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Ladies and gentlemen,

In your hands you are holding our yearbook 2010. We are pleased to be able to once again 

offer you some interesting material about current developments from the Fraunhofer Institute 

for Surface Engineering and Thin Films IST. 

For our institute the year 2010 was another very successful year with many highlights and 

exciting projects. You can find out more on the following pages.

At this point may we direct your attention to the people whose hard work and commitment, 

trust and support forms the foundations for the success of our institute: above all the employ-

ees of the Fraunhofer IST, our partners from research and development, our customers from 

industry, our sponsors, colleagues and friends.

To them all we extend our very cordial thanks.

1

Prof. Dr. Günter Bräuer Dipl.-Ing. Wolfgang Diehl

Foreword 1 Director Prof. Dr. Günter 

Bräuer and deputy Dipl.-

Ing. Wolfgang Diehl with 

diamond coated ceramic face 

seals. 
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“Farewell to the ice scraper”. Late in the autumn of 2010 

headlines like this appeared in nearly all daily newspapers in 

Germany, and the sentiment was echoed by radio and televi-

sion. Appropriately enough for the approach of winter, the 

Fraunhofer IST had introduced a non-fogging, non-icing glaz-

ing which represented the preliminary results of fifteen years 

of research in the field of transparent conductive coatings. 

The key to producing coatings of this kind is a so-called highly 

ionized plasma. This makes them harder than glass and thus 

usable for, among other things, the automobile windshield. Of 

course, drivers need to have a little patience before the new 

product goes into full-scale production at our project partners 

but its feasibility has been demonstrated and the bothersome 

labor of scraping away at windscreens on an icy winter morn-

ing should thus become a thing of the past.

The “non-icing window” is just one of the many highlights 

which the year 2010 had in store for our institute. At the 

annual Fraunhofer conference in May, a research team 

consisting of four Fraunhofer institutes and seven companies, 

lead-managed by scientists from the Fraunhofer IST was 

awarded the Stifterverband Award for Science 2010. The 

team was honored for its joint development of a new material 

composite – a diamond-coated ceramic – which would mean 

a longer service life for particularly heavily stressed tools and 

components while also improving their performance. This 

innovation has already entered service in the industrial sector. 

In the case of the face seals used by the EagleBurgmann of 

Germany for critical areas such as pumping oil, sand and gas 

mixtures the diamond coating extends their service life by a 

factor of 4 to 1000, depending on the application.

Denser, harder, more wear-resistant, more transparent – 

thanks to innovative plasma technology our surfaces and coat-

ings are getting better and better. However not just plasma 

but also our electrochemical activities have something new to 

offer. When in the near future Sentinel 1, the first European 

observation satellite, starts sending and receiving information 

to and from the earth, it will be using antennas which were 

metallized in our electroplating installations. »Coatings for 

our future«: in 2010 too we have therefore with our current 

developments once again come somewhat closer to this guid-

ing vision of the Fraunhofer Institute for Surface Engineering 

and Thin Films. The year under review has been a complete 

success not only from the technical and scientific points of 

view but also on the business side. Despite the economic crisis 

we posted an increase in our revenues from industry of more 

than 10 percent compared with 2009. In absolute terms - 

over  5 million euros - this was once again an all-time high. 

On May 27 the Fraunhofer-Gesellschaft board, representatives 

from science, research and industry and also from the city 

of Braunschweig gathered to inaugurate the institute‘s new 

building for research from laboratory to large scale produc-

tion. It offers the best conditions for a further expansion of 

research activities and for collaboration with the Institute for 

Surface Engineering (IOT) of the Technical University. For the 

second time in Braunschweig the International Conference 

on Coatings on Glass and Plastics ICCG 8 was held in June 

under the supervision of the Fraunhofer IST. Over the five days 

of the conference around 400 international experts from the 

glass and plastic coating community met in the Stadthalle 

Braunschweig to discuss the latest results from research and 

HigHligHts 2010

1

practical application. The fact that the international organiza-

tion committee once again entrusted our institute with the 

role of local organizer underlines the importance of our work 

in these important fields of coating technology. On August 

28, on the occasion of the 20th anniversary of the Fraunhofer 

IST, we, together with our neighbors and the Fraunhofer WKI, 

opened our doors to the citizens of Braunschweig to give 

them an insight into our work. How do you make lightning 

in the laboratory? What do you do with plasmas? How can 

diamond clean water? How do surfaces get wear-resistant 

and low-friction properties? Our employees answered these 

and many other question for our curious visitors. With more 

than 900 people attending we found the response almost 

overwhelming. 

The Network of Competence for Industrial Plasma 

Surface Technology INPLAS set up and sponsored by the 

Fraunhofer IST continues to develop in an extremely satisfac-

tory manner. In the autumn the information film »Plasma 

leuchtet ein« commissioned by the network received one of 

the top two awards at the first Cannes Corporate Media & TV 

competition, prevailing against strong competition from 27 

countries. The film very vividly presents current key applica-

tions of plasma technology and its future potential.

Existing international cooperative activities of the 

Fraunhofer IST, particularly with France, South Africa and 

South Korea, were consolidated, new networking connections 

were created and sealed by the corresponding agreements. 

A HIPIMS Research Center was founded in conjunction with 

scientists from Sheffield Hallam University (UK) - HIPIMS stands 

for high power impulse magnetron sputtering - with a view 

to future collaboration on identifying the possibilities which 

highly ionized plasmas could offer the coating industry.

If we may be permitted in the following pages to show you 

a selection of results from one of the most successful years 

the Fraunhofer IST has experienced, we owe this above all 

not only to our contractors from industry and to our sponsors 

but also to our outstanding employees. Having set itself 

challenging goals, not only scientifically and technically but 

also economically, our institute will continue on its successful 

course in 2011 as well.

1 2 2 3
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stiFterverbAnd AwArd 
For sCienCe 2010

feature here is the internal coating which is made possible by 

a modification of the procedure. Drawing dies for different di-

ameters have accordingly been coated so that even very thick 

wires and non-circular cross-sections can be produced. The 

test dies used in production at the Elisental wiremaking works, 

for example, showed hardly any wear even after many tonnes 

of wire had been produced. Face seals for pumps have in the 

meantime been coated with diamond by Condias GmbH and 

marketed by EagleBurgmann in a number of difficult areas 

of application. A large number of further applications are 

conceivable. »The bottom line is that DiaCer® is of interest 

for all components in mechanical engineering which require a 

high level of wear protection«, says Dr. Schäfer summing up. 

Project partners

 � Fraunhofer Institute for Surface Engineering and Thin 
Films IST

 � Fraunhofer Institute for the Mechanics of Materials IWM

 � Fraunhofer Institute for Ceramic Technologies and 
Systems IKTS

 � Fraunhofer Institute for Production Systems and Design 
Technology IPK

 � EagleBurgmann Germany GmbH & Co. KG

 � Ceram Tec AG

 � Condias GmbH

 � Drahtwerk Elisental W. Erdmann GmbH & Co.

 � Drahtzug Stein GmbH & Co. KG

 � H. C. Starck Ceramics GmbH & Co. KG

 � KSB AG

Together with researchers from four other Fraunhofer 

institutes and partners from industry the Braunschweig 

Fraunhofer scientists Dr. Lothar Schäfer and Dr. Markus 

Höfer, Dr. Simone Kondruweit and Markus Armgard of the 

Fraunhofer Institute for Surface Engineering and Thin Films 

IST have been awarded the 50 000 Stifterverband Award for 

Science for their successful work on the development, ap-

plication and technological transfer of the composite material, 

the diamond-coated ceramic – DiaCer®, for ceramic seals. 

The scientists from Braunschweig coordinated the project and 

were significantly involved in its success. The Stifterverband 

Award for Science 2010 is one of the most important scientific 

prizes in Germany. 

The aim of a team made up of members from research and 

industry was to develop a material with a high level of wear 

protection. The solution it came up with means a longer 

service life for particularly heavily stressed tools and compo-

nents while also improving their performance. Diamond is a 

material with outstanding properties: it is exceptionally hard, 

conducts heat well and has nothing to fear from chemical 

substances. Ceramics – and high-performance ceramics in 

particular – can also offer some special qualities: they are 

robust and can withstand extreme temperatures. Scientists 

from four Fraunhofer institutes together with partners from 

industry have succeeded in creating a new composite material 

and making it useful for practical applications. The composite 

material »DiaCer® diamond-coated ceramic« combines the 

best of both materials. Anywhere components or tools come 

under extreme stress, such as in pumps or in forming tools, 

DiaCer® offers maximum wear protection combined with low 

coefficients of friction. 

The base is a silicon nitride or carbide ceramic modified 

by researchers from the Fraunhofer Institute for Ceramic 

Technologies and Systems IKTS in Dresden to enable it to 

be coated with diamond. Their task was to find out what 

form the ceramic would have to take for the diamond film 

to adhere firmly and evenly to the substrate. This is of crucial 

importance to service life. Material and component simula-

tions carried out by colleagues at the Fraunhofer Institute for 

the Mechanics of Materials IWM in Freiburg yielded extremely 

useful information here as did contributions from colleagues 

at the Fraunhofer Institute for Production Systems and Design 

Technology IPK in Berlin relating to processing ceramics. »We, 

on the other hand, worked on the coating and designed the 

installations«, says project coordinator Dr. Lothar Schäfer of 

the Fraunhofer Institute for Surface Engineering and Thin Films 

IST in Braunschweig. For the underlying hot-filament CVD 

coating technology, components and tools were first placed in 

a vacuum container. The researchers then introduced methane 

and hydrogen. To ensure the diamond film grows, wires are 

stretched a few centimeters above the objects to be coated 

and then brought up to white heat. This activates the gas, and 

carbon is deposited on the surface in the form of crystalline 

diamond. »Our method allows us to apply a diamond film 

measuring up to half a square meter«, says Schäfer. »That is 

unique worldwide«. 

Two examples will illustrate the advantages. To take the face 

seals used by the EagleBurgmann company of Germany for 

critical environments such as pumping oil, sand and gas mix-

tures the diamond coating extends their service life by a factor 

of 4 to 1000, depending on the application. Drawing dies 

are a forming tool used in manufacturing wire. The special 

2010 arch T. Colwell Merit award

Reinhold Bethke, a scientist at the Fraunhofer IST, was hon-

ored at SAE, the world‘s largest automotive conference in De-

troit. For his publication on the frictional behavior of diamond-

like carbon coatings when different engine oils are used, he 

received the Arch T. Colwell Merit Award. 

Prize for the best presentation

At the »3rd International Symposium on Transparent Conduc-

tive Materials« at Analipsi in Crete, Christina Polenzky, a PhD 

student at the Fraunhofer IST, was received an award for the 

best oral presentation by a scientist of his or her own disserta-

tion. Within the context of the subject of the dissertation – the 

»Production and characterization of p-conductive TCOs« – she 

presented the latest results regarding the production of  

CuCrO2 by hollow-cathode gas-flow sputtering and regarding 

a p-conductive Cu-Al-O system.

Cannes Corporate Media & TV award 

Cannes Corporate Media & TV Award: With the ten-minute 

film »Plasma – a bright advantage« CONMEDIA and INPLAS 

e. V. in collaboration with the Fraunhofer IST gained second 

place in the Business and Industrial Films category. Receiving 

the prize were the producer Jochen Meusel of CONMEDIA for 

the client INPLAS e. V. and Carola Brand, manager of the Net-

work of Competence for Industrial Plasma Surface Technology 

INPLAS at Fraunhofer IST.

otHer prizes 
And AwArds
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1 2

1 Members of the board 

of trustees.

2 Dr.-Ing. W. Steinbach

EagleBurgmann Germany 

GmbH & Co. KG, member of 

the board of trustees.

For more than ten years now, EagleBurgmann has been 

working very successfully and intensively with the Fraunhofer 

Institute for Surface Engineering and Thin Films (IST). This 

collaboration stands among other things for joint projects 

of high scientific quality in applied research, conducted in 

cooperation with representatives of the business sector. As an 

example of the many other successful collaborations involving 

the Fraunhofer IST, I should at this point like to draw your 

attention to what industry recognizes as a success story and 

one which has been crowned with awards: the development 

of the DiaCer® technology. As a new composite material for 

extreme conditions, the “diamond coated ceramic DiaCer®” 

has been brought up to readiness for practical application and 

mass production by the combined knowledge and expertise 

of the Fraunhofer institutes in the fields of materials, coatings 

and application as well as where EagleBurgmann face seals 

are concerned. The main motivation for EagleBurgmann in 

developing a diamond-ceramic system lay in extending the 

service life of the seals and thus increasing customers’ plant 

availability. The development of diamond coated face seals 

meant that the seals last very much longer in the most varied 

critical applications. This coating technology was transferred 

by the Fraunhofer IST to the highly successful company 

Condias where the DiamondFaces® coating is manufactured 

on an industrial scale. On the basis of further intensive col-

laboration between the Fraunhofer institutes and Condias, the 

application limits of the diamond-ceramic system have been 

extended even further and new areas of use opened up. These 

include, for example, a further reduction in the coefficient 

of friction, utilization in gas seals, and optimization of the 

coating process.

From tHe boArd oF trustees
The adaptation of the technology for plain bearings is opening 

new doors in the field of energy-efficient machinery and 

equipment. This fruitful collaboration and rapid transformation 

of a research project into a saleable product has been recog-

nized in the form of several prizes, including the Technology 

Transfer Prize of the CCI Braunschweig, the German Science 

Foundation prize in 2010, the Best Practice Award awarded 

by US management consultants Frost & Sullivan, or the 2008 

Innovation Award given by the US magazine Flow Control 

in recognition of outstanding performance in fluid-handling 

technology. These are international awards and acknowledge-

ments of which all involved can be very proud. But what is of 

crucial importance to these successes are the people behind 

those projects and undertakings. Enthusiasm for the new 

technologies of the associative partners motivates the staff 

at the Fraunhofer IST (and vice versa) to keep pushing their 

research work forward with great commitment, knowledge 

and expertise. Trustful and open communication between 

all those involved here forms the basis for rapid progress in 

development work. The work of the Board of Trustees sup-

ports the application-oriented direction of research. Interesting 

presentations of the latest results of research activities are ac-

companied by application-related information and suggestions 

from partners in industry and in the research institutes at the 

federal level and in the state of Lower Saxony. The Fraunhofer 

IST is therefore extremely well positioned for the future as 

well.

Dr.-Ing. W. Steinbach
EagleBurgmann Germany GmbH & Co. KG
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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 film deposition, coating 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 and Facade

 � Optics, Information and Com munications

 � 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

 � Low Pressure Processes

 � Simulation

 � Atmospheric Pressure Pro cesses

 � Electrical and Optical Coa tings

 � Micro and Nano  Technology

 � 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. 

On an office and laboratory area of more than 4000 square meters 97 tenu red employees are 

addressing a variety of research projects. Its capa bilities are supplemented by the com petencies 

of other institutes from the »Fraunhofer Surface Techno lo gy and Photonics Alliance«. 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.

Goals

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.
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Personnel trends

There was no change in the number of employees (106). More 

than half of our employees were scientific personnel, doctoral 

candidates and engineers. Our research work is supported 

by technical staff, student assistants and graduands. A team 

of commercial staff is available for all administrative tasks. 

Training schemes exist in the IST in the fields of physics and IT. 

Currently five young employees are under training here.

tHe institute in Figures
operating budget

Operating expenses run to a total of 12.1 million euros. In 

comparison with the previous year, personnel costs increased 

by 0.5 million euros and are now just over 7 million euros. 

Personnel costs here make up just over 60 percent of the 

operating budget.

earnings structure

While the revenues from industry amounted to €4.4 million in 

2009, it was possible to earn €5.2 million in 2010. The revenues 

from the public sector amount to 3.4 million euros in 2010. Thus 

external revenues in total were increased by 600 thousand euros 

to 8.6 million euros. Because of the positive operative result, the 

already existing reserve of the institute was again increased.

 

Investments

In 2010 approx.1.4 million euros was dispensed on invest-

ment. One third of this was for normal investments while 

further investments were made possible within the context of 

special contributions.
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Dr.�Ralf�Bandorf
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Dr.�Michael�Vergöhl
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Michael�Kaczmarek

Your  
ContACt person
The Fraunhofer Institute for Surface Engineering and Thin Films (IST) was founded in 1990 

and is your contact point for all matters concerning thin film technology. The Fraunhofer IST 

comprises the management and marketing departments and seven technical departments:

 � Transfer Center Tribology

 � New Tribological Coatings

 � Diamond Technology

 � Optical and Electrical Coatings

 � Optical Coatings

 � Sensoric Functional Coatings

 � Micro and Sensor Technologies

 � Large Area Coatings

 � Magnetron Sputtering

 � Hollow Cathode Processes

 � Simulation

 � Atmospheric Pressure Processes

 � Electroplating

 � Atmospheric Pressure Plasma Processes

 � Characterization of Materials and Layers

 � Analysis and Quality Control



DIreCTor TranSFer CenTer TrIboloGy Dr.-Ing. Jochen Brand Phone +49 531 2155-600 | jochen.brand@ist.fraunhofer.de

Prof. Dr. Günter Bräuer
Phone +49 531 2155-500
guenter.braeuer@ist.fraunhofer.de

Prototypes and small volume production | Device conceptions | Plasma 
diffusion | Cleaning technology

DorTMunD SurFaCe TeChnoloGy CenTer (DoC)
Dipl.-Ing. Hanno Paschke
Phone +49 231 844-5453 | hanno.paschke@ist.fraunhofer.de

DePuTy new TrIboloGICal CoaTInGS Dr. Klaus Bewilogua Phone +49 531 2155-642 | klaus.bewilogua@ist.fraunhofer.de

Dipl.-Ing. Wolfgang Diehl
Phone +49 531 2155-515
wolfgang.diehl@ist.fraunhofer.de

Carbon-based coatings (DLC) | Hard and superhard coatings | Wetting 
behavior | Tool coating (forming, cutting, chipping) | PVD and PACVD 
processes

DIaMonD TeChnoloGy Dr. Lothar Schäfer Phone +49 531 2155-520 | lothar.schaefer@ist.fraunhofer.de

Tools and components | Diamond electrodes for electrochemical ap-
plications | Diamond coated ceramics DiaCer® | Hot-wire CVD processes 
| Large-area hot-wire CVD systems | Hot-wire CVD of Silicon-based coatings

aDMInISTraTIon oPTICal anD eleCTrICal CoaTInGS Dr. Michael Vergöhl Phone +49 531 2155-640 | michael.vergoehl@ist.fraunhofer.de

Dipl.-Kfm. Michael Kaczmarek
Phone +49 531 2155-220 | michael.kaczmarek@wki.fraunhofer.de

oPTICal CoaTInGS
Dr. Michael Vergöhl
Phone +49 531 2155-640 | michael.vergoehl@ist.fraunhofer.de

Optical and electrical coatings | Process engineering | Materials 
engineering

SenSorIC FunCTIonal CoaTInGS
Dr. Ralf Bandorf
Phone +49 531 2155-602 | ralf.bandorf@ist.fraunhofer.de

Multifunctional coatings with sensors | High Power Impulse Magnetron 
Sputtering (HiPIMS) | Microtribology

MICro anD SenSor TeChnoloGIeS
Dr. Saskia Biehl
Phone +49 531 2155-604 | saskia.biehl@ist.fraunhofer.de

Thin film sensors | Microstructuring 2-D und 3-D | Adaptronic systems

MarkeTInG anD CoMMunICaTIonS larGe area CoaTInGS Dr. Bernd Szyszka Phone +49 531 2155-641 | bernd.szyszka@ist.fraunhofer.de

Dr. Simone Kondruweit
Phone +49 531 2155-535 | simone.kondruweit@ist.fraunhofer.de

MaGneTron SPuTTerInG

Dr. Bernd Szyszka
Phone +49 531 2155-641 | bernd.szyszka@ist.fraunhofer.de
Large area electronics | Process technology | Transparent and conductive 
coatings | Process simulation | New semiconductor for photovoltaics and 
microelectronics

hollow CaThoDe ProCeSSeS
Dr. Thomas Jung
Phone +49 531 2155-616 | thomas.jung@ist.fraunhofer.de

Plasma sources | High rate processes | Oxide and carbon films | Erosion 
protection coatings

SIMulaTIon
Dr. Andreas Pflug
Phone +49 531 2155-629 | andreas.pflug@ist.fraunhofer.de

Plant and process development | Simulation of coating layer proper-
ties | Virtuel process analysis

aTMoSPherIC PreSSure ProCeSSeS Prof. Dr. Claus-Peter Klages Phone +49 531 2155-510 | claus-peter.klages@ist.fraunhofer.de

aTMoSPherIC PreSSure PlaSMa ProCeSSeS
Dr. Michael Thomas
Phone +49 531 2155-525 | michael.thomas@ist.fraunhofer.de

Biofunctional surfaces | Microplasmas | Low-temperature bonding | 
Surface functionalization and coating

eleCTroPlaTInG
Dr. Andreas Dietz
Phone +49 531 2155-646 | andreas.dietz@ist.fraunhofer.de

Composites | Light metal coatings | Process development | Plating on 
plastics

analySIS anD QualITy aSSuranCe Dr. Kirsten Schiffmann Phone +49 531 2155-577 | kirsten.schiffmann@ist.fraunhofer.de

Microscopy and structure analysis | Industrial services | customer specific 
test engineering 
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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 functionalisation

 � Wet-chemical etching pretreatment

 � Particle beam

 
coaTing
We develop processes and coating systems

Thin films are the core business of the Fraunhofer IST. The 

institute utilizes a wide range of coating technologies, ranging 

from plasma assisted deposition in vacuum and at atmospheric 

pressure over hot-filament CVD processes to  electroplating. 

Our services are:

 � Development of coatings

 � Process technology, including process diagnostics,  
modeling and control

 � Simulation of layer systems and  processes

 � Developement of plant components and processes

TesTing/ 
characTerizaTion
We ensure quality

A fast and reliable analysis and quality control is the prereq-

uisite 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 to 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
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AnAlYsis And quAlitY Control
 � 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

 � PVD coating plant (elektronbeam and thermal)

 � Plants for plasma diffusion

 � Coating systems for hollow cathode processes 

 � Atomic layer deposition (ALD), coating plant forr thermal 
and Plasma-ALD

 � Hot-filament-CVD units for diamond coatings and  
silicon-based 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 

 � 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 ∅ = 20 cm)

 � Bond aligner with an integrated plasma tool for wafers 
treatment 15-stage cleaning unit for surface cleaning on 
aqueous basis in the clean room

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

 � Machine for internal coating of components or  
e. g. bags or bottles

 � Laser for 2-D and 3-D microstructuring

 � 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)

speCiAl equipment
 � High resolution scanning electron microscope with energy 

dispersive x-ray analysis (EDX)

 � Electron probe microanalysis (EPMA)

 � Secondary-ion mass spectrometer (SIMS)

 � X-ray diffraction equipment for structural analysis and for 
reflectivity measurement (XRD, XRR)

 � X-ray photoelectron spectroscopy (XPS)

 � Glow-discharge spectroscopy (GD-OES)

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

 � Micro indenter and nano indenter for hardness and young’s 
modulus determination of coatings

 � Profilometer

 � Automated, non-destructive measurement of film thickness

 � Testing equipment for friction, wear and coating adhesion 

 � Testing equipment for corrosion measurement

 � IR and UV-VIS spectrometer

 � UV-VIS-NIR spectroscopic ellipsometer

 � Equipment for surface energy measurement 

 � Equipment for corrosion and climatic testing according 
DIN EN

 � Measurement equipment for electrical and magnetical 
coating properties

 � Systems for testing of electro chemical wastewater 
treatment

 � Equipment and methods for the characterization of the 
photo catalytical activity

 � Measuring station for the characterization of solar cells
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The business area »Mechanical and Automotive Engineering« has been developing coating 

systems and surface technologies that reduce friction, protect against wear and corrosion and 

that are optimized according to the application. As well as adapting the coating for special ap-

plications and the development of new layer systems, developing and transposing the product 

and production-adapted coating processes has been in the foreground. This year successful 

work was carried out in the following areas:

 � Nanocontainers – small parts, big effect

 � P3T: A new technology for manufacturing flexible circuits, RFID antennas and biosensors

 � Nanocomposites for sputtered strain gauges

Customers for this business area include not only coating manu facturers but also users in all 

areas of engineering from automotive to  aerospace.

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
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Properties of nanocontainers

Nanocontainers are mesoporous particles made, for 

example, of titanium dioxide encapsulated in polyelectrolyte 

(PE). Polyelectrolytes are water-soluble polymers carrying 

anionic or cationic charges. Familiar PEs include, for example, 

poly(allylamine hydrochloride) (PAH+) or poly(acrylic acid) 

(PAA-). The nanocontainers are encapsulated with alternat-

ing layers of differently charged PEs (LBL or layer-by-layer 

technology). Depending on the last PE the outermost layer of 

the nanocontainers will have either a negative or a positive 

charge.

Self-assembling monolayers fix nanocontainers in place

These mesoporous particles can then be attached by a so-

called SAM layer (self-assembled monolayer) to the substrate 

which is to be coated. To do so the workpiece is galvanically 

coated beforehand with a thin film of gold. SAM layers 

consist of long-chain carbon molecules to one end of which 

a thiol group (-SH) is attached. This thiol group bonds to the 

gold surface. At the other end of the SAM layer there is a 

functional group which can carry an electrical charge. If this 

group has the opposite charge to the nanocontainers, this 

helps the particles adhere firmly. During subsequent galvanic 

metallization with, for example, nickel or zinc the particles 

remain attached to the surface and are enclosed by the metal. 

In the event of damage occurring, these particles can release 

the active substance they contain and thus provide the basis 

for a self-healing coating.  

Depth profile of a electro-plated coating with self-healing 

effect. 
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High-performance coatings for wear protection or even 

for non-stick applications have until now frequently been 

produced by commercial processes such as the composite 

deposition of PTFE in electroless nickel or SiC in nickel. 

Incorporation of liquids or chemically active substances in 

a coating requires them first to be kept in nanocontainers. 

These nanocontainers, having a diameter of approx. 200 nm, 

are then encapsulated in polymer, thus enabling them to be 

incorporated homogeneously in a metal matrix.

Galvanic composite deposition

A new concept involving functionalized nanocontainers 

has been developed at the Fraunhofer IST on the basis of 

galvanic composite deposition. Here particles consisting of 

liquid substances can be fixed not only into the matrix but 

also directly to the substrate surface so as, for example, to 

place high concentrations of special active substances in the 

locations where they are required. The basic aspects of this 

concept have been worked out at the Fraunhofer IST as part 

of a project funded by the VW Foundation.

nAnoContAiners: 
smAll pArts, big eFFeCt

1 2

ContACt
Dr. Andreas Dietz

Phone +49 531 2155-646

andreas.dietz@ist.fraunhofer.de

Metal l ic  surfaces can be modif ied by incorporat ing smal l  nanocapsules containing specia l  act ive substances 

into their  matr ix .  With this  new technique developed at the Fraunhofer IST,  part ic les can now be insta l led 

precise ly  where they are required.

1 Scheme of a self-healing 

coating with nanocontainers.

2 “Element mapping” of a 

cross-section polish: 

blue: nickel; red: titan; 

yelllow: gold; green: iron.

1 µm
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groups required for success in the metallization process which 

follows. A defined gas atmosphere is achieved in the plasma 

zone by means of a gas nozzle system positioned close to the 

electrode.

Material-saving additive technique in metallization

The plasma-functionalized areas of the sheeting are selectively 

metallized by electroless plating processes which may be fol-

lowed by galvanic processes to reinforce the electroless metal 

layer. In contrast to commonly used subtractive processes the 

process developed at the Fraunhofer IST has fewer process 

steps, does not need etching chemicals, and in particular saves 

on valuable metal, such as, for example, copper. Expensive re-

cycling processes are unnecessary. After metallization, circuitry 

is applied by the reel-to-reel method, followed by soldering 

using innovative energy-saving reflow-soldering methods.

outlook 

The cost efficiency and suitability of the P3T concept for 

resource-thrifty mass production are to be demonstrated in a 

prototypical production line which includes all of the process 

steps. 

Reel-to-reel plasma printing.

Contact pressure mechanism 

Process gas

Contact 
pressure mechanism

Sheeting

Cylinder with 
engraved 
structures

High-voltage 
electrode

reel-to-reel plasma printing

The continuous plasma printing equipment consists of a 

deeply engraved metal roller and a stationary high-voltage 

electrode which is encased in an isolating material serving as 

a dielectric. The metal roller here functions as the counter-

electrode. During plasma treatment the roller rotates together 

with the sheeting which is thus pressed against the roller 

surface by the electrode. As the sheet passes over the recesses 

of the roller structures, process gas-filled microcavities are 

created within which dielectric barrier discharges are gener-

ated (see graph). In this way the print image on the roller - in 

other words, the circuit structure, for example - is transferred 

to the sheeting in the form of a location-selective chemical 

functionalization. The plasma printing uses, for example, 

mixtures of nitrogen, hydrogen and helium as the process gas 

so as to create on the polymer surface the nitrogen-containing 

p3t: A new teCHnologY For mAnuFAC-
turing Flexible CirCuits, rFid Anten-
nAs And biosensors

ContACt
Dr. Jochen Borris

Phone +49 531 2155-666

jochen.borris@ist.fraunhofer.de

Dr. Michael Thomas

Phone +49 531 2155-525

michael.thomas@ist.fraunhofer.de

In a jo int  project  sponsored by the German Federal  Ministry of Educat ion and Research and known for 

short  as P3T -  which stands for P lasma Pr int ing & Packaging Technology – the Fraunhofer IST,  together with 

partners from sc ience and industry,  i s  developing a new kind of reel-to-reel  technology for manufactur ing 

f lex ib le pr inted c i rcuit  boards,  RF ID antennas and biosensors.  The P3T process chain starts  with the plasma 

pr int ing process,  in which the substrate sheet ing is  structured at atmospher ic  pressure by locat ion-select ive 

plasma modif icat ion us ing microplasmas.  This  i s  fo l lowed by wet-chemical  metal l izat ion,  lay ing down of 

c i rcuits  and solder ing.  The a im is  to develop a cost-  and resource-eff ic ient process. 

1 Plasma printing set-up 

for the reel-to-reel process.

2 RFID antenna structure on 

polymer foil produced by P3T.

1 2
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the temperature coefficient of electrical resistance (TCR). 

Particularly interesting for our strain gauge development are 

materials which have a high gauge factor coupled with a 

temperature coefficient approaching zero.

nanocomposites for strain gauges

According to current research, nanocomposite coatings which 

are suitable for strain gauges consist of semiconducting matrix 

layers with embedded metal particles. These particles will 

ideally measure just a few nanometers in size. Nanocomposite 

coatings of interest are, for example, DLC coatings containing 

metal (Me-DLC). The resistance of the semiconducting DLC 

coating has a negative temperature coefficient (NTCR) while 

the metallic particles have a positive temperature coefficient 

of resistance (PTCR). When both materials are composed 

in a suitable ratio, these differing thermal characteristics 

lead to a temperature-independent resistance. Furthermore, 

the resistance of the coatings is dependent on the distance 

between the electrically conductive particles and thus changes 

much more markedly under strain than is the case with purely 

metallic coatings. Me-DLC makes it possible to achieve gauge 

factors above 10 with temperature-compensated strain sensi-

tive coatings. The graph below shows the gauge factors of 

Me-DLC coatings with three different metals. The best results 

so far have been obtained with DLC coatings containing nickel 

(Ni-DLC). 

Other interesting nanocomposites are for example Ti-Si-C 

coatings. Sputtering from a Ti-Si-C target results in coatings 

with nanocrystalline TiC particles (PTCR) in an amorphous SiC 

matrix (NTCR). Although these coatings with gauge factors 

of approximately 2 do not have greatly improved sensitivity 

to strain, they are still of interest for high-temperature ap-

plications since initial investigations have revealed very low 

temperature coefficients and thermal stability up to 700 °C.

Strain sensitivity of different Me-DLC coatings as a function 

of the metal content of the DLC coating.

G
au

ge
 f

ac
to

r

Me/(Me+C) [atom %]

Ni-DLC Fe-DLC Cu-DLC

20 30 40 50 60 70 80 90
0

2

4

6

8

10

12

14

16

18

20

high measurement accuracy with strain gauges

Sputtered strain gauges have a multitude of advantages 

over conventional film strain gauges. They can, for example, 

be applied with a very high degree of automation and high 

positional accuracy, and since they are only a few micrometers 

thick they are easier to integrate into existing components. Of 

particular interest for high measurement accuracy however 

is the much greater sensitivity to strain of specially sputtered 

nanocomposite coatings in comparison with conventional 

metal foils.

Important variables in developing materials for strain 

gauges

Strain gauges exploit the principle of electrical resistance 

changing under strain. The so-called gauge factor is a measure 

of the strain sensitivity of the strain gauge. The metal foils 

which are normally used have a gauge factor of approximately 

2 while other materials can have much higher gauge factors. 

With semiconductors, gauge factors of more than 100 have 

been measured. However, semiconductors are not always 

suitable for use in strain gauges since they have a markedly 

temperature-dependent resistance, which is described by 

nAnoComposites For sputtered 
strAin gAuges

1
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Stra in gauges a l ready have a wide range of appl icat ions today and this  wi l l  in future be extended even 

further by the use of sputtered thin f i lms as stra in gauges.  Invest igat ion of specia l  nanocomposites is  re-

veal ing a great potent ia l  for  innovat ive sputtered stra in gauges with improved propert ies.

1 Sputtered strain gauge 

on ball-bearing.
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In the newly created Aerospace business field, processes and coatings are developed for special 

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

ods yet exist. The principle areas of application are wear and corrosion protection in aviation 

as well as optical and electrical functions in aerospace. Currently the following areas are being 

tackled by the Fraunhofer IST:

 � Coating of high-performance materials for aerospace applications

 � Coatings on titanium components used in aerospace

 � Wear protection coatings for turbines in jet planes

 � Detection of bearing damage by integrated thin-film sensor system

 � Development of surfaces for forming tools free of form release agent

Customers include companies in the aerospace industry and their suppliers.

AerospACe

ContACt
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deteCtion oF beAring dAmAge bY inte-
grAted tHin-Film sensor sYstems

surfaces are so high that sensorized coatings would suffer 

wear before the actuator reached the service life limit required 

in aviation, an application case has been investigated at the 

Fraunhofer IST whereby the coating system is on the outer 

ring and outside the main load areas. These new sensor 

systems were developed in collaboration with the Aviation 

Systems Engineering Institute of the DLR (German Aerospace 

Center) as part of the European project entitled »More Open 

Electrical Technologies« (MOET) and were tested at the DLR 

with regard to the necessary sensitivity and suitability for state 

detection.

The piezoresistive thin-film system

In the first coating operation a 6 µm layer of the amorphous 

hydrocarbon DiaForce® is homogeneously deposited by a 

PACVD process on the shoulder of the outer bearing ring. In 

order to provide local measurement points, a number of sepa-

rate chromium electrodes are created by the lift-off process 

with the aid of unilaterally adhesive polyimide masks cut using 

a laser system. The contact areas are then coated with gold, 

thus producing a solderable connection. All metallizations 

are deposited by PVD processes. Finally, to provide electrical 

isolation and wear protection, a layer of SICON® is deposited 

over the entire surface with the exception of the contact areas 

(Fig. 1).

Detection of bearing damage in an electromechanical 

actuator 

An actuator component test stand which simulated a direct-

drive actuator was used for the tests at the DLR. The test 

stand for investigating bearings with the most varied types 

and degrees of damage consists of a permanently excited syn-

chronous motor driving a roller spindle running in four-point 

bearings. Damage to the bearing results in a change in load 

distribution which in turn causes excitation of vibrations which 

can be measured by the coating system. The graph below 

compares the signals for an undamaged (green) bearing and  

a damaged (red) bearing.

Comparison of thin-film sensor system signals for an 

undamaged and for a damaged bearing.
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area of application: civil aviation

In the field of flight control systems for commercial aircraft 

the use of electrohydraulic actuators to operate the control 

surfaces is still state of the art. These fluidic systems have high 

maintenance requirements and are a major cost driver in flight 

operations. The trend not only in flight control systems in 

particular but also in other aircraft systems in general is there-

fore going increasingly towards a greater use of electrical or 

electromechanical systems. These electromechanical actuating 

systems do however consist of a very large number of com-

ponents which interact mechanically with each other thereby 

creating wear. A condition monitoring system is built in so as 

to prevent the effects of wear, ranging from a straightforward 

drop in efficiency to cases of irreversible jamming. The task of 

this system is to detect faults at the earliest possible stage and 

to predict the actuator‘s remaining service life. The thin-film 

sensor system described here is an integral component of this 

system.

Sensor systems for state detection in primary flight con-

trol system actuators

The Micro- and Sensor Technology group at the Fraunhofer 

IST has already been working for years on the integration of 

piezoresistive thin-film systems which detect load directly in 

the bearing raceway. Since, however, the loads in the rolling 

With the a im of developing re l iable sensor systems with long-term stabi l i ty  which can al low ear ly  detec-

t ion of bear ing damage in the raceway, researchers at  the Fraunhofer IST insta l led thin-f i lm systems on 

the s ide face of outs ide bear ing r ings and character ized them.

ContACt
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1  Bearing with a thin-film 

sensor system.

2 VFW 614 ATTAS and 

A 380 ATRA from DLR‘s fleet 

of aircraft in Braunschweig.

1 2
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innovAtive Composite CoAtings AgAinst 
pArtiCle erosion in gAs turbines

1  Erosion mechanisms are 

clearly revealed by the dam-

age caused by the impact of 

a single particle.

2 Example of a metal-

ceramic composite multilayer 

coating after an erosion test.

3 The graduation between 

the bottom of the coating 

which has a high metal con-

tent and the top which has a 

high ceramic content aims at 

achieving a good distribution 

of stresses at particle impact.

2 31

composite multilayer coating which has been exposed to 

an erosion test. The different erosion behaviors of the metal 

(light) and ceramic (dark) components can be seen very 

clearly in the terracing. Deposition layer by layer makes it 

possible to obtain interesting degrees of freedom by which, 

for example, the hardness curve or elasticity modulus curve 

can be adapted to the stress situation. Fig. 3 shows by way 

of example a graduated coating system with the proportion 

of ceramic increasing towards the surface. This configuration 

aims at keeping mechanical stress peaks as low as possible 

at the substrate interface at the time of particle impact. The 

process parameters allow adjustment of not only the metallic 

or ceramic character of the layers but also the compactness 

and microstructure of the coating system – an important 

factor when it is a matter of securing a good balance between 

hardness and the internal stress of a layer.

Coating and source development at the IST

As part of the »Metal-ceramic multilayer coatings for the 

erosion protection of gas turbines« joint research project spon-

sored by the BMBF, the Fraunhofer IST is conducting research 

in collaboration with Rolls-Royce Deutschland Ltd & Co KG, 

Alstom AG, the Brandenburg Technical University of Cottbus 

and KCS Europe GmbH. The Fraunhofer coatings have already 

proved their effectiveness in erosion tests under conditions 

coming close to reality. It can be seen from the graph that the 

coated titanium surface has a much longer life expectancy 

than an uncoated reference. In addition to the development of 

coatings the Fraunhofer IST is also engaged in developing gas 

flow sputtering sources which have been tailored to coating 

complex-shaped components such as compressor blades or 

entire compressor disks.

Erosion characteristics of a metal-ceramic composite multi-

layer coating system on titanium test pieces as compared with 

the uncoated reference with a shallow erosion angle (30°).
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requirements made of erosion protection coatings

Particles of different masses and shapes hit, for example, the 

surface of titanium compressor blades at different angles and 

at relative speeds up to approx. 400 m/s. Protective coatings, 

which for reasons of weight and shape retention measure 

between 10 and 30 µm thick, must withstand sharp-edged 

sand particles which may be ten times larger than the coating 

thickness. Should particles impact at a shallow angle, they 

can »peel off« metallic surfaces – this can be prevented by 

using ceramic surfaces with a high level of hardness. On the 

other hand, when large particles hit at a steep angle, brittle 

materials will fail very rapidly due to cracks forming. What 

would be useful here are fracture-resistant metals with a high 

modulus of elasticity. Metal-ceramic composite coatings such 

as are currently under development at the Fraunhofer IST will 

perform their protective function even under varied stress 

situations.

Sputtered metal-ceramic multilayer coatings

At the Fraunhofer IST ceramic layers of high hardness and 

metal layers with a high modulus of elasticity are deposited 

alternately using a high-rate sputtering process, gas-flow 

sputtering (GFS). Fig. 2 shows an example of a metal-ceramic 

The eros ive effect  of  wind-borne sand, volcanic ash,  ice part ic les and even water drops gett ing into a i r-

craft  engines can be damaging to moving parts ,  which in turn leads to high costs ,  more frequent mainte-

nance and even reduct ions in engine eff ic iency.  The av iat ion industry thus has a considerable interest  in 

high-performance eros ion-reducing protect ive coat ings.  The complex stress prof i le  of  coat ing and compo-

nent which is  found when part ic les impact makes high demands of an inte l l igent coat ing des ign.
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In its »Tools« division the Fraunhofer IST concentrates on the following areas among others:

 � Improvement in quality and performance in forming and cutting processes by means  
of anti-stick and wear-protection coatings

 � Superhard coatings for cutting tools

 � compeDIA® diamond abrasive coatings for precision grinding tools

 � Wear-resistant coatings for hot forming

 � Development of »intelligent tools« with integrated sensor functions

 � Development of nanostructured composite coatings

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

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

tools
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OberflächenCentrum) and UMSICHT, succeeded in finding a 

material concept for wear control which could be used on an 

industrial scale. Here wear-resistant and high-wearing zones 

were arranged at the edge of the tool flank. Plastic extrudates 

made from a flexible polypropylene type and filled with 

titanium dioxide were cut in a specially designed test rig which 

creates an extreme level of abrasion (Fig. 2). During the cut-

ting process the blade wear and cutting force as the significant 

process variables are measured via contour measurements and 

force measurements. 

Technical implementation

The conventional blade made of hardened, high-carbon steel 

shows continuous wear at the cutting edge (graph). In the 

case of the biomimetic blade, however, after a short time a 

slight reduction in cutting force occurs at a virtually constant 

rate. The wear volume is almost impossible to measure by 

contact-based methods and after just a few cutting cycles the 

cutting contour has already been adapted by the tribological 

system (Fig. 3).

outlook

A systematic approach has made possible the successful 

development of a handling concept in which the wear char-

acteristics correspond to the biomimetic model and which will 

in the future be transferred for application in various industrial 

cutting tasks.

Specific wear volume (obtained from contour measure-

ments) plotted against cutting length.
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nature as the model

Examination of the microstructural composition of a rat tooth 

reveals a system with an extremely complex structure. In the 

horseshoe-shaped outer zone it consists of an extremely wear-

resistant material, dental enamel. This has omnidirectionally 

interwoven structures consisting of equally hard and elastic 

enamel prisms. These special structures in the enamel are 

called Hunter-Schreger bands (HSBs). The cutting face on 

the other hand consists of the soft, bonelike dentine. The 

extremely strong connection between the two materials is 

achieved by a three-dimensional interlocking structure, com-

bined with an organic membrane. The soft dentine surface 

suffers wear during use thereby exposing the underlying hard 

enamel at the cutting edge. The rat‘s tooth never loses its 

sharpness.

Development of the material concept

In the technical reproduction of this system the two col-

laborating Fraunhofer institutes, the IST (in the Dortmunder 

biomimetiC treAtment ConCepts 
For industriAl blAdes

1  Test blade after Roden-

tics treatment in the PACVD 

installation.

2  Cutting line at the 

Fraunhofer UMSICHT with 

built-in blade.

3 Blade contour after 

25.000 cutting cycles, blade 

in cross-section view with 

free-standing cutting edge.
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We are fami l iar  with pr inciples in nature where evolut ion has produced results  which are sometimes far 

super ior to technical  systems, for example,  the teeth of rodents.  Possess ing a very specif ic  dental  structure, 

these animals are able to use their  ever-sharp teeth to gnaw through even extremely hard mater ia ls  such 

as concrete.  By means of an adapted mater ia l  concept combined with PACVD coat ing techniques,  the un-

der ly ing sharpening pr inciple has been successful ly  made avai lable to industr ia l  cutt ing tasks.  The result ing 

RODENTICS© concept was developed in conjunct ion with Fraunhofer UMSICHT in Oberhausen.
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wear analysis

Analytical investigations of the test tools reveal in the most 

heavily stressed parts of the bolt significantly different wear 

patterns for the tested variants also in microsections (Fig. 2). 

Data for a wear analysis evaluation regarding adhesion (posi-

tive values) and abrasion (negative values) have been obtained 

by using a 3-D coordinate measuring machine to compare the 

contour after stress to the starting contour (left graph). 

Wear analysis of forging processes after 3000 forging 

operations at 1150 °C.
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The measured values show statistical spread typical of forging 

processes but a clear trend can be seen in the evaluation of 

the different design variants. In the results low-boron variants 

with a high periodicity have the most suitable coating design 

for this application.

outlook

The potential of these coating systems for hot-forging applica-

tions is currently being tested in industrial trials. Further work 

will be concerned with combining PACVD coating systems 

with nitriding treatments in both continuous and also two-

step processes. Previous research indicates that the treatment 

parameters have a considerably influence on the cracking 

behavior of the tool surface.

Coating design of the successfully tested multilayer system 

Ti-B-N (B‘ represents a low-boron standard).
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Coating design with graded systems 

Ternary systems of the Ti-B-N type have some very interesting 

structural properties. The PACVD deposition is forming nano-

composites which consist of nanocrystalline fractions of TiN 

and TiB2 as well as amorphous phases with different propor-

tions of boron. It is now possible in the PACVD coating process 

to set gradients in the phase distribution as regards the boron 

and nitrogen contents by varying the process gas exposure. 

This makes different multilayer systems possible, with designs 

which differ in their phase composition (proportions of boron) 

and in the number of layers (right graph).

application investigations

In collaboration with the Forging department of the IFUM 

(Institute of Metal Forming and Metal Forming Machines) in 

Hannover, various boron-containing multilayer designs were 

compared with references such as plasma- or gas-nitrided 

equivalents in joint industrial projects. The bolt shape selected 

for the test tools represents forging dies with extreme con-

tours (Fig. 1). The forming processes carried out in an eccentric 

press with automated billet handling and cooling lubricant 

system reproducibly model real forming conditions. 

boron-ContAining tool CoAtings 
For Hot Forming

1 Coated test tools in the 

PACVD installation.

2  Nitrided reference tool, 

wear pattern on the bolts 

of the test tool after 3000 

forging operations at 1150 

°C (left), test tool with opti-

mized multilayer system Ti-B-

N, wear pattern on the bolts 

of the test tool after 3000 

forging operations at 1150 °C 

(right).
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In surfaces of tools  used for hot forging wear occurs very rapidly due to high process forming forces and 

high appl icat ion temperatures above 900 °C. The result  i s  scale on the blanks and thermal shock exposure 

dur ing the cool ing lubr icat ion phase.  Recent ly  developed ternary mult i layer PACVD coat ing systems based 

on alternat ing mater ia l  composit ions as regards their  boron, t i tanium and nitrogen content reveal  some 

promis ing approaches for developing wear-reducing tool  coat ings.
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surface. The result may be tearing of parts and damage to the 

surface. This effect is amplified by the forming temperatures 

of 250 °C – 950 °C which are required for processing titanium 

alloys. This makes high demands on both the dies and the 

forming processes.

Main research areas

The Fraunhofer institutes are working on solutions in the 

following areas of research:

 � Development of tempered forming processes for improving 

the formability of titanium alloys based on hot-gas forming 

(IWU)

 � Development of die materials for forming titanium within 

the temperature range up to 950 °C (IKTS) 

 � Development of adapted die coatings to reduce friction and 

wear (IST and IWS)

 � Provision of material characteristic values for relevant 

titanium alloys and simulation of forming behavior (IWM) 

 � Development of adapted cutting and joining methods for 

the further processing of sheet metal parts (IWU) 

The material titanium

As a material titanium is well-known for its outstanding 

properties. These include in particular a high specific strength, 

good corrosion resistance and biocompatibility. These proper-

ties can be even further improved by alloying additives. Tita-

nium materials are thus of great importance to the aerospace 

sector, to the chemical industry and to medical technology 

and also in cases when components must be brine-resistant. 

Titanium is the fourth most commonly found metal in the 

earth‘s crust. In the long term we may assume a high level of 

availability and its increasing application. 

The problem

Currently a broader application of titanium materials is 

opposed by high costs in their production and processing 

since efficient forming methods, such as, for example, deep 

drawing or hydroforming, can only be used with major restric-

tions. Even thin-walled complex components are thus in most 

cases produced by cutting – for example, by milling from solid 

blocks. The principle obstruction is the tribological situation at 

the interface of the titanium materials and the die. Titanium 

tends to adhere to a particularly high degree to the die 

bAsiC teCHnologiCAl prinCiples in 
Forming titAnium AlloYs
In an associat ion of the Fraunhofer inst i tutes IWU, IWM, IKTS and IWS, chaired by the Fraunhofer IST,  bas ic 

pr inc ip les are being worked out which wi l l  a l low t i tanium al loys to be formed eff ic ient ly .  The a im is  to 

obtain greater cost-effect iveness in the product ion of t i tanium components in order to broaden their 

poss ib le area of appl icat ion.

1 2

results to date

With the aid of tribometric tests at temperatures up to 900 °C, 

suitable die materials and coating have been selected for fur-

ther investigation. The Fraunhofer IWU has been successful in 

using the forming process with high-strength titanium TiAl6V4 

to make a first prototype of a fan blade, such as is used in 

aero-engines (Fig. 3). Satisfactory degrees of dimensional 

change can already be achieved with the new forming tech-

nology. There is however still a need for development work on 

the dimensional accuracy of the components. In addition, the 

first components for automotive exhaust systems have also 

been made from titanium by hot-gas forming (Fig. 4).

1  Titanium sponge.

2 Fan rotor made of 

titanium.

3  Prototype of a fan blade 

for aero-engines made from 

TiAl6V4 by forming.

4  Part of an exhaust system 

made from titanium by hot-

gas forming.
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logical conditions on the die surface. To do so the suitability of 

various modified chromium nitride, boron and carbon coatings 

was checked in preliminary tests. Tempering tests at different 

temperatures provided information about changes in the coat-

ings at temperatures up to 1000 °C (Fig. 2). Application tests 

with the strip drawing test and deep drawing (Fig. 3) were 

then carried out on selected coatings at the IFUM (Institute 

for Forming Technology and Machines) at the University of 

Hannover. The test grid included six die coatings, three die 

steels and the sheet metal 22MnB5, both uncoated and with 

different coatings. 

results

The various sheet coatings had the greatest influence on the 

wear behavior of the dies. While there was more abrasive 

wear with uncoated sheets, the selection of a suitable sheet 

coating meant significant reductions in wear and in the occur-

rence of accretions in comparison with the AlSi coatings which 

have so far predominated. Further improvements in wear 

behavior may be achieved by using chromium nitride coatings 

modified with vanadium or tungsten (Fig. 4).

Press hardening

High-strength steels, such as are used in manufacturing highly 

stressed sheet metal parts, normally have very poor formabil-

ity. As a remedy for this situation, press hardening has become 

established in recent years. Here blanks which have been cut 

to size are heated to 950 °C and then formed and hardened 

within a cooled die. The hardness of the steel - 22MnB5 is 

used in the great majority of cases - is here boosted from 

an initial 600 N/mm² to as much as 1600 N/mm². As we 

have said, high die wear is a disadvantage with this method. 

From die surface temperatures of about 800 °C conventional 

lubricants can no longer be used. In addition, scaling of 

the die surface occurs due to the heating, which results in 

significant abrasion wear. To prevent scaling the metal sheets 

are frequently coated. AlSi coatings are in common use but do 

have a marked tendency to cause material to adhere to the die 

surface which then has to be regularly removed (Fig. 1).

Project contents

The objective of the research project »Process lubrication – 

press hardening« (IGF project 14979 N) was to improve tribo-

die CoAtings For press-HArdening 
boron AlloY steels
The increas ing demands made regarding the strength of sheet metal  parts  in automobi le manufactur ing 

have in recent years led to press hardening boron al loy steels  taking on a greater importance.  By combin-

ing deep drawing and hardening in a s ingle process,  component strengths above 1500 N/mm² can be 

achieved. High die wear is  a disadvantage with this  approach. A considerable improvement is  however 

provided by the die coat ings developed at the Fraunhofer IST as part  of  an IGF project .

1 2

Wear resistance of the coatings after temper tests (2 hours  

in ambient air).
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1 Die wear in press 

hardening.

2  Comparison of coating 

changes following heat 

treatment at 800 °C in the 

ball-crater test: cracking 

and marked surface oxida-

tion with CrN (bottom), less 

change with CrWN (top).

3  Deep-drawing testing.

4 Optimized die following 

drawing tests.
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behavior of the sensor system during forming

Test series have been carried out with the sensor modules 

in different installations. Here it was demonstrated that 

incorporating these sensorized die inserts in the drawing 

cushion of the forming systems was a simple matter. During 

the deep drawing process the sensorized thin-film system is in 

direct frictional contact with the steel sheet. The characteristic 

signal curve will have a resistance minimum at every electrode 

structure once the sheet has moved out of contact. The 

general functional capability of the sensor modules has been 

validated in a test installation at the Fraunhofer IWU. The 

modules were tested at AWEBA Werkzeugbau GmbH under 

industrial conditions in forming thick sheet metal. These were 

deep drawing steel rounds with a diameter of 266 mm and a 

thickness of 6 mm. The adjacent graph shows a characteristic 

signals plot. Sensor modules have also been tested in engine 

mounting production. Here an Erfurt EHP 1600 hydraulic press 

was fitted out with the sensor modules and here too their 

functional capability was successfully demonstrated.

outlook

Currently the sensor modules are being used in production 

to test their long-term stability. Their area of application 

should not be restricted to deep drawing alone but should 

also include other forming processes, such as hydroforming 

or sheet metal bending. These developments are results from 

the ORUM project funded by the Federal Ministry of Education 

and Research (BMBF) within the general concept »Research 

for tomorrow‘s production«. ORUM is a German abbreviation 

for the optimized control of forming processes by means 

of integrated thin-film sensor systems (project reference 

02PU2040). ORUM is supervised by the project sponsors the 

Karlsruhe Research Center (PTKA), Division of Production and 

Manufacturing Technologies (PFT).

Resistance curves for three sensor structures during the 

forming of thick metal sheet.
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Sensorized thin-film system

The coating system consists of the piezoresistive hydrogenated 

carbon coating DiaForce® which is homogeneously deposited 

in a thickness of 6 µm onto the polished side of the die insert. 

To this is applied a thin layer of chromium only 200 nm thick 

which is structured by photolithography and wet-chemical 

etching. Flexible masks make structuring possible even in 

low-lying contact areas. Before the actual deep-drawing 

process starts, the sensor structures are all in contact with the 

steel sheet and as deep drawing proceeds each structure in 

turn moves out of the contact area. To give these chromium 

structures long-term stability they are given a 3 µm SiCON® 

coating which provides electrical isolation and wear protec-

tion. The individual steps in the production process for the 

sensor modules can be seen in Fig. 1. Different base body 

shapes are produced and different electrode arrangements 

structured. Fig. 2 shows a microstructure from a section of an 

electrode configuration as shown in Fig. 3 in which the nearby 

electrodes have a difference in lenght of just 100 µm.

development oF sensor modules 
For tHe optimizAtion oF deep-
drAwing proCesses

1
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Badly formed parts ,  f ractures and wrinkles reduce the cost-effect iveness of forming processes.  The causes 

of these problems are to be found pr imar i ly  in f luctuat ions in process parameters,  such as,  for  example, 

mater ia l  propert ies.  Such f luctuat ions can be evened out by means of process control  regulated by an 

integrated thin-f i lm sensor system and the re jects  rate thus mimimized. The Fraunhofer IST is  developing 

new kinds of sensor ized thin-f i lm systems which get in direct  contact with the workpiece and track the 

forming process very precise ly .

2 3

1 Step-by-step creation of 

the sensor modules for quan-

tity production.

2 Micrograph of an elec-

trode peak area of Fig. 3.

3 Sensor module with a 

resolution of 100 µm.

100 µm
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checks on the sensor signals. This is where the great potential 

of thin-film sensor systems was revealed. The sensors not only 

can detect the compressive stress but can even measure the 

return stroke when the cutting punch withdraws from the 

female part. It was possible to determine cutting-edge wear by 

a time delay of up to 25% in the force curves (Fig. 1). Welded 

accretions on the punch shaft on the other hand produced an 

increase in cutting force which provided very precise informa-

tion about the wear situation (Fig. 2 ).

outlook

This thin-film sensor system can be used universally in the di-

rect force flow path of cutting tools. The electronics developed 

by HSG-imit especially for cutting processes should monitor 

the processes and warn the operator before machine down-

times occur. Process monitoring can thus conserve resources 

and minimize material costs. The broad area of application for 

these sensor systems opens up the prospect of inexpensive 

industrial production in high quantities.

Weld accretions on the cutting punch result in a cutting-

force increase.
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Thin-film sensor integration

A sensorized three-layer system is applied to standardized 

steel disks. Spatially resolved pressure states can be measured 

at different points due to 200 nm thin chromium electrodes 

fabricated by wet-chemically etching. To protect the sensor 

structures the top layer of the system is wear resistant and 

electrically isolating coating in a thickness of 3 µm. A Flex-

Board is connected to the sensor contact pads and carries the 

signals from the die to the electronic circuitry which processes 

them. Software developed for the cutting process enables 

early detection and correction of deviations in the cutting 

process, such as, for example, a tool-edge fracture or welded 

accretions on the cutting punch.

behavior of the sensor system during testing

Extensive series of tests at the Fraunhofer IWU have been con-

cerned with validating the integration of the sensor modules 

into the tools, fault symptom detection and long-term stabil-

ity. Proprietary force sensors were used for running plausibility 

tHin-Film ForCe sensors For monitor-
ing Cutting proCesses reAdY For prAC-
tiCAl AppliCAtion

1 Thin-film sensor system 

with Flex-Board connec-

tion for monitoring cutting 

processes.

2  Sensor module in its 

housing.

IGF project 16113 BG of the 

EFDS (Europäische Forschun-

gsgesellschaft Dünne Schich-

ten eV), Gostritzer Strasse 

63, 01217 Dresden has been 

financed via the German Fed-

eration of Industrial Research 

Associations (AiF) as part of 

a program for promoting in-

dustrial community research 

and development (IGF) of the 

Federal Ministry of Econom-

ics and Technology on the 

basis of a resolution of the 

German Bundestag.
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The cost-eff ic iency of cutt ing processes is  reduced by the occurrence of poor ly  punched sheet metal  parts 

or  by cutt ing-tool  f ractures.  There is  an ever-greater need for on- l ine process monitor ing systems. The 

cutt ing force is  d i rect ly  affected by die-c learance reduct ions and tool  wear.  P iezores ist ive thin-f i lm sensors 

based on the amorphous hydrocarbon DiaForce® coat ing are being developed to detect the cutt ing force. 

The complete coat ing system is  only 9 µm thick but has nevertheless outstanding tr ibological  and sensor-

re lated propert ies.  Due to their  smal l  s ize these thin-f i lm sensors can be insta l led direct ly  in the die force 

path and can thus measure the cutt ing force direct ly  without disturbing inf luences.
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DiaCer® drawing dies for wire manufacturing have also been 

developed and tested as an example of forming tools.

DiaCer® drawing dies with internal diamond coating

In the development of a coating process for diamond-coated 

drawing dies one major challenge lay in getting the diamond 

film inside the drawing die to build up to an adequate thick-

ness with good adhesion. For this purpose a modified HF-CVD 

process was developed at the Fraunhofer IST. In this process 

variant, drawing die prototypes were produced with diameters 

from 1 mm to 27 mm. This in practice makes diamond 

drawing dies available throughout the full range of diameters 

relevant to industry. The table shows a selection of successful 

trials in industrial wire-drawing processes. These investigations 

were carried out using industrial wire-drawing machines at 

Drahtwerk Elisental, Drahtzug Stein and Durum. The DiaCer® 

drawing dies were in each case only used in the final drawing 

stage and were still intact following the replacement of 

several sets of carbide drawing dies upstream due to wear. 

The advantages of the DiaCer® drawing dies include a longer 

The composite material DiaCer®

DiaCer® is based on ceramic substrates, either of silicon nitride 

or of silicon carbide, onto which a polycrystalline diamond 

film is deposited. To do so, the Fraunhofer IST uses coating 

processes based on hot-filament chemical vapor deposition 

(HF-CVD). These processes were developed in the institute not 

only for coating areas measuring up to 50 cm by 100 cm but 

also for diamond deposition onto complex geometries and 

then transferred into industry. The silicon-based ceramics are 

particularly well suited for the deposition of diamond films 

since the formation of Si-C bonds between the diamond film 

and the ceramic means that especially high adhesive strengths 

can be obtained. Furthermore, the thermal coefficients of ex-

pansion of diamond and of the ceramics are not as diverse as 

is the case with metallic substrates. During the process of cool-

ing down from the deposition temperature (800 °C - 900 °C), 

this results in what are relatively moderate thermally induced 

stresses in the DiaCer® composite material. In addition to the 

joint development and testing of DiaCer® disposable inserts 

for machining and of DiaCer® face seals and plain bearings, 

diAmond-CoAted CerAmiC diACer® – 
A CApAble Composite mAteriAl For 
CHAllenging requirements

Ceramics and diamond are often used in industry when chal lenging demands are made of mater ia ls .  The 

performance of the indiv idual  mater ia ls  can be boosted and their  ut i l izat ion extended by combining both 

mater ia ls  in the form of the diamond-coated ceramic DiaCer®.  The Fraunhofer inst i tutes IKTS,  IPK, IST and 

IWM have cooperated in the development of this  composite mater ia l  and in col laborat ion with partners 

from industry have brought i t  up to readiness for industr ia l  appl icat ion.  This  successful  col laborat ion be-

tween Fraunhofer researchers and partners from industry was recognized in 2010 by the Award for Sc ience 

for Joint Projects  in Appl ied Research of the German St if terverband.

tool life, savings in set-up times, increases in drawing-process 

productivity. Also of great interest to partners from industry is 

in particular compliance with extremely tight tolerances over a 

long period of production and the greater degree of flexibility 

with regard to feasible drawing-die geometries (shaping dies).

outlook and acknowledgments

Currently complete sets of DiaCer® drawing dies are being 

trialled in a nine-stage drawing process. The focus of future 

R&D work will be on avoiding or reducing the use of drawing 

agents and in developing economically efficient production 

processes for DiaCer® drawing dies. Work on the DiaCer® 

composite material was in part funded within the WING 

general program of the Federal Ministry of Education and 

Research with the participation of partners from industry. 

The companies Allgemeine Gold- und Silberscheideanstalt, 

DiaCCon, Drahtzug Stein, Drahtwerk Elisental, Durum and 

H. C. Starck Ceramics were in particular involved in the 

development work relating to DiaCer® drawing dies.

Life expectancies of DiaCer® drawing dies in comparison 

with conventional drawing dies. PCD = sintered polycrys-

talline diamond.

Wire�material�� Quantity�of�
wire�drawn�
in�tonnes

Reference��
dies

Al�and�Mg��
alloys

> 60 Life expectancy 
7 times longer 
than carbide dies

Iron�alloys > 70 Like PCD draw-
ing dies

Filled�Ni,�NiCr�and�
FeCr�wires,�fillings:�
particles�of�WC,��
Si�etc.

> 7.5 Like PCD draw-
ing dies
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1  Hot-wire-CVD-diamond 

coating of a silicon-nitride 

drawing die with a diameter 

of 26 mm.
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e n e r G y,  G l a S S ,  F a C a D e

In the business area »Energy, Glass, Facade« some of the developments the institute concen-

trates on are:

 � Coating systems and associated processes for photovoltaic applications

 � Low cost transparent conducting oxide coating systems (TCOs) for photovoltaics, photother-
mal applications, architectural and automotive glazing,

 � Semiconductor materials for thin film photovoltaics

 � Characterization methods for solar cells

 � Improved functional layers and coating processes for architectural glass

 � Coating systems for fuel cells

 � Improved low cost high temperature corrosion protection for turbine blades

Our customers include the glass,  pho to voltaic and electronic industries, 

energy and construction, heating and sanitary fitting manufacturers and plant manufacturers as 

well as contract coaters.

energY, glAss, 
FACAde
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tHe iCeFree windsHield 1   Large-area coating at 

the Fraunhofer IST.
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Fraunhofer IST have been able to demonstrate that at the 

transition to conditions with a maximum level of ionization, 

layers of nanocrystalline indium tin oxide (ITO) form which 

exhibit no grain growth even when the glass is bent at ~650 

°C. 

Coating properties

In the laboratory setup used at the Fraunhofer IST and 

manufactured by the Advanced Energy company, the current 

flow in the HIPIMS pulse derives from the capacity and charg-

ing voltage of the underlying capacitor bank. In addition, a 

regulatory device shortens the pulse duration so as to prevent 

marked arcing at the cathode. With both the 2.0 kV and 

the 2.5 kV charging voltages, layers which are almost X-ray 

amorphous are created first. After annealing at ~650 °C they 

show a sharply pronounced X-ray peak. This is a concomitant 

of a transition from the amorphous to the crystalline phase 

and does not occur with 3 kV charging voltage. Nanocrystal-

line layers already come into existence here, showing a broad 

peak in the Θ-2Θ diagram which is only changed to an 

insignificant extent by annealing. These layers have a grain 

size, as measured by X-ray diffraction, of only ~20 nm. Due 

to the Hall-Petch relation this nanocrystalline growth results 

in the layers hardening and in a higher thermal stability. The 

electrical and optical properties of the coatings correspond 

fully to those of conventional ITO coatings, the only difference 

being a higher layer resistance.

Preliminary work in the 1980s

The point of departure for our work was the results obtained 

back in the 1980s at the University of Uppsala for non-icing 

windshields based on transparent conductive SnO2:F coatings 

produced by pyrolysis. A vehicle with a low-E coating remains 

completely free of ice while the uncoated windshield is 

significantly iced up. Unfortunately this technology could not 

be taken further since the coarse SnO2:F coating proved to be 

very susceptible to wear and could not provide the stability 

required for use in the automobile. The present innovation is 

based on the fact that transparent conductive and thus low-

emitting (low-E) films can be produced very inexpensively and 

with much better properties than those previously available. 

This new PVD coating which is applied at room temperature 

to glass is in particular not only flexible but also extremely 

resistant to chemical and mechanical stress. This means a 

marked improvement in its wear characteristics as compared 

with uncoated glass.

hIPIMS sputtering of TCos

These property combinations were previously considered 

impossible and the key to achieving them lies in a new kind 

of process control, namely high power impulse magnetron 

sputtering (HIPIMS). With this method the sputtered mate-

rial is ionized to a considerable extent. Researchers at the 

Dr iv ing dur ing the winter is  sometimes not a lot  of  fun. One reason for this  i s  fogged-up or icy windows. 

At the Fraunhofer Inst i tute for Surface Engineer ing and Thin F i lms IST a new coat ing for automotive 

glaz ing which can help solve this  problem is  current ly  under development.  The transparent f i lm is  as 

conduct ive as a metal  – the glass thus becomes a heat ref lector,  which prevents the windshie ld from 

cool ing down and ic ing over.  There is  thus no need for the lengthy process of heat ing the windows unt i l 

they are c lear -  something which in the case of e lectr ic  vehic les consumes a great deal  of  energy.

Potential for practical application

The icefree windshield, which has been developed jointly 

with VW and Audi, offers a genuine safety-related innovation 

for the automotive sector. The electrical conductivity of the 

coatings does however dampen wireless communication. This 

means that some adjustment work will be necessary as regards 

GPS and cell phone aerials as well as emergency call systems. 

In the context of electromobility the technology receives a 

further boost in importance since here passive, energy-neutral 

solutions are required. What is very much not wanted is the 

need to heat up the vehicle interior at great expense and at 

the cost of the battery charge. Other user areas of application 

emerge from the transition to triple glazing in buildings. Here 

too improved insulation means more and more condensation 

on the outside of the glass panes, something our technology 

can efficiently prevent. The coating can also be used as a heat-

ing conductor: in chemical process engineering, for example, 

reactor vessels can be equipped with a transparent heating 

system. Completely new areas will also open up in the field of 

transparent oxidic electronics where the new technology offers 

ways – in combination with sol-gel p-TCOs for example – of 

creating transparent diodes and circuitry based on this.

[1]: I. Hamberg et al., Applied Optics 26 (1987) 2131

1
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The microstructure factor describes how the silicon atoms are 

bound to hydrogen. A low microstructure factor is desirable 

and indicates a large number of Si-H bonds and few Si-H2 or 

Si-H3 bonds. The microstructure factor was determined as a 

function of various process parameters with the aid of the sta-

tistical design of experiments. In the second step, undertaken 

in collaboration with the IEK5 photovoltaics research group of 

the Jülich Research Center, three p-i-n solar cells with absorb-

ers were produced on the basis of this experimental design 

and the electrical parameters measured. The graph on the 

facing page shows the deposition rate and the microstructure 

factor as a function of wire temperature and silane flow. 

The results were obtained from two statistical designs of 

experiment. Good values for the microstructure factor were 

achievable even at high rates above 1.5 nm/s. The efficiencies 

measured after annealing for three of the solar cells produced, 

lay between 4.5 percent and 5.1 percent at rates between 

0.9 nm/s and 1.5 nm/s. It should be borne in mind here that 

the component parts of the cell were fabricated in different 

locations, something which usually means lower values for 

efficiency. 

outlook

Future work on the deposition of silicon-based films by 

hot-wire CVD will cover on the one hand aspects of mate-

rial optimization for specific applications – for example in 

photovoltaics and microelectronics – and on the other hand 

production-specific challenges relating to reducing production 

costs for silicon-based films. The aim is to secure the transfer 

of hot-wire CVD technology for silicon-based films into 

industrial-scale manufacturing processes such as has already 

been achieved with diamond films.

Deposition rate (top) and microstructure factor (bottom)  

as a function of wire temperature and silane flow.
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The coating process

Hot-wire CVD (chemical vapor deposition) is an established 

coating technique for diamond films. In comparison with well-

proven plasma-supported coating methods it can offer a range 

of advantages in particular in the production of silicon-based 

coatings:

 � Cost-saving due to high film rates, a high level of gas 
conversion and low investment

 � Readily scalable up to large areas

 � Substrate-friendly deposition without ion bombardment (no 
plasma)

 � Cold processes at below 100 °C are possible

At the Fraunhofer IST several hot-wire CVD systems are avail-

able for producing silicon-based films. Fig. 1 shows an in-line 

system with seven chambers, three of which are equipped 

with coating modules with an excitation zone measuring 

500 mm x 600 mm. The modules are separated from each 

other by intermediate chambers. The substrates can be fed 

into the system from either side. 

high quality and deposition rate: a-Si:h as absorber

As a first step the quality of the a-Si:H films produced in 

the in-line system was determined from Fourier transform 

infrared (FTIR) spectra by means of the microstructure factor. 

lArge-AreA siliCon-bAsed CoAtings 
witH Hot-wire Cvd 

2
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Hot-wire chemical  vapor deposit ion (HWCVD) is  a promis ing technology by which s i l icon-based coat ings 

can be deposited at  low cost .   In photovolta ics  amorphous s i l icon f i lms (a-S i :H)  are used among other 

things as absorbers and for pass ivat ion.

1 Seven-chamber in-line 

coating system for hot-wire 

CVD.

2   Substrate carrier with 

different substrates and  

interference lines due to  

static coating.

1
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500 nm

µc-Si:H

a-Si:H

TCO (ZnO:Al)

TCO (ZnO:Al)

Glass

Ag-back contact

in an optimized morphology following wet-chemical etching. 

First of all, a few nanometer thin RF seed layer was developed 

on the basis of ZnO:Al. The rest of the film was then deposited 

at a faster rate by DC sputtering. The whole film has a 

thickness of about 900 nm. The electron mobility of a layer 

deposited solely by DC or RF sputtering (red and black) is 

around 30 cm2/Vs (see graph). Applying a seed layer increases 

this drastically to almost 50 cm2/Vs and with increasing seed 

layer thickness the mobility approaches the low value of the RF 

coating. The charge carrier density (not shown here) behaves 

in a similar fashion with increasing thickness of the seed layer. 

However, due to the weakness of the change, this has on the 

whole a much lower influence on the conductivity of the layer 

than does the mobility. 

With a thin seed layer the growth of an additional DC layer 

is so good that the specific resistance drops markedly due to 

the improved mobility (graph). Values of less than 300 µΩcm 

were achieved. With greater seed-layer thicknesses the specific 

resistance approaches that of a layer produced by RF sput-

tering alone. In the experiment presented here the standard 

RF process was adjusted with a high rate in mind rather than 

a high layer quality. This is what determines the low specific 

resistance in the case of a pure RF process. An excellent seed 

layer can be deposited with RF sputtering and, in collaboration 

with a client, has been transferred to a DC process as well.

advantages of the coating

Use of a seed layer means that, firstly, a layer with very 

good optical and electrical properties is produced which 

can be etched homogeneously over a large surface area. 

Secondly, the surface etching structure is identical to a purely 

RF-sputtered layer, which means very good light-trapping 

properties and thus high levels of solar cell efficiency. The RF 

seed layer process can also be transferred to a DC seed layer 

process.

Change in the specific resistance and mobility as a function 

of the RF seed layer thickness. Reference layer: unetched,  

30 x 30 cm². 
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To support the enormous development in thin film photovolta-

ics the Fraunhofer IST has been working for a number of 

years now on coatings for solar cells. These include not only 

transparent conductive oxide layers (TCOs) but also antireflec-

tion coatings, diffusion barriers, metal contact layers and 

PV absorber films. Typical thin-film solar cells include a-Si:H/

µc-Si:H tandem cells (see Fig. 1), CIGS or CdTe cells. 

One drawback of the silicon thin-film tandem cell is that the 

absorptivity of the microcrystalline coating is too low. The 

various approaches taken to increase absorptivity range from 

antireflective coatings to index-matching, from metallic back 

reflectors to structuring the front contacts (Fig. 2). In this way 

the light can be trapped in the cell (light trapping) and be 

reflected several times back and forth until a large part has 

been absorbed. Here the Fraunhofer IST is focusing on the 

development of doped zinc oxide (ZnO) coatings which are 

deposited either by reactively sputtering metallic targets or by 

sputtering ceramic targets. Sputtering of ceramic targets is 

currently used by industry.

The solution concept 

In collaboration with its clients the Fraunhofer IST has 

developed a seed layer which not only improves the optical 

and electrical properties of the ZnO:Al coatings but also results 

optimized ligHt trApping in tHin-Film 
siliCon solAr Cells bY meAns oF seed 
lAYers
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At the Fraunhofer IST seed layers for t ransparent conduct ive contacts have been developed on the bas is 

of  a luminum-doped z inc oxide (AZO).  These layers not only result  in outstanding opt ica l  and electr ica l 

propert ies but a lso give the AZO the des i red l ight-trapping structures,  these being created by wet-chemical 

etching in di luted hydrochlor ic  ac id.

1  Diagram of a silicon 

thin-film solar cell.

2  Etched zinc oxide with 

optimized light-conducting 

structure due to the use of  

a seed layer.

3  Homogen eously etched 

ZnO:Al layer, 30 x 30 cm2, 

deposited on a seed layer.
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many of these coatings tend to have poor abrasion resistance. 

Coatings with very good abrasion characteristics, such as 

SICON®, developed at the Fraunhofer IST, tend however to 

have reduced transmission. Mixing in organic layers of other 

components is an approach which will allow optimization 

with regard to transparency, water repellency and mechanical 

load capacity. In this regard loading tests are being carried out 

at the Fraunhofer IST which come as close as possible to the 

customer‘s end application, including automatic mechanical 

wear tests. For certain applications, hydrophobic coatings 

alone will not be adequate, for example when it is necessary 

that water drops run off already at the lowest inclination. 

»Ultrahydrophic« surfaces of this kind are possible when a 

specifically selected surface roughness is combined with a 

hydrophobic layer. At the Fraunhofer IST ultrahydrophobic 

and yet transparent coatings were developed in collaboration 

with partners from industry. The structures of suitable rough 

surfaces here have to be very small and are shown in the 

scanning electron microscope image in Fig. 2. Only in that 

way is it possible to ensure that these structures scatter the 

visible light so little that the coating remains transparent. This 

coating system was sputtered and has structures with widths of 

100 - 200 nm – in other words, below the wavelength of visible 

light (380 - 680 nm). A coated curved glass in Fig. 1 points out 

both the transparency and the ultrahydrophobic surface as can 

be seen from the tinted water drops. 

outlook

In addition to mechanical requirements, chemical and environ-

mental aspects can also be taken into consideration. Existing 

coating processes in use at the Fraunhofer IST will in addition 

permit the coating of plastics.

background

There are various applications in which a transparent smooth 

surface should be designed such that water drains off very 

easily when the surface is slightly inclined. Surfaces of this kind 

are referred to as hydrophobic. The greater the contact angle 

of the water drops and the smoother the surface, the more 

marked will be the effect. Contact angles of 120° are to be 

regarded as typical of hydrophobic surfaces. One characteristic 

benefit of hydrophobic coated transparent surfaces is that 

the view is not impaired by water drops sticking obstinately 

to the glass. With an ultrahydrophobic coating there is even a 

self-cleaning effect due to the water drops running off.

Developments

A large number of hydrophobic coatings are based on specifi-

cally selected functional molecules. Due to their organic nature 

trAnspArent, resistAnt 
And HYdro pHobiC surFACes

1  Tinted water drops on an 

ultrahydrophobically coated 

glass bowl.

2 SEM image of a rough-

surfaced crystalline ZnO 

coating for ultrahydrophobic 

surfaces.
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The Fraunhofer IST develops transparent hydrophobic and ultrahydrophobic coat ings.  Appl icat ions are to 

be found in architectural  g laz ing and plumbing units ,  not only on glass but a lso on plast ics .
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Topics falling within the business area »Optics, Information,  Communication« include:

 � Developing electrical contact and insulating layers,

 � Developing coating systems for displays,

 � Developing and designing multilayer coatings for optical filters,

 � Developing sensor coatings

 � Developing new materials, structurizing and metallizing technologies to substitute ITO layer 
systems for flat panel display applications

Customers of this business area include the optical and automotive industries, telecommunica-

tions, manufacturers of displays and data-storage as well as plant manufacturers and contract 

coaters.

optiCs, inFormAtion, 
CommuniCAtion
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Selecting the film morphology

The emergent structure and layer morphology of the coatings 

can be permanently influenced via the energy of the impacting 

particles during film growth. Fig. 1 shows the fracture faces of 

some coatings as a function of the target peak current during 

the pulse process and of the substrate bias voltage. As the 

peak current Imax increases, the fracture micrographs show 

a transition from a columnar to a glasslike structure. If a bias 

voltage is applied to the substrate, this change in structure 

will already take place at a lower peak current and thus with a 

higher deposition rate.

Mechanical and electrical properties

As the peak current rises the electrical resistance of the films 

falls by half. At the same time the nano-hardness increases to 

around 23 GPa. At about 4.5 g/cm3 the density falls within the 

range of the bulk value for Ti3SiC2. The bias voltage only has a 

minor influence on the deposition rate. Hardness, on the other 

hand, is markedly dependent on the bias, which means that 

when there is a bias applied, denser, harder films are possible 

with a lower peak current density and thus at a higher deposi-

tion rate.

Hardness of the films as a function of the pulse peak  

current and bias voltage.
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MaX films 

Conductive ceramics, so-called Mn+1AXn phases, have 

been known as a bulk material since the 1960s (M: metal, 

A: A-group element, X: C or N). These ternary materials 

combine the properties of metals and ceramics in such a way 

that they have good electrical conductivity and are ductile 

while simultaneously possessing ceramic properties such as a 

high wear resistance and oxidation resistance. Since the late 

1990s these coatings have also been deposited as thin films. 

These films, which can handle high levels of tribological and 

thermal stress, are used in various electrical applications such 

as, for example, electrical contacts.

Hipims deposition oF eleCtriCAllY 
ConduCtive CerAmiC nAnoComposite 
CoAtings

1-4  SEM fracture faces  as 

a function of the pulse peak 

current and the bias voltage.

1 63 A at 0 V (top)

65A at 100V (bottom).

2 104 A at 0 V (top)

90 A at 100 V (bottom).

3 212 A at 0 V (top)

220 A at 100 V (bottom).

4 358 A at 0 V (top)

351 A at 100 V (bottom).

5  DC reference 

3.9 A at 100 V.
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So-cal led MAX phases useful ly  combine ceramic and metal l ic  propert ies.  The coat ings produced are e lec-

tr ica l ly  conduct ive and duct i le  and yet are res istant to oxidat ion and wear.  By means of high power impulse 

magnetron sputter ing (HIP IMS) -  rather than the c lass ic  PVD methods -  the result ing coat ing propert ies 

can be modif ied to give,  for  example,  greater hardness,  lower e lectr ica l  res istance,  and a glass- l ike 

structure.
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 � Cathode type (planar, cylindrical)

 � Oxygen partial pressure (oxidic mode, transitional mode: 
stoichiometric coatings with metallic cathodes)

 � Process power

During the course of the project it was possible to reduce the 

particle exposure by several orders of magnitude. In this way a 

clean environment and a reduction in the process power, espe-

cially in the case of planar cathodes, considerably improves the 

particle exposure. In contrast to this, no dependence on power 

level could be detected in the case of the tubular cathodes. 

However, the shape of the target (thickness, production type) 

did have an influence on particle input. In this example the 

cleanest processes were achieved using tubular cathodes. 

In the best case the particle level was only slightly higher 

than with the ion-beam sputtered coatings produced for the 

purposes of comparison.

Summary

Low-defect coatings can be produced by magnetron sputter-

ing using not only planar but also cylindrical cathodes. Previ-

ous results indicate that in the case of SiO2 cylindrical cathodes 

have a lower level of flaws and are in addition less sensitive to 

higher process power levels. Preventing arcs remains of crucial 

importance in preventing particles. 
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experimental set-up

At the Fraunhofer IST, various SiO2 coatings were created by 

reactive pulsed magnetron sputtering in the »Dyscus« rotating 

table sputtering system manufactured by FHR Anlagenbau 

GmbH. Over the course of various optimization steps it was 

possible to minimize the base level of particle exposure. These 

steps included optimization of substrate handling and of the 

process set-point. A bipolar pulsed sputtering process was em-

ployed for power input, using a dual magnetron with planar 

cathodes (650 x 120 mm2, own design) and tubular cathodes 

(target length 550 mm, SCI). The process was controlled by 

a lambda sensor. Various target materials and production 

variants (Si, Nb, SiOx, sprayed, bonded) were investigated. It 

emerged from the results that the optical properties of SiO2 

coatings are relatively independent of the type of cathode and 

that refractive indices vary between n (550 nm) = 1.465 and 

1.471. It should be emphasized that in the case of the coat-

ings deposited by the tube a markedly higher deposition rate 

is achieved than with coatings made using the planar target. 

Various process parameters were included in measurement of 

particle exposure:

sputtering optiCAl Films witH 
rotAtAble CAtHodes
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Magnetron sputter ing is  an important technology for producing thin funct ional  coat ings and has appl ica-

t ions in the f ie lds of sheet glass,  photovolta ics ,  d isplay technology and in the opt ica l  industry.  The per-

formance of opt ica l  coat ings is  considerably reduced by coat ing defects among other things.  The inc idence 

of such defects can be markedly reduced by us ing new kinds of cy l indr ica l  sputter ing sources and also 

suitable process control . 

1

1 Diagram of the sputte-

ring system »DYSCUS«.

2 Linear double magnet-

ron (top), cylindrical double 

magnetron (bottom).

2
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low-pressure conditions (< 10-2 mbar) since not only is a 

higher quality required for optical coatings but it must also 

be possible to combine this method in series and in parallel 

with other coating processes. This is not the case with the 

classic Parylene® coating process. Accordingly a deposition 

rate-controlled Parylene® coating source for low pressure has 

been developed at the Fraunhofer IST in collaboration with 

partners from industry (Fig. 2). This coating source permits the 

deposition of Parylene® coatings which are fully transparent in 

the visible spectrum, with a refractive index of n = 1.65, and 

with high optical quality and coating adhesion to glass, poly-

carbonate and PMMA substrates. The deposited coatings also 

have a high crack onset strain of more than 24 percent and 

good resistance to solvents such as water, isopropyl alcohol 

and acetone. With the source which has been developed the 

coating rate can be regulated within a range from 0.01 nm/s 

to a few nm/s with 5 percent accuracy.

outlook

Further modification of the polymer coatings is possible by 

combining the Parylene® coatings with ceramic or metallic 

coating materials. This should further raise the refractive index 

of the coatings while still retaining a high mechanical flexibility 

or reduce the permeability of the coatings to molecules.

Transmission spectra of thin Parylene® coatings.
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Parylene® coatings

Parylene® is a tradename for polymers consisting of different 

variants of para-xylylene. Gas phase coating methods usable 

with these materials have been known for years and are used 

in industry for coating electrical components, for diffusion 

barriers or in the medical sector for biocompatible coatings. In 

the deposition process in most cases a solid dimer is vaporized 

at a temperature of around 150 °C. The vapor is thermally 

activated at temperatures around 650 °C, thereby creating 

gaseous radicals which can polymerize by condensation onto 

the components to be coated (Fig. 1).

results

Application of this method for optical coating systems requires 

a precise control of the coating thickness and coating rate. 

Furthermore, Parylene® deposition must take place under 

rAte Controlled pArYlene® 
deposition At low-pressures 
For optiCAl AppliCAtions

1 Polymerization of 

paraxylylene.

2  High vacuum Parylene® 

source regulated by 

oscillating crystal.
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Pary lene® coat ings provide interest ing opt ica l ,  mechanical  and chemical  propert ies.  Opt ica l  interference 

coat ings require homogeneous,  rate-control led deposit ion at  pressures less than 10-2 mbar as wel l  as the 

abi l i ty  to combine with other gas-phase coat ing methods (vapor deposit ion,  sputter ing) .  Here a coat ing 

source has been developed at the Fraunhofer IST which can be operated in convent ional  vacuum coat ing 

insta l lat ions.

CH2 CH2

CH2 CH2

CH2 CH2

n

CH2 CH2

Thermal activation 
at ca.  650 C

Condensation and polymerization 
at ca. 20 C 

1 2
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specific parts of the wafer. Selective plasma activation

is used with planar wafers as well as with topography wafers 

where plasma activation is provided either in the cavities or on 

the elevated structures.

advantages

While selective plasma treatment in wafer bonding applica-

tions significantly reduces the post-bond anneal temperature 

from 1000 °C down to 200 °C, it also protects sensitive 

devices. The technology therefore impressively increases the 

process window for direct bonding. With the SELECT toolkit 

being applied in both direct bonding as well as other wafer 

processing applications a ground-breaking new approach 

seems possible for device processing in the semiconductor 

industry. The treatment of selected parts of wafers reduces the 

costs of producing a device through streamlining processes 

and increasing throughput at the same time. The new 

technology has the potential to completely change the cost-

of-ownership model for a large variety of applications. 

low temperature bonding

Previous work aimed particularly at the activation of 

silicon and glass wafers for subsequent direct bonding. 

To characterize the bond strength, a process has been 

developed which makes it possible to determine the bond 

strength in situ during annealing in the furnace. In addition 

to activation, the plasma processes presented in the graph 

are also suitable for cleaning, oxidizing, coating, or etching 

surfaces locally and all over the surface. This opens up 

manifold options for application in the fields of micro system 

technology.

In situ bond energy measurements on silicon wafers during 

annealing. Plasma activation of the wafer pairs was carried 

out in different process gases before bonding.
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Market launch

Fraunhofer Institute for Surface Engineering and Thin Films 

IST and SÜSS MicroTec, a global supplier of equipment and 

process solutions for the semiconductor industry and related 

markets today announced the launch of SELECT, a technology 

for bond aligner and mask aligner that selectively activates 

parts of wafer surfaces through plasma. Local treatment of the 

surface prior to wafer processing replaces standard process 

steps and reduces the overall cost per wafer. Selective plasma 

activation can be applied to a variety of MEMS, optical and

solar applications using direct wafer bonding or surface 

modification for the creation of micro mirror arrays, micro 

valves, sensors or micro fluidic channels. The SELECT toolkit is 

an upgrade option of SÜSS MicroTec’s MA/BA8 Gen3.

applications

The patent pending technology of Fraunhofer IST bases upon 

atmospheric pressure plasma selectively modifying the molecu-

lar level surface. Conventional surface treatment of complete 

wafers without selection can damage the functionality of 

micro components or electronics. With selective treatment it 

is possible to protect those sensitive areas by activating only 

mArket lAunCH oF tHe "seleCt" plAsmA 1 Local treatment of a 

silicon wafer by plasma 

printing. The ITO electrode 

connection can be seen at 

center.

2 Partially hydrophilized 

wafer: The water film wets 

the areas hydrophilized by 

the plasma and in the un-

treated areas gathers into 

droplets.

1
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The Fraunhofer IST and SÜSS MicroTec,  a world leader in producing equipment and process solut ions for 

the semiconductor industry and re lated sectors,  have successful ly  completed the launch of SELECT, a 

technology enhancement for bond al igners and mask a l igners.  Select ive plasma act ivat ion of wafer sur-

faces is  poss ib le with this  upgrade kit .

2
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The focus of the business area »Life Science and Ecology« is the development of surfaces  

for applications in medical technology, biotechnology and environmental technology.  

Examples are:  

 � Selective functionalizing and coating of surfaces with atmospheric pressure plasma processes 
(e.g. bio analytics, medical technology as migration barrier) 

 � Diamond coated electrodes for electrochemical water disinfection and treatment of waste 
water

 � Metal plating of plastic surfaces for biosensors

 � Internal coating of microfluidic components, cell culture bags and tubings

 � Friction-reducing biocompatible layers (i. e. diamond-like carbon layers) for medical  
applications, i. e. implants

 � Plasma treatment for restoration and conservation of cultural heritage objects

Our customers include the pharma ceuti cal-chemical industries, bio technology, medical technol-

ogy, food indus try, chemical industry and environmental technology.

liFe sCienCe 
And eCologY
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AntimiCrobiAl ultrA-preCision 
AnAlYtiCAl bAlAnCes
Permanent ly  ant imicrobia l  surfaces – this  has now been made poss ib le by an innovat ive concept developed 

at the Fraunhofer IST for integrat ing photocatalyt ic  coat ing systems in indoor appl icat ions.  Inte l l igent  

i l luminat ion concepts are here combined with adapt ive coat ing methods.  A successful  example of this 

which is  current ly  under development is  the use of photocatalysts  in CUBIS precis ion balances manufac-

tured by Sartor ius AG.

This is where photocatalytic coatings come in. By absorbing 

sufficiently energetic light – in most cases ultraviolet radiation 

– adsorbed organic compounds are broken down into water 

and carbon dioxide. In other words, the surfaces are made 

antimicrobial by the photocatalytic coating: the cell walls of 

the bacteria disintegrate and the cells undergo lysis. A further 

effect is photoinduced superhydrophilicity. By irradiation with 

suitable light, water spreads on the surface, with contact 

angles of less than 10° being achieved. Two central ap-

proaches are required for activating the photocatalytic effect 

in precision balances:

 � The use of miniaturized LEDs for coupling light into the 
transparent substrates

 � Modification of the photocatalyst material to boost activity 
in the visible range

The light concept

Light can be coupled into the transparent materials of the 

precision balance by means of easily integrable miniature LEDs. 

The concept utilized for coupling light in and out ensures that 

generated heat is diverted to stabilize the microclimate within 

the instrument. The wavelengths used are closely tied to the 

excitation level of the photocatalytic semiconductor. By default 

narrow-band excitations are provided at 365 nm (UV) and 405 

nm (VIS) but the illumination spectrum can also be shifted 

on a broad-band basis into the visible range (white-light 

excitation) to ensure design and UV protection guidelines. An 

adapted light sensing system adjusts the intensity, wavelength 

and homogeneity of the lighting to the user‘s requirements.

The coating concept

VIS-active TiO2 photocatalysts are produced by reactive pulsed 

magnetron sputtering processes. Transparent coatings with 

a high degree of homogeneity and purity can be achieved 

through defined settings of the plasma conditions. By doping 

with transition metals such as, for example, molybdenum or 

tungsten the band position of the photocatalytic semiconduc-

tor can be shifted to a limited extent into the long-wavelength 

range to enable surfaces to be excited by visible light > 

400 nm. Alongside photocatalytic functionality, antistatic 

influences are also taken into consideration by the use of 

transparent conductive oxides (indium tin oxide, for example). 

The optical, electrical and photocatalytic design is thus 

oriented to the user‘s requirements profile.

applications for precision balances

Balances are used today by research and industry under the 

most varied environmental and service conditions. While the 

larger scales used in industrial and commercial environments 

are frequently exposed to marked contaminative, corrosive 

and abrasive influences and thus have to be very robust, 

precision balances in the laboratory are sensitive to even the 

slightest contamination or electrostatic charge. Between these 

extremes there is a very broad range of applications. This 

means that the requirements made of the surface properties 

of the basic materials such as, for example, glass, plastic or 

metal will also be very diverse: 

 � Prevention of static charges 

 � Self-cleaning

 � Ease of cleaning

 � Disinfection

1  Sartorius analytical bal-

ance, model CUBIS (MSA 

524S-000-DU).

2  Functionalized precision 

balance with integrated 

LEDs.
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produCing superHYdropHobiC  
CoAtings bY AtmospHeriC-pressure 
plAsmA proCesses
Water-repel lent and self-c leaning coat ings can be produced with the a id of atmospher ic-pressure plasma 

processes.  The bas is  of  these coat ings is  a microstructured surface which has been provided with a hydro-

phobic top layer.  With atmospher ic-pressure plasma processes i t  i s  poss ib le to coat temperature-sensi t ive 

components such as plast ics ,  text i les ,  leather and also to apply internal  coat ings to c losed systems, such 

as bags or tubes.

polymer sheeting, silicone or textiles. When plastic bags were 

coated internally, contact angles up to 140° were obtained 

with this coating system. 

applications 

With atmospheric-pressure plasma processes it is possible to 

coat even temperature-sensitive substrates such as plastic, 

leather or textiles. In the case of plastic bags or tubes internal 

coating can be achieved. The stability of the coatings is 

considerably boosted by the use of a dual-layer structure. 

The suitability of these coatings as dirt-repellent surfaces is 

thus being investigated. A further potential application of the 

coating system – reducing biofilm formation – was identified 

during one test series conducted in collaboration with Prof. 

Krull‘s work group at the Institute for Bioprocess Engineering 

at the Technical University of Braunschweig. After application 

of the coating a reduced growth of Escherichia coli K 12 

cells on silicone film was observed. This effect is probably to 

be attributed to a reduction in the contact surface between 

the rough surface structures and the bacterial cells, thereby 

impeding the attachment of the cells.

Adhesion of E. coli K 12 to different coatings.
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Superhydrophobic coatings

Superhydrophobic surfaces are commonly found in nature, 

such as the leaves of many plant species or the plumage of 

waterfowl. On lotus leaves, water forms drops with contact 

angles greater than 150°. When it rains, adherent particles 

are thus simply flushed away from the leaf surface with the 

beaded water droplets – the part thus cleans itself (the »lotus 

effect«). We have been successful at the Fraunhofer IST in 

producing coatings of this kind by means of an atmospheric-

pressure plasma process. 

Coating process

Coatings have been produced at the Fraunhofer IST by means 

of dielectric barrier discharges. With the aim of obtaining a 

microstructured surface with the greatest possible surface 

roughness, silicon oxide particles in combination with a thin 

hydrophobic coating based on organosilicon or fluorocarbon 

monomers were applied to different surfaces. In this way it has 

been possible to achieve a contact angle greater than 150° on 
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1 3 42

1 Water droplets (stained 

with fuchsine) on a superhy-

drophobic non-woven.

2 Water contact angle 

measurement on a superhy-

drophobically coated surface.

3 Superhydrophobic coat-

ing on a non-woven.

4 Internal coating of a 

plastic bag with a super-

hydrophobic coating.
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tHin-Film sensor sYstem 
For guitAr tAilpieCes

1  Sensor washers inte-

grated into the tailpiece.

2  Tailpiece with thin-film 

sensor system.
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In conjunct ion with M3i Technologies GmbH the Fraunhofer IST is  developing an innovat ive method for 

measur ing the tens i le  forces appl ied to the str ings when a guitar  i s  p layed. Bui ld ing into the instrument a 

thin-f i lm sensor system based on a piezores ist ive DiaForce® layer is  to be seen as a very promis ing way of 

measur ing these forces. 

of 3 mm, an external diameter of 9 mm and a thickness of 

1.5 mm. The washers were given a piezoresistive DiaForce® 

sensor coating on one side. 

Both steel foil and metallized plastic foils were used as 

electrode material. They were laser-cut and applied directly to 

the sensor functional layer. As Fig. 1 shows, these »intelligent 

washers« have been built into the guitar. Various contact 

materials, coating thicknesses and deposition processes were 

investigated before parameters were obtained which permit-

ted dependable measurement of the tensile forces in the 

guitar and their variations in each string. The sensor coating 

systems were applied to our own specially produced tailpieces 

using previously determined process parameters in order to 

demonstrate a solution for string tension measurement which 

would be feasible for high-volume production. In one variant 

of the thin-film sensor system the electrodes are deposited in 

a structured form directly onto the DiaForce® coating (Fig. 2). 

First trials in the development process have produced some 

very promising results.

outlook 

A further possible application of the DiaForce® coating is 

currently being investigated: coated tailpieces could in future 

replace hexaphonic pickups. For this to be possible the coating 

would however have to be sensitive enough to convert into a 

usable resistance change any vibrational energy still remaining 

at the tailpiece.

Guitars are equipped with innovative  

coating-based sensor systems

Virtuoso guitar-playing is based on a faultless technique. 

Measurement of string tension is an important part of convert-

ing a guitarist‘s style as unambiguously as possible into control 

data. This is because playing includes various techniques 

involving string tension (bending) or vibrato. Unfortunately 

the corresponding string tensions cannot be measured by the 

Laser Pitch Detection system developed by M3i Technologies. 

A tailpiece coated with DiaForce® is therefore being developed 

in collaboration with the Micro- and Sensor Technology Group 

at the Fraunhofer IST which will make the Tension Sensing 

function possible.

Development of a thin-film sensor system  

based on a piezoresistive DiaForce® coating 

Development work started with »intelligent« washers 

adapted to the tensile forces on the strings and equipped 

with contacts. This washer-based sensor system consists of 

washers polished on one side and having an internal diameter 

1 2
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 � Magnetron sputtering and HIPIMS

 � Hollow cathode processes

 � PACVD- and hot-filament CVD processes

 � Hot-wire-CVD-processes

 � Atomic layer deposition (ALD)

atmospheric pressure processes

 � Electroplated multi-component systems

 � Electrochemistry

 � Atmospheric pressure plasma- processes

 � Micro plasma

 � Low temperature bonding

 � Plastics metallization

 � Corrosion protection

Micro and nano technology

 � Functionalizing of interfacial layers

 � Micro and sensor technology

 � Nano composite coatings

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 one hand, and coating processes on the other hand:

low pressure processes electrical and optical coatings

 � Optical coatings

 � Transparent conductive coatings

 � Diamond electrodes

 � Silicon-based coatings for photovoltaics and microelectron-
ics

 � Oxide semiconductors

 � Insolation coatings

Super hard coatings

 � Diamond

 � Cubic boron nitride (cBN)

wear protection and friction reduction

 � Diamond-like carbon coatings (DLC)

 � Diamond coatings

 � Hard coatings

 � Plasma diffusion

 � Dry lubricant coatings

analysis and testing

8  I  9

serviCes And 
CompetenCies

In addition the institute offers a broad spectrum of cross-sectional services: Surface pre-treatment, thin film deve lopment, pro-

cess 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. (The department »Characterization of 

Layers« with its capabilities in coating and surface analysis as well as in measuring and testing is an important factor in the suc-

cess of the institute. The following selected articles are about our technologies and layer  characterization.)
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HigHlY ionized pulsed plAsmA 
proCesses– Hipp proCesses

1

1 Principle: difference 

between HIPP und regular 

sputtering.
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HIPP processes. This calls for extensive expertise in the field as 

well as an informed selection of the right technology for the 

particular processes desired.

The Fraunhofer IST‘s expertise and equipment

For a number of years now the Fraunhofer IST has been 

involved in the development of processes, generators, and 

control systems for HIPP processes. The focus is on HIPP 

processes (including HIPIMS and MPP) in the field of glass 

coatings, TCOs, photovoltaics, optical, electrical and sensor 

coatings, and tribology. Since 2009 the Fraunhofer IST is lead-

ing a COST Action relating to »Highly ionized pulsed plasma 

processes«.*  The Fraunhofer IST has at its disposal nearly all 

commercially available high-power pulse generators as well as 

its own generator, control, and process concepts for HIPP pro-

cesses. At the present time at least six laboratory and industrial 

highly ionized pulsed plasma processes on the threshold 

of industrial production

During the last ten years highly ionized pulsed plasma 

processes such as HIPIMS (high power impulse magnetron 

sputtering) and MPP (modulated pulse power sputtering) have 

been the focus of intensive and fundamental investigations. 

Short, extremely powerful pulses can generate plasmas with 

electron densities three orders of magnitude higher than in 

conventional PVD processes and thus have a permanent effect 

on coating properties such as improved hardness, density, 

wear resistance and the crystalline structure. Certain selected 

processes currently stand on the threshold of industrial 

integration. In special cases conventional methods are being 

ousted here  or unique types of coating properties can be 

generated and new markets opened up for the first time. The 

challenge of the next decade is the successful integration of 

Highly ionized pulsed plasma processes (HIPP processes)  are character ized by a s ignif icant ly  increased 

proport ion of ions in the mater ia l  forming the coat ing.  This  means that the propert ies of the coat ings can 

be s ignif icant ly  improved.

scale coating plants are equipped with HIPP technology for 

customer-specific development work. The Fraunhofer IST has 

these generators at its disposal:

 � Advanced Energy (HIPIMS, R&D prototype) 

 � Hüttinger Elektronik GmbH + Co. KG (HIPIMS)

 � Magpuls GmbH (HIPIMS)

 � Melec GmbH (HIPIMS)

 � ZPulser LLC (MPP)

outlook

In conjunction with Sheffield Hallam University the Fraunhofer 

IST and INPLAS e. V. are hosting the 2nd International Confer-

ence on HIPIMS. The IST will thus be working more intensively 

with Sheffield Hallam University in the joint HIPIMS research 

laboratory set up in Sheffield during the course of the year 

under review.

* COST-Action MP0804  
Highly Ionized Pulse Plasma Processes, HIPP-Processes; www.hipp-cost.eu
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HigH-rAte pACvd deposition 
oF dlC CoAtings

1  PACVD machine DL-

Carbon 1100 with a linear 

micro wave plasma source 

(Roth&Rau AG).

2 PACVD machine DLCar-

bon 1100, open chamber 

with linear micro wave 

plasma source.
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sors investigated were toluene – C7H8, isobutylene – C4H8, 

cyclopentene – C5H8 and cycloheptatriene – C7H8. 

Work at the Fraunhofer IST was carried out using an industrial 

coating machine (Fig. 1). Our research revealed only minor 

deposition rate differences for the precursors under consider-

ation when coatings with same properties were considered. 

Other important results emerging were: 

 � Vital for high deposition rates are high power levels at the 
substrate although this can also lead to greater thermal 
load on the substrates

 � Higher substrate performances can be achieved without 
any problems for the precursors acetylene (C2H2) and 
isobutylene (C4H8)

 � Increasing coating hardnesses correlates with decreasing 
deposition rates 

 � By using additional microwave excitation considerably 
higher deposition rates can be achieved while maintaining 
and sometimes increasing coating hardnesses.

These investigations show that acetylene (C2H2) and isobu-

tylene (C4H8) are the most promising precursors for high-rate 

deposition of hard a-C:H coatings.  Higher rates can be 

achieved primarily by means of higher power densities.

Plasma-assisted chemical vapor deposition (PaCVD)

The DLC deposition process most widespread in industry today 

is plasma-assisted chemical vapor deposition (PACVD). Here 

the substrate is excited by a pulsed DC voltage (in the 100 

kHz range) in a precursor-argon mixture. Ions from the plasma 

and radicals contribute to forming the coating. With PACVD 

processes, different DLC modifications can be prepared when 

the corresponding precursors are used. High deposition rates 

are of special interest for effective and low cost industrial 

solutions. By applying additional microwave excitation (MW 

PACVD) plasma densities and thus deposition rates as well can 

be increased considerably. Higher deposition rates and lower 

process costs are of great interest, particularly for hard a-C:H 

coatings currently established in the industry.

high-rate processes for depositing hard a-C:h coatings 

In a project funded by the German Federation of Industrial 

Research Associations (AiF), with the Institute of Physics of the 

Technical University of Chemnitz as project partners, the MW 

PACVD method was used to investigate whether there are any 

hydrocarbon precursors which would allow further increases 

in the deposition rates of pure a-C:H coatings as compared 

with the ‘standard’ precursor acetylene (C2H2) but while still 

retaining coating properties, especially hardness. The precur-

Due to their  unusual  propert ies inc luding high hardness and a low fr ict ion coeff ic ient,  amorphous carbon 

f i lms with diamond-l ike propert ies (DLC – diamond-l ike carbon) are of outstanding importance,  at  the 

present t ime especia l ly  in the automotive industry.

outlook

An innovative PACVD coating machine equipped with two 

linear microwave sources and a rotating substrate planetary 

is being put into operation at the Fraunhofer IST with the 

intention of further optimizing the processes for depositing 

different DLC modifications. 

Correlation of coating hardness and deposition rate 

for PACVD deposition using acetylene and isobutylene 

precursors, excitation with pulsed direct voltage (light-blue 

symbols) and with additional microwave excitation (red).
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calculation iteratively, using the solution of the previous 

time step and thus providing a very rapid convergence. The 

procedure used is based on the Gauss-Seidel algorithm with 

the addition of »successive overrelaxation« (SOR) to speed up 

convergence. When combined with the parallelization made 

possible by the message-passing interface (MPI) enormous 

gains in performance could be achieved.

Fig. 1 shows a simulated electron density distribution within 

a 3-D PVD reactor model with an output of approx. 30 W/m. 

This configuration has a spatial resolution of about one million 

grid cells. The computation times were averaged over the 

first thousand time steps and plotted separately against the 

number of central processing units (CPUs) used (see graph on 

the facing page). It is evident that the new field calculation is 

up to twenty times faster and also becomes considerably more 

efficient as the number of processes rises. The proportion of 

total computing time including particle movement and colli-

sion taken up by field calculation thus falls from over 90 per-

cent to below 20 percent. When extrapolated to full PIC-MC 

simulation (around one million time steps) the computing time 

with 32 CPUs drops from about one week to a single day.

 

This is why 3-D simulations have until now been carried out 

with the power greatly reduced (<1 W/m)  since the lower 

particle density means faster convergence. However, using 

plasmas with such low densities means that realistic descrip-

tions of all phenomena will not be possible since the particle 

cloud then extends far beyond the target plane (Fig. 1). Not 

until power levels are higher (>10 W/m) does the plasma local-

ize close to the target and a plasma distribution is obtained 

which comes close to a realistic sputtering process (Fig. 2).

outlook

The development of the hardware architecture results in an 

ever-increasing number of CPU cores – from »multi-core« to 

»many-core« – making great demands on the scalability of 

the simulation. As progress continues with the development 

of adapted algorithms for the PIC-MC software it will be pos-

sible in future to handle problems of ever greater complexity 

and magnitude. Following the successful implementation of 

electrical field calculation, the focus of discussion will be on 

the expansion of magnetic field calculation in order to be able 

to simulate inductively excited plasmas.

Measured CPU time in PIC-MC simulation with the old and 

new methods of field calculation.
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On account of the cost savings they offer in comparison with 

experimental methods, virtual simulation tools are becoming 

increasingly important for the progressive optimization of 

industrial coating plants as regards throughput and precision. 

The PIC-MC software developed at the Fraunhofer IST covers 

the complex interactive processes found within low-pressure 

plasmas. The computing time required does however rise 

markedly with the problem size and the plasma density, which 

is proportional to the power of the coating source. In the case 

of large 3-D geometries, electrical field calculation for the 

charged particles has until now taken up as much as 90 % 

of the computing time. A new development had become 

absolutely essential for field calculation.

Performance gains due to new field calculation

To determine the electrostatic field of any charge distribution 

the Poisson equation has to be solved. It can be converted by 

discretization into a linear equation system which can then be 

solved numerically by means of freeware packages (UMFPACK, 

PETSc). However these packages either soon come up against 

the limits of the main memory and do not calculate in parallel 

– in other words, using several processors simultaneously – or 

parallelization does not scale up in a satisfactory manner.

Since the positions of particles are time-resolved during a 

PIC-MC simulation, the charge distribution changes constantly 

and slowly. For this reason it makes sense to tackle the field 

new 3-d plAsmA simulAtion For 
industrY-speCiFiC problems

1 32
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At the Fraunhofer IST a paral le l  part ic le- in-cel l  Monte Car lo (P IC/MC) s imulat ion environment has been 

prepared with which gas f lows and gas discharges can be s imulated with spat ia l  and temporal  resolut ion. 

A tenfold increase in performance has been achieved thanks to the new development of a paral le l -mode 

f ie ld calculat ion method. Now for the f i rst  t ime near- industr ia l  p lasma densit ies for large 3-D geometr ies 

can be handled without undue cost  or  effort .

1-2  Cut through the 3-D-

plasma distribution at low 

and high performance.

1  0,06 W/m, electron den-

sity 2,512 – 2,513/m³

2 30 W/m, electron density 

5,514 – 5,515/m³

3 Simulated electron distri-

bution in a PVD reactor.
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In all cases the simulation is able to deliver coating rate 

distributions for substrates of any shape, detailed pressure 

distributions and also particle flows and energy distributions of 

ions and precursors at the substrate. In this way a detailed un-

derstanding of the process is built up. Instabilities occurring in 

the process, inhomogeneities and other unwanted side-effects 

can be systematically analyzed and removed. The software can 

be used as a tool not only for designing the vacuum tanks but 

even for new coating sources. 

example: sputtering process with DC or high-frequency 

aC excitation

Figs. 1 and 2 show by way of example an arrangement for 

magnetron sputtering with argon as the sputter gas. The 

sputtering target (red) is connected to either a DC or an AC 

source. The arrows represent the current density of the Ar+ 

ions, with the scale here ranging from 108 / cm²s (blue) to 

1014 / cm²s (pink). In the case of DC excitation most of the Ar+ 

ions are attracted by the negatively charged sputtering target. 

Ion bombardment of the target creates sputtered particles 

and secondary electrons. The latter create further Ar+ ions by 

impact ionization with the Ar atoms in the gas. The substrate 

(green) is only bombarded to a minor extent by ions. In con-

trast to this, with high-frequency AC excitation (13.56 MHz) 

ions are created even in the free space between target and 

substrate due to electron oscillation. Since the plasma has 

a markedly positive potential the ions are accelerated in the 

direction of all surrounding surfaces and thus bombard even 

the substrate. In this way modified film properties can be 

produced, such as, for example, lower surface roughness, 

higher density or modified crystalline phases.

outlook

With particle-in-cell Monte-Carlo simulation it is possible to 

obtain a detailed prediction of the deposition conditions at the 

substrate as a function of the installation design and process 

parameters. Process technologies can thus be developed 

which are tailored to deliver the film properties required. Fur-

thermore the transferability of a coating process to different 

installation types is simplified.

As part of a number of funded projects, a parallel simulation 

environment for describing gas flows and gas discharges in 

the low-pressure range has been developed at the Fraunhofer 

IST. The program models gases and charged particles by 

means of representative simulation particles. The Boltzmann 

transport equation is solved by the continuous movement of 

the particles, updating of the field distribution and a statistical 

treatment of collisions. By an appropriate selection of the grid 

cell size and of the number of simulation particles the preci-

sion of the simulation can be flexibly adjusted to requirements. 

This simulation method can be used for a wide variety of 

low-pressure coating processes, such as, for example: 

 � Magnetron sputtering 

 � Plasma-enhanced chemical vapor deposition (PECVD)

 � Ion-assisted sputtering

 � Evaporation and atomic layer deposition (ALD).

simulAtion oF ion bombArdment 
in mAgnetron sputtering

1 2
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In addit ion to their  th ickness and composit ion,  th in f i lms are character ized by further aspects such as,  for 

example,  their  crysta l l ine structure,  density,  morphology,  e lectr ica l  conduct iv i ty  or  mechanical  tens ion. 

The total i ty  of  a l l  coat ing propert ies essent ia l ly  der ives from the part ic le f lows and part ic le energies 

dur ing the growth process.  These parameters depend to a great extent on the insta l lat ion geometry,  on 

the des ign of the coat ing source and on process parameters and are only access ib le with diff iculty by 

exper imental  means.  This  results  in major restr ict ions on the transferabi l i ty  of  coat ing processes between 

different types of insta l lat ion.  With part ic le- in-cel l  Monte-Car lo s imulat ion,  on the other hand, we can 

make detai led predict ions of the growth parameters in the substrate and develop process technologies 

ta i lored to the f i lm propert ies required.

1+2 Arrangement for 

magnetron sputtering with 

argon as the sputter gas.

1  At direct current.

2  At alternating current.
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In 2010 the Fraunhofer IST once again appeared on various platforms. An overview of the most 

important events and activities of 2010 follows:

 � Trade fairs and conferences

 � ICCG8 – International Conference on Coatings on Glass and Plastics

 � Workshops

 � Events

nAmes, dAtes, 
events 2010
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PVSeC 2010

Valencia, September 6–10, 2010. On the joint Fraunhofer 

stand, the Fraunhofer IST together with two other Fraunhofer 

institutes ILT and IPA demonstrated their expertise in the field 

of thin-film photovoltaics by means of a wide variety of ex-

amples of their application. A major focus of the presentation 

was the new »C2« system module for a magnetron sputtering 

unit of the Fraunhofer IST. With this module, surfaces can al-

ready be coated with entirely new combinations of materials. 

6th International Conference on hot-wire Chemical Vapor 

Deposition 

Paris, September 13–17, 2010. At the »6th International 

Conference on Hot-Wire Chemical Vapor Deposition (CatCVD) 

Processes – HWCVD 2010« at the École Polytechnique in 

Paris-Palaiseau, France the Diamond Technology department 

of the Fraunhofer IST premiered the new hot-wire CVD in-line 

system. An invited lecture and a video conveyed an authentic 

impression of the new high-tech system. What this system can 

already do in the field of silicon coatings was demonstrated 

by several substrates coated with silicon and silicon nitride, 

including two large coated planar substrates measuring 

500 x 600 mm2. 

trAde FAirs And ConFerenCes
PSe 2010

Garmisch-Partenkirchen, September 13–16, 2010. At PSE 

2010, the 12th International Conference on Plasma Surface 

Engineering and Germany‘s largest international plasma con-

ference, the Fraunhofer IST together with the Fraunhofer FEP, 

SOFTAL and MELEC companies as well as the French network 

ViaMéca, were represented on a joint stand organized by the 

Network of Competence INPLAS e. V. Here the Fraunhofer IST 

showcased a wide spectrum of its developments.

IFaT enTSorGa 2010

München, September 13–17, 2010. Within the context of the 

Fraunhofer Alliance Water Systems (SysWasser) the Fraunhofer 

IST presented technology developed at the institute for 

hygienization and cleaning of waste water based on diamond 

electrodes. 

Glasstec 2010

Düsseldorf, September 28–October 1, 2010. Be it the icefree 

windshield, current research results in the field of transparent 

conductive oxides (TCOs), or the new system module »C2« for 

the cylindrical co-sputtering technology or superhydrophobic 

surfaces, the wide spectrum of what the Fraunhofer IST can 

do for glass was clearly visible at the world‘s largest glass fair. 

In the ‚Glass Technology Live‘ exhibition accompanying the 

conference the Fraunhofer IST presented the latest develop-

ments in the field of large-area transparent conductive coat-

ings.

biotechnica 2010

Hannover, October 5–7, 2010. The Fraunhofer IST was repre-

sented at Lower Saxony‘s joint stand with the latest results of 

research into the internal coating of stem cell and blood bags 

for medical technology.

euroblech 2010

Hannover, October 26–30, 2010. At the world‘s leading trade 

fair for the sheet metal industry the Fraunhofer IST presented 

the latest results of research in the field of titanium forming. 

A broad range of subjects was presented, including innovative 

forming processes for titanium components (especially those 

made of higher-strength titanium alloys), the necessary form-

ing processes and die materials, and adapted die coatings.

k 2010

Düsseldorf, October 27–November 3, 2010. This year too the 

Fraunhofer IST was represented on the joint Fraunhofer stand 

at the world‘s largest plastics fair. Over the seven days of the 

fair the institute showcased new technologies. The focus 

was on atmospheric pressure plasma processes, for example, 

technologies for plasma printing, such as for producing 

printed electronic circuitry, for flexible PCBs or for biosensors. 

Additionally, films on polycarbonate with high photocatalytic 

activity were presented

denkmal 2010

Leipzig, November 18–20, 2010. At one of the most 

important European fairs centered on the topic of monument 

conservation and restoration, scientists from the Fraunhofer 

IST presented new methods for the careful cleaning of silver 

surfaces in atmospheric-pressure plasma.

»karlsruher arbeitsgespräche«

Karlsruhe, March 9–10, 2010. The tenth BMBF conference 

»Karlsruher Arbeitsgespräche Produktionsforschung« was 

held on March 9 and 10, 2010. Under the slogan »Production 

in Germany has a future« the Fraunhofer IST presented one 

project centered on the subject of ‘Integrated thin-film sensor 

systems’ and another on the subject of »plasma printing«.

hannover Messe 2010 

Hannover, April 19–23, 2010. This year the Fraunhofer IST was 

represented at the Hannover Fair by the Micro- and Sensor 

Technology group in the Fraunhofer Alliance Adaptronics. 

With the aid of a steam engine various applications were 

presented, ranging from temperature sensors to high-pressure 

tube hydroforming. 

1st International Conference on hIPIMS

Sheffield, July 6–7, 2010. A further building block in the 

collaboration between the Fraunhofer IST, the Sheffield 

Hallam University and INPLAS e. V. is the joint setting-up of an 

international annual HIPIMS conference to be held alternat-

ingly in Sheffield or in Braunschweig. This arrangement kicked 

off in June 2010 in Sheffield with the 1st International HIPIMS 

Conference, a great success with 120 participants from all 

over the world.
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very successfully again. This is an important conference – for 

our institute as well. It covers not only scientific but also 

application-related aspects and is a rendez-vous for the glass 

and plastics coating community.« Two selected scientific 

contributions at ICCG8:

how can photocatalytic activity be analyzed quantita-

tively?

Photocatalytic coatings are of great industrial interest in 

various applications such as self-cleaning, antifouling, 

antifogging and antimicrobial surfaces. The most well-known 

photocatalytic material and the one used most frequently 

in commercial products is crystalline titanium dioxide (TiO2). 

Various coating methods can be used for the production of 

TiO2 coatings such as, for example, magnetron sputtering, 

thermal vapor deposition, sol-gel methods, painting methods, 

thermal spraying methods or various CVD methods. All 

of these technologies are being investigated within the 

Fraunhofer Alliance Photocatalysis. So that the performance 

of various coatings created with these different technologies 

can be compared more satisfactorily the Fraunhofer Alliance 

Photocatalysis has developed new methods for a quantitative 

determination of photocatalytic activity. At ICCG8 Dr. Michael 

Vergöhl, spokesman for the alliance and head of the Optical 

and Electrical Coatings department at the Fraunhofer IST, 

presented a comparison of the various coating methods. 
Dr. Michael Vergöhl, Fraunhofer IST 

 

Structured metallization of plastic and glass surfaces by 

plasma printing 

For the glass and plastics industries an important rôle is played 

by cost-effective and resource-thrifty technologies for the 

structured functionalization and coating of surfaces in the 

micron range. Fraunhofer IST scientists together with partners 

from industry and science are currently working on the 

development of a new technology for the location-selective 

treatment of polymer sheeting by a continuous process based 

on plasma printing at atmospheric pressure. In this way sheet 

surfaces, for example, can be functionalized such that a 

metallization with good adhesive properties can be added to 

plasma-treated areas by means of electroless processes. With 

these technologies flexible printed circuit boards, RFID anten-

nae or biosensors among other things can be inexpensively 

manufactured while at the same time dealing sparingly with 

valuable raw materials such as copper. Plasma printing can 

however also be used for structuring glass or silicon surfaces, 

such as, for example, in the production of solar cells or MEMS.
Dr. Michael Thomas, Fraunhofer IST

Over the five days of the conference more than 400 

participants expected a varied program put together by a 

committee of international experts and consisting of papers 

dealing with markets and trends in the field of glass and 

plastics, on the technology of plasma and ion sources, on 

atmospheric-pressure plasma processes, on process control 

and characterization, on the properties of thin films and on 

a multiplicity of different applications, from fields including 

photovoltaics, automotive engineering, architecture, displays 

and flexible electronics. 

This comprehensive menu of information was supplemented 

by a panel discussion on the subject of »Large-area thin 

films for energy efficiency« as well as a poster exhibition. 

In the accompanying technical exhibition more than 40 

international companies and research institutes presented 

their products and latest developments. The ICCG was for the 

second time organized by the Fraunhofer Institute for Surface 

Engineering and Thin Films IST in Braunschweig. In the words 

of Professor Dr. Günter Bräuer, local chairman and director 

of the Fraunhofer IST: »This year too the ICCG has gone off 

iCCg 8 – HigH-teCH CoAtings on 
glAss And plAstiCs
From June 13 to 17, 2010 the 8th International Conference on Coatings on Glass and Plastics as the leading conference in the 

field once again offered experts and decision-makers from science and business an important platform for discussing future 

trends, new technologies, developments and applications and making interesting contacts. This international conference, held 

for the second time in Braunschweig, was organized under the supervision of the Fraunhofer IST and the International Organiz-

ing Committee of the ICCG.
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worksHops
kick-off workshop of the CoST action MP0804 work 

groups

Brussels, May 10–11, 2010. As part of COST Action MP0804, 

which is concerned with highly ionized pulsed plasma 

processes and their industrialization, the first joint workshop 

of the Action work groups was held in Brussels. 42 experts 

from the field of pulsed plasma processes, including, for 

example, HIPIMS and MPP, gathered to discuss various topics 

at a high level. The workshop looked at the generation of 

HIPP plasmas, the characterization of plasma and coatings, 

and also the modeling and simulation of HIPP processes. The 

scientific topics were supplemented by the applied results of 

research relating to processes for non-reactive and reactive 

coating depositions with industrial objectives. This workshop 

represented the official kick-off whistle for the work of the 

individual work groups.

3rd workshop on the International Standardization 

of Carbon Films

Garmisch-Partenkirchen. The international standardization of 

carbon coatings was the central concern of a workshop orga-

nized by the Fraunhofer IST at PSE 2010 in Garmisch-Parten-

kirchen. At the »3rd Workshop International Standardization 

of Carbon Films« speakers from Europe and Asia presented 

the current state of research, standardization and industrial 

application. In the panel discussion which followed, many of 

eFDS workshop »Pulsed highly ionized plasmas – from 

basics to application«

Dresden, November 28, 2010. In conjunction with the 

Europäische Forschungsgesellschaft Dünne Schichten e. V. the 

Fraunhofer IST made the preparations for the »Pulsed highly 

ionized plasmas – from basics to application« workshop. An 

introduction to the subject of »pulsed highly ionized plasmas« 

was followed by various academic and industrial contributions 

relating to the state of the art in the field of pulsed highly 

ionized plasmas (PVD, PACVD, diffusion). The focus here was 

on plasma CVD and PVD processes with a particular in-depth 

treatment of high power impulse magnetron sputtering 

(HIPIMS). 

on-line lecture »Plasma leuchtet ein«

The triumphal progress which plasma technology has already 

made to date and the potential it has for the future are 

subjects tackled by Professor Dr. Günter Bräuer, head of the 

Fraunhofer IST, in an on-line lecture entitled »Plasma surface 

technology – a glimpse into a hitherto almost unknown 

world«. In a compact and readily understandable treatment, 

supported by a large number of graphics and inserted videos, 

Professor Bräuer provides an introduction to the wide range 

of applications for plasma technology and the possibilities 

offered by thin films. The lecture can be ordered as a DVD 

from www.ist.fraunhofer.de.

the 50 or so participants stressed the need for an internation-

ally uniform classification and nomenclature – an ISO standard 

– for amorphous carbon coatings (DLC) and CVD diamond 

films.

22nd and 23rd meetings of the »Tool coatings and cutting 

materials« industry work group

Berlin, Braunschweig – March, November 2010. This year saw 

two meetings of this industry work group, which is organized 

by the Fraunhofer Institute for Surface Engineering and Thin 

Films IST and the Institute for Machine Tools and Factory Man-

agement (IWF) of the Technical University of Berlin. The first 

was on March 3 in Berlin in the Production Technology Center 

(PTZ) and the second on November 16 at the Fraunhofer IST 

in Braunschweig. At both events well-known experts from 

industry and research once again presented the latest findings 

and developments relating to the production and use of 

coated cutting tools and cutting materials, this time including 

the topics of materials in the power train, smooth diamond 

coatings, total cutting material systems, temperature control, 

the slip-rolling resistance of DLC coatings, grinding with CVD 

diamond films and coating systems for hard machining. In the 

accompanying industrial exhibition products for the optical 

measurement of the geometry and surface roughness of tools 

were showcased as well as monitoring systems for cutting 

processes.
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events
research for thin-film photovoltaics – the Fraunhofer IST 

and the helmholtz-Zentrum berlin (hZb) agree on close 

collaboration

How can the efficiency of solar cells be further improved? 

How can costs be lowered? In future the Fraunhofer IST and 

the HZB will together provide answers to these and other 

questions relating to thin-film photovoltaics. 

The two institutes wish to bundle their central competences: 

the Fraunhofer IST brings its knowledge and expertise in 

thin-film technology while the HZB is a leader in the field of 

thin-film photovoltaics. To accelerate the transfer of technol-

ogy the PVcomB competence center has been set up at the 

HZB. Production technologies for making thin-film modules 

from silicon and CIS are tested here with the Fraunhofer 

IST applying its research competence in the fields of surface 

technology and coating systems. 

The Fraunhofer IST founds the hIPIMS research Center

The Fraunhofer IST and Sheffield Hallam University in Shef-

field UK have set up a joint HIPMS Research Center in order 

to further extend and consolidate the leading positions both 

institutions occupy internationally in this special field of PVD 

coating technologies. The aims of the center include collabo-

ration on international projects, the exchange of employees 

and students, and the provision of lectures in both institutions. 

As part of a festive ceremony on the occasion of the 1st Inter-

national Conference on HIPIMS in June 2010 in Sheffield, the 

center was introduced and opened by Vice-Chancellor Profes-

sor Mike Smith, SHU and Wolfgang Diehl, Vice-Director of the 

Fraunhofer IST.

reTeCZa: global partnership for reducing poverty in 

South africa

Within the context of the RETECZA resource-driven technology 

concept center inexpensive and autonomous solutions are to 

be developed for house construction, infrastructure and also 

for motor vehicles suitable for use in remote regions of South 

Africa. As the first successful project of the RETEZCA initiative 

the »hydrogen bike«, a hydrogen-fuelled three-wheeler, was 

introduced to the public in the presence of the South African 

research minister at the 2nd RETECZA conference in August 

2010 in Kwa Maritane. There was an unusually great response 

from the press and other media, with television and radio re-

ports being broadcast worldwide for more than three months. 

The Fraunhofer IST is working within the project in the field 

of »water treatment« on diamond electrodes for wastewater 

treatment and hygienization. Wolfgang Diehl, vice-director of 

the institute, represents the Fraunhofer IST  

on the project board. 

Girls‘ Day at the Fraunhofer IST

In 2010 it was once again a case of girls only at the 

Fraunhofer IST.  For the eight participants in Girls‘ Day the 

emphasis was on trying out their technical skills as, wearing 

clean-room clothing, they fabricated microstructures in the 

yellow-light laboratory. Decorative images were structured into 

a chromium layer by means of photolithography followed by 

wet-chemical etching. The girls then used optical microscopes 

and profilometers to examine the patterns. In this way these 

young students experienced the full process chain which is 

typical of microtechnology. »Every year it gives us the same 

good feeling to see the amount of interest the students bring 

to mastering these challenging tasks. We very much hope that 

we will see some of them in the future as interns here at the 

institute«, said the institute‘s equal opportunities officer, Dr. 

Saskia Biehl, about the commitment displayed by the girls.

opening of a new building at the Fraunhofer IST

Together with Prof. Dr. Alfred Gossner, Chief Financial Officer 

of the Fraunhofer Society and more than a hundred guests 

from research, industry and politics, the Fraunhofer Institute 

for Surface Engineering and Thin Films IST officially opened 

another institute building on May 28, 2010. The two depart-

ments »Tribology transfer center« and »New tribological coat-

ings« moved into the new building whose construction took 

three years. From cleaning and pretreatment of workpieces to 

coating operations, work here is carried out on an industrial 

scale. Not only the Fraunhofer IST departments but also the 

University Institute for Surface Technology (IOT) headed by 

professors Bräuer and Klages is moving into the new building 

together with surface-hardening machines using so-called 

plasma-diffusion methods. This creates a unique opportunity 

for collaboration between research in fundamental principles 

and research which is close to actual applications. The infra-

structure of the building complex has undergone changes, 

especially on the second floor. The two parts of the institute 

are linked by a glass bridge with electrochromic windows. 

The bridge represents the connecting element between the 

new and old parts of the institute and thus its future as well. 

With these electrically switchable coatings the Fraunhofer IST 

wishes to present a further area of application for the very 

latest thin-film technology. This high-tech glazing also makes 

a contribution to climate protection«, says Professor Bräuer, 

Director of the Fraunhofer IST. 

2010 open Day

How do the scientists make lightning in the laboratory 

and what do they do with a plasma? How can water be 

cleaned with diamond? The Fraunhofer IST together with 

the Fraunhofer WKI invited all interested members of the 

public from Braunschweig and district to come on August 

28, 2010 to get answers to these and many other fascinating 

questions in surface engineering and thin films and in wood 

research. In the laboratories and on the Fraunhofer campus 

more than 900 visitors could spend the entire day going to 

participatory events, presentations and the items on a colorful 

basic program for large and small including a climbing wall, 

bouncy castle and much more, Here they could experience 

what lay behind the façades of these high-tech institutes. 

Open Day was also the occasion for the 20th birthday of the 

Fraunhofer IST. 

Celebratory colloquium for Dr. Peter willich – Farewell 

Monika Geertsema

With a celebratory colloquium the Fraunhofer IST bade 

farewell on June 22, 2010 to an internationally recognized 

expert and the long-serving head of the Analysis and Quality 

Assurance department at the institute, Dr. Peter Willich. Peter 

Willich was at the helm in building up the analysis department 

at the Fraunhofer IST and soon expanded it by adding the 

very successful field of externally commissioned analysis work. 

Right from the start his expertise made a significant difference 

to the profile of the institute. As part of this celebratory 

colloquium, Monika Geertsema, executive secretary, was bid 

farewell too. She had been working for the Fraunhofer IST 

since its establishment in 1994. She always put a lot of heart 

and determination into her work and showed an outstanding 

organizing ability.
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Scientific and Parallel Computing, Reykjavik, Island, Juni 2010.

Siemers, M.; Pflug, A.; Schwanke, C.; Szyszka, B.: Applied PIC-

MC Simulation for Process Analysis and Development (Talk), 8th 

International Conference on Coatings on Glass and Plastics (ICCG), 

Braunschweig, Deutschland, Juni 2010.

Sittinger, V.; Dewald, W.; Szyszka, B.: Industrialisierung der TCO-

Technologie für die Dünnschichtphotovoltaik (Talk), TCO-Workshop 

OTTI, Neu-Ulm, Deutschland, November 2010.

Sittinger, V.; Dewald, W.; Kaiser, A.; Werner, W.; Szyszka, B.: 

Large area deposition and long-term stabilization of a reactive 

mid-frequency sputtering process of Al-doped zinc oxid films (Talk), 

Asia-Pacific Interfinish (APIC), Singapur, Oktober 2010.

Sittinger, V.; Horstmann, F.; Boentoro, T. W.; Werner, W.; Szyszka, 

B.: Heat Treatable TCO Film for Position 1 Based on HiPIMS (Talk), 

1st engineered transparency, international conference on glasstec, 

Düsseldorf, Deutschland, September 2010.

Sittinger, V.; Werner, O.; Kühnert, B.; Szyszka, B.; Wiese, R.; Voss, 

N.: Development of a sensor platform for control and optimization 

of industrial plasma processes (Poster), Twelfth International Confe-

rence on Plasma Surface Engineering (PSE), Garmisch-Partenkirchen, 

Deutschland, September 2010.

Sittinger, V.; Dewald, W.; Szyszka, B:, Säuberlich, F.; Stannowski, 

B.: New approach towards an optimized light trapping morphology 

of Al-doped ZnO films (Poster), 8th International Conference on 

Coatings on Glass and Plastics (ICCG), Braunschweig, Deutschland, 

Juni 2010.

Sittinger, V.; Dewald, W.; Werner, W.; Szyszka, B.: Magnetron-

Sputterprozesse für TCO´s: i-ZnO, AZO und ITO, Teil 1: Forschung 

und Entwicklung an AZO (Talk), EFDS Workshop »Transparente 

Leitfähige Oxide«, Dresden, Deutschland, Juni 2010.

Sittinger, V.; Diehl, W.; Szyszka, B.: Thin film PV on large area: State 

of the art and perspectives (Talk), DPG Frühjahrstagung der Sektion 

Vakuumphysik und Vakuumtechnik, Regensburg, Deutschland, März 

2010.

Staufenbiel, S.: Optimierung von Produktionsprozessen durch Einsatz 

von Kraftsensoren in Dünnschichttechnologie am Beispiel von Stanz- 

und Schneideprozessen in der Blechbearbeitung (Talk), Innovative 

F&E- Aktivitäten der Mikrosystemtechnik (IGF-Tag), HSG-IMIT, 

Villingen-Schwenningen, Deutschland, 18. März, 2010.

Stein, C.; Keunecke, M.; Bewilogua, K.; Kölker, W.; van den Berg, 

H.: c-BN coating systems with different interlayers for cutting inserts 

(Talk), Twelfth International Conference on Plasma Surface Enginee-

ring (PSE), Garmisch-Partenkirchen, Deutschland, September 2010.

Szyszka, B.; Austgen, M.; Bräuer, G.; Bringmann, U.; Britze, C.; Her-

litze, L.; Herwig, W.; Jung, S.; Kaiser, A.; Koehl, D.; Pflug, A.; Polle, 

A.; Sittinger, V.; Ulrich, S.; Vergöhl, M.; Weis, H.; Werner, W.; Wuttig, 

M.: Rotatable Target Serial Cosputtering – A New Core Technology 

for Industrial Large Area Glass Coating? (Talk), 8th International 

Conference on Coatings on Glass and Plastics (ICCG), Braunschweig, 

Deutschland, Juni 2010.

Szyszka, B.; Sittinger, V.; Dewald, W.; Ulrich, S.; Pflug, A.; Gurram, 

S. K.; Polenzky, C.: Large area in-line magnetron sputtering of 

TCOs (invited Talk), 3rd International Symposium on TCOs, Kreta, 

Griechenland, Oktober 2010.

Szyszka, B.; Sittinger, V.; Dewald, W.; Ulrich, S.; Pflug, A.; Gurram, 

S. K.; Polenzky, C.: Magnetron sputtering of TCO films – an overview 

on the state of the art & recent results, 1st Orama Summer School, 

Kreta, Griechenland, Oktober 2010.

Szyszka, B.; Sittinger, V.; Ulrich, S.; Pflug, A.; Schäfer, L.; Höfer, M.: 

Dünnschichtphotovoltaik auf Glas, Glass Technology Live, glasstec, 

Düsseldorf, Deutschland, 1. Oktober 2010.

Szyszka, B.; Ulrich, S.; Polenzky, C.; Löbmann, P.; Götzendörfer, S.; 

Elsässer, C.; Körner, W.: The Challenge of Oxide Electronics – An 

Overview on Materials, Processes & Applications (invited Talk), SVST-

5, Kaiserslautern, Deutschland, September 2010.

Szyszka, B.; Polenzky, C.; Löbmann, P.; Götzendörfer, S.; Elsässer, C.; 

Körner, W.: Pathways towards p-type oxide layers for optoelectronic 

applications (invited Talk), CIMTEC 2010, Montecatini Terme, Italien, 

Juni 2010.

Szyszka, B.; Bewilogua, K.; Brand, J.; Bräuer, G.; Dietz, A.; Diehl, W.; 

Gäbler, J.; Klages, C.-P.; Schäfer, L.; Vergöhl, M.; Willich, P.: Industrial 

thin film processes – Key technologies for cost effective light weight 

construction, ACMA Workshop Light Weight Construction, Neu-

Delhi, Indien, März 2010.

Szyszka, B.; Ulrich, S.; Polenzky, C.; Löbmann, P.; Götzendörfer, S.; 

Elsässer, C.; Körner, W.: The Challenge of Oxide Electronics – An 

Overview on Materials, Processes & Applications, (invited Talk), 2nd 

International Workshop on Vacuum Electronics, Physikzentrum Bad 

Honnef, Deutschland, November 2010.

Szyszka, B.; Sittinger, V.; Ulrich, S.; Pflug, A.; Dewald, W.; Polenzky, 

C.: Übersicht über die Einsatzgebiete und Anwendungen von TCOs, 

4. Fachtagung mit Ausstellung − Transparent leitfähige Schichten 

(TCO) mit Grundlagen TCO (»OTTI«-Tagung), Neu-Ulm, Deutschland, 

November 2010.

Szyszka, B.; Polenzky, C.; Löbmann, P.; Götzendörfer, S.; Elsässer, C.; 

Körner, W.: Oxidische Elektronik – ein neues Wachstumsgebiet für 

die Informations- und Kommunikationsbranche, 4. Fachtagung mit 

Ausstellung − Transparent leitfähige Schichten (TCO) mit Grundlagen 

TCO (»OTTI«-Tagung), Neu-Ulm, Deutschland, November 2010.

Szyszka, B.; Sittinger, V.; Ulrich, S.; Pflug, A.; Schäfer, L.; Höfer, M.: 

Dünnschichtphotovoltaik auf Glas, OTTI-Fachforum »Schichten auf 

Glas«, Regensburg, Deutschland, Mai 2010.



114 115

P u b l I C a T I o n S

Szyszka, B.; Polenzky, C.; Loebmann, P.; Göetzendörfer, S.; Elsässer, 

C.; Körner, W.: Pathways towards p-type oxide layers for optoelect-

ronic applications (Talk), Proceedings of the CIMTEC 2010 – 5th Forum 

on New Materials, Montecatini Terme, Italien, Juni 2010.

Thomas, M.: Erzeugung reaktiver Gruppen auf Oberflächen 

durch Funktionalisierung oder Beschichtung mittels DBD (Talk), 

Haftungsverbesserung durch Oberflächenfunktionalisierung mittels 

Atmosphärendruckplasma, 5. Workshop des AK-ADP, Potsdam, 

Deutschland, 9. − 10. Juni 2010.

Thomas, M.; Borris, J.; Klages, C.-P.: Micropatterning using atmos-

pheric pressure plasma processes (Poster), Advanced Coatings for 

Large-Area or High-Volume Products, 8th International Conference on 

Coatings on Glass and Plastics (ICCG), Braunschweig, Deutschland, 

Juni 2010.

Thomas, M.; Hinze, A.; Klages, C.-P.: Optimierung von 

DBD-Plasmaquellen durch grundlegende Untersuchungen der 

Plasmaunterstützten CVD-Abscheidung (Talk), Gasmanagement für 

Atmosphärendruck-Plasmatechnologien, EFDS-Workshop, Dresden, 

Deutschland, 15. April 2010.

Thomas, M.; Borris, J.; Dohse, A.; Weidlich, E.-R.; Elbick, D.; Klages, 

C.-P.: Plasma-Printing: Strukturierte Oberflächenfunktionalisierung 

und selektive nasschemische Metallisierung, 32. Ulmer Gespräch, 

Neu-Ulm, Deutschland, 29. − 30. April 2010.

Vergöhl, M.; Rademacher, D.; Fritz, B.: Particle generation during 

reactive magnetron sputtering of SiO2 with cylindrical and planar 

cathodes (Poster & Talk), Optical Interference Coatings (OIC), Tucson, 

AT, USA, Juni 2010.

Vergöhl, M.; Rademacher, D.; Fritz, B.: Particle generation during 

reactive magnetron sputtering of SiO2 with cylindrical and planar 

cathodes (Poster), 8th International Conference on Coatings on Glass 

and Plastics (ICCG), Braunschweig, Deutschland, Juni 2010.

Vergöhl, M.; Rademacher, D.; Richter U.: In-Situ Thickness 

Determination of Multilayered Structures using Single Wavelength 

Ellipsometry (Talk), 3rd NanoCharm Workshop, Berlin, Deutschland, 

Oktober 2010.

Vergöhl, M.; Althues, H.; Frach, P.; Glöß, D.; Graumann, T.; 

Hübner, C.; Neumann, F.; Neubert, T.; Schottner, G.; Song, D. K.: 

Measurement of the photocatalytic activity of TiO2 films deposited by 

different methods (Talk), 8th International Conference on Coatings on 

Glass and Plastics (ICCG), Braunschweig, Deutschland, Juni 2010.

Weber, M.; Demir, M.: Praxistaugliche Prozessschmierung für das 

Presshärten (Talk), 7. Forum Tribologische Entwicklungen in der 

Blechumformung, Darmstadt, Deutschland, 11. November 2010.

Weber, M.: Entwicklung technologischer Grundlagen für die 

Umformung von Titanlegierungen (Talk), Fraunhofer Symposium 

»Netzwert«, München, Deutschland, 7. − 8. Dezember 2010.

Weiss, P.; Dietz, A.; Ladwein, T.: Galvanische Abscheidung von 

Aluminium aus ionischen Flüssigkeiten, Oberflächentage des ZVO, 

Berlin, Deutschland, September 2010.
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Techn. Univ., Diss., 2010.

Weinhold, R.: Herstellung und Charakterisierung ternärer Zink-

Legierungsüberzüge auf Stahlfeinblech. Aachen: Shaker, 2010. Zugl.: 

Braunschweig, Techn. Univ., Diss., 2010.
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Sputtering, Fachhochschule Südwestfalen, September 2010.

Drost, S.: Binäre Metall-Mischschichten für Elektroden von 

organischen Solarzellen, Ostfalia Hochschule für angewandte 

Wissenschaften, Wolfenbüttel, März 2010.

Kodlubaj, K.: Charakterisierung des Ionenstroms und des Ionen-

anteils in hochionisierten Plasmen, Hochschule für angewandte 

Wissenschaft und Kunst Göttingen, Mai 2010.

Schmalz, M.: Konstruktion und Optimierung eines 8“ Hoch-

temperatursubstratheizers, Ostfalia Hochschule für angewandte 

Wissenschaften, Wolfenbüttel, Dezember 2010.

Schnabel, S.: Evaluation von mittels Gasflusssputtern hergestellten 

Titanoxid-Schichten für den Einsatz in der organischen Photovoltaik, 

Technische Universität Braunschweig, Juni 2010.

Scholtalbers, M.: Ionisierte Abscheidung von M-A-X-Schichten 

mittels Hochleistungsimpuls-Magnetronsputtern, Jade Hochschule, 

Wilhelmshaven, November 2010.

MaSTer‘S TheSIS
Gwozdz, V.: Me-C:H als sensorische Schicht für Dehnungsmess-

streifen, Goethe Universität, Frankfurt am Main, November 2010. 

baChelor‘S TheSIS
Baumer, M.: Bauteilgerechte TiN-Prozessentwicklung als Basis für 

borbasierte Schichtsysteme (Bachelor-Arbeit), Fachhochschule 

Dortmund, März 2010.

Ben Abdallah, S.: Untersuchungen zur lokalen Behandlung von 

Siliziumwafern, Fachhochschule Hannover, Juli 2010.

Hanke, C.: Konstruktion und Inbetriebnahme eines Versuchsstandes 

zur Plasmabehandlung und -beschichtung (Bachelor-Arbeit), 

Fachhochschule Magdeburg Stendal, April 2010.

Klaaßen, E.: Ozongenerator – Elektrolytische Erzeugung von Ozon, 

Ostfalia Hochschule für angewandte Wissenschaften, Wolfenbüttel, 

März 2010.

Peters, M.: Herstellung und Charakterisierung von Cu-DLC für 

den Einsatz in Dehnungsmessstreifen, Helmut Schmidt Universität 

Hamburg, Dezember 2010.
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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-Gesellschaft the institute pools its competences with those 

of other Fraunhofer Institutes in, amongst other things, the Fraunhofer Surface Technology 

Consortium, the Surface Technology and Photonics Group (VOP) 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.

tHe FrAunHoFer ist 
in networks
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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 experi-

ence 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 administra-

tion.

At present, the Fraunhofer-Gesellschaft maintains more than 

80 research units in Germany, including 60 Fraunhofer Insti-

tutes. The majority of the more than 18,000 staff are qualified 

scientists and engineers, who work with an annual research 

budget of €1.65 billion. Of this sum, more than €1.40 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.

Affiliated international research centers and representative of-

fices provide contact with the regions of greatest importance 

to present and future scientific progress and economic 

development.

tHe FrAunHoFer-gesellsCHAFt 
At A glAnCe
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FrAunHoFer group 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

Competence by networking

Six Fraunhofer Institutes cooperate in the Fraunhofer Group 

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 

technologies

 � Beam sources

 � Micro- and nanotechnology 

 � Materials treating

 � Opto-mechanical precision systems 

 � Optical measuring systems 

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-

optics, solid state light sources, optical measurement systems, 

and opto-mechanical precision systems.

www.iof.fraunhofer.de

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. 

www.fep.fraunhofer.de

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 bio-

photonics, 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. 

www.ilt.fraunhofer.de

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, op-

tics, information and communication, life science and ecology.

www.ist.fraunhofer.de

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. 

www.ipm.fraunhofer.de

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 activi-

ties 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 exper-

tise in combining its know-how with its extensive experience 

in developing system technologies within the field of film- and 

laser technology. 

www.iws.fraunhofer.de
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inplAs: network of Competence for indus-
trial plasma surface technology e. v.

3

1 INPLAS joint stand at the 

2010 Plasma Surface Engi-

neering (PSE) conference in 

Garmisch-Partenkirchen. 

2 Participants in the found-

ing meeting of the joint com-

mittee ‚Combination Coat-

ings‘ of DGO and INPLAS.

3 Cannes Corporate Media 

& TV Awards: Carola Brand 

and Jochen Meusel receive 

the »Silver Dolphin« for the 

information film ‚Plasma - a 

bright advantage‘.

ContACt
Director 

Dipl.-Ing. Carola Brand

Phone: +49 531 2155-574

carola.brand@inplas.de

Network coordinator 

Dr.-Ing. Gerrit von Borries

Phone: +49 531 2155-662

gerrit.von.borries@inplas.de

www.inplas.de

Public relations

In 2010 INPLAS was once again actively involved in various 

events and conferences:

 � Technical conferences including the ICCG in Braunschweig 
and the HIPIMS conference in Sheffield. 

 � INPLAS joint stand at the Plasma Surface Engineering (PSE) 
international conference in Garmisch-Partenkirchen.

 � »Plasma Rally« in PSE exhibition, designed and realized by 
INPLAS for Plasma Germany.

active work of the working groups  

The joint committee ‚Combination Coatings‘ was founded by 

DGO (Deutsche Gesellschaft für Galvano- und Oberflächen-

technik) and INPLAS at Fraunhofer IST in September 2010. The 

aim is to bundle competencies in this field and utilize them 

more intensely. The working group »New plasma sources and 

processes« chaired by Dr. Bernhard Cord of Singulus Technolo-

gies AG met regarding the topic of »Plasma diagnostics and 

control technology« while the »Tooling« working group 

chaired by Dr. Jan Gäbler of Fraunhofer IST examined »New 

markets and test procedures«.

In 2010 as well, in its numerous successful activities, INPLAS 

once again contributed to further consolidation of plasma 

technology and to raising its profile. The most important areas 

of work of the network are presented below.

Development and conceptual design of new topics for 

research

Findings have been successfully communicated to all member 

organizations of Plasma Germany and now flow into the 

following processes:

 � BMBF invitation to tender »Innovative applications in plasma 

technology« as part of the »Optical technologies« funding 

program of June 2010.

 � »Photonics 2020« strategy process

Cooperation with ViaMéca, the French mechanical engi-

neering network 

With support of the Federal Ministry of Economics and Tech-

nology (BMWi) and the Initiative Kompetenznetze Deutschland 

a cooperation agreement for close collaboration between the 

two networks in the fields of research, training and public 

relations was signed at the Hannover Messe 2010.

Network of Competence for Industr ia l  P lasma Surface Technology e.  V.  has i ts  off ices at  the Fraunhofer 

IST.  INPLAS has been accredited as a competence network by the Federal  Ministry of Economics and 

Technology (BMWi) and counts as one of the hundred best  networks in Germany. INPLAS current ly  has 33 

members of whom 70 percent come from industry.  INPLAS was a winner at  the Cannes Corporate Media & 

TV Awards in 2010.

Major award for a short film

The INPLAS information film »Plasma – a bright advantage« 

won the Silver Dolphin prize at the Cannes Corporate Media 

& TV Awards in the face of strong competition from a field of 

350 entrants from 27 countries. 

1 2 3
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membersHips
Plasma Germany

www.plasmagermany.org

Competenz-Centrum Ultrapräzise  

Oberflächenbearbeitung  

CC UPOB e. V.

www.upob.de 

Deutsche Gesellschaft für Materialkunde e. V.

www.dgm.de 

Deutsche Gesellschaft für Galvano- und  

Oberflächentechnik e. V.

www.dgo-online.de 

Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS)

www.efds.org 

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

Forschungsvereinigung Räumliche Elektronische  

Baugruppen 3-D MID e. V.

www.faps.uni-erlangen.de/mid 

Fraunhofer-Netzwerk Elektrochemie

Zentrum für Mikroproduktion e. V. (ZeMPro)

www.microcompany.de

International Council for Coatings on Glass e. V.

Kompetenznetz Industrielle Plasma-Oberflächentechnik e. V. 

(INPLAS)

www.inplas.de

Materials Valley e. V.

www.materials-valley-rheinmain.de

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

www.nmn-ev.de

Nanotechnologie-Kompetenzzentrum  

»Ultradünne funktionale Schichten«

www.nanotechnology.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

Fraunhofer-Allianz Adaptronik

www.adaptronik.fraunhofer.de

Fraunhofer-Allianz Numerische Simulation von Produkten, 

Prozessen 

www.nusim.fraunhofer.de 

Fraunhofer-Allianz Photokatalyse

www.photokatalyse.fraunhofer.de
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