the Fraunhofer IST are examples of this. 

A p-n-diode made with a p-TCO and consisting of n-type 

ZnO:Al and p-type CuCrO2 exhibited a clear diode character-

istic in the forward and reverse directions. Furthermore, so-

called channel materials for thin film transistors (TFTs) play an 

important role. The first large-format displays with InGaZnO as 

the channel material have recently been produced. In contrast 

to this, the Fraunhofer IST and its project partners are now 

developing new oxidic materials which do not use indium.

Outlook

The coming year will see the first demonstrators set up on the 

basis of current development work. The Fraunhofer IST offers 

competent support in the development of large-area coating 

processes for new TCO materials and also in the characteriza-

tion and optimization of materials.

25 µm2 3
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medium-frequency process (MF process) and others into an 

HIPIMS process at the same mean power level. In the Tesa test 

which followed, delamination was observed in the MF test 

pieces while the HIPIMS test pieces passed the test without 

exception.

For high-adherence metallization, plexiglas represents a special 

challenge. With conventional plasma processes it has not yet 

been possible to metallize this plastic without additional inter-

mediate steps. Even in this case, by careful adjustment of the 

proportion of ions and the ion energy it has been possible to 

obtain an extremely adherent metallization with aluminum. No 

delamination was observed in the test pieces, neither during 

the Tesa test which followed, nor during a combination of the 

cross-cut adhesion test and a subsequent Tesa test.

Conductivity

Ideally the metal layers on the plastics should be very 

conductive. For various conductive coatings, such as the alu-

minum-based types investigated here, it was shown that even 

better conductivities can be achieved with ionized methods. 

In this case DC processes served as reference. Once again the 

mean power level for the HIPIMS processes corresponded here 

to the DC process power levels.

Ionized coating methods for excellent adhesion and 

conductivity

Giving plastics coatings with good adhesion requires a specific 

pretreatment step. Depending on the plastic selected, with 

plasma coating a reactive gas can be added which activates 

the surface and improves adhesion during the coating step 

which follows. In general the pretreatment process and also 

the use of the particular intermediate layers required must be 

adapted to the substrate.

While with conventional sputtering the layer being built up 

is formed primarily of neutral particles, HIPIMS (high power 

impulse magnetron sputtering) opens up new options here. 

This process ionizes a large part of the material forming the 

layer which has a significant influence on coating adhesion 

and the layer structure.

Adhesion

Investigations using different plastic substrates (PPSU, 

PEI, PEEK, PESU, SAN) have shown that making a suitable 

configuration of coating parameters, particularly by a selective 

modification of the proportion of ions, it is possible to 

obtain significant improvements in coating adhesion during 

metallization. In a direct comparison, some “dirty” plastic 

substrates were put without any pretreatment at all into a 

PLASTIC METALLIZATION WITH IONS 1  Bad adhesion of the 

Al-coating on PMMA with 

usual MF processes.

2-4  Left to right: Improve-

ment of the Al-adhesion on 

PMMA through optimizing 

of one HIPIMS process.

*REACH: Registration, Eval-

uation, Authorisation of 

Chemicals
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Galvanic metal l izat ion methods are frequent ly  based on the use of the dangerous e lement chromium (VI ) 

whose total  restr ict ion is  proposed under the REACH direct ive.  However,  replac ing processes containing 

chromate can result  in reduced coat ing adhesion and thus create problems with products.  Vacuum coat ing 

offers  an economic a l ternat ive to galvanic processes,  especia l ly  for  smal l  parts  and high product ion 

quant i t ies ,  s ince i t  offers  h igh adhesive strengths without us ing chromium (VI ) .  Alongside chromate-free 

galvanic processes,  which are a lso being developed at the Fraunhofer IST,  ionized deposit ion in a vacuum 

permits  d i rect ,  securely adherent metal l izat ion without the need for addit ional  intermediate layers.

1 2 3 4

While the DC processes exhibited a great deal of scatter in 

specific resistance, it was possible to minimize this with the 

HIPIMS processes. Furthermore the HIPIMS processes in all 

cases have lower specific resistances, which either correspond 

to the minimum value of DC processes or even lying below it. 

In combination with the increase in adhesion which we have 

mentioned, the HIPIMS processes thus offer an extremely 

attractive alternative to established methods: adhesively 

secure plastic metallization with highly electrically conductive 

coatings.

Specific resistance of an aluminum layer.
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At the center of activities in our “Life Science and Ecology” business sector is the 

development of surfaces and surface treatments for applications in medical science and  

technology, biotechnology and environmental technology. Examples include: 

 � Selective functionalization and coating of surfaces by means of atmospheric-pres-
sure plasma processes (for example, for bioanalytics, medical technology or 
migration barriers)

 � Diamond-coated electrodes for the electrochemical disinfection of water and for 
treating wastewater

 � Metallization of plastic surfaces for biosensors

 � Internal coating of microfluidics components, cell culture bags and tubing

 � Biocompatible antifriction coatings (for example, diamond-like carbon coatings) for 
applications in medical technology, such as in prosthetics

 � Plasma treatment for the restoration and conservation of cultural assets

 � Disinfection of seeds and foods

 � Plasma treatment of organical material and plama medicine

Customers of this business division include companies from the pharmaceutical indus-

try, biotechnology, medical technology, the foodstuffs industry, the chemical industry 

and environmental engineering.

LIFE SCIENCE 
AND ECOLOGY
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Example: cell cultivation in the bag

GMP-conformant cultivation systems are of special importance 

in the cultivation of cells for therapeutic purposes. With a 

D-based process running at atmospheric pressure, cell-adher-

ent coatings can be applied in closed plastic bags without the 

bag having to be opened during the coating and cell culture 

process , the system remains sterile. 

Example: regenerative medicine

In the field of regenerative medicine, such as for bone 

replacement, biocompatible supporting structures – so-

called scaffolds – have an important role to play. Here 

atmospheric-pressure plasma processes also offer a promising 

way of modifying the surfaces of these three-dimensional 

structures so as to improve their colonization with cells and 

thus the yield from cultivation.

Example: location-selective cell cultivation

For certain types of cell, such as nerve cells or pluripotent 

stem cells, a location-selective modification of the surface 

is of great interest. This can be achieved by the so-called 

“plasma printing” process. With a suitable gas supply and 

using electrodes adapted to the desired structure, almost 

any structured coating can be deposited on flat substrates 

by atmospheric-pressure plasma processes. Surface coating 

matched to the cells opens in turn the possibility of loca-

tion-selective cell cultivation on the most varied substrates. 

Outlook

A combination of the three described application examples 

is of great interest particularly for cells with therapeutic 

relevance which make serious demands of the cultivation 

process. Plastic bags which have had a structuring treatment 

could, as GMP-conforming systems, considerably simplify 

the cultivation of pluripotent stem cells. There is even a great 

potential for innovation in coating scaffolds within a closed 

bag, processed under GMP-conforming conditions

Atmospheric-pressure plasma processes for optimum 

surface properties

For many biological applications, such as cell cultivation and 

differentiation, control of cell adhesion on different materials 

plays a decisive role. At the same time, material properties 

such as sterilizability, biocompatibility or mechanical stability 

must be supported. Cell-specific surfaces with retention of 

the original material properties can be realized for example 

through a coating. One possibility here is offered by dielectric 

barrier discharge (D) at atmospheric pressure. With this tech-

nology, a large number of inert surfaces, such as plastics, glass 

or silicon wafer, can be modified such that the materials are 

usable for adherent cell cultures. The process is characterized 

by short process times and dispenses with vacuum or solvents. 

The surface properties adapted to the cells are possible even 

with complex substrate geometries. Moreover, different 

surface composition can be varied due to the use of different 

film forming agents. This results in a very great potential of 

this technology in cell culture applications. 

1  Plasma in the bag.

2  Adherent growth of 

MC3T3 cells on the coated 

scaffold.

3  Adherent growth 

of HEK 293-LP cells 

on structured coated 

polypropylene film.
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1 2 3

Mult ipotent and plur ipotent stem cel ls  are an important start ing point for t rend-sett ing therapies.  Their 

cult ivat ion requires mater ia ls  and substrates which must not only be inexpensive but a lso offer  safe use 

and handl ing.  To be able to mult ip ly ,  the cel ls  themselves need a suitable surface to adhere to.  To create 

th is  even in c losed systems, the Fraunhofer  IST is  developing coat ings us ing atmospher ic-pressure plasma 

processes.

COATINGS FOR CELL CULTIVATION
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Atmospheric-pressure plasma processes

Plasma-based methods have proved themselves eminently 

suitable for coating polymers. They make the implemen-

tation of surface properties possible such as hydrophilicity, 

hydrophobicity and functionalization with specific groups. 

One disadvantage, however, is that in normal cases the 

entire surface is treated, which affects other surface-sensitive 

processes such as bonding or sealing substrates detrimentally. 

At atmospheric pressure on the other hand, plasmas can 

be ignited in structured and covered microfluidic channel 

structures made of dielectric materials, such as, glass and 

plastics, which makes possible a full internal coating of the 

channels. By connecting two electrodes to the topside and 

underside of the component, electrical fields are generated in 

the channels by AC voltage. These exceed the ignition field 

strength. With a suitable choice of the gas or gas mixture 

which flows through the channels, it is possible to coat the 

internal surfaces of the finished component.

Influence of surface coating

With the aid of a fluorine monomer, which was added to the 

process gas as a precursor, researchers at the Fraunhofer IST 

succeeded in depositing a fluoropolymer in the fluidic channels 

which brought about a considerable reduction in protein 

adsorption. The result was to make possible the reproducible 

generation of droplets of media containing protein, such as 

nutrient solutions for cell cultures, human serum, fetal biovine 

serum (FBS), whole blood, yeast suspensions or even alginate, 

condensed milk and cream. Coating expanded the useful life 

of the components to periods ranging from several days to 

weeks. In this way a major step was achieved on the road 

to establishing droplet-based microfluidics for commercial 

applications. 

Outlook

As the number of process steps which can be integrated in a 

closed system of this kind rises, so does the handling of cell-

based samples in microfluidic systems gain in attractiveness. 

The aim of future work at the Fraunhofer IST and the iba is to 

integrate actuators and sensors into the channel systems.

Influence of precursor concentrations of octafluorcyclo-

butane (C4F8) on the water contact angle following coating 

and immersion in water and heptane.
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Long-term stable hydrophobic surface coatings for 

droplet-based microfluidic systems

Microfluidic systems have a number of advantages over 

traditional technologies. With them prokaryotes, eukaryotes 

and entire cell clusters can be manipulated and in general 

the very smallest sample quantities analyzed. This gives them 

the potential to replace traditional methods of handling 

samples of this kind. Current microfluidic systems are usually 

characterized by being closed arrangements, which thus 

hinder evaporation effects. In recent years the number of 

samples for testing has increased considerably, above all 

in modern pharmaceutical research. Since the substances 

used in research are frequently very expensive, a tendency 

towards miniaturization can be observed which nevertheless 

pays due regard to quality requirements and cost pressure. 

It is crucial in the use of droplet-based microfluidic systems 

for the droplets not to wet channel surfaces with polar 

liquid. The Fraunhofer IST in collaboration with the iba in 

Heiligenstadt has developed a hydrophobic coating using 

atmospheric-pressure plasmas which prevents channel surfaces 

being permanently wetted by the droplets.

1  Internal coating of a 

glass capillary tube using 

atmospheric-pressure plasma.

2  Generation of whole-

blood droplets at the iba 

Heiligenstadt following 

surface coating.
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1

Continuing developments in the f ie ld of microf lu id ic  technologies are opening up new perspect ives not 

only in biological  and medical  appl icat ions but a lso in environmental  and foodstuffs  appl icat ions.  With 

droplet-based microf lu id ic  systems such as samples in the nanol i ter  range can be handled where automat-

ed pipetters  come up against  their  l imits  due to vapor izat ion effects .  In a col laborat ion between the 

Fraunhofer  IST and the Inst i tute for Bioprocess ing and Analyt ica l  Measurement  ( iba)  in Hei l igenstadt,  hy-

drophobic coat ings with long-term stabi l i ty  have been developed us ing atmospher ic-pressure plasmas. 

These coat ings s ignif icant ly  extend the funct ional  durat ion of the f lu id ic  components or even enable for 

the f i rst  t ime the compartmental izat ion of certa in media.

SURFACES FOR DROPLET-BASED 
MICROFLUIDICS

2
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Effects arising from structured coatings

At the Fraunhofer IST fluorescence microscopy has been used 

to investigate how strong an influence gaining the surface 

roughness and thereby enlarging the surface area results in an  

increase of the density of functional groups on the test piece. 

To do so, structured and unstructured coatings were deposited 

on glass slides from the precursor gas ethyne. The surfaces 

were then functionalized with a thin homogeneous layer of 

aminopropyltrimethoxysilane and the amino groups density 

determined using fluorescence markers. The structured test 

piece was three times more fluorescent than its unstructured 

counterpart which points to a significant increase in the 

number of amino groups per slide. By depositing markedly 

particulate and thus very rough silane layers, which were 

then coated with water-repellent octafluorcyclobutane, it 

was possible to create superhydrophobic coatings with water 

contact angles of 162°. By way of comparison, contact angles 

of only about 120° could be obtained on an unstructured 

octafluorcyclobutane coating.

Structuring using a metallically coated dielectric

At the Fraunhofer IST Application Center for Plasma and 

Photonics in Göttingen, metallic structures were applied at the 

gap end directly to the dielectric for a controlled generation 

of filaments. A layer of aluminum about 10 µm thick was 

deposited on the dielectric by plasma-assisted particle coating 

synthesis and then structured with a laser (Fig. 3). In the 

coating process which followed, deposition was greater in 

the areas of metallic dots. So far it has not been possible to 

obtain a cleanly demarcated dot pattern structure, such as 

can be deposited using wire meshes. One promising approach 

is to use a sputtered and then lasered lattice structure with a 

coating thickness of only around 100 nm: here it was possible 

to create stable dot patterns.

Outlook

The aim of further development is to implement precisely 

configurable structuring even within the dynamic process. In 

addition, efforts are underway to carry out both structuring 

and functionalization in a single process step.

Structuring by means of metal wire meshes and foams

If a sufficiently high AC voltage is applied to two electrodes 

separated by at least one dielectric material, plasma filaments 

will form in the gap between the electrodes. The form taken 

by the filaments is influenced by conductive materials being 

brought into the plasma area. By using structured conductive 

materials, such as a metal wire mesh, for example, the 

discharges will orient themselves to the metal structures in 

the electrical field. The result is that the coating laid down 

will reproduce the metallic structure. Regular dot pattern 

structures can thus be created by using metal wire meshes. 

The dot patterns may be finer or coarser, depending on the 

mesh size (Figs. 1 and 2). Open-cell conductive foams can be 

used for depositing irregular structures with a high degree of 

surface roughness.

1  Structured coating 

obtained by deposition using 

a metal wire mesh.

2  Partially hydrophilic 

coating wetted with water.

3  Laser-structured 

aluminum coating on a glass 

dielectric.
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1 2 3

In many f ie lds of appl icat ion,  deposited structured coat ings have advantages over unstructured coat ings. 

An increase in surface roughness results  in a larger surface area,  which in turn means that the density of 

funct ional  groups can be increased and thus too, for example,  the docking of biomolecules on a biochip. 

In addit ion,  a surface topography can inf luence wett ing behavior and thus create effects  such as superhy-

drophi l ic  or  superhydrophobic character ist ics .  Def ined dot patterns are,  for  example,  of  interest  in the 

biotechnological  f ie ld for biochip product ion or for lab-on-a-chip arrangements.  One part icular ly  eff ic ient 

method of deposit ing funct ional  structured coat ings are atmospher ic-pressure plasma processes,  such as 

are being developed at the Fraunhofer IST. 

CREATION OF FUNCTIONAL 
COATING STRUCTURES

250 µm 1 mm
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Photocatalytic air-cleaning at the Fraunhofer IST 

In the field of air cleaning, ISO 22197-1 has come to be the 

leading testing and inspection standard for assessing the 

performance of photocatalytically active products. This test 

method is based on measuring the degradation of nitrogen 

monoxide (NO) in which a test body is placed inside a photo-

reactor through which NO flows, is activated by ultraviolet 

radiation and its air-cleaning performance determined from 

the net quantity of nitrogen oxide removed. Here the supply 

of test gas and zero gas, the pollutant analyzer as well as the 

light source, wavelength and radiation intensity are defined as 

also the arrangement of the test body in the photoreactor or 

the photoreactor itself.

The Fraunhofer IST has developed a flat-bed reactor of 

modular design with which samples measuring up to 

200 x 100 x 20 mm (w x d x h) can be measured in compliance 

with the relevant standards. The principle influencing factors 

such as irradiance, gas flow rate, temperature and air humidity 

can be set in a defined manner, not only in the periphery but 

also in the reactor itself, and these quantities continuously 

measured. In addition, the Fraunhofer IST foresightful sees 

the very latest LED technology being used in the future – all 

requirements of the upcoming CEN specifications for the 

irradiation conditions for testing photocatalytic properties 

(CEN/TS 16599) have therefore already been satisfied today.

What we can offer

The Fraunhofer IST offers a ready-to-run total solution for 

measuring NO degradation in compliance with the relevant 

standards. Taking into consideration the special requirements 

of the customer a comprehensive installation plan is first 

drawn up. All of the components required are selected, 

procured and subjected to function testing in the IST‘s 

own laboratories. The complete measuring station is then 

transported to the customer and the technical acceptance 

procedure carried out. 

Growing demand for photocatalysis products 

Photocatalysis is one of the “enabling technologies” of the 

21st century whose variety of products can preferably be 

further improved in a fast growing market by using new 

catalysts and tailored application methods. A current study 

conducted by BCC Research (the BCC Market Report on 

Photocatalysis, March 2010) estimates the global turnover of 

photocatalytically based products for 2014 at almost 1.3 thou-

sand million euros with an annual growth rate of 14 %. At the 

same time the Association of German Engineers (VDI) assesses 

the market potential over the next two decades at several 

ten thousand millions of US dollars. Here more than 80 % 

of the global turnover is taken up by building products with 

antifouling, self-cleaning and air-cleaning properties. Examples 

include road surfacings, paths, sound-absorbing walls, tunnels 

and the internal and external façades of buildings.

1  Individually configured 

gas panel with filter towers 

and mass-flow controllers.

2  Measuring station with 

PC and analytical equipment 

(benchtop version).

3  Control panel with flat-

bed reactor and ultraviolet 

radiation source.
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1

Sett ing up a measur ing stat ion for test ing equipment compl iant with the re levant standards often involves 

an enormous effort  on logist ics  and equipment.  A large number of indiv idual  components must be brought 

together and tested before they can perform correct ly  and re l iably as an ensemble.  The Fraunhofer IST has 

recent ly  become able to offer  i ts  customers ready-to-run total  solut ions,  especia l ly  in the f ie ld of 

photocatalyt ic  metrology.

ISO COMPLIANT TURNKEY-SOLUTIONS 
FOR MEASURING NOX-DEGRADATION

2 3
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In pursuing the business areas that were showcased in the previous chapters the 

Fraunhofer IST utilizes a wide spectrum of competencies in the fields of special coating 

systems on the one hand, and coating processes on the other hand:

 � Low pressure processes

 � Atmospheric pressure processes

 � Micro- and nano technology

 � Electrical and optical coatings

 � Super hard coatings

 � Friction reduction and wear protection

 � Analytics and quality assurance

In addition the institute offers a broad spectrum of cross-sectional services: Surface 

pre-treatment, thin film development, surface modification, process technology 

(including process diagnostics, modeling and control), surface analysis and thin film 

characterization, training, application-oriented film design and modeling, system design 

and technology transfer. 

8 I  9

SERVICES AND 
COMPETENCIES



Micro and nano technology

 � Functionalizing of interfacial layers

 � Micro and sensor technology

 � Nano composite coatings

Electrical and optical coatings

 � Optical coatings

 � Transparent conductive coatings

 � Diamant electrodes

 � Silicon-based coatings for photovoltaics and  
micro-electronics

 � Oxide semiconductors

 � Insolation coatings

 � Piezoelectric coating

Super hard coatings

 � Diamond

 � Cubic boron nitride (cBN)

Low pressure processes

 � Magnetron sputtering and HIPIMS

 � Hollow cathode processes

 � PACVD-processes

 � Hot-wire-CVD-processes

 � Atomic layer deposition (ALD)

 � Modeling of low pressure processes

 � Plasma diffusion process

Atmospheric pressure processes 

 � Multi component systems for electroplating

 � Non-aqueous electroplating

 � Atmospheric pressure plasma processes

 � Micro plasma

 � Low temperature bonding

 � Plastics metallization

 � Laser plasma hybrid processes

 � Corrosion protection

1 2

AN OVERVIEW OF OUR COMPETENCIES

3

1 Strain gauges half bridge 

on an automotive con-rod 

bearing.

2 CVD diamond coatings 

for various tool solutions: 

to remove material with 

a specific blade or as a 

compeDIA® abrasive coating.

3 Plasmajet treatment for 

ejection of silver tarnishing.

Friction reduction and wear protection

 � Amorphous carbon caotings (DLC) 

 � Diamond coatings

 � Hard coatings

 � Plasma diffusion

 � Dry lubricant coatings

 � Erosion protection coatings

 � Corrosion protection coatings

Analytics and quality assurance

 � Chemical analysis

 � Crystal structure analysis

 � Microscopy

 � Tribological tests

 � Mechanical tests

 � Optical measurement

S E R V I C E S  A N D  C O M P E T E N C I E S
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Measuring the wear resistance of thin layers

Over past years the ball-cratering method has undergone 

further continuous development. With a kinematics optimized 

to the grinding process it is even possible to determine 

the abrasion resistance of thin coatings. In addition to the 

mechanical details an abrasive slurry suitable for thin layers is 

required. Abrasive capacity in the grinding area can be set via 

the granulation. In determining layer wear it is important to 

ensure the crater depth does not exceed the coating thickness.

Summary

With the right handling system, the ball-cratering method is 

both simple and at the same time delivers very informative 

results. Of particular interest in the method described here is 

the aspect of minimal investment requirements. Despite its 

speed of operation the test unit offers a very satisfactory level 

of precision. This innovatory method is eminently suitable for 

rapid and precise testing of layer thicknesses with multiple test 

pieces.

The new ball-cratering device

Despite its relative ease of handling the method can only be 

automated with difficulty. The Fraunhofer IST has succeeded 

in creating a more effective test procedure by making a design 

modification. The devices which are currently available on the 

market can only produce one ball crater at the same time with 

their single grinding ball. With the Fraunhofer IST method up 

to three balls now perform this job simultaneously, doing so 

with the same level of precision. Three ball craters are thus 

ready for analysis in a very short time. 

Determining layer thickness

Thickness of layers is determined by making a visual evaluation 

of the ground pattern. This means that matched grinding is 

of great importance. Under optimized conditions the relative 

error in a layer thickness measurement is only a few percent. 

The crucial point is the ratio of crater depth to coating 

thickness. In the case of very thin layers (< 5 µm) particular 

care must be taken that the crater depth only just exceeds the 

coating thickness. 

There are often smal l  changes which make work more eff ic ient and reduce wait ing t imes.  Important pa-

rameter for the layer architecture,  such as the coat ing thickness or abras ion res istance,  are determined by 

means of the bal l -crater ing method which has been used for very many years in industry and research.  At 

the Fraunhofer IST this  method has now been expanded: for the f i rst  t ime up to three craters  can be 

ground s imultaneously dur ing a s ingle test  run,  which saves t ime.

1 2

FAST YET PRECISE: BALL-CRATERING3 

3

1 Ball-cratering device with 

three balls.

2 Close-up of the tester.

3 Ball crater for 

determining layer thickness.

CONTACT
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Benchtop device: dimensions (h x w x d) 305 / 295 / 295 mm

Weight 8 kg

Stage positioning range 25 x 25 mm

Speed range 20 – 200 U/min

Ball diameter min. 15 mm,  

max. 30 mm

Technical details of the ball-cratering devices:
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the intensity of excited CF2 molecules in the gas phase as 

measured by OES is plotted against the concentration of C4F8. 

The peak intensity of CF2 can be seen at a C4F8 concentration 

of approx. 10-3. This maximum correlates with the intensities 

of CF vibrational bands from Fourier transform infrared 

spectroscopy (FTIR) measurements at the coatings. The higher 

the intensity from FTIR measurement, the more CF groups will 

have been deposited.

Results

This example shows that using OES can increase the efficiency 

of the process since the optimum concentration of C4F8 can be 

set for the coating parameters used. As OES is a non-invasive 

method, short measurement intervals are possible without 

interfering with the course of the process. It is a simple matter 

to integrate OES into existing installations, which makes this 

measuring technique interesting not only for process develop-

ment but also for monitoring production processes.

Optical emission spectroscopy

In the atoms and molecules in the plasma, electrons are 

excited which emit photons when they fall back into their 

ground state or into a different state of lower energy. With 

an optical emission spectrometer the emitted photons can be 

detected whose wavelength is characteristic of the electron 

transitions. Optical emission spectra contain information about 

particle types and their state of excitation.

Hydrophobic coatings with atmospheric-pressure plasma

Hydrophobic coatings can be deposited from fluorocarbons 

by means of plasma polymerization. Here, for example, 

the monomer octafluorcyclobutane (C4F8) is polymerized in 

the plasma. The density of CF groups correlates with the 

hydrophobic properties of the coating. For this reason an 

attempt is made with OES to determine the point at which 

the concentration of CF groups reaches its maximum so as 

to make the most efficient use of the monomer and achieve 

a high level of hydrophobicity. In the graph on the right 

Atmospher ic-pressure plasma processes are often used for treat ing or coat ing surfaces.  Here the process 

gas is  ionized in the discharge zone and over the course of several  react ion steps var ious exc i ted and 

non-excited molecules form. The type and number of molecules is  inf luenced by the process parameters 

and this  in turn has an effect  on the growth and propert ies of the coat ings.  Opt ica l  emiss ion spectroscopy 

(OES) is  a useful  tool  for  the in s i tu analys is  and process control  of  atmospher ic-pressure plasma processes. 

This  method is  used at the Fraunhofer  IST in the development of superhydrophobic coat ings.

1

EMISSION SPECTROSCOPY AND 
ATMOSPHERIC-PRESSURE PLASMA

1 Spectrometer with 

optical fibers and measure-

ment computer.

CONTACT
Dr.-Ing. Artur Laukart

Phone +49 531 2155-508

artur.laukart@ist.fraunhofer.de

Outlook

The potential of optical emission spectrography is to be further 

exploited at the Fraunhofer IST in the future as well. The 

following developments are planned:

 � Investigations into the optical emissions of different plasma 
processes at atmospheric pressure in order to identify 
emission bands suitable for use in process control

 � Linking temporally and spatially resolved OES to electrical 
measurements, mass spectroscopy (in situ) and downstream 
coating analysis (ex situ)

 � Development of an OES-based process control system for 
industrial-scale plasma processes at atmospheric pressure, 
such as plasma pretreatment of polymer surfaces for 
subsequent wet-chemical functionalization

Comparison of the integrated intensities of CF2 and CF from 

OES and FTIR spectroscopy as a function of the specified 

C4F8 concentration in the gas phase.
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The HBS 1200 universal hybrid coating system

The cutting-edge HBS 1200 hybrid system based on a 

concept developed at the Fraunhofer IST (1.5 m³ chamber 

capacity – see Fig. 1) is equipped with the following main 

components: 

 � Two “unbalanced” magnetron targets operated with 
pulsed direct voltage 

 � One substrate holder operated with pulsed direct voltage 
(double rotation) (diameter 80 cm, height 100 cm)

 � Two pulsed microwave plasma sources. 

With this equipment it is possible to deposit hard a-C:H 

coatings with a very high level of adhesion on large 

components. To do so a metallic adhesion promotion layer 

is deposited by PVD (sputtering) and then a a-C:H layer by 

a PACVD process. Fig. 2 shows a hard a-C:H coating of this 

kind which was produced on this system. By using microwave 

sources the deposition rate of the a-C:H coating can be 

increased significantly with no loss of hardness or with even 

greater hardness. Even for the modified coating variants 

a-C:H:Si:O (SICON® anti-adhesive coating) and a-C:H:Si 

Optimum adhesive properties due to the hybrid process

Coatings for tribological applications, such as hydrogenated 

diamond-like carbon films (a-C:H) or their modifications 

(a-C:H:X where X stands for additionally incorporated 

elements),  must meet demanding requirements with regard 

to wear resistance, frictional and wetting behavior and also 

thermal and chemical stability. Coatings of this kind can only 

be produced by PVD (physical vapor deposition) or PACVD 

(plasma-assisted chemical vapor deposition), where the 

coating is exposed to an intensive ionic bombardment as it 

is laid down. The aforementioned properties however only 

come into effect when the coatings adhere very well to the 

coated components and tools. Empirical data gathered over 

the years confirm that optimum adhesion properties can only 

be reached in tribologically highly stressed coatings by means 

of hybrid processes – in other words, by combining PVD and 

PACVD processes in a single system. 

On the bas is  of  a Fraunhofer IST concept,  MicroSystems GmbH (Roth&Rau AG) in Hohenstein-Ernstthal  has 

developed a new hybr id coat ing system and put i t  into operat ion at  the Fraunhofer IST.  With the HBS 1200, 

coat ings with a high level  of  adhesion can be deposited homogeneously over very large areas.

1 2

NEW PACVD / PVD HYBRID 
COATING SYSTEM 

1 µm 3

1 PVD / PACVD hybrid unit 

when open.

2 Fracture photomicro-

graph of an a-C:H coating 

on a titanium adhesion 

promotion layer.

3 A boron carbide coating 

deposited homogeneously 

on an aluminum sheet.
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coatings, adhesive strengths can be expected with the hybrid 

method which were not previously achievable using “pure” 

PACVD methods. The automotive industry is becoming 

increasingly interested in a-C:H:Si coatings for their attractive 

coefficients of friction and even for their greater thermal 

stability as compared with a-C:H. 

Not only a-C:H but also other coating materials can be 

homogeneously deposited on large-area surfaces. Here, 

corresponding to what is required of the coatings, the com-

ponents mentioned can be used separately or in combination. 

Examples include high-purity boron carbide coatings deposited 

on thin aluminum sheets (see Fig. 3). 

  

Outlook

Ionic bombardment of the growing coating can be optimized 

by suitable combinations of substrate excitation and 

microwave sources. The presented hybrid coating system 

thus offers attractive possibilities for depositing coatings very 

homogeneously on large-area components with a high level of 

adhesion. 
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In 2013 the Fraunhofer IST once again appeared on various platforms. An overview  of 

the most important events and activities of 2013 follows:

 � Trade fairs and exhibitions

 � Events, colloquia, workshops

NAMES, DATES, 
EVENTS 2013



SVC Conference 2013

Providence, RI, USA, April 20 – 25, 2013. The Fraunhofer IST 

presented its latest research results in the field of sensorized 

and optical functional coatings and also in the simulation of 

coating processes. Emphasis here was on current applications 

for HIPIMS technology (high power impulse magnetron sput-

tering) and particle-in-cell Monte Carlo (PIC-MC) simulation. 

LIGNA 2013

Hannover, May 6 – 10, 2013. At LIGNA on a booth shared with 

the Fraunhofer Wilhelm Klauditz Institute WKI, the Application 

Center for Plasma and Photonics of the Fraunhofer IST 

presented its activities regarding the surface modification of 

wood and wooden surfaces by plasma technology. 

LASER 2013

Munich, May 13 – 16, 2013. On the Fraunhofer joint booth at 

LASER World of PHOTONICS 2013 the Fraunhofer IST present-

ed the latest results of research from the Application Center 

in Göttingen in the field of laser-plasma hybrid technology. It 

was demonstrated how the newly developed EOSS (enhanced 

optical sputtering system) magnetron sputtering platform 

works: this allows the production of multilayer coatings for 

precision lenses.

TRADE FAIRS AND EXHIBITIONS

4th International Conference on High Power Impulse 

Magnetron Sputtering (HIPIMS) 

Braunschweig, June 12 – 13, 2013. In virtually all areas of daily 

life and of industry, plasma surface finishing technology is 

creating outstanding products. Scientists and representatives 

of industry from more than 25 countries came together at 

the 4th International Conference on High Power Impulse 

Magnetron Sputtering (HIPIMS), a new innovative technology 

in plasma surface technology, in whose development the 

Braunschweig Fraunhofer Institute for Surface Engineering and 

Thin Films IST is significantly involved. With HIPIMS, coating 

systems with entirely new and improved properties, as regards 

for example density, hardness, surface roughness or the 

refractive index, can be produced which were previously not 

feasible with any of the technologies available.

Biotechnica 2013

Hannover, October 8 – 10, 2013. On the joint Fraunhofer Life 

Sciences booth the Fraunhofer IST presented the latest work 

from Braunschweig and Göttingen in the field of atmospher-

ic-pressure plasma processes. The focus of the IST Application 

Center for Plasma and Photonics was on the field of plasma 

medicine and the sterilization of surfaces. Central topics of the 

Braunschweig scientists were the internal coating of plastic 

bags and microfluidic systems. 

BAU 2013

Munich, January 14 – 19, 2013. This year the Fraunhofer 

Photocatalysis Alliance showcased its activities in the field of 

photocatalysis on the Fraunhofer’s joint booth with the theme 

“Tomorrowville: intelligent building for the city of the future” 

with a stylized house as an exhibit.

Intec 2013

Leipzig, February 26 – March 1, 2013. The Fraunhofer IST 

exhibited at Intec as part of the Fraunhofer AutoMOBILE 

Production Alliance with the following topics: sensor modules 

for monitoring and optimizing deep-drawing processes and 

also for the stable long-term monitoring of the cutting force 

in stamping processes, smart washers for measuring normal 

forces in threaded connections, components with tribological 

coatings.

Hannover Fair 2013

Hannover, April 8 – 12, 2013. The production of machines, 

installations and components is becoming increasingly 

oriented by core aspects such as efficiency, safety, flexibility 

and the conservation of resources – a further push in this 

direction could be given by thin functionalized or sensorized 

coatings. At the Hannover Fair the Fraunhofer IST presented 

its latest research and development results in this field, which 

included a spindle drive with an integrated sensorized thin-film 

system for measuring load distribution in planing and molding 

machines. 

1 2

1  Joint Fraunhofer booth 

at the 2013 Hannover Fair.

2  Dr. Michael Hüben 

introducing an exhibit of the 

Fraunhofer Photocatalysis 

Alliance at BAU 2013.
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Prof. Dr. Viöl, vice-president of the HAWK and director of the 

Application Center, via the GWG Gesellschaft für Wirtschafts-

förderung und Statdentwicklung Göttingen mbH (society 

for regional business and city development) and the City of 

Göttingen and, with a total floor area of 1500 square meters 

and three floors, offers space for 40 rooms. Construction work 

is expected to be completed early in 2014.

Delegates travel through Denmark and Sweden with the 

Lower Saxony Minister for Economic Affairs

The group traveling through Denmark and Sweden with 

Olaf Lies, the Lower Saxony Minister for Economic Affairs, 

also included a representative of the Fraunhofer IST, Dr. 

Michael Thomas, head of the Department of Atmospheric 

Pressure Processes. Points visited included various companies 

in the Copenhagen and Malmö areas, as well as Chamber 

of Commerce and Industry representatives in Denmark and 

Sweden. “What this trip has primarily shown me is the 

possibilities for economic collaborations which can be found 

not only in the Öresund region but also in Lower Saxony in the 

field of life sciences and energy”, says Michael Thomas.

PVD and CVD coating methods for tribological systems: 

the OTTI technical forum

On 30th and 31st January 2013 in Regensburg, OTTI, the East 

Bavarian Technology Transfer Institute, hosted a technical 

forum on the subject of PVD and CVD coating methods for tri-

bological systems. The two-day forum was chaired by Dr. Klaus 

Bewilogua, a longstanding employee of the Fraunhofer IST. 

In addition to an introduction covering the basic principles of 

EVENTS, COLLOQUIA, WORKSHOPS

coatings for tribological systems and their areas of application, 

the main presentations dealt with examples of applications from 

industry. This included topics such as friction- and wear-opti-

mized coatings in the field of highly stressed motor elements, 

PVD and plasma-CVD coatings in mechanical engineering as 

well as analytical and test methods for tribological systems.

Plasma processes and high-tech materials in focus

Last year the Justus Liebig University Giessen (JLU) and 

PVA TePla AG of Wettenberg signed a general agreement 

with the Fraunhofer Institute for Surface Engineering and 

Thin Films IST regarding the setting up of a work group for 

research into plasma processes and high-tech materials. 

The objective is to conduct research and development work 

with an end-customer orientation for industrial companies. 

Prof. Dr. Günter Bräuer, director of the Fraunhofer IST, 

expressed his pleasure about this new venture: “In 

Gießen-Wetzlar with its core activities of optical, vacuum 

and plasma technologies, an ever-increasing number of 

medium-sized high-tech companies are active who have the 

potential, with their products and services, to expand their 

market standing throughout the world or even to become 

global market leaders. Many of these companies cannot, 

however, shoulder the R&D capacities required for growth on 

their own. We are attempting to make up these shortfalls with 

our collaborative approach in which we – like all Fraunhofer 

institutes operating throughout Germany – offer these 

companies the support of our research and development 

capacities.” The kick-off day for this work group is scheduled 

for 1st January 2014.

University in Sheffield awards two visiting 

professorships to the Fraunhofer IST

Sheffield Hallam University in the UK appointed 

Prof. Dr. Günter Bräuer, institute director, and Prof. Wolfgang 

Diehl, deputy director of the Fraunhofer Institute for Surface 

Engineering and Thin Films IST in Braunschweig, as visiting 

professors in the university’s Materials and Engineering 

Research Institute. These appointments acknowledge 

years of close scientific collaboration in the field of coating 

technology with High Power Impulse Magnetron Sputtering 

(HIPIMS) as also the establishment of the HIPIMS Research 

Center, a venture started jointly in 2010 by Sheffield Hallam 

University (SHU) and the Fraunhofer IST.  SHU appoints visiting 

professors in recognition of proven professional expertise and 

an international scientific reputation as well as outstanding 

performance in research and teaching. In guest lectures, 

scientific exchanges and the supervision of doctoral candidates 

Prof. Dr. Bräuer and Prof. Diehl are already actively involved 

in SHU’s academic program. The appointments were officially 

announced at the 4th International HIPIMS Conference in 

Braunschweig on June 10, 2013 by Prof. Allan J. Smith, 

Director of the Materials and Engineering Research Institute of 

Sheffield Hallam University. 

Ground-breaking ceremony for the new 

research facility in Göttingen

In the direct vicinity of the HAWK University of applied 

Sciences and Art in Göttingen a new facility is being built for 

the Application Center for Plasma and Photonics of the Fraun-

hofer IST. The new building was financed at the initiative of 

1 2

1  Participants in the dele-

gates’ trip through Denmark 

and Sweden with the Lower 

Saxony Minister for Economic 

Affairs.

2  Prof. Gert Litfin,  

Prof. Wolfgang Viöl, Ursula 

Haufe, Prof. Christiane  

Dienel (from left to right) 

at the ground-breaking 

ceremony for the new 

institute building in 

Göttingen.
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With its research and development activities the Fraunhofer Institute for Surface 

Engineering and Thin Films IST forms a part of various internal and external networks 

which function with different points of emphasis in the field where business, science 

and politics interact and even clash. Within the Fraunhofer Society the institute pools 

its competences with those of other Fraunhofer institutes in, amongst other things, the 

Fraunhofer Group for Light & Surfaces and in various Fraunhofer alliances in order to 

be able to offer customers and partners optimal - and even cross-technology - solutions 

for their specific tasks.

In addition the Fraunhofer IST also keeps an eye open for future scientists and 

researchers. For this reason the institute networks intensively with educators, students 

and schoolchildren in order to arouse an enthusiasm for the natural sciences and 

engineering at an early age and to encourage the upcoming generation of scientist.

THE FRAUNHOFER IST 
IN NETWORKS



With its clearly defined mission of application-oriented 

research and its focus on key technologies 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 re-

inforce the competitive strength of the economy in their local 

region, and throughout Germany and Europe. They do so by 

promoting innovation, strengthening 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 professional 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 Joseph von Fraunhofer 

(1787 – 1826), the illustrious Munich researcher, inventor and 

entrepreneur.

Research of practical utility lies at the heart of all activities 

pursued by the Fraunhofer-Gesellschaft. Founded in 1949, 

the research organization undertakes applied research 

that drives economic development and serves the wider 

benefit of society. Its services are solicited by customers and 

contractual partners in industry, the service sector and public 

administration.

At present, the Fraunhofer-Gesellschaft maintains more than 

80 research units in Germany, including 67 Fraunhofer Insti-

tutes. The majority of the more than 23,000 staff are qualified 

scientists and engineers, who work with an annual research 

budget of € 2 billion. Of this sum, more than € 1.7 billion is 

generated through contract research. More than 70 percent of 

the Fraunhofer-Gesellschaft’s contract research revenue is de-

rived from contracts with industry and from publicly financed 

research projects. 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.

International cooperations with excellent research partners 

and innovative companies worldwide provide a direct access 

to the regions of greatest importance to present and future 

scientific progress and economic development.

THE FRAUNHOFER-GESELLSCHAFT 
AT A GLANCE
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Competence by networking

Six Fraunhofer institutes cooperate in the Fraunhofer Group 

for Light & Surfaces. Co-ordinated competences allow quick 

and flexible alignment of research work on the requirements 

of different fields of application to answer actual and future 

challenges, especially in the fields of energy, environment, 

production, information and security. This market-oriented 

approach ensures an even wider range of services and creates 

synergetic effects for the benefit of our customers.

Core competences of the group 

 � Surface and coating functionalization

 � Laser-based manufacturing processes

 � Laser development and nonlinear optics

 � Materials in optics and photonics 

 � Microassembly and system integration

 � Micro and nano technology 

 � Carbon technology

 � Measurement methods and characterization

 � Ultra precision engineering

 � Material technology

 � Plasma and electron beam sources

Fraunhofer Institute for Applied Optics and Precision  

Engineering IOF, Jena

The Fraunhofer IOF develops solutions with light to cope 

foremost challenges for the future in the areas energy and 

environment, information and security, as well as health care 

and medical technology. The competences comprise the entire 

process chain starting with optics and mechanics design via 

the development of manufacturing processes for optical and 

mechanical components and processes of system integration 

up to the manufacturing of prototypes. Focus of research is 

put on multifunctional optical coatings, micro- and nano-op-

tics, solid state light sources, optical measurement systems, 

and opto-mechanical precision systems.

Fraunhofer Institute for Electron Beam and Plasma  

Technology FEP, Dresden

Electron beam technology, pulse magnetron sputtering and 

plasma activated high-rate deposition are the core areas of 

expertise of Fraunhofer FEP. Our business units include vacuum 

coating, surface modification and treatment with electrons 

and plasmas. Besides developing layer systems, products and 

technologies, another main area of work is the scale-up of 

technologies for coating and treatment of larger areas at high 

productivity. Our technologies and processes are applied in 

the fields of mechanical engineering, solar energy, biomedical 

engineering, environment and energy, for architecture and 

preservation purposes, in the packaging industry, for optics, 

sensor technology and electronics as well as in agriculture. 

Fraunhofer Institute for Laser Technology ILT, Aachen

The Fraunhofer Institute for Laser Technology ILT is worldwide 

one of the most important development and contract research 

institutes of its specific field. Our technology areas cover 

the following topics: laser and optics, medical technology 

and biophotonics, laser measurement  technology and laser 

materials processing. This includes laser cutting, caving, 

drilling, welding and soldering as well as surface treatment, 

micro processing and rapid manufacturing. Furthermore, the 

Fraunhofer ILT is engaged in laser plant technology, process 

control, modeling as well as in the entire system technology. 

Fraunhofer Institute for Surface Engineering and Thin 

Films IST, Braunschweig

As an industry oriented R&D service center, the Fraunhofer IST 

is pooling competencies in the areas film deposition, coating 

application, film characterization, and surface analysis. Scien-

tists, engineers, and technicians are busily working to provide 

various types of surfaces with new or improved functions and, 

as a result, help create innovative marketable products. The 

institute’s business segments are: mechanical and automotive 

engineering, aerospace, tools, energy, glass and facade, optics 

and electronics, life science and ecology.

Fraunhofer Institute for Physical Measurement  

Techniques IPM, Freiburg

Fraunhofer IPM develops and builds optical sensor and 

imaging systems. These mostly laser-based systems combine 

optical, mechanical, electronic and software components to 

create perfect solutions of robust design that are individually 

tailored to suit the conditions at the site of deployment. In the 

field of thermoelectrics, the institute has extensive know-how 

in materials research, simulation, and systems. Fraunhofer IPM 

also specializes in thin-film technologies for application in the 

production of materials, manufacturing processes and systems. 

Fraunhofer Institute for Material and Beam Technology 

IWS, Dresden

The business areas joining, cutting and surface technology 

are the main foci of the Fraunhofer Institute for Material 

and Beam Technology IWS. The research and development 

activities base on a distinctive know-how in the field of 

material engineering and nanotechnology and include the 

possibility of material characterization. The IWS‘s special 

feature is its expertise in combining its know-how with its 

extensive experience in developing system technologies within 

the field of film- and laser technology.

FRAUNHOFER GROUP FOR LIGHT & SURFACES

CONTACT
GROUP CHAIRMAN

Prof. Dr. Andreas Tünnermann

Albert-Einstein-Straße 7

07745 Jena

Phone +49 3641 807-201

GROUP ASSISTANT

Susan Oxfart

Phone +49 3641 807-207

www.light-and-surfaces.fraunhofer.de
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The encouragement of young ta lent – for the Fraunhofer Inst i tute for Surface Engineer ing and Thin 

F i lms  IST this  means arousing in the young an enthusiasm for sc ience,  d ispers ing their  reservat ions about 

involvement,  and gett ing them interested in industry-or iented research.  Support ing and mentor ing 

schoolchi ldren with an interest  in the f ie lds of research carr ied out at  the Fraunhofer IST was a lso in 2013 

an important part  of  the inst i tute’s  work.

Cooperation with the integrated high school Peine (IGS)

A project that appears to be a bit unusual stood in the focus 

for the cooperation with the IGS Peine: the students coated 

spider silk at the Fraunhofer IST. Connected threads of spider 

silk show normally a clear decline in strain ability and elasticity 

compared to single threads. “The aim of our investigation 

was to strengthen and incline the strain ability and elasticity 

of spider silk in a compound structure”, summarize the young 

scientists their project. Therefor two different procedures 

were tested: in the first process the spider silk is coated with 

a direct layer-by-layer procedure with polyelectrolytes. The 

second sample was at first treated with atmospheric pressure 

plasma before the threads were coated with polyelectrolytes. 

“The following tests on the threads showed that both 

procedures inclined the strain ability and the elasticity”, 

explain the students. The surface treatment of single spider 

silk threads is to be further developed in the future with a 

cooperation between the Institute for Surface Technology 

(IOT) at the Technical University of Braunschweig and the 

Hannover Medical School to give better mechanical features to 

connected threads.   

KIWI vacation care

The Fraunhofer IST participates now for the third time at the 

vacation care “KIWI – research days for curious” organized 

by the House of Science in Braunschweig. Under the slogan 

“Plasma illuminates – on the tracks of thin films” around 

twenty children aged between 10 and 14 undertook an 

exciting journey into the world of surface engineering and 

thin films. They saw the Fraunhofer IST laboratories, enormous 

coating installations, yellow rooms and plasma igniting. In a 

large numbers of tests and hand-on activities the youngsters 

were able to coat microscope slides and galvanize cents. They 

furthermore learnt about where thin films are needed, why 

they often have to be so thin and how they can be produced. 

Practicing physics

Within the scope of collaboration with the Christophorus 

School Braunschweig an introductive event for surface 

engineering and thin films took place. The students received a 

first impression on the development, production and charac-

terization of thin films and their use in everyday life and were 

able to take a look into laboratories. 

Practicing chemistry 

Under the slogan “Experts at school – Experts at the Gauß” the 

Gauß High School at Löwenwall invited representatives of the 

Fraunhofer IST to show the students the world of thin films. 

Dr. Andreas Dietz and Dipl.-Ing. Sebastian Knorn introduced 

thus the specific field of electroplating. Afterwards it was 

possible for the boys and girls to experiment in the world of 

electroplating themselves to put the theoretical knowledge to 

action and gain experience. 

Future day for boys and girls at the Fraunhofer IST

Together with the Fraunhofer WKI the Fraunhofer IST opened 

their doors widely to enthuse students for science at the 

“Future Day for Boys and Girls 2013”.  Wearing lab coats 

and eye shields a total of 22 inquisitive students – 18 girls 

and 4 boys – spent a whole day experiencing the fascinating 

daily research routines of the Fraunhofer institutes. At the 

Fraunhofer IST they were able to pretreat plastic cars by the  

atmospheric-pressure plasma process and to currentless metal-

lize them with copper. During this experiment they discovered 

that this procedure can change the surface of tridimensional 

components equally. Furthermore, plastic films was selectively 

functionalized in certain places which can form the basis of  

biosensors or flexible printed circuits. At the end of the day 

the girls and boys could take the self-coated products home 

with them and maybe a scientific spark was lit.

ENCOURAGEMENT OF YOUNG 
TALENT AT THE FRAUNHOFER IST

1 Students of the 

Christophorus School Braun-

schweig on the introductive 

event for surface engineer-

ing and thin films.

2-3  KIWI day 2013 at the 

Fraunhofer IST.

1 2 3
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INPLAS, accredited as a competence network by the Federal  Ministry of Economics and Technology (BMWi) 

in Germany, has i ts  registered off ices at  the Fraunhofer IST.  The network current ly  has 47 members – com -

panies or inst i tutes – with about 200 act ive indiv iduals  of  whom 70  % come from industry.  INPLAS has 

been a member of the “go-c luster” program s ince 2012.

INPLAS in 2013 once again contributed with numerous suc-

cessful activities to further strengthening plasma technology 

and to raising its profile. The most important areas of the 

network’s work are summarized below.

Development and design of new research topics

INPLAS actively accompanies the development of new research 

proposal requests. One example is the BMBF announcement  

“Photonic process chains” which came out at the beginning 

of the year.

INPLAS)))Talks

In 2013 two events were held as part of the INPLAS)))Talks 

series of papers and discussions. In March experts from the 

field of atmospheric-pressure plasma processes attended 

the third INPLAS)))Talks session. In front of more than fifty 

participants, fifteen technical lectures were held under the 

rubric of “Atmospheric-pressure plasma – processes and appli-

cations”. This was followed in September by a further event 

centered on the simulation and modeling topic “Approaches 

to modeling technical plasma discharges” with approx. 

35 participants.

4th International Conference on HIPIMS in Braunschweig

The 4th International Conference on HIPIMS (high power 

impulse magnetron sputtering) took place in 2013 once again 

in Braunschweig. The organizers in Braunschweig welcomed 

150 attendees and 19 exhibitors from 27 countries worldwide 

at the city hall. At this point INPLAS would like to thank once 

again all speakers, exhibitors and participants as well as the 

conference committee for their commitment and attendance. 

Special thanks also go out to all sponsors, the organization 

team from city hall and the City of Braunschweig for making it 

possible to hold the evening event in city hall in the old town.

Active work of the work groups

For the “Combined surface technology” joint committee 

(DFO, DGO, EFDS and INPLAS) INPLAS organized the second 

Joint Committee (JC) Workshop on the subject of “Innovative 

surface technology in wind turbine power trains”«. The 

workshop was held on September 17, 2013 in the Fraunhofer 

Forum in Berlin with approx. 40 persons attending. The JC 

also met with approx. 25 participants at two working sessions 

in Stuttgart and Berlin. This year’s central topic was plastic 

metallization. 

The “Innovative Plasma sources and processes” group, headed 

by Dr. Bernhard Cord of Singulus Technologies AG, met to 

discuss topics including modeling and 3D coatings, plasma 

outer layers and transparent scratch protection coatings with 

plasma CVD.

In November 2013 the “Tool coatings” group resumed its 

work following a change of leader and is now headed by 

Hanno Paschke, DOC, Fraunhofer IST. The group laid down 

three main areas of interest: 

 � Comparisons with different substrate pretreatment 
methods

 � Workpiece – tool contact modeling, and 

 � Parametrization for optimum plasma etching processes. 

 

Public relations

In 2013 INPLAS was also organizer of the following events: 

 � Workshop on “Surface modification by means of laser 
processes” with the Faculty of Electrical Engineering and 
Information Technology of the Technical University of Berlin, 
and LIMO Lissotschenko Mikrooptik GmbH.

 � 29th meeting of the Tool Coatings and Cutting Materials in-
dustry work group with the Institute for Machine Tools and 
Factory Management IWF of Technical University of Berlin, 
the Fraunhofer IPK and the Fraunhofer IST as partners.

In addition, the competence network has helped in organizing 

the following events among others:

 � Hannover Fair Industry 2013

 � Industrial exhibition at V2013

 � Annual meeting of Plasma Germany 2013

INPLAS – NETWORK OF COMPETENCE 
INDUSTRIAL PLASMA SURFACE TECHNOLOGY

1 Participants of the 

4th International HIPIMS 

Conference.

CONTACT
Dipl.-Ing. Carola Brand

Managing director

Phone +49 531 2155-574

carola.brand@inplas.de

Dr. Jochen Borris

Network Coordinator

Phone +49 531 2155-666

jochen.borris@inplas.de

www.inplas.de
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MEMBERSHIPS
Arbeitsgemeinschaft Wärmebehandlung und  

Werkstofftechnik e. V. 

www.awt-online.org

Deutsche Gesellschaft für Materialkunde e. V. 

www.dgm.de 

Deutsche Forschungsgesellschaft für  

Oberflächenbehandlung e. V. 

www.dfo-online.de

Deutsche Gesellschaft für Galvano- und  

Oberflächentechnik e. V. 

www.dgo-online.de 

Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS) 

www.efds.org 

European Photocatalysis Federation EPF 

www.photocatalysis-federation.eu

European Society for Precision Engineering and  

Nanotechnology (euspen) 

www.euspen.eu 

European Technology Platform for Micro- and  

NanoManufacturing (MINAM) 

www.minamwebportal.eu

ForschungRegion Braunschweig e. V. 

www.forschungregion-braunschweig.de

Forschungsgemeinschaft Werkzeuge und Werkstoffe e. V. 

(FGW) 

www.fgw.de

Forschungsvereinigung Räumliche Elektronische  

Baugruppen 3-D MID e. V. 

www.faps.uni-erlangen.de/mid 

Fraunhofer-Allianz Adaptronik 

www.adaptronik.fraunhofer.de

Fraunhofer-Allianz autoMOBILproduktion 

www.automobil.fraunhofer.de

Fraunhofer-Allianz Numerische Simulation von Produkten, 

Prozessen  

www.nusim.fraunhofer.de 

Fraunhofer-Allianz Photokatalyse 

www.photokatalyse.fraunhofer.de

Fraunhofer-Allianz Proteinchips 

www.proteinchips.fraunhofer.de

Fraunhofer-Allianz Reinigungstechnik 

www.allianz-reinigungstechnik.de

Fraunhofer-Allianz SysWasser 

www.syswasser.de

Fraunhofer-Netzwerk Elektrochemie 

www.elektrochemie.fraunhofer.de

Fraunhofer-Netzwerk Nachhaltigkeit 

www.fraunhofer.nachhaltigkeit.de

Fraunhofer-Verbund Light & Surfaces 

www.light-and-surfaces.fraunhofer.de

German Flatpanel Display Forum DFF 

www.displayforum.de

German Water Partnership 

www.germanwaterpartnership.de

Göttinger Research Council  

www.uni-goettingen.de

International Council for Coatings on Glass e. V. 

www.iccg.eu

Kompetenznetz Industrielle Plasma-Oberflächentechnik e.V.(INPLAS) 

www.inplas.de

Measurement Valley e.V. 

www.measurement-valley.de

Nano- und Materialinnovation Niedersachsen e. V. (NMN) 

www.nmn-ev.de

Nanotechnologie Kompetenzzentrum Ultrapräzise Ober-

flächenbearbeitung CC UPOB e. V. 

www.upob.de

NANOfutures European Technology Integration and Innovation 

Platform (ETIP) in Nanotechnology 

www.nanofutures2010.eu

PhotonicNet GmbH – Kompetenznetz Optische Technologien 

www.photonicnet.de

Plasma Germany 

www.plasmagermany.org

Wissens- und Innovations-Netzwerk Polymertechnik (WIP) 

www.wip-kunststoffe.de

Zentrum für Mikroproduktion e. V. (ZeMPro) 

www.microcompany.de

BOARD MEMBERSHIPS
Bandorf, R.: COST Action MP0804, Action Chairman.

Bandorf, R.: COST Action MP1004, Management Committee 

Delegate.

Bandorf, R.: Forschungsvereinigung Räumliche Elektronische 

Baugruppen 3-D MID e. V., Mitglied.

Bandorf, R.: International Conference on HIPIMS, Conference 

Chairman.

Bandorf, R.: OTTI-Fachforum PVD- und CVD-Beschichtungsver-

fahren für tribologische Systeme, Dozent.

Bandorf, R.: OTTI-Fachforum Kathodenzerstäubung, Dozent.

Bandorf, R.: Society of Vacuum Coaters, Session Chairman.

Bandorf, R.: Society of Vacuum Coaters, Volunteer Mentor.

Bandorf, R.: Society of Vacuum Coaters, Dozent.

Bandorf, R.: Zentrum für Mikroproduktionstechnik e. V., 

Mitglied.

Bewilogua, K.: EFDS-Tutorial »Amorphe Kohlenstoffschich-

ten«, Dozent.

Bewilogua, K.: OTTI-Fachforum PVD- und CVD-Beschichtungs-

verfahren für tribologische Systeme, Fachliche Leitung.

Brand, C.: Europäische Forschungsgesellschaft Dünne Schich-

ten e. V. (EFDS), Mitglied.

Brand, C.: Kompetenznetz Industrielle Plasma-Oberflächen-

technik INPLAS e. V., Geschäftsführerin.

Brand, C.: Plasma Germany, Mitglied des Koordinierungs-

ausschusses.

Brand, J.: Gesellschaft für Tribologie (GfT), Mitglied.

Brand, J.: International Colloquium Tribology, Tribology and 

Lubri cation Engineering, Mitglied im Programme Planning 

Committee. 

Bräuer, G.: AMG Coating Technologies, Mitglied des Beirats.

Bräuer, G.: Aufsichtsrat der PVA TePla AG, Mitglied.

Bräuer, G.: European Joint Committee on Plasma and Ion 

Surface Engineering (EJC / PISE), Chairman.

Bräuer, G.: International Conference on Coatings on Glass and 

Plastics (ICCG), Mitglied des Organisationskomitees.

Bräuer, G.: International Council for Coatings on Glass (ICCG) 

e. V., Mitglied des Vorstands.

Bräuer, G.: Institut für Solarenergieforschung, Mitglied des 

Beirats.

P U B L I C A T I O N S
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Bräuer, G.: Kompetenznetz Industrielle Plasma-Oberflächen-

technik (INPLAS), Vorstandsvorsitzender.

Bräuer, G.: Nano- und Materialinnovationen Niedersachsen 

e. V. (NMN), Mitglied des Vorstands.

Bräuer, G.: Zeitschrift »Vakuum in Forschung und Praxis«, 

Mitglied des Kuratoriums.

Bräuer, G.: Zentrum für Mikroproduktionstechnik e. V., 

Mitglied des Vorstands. 

Diehl, W.: Deutsche Forschungsgesellschaft für Oberflächen-

behandlung DFO, stellvertretender Präsident.

Diehl, W.: Europäische Forschungsgesellschaft Dünne Schich-

ten e. V. (EFDS), Mitglied des Vorstands.

Diehl, W.: ForschungRegion Braunschweig, Mitglied des 

Lenkungskreises.
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