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Prof. Dr. Günter Bräuer Prof. (TUT) Wolfgang Diehl

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.

Foreword
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“Braunschweig as a center of medical research. Who twenty 

years ago would have guessed that?” That sums up a research 

report which appeared in the Braunschweiger Zeitung in 

January 2012. The article praises the successful collaboration 

between Braunschweig City Clinic, the Helmholtz Center for 

Infection Research and the Fraunhofer IST as prime examples 

of interdisciplinary research. In the jointly developed “lab 

in a bag”, modification of internal surfaces by means of 

atmospheric plasmas facilitates the growth of stem cells. For 

this our institute was in December awarded the title of “Place 

of excellence in the Land of Ideas 2011”.

In April at the 2011 Hannover Fair, the Fraunhofer IST was 

awarded the Ferchau Innovation Prize for a new module which 

among other things makes the process of coating special types 

of glass – such as, for example, solar control windows – much 

more efficient with regard to time and energy. Of particular 

note here is the fact that the greater efficiency of reactive 

sputtering processes and the reduction in their complexity 

make a new kind of process variant possible. 

The change to alternative energy and sustainability are major 

sociopolitical topics today. With the development of thin films 

for energy conversion and saving as well as increases in the 

efficiency of the corresponding coating processes the IST has 

been working in this field since its foundation. Coatings which 

reduce wear and friction are a permanent area of interest for us. 

In the autumn of 2011 the first silicon thin-film solar cell was 

finally created. It is based entirely on the technologies available 

at the IST. The main goals here are shorter production times 

and improved utilization of materials.

In addition to technical and scientific innovations the topics of 

training and the encouragement of young talent are becoming 

increasingly important at the Fraunhofer IST. As part of a 

program funded by the Braunschweig Colleges Association 

three internships were made available for high-school girls. 

In the autumn, www.physiklaboranten.de, the joint training 

platform of Fraunhofer, PTB and the Technical University of 

Braunschweig, went on-line. The “Day of the future for young 

men and women”, in which we strive to arouse an early 

interest in science in boy and girl students, has now become 

a permanent fixture. Since 2011 there has also been a move 

towards new horizons with important investments in fixed 

assets. With a machine for atom layer deposition (ALD) we 

have expanded the range of our coating technologies by a 

method which has a great potential for the future. Since the 

summer of 2011, one of the world‘s most innovative concepts 

for coatings in precision optics, the EOSS system (Enhanced 

Optical Sputter System), has been available. Systematic expan-

sion of research work in the field of sputtering with highly 

ionized plasmas (HIPIMS) is being supported by investment in 

a short-cycle system, with an agreement being concluded for 

HigHligHts 2011
close collaboration with the equipment manufacturer.

As always we should like to show you in the following pages 

some selected results from a successful year‘s work at the 

Fraunhofer IST. We owe this success above all to our clients 

in industry and our funders as well as to our outstanding 

employees. Having set itself challenging goals, not only scien-

tifically and technically but also economically, our institute will 

continue on its successful course in 2012 as well.

1 2

1  ALD Atomic Layer 

Deposition: an investment 

of 2011.

2  With EOSS, the Enhanced 

Optical Sputtering System, 

the very latest high-precision 

coatings can be produced.
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prizes 2011
However, until now cultivation has been a really complex mat-

ter and above all expensive. Dr. Michael Thomas and his team 

at the Fraunhofer Institute for Surface Engineering and Thin 

Films IST in Braunschweig have developed a plasma-based 

process for this which runs at atmospheric pressure. Here the 

internal surface of the containers is changed by a plasma in 

such a way that stem cells remain stuck to it and can grow 

and flourish especially well. “We fill the bags with a specific 

gas mixture and apply a voltage”, explains research assistant 

Dr. Kristina Lachmann. “This creates for a short time a plasma 

inside the bag, a glowing, ionized gas which changes the plas-

tic surface chemically.” With this process the bag stays sterile 

since plasmas also have a disinfectant effect. “This lab in a bag 

is proof against germs, is resistant to cold temperatures and in 

addition is still inexpensive,” says the team leader Dr. Thomas. 

With the award of the title “Selected landmark 2011” the 

Fraunhofer IST is one of 365 prize-winners picked each year 

in the location-related initiative “Germany – Land of Ideas” in 

conjunction with the Deutsche Bank under the patronage of 

the Federal President. 

DGo Young Talent encouragement Prize 2011

For his work towards his bachelor of engineering degree Enno 

Klaassen has been awarded the 2011 Young Talent Encour-

agement Prize of the Deutsche Gesellschaft für Galvano- und 

Oberflächentechnik e. V. His final thesis on “Electrochemical 

ozone generation at diamond electrodes” shows what pos-

sibilities chemicals-free process technology can deliver in the 

field of electrolytic ozone generation. It was particularly em-

phasized that Enno Klaassen succeeded in developing optimal 

cell geometries and working conditions under which ozone 

Fraunhofer IST receives the Ferchau Innovation Prize

For his contribution to a more efficient production of solar 

control coatings Dr. Bernd Szyszka of the Fraunhofer IST was 

honored as the first-place winner of the Ferchau Innovation 

Prize. He and his team developed a module which makes 

the process of coating special types of glass – such as, for 

example, solar control windows – much more efficient with 

regard to time and energy. 

The sun is beating down outside. Heat quickly builds behind 

the window panes and it becomes unbearably hot indoors. 

Solar control coatings on the window create a remedy: several 

layers of different materials, including titanium oxide, prevent 

the glass from allowing the heat to pass through. Sputtering 

lines are used to produce coatings of this kind. Noble gas ions 

are shot at a target, such as titanium, for example. Here they 

first trigger an impact cascade – as on a pool table, some 

atoms are hit, which then themselves collide with other atoms. 

The impact is driven deep into the target. Some atoms detach 

from the material and settle elsewhere, including on the 

substrates to be coated, such as, for example, a window pane. 

Atom by atom a full-area coating is created. Dr. Szyszka, who 

is head of department at the Fraunhofer Institute for Surface 

Engineering and Thin Films IST in Braunschweig, has managed, 

together with his team, to secure considerable increases in the 

efficiency of systems of this type– and for doing so, receives 

the Ferchau Prize. “With the same power level we can now 

make 35 percent more material”, says Szyszka, summing up. 

“The coating installations are becoming more inexpensive 

and more compact.” A further advantage is that the coatings 

produced have better properties, such as, for example, being 

more homogeneous. In comparison with the standard, surface 

roughnesses have been reduced by up to 60 percent. The basis 

for these improvements is to be found in a new kind of sput-

tering technology, cylindrical co-sputtering – C2. Szyszka and 

his team do not shoot just the usual noble gas atoms at the 

titanium target but also bismuth atoms as well. “The bismuth 

atoms are lying on the titanium surface. When the noble gas 

atoms impact, the bismuth atoms are slowly incorporated in 

the titanium”, explains Szyszka. Again making the pool table 

comparison, it is as if a few larger balls were put on the table 

as well. When a noble gas atom now hits the surface, the 

larger bismuth atoms “brake” the impact a little, the impact 

cascade does not go so deep into the titanium and less energy 

is wasted.

Szyszka has already built a prototype of the sputtering system 

which has titanium targets 75 cm in length. Within two years 

Syszka wants to develop the system to the point where it 

will accommodate targets 3.80 m long. Target lengths of this 

order are usual in manufacturing solar control windows.

Selected place of ideas 2011

For its “Plasma in stem cell bags” cultivation system for stem 

cell research the Fraunhofer Institute for Surface Engineering 

and Thin Films IST has been awarded the title of Selected 

Place of Ideas in the nationwide innovation competition “365 

landmarks in the Land of Ideas”. 

Whether in the fight against leukemia, in osteogenesis or for 

treating irreparable damage to the body, stem cells play an 

important part in research. 

can be generated at high efficiency in a double cell divided by 

a cation exchanger membrane. The development of small and 

easy-to-handle ozone generators working on the principle of 

anodic water electrolysis is important for local water treatment 

and for disinfection in medical and foodstuffs technology. Fur-

thermore, in his speech, Enno Klaassen reported on the latest 

results in the field of the “Electrochemical Advanced Oxidation 

Process - EAOP®”. With this method hard to degrade con-

taminations, such as, for example, herbicides or medicament 

residues, can be efficiently removed from aqueous solutions by 

means of an in-situ process at diamond electrodes. 

1  The first Ferchau Prize 

was presented by the Mi-

nister President of Lower 

Saxony, David McAllister.

2  Enno Klaassen (center) 

at the presentation of the 

2011 DGO Young Talent 

Encourage ment Prize.

1 2
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Stem cell research is an important and future-oriented field 

of medical research. At the Braunschweig Clinic and the 

Helmholtz Center for Infection Research (HZI) research has 

been in progress for years on establishing the application 

of therapeutic cells for fighting illnesses. An important role 

is played here by the Fraunhofer IST as a complementary 

research partner since innovative functional plasma techniques 

are opening up entirely new possible solutions for us biologists 

and physicians which are bringing new cell-based therapeutic 

applications within reach.

One challenge in stem cell research is how the cells are handled. 

In most cases today petri dishes, microtiter plates or cell-culture 

flasks are used under GMP conditions. These “open” systems 

do however involve a high risk of contamination.

The use of “closed” plastic bags is already very widespread 

in medicine in the form of blood or infusion bags. Less 

well-known, however, is the use of bag systems for cell 

cultivation since therapeutic cells, which have a great potential 

for fighting serious illnesses such as skin cancer, frequently 

exhibit adherent growth on surfaces. Until now this form of 

cell growth was not possible in plastic bags since the plastics 

available did not have an attractive surface. The goal of the 

InnoSurf joint project, funded by the Federal Ministry of 

Economics and Technology via the InnoNet program, was 

therefore to develop a closed, germfree system in which stem 

cells could be cultivated without fear of contamination.

The Fraunhofer IST made a major contribution to the great 

success of the project with the development of a simple 

method by which a closed plastic bag could be changed from 

the inside in such a way that cells would grow while sticking 

outstAnding 
CollAborAtion

to its surface. These coated bag systems have been tested 

successfully at the HZI and at the Braunschweig Clinic.

At this point I should also like to stress the outstandingly good 

and smoothly running collaboration between the project 

partners. In addition to the Braunschweig Clinic and the 

Fraunhofer Institute for Surface Engineering and Thin Films IST, 

collaborative research also included the Helmholtz Center for 

Infection Research, the Technical University of Braunschweig, 

the University of Tübingen and partners from industry. One 

major plus point was that almost all research institutes are 

located in Braunschweig. In other words, short distances and a 

boost for Braunschweig as a research location.

Dr. Henk S.P. Garritsen
Director Institute for Clinical Transfusion Medicine
Medical Center Braunschweig
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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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Talent management

In the period under review the Fraunhofer Institute for Surface 

Engineering and Thin Films Fraunhofer employed 112 em-

ployees. Around 50 percent are scientific personnel, doctoral 

candidates and engineers. Research activities are supported 

by technical and economic staff as well as a large number of 

graduands and student assistants. Training opportunities in the 

vocational fields of galvanics, physics and information technol-

ogy were taken up by five employees.

tHe institute in Figures
operating budget

The institute’s budget totaling € 12.3 million was an almost 

2 percent increase over the previous year. Personnel costs of 

€ 7.1 million here maintained a constant level of almost 60 

percent of the operating budget and grew by 2.7 percent 

with respect to the previous year. 40 percent of the operating 

budget (€ 5.2 million) was allocated to material costs, an 

increase of one percent over the previous year.

earnings structure

In this year too it was possible to maintain a high level of 

growth. It amounts to 41.5 percent with revenues from 

industry of a good € 5 million. In the case of revenues from 

the public sector there was an increase over the previous year 

such that the revenues amounted to almost € 3.6 million. Total 

revenues of € 8.6 million tie in with the results of the previous 

year. 

Investments

2011 saw investments totaling almost € 2.8 million. This 

doubling of investment in comparison with the previous year 

was made possible by project and special investments of € 1.7 

million, normal investments of € 600K and strategic invest-

ments of € 500K.
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Dr. Jochen BrandDr. Klaus Bewilogua

Dr. Kirsten Schiffmann

Dr. Simone Kondruweit

Dr. Lothar Schäfer

Dr. Ralf Bandorf

Dr. Andreas PflugDr. Andreas Dietz Dr. Thomas JungDr. Saskia Biehl Dr. Michael Thomas

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
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orgAnizAtionAl CHArt 2011
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  
properties | 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
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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



24

F r a u n h o F e r  I S T

25

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 treat-
ment

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

 � Measuring station for the characterization of solar cells
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sustAinAble solutions witH surFACe 
And tHin Film engineering
Sustainabi l i ty  i s  current ly  perhaps the most important socia l  guiding pr inc ip le of the age.  Not only in the 

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

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

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

material efficiency

 � Thin layers of nanoparticles increase the active area of 
catalysts and thus save material.

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

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

Production efficiency

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

 � Faster to the goal: simulation means ever shorter develop-
ment times. For example, highly efficient production 
chains are made possible by model-based designing and 
implementation of component coatings.

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

energy efficiency

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

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

clean environment

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

 � Photocatalytic coatings make self-disinfecting surfaces pos-
sible and the degradation of pollutants from the air without 
using disinfectant agents. 

 � By bonding materials, it is possible to avoid adhesives and 
solvents.

A large number of research subjects at the Fraunhofer IST are 

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

such as the implementation of an alternative energy supply, 

alternatives for scarce materials and raw materials, or mobility 

in the 21st century. Some examples from our research into 

sustainable industrial products and processes:

alternative materials

 � Since the mid-1990s intensive research has been in 
progress at the Fraunhofer IST on replacing indium tin oxide 
(ITO) with alternative materials such as ones based on ZnO 
and SnO2.  

 � Thin films for LEDs based on oxides instead of GaN manage 
without color conversion by luminescence of rare earths.

 � At the Fraunhofer IST alternative materials are being devel-
oped for the high-refractive-index tantalum oxide coatings 

used in high-precision optics.

mobility in the future

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

 � Thin-film sensor systems in tribologically stressed areas 
increase reliability and safety in many fields of application, 
such as electromobility and wind power plants.

That are just a few of our examples – the very thinnest high-

performance coatings are in addition the basis for a variety of 

further products and high-tech applications which are viable 

for the future, especially when it is a matter of saving material 

and energy.
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meCHAniCAl 
And Automotive 
engineering

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:

 � Application-adapted carbon film systems (DLC) for internal combustion engine components

 � Combination coating systems for lightweight applications

 � New hard coatings for machine tools

 � Sensor coatings for components

 � New duplex systems for highly stressed components

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

coating users from all areas of machine manufacturing and the automotive industry.

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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The coating

Since chromium makes up 60 percent of the coating, its hard-

ness is now almost that of a metal-free a-C:H. The contact 

angle as a measure of oil wetting properties could almost be 

halved in comparison with a-C:H (DLC), thereby boosting wet-

ting capability considerably beyond that of uncoated steel de-

spite the Castrol Edge 5W30 oil being intended for bare steel. 

In the roller dynamometer for investigating friction coeffi ci-

ents, coating systems with 50 percent chromium have the best 

running-in characteristics – the coeffi cient of friction levels off 

at a very low fi gure of 0.05. Compared with uncoated steel 

this is equivalent to halving the friction coeffi cient. 

Summary

Due to the higher proportion of chromium it was possible 

to develop a coating system which, on account of its great 

hardness, low coeffi cient of friction and optimum running-in 

characteristics, will be very suitable for use as a wear protec-

tion coating in internal combustion engines. Currently coating 

systems containing chromium are being tested in 100-hour 

tests on the roller dynamometer, in the pin-on-disk test and 

on the piston ring-cylinder test rig. Following investigations on 

the piston ring-cylinder test rig, the system is being tested in 

the real engine. 

Improvement of the friction coeffi cient µ in the roller against 

fl at specimen test (oil: 90 °C, pressure 150 MPa, V = 2 m/s).
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In the “TriboMan” inter-institute Fraunhofer research project. 

alloys, procedures and processes for manufacturing engine 

components are being developed. The objective is to achieve – 

even as early as the manufacturing process - permanent re-

ductions in friction and wear due to the production-integrated 

pre-emption of the running-in process and the targeted crea-

tion of tribologically effective coating systems. In this project 

the Fraunhofer IST is concerned with developing, adjusting 

and optimizing the wear-resistant, hard and friction-reducing 

coating systems.

The coating

In order to achieve major reductions in oil and fuel consumpti-

on and signifi cant increases in the service life and loadability of 

the engine components, hard and wear-resistant coating sys-

tems are being developed at the IST for bucket tappets, cams-

hafts, piston pins or piston rings which have good running-in 

characteristics and optimum lubricant interaction. Currently 

research is focusing on carbon fi lm systems containing chromi-

um (a-C:H:Cr) since their properties make them very suitable 

for use in internal combustion engines:

 � Extreme chemical resistance

 � High temperature resistance, hardness, wear resistance

 � Low coeffi cients of friction

tribomAn – reduCtion oF FriCtion And 
weAr in internAl Combustion engines

ContACt
Dr.-Ing. Jochen Brand

Phone +49 531 2155-600

jochen.brand@ist.fraunhofer.de

Dipl.-Ing. Marko Petrik

Phone +49 531 2155-509

marko.petrik@ist.fraunhofer.de

The greatest  chal lenges faced by the automotive industry are to be found in achiev ing fuel  sav ings and 

reducing emiss ions of the greenhouse gas CO2 ,  of  which a high proport ion is  produced by internal  com-

bust ion engines.  Increas ing mobi l i ty  coupled with a thr if ty  use of foss i l  fuels  can only be achieved by new 

generat ions of engines.

1

1 Functional coating on 

engine components.
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Static characterization of the thin-film system

The force sensors undergo static testing on a test rig develo-

ped at the Fraunhofer IST. This revealed a linear relationship 

between resistance and load at each sensor structure. The 

result: as the load increases, a linear fall in resistance from 

20 – 40 Ohm/N is measured which is dependent on the size of 

the sensor structure. This behavior is reversible which means 

that when the load is removed the original resistance is resto-

red (top graph).  

Sensor properties of the thin-film system 

FAG bearings (6206.C4) with the integrated piezoresistive coa-

ting system DiaForce® -Cr-SiCON® underwent dynamic testing 

on a test rig at Schaeffler Technologies AG & Co. KG. The ob-

jective of these investigations was to detect bearing ball rollo-

ver by changes in the resistance or voltage of the force sensors 

and record the load distribution present in the bearing race. 

outlook

In the next step the wear resistance of piezoresistive thin-film 

systems, which measure directly within bearing races, must be 

optimized with a view to long-term stability in service under 

high loads and at high speeds of rotation.

Linear characteristic curve of sensor resistance plotted 

against load.
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One of the greatest challenges in the field of sensor systems is 

the detection of load distributions in bearing races since here 

the rolling elements exert Hertzian contact stresses which may 

fall in the GPa range. At the Fraunhofer IST research has been 

in progress for many years into a coating system which under 

extremely high loading is capable of spatially resolved detec-

tion of the force exerted by each individual rolling element. 

Sensorized thin-film systems 

The sensorized carbon film Diaforce® is piezoresistive under 

normal (perpendicular) application of force and exhibits very 

good tribological properties. This high-tech layer is coated di-

rectly onto the bearing ring by the PACVD process. Chromium 

electrodes (d = 200 nm) are then deposited on this sensor layer 

(d = 6 µm) by the lift-off process. These determine the local 

measurement spot over which the ball bearings will later roll. 

In this way the individual ball contacts can be measured and 

the load distribution in the bearing detected. The contact are-

as of the electrodes are coated with gold (Figs. 2 and 3), the-

reby allowing measurement wires to be soldered on. Finally, 

an isolating and anti-wear coating of SiCON® (d = 3 – 4 µm) 

is deposited. Fig. 1 shows the completed sensorized bearing 

with the thin-film system on the inner bearing ring. 

piezoresistive tHin-Film sensor sYstem 
in direCt rolling ContACt in beArings

1 2 3

ContACt
Dr.-Ing. Saskia Biehl

Phone +49 531 2155-604

saskia.biehl@ist.fraunhofer.de

With modern plasma coat ing techniques mult ifunct ional  surfaces can be produced which not only have 

opt imum tr ibological  propert ies but a lso offer  sensor capabi l i t ies .  In col laborat ion with the bear ing ma-

nufacturers Schaeff ler  Technologies AG & Co. KG, bear ings with a thin-f i lm sensor system s imi lar  to a 

“skin for machines” have been created which permit  on- l ine measurement.

1 Bearing with integrated 

thin-film sensor system.

2 Two inner bearing rings 

with piezoresistive coating 

system in the raceway of the 

rolling elements.

3 Inner bearing ring with 

the piezoresistive sensor 

coating DiaForce® and the 

chromium electrodes with 

gold contacts structured onto 

it.
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at the Fraunhofer IST. An electrically insulating layer is deposi-

ted homogeneously in the main loading zones as a base coa-

ting with a thickness of 3 – 4 µm. Chromium meander structu-

res 200 nm thick are laid down on this and these covered by 

an electrically insulating and wear-protective layer (d = 3 µm). 

Insulating layers take the form of hydrocarbon films modified 

with silicon and oxygen or even aluminum oxide films. The 

challenge in these developments is to be found not only in 

the coating system itself but also in the three-dimensional 

structuring since the sensor structure contacts lie outside the 

high-load areas. 

Sensor properties of the thin-film system 

In its test rigs the EagleBurgmann company is testing gas seals 

with integrated temperature sensor systems. Fig. 2 shows a 

test set-up which demonstrated the precise measurement of 

temperature profiles in the area of the sliding parts of gas 

seals. The graph shows measurement results from the corres-

ponding test series. 

It shows a dynamic test run in which different operating pa-

rameters such as speed and operating pressure are varied. 

Changes in the temperature at the slip rings are plotted as a 

red curve. Steeper gradients are primarily due to increases in 

turbulence levels with larger speed jumps.

ausblick

As part of the “INTELLA” project not only temperature sen-

sor systems but also piezoresistive coating systems for load 

detection in bearings are being developed. These sensorized 

thin-film systems should in combination with actuator systems 

contribute to the active control of components and thus to 

components having improved functional capabilities and weig-

hing less.

This research and development project is subsidized with funds from the 

Federal Ministry of Education and Research (BMBF) within the framework 

concept “Microsystems 2004 – 2009 / energy-autarchic microsystems” 

(16SV3368) and supervised by the project sponsor VDI/VDE Innovation und 

Technik GmbH. 

Results of dynamic test runs with temperature sensor system.
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Bearing and sealing components must be able to handle a 

wide range of loads, speeds and temperatures when opera-

ting. However, the breadth of the operating range means that 

the components are in most cases working under suboptimal 

operating conditions, and thus at low efficiency and poor 

effectiveness. One reason for this is the fact that components 

are designed for maximum loading and are thus overdimensi-

oned. To improve the efficiency and thus the effectiveness of 

components of this kind, active systems are required which in 

a control loop adjust bearing and seal-gap geometries. These 

active systems consist of actuators and sensorized thin-film 

systems which will be described in more detail below.

Sensorized thin-film systems 

The strategy referred to as “downsizing” whereby greater 

performance is achieved with lighter components can in 

the case of dynamically stressed machine elements only be 

implemented by adapting to the load situation. To do so, ac-

tuators are already being used which represent an additional 

system component. To detect operating temperatures in face 

seals manufactured by Eagle Burgmannn and in bearing rings 

manufactured by KSB AG, sensorized three-layer systems are 

used. These have a total coating thickness of less than 10 µm, 

are deposited directly on the component and were developed  

development oF tHin-Film sensor sYs-
tems For preCise temperAture deteCtion

1 2

ContACt
Dr.-Ing. Saskia Biehl
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saskia.biehl@ist.fraunhofer.de

Integrat ion of sensor ized thin-f i lm systems permits  the direct  determinat ion of operat ing states in the 

main loading zones of pla in bear ings and seal ing systems. As part  of  the INTELLA ( inte l l igent,  l ightweight 

bear ings and seals  for  automotive and mechanical  engineer ing)  WING project  subsidized by the Federal 

Ministry of Educat ion and Research,  the Fraunhofer IST is  researching into the implementat ion s ide.

1 1  Meander structures for 

temperature detection at the 

axial bearing ring surface of 

KSB.

2 Prototype of a gas seal 

with temperature sensor sys-

tem and internal contacting 

on the EagleBurgmann test 

rig.
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a measure of wear. Three pins with an 8 mm diameter and a 

length of 20 mm are directly integrated at an angle of 120° 

into the double nut. By means of threaded pins a defined 

pretensioning torque can be set for the ball screw double nut. 

Here the sensor pins are located directly on the force flow 

path (Fig. 2). The end face of the pin is used for picking up 

the pretensioning force. Giving the end face a slope of 45° 

creates a pressure-free area for temperature compensation 

of the force structures and also an area for temperature 

measurement.

characterization of the sensor pins 

Before installation in the spindle nut the piezoresistive beha-

vior of the pins was investigated by subjecting the full area of 

the end face to cyclic loading and unloading with a counter-

body. The measurements yield the characteristic linear depen-

dencies of sensor resistance as a function of load. The change 

in resistance falls within the range of 6 Ohm/N. On the ball 

screw test rig the sensor pins, as shown in Fig. 2, are integra-

ted into the spindle nut. The results of pretensioning torque 

measurement reflect the change in force when a sensor pin is 

subjected to a predefined tightening torque (Fig. 3).

outlook

During the further course of the project the focus will be on 

investigating the change in the pretensioning force of the 

force transducers in dynamic testing on the test stand. In the 

next step the sensor system will be combined with the self-

sufficient energy supply developed within the project and with 

the wireless data transmission system and then tested. 

v

Recording of the pretensioning torque in static testing on 

the test stand .
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how the sensorized thin-film system is produced

The first step is for a sensor film consisting of amorphous 

hydrocarbon 6 µm thick to be deposited by the PACVD process 

on the functional surfaces of the sensor pins. The multifunc-

tional couting belongs to the carbon-based films family and is 

a close relation of DLC film (diamond-like carbon). In addition 

to its piezeoresistivity properties, this coating is very hard (24 

GPa) and has a low friction coefficient with respect to steel 

( = 0.16). A layer of chromium 400 nm thick is deposited on 

the sensor layer by the PVD process and then structured by 

3D photolithography and wet-chemical etching. In this way 

it becomes possible to measure pressure states with spatial 

resolution (Fig. 1). A top layer of hydrocarbon modified with 

silicon and oxygen and measuring 3 µm thick protects the 

sensor structures against abrasive wear and oily media. The 

top and protective coatings deposited by the PACVD process 

also isolate the sensor pin electrically from the machine frame.

Integrating the sensor pins into the spindle nut

Direct integration of the sensor pins into the spindle nut 

is essential if the relevant ball screw drive data are to be 

obtained. The pretensioning force of the double nut serves as 

piezoresistive tHin-Film sensor sYstem 
For intelligent bAll sCrew drives

1 2
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With the a im of creat ing an inte l l igent bal l  screw dr ive,  p iezores ist ive thin-f i lm systems have been deve-

loped which are deposited on force transducers and structured. These pin-shaped bodies can be readi ly 

integrated into the spindle nut where they measure operat ing and wear states whi le the screw dr ive is  in 

operat ion.

1 Steel pins with thin-film 

sensor system.

2 Installation of the sensor 

pins in the ball screw drive.
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AerospACe

ContACt
Dr. Andreas Dietz

Phone +49 531 2155-646

andreas.dietz@ist.fraunhofer.de

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 me-

thods 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.
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tHermAl insulAtion CoAtings For  
turbine blAdes

The insulating properties of the ceramic coatings result firstly 

from their intrinsic properties – as a solid material PSZ has a 

thermal conductivity of around 2 W/m*K – and secondly from 

the crystal structure of the ceramic. The photon and phonon 

conductivities which determine heat transfer are further 

reduced by internal boundary surfaces. Thermal conduction 

can be effectively reduced by setting a specific porosity.

Sputtered thermal insulation coatings 

To make possible high coating rates and specific microstructu-

ral settings, thermal insulation coatings have been successfully 

produced at the Fraunhofer IST using a high-rate sputtering 

method, namely gas-flow sputtering (GFS). Here a tubular 

target made of metallic zirconium is used as a hollow cathode. 

The sputtered particles are transported by a flow of argon. 

Oxygen is fed in between the target and the substrate so that 

the metal particles react to form zirconium dioxide.  

This combination enables possible the high coating rate 

required for the economically efficient production of thermal 

insulation coatings – the coatings are a few hundred microme-

ters thick. Coatings with many different microstructures can 

be created using the GFS method. It is equally possible to vary 

production parameters while the process is running and thus 

create gradient layers. 

outlook 

As part of a DFG project future investigations will examine the 

influence of production parameters on the coating structures 

and of these in their turn on the thermomechanical properties. 

The aim is to identify a relationship between installation 

settings, coating characteristics and component properties 

which will allow predictions to be made regarding different 

combinations. New types of structure could also be evaluated 

in this way for their suitability as thermal insulation coatings.

use in aircraft turbines

The efficiency of a turbine is determined by the relationship 

between the intake and outlet temperatures. The greater the 

difference, the greater is the work capacity of the turbine. 

Hotter intake gases turn out in higher efficiency but also in a 

heavier load on the blade material. In addition to active film 

cooling measures, insulation coatings are also used to protect 

the turbine blades. These thermal insulation coatings permit a 

higher gas entry temperature without shortening service life. 

Due to its thermally insulating properties, partially stabilized 

zirconium oxide (PSZ) is used as a thermal insulation coating. 

In addition to its low thermal conductivity this ceramic has a 

coefficient of thermal expansion close to the level of metals. 

To prevent phase transitions the zirconium oxide is doped. 

Preferably 6 percent to 8 percent yttrium oxide is added 

for partial stabilization since both mechanical and thermal 

fatigue resistance reach reach maximum values in this alloy. 

More economic a i rcraft  thanks to improved turbines which run eff ic ient ly  even at high temperatures: 

thermal insulat ion coat ings on turbine blades make a contr ibut ion to longer serv ice l ifes and reduced fuel 

consumption. 

ContACt
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1  Influence of subst-

rate biasing on coating 

morphology.

2 A layer of zirconium oxi-

de produced by GFS.
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proCess simulAtion For optiCAl 
HigH-preCision Filters

The main components of the simulation model can be seen 

in picture 1. The sputtering process uses two rotating tube 

targets. The positions of maximum plasma density are deter-

mined by magnetic fi eld simulation and here particle sources 

for the sputtered metal were used in the model. 

Picture 1 shows the resulting metal absorption profi les on the 

inner chamber walls and the substrate (highlighted). 

The radial coating thickness profi le is fi nally achieved by circu-

larly integrating over the absorption profi le of the substrate. 

As can be seen from the graphs, good agreement between 

measurement and simulation has been achieved both with 

and without masks. This means that the simulation model can 

in future be used for model-assisted optimization of the mask 

geometry. 

Simulated and measured relative coating thickness as a 

function of the radius (without mask).
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Simulated and measured relative coating thickness as a 

function of the radius (with mask).
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modeling a sputtering system for high-precision fi lters

In 2011 the Enhanced Optical Sputtering System (EOSS) for 

optical high-precision fi lters was put into operation at the 

Fraunhofer IST. In this installation high- and low-refracting 

ceramic coatings are produced by sputtering metallic coatings 

followed by plasma oxidation. The substrates are mounted on 

a rotary table. The sputtering process proceeds from bottom 

to top in order to prevent particle contamination. Without 

addional shieldings the rotational process causes the coating 

thickness profi le to fall reciprocally with the radial position. 

To compensate for this effect additional masks are required 

to shield off the inner area more thoroughly than the outer. 

To optimize the mask shape, transportation of the sputtered 

material through the vacuum recipient was simulated by the 

DSMC method. A simulation environment has been imple-

mented at the Fraunhofer IST for this method which is suitable 

for complex and large-scale installation geometries thanks to 

the use of massive parallel algorithms. 

Opt ica l  h igh-precis ion f i l ters  are important core e lements in many specia l  appl icat ions,  for  example spec-

troscopic instruments in space technology,  h igh-performance opt ica l  f ibers,  UV photol i thography or opt i -

ca l  h igh-precis ion analys is .  With increas ing specia l izat ion the number of coat ings required is  increas ing 

and thus requirements on homogeneity and reproducibi l i ty  are steadi ly  increas ing.  Direct  S imulat ion Mon-

te Car lo (DSMC) calculat ions of the gas dynamics and of part ic le transportat ion in sputter ing processes 

are carr ied out at  the Fraunhofer IST in order to opt imize processes and achieve a better  understanding of 

them. In this  way the inf luences of the geometr ies of the insta l lat ion and masks on the coat ing prof i le  can 

be ident if ied and quant if ied. 

ContACt
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1   Simulated metal ab-

sorption profi le on the inner 

walls of the EOSS sputtering 

chamber. The area relevant 

to coating is highlighted.
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tools
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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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ceramic) and coatings (thermal spray coatings, PVD coatings) 

in an argon atmosphere. The aim of the tribometer tests was 

to determine the friction coefficient curves and manifestations 

of wear. The following methods were used for this:

 � Optical microscopy techniques

 � Profile tracing methods

 � SEM (scanning electron microscopy)

 � EDX (energy-dispersive x-ray spectroscopy)

Figs. 1 and 2 show the results of analysis of the tribometer 

tests.

results

The lowest coefficients of friction and the fewest adherent 

substances were obtained with material and coatings 

which contain tungsten – but only under the condition that 

there was a slight residual oxygen content in the inert gas 

atmosphere. This is to be explained by the formation of a thin 

friction-reducing tungsten oxide layer (Fig. 3), which can result 

in a halving of the coefficient of friction. This effect is to be 

deliberately exploited in the future. 

Coefficient of friction of various materials and coatings  

with TiAl6V4.

900 °C700 °C500 °C

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Coefficient of friction

WC

WC-6Co

TiCN-Mo2C-NiCo

WC-CO(Ti,Ta,Nb)C

Si3N4 polished

Si3N4 unpolished

Y2O3

WC-17%Co

WC-(W,Cr)2C-7%Ni

(Ti,Mo)CN-Ni

Cr3C2-25%NiCr
Forming sheets of high-strength titanium alloy, such as, Ti-

Al6V4, the titanium alloy must commonly used in the aviation 

industry, calls for temperatures of around 900 °C. A major 

problem is found with the tribological relationships between 

the titanium materials and the tool surfaces. Titanium has a 

marked tendency to stick to the tool (Figs. 1 and 2). Compo-

nents tear and excessive damage is caused to the component 

surface. This can be countered by using suitable materials and 

coatings for the tools. As part of the testing of tribological 

models at the Fraunhofer IST new findings have emerged 

regarding the tribological behavior of high-strength titanium 

alloys in contact with tool materials and coatings. From 500 °C 

or so, titanium has a strong tendency to absorb oxygen and 

nitrogen from the surrounding atmosphere, which means that 

an inert-gas atmosphere is required.

Tribometer tests

Pin-and-disk tests were carried out at temperatures between 

500 – 900 °C with TiAl6V4 and various materials (hard metal, 

tribologY oF HigH-strengtH titAnium 
AlloYs At 500 – 900 °C

1  Titanium adhesions 

on Si3N4.

2 Titanium adhesions 

on thermal spray coating 

Cr3C2-25 % NiCr.

3 Friction-reducing tungs-

ten oxide coating on WC-Co 

hard metal.
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Temperatures of about 900 °C are required for forming high-strength t i tanium al loys,  such as are used in 

the aerospace sector.  Extreme demands are placed on the tools here.  To develop suitable tool  mater ia ls 

and coat ings.  tr ibological  tests were carr ied out at 500 – 900 °C.

2 31
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for the further development of TiAlN-based coating systems 

by modifying with elements such as, for example, Cr and Si. 

The approach taken by Fraunhofer IST consists of a structural 

coating design built up from nano - or multilayers.

combining diverse properties

With this concept it is possible to produce coatings which have 

a high degree of hardness (> HV 4000) and wear resistance 

and also at the same time improved adhesive strength. 

A further advantage of nanostructured coating systems 

(CrAlTiN and CrAlTiSiN) is their considerably higher resistance 

to oxidation in comparison with TiAlN. Possible operating 

temperatures in excess of 1000 °C are smoothing the way for 

new applications under extreme conditions, such as in cutting 

hard-to-machine materials. The performance of the coatings 

developed has already been demonstrated in milling tests with 

nickel-based alloys.

outlook

To open up new fields of application tests are planned in 

various other areas. On the basis of the results obtained to 

date, the focus of current development work is on further mo-

difications with additional elements as well as modifications of 

the coating architecture. 

adaptation of tool coatings

Every new challenge, be this in machining hard-to-cut 

materials (for example, nickel-based superalloys, high-alloy 

steels or special types of cast iron) or in modern forming 

processes, calls for new tool coatings tailored to the individual 

application. With the trend towards higher cutting speeds and 

dry machining the high-temperature and oxidation stability of 

tools and coatings is of particular importance. Fraunhofer IST 

offers solutions for hard-coating systems which are individually 

tailored to the application in question in order to be able to 

satisfy future requirements in production as well.

Development of nanostructured coating systems

Different elements and phases can be flexibly combined 

by means of pulsed magnetron sputtering methods and 

deposited as a smooth and droplet-free coating. Currently 

this technology is used in the BMBF-funded NanoHM project 

nAnostruCtured HArd CoAtings For 
tools And HigH-temperAture AppliCA-
tions

1  Cutting edge of a hard-

metal cutting tool protected 

by a CrTiAlSiN coating.

2  Fracture photomicro-

graph of a nanostructured 

hard coating showing the 

layering structure.

3  Fracture photomicro-

graph for the resolution of 

individual layers.
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The tools used in industr ia l  manufactur ing must meet constant ly increas ing requirements.  Cutt ing tools in 

part icular are often exposed to temperatures above 1000 °C. Nanostructured tool  coat ings combine high 

hardness and wear res istance with an improved heat res istance in comparison with standard hard coat ings 

and thus make a valuable contr ibut ion to sat isfy ing the demands of future product ion.

2 31
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 � Warpage and loss of core hardness due to the minimum 
thermal input is not a problem

 � No tempering and / or mechanical reworking is necessary

Our project partner, the Bergakademie Freiberg Technical Uni-

versity, has been working successfully for many years in the 

field of electron beam surface hardening. 

outcome and benefits

A coated surface which has been surface-hardened locally, 

either beforehand or subsequently, is particularly resistant to 

peak point loads. The TiAlN coatings investigated within the 

context of our project which have different Ti/Al ratios exhibit 

adherence properties at least equally as good as those pro-

duced by a combination of nitriding and coating. Subsequent 

electron-beam hardening is of particular interest for those 

steels which would lose their hardness again during high-

temperature coating. Components treated in this way are es-

pecially suitable for the fields of solid-forming, cutting, guides 

and bearings as well as in the drive train.

Surface hardening and coatings

Surface hardening can increase the performance and the wear 

resistance of many components and tools, especially when 

through-hardening is not possible or not wanted. When this 

is combined with a hard coating the component gains a con-

siderable improvement in its wear properties. This effect has 

been known for a fairly long time with nitrided and coated 

tools (duplex method), as for example with tools used in sheet 

metal forming.

Surface hardening with the electron beam

Electron beam treatment offers some entirely new possible  

applications. The advantages:

 � Fast, precise positioning of the electron beam

 � Material-specific hardening

 � Coatings through which the beam passes remain for the 
most part unaffected

eleCtron beAm HArdening And HArd 
CoAting For HigHlY stressed tools 
And Components

With electron beam hardening i t  i s  poss ib le to se lect ive ly  harden steel  tools  and components – even 

through a PVD or PACVD coat ing.  As part  of  a project  funded by the DFG the Fraunhofer IST together with 

the Bergakademie Fre iberg is  invest igat ing methods combining coat ing and hardening which maximize the 

res istance of tools  and components to wear.

1 2

Generation of martensitic supporting layers for hard 

coatings for property optimization of outer layers by means 

of locally defined electron beam (EB) hardnesses.

EB X-ray EB 

Backscattered electrons

Secondary electrons, 
thermal electrons

Thermal
radiation

Thermal
conduc-

tion
Base material 

Absorption layer
Conversion layer

Thermally affected 
zone
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1 Result of the Rockwell 

adhesion test as per VDI 

3824, before electron beam 

treatment.

2 Adhesion test after elect-

ron beam treatment.
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In the business area “Energy, Glass, Facade” some of the developments the institute concentra-

tes 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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a-Si:H,B

Glass

a-Si:H

TCO (ZnO:Al)

a-Si:H,P
ZnO:Al

Ag

Hot-FilAment Cvd siliCon CoAtings 
For pHotovoltAiCs

1  Seven-chamber hot-wire 

CVD in-line coating system.

2 Structure of the pin 

thin-fi lm solar cell.
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Developments for thin-fi lm photovoltaics

In the fi rst step, the intrinsic a-Si:H layer, which is the heart of 

an amorphous silicon solar cell, was developed in the in-line 

HWCVD system. Following an evaluation of the bonding state 

of Si and H atoms (FTIR or Fourier transform infrared spec-

troscopy) in the layer and of the electrical properties of the 

coating under illumination (bright/dark conductivity), intrinsic 

a-Si:H layers were selected for use in a-Si:H solar cells.

In the second step the p- and n-doped (boron- and 

phosphorus-doped) amorphous silicon coatings were 

successfully developed and their electrical conductivity 

optimized fi rst. So far it has been possible to reach a specifi c 

conductivity of < 2 x 105 Ohm*cm for boron-doped coatings 

and 3 x 102 Ohm*cm for phosphorus-doped coatings. 

In collaboration with the Large-Area Coating department 

the fi rst solar cells were produced on areas measuring 

50 mm x 50 mm and 100 mm x 100 mm. The area of the cells 

varied between 0.1 cm2 and 1 cm2. Fig. 2 shows the coating 

system. The silicon layers were deposited in one pass through 

the in-line HWCVD system of the Diamond Technology de-

partment. The remaining layers were produced in the sputter 

coating process

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

coating technique for diamond fi lms. In comparison with 

well-proven plasma-supported coating methods it can offer a 

range of advantages even in the production of silicon-based 

coatings:

 � Low cost process due to high coating 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 (sensitive 
substrates)

At the Fraunhofer IST several hot-wire CVD systems are 

available for producing silicon-based coatings. Fig. 1 shows 

an in-line system with seven chambers in which three coating 

modules are equipped 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.

The hot-wire CVD coat ing method (HWCVD) is  a promis ing technology for the low cost  deposit ion of s i l i -

con-based coat ings.  Thin-f i lm solar  ce l l s ,  among other things,  are made from amorphous and microcrys-

ta l l ine s i l icon f i lms.

in-line system of the Large-Area Coating department. The 

results in Fig. 3 show I-U curve measurements for differently 

sized cells from one coating. To date, an initial effi ciency of 

approx. 5 percent has been achieved for a cell area of 1 cm2. 

outlook

Future work on the deposition of silicon-based fi lms for thin-

fi lm photovoltaics will cover on the one hand material optimi-

zation of the individual layers and of the solar cell as a whole; 

and on the other hand the development of a microcrystalline 

absorber coupled with high deposition rates. This will allow 

the making of micromorphous solar cells in the next step. In 

the fi eld of wafer-based photovoltaics work is currently in 

progress on coatings for the electronic passivation of silicon 

solar cells. The aim is to transfer the hot-wire CVD method for 

silicon-based coatings into industrial production processes.

Initial characteristic values of a solar cell processed at 

Fraunhofer IST.
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simulAtion oF vAporizAtion proCesses
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By way of example let us present a 2D simulation of the 

aluminum vaporization of four adjacent linear sources. The 

source width and the distance between the sources in each 

case measure 100 mm and at a distance of 800 mm from the 

sources there is a substrate 2 m wide. As can be seen from the 

aluminum pressure profile shown in  Fig. 1, the collision events 

between the vaporized aluminum atoms result in complex 

dynamic interactions close to the source. At a high vapor 

pressure these lead to detectable features in the resulting 

coating thickness profile (see graph). 

outlook

Advanced techniques such as multiphase vaporization 

processes bear even more complex interactions. Fraunhofer IST 

offers to support the development of advanced vaporization 

processes by means of simulation based optimization studies. 

modeling of vaporization processes

One special aspect in modeling vaporization processes is the 

wide pressure range which must be taken into consideration. 

While in most cases there is still laminar flow at the vaporizer 

source, the pressure drops rapidly even a small distance away, 

which means that there is a transition to molecular flow. 

These kind of flow cases are no more properly represented 

in continuum dynamics based on Navier-Stokes equation, 

instead the more generalized Boltzmann transport equation is 

required. For this purpose Fraunhofer IST developed a software 

for solving the Boltzmann equation via Direct Simulation 

Monte Carlo (DSMC) method on a statistical basis. Thanks 

to parallelization even large and complex problems can be 

processed. 

Vapor izat ion processes are an important a l ternat ive to plasma-aided deposit ion methods,  especia l ly  with 

sens i t ive substrates and precursors which could be damaged in plasma processes by highly energized 

part ic les.  Vapor izat ion processes are used among other things in web coat ing,  in coat ing sens i t ive semi-

conductor structures or in the vapor izat ion of organic precursors,  for  OLED displays.  Vapor deposit ion on 

large areas with good coat ing homogeneity is  a chal lenge. For this  reason the Fraunhofer IST offers  the 

poss ib i l i ty  of  model ing the vapor izat ion process in the sense of model-supported source development.

Interaction at high vapor pressure.
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optiCs, inFormAtion, 
CommuniCAtion
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.

ContACt
Dr. Michael Vergöhl

Phone + 49 531 2155-640

michael.vergoehl@ist.fraunhofer.de

Dr. Ralf Bandorf

Phone + 49 531 2155-602

ralf.bandorf@ist.fraunhofer.de



60

o P T I c S ,  I n F o r m a T I o n ,  c o m m u n I c a T I o n

61

Processes 

The production of p-TCOs calls for a two-stage process. In 

the first step the necessary chemical composition is deposited 

by a sputter process in the form of a thin film. The following 

processes have been used for this:

 � Hollow-cathode gas-flow sputtering

 � Reactive RF magnetron sputtering

During the subsequent annealing step at temperatures bet-

ween 600 °C and 1000 °C the amorphously deposited layers 

crystallize. Here, under defined process conditions, the desired 

crystal phase of the delafossite forms such that from a specific 

degree of purity p-type and transparent properties also occur.

materials

p-TCOs based on the so-called delafossite structure are being 

investigated at the Fraunhofer IST. The delafossite structure is 

a crystal structure which contains not negatively charged elec-

trons but positively charged charge carriers, so-called “holes”, 

as the main type of charge carrier. Delafossites contain these 

systems and others:

 � Cu-Al-O

 � Cu-Cr-O

These materials can also be mixed or doped to set the conduc-

tivity and mobility of the charge carriers.

p-tYpe trAnspArent CoAtings For 
trAnspArent eleCtroniCs

1  Transparent TFTs on PEN 

sheeting, made at Uninova, 

Lisbon.

2 Cu-Cr-O system on glass, 

made at the Fraunhofer IST.

ContACt
Dipl.-Phys. Christina Schulz

Phone +49 531 2155-571

christina.schulz@ist.fraunhofer.de

Dr. Bernd Szyszka

Phone +49 531 2155-641

bernd.szyszka@ist.fraunhofer.de

Transparent conduct ive coat ings (TCOs) are used in a wide range of everyday appl icat ions,  for  example as 

front e lectrodes in the displays of cel l  phones,  computer and te lev is ions or as front contacts in thin-f i lm 

solar  ce l l s  and organic LEDs.  Unt i l  now these mater ia ls  have been n-type semiconductors.  With a v iew to 

giv ing other areas of semiconductor e lectronics for dr iv ing components a see-through des ign, sc ient ists  at 

the Fraunhofer IST are conduct ing research into the product ion of p-type TCOs. The object ive is  comple-

te ly  t ransparent products in semiconductor e lectronics.

1 2

outlook

Further work will look at the applicability of the p-TCOs in 

semiconductor electronics. Here it is planned to produce 

transparent p-n junctions using established n-TCOs. 

Electrical and optical properties of p-TCOs made at the 

Fraunhofer IST.

System Cu-Al-O Cu-Cr-O

Tmax�[°C] 1000 700

TVIS�[%] 30 49

p�[Ωcm] 108 29

nH�[cm
-3] 6 x 1015 9 x 1018

μH�[cm
2/Vs] 9,2 0,035
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 � Controllable plasma intensity

 � Individually adjustable mixing ratios for the materials

With this method, materials which are of interest for the ultra-

violet wavelengths particularly be deposited by the co-process, 

such as the differently refracting materials hafnium oxide or 

zirconium oxide (high refractive) and aluminum oxide or silicon 

oxide (low refractive index). It was possible in this way to redu-

ce the high coating roughnesses and thin-film stress occurring 

with sputtering of the high-refractive-index oxides. The quality 

of interference filters is thus markedly improved since there is 

less loss due to scattering.

outlook

This process is suitable not only for scientific investigation but 

also for production processes. Since two pure materials can 

be mixed in any ratio, fundamental research is made easier. 

Industrial users profit from the high flexibility since different 

requirement profiles can be adressed for without material 

changes and without installation system downtimes. With this 

The production of optical coating systems by means of 

magnetron sputtering techniques is becoming increasingly 

important in the industrial sector. At the same time the 

requirements of filters are becoming more and more complex 

such that possibilities are limited by individual established 

materials. Until now the only possibility for mixing oxides 

in the sputtering field was by working with rate-restricting 

ceramic targets, expensive radio frequency methods or equally 

expensive special preparations of mixed materials.

Innovative control method for pulse processes

The Pulse Pattern Controller 2 (PPC2) for stabilizing pulsed 

sputter processes has been developed in collaboration with IFU 

Diagnostic Systems GmbH. Its advantages at a glance: 

 � Different pulse patterns, durations and pause times

 � Process control via optical plasma emissions or oxygen 
partial pressure

 � Sputtering from two different targets in one process at high 
rates

reACtive sputtering oF mixed oxides 
For optiCAl CoAtings
Metal  ox ides are a c lass ic  component of opt ica l  f i l ters ,  which are used, for example,  in laser systems, 

specia l  microscopes and spectrometers.  Requirements are demanding: substrates should not warp and 

only the very s l ightest  l ight scatter  should occur.  New f i lm propert ies result  f rom the co-deposit ion of 

establ ished coat ing mater ia ls .  Cout ing stresses that cause distort ion and surface roughnesses that lead to 

scatter  can be reduced. At the Fraunhofer IST a coat ing process based on react ive and pulsed magnetron 

sputter ing has been developed for this ,  opening up an ent i re ly  new range of appl icat ions.

1 2

procedure new coating materials with optimized optical and 

mechanical properties will be developed in the future as well 

at the Fraunhofer IST.

Depth profile analysis (SIMS) of a 100 nm thick mixed oxide 

consisting of hafnium oxide and zirconium oxide on silicon 

wafer which was deposited by the process described here.
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1  Adjustment of the 

optical path for plasma 

spectroscopy.

2  The Pfeiffer Balzers 

PLS580 deposition system is 

used for the production of 

mixed oxides.
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 � Sputtering performance up to 20 kW per meter and target

 � Spectral and monochromatic transmission monitoring 

 � Process automation by MOCCA+

 � RF plasma source

 � Substrate heating up to 300 °C

First results

Extremely good results were already being achieved in the 

fi rst test series regarding reproducibility. In a fi rst test the 

reproducibility of a band-pass fi lter was determined by using 

the position of an edge. Fig. 3 shows results from three con-

secutive tests while Fig. 4 shows reproducibility from carrier 

to carrier within a single batch. In both cases time-controlled 

processes are involved.

what we can offer

The Fraunhofer IST supports its clients with its own coating 

installations, a broad and varied range of analytic services and 

years of experience in dealing with current problems, new 

challenges or in prototyping optical fi lter systems – from the 

very fi rst step to the fi nished fi lter.

enhanced optical sputtering system – eoSS

With the new designed sputtering system EOSS, the 

Fraunhofer IST did a step forward in high precision optical 

coatings. The coatings are applied in up to three chambers by 

means of magnetron sputtering. Rotatable targets are used as 

source material. Unlike their planar counterparts they have a 

much more stable distribution function as they do not suffer 

from target errosion. In order to reduce particles the whole 

setup was designed as a sputter-up system. In this case the 

substrates are coated from below, preventing bigger particles 

from sticking on the substrate surfaces. Finally the system is 

equipped with a plasma source for material and substrate 

treatment as well as a high-performance heating system.

Technical data

 � Magazine system for substrate carriers

 � Full loading of the coating machine from atmosphere to 
1x10-6 mbar air-lock pressure, including exchange procedu-
re in less than 20 minutes

 � 10 substrate carriers with a utilizable diameter of 200 mm 
and a thickness of 30 mm

 � Basic pressure < 1x10-7 mbar, can be reached within 24 hrs 
after closing the coater for maintenance

enHAnCed optiCAl sputtering sYste-
minnovAtive sputtering sYstem For 
optiCAl preCision CoAtings: eoss

The high requirements to opt ica l  prec is ion coat ings are increas ing cont inuously.  In addit ion to the cost  of 

product ion,  reprodic ib i l i ty  and a low amount of part ic le contaminat ion play a key role in successful l  pro-

duct ion processes.  With the EOSS sputter  system developed in col laborat ion with FHR Anlagenbau, the 

Fraunhofer IST is  breaking new ground in the manufacture of interference coat ings. 

21

Reproducibility of the edge position from batch to batch.
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1  EOSS sputtering system 

at the Fraunhofer IST

2  View of the rotary table 

from above.
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was designed. Coupled with special measirement and trigger 

electronics measurement times of 500 µs can be realized with 

accuracies of ± 1,6 µs.  Fig. 4 shows a typical measurement at 

full measurement speed. Fig. 5 shows the transmission curve 

calculated from this. All coating plant functions relevant to the 

process can be controlled by MOCCA+ ®. 

 

what we can offer

The Fraunhofer IST is a competent partner in the implementa-

tion of monitoring systems tailored to individual requirements. 

Apart from standard solutions MOCCA+ ® can be adapted to 

the specifi c requirements and possibilities of coating systems 

which means that MOCCA+ ® can be used throughout the 

range extending from simple monitoring to complete process 

automation.

mocca+ ® – the advantages  

 � Monitoring: increase in the precision of deposition

 � Redesigning: optimization of the remaining layer stack for 
in-situ correction of layer thickness deviations

 � Process control: full automation and simplicity of use

 � Simple surfaces: management of coating formulas, material 
data and fi lter designs with just a few mouse clicks

 � Optical calculations: no further software is required

example of adaptation: eoSS

The system has been adapted to the EOSS coating installation. 

The challenge in this very coating system are the extremely 

short measurement windows. In order to ensure maximum 

light intensity, low angle of beam divergence and extremely 

short measurement times a mirror system (fi g. 1,2 and 3) 

moCCA+® – proCess AutomAtion And 
optiCAl monitoring
In order to increase the precis ion in opt ica l  prec is ion coat ings in-s i tu monitor ing is  typical ly  appl ied.  The 

monitor ing syste MOCCA+ ®,  which is  under cont innuus development for a couple years,  a l lows for a var i -

ety of measurement systems to be used to increase both the precis ion and the degree of automation in 

you coat ing processes.

1 2

Measuring the spectrum via a rotation of the EOSS coating 

installation.
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depends closely on the composition of the process gas. In 

pure argon the plasma-etched coating thickness in the PTFE is 

proportional to the duration of treatment. The addition of 5 

percent hydrogen to the process gas results on the other hand 

in a slight increase in thickness (bottom graph). The refractive 

index of the layers rises slightly, which is attributable to fl uo-

rine being replaced by hydrogen at the PTFE surface. Coating 

adhesion, which was measured by the cross-cutting adhesion 

test as specifi ed in DIN EN ISO 2409 and also by a simple tape 

test (on glass substrates), improves considerably even after just 

a few minutes of treatment.

outlook

The plasma treatment of PTFE coatings and substrates in 

an atmosphere containing hydrogen is a promising way of 

creating good coating adhesion. It becomes possible to use 

PTFE coatings even in optical and other layer stacks and new 

kinds of applications will open up.

experimental approach

Organic materials such as polymers are normally not suitable 

for deposition via sputtering methods since their electrical 

conductivity is too low and their molecular structure too 

sensitive for the high particle energies of a gas discharge 

plasma. PTFE is an exception here and at the Fraunhofer IST 

it is deposited with a conventional sputtering magnetron in a 

pure argon atmosphere. To improve adhesion on PTFE coatings 

the sputtering chamber used (top graph) was modifi ed so that 

the substrates could be treated with plasma with an RF power 

feed between two coating processes. To enable the following 

investigations into adhesion the PTFE layer was coated with 

tantalum oxide in the next step. Adhesion of Ta2O5-layers was 

successfully optimized by varying different treatment parame-

ters, such as duration of treatment, atmosphere and RF power.

results

The PTFE surface is etched by ion bombardment during 

plasma discharge. It is worth noting that the etching rate 

improved CoAting AdHesion on ptFe bY 
meAns oF plAsmA treAtment
RF-sputtered polytetraf luoroethylene (PTFE)  coat ings are highly transparent,  have a low refract ive index 

(n = 1.39) and are very e last ic .  Unfortunately other coat ings deposited on PTFE adhere only very poor ly . 

The a im of the development work carr ied out at  the Fraunhofer IST was to improve coat ing adhesion on 

PTFE surfaces.  This  opens up new areas of appl icat ion,  such as,  for  example,  opt ica l  coat ing systems or 

composite organic/ inorganic coat ings.

1

Adhesion as a function of treatment time.
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1  Sputtering chamber used 

for the experiments.
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The Fraunhofer IST has various process control methods at its 

disposal:

 � Closed-loop control on the oxygen partial pressure by 
means of a lambda sensor 

 � Closed-loop control on an emission line by means of a 
plasma emission monitor

Here the flow of oxygen can be adjusted directly via piezo-

valves or an effective adaptation of the power level can be 

implemented by adjusting the power applied. Even with HIPP 

processes this power adaptation is possible by regulating the 

off-times.

Film growth takes place layer by layer in order to further 

increase the dielectric strength. This results in the repeated 

emergence of new nucleation centers for the growth of the 

Aluminum oxide (Al2O3) is used as a thin film not only in 

optical and tribological applications but also as an electrically 

insulating layer. Because of the high plasma density desired, 

this thin layer is in most cases deposited from small cathodes 

using a high-frequency (HF) sputtering process. Scaling up 

HF sputtering processes is usually problematic since the HF 

generator power required is often not commercially available 

or is too expensive. An alternative is reactive sputtering using 

metallic targets. The Fraunhofer IST has investigated a number 

of different methods, including medium-frequency sputtering 

(MF) and highly ionized pulsed processes (HIPP processes). 

Thereby, the focus was on the insulation quality which is 

defined by the breakdown voltage. 

reactive processes for producing al2o3

Reactive processes offer the possibility of scaling up to larger 

(industrial) cathodes. These do however also require a suitably 

adapted active control technology. 

eleCtriCAllY insulAting CoAtings 
bAsed on Al2o3

Electr ica l ly  insulat ing coat ings form the foundat ion for an eff ic ient ut i l izat ion of sensors on technical 

surfaces.  Unt i l  now Al2O3 insulat ing layers have been deposited at  great expense by high-frequency sput-

ter ing processes us ing ceramic targets.  React ive sputter ing processes offer  an a l ternat ive which is  more 

eff ic ient regarding both energy and costs . 

1

next layer. Here the individual layers either consist of layer 

compositions selected to be slightly different from each other 

or were produced with different process parameters. With 

the aid of this technique and by stacking the Al2O3 layers, 

breakdown voltages in the 200 V / µm range were achieved. 

outlook

Reactive sputtering processes offer the possibility of producing 

insulating coatings on technical surfaces. Here development 

work is aiming at coatings which are more efficient regarding 

energy and costs, which can be upscaled further and which 

will at the same time have improved coating properties.

1  Industrial in-line coating 

system for producing electri-

cal functional layers.
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liFe sCienCe 
And eCologY
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 techno-

logy, food indus try, chemical industry and environmental technology.
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CleAning silver witH AtmospHeriC-
pressure plAsmA
Si lver  or  s i lver  a l loy surfaces discolor over t ime in a i r :  they become tarnished. The reason why tarnishing 

occurs is  to be found in the sens i t iv i ty  of  the s i lver  surface to sulfurous gases,  such as are present in smal l 

quant i t ies  in the ambient a i r.  Even at room temperature hydrogen sulf ide reacts with s i lver  to form s i lver 

sulf ide,  with brownish-black discolorat ions appear ing on the surface of the s i lver.

silver-plated objects and also for items which do not have a 

smooth and even surface. Every time the item is polished, 

some of its original substance is lost and thereby a part of the 

cultural heritage. 

Silver reduction in atmospheric-pressure plasma 

A discharge is ignited in a plasma nozzle working at 

atmos pheric pressure, carried outwards by the gas flow of 

a nitrogen-hydrogen mixture and brought into contact with 

the tarnished material. Due to the action of the reductive gas 

mixture the tarnished surface deoxidizes and the black discolo-

ration disappears. The major advantages of plasma treatment:

 � No loss of material

 � Cleaning of highly sensitive exhibits possible

 � Targeted local treatment 

 � Simple to use: the plasma nozzle is guided over the item 
like a pen

 � Easy to monitor – unlike low-pressure processes

application examples

This method is of interest for historical textiles in which textile 

and metal are present in a fixed, inseparable association – 

such as, for example, tapestries of silk and silver. Conventional 

cleaning methods not only result in loss of substance in the 

case of the silver but also have a damaging effect on the silk 

proteins. Plasma treatment can be a protective alternative 

here. Another area of application is very fragile objects which 

deform plastically under mechanical polishing. Since the 

atmospheric-pressure plasma process is a contactless method, 

silver sulfide can be removed without deforming the object.

outlook

To what extent other compounds occurring on silver objects, 

such as, for example, silver chlorides and sulfates, and even 

copper compounds, can also be reduced in the plasma is 

currently still under investigation. 

Preservation of cultural heritage

Works of art and other cultural objects are valuable witnesses 

in providing information about cultural movements, past 

customs, materials and technologies. Frequently, however, 

these objects are put at risk due to weathering, environmental 

influences, corrosion or microbial attack. In conjunction with 

five other Fraunhofer institutes the Fraunhofer IST, within the 

Cultural Heritage Research Alliance, is developing ways of 

using plasma technologies for preserving our cultural heritage 

and thus expanding the range of restoration methods. 

Scientists at the Fraunhofer IST have been researching for 

some time into the careful cleaning of silver by means of 

atmospheric-pressure plasma.

Problems in conventional silver polishing

The silver sulfide must be removed from time to time for the 

silver surfaces to gleam as they should. Conventionally, resto-

rers work here with an abrasive mixture of calcium carbonate 

and water, known as whiting. This method does, however, 

present problems, particularly for thin-walled, delicate and 

1-2  Silver-plated tea pot 

before and after a reductive 

treatment with atmospheric-

pressure plasma.

3  Stereomicrograph in 

6.5 x magnification of a 

textile with integrated silver 

threads.
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A

B

FluidiC sepArAtor For two-pHAse 
mixtures
Separat ing polar  and non-polar  mult iphase systems such as,  for  example,  mixtures of oi l  and water,  requi-

res the f lu id ic  phases to be separated. Normal ly  grav i ty  separators and skimmers,  centr ifuges and memb-

rane systems are used for this .  Integrat ing and operat ing them in chemical  and biochemical  processes as 

wel l  as in process water and c leaning insta l lat ions is  not poss ib le without a re lat ive ly  great deal  of  tech-

nical  effort  and out lay on energy.  For this  reason there is  great demand for cont inuous separators which 

have good separat ing performance coupled with stra ightforward process integrat ion.

effect of internal plasma coating

In structured and capped microfl uidic duct structures made 

of dielectric materials such as, for example, glass and plastics, 

plasmas can be ignited at atmospheric pressure plasma which 

permit all-round coating of the duct interior. Electric fi elds are 

generated by a.c. voltage by connecting up two electrodes 

at the top and bottom of the component. These fi elds are 

stronger than the ignition fi eld. By making a suitable choice 

of the gas or gas mixture which is to fl ow through the ducts 

the internal surfaces can be coated or activated as a post-

processing stage. This is illustrated in Fig. 1. If a gas with a 

coating precursor (red) is fed in through one inlet of a Y - duct 

structure (A)  and a non-coating gas (blue) is simultaneously 

fed in through the other inlet (B), only branch (A) will be 

coated. Coating on one side continues into the main duct due 

to the time required for thorough diffuse mixing (Fig. 2). If one 

proceeds with a different precursor in the same way as when 

coating inlet B, the result is that in a Y separator which has 

been surface-treated in this way a multiphase fl uid fl ow will 

be split at the end of the duct by the different surface tensions 

at the sides. This approach gives much better separation 

performance than do standard separators. Experiments with 

heptane/water and perfl uorodecalin/water mixtures have 

demonstrated this impressively. Fig. 3 shows with colored 

water how wetting is limited to the hydrophilic area. 

applications 

Possibilities for using these separators exist in the fi elds of pro-

cess water treatment, environmental engineering, chemistry/

biochemistry and droplet-based microfl uidics. The throughput 

obtained with small duct geometries can be compensated 

by means of a parallel arrangement of separator structures. 

Separating performance with different two-phase mixtures is 

currently being characterized at the Fraunhofer IST.

Separation methods

Methods of separating fl uid multiphase systems frequently 

exploit the difference in density between the liquids, such as, 

for example, centrifuges or separators. The effi ciency of these 

methods will depend on the magnitude of the density diffe-

rence. Another way of separating fl uid multiphase systems 

is to exploit the different surface tensions of the individual 

phases. Separators of this kind do not require dimensioned 

ducts or membrane structures which means that the individual 

fl uidic phases can come into contact with different surfaces. 

Different fl uidic phases can be separated by exploiting surface 

tension by passing the fl uid multiphase system through a duct 

structure which divides into a hydrophilic duct and a hydro-

phobic duct. Here the better the design and dimensioning of 

the duct structures (for example, as regards surface/volume 

and aspect ratio) correspond to the diameters of the fl uid 

segments (droplets) the more complete separation will be. By 

combining microstructuring techniques and surface coating 

methods, separating systems of this kind can be produced in 

a wide variety of materials.

1  Coating a separator 

(simulation with COMSOL® 

Multiphysics): Only branch 

A and part of the main duct 

are being coated. In the 

main duct the discharge is 

extinguished by the inert gas 

fl owing out of branch B.

2  Separation of a two-pha-

se mixture of oil and water in 

a microfl uidic Y-duct . 

3  Left-hand Y-structure: 

the white area is uncoated 

(hydrophilic). The gray area 

is hydrophobically coated. 

Right-hand Y-structure: only 

the dark-red area is wetted 

by the colored water.
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From tHe lAb into produCtion:  
FinisHing teCHniCAl textiles witH  
AtmospHeriC-pressure plAsmA

As the f ie lds of appl icat ion expand so too do the requirements made of mult ifunct ional  technical  text i les . 

Polyester  awning fabr ics ,  for  example,  must be dimensional ly  stable,  d i r t - repel lent and easy to c lean. 

Furthermore they must provide protect ion against  u l t rav io let  radiat ion whi le at  the same t ime having high 

l ightfastness.  Research is  going on at the Fraunhofer IST into a more eff ic ient product ion of these mult i -

funct ional  text i les . 

a mobile system (Fig. 1) from the Fraunhofer IST the first basic 

tests could be carried out at Schmitz-Werke GmbH + Co KG in 

Germany into the effect of treatment on wettability. It emer-

ged that in the case of the plasma-treated fabric the finish was 

distributed evenly and to the depth of the fiber cores between 

the individual yarn filaments (Fig. 2). The advantages at a 

glance:

 � Homogeneous distribution of finish in the bonded fabric

 � Less finish on the surface

 � Long-term stability finish effects

 � Improved technical properties, such as greater dirt repel-
lence, better watertightness, less tearing

Transfer to the technical scale

Together with SOFTAL Corona & Plasma GmbH the findings 

gained from the mobile plasma system of the Fraunhofer IST 

were transferred in the SOFTAL Plasma Competence Center to 

installations designed for roll goods. The results:

 � Markedly improved wetting of the finish down into the 
inner layers of the fabric

 � Minimization of the plasma dose due to exact matching of 
wet-chemical processing and plasma treatment

 � Saving a finishing step by process optimization in the field 
of wet-chemical finishing

 � Better technical properties overall

Technology transfer

The use of plasma technology meant that considerable opti-

mization of the processes in fabric finishing was possible. Due 

to the findings obtained from this project the Schmitz-Werke 

company invested in an atmospheric pressure plasma installa-

tion manufactured by SOFTAL for the production of technical 

textiles (Fig. 3). This installation went on-line successfully at 

the end of 2011. 

Finishing technical textiles

Finishing is a complex process in the production of fabric in 

which a variety of production steps and parameters have to 

be adjusted very precisely to each other and monitored. One 

production step of great importance to the desired multifunc-

tionality of awning fabric is the deposition of wet-chemical 

coatings (finishes). However, the polyester fabric used for the 

awnings is a relatively thin, compact and poorly wetting mate-

rial. During subsequent finishing this leads to low liquid pickup 

and thus is associated with high product concentrations in the 

finish. In addition a large proportion of this finish is left behind 

on the surface of the fabric where it forms a thick coating on 

the front and back and thus increases the risk of tearing. 

Plasma treatment at atmospheric pressure

As part of the µPlasTex (FKZ 13N9273 – 13N9277) joint project 

funded by the Federal ministry of Education and Research the 

effect of plasma treatment at atmospheric pressure on the 

wettability of polyester awning fabric was investigated. With 

1  Mobile flexible treat-

ment system at the Fraunho-

fer IST for plasma treatment 

by customers.

2  SEM micrograph of a 

polyester multifilament and 

a polyester single filament 

with SNC finishing.

3 Treatment station built 

by SOFTAL for double-side 

plasma treatment of polyes-

ter awnings at the Schmitz-

Werke company.
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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 microelectro-
nics

 � Oxide semiconductors

 � Insolation coatings

Super hard coatings

 � Diamond

 � Cubic boron nitride (cBN)

Friction reduction and wear protection

 � Amorphous carbon coatings (DLC) 

 � Diamond coatings

 � Hard coatings

 � Plasma diffusion

 � Dry lubricant coatings

analysis and testing

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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new AutomAted evAluAtion For 
tHe roCkwell test

The new evaluation method: the rockwell software

Used in combination with the image processing software 

developed at the Fraunhofer IST and at BAQ GmbH the 

Rockwell test is now considerably easier to use and more 

application-friendly. The advantages at a glance:

 � Automatic setting of the Rockwell indentation, image 
recording and evaluation of coating damage using image 
processing software

 � The program provides two further quantitative parameters 
for describing coating adhesion: the adherence index and 
the symmetry index

 � The major plus point is that all three parameters can be 

measured objectively and reproducibly

how the software works

First of all, coating adhesion is tested – in the normal fashion – 

with the Rockwell tester. The test indentation is then evaluated 

automatically by image processing software: detached parts of 

the coating are identified and quantified by making contrast 

comparisons.

The challenge: the rockwell test

For many years now the Rockwell test has been a very 

demanding but nevertheless an established test method in 

both industry and research for determining coating adhesion. 

Following this procedure a conventional hardness test is 

carried out on the coated component. In this way any damage 

to the coating on the margin of the Rockwell indentation is 

assessed qualitatively and assigned to an adherence class on 

the basis of a visual impression (guideline VDI 3198). However 

the Rockwell test unfortunately has various disadvantages in 

its application, such as, for example: 

 � No quantitative evaluation variables

 � Low reproducibility

 � Unsuitable for standardization

 � Requires experienced personnel

 � Complicated documentation

 � Cannot be automated

A new evaluation method has been developed at the Fraunhofer IST in conjunction with BAQ GmbH by which coating adhesion 

can be analysed automatically. Not only the analysis is automatic but the actual Rockwell test itself is also automated. With 

image processing software the coating adhesion of coated components is checked with reliability and no manual intervention.

1 2

1 Unit for fully-automatic 

coating adherence testing.

2 Sample-holder and eva-

luation unit of the coating 

adherence tester.

3 Example of an evaluated 

Rockwell indentation:  

the adherence index of 39.2  

corresponds to adherence 

class HF5.
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The Test – results, documentation and archiving

New adherence indices are assigned to the adherence classes 

with the new test. The adherence index is the coefficient 

obtained from the detached area and the projected Rockwell 

indentation area (Fig. 3). It takes into account not only the de-

tachment but also the substrate hardness and for this reason 

is of particular interest as regards a possible standardization of 

the adherence classes. The symmetry index is obtained from 

the distribution function in which the detached areas of the 

coating are represented as a function of angle. It provides 

information about whether the detached coating areas are 

evenly distributed along the Rockwell indentation or whether 

there are individual local detachments (Fig. 3; symmetry 

index = 2.9). The Rockwell test for coating adhesion is fully 

described with the two indicators, the adherence index and 

the distribution index. The results are written to an Excel 

file directly after evaluation, documented and archived. In 

addition, the test can be followed on-line via a connected PC 

network. 

3
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preCise determinAtion oF multilAYer 
CoAting tHiCknesses witH sims And xrr

determined and corrected. This yields a first approximation of 

the coating thicknesses of the individual layers. These values 

are then used as starting parameters for simulation of the XRR 

measurements, with density being assumed to be the same 

for all layers of the same material. The interface roughnesses 

are adjusted freely. Due to the start parameters which have 

already been determined relatively precisely a fit is obtained 

which delivers improved coating thicknesses for the multilayer 

system. This second approximation is then used to adjust the 

sputtering rates of SIMS measurement once again so that 

there is the smallest possible deviation from the XRR data. This 

alternating adjustment of the XRR and SIMS data is repeated 

two or three times until no more changes occur.

The results

Iterative adjustment of the data resulted in good agreement 

of the SIMS and XRR coating thicknesses with a mean 

deviation of only 1.8 nm or 3 percent (see graph). The XRR 

also delivered data about the density of the SiO2 2,4g / cm3 and 

the Nb2O5 (4,7g / cm3). These relatively high values are thought 

to be attributable to ion bombardment during the coating 

process. The interface roughness of the individual layers rises 

from 0.7 in the lowest layer to 2.4 nm in the topmost. Ex-situ 

ellipsometry measurements show a mean deviation of the 

coating thicknesses of 10 percent in comparison with the 

exact coating thickness measurement for optical filters

For spectrally selective optical filters, such as, for example, 

cutoff or band-pass filters, sputtering or vapor deposition me-

thods are used to alternately deposit low- and high-refractive-

index thin films following previously calculated designs (for 

example, SiO2 / Nb2O5). The challenge: the coating thicknesses 

previously calculated must be delivered exactly. Since in-situ 

measurements of the coating thicknesses (for example, by 

ellipsometry) are not precise enough, it is necessary to take 

measurements outside the coating process to ensure that the 

desired coating thicknesses have actually been achieved. For 

measurements of this degree of complexity two measurement 

methods have been combined at the Fraunhofer IST: secon-

dary-ion mass spectrometry (SIMS) and x-ray reflectivity (XRR). 

Neither of these methods is able on its own to find a solution 

since with XRR too many fit parameters arise and with SIMS 

the required accuracy is ruled out by the different sputtering 

rates of the materials, ion mixing and surface roughnesses. 

Only when the two methods are combined can all parameters 

be analyzed and determined with certainty. 

The measurement method

First of all an SIMS depth profile is prepared. With the aid  

of separate measurements of the individual materials (SiO2 / 

Nb2O5) the different sputtering rates of the materials are 

In the case of non-per iodic mult i layer coat ing systems with more than f ive indiv idual  layers i t  i s  d iff icult 

to determine precise ly  the thicknesses of the indiv idual  layers.  X-ray ref lect iv i ty  (XRR) on i ts  own fa i l s 

here due to the complexity of the evaluat ion.  However,  when combined with secondary- ion mass spectro-

metry (S IMS) i t  becomes poss ib le to determine precise ly  the thicknesses of more than 30 separate layers.

1 2

1 Cameca Quadrupol 

SIMS for secondary-ion mass 

spectrometry.

2 X-ray diffractometer 

for crystal structure analysis 

(XRD) and for x-ray reflectivi-

ty measurements (XRR).
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combined SIMS / XRR data, which means that the model will 

have to be further optimized. Basically the combined method 

functions with multilayer coatings with individual layers from 2 

to a hundred nanometers in thickness. The sole requirement is 

that the substrates must be ultra-smooth (glass or silicon wa-

fer). It does not matter here whether the layers are amorphous 

or crystalline, transparent or opaque. 

Coating thicknesses of the individual coatings measured in 

each case by XRR and SIMS.
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mPP – process control 

Generation of carbon ions in the plasma requires a high peak 

current within the macro-pulse. This is achieved by long pul-

se durations and very short off-times in the fi nal third of the 

macro-pulse. Measurements taken by optical emission spectro-

scopy show carbon ions in this area. 

The advantages

 � Peak power densities up to 330 W / cm² and peak current 
densities up to 0.6 A / cm² 

 � In addition to MPP excitation at the target a bias voltage 
can be applied to the substrate 

reactive mPP deposition of c-Dlc coatings

Carbon coatings as corrosion-resistant hard fi lms can be 

produced by sputtering with a graphite target. Various metals 

are used as an adhesion-promoting layer. Further coating 

modifi cations are possible by using acetylene as a reactive 

gas. Furthermore, when combined with a bias voltage at the 

substrate, the MPP method can yield coating hardnesses of 

more than 40 GPa (nanoindentation). Layer growth, structure 

and surface roughness can be set by varying pressure and the 

substrate bias voltage. What is special about the MPP coating 

methods is that coatings produced at low process pressures, 

with high bias voltages and a low percentage of acetylene 

exhibit glasslike structures coupled with the very highest 

coating hardnesses.

Intensity curves of excited particles in an MPP plasma, 

recorded by an optical emission spectrometer.
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modulated pulsed plasma

MPP processes are a modifi cation of high power impulse 

magnetron sputtering (HIPIMS), which has been intensively 

researched for a number of years now. While HIPIMS proces-

ses use very short pulses with extreme peak power levels to 

generate plasma, the MPP process works with macro-pulses 

consisting of several segments of micro voltage pulses. As 

with the HIPIMS method, the power level in the pulse is consi-

derably higher than with conventional methods. By varying the 

pulse duration or off-times in the individual pulse segments, 

different levels of current or current density can be generated 

at the target. A macro-pulse consists of a low- and a high-

ionized phase: 

 � The low-ionized phase is used for igniting and stabilizing 
the plasma

 � In the high-ionized phase greater numbers of ions are 
generated

mpp deposition oF C-dlC CoAtings For 
tribologiCAl AppliCAtions

1 2 43
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Diamond-l ike carbon (DLC) coat ings are very hard and res istant to wear and corros ion.  These propert ies 

make them eminent ly  suitable for appl icat ions in the f ie ld of tr ibology.  Deposit ion of C-DLC by the mo-

dulated pulsed plasma process (MPP),  a modif icat ion of high power impulse magnetron sputter ing HIP IMS, 

now opens up new poss ib i l i t ies  for  coat ing modif icat ion.

1 Graphite target.

2 Graphite target with 

addition of acetylene.

3 Graphite target with ad-

dition of acetylene and 400 V 

bias voltage.

4 Graphite target with 

addition of acetylene, 400 V 

bias voltage and low process 

pressure.
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In 2011 the Fraunhofer IST once again appeared on various platforms. An overview of the most 

important events and activities of 2011 follows:

 � Trade fairs and conferences

 � Workshops

 � 2nd International Conference on HIPIMS

 � Events

nAmes, dAtes, 
events 2011



90

n a m e S ,  D a T e S ,  e v e n T S  2 0 1 1

91

very thinnest sensor coatings can measure temperature or 

pressure even under extreme conditions not only precisely but 

also directly at the location of the event, such as, for example, 

when integrated into a ball screw drive for drive technology. 

26th eu PvSec

Hamburg, 5th – 8th September 2011. The Fraunhofer IST is 

researching into new thin films and coating processes for solar 

cell applications. To keep the price  of a thin-film solar cell only 

one micrometer thick as low as possible while maintaining a 

high quality the Fraunhofer Institute for Surface Engineering 

and Thin Films IST has developed a number of different 

methods which can improve individual steps in production. At 

the accompanying exhibition of the 26th EU PVSEC, the Euro-

pean Photovoltaic Solar Energy Conference, in Hamburg the 

Fraunhofer IST presented these new processes and methods 

on the Fraunhofer joint stand.

8th aePSe 2011

Dalian, China, 19.– 22. September 2011. Wissenschaftler 

des Fraunhofer IST haben auf der »8th Asian-European 

Conference on Plasma Surface Engineering AEPSE« neueste 

Entwicklungen und Technologien des Jahres 2011 einem 

internationalen Publikum vorgestellt. Prof. Dr. G. Bräuer, 

Institutsleiter des IST, eröffnete eine Reihe von neun Plenar-

vorträgen mit einem Vortrag zu Technologien, Verfahren und 

Anwendungsbereichen der Schicht- und Oberflächentechnik, 

wie z. B. der Architektur- und Automobilindustrie.

Tco Topical conference in korea

Incheon, South Korea, 4th – 6th October 2011. In collaboration 

with the US Society of Vacuum Coaters (SVC) and the Korean 

Institute of Surface Engineering (KISE) the first International 

Symposium on Transparent Conductive Coatings: Display 

trAde FAirs And ConFerenCes and Solar Applications was held in  November 2011. At this 

two-day event with around 70 participants and a high quality 

of papers delivered by experts from Europe, the USA and Asia, 

current research work into the field of transparent conductive 

oxides (TCOs) was presented. Following this successful debut, 

a joint conference will now be held in three years‘ time.

lG Paju Display cluster in korea

Paju, South Korea, 4th November 2011. As part of a Fraun-

hofer delegation headed by Prof. Bullinger, President of the 

Fraunhofer Society, the Fraunhofer IST visited the LG Display 

Cluster in Paju on the border with North Korea. Particularly 

impressive was the tour of a fully-automated production line 

for the manufacture of TV displays. In the Fraunhofer seminar 

which followed, the Fraunhofer HHI, ISC, IPA, FIRST institutes 

and the IST presented their solutions for individual LG Display 

research areas. The IST was represented here by Wilma 

Dewald and Prof. Wolfgang Diehl. 

Surface Protective coatings Symposium in Indien

Bangalore, India, 7th – 9th December 2011. At the invitation of 

Prof. Khanna of the Indian Institute of Technology (IIT) and the 

German Engineering Federation (VDMA) Prof. Wolfgang Diehl, 

deputy director of the Fraunhofer IST, presented a full-session 

paper at the International Symposium on Surface Protective 

Coatings and Indo-German Conference on Surface Enginee-

ring on the topic of functional coatings produced by plasma 

processes. During the course of the conference an agreement 

regarding concrete collaboration with the Indian Institute 

of Technology in Indore was concluded: the Fraunhofer IST 

will assist in setting up and running the Surface Engineering 

Centre. A memorandum of understanding will be signed in 

March 2012. 

hannover Fair 2011

Hannover, 4th – 8th April 2011. At the 2011 Hannover Fair the 

Fraunhofer IST together with the Fraunhofer Photocatalysis 

Alliance, the Fraunhofer IWM and ILT presented many 

practical examples and innovative approaches for the latest 

applications of surface and thin film engineering. For example, 

carbon-fiber-reinforced plastic antennae metallized by the 

Fraunhofer IST and thus conductive are flying into space for 

the first time, panes of glass become transparent displays 

and thin, diamond-like carbon coatings help to save fuel. The 

Fraunhofer IST was present not only on the joint stand of the 

Surface Technology trade fair which takes place every two 

years but also on the joint stand of the Fraunhofer Society. 

With a Kawasaki Ninja motorbike as the focus, scientists from 

the Fraunhofer IST demonstrated possible applications for 

thin films in the automobile. At the Fraunhofer Adaptronics 

Alliance the IST showed how the use of thin films  could make 

adaptronic and sensorized components even more widespread 

and less expensive. 

laSer 2011

Munich, 23rd – 26th May 2011. At the LASER – World of 

Photonics the Fraunhofer IST showcased its expertise in the 

field of thin optical coatings for applications in manufacturing 

technology, laser technology, medical technology, displays and 

communications technology. Optical coating systems for die-

lectric filters were presented as also the MOCCA+ monitoring 

module for in-situ process control for optimum coating results. 

SenSor+TeST 2011

Nuremberg, 7th – 9th June 2011. At the SENSOR + TEST 

measuring technology fair the Fraunhofer IST as part of the 

Fraunhofer Adaptronics Alliance showed the latest results of 

researches into piezoresistive thin-film sensor systems. The 

1 At the 2011 Hannover 

Fair, Dr. Saskia Biehl, head 

of Micro- and Sensor Tech-

nology, presented a guitar 

which includes a piece of 

Fraunhofer IST technology: 

integrated sensor technology 

translates complex playing 

techniques into digital con-

trol signals.

2 Part of the Fraunhofer 

IST presence at the 2011 Han-

nover Fair.

3 Organizers and partici-

pants of the TCO Topical 

Conference in South Korea.

1 2 3
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worksHops
“cutting new materials cost-effectively”

Regensburg, 6th – 7th June 2011. The aim of the OTTI technical 

forum was to discuss new materials for high-performance and 

competitive products. This scientific platform, chaired by Dr. 

Lothar Schäfer, head of the Diamond Technology department 

at the Fraunhofer IST, looked at among other things strategies 

for the economically efficient machining of new materials 

such as, for example, high-strength steels and alloys, light 

metal alloys based on aluminum and magnesium, titanium- 

and nickel-based alloys, composite materials and hard and 

brittle materials. Other topics included the resource efficiency 

of machine tools, high-performance cutting (HPC) and dry 

cutting, innovative cutting materials and tool concepts, tool 

coatings and industrial praxis in cutting new materials.

InS conference “Dlc and cvD diamond: carbon films on 

the road to national and international standardization”

Braunschweig, 26th October 2011. At the “Innovations 

with standards – INS conference” the aim was to lay out 

the current status of the industrial utilization of amorphous 

carbon coatings (diamond-like carbon or DLC) and CVD 

diamond films which are available worldwide in a large 

number of variants, to present the current national standards 

for these classes of coating and to outline standardization 

approaches and activities throughout the world. This technical 

conference was held at the Fraunhofer IST and was organized 

by the Deutsches Institut für Normung e.V. together with the 

Fraunhofer IST and the Fraunhofer Institute for Production 

Systems and Design Technology (IPK).  

24th and 25th meetings of the “Tool coatings and cutting 

materials industry work group”

Berlin, 24th March and Braunschweig, 27th October 2011. 

This year too once again saw two meetings of the “Tool 

coatings and cutting materials industry work group”. At the 

seminars – held at the Production Technology Center in Berlin 

and the Fraunhofer IST – well-known experts from industry 

and research presented the latest findings and developments 

in the production and use of coated cutting tools and cutting 

materials. Attenders heard an interesting selection of papers, 

including some dealing with nano-hard metals, nanocrystalline 

tool coatings, cutting edge preparation, CVD TiAlN, ceramic 

cutting materials and elevated-temperature cast steel 

materials  – cutting with minimum lubricant quantities. In the 

accompanying industrial exhibitions products for checking 

1

coating thickness and adhesion and wear resistance were 

showcased as well as digital microscopy products. 

2nd “Sputtered strain gauges” industrial workshop 

Braunschweig, 29th November 2011. Sputtered thin film 

strain gauges (DMS) have a large number of advantages as 

compared with conventional film DMS. 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 

piezoresistive coatings in comparison with conventional metal 

combinations. The latest developments and results of research 

were presented and discussed at the 2nd “Sputtered strain 

gauges” industrial workshop. In addition the workshop provi-

ded attenders from business and science with a joint platform 

for discussions and networking. 

. 

1 Dr. Jan Gäbler, a scientist 

from the Fraunhofer IST, 

chaired the 25th meeting of 

the “Tool coatings and cut-

ting materials industry work 

group” in Braunschweig.
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growing interest in HIPIMS technology was also evident in the 

number of attenders. The 160 persons present represented 

an increase in attendance of around 33 percent. They came 

from 25 different countries and spanned every continent. The 

accompanying industrial exhibition was used by 19 companies 

to present their products in the fields of pulse generators, 

plasma diagnostics, sputter sources, target materials, HIPIMS 

process control as well as HIPIMS coating installations with the 

corresponding processes.

With more than 50 high-quality papers the program enjoyed 

an enthusiastic reception from the specialists. The news that 

the technology had arrived in industrial production was em-

phasized by the first technical session in which representatives 

from different companies described the state of the art and 

the first HIPIMS quantity production processes. With HIPIMS, 

for example, the service life of milling tools can be increased 

by more than 50 percent. Disposable inserts can be uniformly 

coated or stresses in coating set exactly – with the result that 

the service life of the coated components is considerably 

extended. Applications, such as an icefree automotive wind-

screen which renders ice scrapers unnecessary in winter, are 

also for the first time becoming possible for production on 

the industrial scale. Contributions from experts with global 

reputations ranged from physical fundamentals, experimental 

investigations, theoretical modeling and simulation, to actual 

applications.

Beforehand the Society of Vacuum Coaters (SVC) offered va-

rious short courses on the subject of the conference. Together 

with high-grade, international experts, the course attenders 

were able to discuss different aspects of the methodology at 

the Fraunhofer IST.

Since thin films are a key component in many innovative 

products such as energy-efficient windows, flat-panel displays, 

sensors or hard coatings in the field of tool finishing or the 

automotive sector, as well as countless products in daily life, 

manufacturing processes are subject to continuous further 

development. A new generation of cathodic sputtering is 

delivered by impulse technology: in particular, processes using 

high-energy impulses make deposition with ionized coating 

material possible. Due to its successes high power impulse 

magnetron sputtering (HIPIMS) is one of the technologies of 

the future, has been researched for about ten years and is 

currently opening the way to industrial coating processes.

Following the successful debut of the International Conference 

on Fundamentals and Applications of HIPIMS in July 2010 

in Sheffield, UK, the second HIPIMS conference was held 

in Braunschweig from 28th – 29th June 2011. In a total of 

37 scientific papers and 14 posters the latest developments 

were discussed and ideas for the future exchanged. The 

2nd internAtionAl ConFerenCe on 
Hipims
From 28th – 29th June 2011 the second international conference on high power impulse magnetron sputtering (HIPIMS) was held 

in Braunschweig. This gathering of experts centered on applications and research questions associated with HIPIMS technologies 

was organized this year for the second time by the INPLAS eV competence network in collaboration with the Fraunhofer IST and 

Sheffield Hallam University.

1 Conference attenders in 

front of Braunschweig City 

Hall. 

2 The individual sessions 

of the 2011 HIPMS con-

ference were consistently 

well-attended.

1 2
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events
Professorship In South africa

The Tshwane University of Technology (TUT) in Pretoria, South 

Africa has appointed Wolfgang Diehl, acting director of the 

Fraunhofer Institute for Surface Engineering and Thin Films IST 

as extraordinary professor of the Faculty of Engineering and 

Regional Planning. This appointment is an acknowledgement 

of the years of good scientific collaboration as also of his effort 

and engagement in setting up the RETECZA program. The 

TUT appoints extraordinary professors in recognition of proven 

specialist abilities as well as for outstanding achievements 

in research and teaching. Professor Diehl has been actively 

involved in the academic program by guest lectures, scientific 

exchanges and also his outstanding commitment in setting 

up the RETECZA program. On 9th May 2011 the document 

of appointment was presented by Prof. Laurens van Staden, 

Vice-Chancellor of the TUT, at the launch of the “Wind Power 

Africa 2011” international conference in the presence of 

the German General Consul Hans-Werner Bussmann. The 

Tshwane University of Technology (TUT) was founded in 2004 

and with around 60,000 students is by far the largest institute 

of higher education in southern Africa. 

on the track of thin films: the kIwIs are coming!

On 24th October 2011 the Fraunhofer IST greeted seventeen 

schoolchildren of the 5th – 10th grades. Under the slogan “Plas-

ma illuminates – on the track of thin films” the youngsters 

were given a tour of the institute as part of the vacation acti-

vities program “KIWI – researcher days for the curious” of the 

Braunschweig House of Science. They learnt more about thin 

films, their coating possibilities and their molecular structure.

Fraunhofer IST employee gives life

Sebastian Jung, who works at the Fraunhofer Institute for 

Surface Engineering and Thin Films IST, has made a new life 

possible for a leukemia patent by making a peripheral stem 

cell donation. The Fraunhofer IST gave Sebastian Jung its full 

support. Director Prof. Dr. Günter Bräuer relieved him of all 

duties for the duration of the operation and thus made the 

donation possible. “We welcome the social engagement of 

our employees”, said Prof. Bräuer. “In his commitment and 

readiness to help Sebastian Jung is an example to us all.” 

Sebastian Jung works at the Fraunhofer IST as a physics lab 

assistant in the large-area coating department.

Training Day

On 29th September 2011, as part of the “JobCompass light” 

program organized by the Federal Labor Agency the Fraunho-

fer IST presented the training courses for physics lab assistant 

and for surface coater. Training in either job has been available 

at the institute for many years. The courses offer young people 

an entry into the Fraunhofer world with engineering at the 

very highest level. This event took place in the old rotary press 

shop of the Braunschweiger Zeitungsverlag.

The arpker waldzwerge kindergarten wins the  

Fraunhofer “kids kreativ!” competition

With its “Waldkindergarten mechanical helper” or the WAKI 

machine for short, the Arpker Waldzwerge forest kindergarten 

in Lehrte, attended among others by Nils Thomas (6 years old), 

son of Fraunhofer IST employee Dr. Michael Thomas, won one 

of the two first places in the Fraunhofer “Kids kreativ!” kinder-

garten competition. Only materials from nature were used for 

the WAKI machine. Driven by wind power it not only waters 

flowers and cleans windows but also entertains children and 

thus takes work off carers. Nils‘ father initiated and accom-

panied the project in the kindergarten. The Fraunhofer “Kids 

kreativ!” competition invites young researchers aged between 

three and six years old from daycare centers near the Fraunho-

fer to develop ideas around future-related topics.

1 Bob Bond, Institute for 

Advanced Tooling at the 

Tshwane University of Tech-

nology, South Africa, and 

Prof. (TUT) Wolfgang Diehl, 

Fraunhofer IST.

2 High concentration: 

youngsters on the track of 

thin films during KIWI day at 

the Fraunhofer IST.

3 The Arpker Waldzwerge 

children with their Forest 

Kindergarten Mechanical 

Helper.

1 2 3
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With its research and development activities the Fraunhofer Institute for Surface Engineering 

and Thin Films IST forms a part of various internal and external networks which function with 

different points of emphasis in the field where business, science and politics interact and even 

clash. Within the Fraunhofer Society the institute pools its competences with those of other 

Fraunhofer institutes in, amongst other things, the Fraunhofer Light & Surfaces Consortium and 

in various Fraunhofer alliances in order to be able to offer customers and partners optimal - and 

even cross-technology - solutions for their specific tasks.

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

this reason the institute networks intensively with educators, students and schoolchildren in 

order to arouse an enthusiasm for the natural sciences and engineering at an early age and to 

encourage the upcoming generation of scientists.

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 

experience they have acquired.

The Fraunhofer-Gesellschaft is a recognized non-profit 

organization that takes its name from Joseph von Fraunhofer 

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

entrepreneur.

Research of practical utility lies at the heart of all activities 

pursued by the Fraunhofer-Gesellschaft. Founded in 1949, 

the research organization undertakes applied research that 

drives economic development and serves the wider benefit of 

society. Its services are solicited by customers and contractual 

partners in industry, the service sector and public administra-

tion.

At present, the Fraunhofer-Gesellschaft maintains more than 

80 research units in Germany, including 60 Fraunhofer Institu-

tes. The majority of the more than 20,000 staff are qualified 

scientists and engineers, who work with an annual research 

budget of €1.8 billion. Of this sum, more than €1.5 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.

Internationale Niederlassungen sorgen für Contact zu den 

wichtigsten gegenwärtigen und zukünftigen Wissenschafts- 

und Wirtschaftsräumen.

Affiliated international research centers and representative 

offices provide contact with the regions of greatest impor-

tance to present and future scientific progress and economic 

development.

tHe FrAunHoFer-gesellsCHAFt  
At A glAnCe
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competence by networking

Six Fraunhofer institutes cooperate in the Fraunhofer Group 

Light & Surfaces. Co-ordinated competences allow quick and 

flexible alignment of research work on the requirements of 

different fields of application to answer actual and future 

challenges, especially in the fields of energy, environment, 

production, information and security. This market-oriented 

approach ensures an even wider range of services and creates 

synergetic effects for the benefit of our customers.

core competences of the group 

 � Surface and coating functionalization

 � Laser-based manufacturing processes

 � Laser development and nonlinear optics

 � Materials in optics and photonics 

 � Microassembly and system integration

 � Micro and nano technology 

 � Carbon technology

 � Measurement methods and characterization

 � Ultra precision engineering

 � Material technology

 � Plasma and electron beam sources

Fraunhofer Institute for applied optics and Precision  

engineering IoF, Jena

The Fraunhofer IOF develops solutions with light to cope 

foremost challenges for the future in the areas energy and 

environment, information and security, as well as health care 

and medical technology. The competences comprise the entire 

process chain starting with optics and mechanics design via 

the development of manufacturing processes for optical and 

mechanical components and processes of system integration 

up to the manufacturing of prototypes. Focus of research is 

put on multifunctional optical coatings, micro- and nano-

optics, solid state light sources, optical measurement systems, 

and opto-mechanical precision systems.

Fraunhofer Institute for electron beam and Plasma  

Technology FeP, Dresden

Electron beam technology, pulse magnetron sputtering and 

plasma activated high-rate deposition are the core areas of 

expertise of Fraunhofer FEP. Our business units include vacuum 

coating, surface modification and treatment with electrons 

and plasmas. Besides developing layer systems, products and 

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

technologies for coating and treatment of larger areas at high 

productivity. Our technologies and processes are applied in 

the fields of mechanical engineering, solar energy, biomedical 

engineering, environment and energy, for architecture and 

preservation purposes, in the packaging industry, for optics, 

sensor technology and electronics as well as in agriculture. 

Fraunhofer Institute for laser Technology IlT, aachen

The Fraunhofer Institute for Laser Technology ILT is worldwide 

one of the most important development and contract research 

institutes of its specific field. Our technology areas cover the 

following topics: laser and optics, medical technology and 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. 

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.

Fraunhofer Institute for Physical measurement  

Techniques IPm, Freiburg

Fraunhofer IPM develops and builds optical sensor and 

imaging systems. These mostly laser-based systems combine 

optical, mechanical, electronic and software components to 

create perfect solutions of robust design that are individually 

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

field of thermoelectrics, the institute has extensive know-how 

in materials research, simulation, and systems. Fraunhofer IPM 

also specializes in thin-film technologies for application in the 

production of materials, manufacturing processes and systems. 

Fraunhofer Institute for material and beam Technology 

IwS, Dresden

The business areas joining, cutting and surface technology 

are the main foci of the Fraunhofer Institute for Material and 

Beam Technology IWS. The research and development acti-

vities 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. 

FrAunHoFer-verbund ligHt & surFACes

ContACt
GrouP chaIrman 

Prof. Dr. Andreas Tünnermann

Albert-Einstein-Straße 7

07745 Jena

Phone +49 3641 807-201

GrouP aSSISTanT 

Susan Oxfart

Phone +49 3641 807-207

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

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

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

chi ldren with an interest  in the f ie lds of research carr ied out at  the Fraunhofer IST is  an important part  of 

the inst i tute‘s  work.

knowledge – 14 girls and 6 boys – spent a whole day in the 

fascinating daily research routines of the two Fraunhofer 

institutes. At the Fraunhofer IST they learnt how to metallize 

plastic films by the atmospheric-pressure plasma process. 

Films of this kind are normally used in engineering as flexible 

circuit paths. At the end of day the youngsters could take 

their coated films home with them and hopefully the scientific 

spark has started a fire burning in a few of them.

Physiklaboranten.de

In the autumn of 2011, www.physiklaboranten.de, the joint 

training platform of the Fraunhofer Society, the PTB and 

the Technical University of Braunschweig, went on-line. The 

starting shot for this training portal was given at a large event 

at the end of September attended by around 80 interested 

students from three different grades at Braunschweig‘s Kleine 

Burg High School, combined with a number of lectures by 

the Fraunhofer IST‘s management and a guided tour through 

the machine rooms and laboratories. What is special about 

the website is that trainees and trainers report there very 

personally about their dream jobs. You can find out more on 

the page 106.

kIwI vacation care

The Fraunhofer IST has participated for the first time in the 

KIWI Researcher Days for the Curious program organized by 

the Braunschweig House of Science and aimed at children 

during their school vacations. Under the slogan “Plasma illu-

minates – on the track of thin films” around twenty children 

aged between 10 and 14 were accompanied on an exciting 

journey into the world of surface engineering and thin films.  

They saw the Fraunhofer IST laboratories, enormous coating 

installations, yellow rooms and plasmas igniting. In a large 

number of tests, demonstrations and hands-on activities the 

youngsters learnt about where thin films are needed, why they 

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

a “selected place” for high-school students as well

In 2011 the Fraunhofer IST was awarded the title of “Selected 

Place in the Land of Ideas”. With the aim of achieving greater 

integration of interested high-school girls and boys into the 

institute‘s research work, this event also saw the award of 

prizes to 25 high-school students from the Integrated Compre-

hensive School (IGS) in Peine. They were given the opportunity 

of getting to know the institute better in a guided tour. 

The subject of encouraging young talent has run like a red th-

read through 2011 and has manifested itself in many different 

events, guided tours and practical courses. Looking back:

Pinut – practical courses in science and technology for 

high-school girls

With the aim of interesting high-school girls in particular in 

studying science, the Fraunhofer IST in 2011 took on four 

high-school girls in a multi-stage practical course as part of 

the Pinut program sponsored by the Braunschweig Colleges 

Association. “What I liked best was that we were able to gain 

a lot of practical experience. Right from the first day we were 

included in the life of the institute and for example, were 

able to help repair an installation. At the end it was working 

again and we were more than a little proud of ourselves”, says 

Madita Giesecke who was on the Pinut course. 

Day of the future for young men and women at the 

Fraunhofer IST

Every year the Fraunhofer IST together the Fraunhofer WKI 

open their doors as part of the “Day of the future for young 

men and women” with the aim of arousing an enthusiasm 

for science in high-school boys and girls. Wearing lab coats 

and eye shields a total of twenty high-school kids eager for 

1  A community service: 

www.physiklaboranten.de 

goes on-line at the press of a 

button.

2  The KIWIs gain an im-

pression of analysis work at 

the Fraunhofer IST.

ContACt
Dr. Simone Kondruweit

Phone +49 531 2155-535

simone.kondruweit@ist.fraunhofer.de

FrAunHoFer And tHe enCourAgement 
oF Young tAlent At tHe ist

1 2
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I t  i s  not easy to f ind the r ight one amongst more than 300 occupat ions requir ing formal t ra in ing which 

are recognized in Germany – at  www.phys ik laboranten.de,  t ra iners and tra inees of the Fraunhofer IST,  the 

PTB and the Technical  Univers i ty  of  Braunschweig can f ind out more about the job of their  dreams to-

gether and in a very personal  manner. 

is a very challenging technical occupation in that you work 

right up close to the action in the research and development 

of future technologies”, says Sven Pleger, trainer at the 

Fraunhofer IST.“ With this portal we want to put the spotlight 

back onto this occupation and provide kids at school with the 

right information and advice.” 

At www.physiklaboranten.de, interested youngsters, teachers 

and companies can get an idea of the daily routine of a 

physics lab assistant, find out what the requirements are for 

training, or read up on tips on making a correct application. In 

the site section entitled “Lab stories” the trainees tell anecdo-

tes from their daily work experience, reveal insider details and 

give very honest impressions of what they do.

on-line at the press of a button: the kick-off event

In the presence of more than 80 students from Kleine Burg 

High School in Braunschweig  the training platform went 

on-line in the autumn of 2011. In a number of addresses Prof. 

Dr. Bräuer, Director of the Fraunhofer IST and Prof. Diehl, 

Deputy Director, as well as trainers and trainees spoke about 

the occupation of physics lab assistant, its relevance to surface 

engineering and thin films and their very personal experiences 

with this challenging training course. 

www.physiklaboranten.de is directed at anyone interested in 

this profession, even outside the Braunschweig region.

They can carry out test series and take physical measurements, 

document  the results obtained, evaluate them, while working 

closely together with physicists or engineers. Physics lab assis-

tants are indispensable in science, research and industry. This 

training occupation plays a very important part in particular 

in Braunschweig as a place of research. Unfortunately it is 

becoming more and more difficult to interest young people in 

this profession – despite it also offering excellent qualifications 

for a subsequent course of study. 

This new joint internet platform covering the job of physics lab 

assistant advertises the corresponding training course for the 

Fraunhofer Institute of Physics and Technology (PTB) and the 

Technical University of Braunschweig. “Physics lab assistant 

1  The

 www.physiklaboranten.de 

training portal.

ContACt
Dipl.-Ing. Sven Pleger

Phone +49 531 2155-624

sven.pleger@ist.fraunhofer.de

1

new trAining portAl – 
www.pHYsiklAborAnten.de
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network oF CompetenCe For industriAl 
plAsmA surFACe teCHnologY - inplAs

1 2

1 Evening event at the 

HIPIMS conference in 

Braunschweig.

2 Participants in the Joint 

Expert Panel Combined Sur-

face Technology.

3 INPLAS receives the 

Bronze Label of Cluster 

Management Excellence in 

the European Cluster Excel-

lence Initiative.

ContACt
Dipl.-Ing. Carola Brand

Phone +49 531 2155-574

carola.brand@inplas.de

Dr.-Ing. Gerrit von Borries

Phone +49 531 2155-662

gerrit.von.borries@inplas.de

www.inplas.de

On the technical side it is headed by Dr. Petra Uhlmann (DFO) 

while INPLAS looks after the organizational aspects. The group 

meeting was centered on the topics of process combinations 

in plasma, painting and electroplating as well as surface 

coatings in the fi eld of energy production and generation. The 

work group New Plasma Sources and Processes headed by 

Dr. Bernhard Cord of Singulus Technologies AG and the work 

group Tool Coatings headed by Dr. Jan Gäbler of Fraunhofer 

IST in each case met twice in 2011 and covered the following 

current topics:

 � New Plasma Sources and Processes group: process monito-
ring, arc management, PECVD processes

 � Tool Coatings group: measurement, inspection and testing 
methods, survey relating to an occupation in the fi eld of 
plasma technology

Public relations

One highlight of INPLAS network activities was the organizati-

on of the second International Conference on High Power

Impulse Magnetron Sputtering (HIPIMS). For more on this, see 

pages 94 – 95. In 2011 INPLAS also played an organizing role 

in other events and conferences, including:

In 2011, in its numerous successful activities, INPLAS once 

again contributed to further consolidation of plasma technolo-

gy and to raising its profi le. 

Development and conceptual design of new topics for 

research

INPLAS once again managed to place the topic of plasma 

technology on the “Photonik 2020” strategic research agenda 

and to work together with the supporting organizations of 

Plasma Germany on teaching and research in the fi eld of 

plasma technology.

IInPlaS)))Talks

February 2011 saw the kick-off of the new INPLAS)))Talks 

series of papers and discussions under the title “How to 

increase the effi ciency of sputtering”. Top-class international 

experts presented the results of their development work and 

their experiences on the topic of sputter yield to around 80 

participants.

activities of the work groups

The Joint Expert Panel Combined Surface Technology is com-

promised of the associations DFO, DGO, EFDS and INPLAS. 

The Network of Competence for Industr ia l  P lasma Surface Technology INPLAS has i ts  off ices at  Fraunhofer 

IST.  INPLAS has been accredited as a competence network by the Federal  Ministry of Economics and Tech-

nology (BMWi) and counts as one of the hundred best  networks in Germany. The network current ly  has 

38 members with about 200 act ive indiv iduals  of  whom 70 percent come from industry.  In 2011 INPLAS 

was awarded the Bronze Label  of  Cluster  Management Excel lence in the European Cluster  Excel lence In i -

t iat ive.

 � Measurement Valley “Functionalization of Surfaces” 
workshop in Göttingen

 � Hannover Messe 2011

 � Technical conferences such as V2011 in Dresden and the 
TCO conference in Neu-Ulm 

 � NMN symposium in Salzgitter

In the new PR fi lm of the City of Braunschweig and also in 

the short fi lm “Business and science” INPLAS contributed by 

supporting a video production to promote Braunschweig as a 

venue for future events.

3

38 INPLAS - members (Condition: December 2011)



110

v e r ö F F e n T l I c h u n G e n

111

mITGlIeDSchaFTen

Deutsche Gesellschaft für Materialkunde e. V.

www.dgm.de 

Deutsche Forschungsgesellschaft für  

Oberflächenbehandlung e.V.

www.dfo-online.de

Deutsche Gesellschaft für Galvano- und  

Oberflächentechnik e. V.

www.dgo-online.de 

Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS)

www.efds.org 

European 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-Allianz Adaptronik

www.adaptronik.fraunhofer.de

Fraunhofer-Allianz autoMOBILproduktion 

www.automobil.fraunhofer.de

Fraunhofer-Allianz Numerische Simulation von Produkten, 

Prozessen 

www.nusim.fraunhofer.de 

Fraunhofer-Allianz Photokatalyse

www.photokatalyse.fraunhofer.de

Fraunhofer-Allianz Proteinchips

www.proteinchips.fraunhofer.de

Fraunhofer-Allianz Reinigungstechnik

www.allianz-reinigungstechnik.de

Fraunhofer-Allianz SysWasser

www.syswasser.de

Fraunhofer-Netzwerk Elektrochemie 

www.elektrochemie.fraunhofer.de

Fraunhofer-Netzwerk Nachhaltigkeit

www.fraunhofer.nachhaltigkeit.de

Fraunhofer-Verbund Light & Surfaces

www.light-and-surfaces.fraunhofer.de

German Flatpanel Display Forum DFF

www.displayforum.de

International Council for Coatings on Glass e. V. 

www.iccg.eu

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 Ultrapräzise Oberflä-

chenbearbeitung CC UPOB e. V.

www.upob.de

NANOfutures European Technology Integration and Innovation 

Platform (ETIP) in Nanotechnology

www.nanofutures2010.eu

PhotonicNet GmbH – Kompetenznetz Optische Technologien

www.photonicnet.de

Plasma Germany

www.plasmagermany.org

Zentrum für Mikroproduktion e. V. (ZeMPro)

www.microcompany.de

D a S  F r a u n h o F e r  I S T  I n  n e T z w e r k e n
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mITarbeIT In GremIen
Bandorf, R.: COST Action MP0804, Action Chairman.

Bandorf, R.: Forschungsvereinigung Räumliche Elektronische 

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

Bandorf, R.: Humboldt Stiftung, Gutachter. 

Bandorf, R.: International Conference on HIPIMS, Conference 

Chairman.

Bandorf, R.: International Conference on Metallurgical Coatings and 

Thin Films, Session Chairman.

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

teer Mentor.

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

Bewilogua, K.: DGM-Arbeitskreis »Materialkundliche Aspekte der 

Tribologie und der Zerspanung«, Mitglied.

Bewilogua, K.: Programm-Komitee EFDS-Workshop Amorphe 

Kohlenstoffschichten – tribologische Anwendungen und industrielle 

Herstellungsverfahren.

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

ren für tribologische Systeme, Fachliche Leitung.

Borries, von, G.: Kompetenzzentrum »Ultradünne funktionale 

Schichten«, Mitglied.

Brand, C.: Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS), Mitglied.

Brand, C.: Kompetenznetz Industrielle Plasma-Oberflächentechnik 

INPLAS e. V., Geschäftsführerin.

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

ausschusses.

Brand, J.: Europäische Forschungsgesellschaft Dünne Schichten e.V. 

(EFDS), Leitung des Fachausschusses »Tribologische Schichten«.

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

Brand, J.: International Colloquium Tribology, Tribology and Lubrica-

tion Engineering, Mitglied im Programme Planning Committee. 

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

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

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

Engineering (EJC / PISE), Chairman.

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

Plastics (ICCG), Mitglied des Organisationskomitees.

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

Mitglied des Vorstands.

Bräuer, G.: Institut für Solarenergieforschung, Mitglied des Beirats.

Bräuer, G.: Kompetenznetz Industrielle Plasmaoberflächentechnik 

(INPLAS) , Vorstandsvorsitzender.

Bräuer, G.: Nano- und Materialinnovationen Niedersachsen e. V. 

(NMN), Mitglied des Vorstands.

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

des Kuratoriums.

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

des Vorstands. 

Diehl, W.: Deutsche Forschungsgesellschaft für Oberflächenbehand-

lung DFO, stellvertretender Präsident.

Diehl, W.: Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS), Mitglied des Vorstands.

Diehl, W.: ForschungRegion Braunschweig, Mitglied des Lenkungs-

kreises.

Diehl, W.: Glass Performance Days (GDP), Mitglied des Advisory 

Boards.

Diehl, W.: Plasma Germany, Mitglied des Koordinierungsausschusses.

Diehl, W.: RETECZA NPO, Pretoria SA, Vorsitzender des Boards.

Diehl, W.: Society of Vacuum Coaters (SVC), Director, Mitglied des 

Executive Board.

Diehl, W.: Society of Vacuum Coaters (SVC), Mitglied des »Internati-

onal Relations Committee«.

Diehl, W.: Technologietransferkreis ForschungRegion Braunschweig, 

Mitglied.

Dietz, A.: Arbeitsgemeinschaft Elektrochemischer Forschung (AGEF), 

Mitglied. 

Dietz, A.: Deutsche Gesellschaft für Galvano- und Oberflächentech-

nik e. V. (DGO), Mitglied des Vorstands.

Dietz, A.: Deutsche Gesellschaft für Galvano- und Oberflächen-

technik e. V. (DGO), stellvertretender Vorsitzender Ortsgruppe 

Niedersachsen.

Dietz, A.: Fachausschuss »Forschung« der DGO, Mitglied.

Dietz, A.: Fachausschuss »Kombinationsschichten« der DGO, 

Mitglied.

Dietz, A.: Gesellschaft für Korrosionsschutz (GfKorr), Mitglied.

Gäbler, J.: DIN Normenausschuss 062 Materialprüfung, Arbeits-

ausschuss 01-72 »Chemische und elektrochemische Überzüge«, 

Mitglied.

Gäbler, J.: European Society for Precision Engineering and Nanotech-

nology, Mitglied.

Gäbler, J.: European Technology Platform for Advanced Materials 

and Technologies EuMaT, Mitglied.

Gäbler, J.: Industrie-Arbeitskreis »Werkzeugbeschichtungen und 

Schneidstoffe«, Leitung.

Gäbler, J.: Kompetenznetz Industrielle Plasma-Oberflächentechnik 

INPLAS e. V., Arbeitsgruppenleiter Werkzeuge.

Gäbler, J.: VDI-Richtlinien-Fachausschuss »CVD-Diamant-Werkzeu-

ge«, Mitglied.

Keunecke, M.: European Society for Precision Engineering and 

Nanotechnology, Mitglied.

Keunecke, M.: International Conference on Metallurgical Coatings 

and Thin Films (ICMCTF), Session Chairman.

Klages, C.-P.: Nano- und Materialinnovationen Niedersachsen e.V. 
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