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FOREWORD 1 Acting Director

Prof. Dr. Volker Kirchhoff and

Deputy Director

Dr. Nicolas Schiller

Prof. Dr. Volker Kirchhoff Dr. Nicolas Schiller

1

Dear Readers,

First of all we would like to thank all our partners for the successful 2013. This year we have 

grown again and have achieved good returns. Over the past years, we have succeeded to 

implement sustainable projects with several companies in the region. Therefore, we would like 

to kindly thank our staff for their customer-oriented work.

We would like especially to highlight the good performance in the department of „Medical Ap-

plications“. The department is able to stand on its own economically since 2013 and provides 

R&D services to customers in the field of sterilization and bio-functionality.

Due to a major contract in the field of high-rate evaporation, the business unit „Electron Beam 

Applications“ can look back on a successful year.

Seed treatment with electrons gained momentum through the internal PROFIL project and the 

funding through the Federal Ministry of Food, Agriculture and Consumer Protection (BMELV). 

These projects refer to the resource-saving seed treatment with new, low-cost electron beam 

guns that can be used in small laboratories and industrial plants. Technical work and a brief 

overview of the symposium „15 years ELBE-seed – a Saxon invention on its way to success“ are 

presented in this report.

The „PreSensLine“ for large-area deposition of precision coatings was put into operation in 

2013. It offers many possibilities for production of precise multilayer systems for applications in 

laser optics, spectroscopy and display manufacturing among others.

The conference pro flex, attended by speakers and visitors from many international organiza-

tions and companies, gained significance last year.

The interest in the roll-to-roll vacuum technology is growing steadily. This means new and 

exciting projects in our department „Flexible Products“. This department examines currently 

rapid thermal annealing of coated polymer substrates with the electron beam and is looking for 

industrial partners for the optimization of this technology.

Through the investment at the Fraunhofer FEP there is a possibility to analyze optical layer sys-

tems, coatings for photovoltaics and bearing layers with a new RF glow discharge spectrometer. 

With these analyses, the understanding of the influence of process parameters on the structure 

and electrical properties of the CdTe thin film solar cells can be improved.

The department „Coating of Components” has developed an absorber layer in the field of so-

lar thermal systems with an absorption ratio of 94% and a thermal emissivity of less than 10% 

at an operation temperature of 200°C. The technology and pilot equipment were successfully 

transferred to the industrial customer.

On 9 December 2013, the Board of the Fraunhofer-Gesellschaft decided to carry out the inte-

gration of the Fraunhofer COMEDD in the Fraunhofer FEP. The integration involves challenges 

and opportunities. Through the synergies in the field of thin-film technologies and organic 

electronics, it is possible to offer new solutions for customers and thus, to enter new markets. 

The first steps in this direction have already been made with the establishment of the cluster 

FLEET (Flexible Electronics Encapsulation Technologies Dresden).

Enjoy reading this report and we are looking forward to your comments and questions!
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C O L L A B O R A T I O N  A N D  M E M B E R S H I P S

COLLABORATION AND MEMBERSHIPS THE FRAUNHOFER-GESELLSCHAFT

T H E  F R A U N H O F E R - G E S E L L S C H A F T

Thin f i lm technology is  used in a number of rapidly developing markets.  We col laborate with both nat ional 

and internat ional  partners in order to improve the compet i t ive posit ion of our customers and our inst i tu-

te and to promote successful  development work.

Fraunhofer FEP collaborated in 2013 with approx. 50 national 

and international industrial partners. 

 � University of Virginia USA
 � Beijing Institute of Aeronautical Materials
 � National Institute for Materials Science Japan
 � Korean Institute of Industrial Technology

 � Fraunhofer Group for Light & Surfaces
 � Fraunhofer Battery Alliance
 � Fraunhofer Photocatalysis Alliance
 � Fraunhofer Polymer Surfaces Alliance POLO
 � Fraunhofer Cleaning Technology Alliance
 � Research Alliance Cultural Heritage
 � Fraunhofer Cluster Nanoanalytics Dresden

I N D U S T R Y  P A R T N E R S

R E S E A R C H  P A R T N E R S

M E M B E R S H I P S

A C A D E M I C  C O O P E R A T I O N S

F R A U N H O F E R  C O O P E R A T I O N S

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 67 institutes 

and research units. The majority of the more than 23,000 

staff are qualified scientists and engineers, who work with an 

annual research budget of 2 billion euros. Of this sum, more 

than 1.7 billion euros is generated through contract research. 

More than 70 percent of the Fraunhofer-Gesellschaft’s 

contract research revenue is derived from contracts with 

industry and from publicly financed research projects. Almost 

30 percent is contributed by the German federal and Länder 

governments in the form of base funding, enabling the 

institutes to work ahead on solutions to problems that will not 

become acutely relevant to industry and society until five or 

ten years from now.

International collaborations with excellent research partners 

and innovative companies around the world ensure direct 

access to regions of the greatest importance to present and 

future scientific progress and economic development.

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 rein-

force 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.

www.fraunhofer.de

 � Technische Universität Dresden – Institut für Festkörperelek-

tronik
 � Westsächsische Hochschule Zwickau
 � Hochschule für Technik und Wirtschaft Dresden (HTWD)

 � Europäische Forschungsgesellschaft Dünne Schichten EFDS e. V.
 � Organic Electronics Saxony e. V. (OES)
 � Silicon Saxony e. V.
 � Dresden-concept e. V.
 � AMA Fachverband für Sensorik e. V.
 � Bundesverband mittelständische Wirtschaft (BVMW)
 � Deutsche Gesellschaft für Galvano- und Oberflächentechnik e. V.
 � Kompetenznetz Industrielle Plasma-Oberflächentechnik  

INPLAS e. V.
 � Kompetenzzentrum Maschinenbau Chemnitz / Sachsen e. V. 

(KMC)
 � Netzwerk »Dresden – Stadt der Wissenschaft«
 � Verband der Elektrotechnik – Bezirksverein Dresden e. V. (VDE)
 � Verband deutscher Maschinen- und Anlagenbau e. V. (VDMA)
 � IVAM e. V. Fachverband für Mikrotechnik
 � International Council for Coatings on Glass ICCG e. V.
 � Arbeitskreis Glasig-kristalline Multifunktionswerkstoffe
 � Europäische Forschungsgesellschaft für Blechverarbeitung e. V.
 � International Irradiation Association
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CONTACT

THE INSTITUTE IN FIGURES

Veit Mittag

Phone +49 351 2586-405

T H E  I N S T I T U T E  I N  F I G U R E S
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Funding

The institute had a very remarkable fiscal year. Due to successful 

acquisition, the Fraunhofer FEP was able to generate € 7.0 

million through direct orders from industry. This corresponds to 

an increase in economic return of 10 percent when compared 

to the previous year. Profits in the amount of € 5.0 million 

were generated with public projects, sponsored by the federal 

government and the Bundesländer. The major share thereof in 

the amount of € 4.1 million was raised by publicly sponsored 

projects together with medium-sized companies sponsored by 

the Saxonian State Ministry of Science and Art and the Saxoni-

an State Ministry of Economy, Labour, and Transport. The share 

of external profits from projects implemented in cooperation 

with industry, the public, and other customers, i.e. the share of 

external funds, therewith was 79 percent and corresponds to 

a volume of € 12.8 million. This way, the ambitious goals for 

2013 were exceeded. The basic consumption of funds for the 

operating budget was € 3.3 million.

The profits generated in the reporting period are divided as 

follows:

 � income from industry   € 7.0 million 

(contract research with industry) 
 � public funding    € 0.9 million 

(contract research funded by 

the federal government) 
 � public funding    € 4.1 million 

(contract research funded by the Länder)
 � EU and other funding   € 0.8 million

Total expenditure

The overall expenditure from the operating and investment 

budget amounted to € 17.6 million. During the period under 

consideration, € 1.5 million, thereof € 0.6 million from the 

central strategic fund, were invested in equipment and 

infrastructure. These investments serve to continue business 

activities and in particular for implementing ongoing research 

projects and simultaneously guaranteeing future research 

work. The share of personnel expenses amounted to € 8.1 

million, corresponding to 50 percent of the operating budget 

in the amount of € 16.2 million. The material cost was € 7.5 

million.

Workforce

In the past year, 141 employees, thereof 13 trainees, and 

additionally 28 degree candidates / interns, as well as 95 

research assistants worked at the institute. Out of the 62 

scientifics, 10 scientists also worked on their PhD topics. The 

share of women among the scientists was 18 percent. In the 

past year, our personnel strategy again focused on training 

of young scientists. By assigning attractive topics for diploma, 

bachelor and PhD, highly motivated scientists were able to 

successfully obtain their degree. 

The field of technical talent we focused again on targeted 

vocational training in cooperation with the respective 

technical schools in 2013. In this area, the Sächsische 

Bildungsgesellschaft Dresden is our long-term partner for 

training of physics laboratory assistants. We would like to 

thank the Chamber of Industry and Commerce of Dresden 

and all institutions that provided and provide an essential 

contribution to the success of our trainees. Moreover, we 

would also like to thank the employees of our institute 

who, along with their main activities, always guarantee the 

proper vocational training of our future employees with huge 

personal commitment. 

By the end of 2013, 2 new trainees started their apprentice-

ship with the institute. Thus, 13 trainees are currently being 

trained: two BA students, one materials tester, six physics 

laboratory assistants, one industrial mechanic, one electrician, 

one IT specialist and one office management assistant.



1312

FRAUNHOFER GROUP FOR LIGHT & SURFACES

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 Surface Engineering and 

Thin Films IST

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

is pooling competencies in the areas film deposition, coating 

application, film characterization, and surface analysis. Scien-

tists, engineers, and technicians are busily working to provide 

various types of surfaces with new or improved functions and, 

as a result, help create innovative marketable products. The 

institute’s business segments are: mechanical and automotive 

engineering, aerospace, tools, energy, glass and facade, op-

tics, information and communication, life science and ecology. 

www.ist.fraunhofer.de

Contact

Group Chairman

Prof. Dr. Andreas Tünnermann

Phone +49 3641 807-201

Group Assistant

Susan Oxfart

Phone +49 3641 807-207

Fraunhofer Institute for Electron Beam and 

Plasma Technology FEP

Electron beam technology, sputtering technology, plasma-

activated high-rate deposition and high-rate PECVD are the 

core areas of expertise of Fraunhofer FEP. The 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 large 

areas at high productivity.

www.fep.fraunhofer.de

Fraunhofer Institute for Laser Technology ILT

With more than 350 patents since 1985 the Fraunhofer Insti-

tute for Laser Technology ILT develops innovative laser beam 

sources, laser technologies, and laser systems for its partners 

from the industry. Our technology areas cover the following 

topics: laser and optics, medical technology and biophotonics, 

laser measurement technology and laser materials processing. 

This includes laser cutting, caving, drilling, welding and solde-

ring as well as surface treatment, micro processing and rapid 

manufacturing. Furthermore, the Fraunhofer ILT is engaged in 

laser plant technology, process control, modeling as well as in 

the entire system technology.

www.ilt.fraunhofer.de

Fraunhofer Institute for Applied Optics and 

Precision Engineering IOF

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 ma-

nufacturing processes for optical and mechanical components 

and processes of system integration up to the manufacturing 

of prototypes. Focus of research is put on multifunctional 

optical coatings, micro- and nano- optics, solid state light 

sources, optical measurement systems, and opto-mechanical 

precision systems. 

www.iof.fraunhofer.de

Fraunhofer Institute for Physical Measurement 

Techniques IPM

Fraunhofer IPM develops and builds optical sensor and 

imaging systems. These mostly laser-based systems combine 

optical, mechanical, electronic and software components to 

create perfect solutions of robust design that are individually 

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

field of thermoelectrics, the institute has extensive know-how 

in materials research, simulation, and systems. Fraunhofer IPM 

also specializes in thin-film technologies for application in the 

production of materials, manufacturing processes and systems. 

www.ipm.fraunhofer.de

Fraunhofer Institute for Material and 

Beam Technology IWS

The Fraunhofer Institute for Material and Beam Technology 

is known for its innovations in the business areas joining and 

cutting as well as in the surface and coating technology. Our 

special feature is the expertise of our scientists in combining 

the profound know-how in materials engineering with the 

extensive experience in developing system technologies. Every 

year, numerous solution systems have been developed and 

have found their way into industrial applications.

www.iws.fraunhofer.de

www.light-and-surfaces.fraunhofer.de
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PreSensLine – NEW COATING EQUIPMENT 
FOR MANUFACTURING LARGE-SCALE PRECI-
SION COATINGS
At Fraunhofer FEP,  new coat ing equipment,  PreSensLine,  was recent ly  brought into operat ion for deposi-

t ing large-scale precis ion coat ings.  The system provides a range of opt ions for prec is ion adjustment and 

for making specif ic  var iat ions to coat ing propert ies.  I t  i s  equipped with process components developed by 

Fraunhofer FEP and modules for in s i tu monitor ing.

High precision coatings are required for a large number of 

applications in optics, sensor technology and electronics as 

well as in energy and medical technology. In Fraunhofer FEP‘s 

»Precision Coating« division, we are developing pulse mag-

netron sputtering processes and magnetron PECVD processes 

to apply high-quality coatings and coating systems, that have 

optical, electrical, acoustic and magnetic properties, at a high 

coating rate and with a low number of defects. Such coatings 

can be manufactured with precise layer thicknesses and 

highly reproducible coating properties using dynamic coating 

techniques. A combination of precise, adjustable processes, 

which remain stable over long periods, with an exact substrate 

movement and optical, in situ monitoring is needed to manu-

facture these coatings. 

Based on this, Fraunhofer FEP conceptually designed new 

coating equipment where also large substrates can be coated. 

The PreSensLine equipment allows a range of simple to 

complex coating systems to be deposited on large and heavy 

substrates.

The system was developed in cooperation with the VON AR-

DENNE GmbH company and first put into operation in 2013. 

It is equipped with coating technology from Fraunhofer FEP: 

square magnetrons (RM800), pulsed energy supply (unipolar/

bipolar switching unit UBS-C2) and process control technology 

(process control unit PCU plus). 

PreSensLine consists of a large process chamber with a 

separate load chamber. In its current stage of expansion, the 

process chamber is equipped with two coating stations each 

with two RM800 sputtering sources and is also equipped 

with a station with a substrate heater (max. 400°C) as well as 

in situ measuring technology (pyrometric, optic). An inverse 

sputter-etcher (plasma treater RP800) can be used in the load 

chamber to pre-treat the substrate, and magnetrons can be 

used for adhesive layers.

The substrates are fixed on a substrate carrier and passed 

in front of the coating sources. Three types of carrier are 

available in order to meet complex requirements and to form 

various different layer specifications:
 � Heavy-load carrier 

for coating of large and heavy substrates (max. 90 kg) up to 

680 × 790 mm. 
 � Rotation carrier 

for coating of substrates of up to 545 mm in diameter (max. 

50 kg) using rotary motion; a combination of rotating and 

linear movement allows improved layer thickness homoge-

neity 
 � Bias / heat carrier 

for coating using a DC or HF bias for substrates of up to 

680 × 790 mm; also thermally insulated to allow the sub-

strate to be heated up to 400°C. 

Beside using a conventional support roller system in the load 

chamber, a precision drive mechanism has been installed 

into the process chamber to ensure a high level of precision. 

The mechanism itself is a vacuum linear drive mechanism 

developed by LSA GmbH onto which the carrier is placed. 

This precision drive mechanism allows speeds of up to 0.5 m/s 

to be reached with a positioning accuracy of ± 0.05% and a 

control accuracy of ± 0.025%.

Targets of 800 mm length are used for the RM800 sputtering 

sources. The sources developed at Fraunhofer FEP display the 

following properties:

 � increased long-term stability and good use of the target 

material by using a target erosion related movable magnet 

system allowing the magnetic field strength and therefore 

the discharge conditions to remain constant
 � reactively-guided processes with increased long-term stabili-

ty by avoiding redeposition zones on the target and by using 

a hidden anode which is protected from a build-up of mate-

rial deposits and thus from the effects of the so-called va-

nishing anode

321

1 PreSensLine – pilot system 

for dynamic precision coating

2 Examples of application for 

precision coating

3 Integrated package with 

DRM 400, UBS-C2 and PCU plus

4  PreSensLine system design
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5 Plastic spectacle lenses 

with and without anti-reflec-

tion layer system

6 Square magnetron

7 Rugate filter for nar-

row-band laser reflection

8 Dichroic filter with reflec-

tion in blue spectral range

 � high process stability by introducing integrated pressure and 

flow measurement and control of inert and reactive gas inlet

Combined with the pulsed energy supply (UBS-C2), 

Fraunhofer FEP process control technology (PCU plus) and 

fully automatic process control software, the RM800 

sputtering sources can be used universally in different fields 

of application. Metal coatings as well as dielectric coatings 

can be deposited at high coating rates. This technology opens 

up new degrees of freedom in regard to influencing and 

optimising layer properties and therefore also allows coatings 

with more complex property profiles to be created for new 

applications. The energy input used onto the growing layer 

can be adjusted by selecting the pulse mode in such a way 

that substrates sensitive to temperature can be coated using a 

lower energy input while highly dense layers can be produced 

using a high energy input. By combing unipolar and bipolar 

pulse modi, even additional requirements for the layer to have 

a very low mechanical stress, can be met – something which 

is not possible with other technologies. 

When forming several layers, the coating stations are 

operated without interruption and the carrier oscillates the 

substrates between the coating sources. Alternating low 

refractive (SiO2) and high refractive layers (e.g. Al2O3, TiO2, 

Ta2O3, HfO2, Nb2O5) are thus deposited for optical coating 

systems, for example. Thickness uniformity has been optimi-

sed for surface areas of 500 mm × 700 mm and comes to 

approximately ± 1%. In future, uniformity values are expected 

to be better than ± 0.5% across homogeneous areas of 

550 mm × 750 mm. 

To adjust coating properties for single layers or coating 

systems precisely, PreSensLine has been fitted with modules 

which implement in situ monitoring. A pyrometer has been 

fitted to control the temperature of the substrate after 

pre-heating or after the coating process. So that spectral, 

optical properties, such as transmission or reflection, can be 

determined, an ellipsometer and an integrating sphere are 

used. This allows layer thicknesses to be determined in situ 

thus significantly speeding up the optimisation process of 

optical coating systems in particular. By taking intermediary 

measurements after each individual layer or even after 

sub-layers have been deposited means that the layer thickness 

for the next coating can be adjusted, if necessary.

This new coating equipment forms the technological basis 

for creating highly precise and complex coating systems on 

large surfaces for use in laser optics, spectroscopy, display, 

lithography, medicinal technology, photovoltaics or sensors, 

amongst other things. The focus of precision coating is 

thus on the accuracy of the properties required (e.g. optical 

or electrical), high reproducibility, low defect density, low 

amount of roughness on the layers and good stability under 

extreme operating conditions.

Some examples of applications already tested using PreSens-

Line are:

 � precision optical interference coating systems for large 

dichroic filters and special anti-reflection layers for 3D dis-

plays made from high (Nb2O5) and low refractive (SiO2) sing-

le layers with deviations of <± 1% in regard to layer unifor-

mity and reproducibility (see fig. 8 and 9);
 � polishable layers for lithographic applications with excellent 

layer adhesion, a high coating speed and very low defect 

density;
 � electrical insulation layers for sensors built into components 

with an electric strength of up to 800 V, a high coating 

speed for depositing layers of up to 8 µm thick with low 

defect density, high electric resistance and good layer adhe-

sion on different substrate materials;

 � sensory layers for gas and humidity sensors made from 

mixed oxide materials by co-sputtering different target ma-

terials with a wide range of variation in the material‘s ratio.

PreSensLine enables large surfaces to be coated precisely 

which are then highly efficient in applications used in optics, 

sensors and electronics. To achieve this, PreSensLine uses 

innovative coating technology based on optimised Fraunhofer 

FEP key components combined with sophisticated coating 

equipment as well as precision drive mechanisms and in situ 

monitoring. Thanks to additional degrees of freedom provi-

ded by Fraunhofer FEP technology, further new applications 

with highly complex layer property profiles are expected to be 

availed of in the future.

9  Dichroic filter: Comparison of the spectral reflection trend of 
target function and the deposited layer system in the middle and 
at the boarder [r=150] of the substrate; deviation of <1% in case 
of multi-layer system out of 20 single layers
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HEALTHY SEEDS – AN INTERNATIONAL 
CHALLENGE!

Since i ts  foundat ion,  Fraunhofer FEP has been involved in developing and market ing of environmental-

ly-fr iendly methods for seed dis infect ion with accelerated e lectrons,  and has been very successful  so far. 

New foci  for  research ref lect  the seed industry‘s  current global  s i tuat ion.

At the start of the year, Fraunhofer FEP held the symposium 

„15 YEARS OF ELBE SEED – A SAXON INVENTION ON ITS 

WAY TO SUCCESS“ celebrating 15 years since electrons have 

been used to treat seeds industrially. Speakers from research, 

development and agriculture were able to explain in an ext-

raordinary way to those interested what kind of potential this 

environmentally-friendly technology possesses and how, in the 

last few years in particular, the demand for electron-treated 

seeds in Germany has increased greater than production capa-

city. After striving for years to have this technology accepted 

by those in agriculture, this is a very positive development. The 

question experts are asking now, where did this boom come 

from?

One factor has certainly been that of partnering with inno-

vative companies within the seed industry – these companies 

have acted as a catalyst for the growing acceptance. Another 

crucial factor, however, has been the increasing diffusion 

of plant diseases across the world due to global trade and 

climate change. Fewer and fewer systematic agents used to 

protect plants are able to counteract the risk of infection since 

the number of licenses awarded is barely rising due to safety 

concerns and pathogens‘ resistance to agents is increasing. 

The search for alternatives is already under way across the 

world. In these conditions, interest in treating seeds using 

electrons is increasing as a means of using physics to protect 

plants. And this is not purely a German phenomenon. In order 

to test how suitable Fraunhofer FEP technology would be 

for large seed markets and in order to prepare to enter the 

market, Fraunhofer FEP is able to draw on Fraunhofer internal 

funds as part of a PROFIL project. As a result, preparatory 

tests are being carried out with Chinese and Indian partners. 

However, these tests are not simply about testing the effect of 

the treatment by analysing pathogen spectra, soil conditions 

and climate effects, but are also about understanding the 

structure of the seed market as well as regulative and research 

activities.

In connection with this, an Indian delegation made their 

first visit to Fraunhofer FEP at the end of January 2013. The 

delegation spent an intense period acquainting themselves 

with the possibilities electron treatment can offer. Under the 

direction of the Fraunhofer Representative Office India, dele-

gates from the University of Agricultural Sciences, Bangalore 

and several other agricultural universities from the federal 

state of Karnataka, plus a few industrial companies, discussed 

the benefits of working together with Fraunhofer FEP. The 

subject was rated as being so important that Fraunhofer 

received an invitation to speak at the XIII. ISST National Seed 

Seminar 2013 – INNOVATIONS IN SEED RESEARCH AND 

DEVELOPMENT in Bangalore. As the only foreign attendee at 

the conference, Fraunhofer FEP had the opportunity to present 

electron treatment to a varied audience. At the same time, 

the seminar provided a comprehensive overview of the current 

status of seed treatment and problems in India. The challenges 

associated with providing enough food for the population are 

enormous. 17% of the global population has to be provided 

with food using 3% of the world‘s land surface and 4% of 

the world‘s water reserves. The Indian seeds market is the 

fifth largest in the world with a turnover of approximately 

2 billion dollars every year. However, only approximately 25% 

of the seeds needed are produced in controlled conditions and 

distributed as certified seeds due to a lack of infrastructure. 

Everything else results from uncontrolled production which 

is of a lower quality. On the other hand, research of a highly 

academic nature is being carried out into plant protection. 

However, it will be highly difficult to make this relevant 

in practice when considering the structure of the market. 

However, those involved in Indian agriculture have stated that 

they aim to become competitive on an international level and 

to rise to the position of a seeds exporter.

Given this context, Fraunhofer FEP needed to rethink the 

direction its development will take in electron treatment 

technology. Entering the Indian market can only be achieved 

through making small, yet inexpensive, laboratory equipment. 

There is great demand for such equipment both at universities 

and research institutes as well as in local, firmly decentralised 

seed treatment, though for the latter, the equipment would 

have to be slightly modified. This kind of technology only has 

a chance in Indian conditions if the equipment is designed to 

be robust and simple. Nevertheless, the market is enormous.

Since 2009, Fraunhofer FEP has been constantly active in de-

veloping the market in China. While the seeds market there is 

similar in size to the Indian market, the structures are entirely 

different. Introducing a new procedure in plant protection to 

the market is made tedious due to the market‘s centralised 

structure which has many levels of responsibility that are 
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1 Electron-treated seed, 

natural and healthy

2 Over 65 visitors hearing 

about this technology at the 

ELBE-SAAT symposium

3 Visit from scientists and 

industrial representatives 

from the Indian federal state 

of Karnataka as part of the 

PROFIL project ASeet
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often difficult for us to understand. Fraunhofer FEP has found 

a dedicated partner in the Shandong Academy of Sciences 

(SDAS) in Jinan which works with them on aptitude tests for 

the treatment process under the climate and soil conditions 

present in the Shandong province and which also provides 

contact to the seeds industry. In August 2013, SDAS organised 

a workshop in Jinan on treating seeds using electrons at which 

Fraunhofer FEP and SDAS were able to present their first set 

of joint results to a large audience made up of researchers, 

but also of government bodies, seed producers and seed 

treatment machinery manufacturers. Although the framework 

conditions differ greatly to those in India, one can also draw 

the conclusion that small laboratory equipment, or modular 

units with a small output, are certainly the focus of potential 

users. 

The workshop took place alongside the 10th ICPP International 

Congress of Plant Pathology in Beijing. Fraunhofer FEP was 

also at the conference to present seed treatment using 

electrons. More than 1600 visitors from 80 countries discussed 

the current, global problems associated with plant protection, 

not just those affecting seeds. The conference itself only takes 

place every five years. Besides having a basic understanding of 

how plant diseases spread and are transmitted, a major issue 

was the effect of climate change and reducing the amount of 

chemical pesticides used. The majority of the conference was 

given over to how these problems can be solved by altering 

the genes in the seeds themselves or by modifying common 

combinations of agents. Other alternatives are scarce. It is 

precisely in this context that Fraunhofer FEP is introducing its 

electron treatment technology, something which consequently 

attracted everyone‘s attention across the international floor. 

However, the conference also showed that the considerable 

gaps in our understanding of the concomitant effects associ-

ated with seed electron treatment urgently need to be filled 

in. The fact that treated seeds germinate faster, grow fast 

initially on the field and are more resistant to pathogens in 

the soil was something that could often only be observed, but 

not explained. That is a topic for the FEP to research further 

together with expert partners from the Technical University of 

Dresden, the Julius Kühn Institute and other research centres. 

Knowing more about any other plant physiological effects of 

electron treatment can open up a new range of applications 

for this kind of technology.

As we were able to demonstrate, efforts to make healthy 

seeds the basis for productive agriculture by effectively protec-

ting plants are increasing across the world, because a growing 

population along with a decrease in arable land presents the 

need to safeguard food production with enormous challenges. 

In this situation, the BMELV has decided to sponsor a large 

project to establish a consortium at Fraunhofer FEP to develop 

seed treatment technology using accelerated electrons. Glatt 

Ingenieurtechnik GmbH, BayWa AG and Nordkorn Saaten 

GmbH will be laying the foundations together with the FEP 

for a new, compact and modular generation of equipment as 

part of a project entitled „ResaatEl – resource-conserving seed 

treatment using new, cost-effective electron treatment units“. 

A newly developed toroidal electron source (fig. 6) from 

Fraunhofer FEP will allow seeds to be treated for the first time 

by only using one electron source to significantly reduce the 

space required for the unit.

The Fraunhofer FEP pilot unit already available to treat seeds 

using electrons is designed to treat large throughput volumes 

of up to 30 t/h. BayWa AG and Nordkorn Saaten GmbH have 

been producing certified seeds using this pilot unit since 2011 

and have marketed them under the E-PURA® brand. Another 

Fraunhofer FEP seed treatment unit is set to go into operation 

in 2014 at Nordkorn Saaten GmbH at their site in Güstrow. 

However, the past has also shown that there are only a few 

seed treatment sites which are actually able to use this high 

throughput efficiently. But the new generation of units is 

opening up a considerably larger field of applications for small 

and medium-sized seed producers. An objective which has 

also been acknowledged on an international level. For this rea-

son, the joint project will also make a significant contribution 

to commercialising the technology better.

Another field of work is in using electrons to treat small 

quantities of highly-priced fine seeds such as vegetable and 

flower seeds. In this connection, Fraunhofer FEP started its 

preliminary development stage in 2013 which will go into the 

experimental stage in 2014. Challenges arise in both handling 

such differently shaped seeds and in entering the electron 

dosage required in a targeted and steady way.

For the E-processes department, 2014 is a year especially given 

over to treating seeds in an environmentally-friendly way using 

accelerated electrons. Fraunhofer FEP will be able to continue 

to pave the way in this sector of technology by grouping 

together all activities and carrying out joint projects with other 

expert partners both nationally and abroad.

throughput efficiently. But the new generation of units is 

opening up a considerably larger field of applications for small 

and medium-sized seed producers. An objective which has 

also been acknowledged on an international level. For this rea-

son, the joint project will also make a significant contribution 

to commercialising the technology better.

Another field of work is in using electrons to treat small 

quantities of highly-priced fine seeds such as vegetable and 

flower seeds. In this connection, Fraunhofer FEP started its 

preliminary development stage in 2013 which will go into the 

experimental stage in 2014. Challenges arise in both handling 

such differently shaped seeds and in entering the electron 

dosage required in a targeted and steady way.

For the E-processes department, 2014 is a year especially given 

over to treating seeds in an environmentally-friendly way using 

accelerated electrons. Fraunhofer FEP will be able to continue 

to pave the way in this sector of technology by grouping 

together all activities and carrying out joint projects with other 

expert partners both nationally and abroad.

4 Award for the presenta-

tion given at the XIII. ISST 

National Seed Seminar

5 High yield thanks to 

electron-treated seeds, do-

cumented for more than 10 

years via regular field tests

6 Toroidal source during 

assembling

Sponsorship for the project was 

provided by the Federal Ministry 

for Food, Agriculture and Consu-

mer Protection (BMELV) as a result 

of the resolution made by the Ger-

man Federal Parliament. Project 

management is carried out via the 

Federal Institute for Agriculture 

and Food (BLE) as part of the pro-

gramme to promote innovation.
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ENHANCED PHOTOCATALYTIC ACTIVITY OF 
TiO2 THIN FILMS BY PT NANOPARTICLES 
DEPOSITION
A plasma-based process us ing a modif ied gas f low sputter  (GFS)  source,  which a l lows the product ion of 

nanopart ic les in a vacuum environment,  i s  descr ibed. The equipment was successful ly  used for the depo-

s i t ion of Pt  nanopart ic les on thin f i lms of T iO2 in order to improve i ts  photocatalyt ic  act iv i ty .

Metal nanoparticles (NPs) deposited on a semiconductor 

photocatalyst like the TiO2 act as traps for photogenerated 

electrons, reducing the electron-hole recombination rate and 

enhancing its photoactivity. Among the available approaches, 

the gas flow sputtering (GFS) process for plasma generation 

of metal NPs is very promising, because it allows the synthesis 

of large quantity of particles with well-defined physical pro-

perties and their deposition directly on surfaces in a vacuum 

process.

The GFS process is a hollow cathode glow discharge with 

a high gas flow. In inert gas atmosphere, plasma is ignited 

between two parallel metal targets (cathode) and the 

chamber wall (anode) (Fig. 1). Due to the geometry of the 

hollow cathode, the secondary electrons emitted from the 

targets are here confined and can efficiently ionize the gas 

atoms creating a high-density atomic vapor. An Ar gas flow 

forced through the cathode enables effective transport of the 

sputtered atoms into an aggregation zone. There they first 

thermalize by collisions with the buffer gas, and then con-

dense to form nanoparticles or clusters, which are deposited 

on the substrate at high deposition rates. Because the gas 

stream efficiently cools the atomized particles, the substrate 

temperature remains low and the coating of thermally 

sensitive substrates is possible. By introducing reactive gases, 

compound NPs can also be formed. The size of the particles 

can be adjusted between 2 and a few tens of nanometers by 

changing the pressure in the aggregation zone or by tuning 

the discharge power.

One of the applications was the deposition of Pt NPs on TiO2 

thin films in order to improve the photocatalytic activity of the 

semiconductor. For this investigation, the NPs were deposited 

on two types of substrates: float glass coated with TiO2 

thin films by reactive pulse magnetron sputtering (PMS) and 

commercial photocatalytic glass. A discharge power of 3 kW 

and a pressure in the aggregation region of approx. 50 Pa 

were employed. Two series of experiments were conducted 

by sputtering for 3 (Fig. 2) and 5 seconds to deposit different 

amount of NPs. 

Thereafter water contact angle measurements were perfor-

med on the samples during irradiation with UV-A light in or-

der to check their photo-induced superhydrophilic properties. 

Moreover, self-cleaning properties of the photocatalysts were 

evaluated by tracing the decomposition of thin films of stearic 

acid (SA), that were deposited on the TiO2-coated glasses 

by spin-coating. The decomposition of the SA was assessed 

through infrared absorption spectroscopy, by monitoring 

the disappearance of the typical SA bands in the region 

2700 – 3000 cm-1 (Fig. 3). The integrated area under the peaks 

is used to calculate the decomposition rate.

It was observed that the presence of Pt NPs greatly enhances 

the self-cleaning and photo-induced superhydrophilic 

properties of TiO2 thin films for very small amounts of loaded 

metal (only 3 sec deposition time). On the contrary, a higher 

deposition time (5 sec) was detrimental for the photocatalytic 

activity of the TiO2. This is attributed to an excessive coverage 

of the semiconductor surface by the NPs, which can limit the 

quantity of light reaching the TiO2.

1 LB nano

2 TEM pictures of Pt nanopar-

ticles deposited on carbon grids 

using the following sputtering 

parameters: 

power discharge 3 kW,

Ar flow 0.75 slpm,

sputtering time 3 sec.

(one sample with two different 

magnifications)

4  Vacuum deposition system composed of a gas phase conden-
sation (GPC) unit for nanoparticles production (left) and a PECVD 
unit which enables the incorporation of the particles into organic 
matrix materials (right)

3  Photocatalytic decomposition of stearic acid by a TiO2 layer (PMS) 
coated with Pt nanoparticles (3 seconds deposition time). FTIR ab-
sorption spectrum measured before (0 min) and after UV-A irradia-
tion after certain time intervals (20...120 min; PUV-A=1.5 mW/cm2)

PECVD Unit

monomer

roots pump

aperture

turbomolecular pump
GPC Unit

target aggregation 
zone

gas flow
sputter source

Ar
N2

O2

N2 / O2

N2 / O2

Ar

sample holder

pump

plasma source

- + ~

3000 2950 2900 2850 2800 2750 2700

0.000

0.005

0.010

0.015

0.020

0.025

0 min
20 min
40 min
60 min
90 min
120 min

wavenumbers [cm-1]

ab
so

rb
an

ce

Increasing

irradiation

time

20 nm50 nm



2726

COST-EFFICIENT HIGH-RATE METALLISING 
FOR HETERO-JUNCTION SOLAR CELLS

Hetero- junct ion cel ls  const i tute a promis ing method of establ ishing high cel l  eff ic iencies in the photovol -

ta ics  market  [1].  Current ly ,  the cel ls  are character ised by eff ic iencies of more than 21% [2,3].

At the Fraunhofer FEP,  a re lated,  cost-eff ic ient metal l i sat ion step is  being developed.

The selected approach to the solution consists of applying the 

high-rate electron beam evaporation for aluminium metallisa-

tion of the rear cell contact. For this, different crucibles – wa-

ter-cooled, cold and ceramic, hot crucibles – should be tested 

and the deposited layers should be evaluated. Fig. 1 illustrates 

a ceramic crucible during practised aluminium evaporation.

Fig. 5 demonstrates that, regarding the two tested crucible va-

riants, evaporation with stationary coating rates in the target 

at range of 100 – 200 nm/s are possible. The required energy 

for the ceramic crucible is lower by a factor of 3 to 4, which is 

the reason for the specific interest in this type of crucible.

Despite the high coating rate and the low thickness of the 

silicon wafers of less than 200 µm, the temperature limit of 

200°C must not be exceeded due to material-related reasons 

when the aluminium layers with a thickness of one microme-

ter are deposited. The temperature curve of the wafer during 

aluminium evaporation in Fig. 6 illustrates that this general 

condition is also complied with.

The structures of the layers show a very compact crystalline 

structure (see Fig. 3 and 4). This was expected for evaporation 

from the cold crucible. Fortunately , ceramic crucible materials 

were found that make this possible. These compact layers are 

characterised by specific electrical resistances corresponding to 

the values for aluminium bulk material, the values are at least, 

only exceeded by 10% using the ceramic crucible. The most 

important prerequisite for using the evaporated layers to tap 

the current generated in the solar cell at the lowest possible 

losses is met this way.

The efficiency analysis performed demonstrates that the 

developed high-rate metallisation is capable of providing a 

100 MW product line and must be estimated with a portion 

of costs of less than 0.03 Euro per Watt peak. The general 

project goal of providing a cost-efficient alternative for 

sputtering regarding the metallisation of the hetero-junction 

cells is accomplished.

The further analyses within the framework of the joint rese-

arch project with Roth & Rau AG address the comprehensive 

analysis of the processed hetero-junction cells, further analyses 

for optimising the materials for the ceramic crucibles, as 

well as the long-term stability of the aluminium high-rate 

metallisation.
CONTACT

1 Aluminium evaporation from 

hot crucible

2 Wafer based solar cell

3 Structure of the aluminium 

layer evaporated from a cold 

crucible

4 Structure of the aluminium 

layer evaporated from a hot 

crucible
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5  Stationary aluminium deposition rate as a function of the 
electron beam power
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6  Heating of the wafer during aluminium evaporation
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ELECTRON BEAM RAPID THERMAL ANNEA-
LING OF TRANSPARENT CONDUCTIVE OXIDES

Rapid thermal anneal ing of coated surfaces with an e lectron beam is  a new process in the f ie ld of thin-

f i lm technology.  Apply ing this  technology to transparent conduct ive oxides is  a very promis ing method. 

The conduct iv i ty  levels  achieved on glass by means of these f i lms exceed the values poss ib le when tempe-

r ing convent ional ly .

Flexible optoelectronic devices have a promising future. Foldab-

le displays and ultra-light solar cells are the two most important 

applications currently emerging. Regarding the anticipated 

broad launch of these products, several technical requirements 

must be met. Work is being done world-wide to fulfil these 

requirements. One particular challenge is the production of 

suitable transparent electrodes. These components must have a 

very high current load capacity.

 

Transparent conductive oxides, specifically the valuable indium 

tin oxides (ITO), constitute an important class of materials for 

this purpose. Transferring this coating technology to polymer 

substrates is a challenge. The substrate materials should 

not be heated excessively during coating. However, this is a 

prerequisite for achieving high levels of film quality. The key 

to solving this problem is heating the film for a short period of 

time using a pulsed application of energy. This way, the surface 

is heated to a high temperature without excessively heating the 

sensitive substrate. This technology was already tested using 

laser and UV impulse lights. Experiments were conducted at 

the Fraunhofer FEP aiming at using the electron beam for rapid 

thermal annealing. When compared to the other two methods, 

the electron beam emits the major part of its energy only a 

couple of hundred nanometres below the surface. This reduces 

the thermal tensions between the layer and the substrate which 

is the essential advantage when implementing this technology.

As an example, Figure 5 illustrates the effect of the electron 

beam on the film resistance of an ITO-coated glass surface. 

The thickness of the ITO film was 230 nm. The electron 

beam was used with an acceleration voltage of 10 kV in 

order to scan a glass surface of 8 cm × 8 cm. A simulation 

program was used in order to estimate the temperature of 

the film which reached a value of 600°C for a short period 

of time. However, the temperature pulse only lasted a few 

milliseconds causing the substrate to heat only slightly. The 

figure illustrates the clear connection between the amount 

of heat applied by the electron beam and the change of the 

layer resistance when compared to the initial value. In the best 

case, the layer resistance was reduced by 60%. This clearly 

exceeds the reference value when heating the coated glass 

to a temperature of 400°C for 1 hour, corresponding to a 

conventional annealing process. This example illustrates: the 

treatment of ITO-coated surfaces with an electron beam is a 

powerful method for optimising transparent electrodes. The 

reduction of the necessary annealing time from one hour to 

a few minutes is already an essential advantage. Regarding 

temperature-sensitive substrates, another advantage includes 

the fact that the applied heat can be limited almost entirely 

to the film. In contrast to rapid thermal annealing using the 

laser or UV lights, the distribution of the applied heat in the 

layer can be adjusted advantageously in a targeted manner by 

adjustment of the acceleration voltage of the electron beam.

CONTACT

In the next step, the technology will be advanced and optimi-

sed for rapid thermal annealing of coated polymer substrates 

(e.g. polymer films). The challenge at the transition from glass 

to polymer substrates is to apply the largest possible amount 

of heat to the film while simultaneously applying the least pos-

sible amount of heat to the substrate. This development work 

is supported by a powerful simulation program. In the medium 

term, the goal is to verify this technology on a roll-to-roll 

system and to render this technology usable for the industry 

by means of pilot projects. In fact, we are looking for partners 

from industry already in the current development phase.
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1 Cluster system »ERICA« 

for complex coating and pat-

terning process in vacuo

2 Electron beam in vacuo

3 REM image ITO tempered 

on glass

4 REM image ITO non-tem-

pered on glass

5  Change of the layer resistance of a 230 nm thick ITO layer on 
glass at the application of an electron beam (10 kV)
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PULSED ELECTRON BEAM DEPOSITION – 
A NEW COATING METHOD AT THE 
FRAUNHOFER FEP
At the Fraunhofer FEP,  the use of a new highly intense,  pulsed e lectron beam source opens new poss ib i l i -

t ies  regarding the def ined deposit ion of dense,  as wel l  as adher ing thin layers and layer systems of a 

broad range of mater ia ls ,  especia l ly  on thermal ly  unstable substrates.

With the new Pulsed Electron Beam Deposition (PED) method, 

a new field of work has been developed at the Fraunhofer 

FEP. A pulsed electron beam with a very high power density 

≥ 108 W/cm² is applied locally to a target and allows for an 

ablation of the target material, i.e. the surface of the matter to 

be evaporated is heated locally for a few nanoseconds to an 

extent that the state of material abruptly switches from solid 

to gaseous and moves towards the substrate as a directional 

vapour flow.

When compared to alternative Pulsed Laser Deposition (PLD), 

this method is characterised by low system costs. An essential 

feature of the process includes its high variability – nearly all 

materials (both electrically conductive and insulating materials) 

may be ablated. Microparticles during layer formation can be 

prevented by optimising the process parameters.

One particularity of the method includes the formation of 

a dense discharge plasma. It increases the energy of the 

ablated particles to several 10 eV and thus to a higher energy 

level than during electron beam evaporation or sputtering, 

for example. This positively influences the properties of the 

growing layers so that the substrate temperature can be kept 

low. Therefore, the growing of adhering, dense layers are also 

made possible on temperature-sensitive substrate materials – 

such as plastic, for example.

As opposed to the classic electron beam evaporation process, 

the target to be evaporated remains solid when using 

PED. The advantage is that this allows for homogeneously 

depositing alloys in the proper stoichiometric ratio, because 

there is no accumulation of the components that are difficult 

to evaporate due to the avoidance of a molten bath. With 

the help of defined energy pulses, the coating rate can 

furthermore be adjusted in a targeted manner.

Moreover, reactive process control is possible by adding 

the corresponding gases. As a result, there are numerous 

different application possibilities such as the production 

of hard material layers, decorative layers, or transparent, 

conductive oxide layers. Further possible fields of application 

can be found in the field of flexible displays and in the 

thermoelectric sector. In order to coat industrially relevant 

substrate dimensions and to increase the rate, several PED 

sources may be combined.

At the Fraunhofer FEP, a coating system from Organic 

Spintronics srl was integrated into the existing vacuum 

cluster plant »ERICA« and the deposition of thin metal and 

semi-conductor layers was examined in process chains for 

photovoltaic applications. Furthermore, promising tests 

regarding the deposition of transparent conductive oxide 

layers were conducted. The first tests were intended to 
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develop a general understanding of the PED process, as well 

as to demonstrate the principle suitability of the method for 

different applications.

Benjamin Graffel

Phone +49 351 2586-212
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1 PED system on the vacu-

um cluster plant »ERICA«

2 PED process: effect of the 

intensive electron beam on a 

target

3 Cluster system »ERICA« 

for complex coating and pat-

terning processes in vacuo

4 Surface profiles (White 

light interferometry) of sili-

con layers deposited by PED. 

Selecting suitable process 

parameters can significantly 

reduce quantity and size 

of occurring microparticles 

(left: unoptimized, 

right: optimized)

6  Process scheme PED
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5  Process parameters

Acceleration voltage: up to 20 kV

Chamber pressure: 10-5 … 10-2 mbar

Extracted energy per pulse: ~1 J

Repetition rate: 0 … 100 Hz

Power density: ~108 W∙cm-2

Act. power density on substrate at 100 Hz: ~10-2 W∙cm-2

Typical layer thickness per pulse: 0.001 … 1 nm

Static deposition rate: 0.1 … 100 nm∙s-1

3 4
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LAYER SYSTEMS FOR HIGH-PERFORMANCE 
SOLAR TUBE COLLECTORS

Along with photovolta ics ,  solarthermics has a huge potent ia l  for  susta inably us ing renewable sources of 

energy.  The prerequis i te for developing this  potent ia l  inc ludes high-temperature solar  col lectors able to 

guarantee perennia l  loading and withdrawal cyc les in connect ion with low-loss energy storage.

Although the direct conversion of sunlight to usable thermal 

energy, also referred to as solarthermics, can already look back 

on a long development history, it is currently experiencing a 

development burst that, according to many experts, will lead 

to a significant expansion of its field of application.

Traditional solar collectors are operated with water as a 

transport medium and work at temperatures of about 100°C. 

However, it is not possible to combine them with Zeolith 

thermal storage systems capable of emitting the thermal 

energy stored during summer in the winter, since these require 

loading temperatures in excess of 200°C.

The technical implementation of solar collectors for operating 

temperatures of 200 – 250°C first and foremost requires a 

reduction of the irradiation losses increasing with the fourth 

power of the temperature. On the one hand, effective mea-

sures may include the advanced optimisation of the absorber 

layer system towards low IR irradiation. On the other hand, 

the transition to a vacuum tube design with an additional 

intermediate tube and an IR-reflecting coating deposit offers 

huge potential for increasing the overall efficiency of the 

collector for high temperatures.

The absorber layer system developed at the Fraunhofer FEP is 

based on the principle of a multi-layer absorber consisting of 

alternating deposits of metal (Cr, Mo) and dielectric (Al2O3, 

Si3N4) layers with an adapted thickness and achieves a degree 

of solar absorption of 94% at a degree of thermal emission of 

less than 10% (at an operating temperature of 200°C). The 

layer adhesion is outstanding and the predicted ageing re-

sistance is sufficient even at increased application temperatu-

res. Tempering tests 72 hours at 500°C, what corresponds to a 

service life of more than 30 years at a temperature of 200°C, 

conducted in this regard did not result in any measurable 

changes of the layer properties.

When compared to the absorber, complementary require-

ments exist for the necessary second layer system, the heat 

or IR reflector: while the first must absorb in the visible 

wavelength range and reflect in the infrared wavelength 

range, the latter should combine high optical transmission 

in the visual range with high reflection in the infrared range. 

This is achieved by transparent conductive layers based on 

metals (Ag) or oxides (ITO, AZO) that must additionally be 

equipped with adapted diffusion barriers and anti-reflection 

layers. The easier technical controllability, as well as the lower 

manufacturing costs argue in favour of metal-based systems 

at this point, while the better long-term stability is a decisive 

advantage of the oxide-based systems up to now. However, 

current development work gives reason to expect more 

progress in this field.
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During the development of the depositing processes (reactive 

and non-reactive magnetron sputtering) the focus was on the 

simplicity and reliability of the technologies (no complex pro-

cess control necessary), as well as on the largest possible fault 

tolerance of the layer stacks (regarding thickness deviations 

of the individual layers). In collaboration with the mechanical 

engineering company Götz Lamm & Co. OHG Metalltechnik 

Großenhain, a pilot plant was designed, built up, and com-

missioned in this regard, which will deliver the first samples of 

coated absorber and reflector tubes shortly. The glass blowing 

company Horst Müller Berlin is responsible for further proces-

sing and completing these samples to become demonstrator 

components so that the first high-performance collectors will 

be available for evaluation in the near future.

Dr. Fred Fietzke

Phone +49 351 2586-366
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1 Coated absorber tubes

2 ILA 750 – vertical in-line 

sputter plant

3 Collector models

4 UNIVERSA – pilot plant for 

3D coating using pulse magne-

tron sputtering

5 Incident and irradiated energy spectrum (top), as well as 
spectral characteristics of absorber (middle) and heat reflector 
(bottom) adjusted to the aforementioned
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LOADING AN ECR SOURCE USING 
SPUTTERING TO IMPLANT Al+ IONS

The motivation for developing a technological basis for 

a doping process that uses Al ion implantation arises 

from the fact that this technology allows to carry out two 

essential doping stages for silicon photovoltaics for both 

wafer-based and thin-film techniques:
 � the (selective) emitter profile for n-type PV cells and 
 � the (local) back surface field profile for p-type PV cells.

For crystalline solar cells, n-type silicon would usually be the 

best material since it is not subject to ageing caused by a 

light-induced build-up of boron-oxygen complexes, unlike 

p-type Czochralski silicon. Plus, it displays a higher charge 

carrier lifetime.

In principle, high-amperage ECR ion sources [1] with 

subsequent ion optics suitable for generating broad beams 

enable a high-grade implantation of Al ions on large 

processing widths – of up to two meters in future. The 

particular challenge is in loading the ECR plasma / ECR re-

sonator chamber with aluminum. A magnetron sputtering 

source meets all of the requirements (especially regarding 

beam purity) placed on the technology at comparatively 

moderate purchasing and operating costs, and has no 

limitations. A „magnetron ECR ion source“ of this kind, 

MECRIS [2], has been created in partnership with DREEBIT 

GmbH (Dresden) (fig.1).

Developing the „magnetron sputtering source“ module 

at Fraunhofer FEP in the shape of a hollow cylinder (target 

width 50 mm, radius 100 mm / sputtering direction: inward 

radial) required particular careful alignment with the struc-

ture of the ECR resonator. This is because:
 � exact magnetic fields have to be defined for both the 

microwave resonator as well as for the sputtering source. 

These fields have to be as free from interaction as possible.
 � electrical fields are needed for the sputtering source and 

for extracting ions from the resonator. These electrical 

fields have to be sufficiently free from interaction.

These requirements could be met during the construction 

phase with the help of numeric simulation (COMSOL).

The loading of the immediate ionization volume (spheroid) in 

the middle of the resonator was ensued simultaneously.

The magnetron sputtering source (fig. 2) is subjected to an 

extensive analysis. The following properties are determined:
 � space-resolved coating rate (fig. 5) and / or integral load 

rate (fig. 6) and three-dimensional densities of Al atoms
 � electron temperature and density using a partly automated 

double Langmuir probe

Numerous process parameters are varied, e.g. magnetron po-

wer, type (fig. 3) and pressure of the process gas, to create a 
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basis for an operation of the MECRIS, which is most efficient 

and long term stable too. Further, the influence of target 

erosion and the coil current in the Helmholtz coils (fig. 3 and 

4) on the operating parameters is determined.

As predicted, the magnetron sputtering source is able to 

generate a sufficient load rate of > 1018 Al atoms per second 

even at a medium power density (> 4 W/cm²). This rate is 

needed to provide the integral Al ion current of 30 mA that 

will be required from the completed MECRIS in the future.

Dr. Ullrich Hartung

Phone +49 351 2586-121
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1 3D section of high current 

ECR ion source MECRIS (Fraun-

hofer FEP magnetron highligh-

ted) © DREEBIT GmbH

2 Fraunhofer FEP cylinder ma-

gnetron with analytical equip-

ment on a special flange

3 Sputtering plasma; front 

view (left without, right with 

coil current resulting in higher 

plasma density)

above: Neon process gas

below: Argon process gas 

4 Sputtering plasma (argon 

process gas); side view

from left to right: increasing coil 

current (0 … maximum)

The project was funded by the 

European Union and the Free

State of Saxony.

Funding reference: 100106678

[1] ECR:

Electron Cyclotron Resonance

[2] MECRIS:

Magnetron ECR Ion Source

5  Space-resolved coating rate r [nm/s] for process parameters:
5 kW/Ar 1 Pa/no coil current

6  Integral Al atom load rate R in dependence of power and 
type of gas
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Doping is  a s ignif icant process step for photovolta ic  ce l l s  within regard to qual i ty ,  eff ic iency and costs . 

None of the doping processes current ly  used in PV technologies meet a l l  of  the requirements suff ic ient ly . 

New technologies need to be developed.
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DEVELOPMENT OF BIOFUNCTIONAL, STERI-
LISATION-RESISTANT DLC LAYERS

DLC coat ings are to be modif ied with the help of low-energy e lectron beam technology.  The intended 

f ie ld of appl icat ion is  medical  engineer ing,  hence durabi l i ty  of  the coat ings and ster i l i sat ion res istance,  as 

wel l  as poss ib le improvement of biocompat ib i l i ty  are assessed.

Over the course of the past years, diamond-like carbon (DLC) 

established strongly in the field of medical applications (Fig. 2). 

In this, the very good friction/gliding properties, high hardness 

values, as well as good biocompatibility are particularly 

advantageous.

 

Due to the amorphous structure of DLC, the material can be 

characterised by properties of diamond and graphite [1]. In this, 

the hybridisation condition of the carbon atoms (sp2 hybridised 

and / or sp3 hybridised), as well as the hydrogen content of the 

coating are decisive. These parameters vary depending on the 

deposition method. 

Within the framework of an SMWK-sponsored cooperation 

project, the group »Medical Applications« of the Fraunhofer 

FEP and Europ Coating GmbH, address the modification of 

DLC as well as material-related and biological assessment of 

these coatings. 

By using different deposition methods (PA-CVD, PVD sputte-

ring, and PVD-Arc methods), Europ Coating GmbH deposites 

DLC layers with varying properties (Fig. 3). These layers are 

then modified by low-energy electron beam treatment at the 

Fraunhofer FEP. It is intended to improve the mechanical dura-

bility and the biofunctionality thus increasing the marketability 

of the modified surfaces in the field of medical applications. 

The electron beam modification is expected to result in 

a changed layer durability with the power of enhancing 

sterilisation resistance of the coated surfaces. In order to 

assess this, a practice-oriented sterilisation regime (preliminary 

treatment 1M NaOH, followed by steam sterilisation) was 

developed and the layers were subjected to a total of 80 

sterilisation cycles. The results demonstrated that stable DLC 

layers can be created both by PVD-Arc and by PVD sputter 

deposition.

 

The characterisation of the electron beam modified DLC layers 

was performed with the help of contact angle measurement 

and surface energy calculation whereby the energetic pro-

perties of the layers were determined. The calculation of the 

dispersive and polar parts of surface energy showed that the 

polar parts increase with rising electron beam dose (Fig. 4), 

which correlates with a change of the relation between sp2 

and / or sp3 hybridised carbon atoms. The biological interac-

tions may also be influenced positively by increasing the polar 

parts.

Initial cytological results revealed that all of the coatings 

show a good biocompatibility (Fig. 1). The cell vitality on the 

coatings was also increased slightly compared to the standard 

(Fig. 5). The biofunctionality of the DLC coatings is to be 

advanced further by means of electron beam modification.
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1 Spreading cell on biocom-

patible surface

2 Microsurgical instruments

[1] Mertz, K.W., Jehn, H.A.; 

Praxishandbuch moderne Be-

schichtungen: Advanced Surface 

Coatings, Hanser Fachbuchverlag 

2001, S. 261 

4  Polar parts of the surface energy of unmodified and electron 
beam treated DLC layers

3  Classification of the deposition methods used for DLC

5  Amount of vital connective tissue cells on the different DLC 
coatings
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ANALYTIC INVESTIGATIONS OF CdTe THIN 
FILM SOLAR CELLS

Within the framework of an industr ia l  project  with CTF Solar  GmbH, we were able to cont inue the hither-

to successful  work regarding process and technology development for CdTe thin f i lm solar  ce l l s  in 2013. 

In this ,  analyt ic  examinat ions provided an important contr ibut ion.

With the help of field emission scanning electron microsco-

py (FE- SEM) investigations of ion-polished cross-sections, 

microstructure and interfaces can be investigated with high 

resolution using the crystal orientation and atomic number 

contrast. In this regard, figures 1 and 2 illustrate a solar cell 

in superstrate configuration with float glass substrate, TCO 

front contact, thin n-conductive CdS layer, p-conductive 

CdTe absorber layer, and metal rear contact as an overview 

image and at high magnification.

 

Diffusion and grain growth processes at the interface 

between the CdTe and the CdS layers during the thermal 

chlorine activation treatment are of particular interest. 

Due to the diffusion of sulphur into the CdTe layer and or 

tellurium into the CdS layer the band gap of both materials 

can be influenced and thus also the absorption behaviour. 

Simultaneously, a reduction of the CdS layer thickness 

causes an increase of the quantum efficiency in the short 

wavelength range. However, grain growth of the CdS 

crystallites or CdS layers that are too thin may also cause 

the formation of pores in the layers reducing the values for 

the open circuit voltage and the fill factor of the solar cell. 

Therefore, the processes must be optimised to such that 

the CdS layer is as thin as possible, but the properties of 

the pn transition do not deteriorated simultaneously.

Additional information on the pn junction and the chlorine 

activation treatment can be obtained by measuring the 

electron beam-induced conductivity (EBIC). In so doing, the 

EBIC signal distribution is measured simultaneously with the 

electron-microscopical imaging. The results of these inves-

tigations have shown that only a weak EBIC signal and an 

inhomogeneous signal distribution can be measured prior 

the chlorine activation treatment (Fig. 3). While a significant 

EBIC signal is already detected inside individual CdTe 

crystallites, other crystallites still seem completely dark. The 

CdTe grain boundaries themselves, and all areas near the 

grain boundaries exhibit no EBIC signal. Accordingly, the 

areas near the grain boundaries have the effect of strong 

recombination centres for the generated charge carriers and 

therefore do not provide any contribution to the measured 

EBIC signal.

On the contrary, a significant change regarding the distribu-

tion of the EBIC signal can be detected after an activation 

treatment (Fig. 4). The areas near the grain boundaries are 

now characterised by a signal that is clearly higher as in the 

centre of the crystallites. Completely dark crystallites wi-

thout EBIC signals are no longer detected. This result can be 

interpreted as a direct proof of the passivation of areas near 

the grain boundaries by the chlorine activation treatment.
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Furthermore, the chlorine diffusion may be investigated by 

determining chemical depth profiles with the help of glow 

discharge optical emission spectrometry (GD-OES). Regar-

ding this, figure 5 illustrates the depth profile of a CdTe 

solar cell with gold rear contact. On the surface of the 

CdTe layer, a tellurium accumulation and a partial oxidation 

can be detected. The chlorine content in the CdTe is in the 

range of 0.03 to 0.2 at.- % with clearly present maximum 

values on the layer surface and on the interface to the CdS.

The analytical results help enhancing the understanding 

regarding the influence of process parameters on the 

structure and the electrical properties of the CdTe thin film 

solar cell. The latest news regarding record efficiencies of 

the CdTe thin film solar cell of 19.0 and 19.6% performed 

by First Solar and GE Global Research furthermore demons-

trate that there still is potential for further progress.

Dr. Olaf Zywitzki

Phone +49 351 2586-180

1 FE-SEM figure of the 

ion-polished cross-section of 

a CdTe thin film solar cell 

2 FE-SEM figure of the in-

terface between TCO, CdS, 

and CdTe layer at higher 

magnification

3 FE-SEM figure of a CdTe 

thin film solar cell in the 

crystal orientation contrast 

(left) and related EBIC signal 

distribution prior to the acti-

vation treatment (right)

4 FE-SEM figure of a CdTe 

thin-film solar cell in the 

crystal orientation contrast 

(left) and related EBIC signal 

distribution after the activa-

tion treatment (right)

1 2 43

5  Chemical depth profile of a CdTe thin-layer solar cell deter-
mined with glow discharge optical emission spectrometry
(GD-OES)
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ANALYSIS OF CHEMICAL DEPTH PROFILES 
BY RF GLOW DISCHARGE SPECTROMETRY

By invest ing in a new RF glow discharge spectrometer GD-Prof i ler  2 (HORIBA Jobin Yvon),  i t  was poss ib le 

to s ignif icant ly  enhance the analyt ic  poss ib i l i t ies  at  the Fraunhofer FEP regarding the analys is  of  chemical 

depth prof i les .

The application of an RF glow discharge with optical emission 

spectrometry (RF-GD-OES) allows the analysis of chemical depth 

profiles on electrically conductive and non-conductive samples. 

For the analyses, the sample is sputtered on a spot diameter 

of 4 mm, atom layer by atom layer. In the electrical field of the 

glow discharge, the plasma causes an excitation of the sputte-

red atoms causing collisions with high-energy electrons or with 

meta-stable argon gas atoms. Upon excitation to a higher level 

of energy, the absorbed energy is emitted in one or several 

steps as discrete optical spectral lines when returning to the 

initial level. The light intensity of the optical emission lines of 

the different elements is then registered as a function of time 

in a spectrometer. Through calibration with certified reference 

materials, the measured qualitative intensity-time profiles can 

be used to calculate quantitative chemical depth profiles.

The device installed at the Fraunhofer FEP (Fig. 1) disposes 

of 45 selected optical emission lines of different chemical 

elements, including hydrogen. In order to analyse the emission 

lines, a polychromator with a holographic grid and a spectral 

range of 110 to 620 nm is used (Fig. 2). Additionally, it is 

possible to analyse additional optical emission lines with the 

help of a monochromator or to document the entire emission 

spectrum sequentially. The detectors are sensitive photomulti-

pliers with a high dynamic range for concentrations of 1 ppm 

to 100%. 

In order to achieve the best possible depth resolution, the 

sputter parameters must be selected in such a way that the 

sputter crater is as flat as possible. This can largely be achieved 

by optimising the parameters sputter performance and 

pressure. The analysis of the craters is performed by additional 

measurements with a profilometer.

By using a pulsed RF discharge, it is also possible to analyse 

temperature-sensitive samples such as coated polymer foils or 

even coatings on glass substrates, whereby the thermal stress 

for the samples can be reduced to an extent that any damage 

to the samples can be avoided (Fig. 3 and 4). 

This way, we are now able to analyse coatings regarding their 

chemical depth profile on all substrates used at the Fraunhofer 

FEP such as metal band, glass, silicon, and even on polymer 

foils. Another advantage of the RF-GD-OES analyses typical 

for the method includes very high sputter rates of several 

micrometers per minute allowing for the quick analysis of 

chemical depth profiles of deeper layers. Despite the high 

sputter rates, depth resolutions of a few nanometres can be 

achieved for thin layers. For many elements, the lower limit of 

detection is 1 ppm.

Up to now, typical fields of application for RF-GD-OES 

analyses at the Fraunhofer FEP include optical layer systems, 
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layers designed for photovoltaics, sliding bearing layers, wear 

resistant layers, and anti-corrosion layers. Figure 5 illustrates 

an RF-GD-OES depth profile of an optical Rugate filter with 

very good depth resolution of the silicone oxide and tantalum 

oxide gradient layers as an example.

Dr. Olaf Zywitzki

Phone +49 351 2586-180
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1 RF glow discharge spec-

trometer GD-Profiler 2 

(HORIBA Jobin Yvon)

2 Analysis of the optical 

emission lines using a poly-

chromator

3 RF-GD-OES analysis spot 

on sun protection system on 

PET foil

4 RF-GD-OES analysis spot 

on optical filter on glass sub-

strate

5  Chemical depth profile of a Rugate filter determined by RF 
glow discharge spectrometry (RF-GD-OES)
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Twelfth Fraunhofer Lounge:

How much truth and risk can Germany take?

Necessary remarks on self-contentment of an indust-

rial nation

Uncomfortable truths - for example, in the debate about 

energy policy, demographics, infrastructure, or other 

fields – are a tough act to follow in our country. The style 

of our public debates generates a risk aversion that is 

becoming more and more critical for the competitiveness 

and the future of Germany as an industrial location.

How much truth and risk can Germany take? Necessary 

remarks regarding the complacency of an industrial nati-

on – this was the topic of the 12th Fraunhofer Lounge on 

the winter‘s eve of 14 March 2013 in the Fraunhofer FEP.

Dr. Michael Inacker, assistant executive editor of Wirt-

schaftswoche and managing editor of the Handelsblatt‘s 

editorial office in Berlin explained the meaning of »merci-

less fall« on that evening – Inacker uses this term to refer 

to the attitude towards politicians and top earners whose 

misconduct resulted in the destruction of their reputation 

and professional career. The topic referred to the editorial 

article for Handelsblatt from 20 December 2012, within 

the framework of which Dr. Michael Inacker describes our 

In 2013, the Fraunhofer Lounge was dedicated to socia l  developments and controvers ia l  pol i t ica l  decis ions 

ar is ing from the e lect ions in September.

society as a society »without any margin of error and com-

passion« and criticises the attitude towards the German 

top staff members. 

The evening was presented by the host Mr. Wolfgang 

Genczler, regional director Saxony/Thuringia of the 

MERKUR BANK. During the evening, he challenged 

and at the same time agreed with the core statement 

of the evening that we as a society often lose sight of 

proportionality and that there is hardly any chance of 

rehabilitation. Thereafter, the participants had the chance 

to take up the issue again and to enjoy beverages and 

snacks in discussions accompanied by live piano music.

Thirteenth Fraunhofer Lounge:

Are medium-sized companies the motor for innovation? 

Perspectives in economic policy during the new legisla-

tive period

The coalition talks are in progress and there is still a certain 

level of uncertainty which simultaneously generates an inner 

social anxiety to learn more about the future. In Germany, 

many organisations and people deal with the question 

of what comes next: companies, research organisations, 

employees, students. The German people have cast their 

vote and decided in favour of familiar structures that are, 

FRAUNHOFER LOUNGE
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however, not compatible with current development.

This is the opinion of Oswald Metzger, commentator on 

politics and current affairs and political maverick associated 

with the SPD, the Bündnis 90 / Die Grünen and more recently 

the CDU. Oswald Metzger was a guest at the 13th Fraunhofer 

Lounge on 24 October 2013 in the Fraunhofer FEP.

In his speech, he described his view of the precarious 

pension policy and the disastrous cooperation with EU states 

encumbered with debts. For many audience members, his 

statement that there was no german politician who was 

able to maintain the market economy was an assertion and 

revelation all at once. Boiled down to the essence: we all live 

in a country that is short sighted and spends far too much. 

Mr. Metzger polarises. 

 

The soft comments of the evening‘s host, Uta Deckow-Kin-

dermann, editor for regional politics with the Mitteldeutscher 

Rundfunk, did not really mitigate the conditions described 

either. 

The discussion about photovoltaics, which was existential for 

many attending guests, continued with beverages and snacks 

after the end of the official discussion. The question now 

is how the current government can be convinced to invest 

more money on research on renewable energy instead of 

coming up with new subsidy mechanisms?

Annett Arnold

Phone +49 351 2586-452

1

www.fep-lounge.de

W E B S I T E

1  Host Wolfgang Genczler, 

Dr. Michael Inacker, and head 

of the institute Prof. Dr. Volker 

Kirchhoff (from left to right)

2 Oswald Metzger talking to 

the host Uta Deckow-Kinder-

mann

2
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The pro flex conference is supported by the „Flexible 

Products“ department at Fraunhofer FEP. The department‘s 

activities include, amongst others, developing and piloting 

encapsulation technologies in roll-to-roll processes. In this 

context, the department works very closely with members 

of the FLEET cluster (Flexible Electronics Encapsulation Tech-

nologies Dresden). The cluster concentrates on developing 

encapsulation technologies to reach industrial and series 

maturity.

Encapsulation technologies are highly relevant for the 

development of flexible electronics. Flexible electronic 

components can be integrated into other objects such as 

clothing or packaging. This in turn is interesting for areas 

such as medicine or security, e.g. as regards sensors which 

monitor bodily functions and send data in good time to 

care personnel. But even flexible solar cells or light fixtures 

provide several new areas for application. Encapsulation is 

needed to protect active components in electronics from 

humidity and oxygen.

 

For this reason, one of the key issues of the conference 

was in applying roll to roll technologies and using them to 

develop barrier layers to encapsulate flexible products. The 

future of flexible electronics depends greatly on the develop-

ment of barrier films. Single stages in this process, such as 

136 v is i tors  f rom 21 countr ies took part  in the pro f lex conference 2013 which took place from 24 to 25 

September 2013 at Fraunhofer FEP.  The s ignif icant interest  shown by Japanese companies was part icular-

ly  str ik ing.  Global  p layers a lso made use of the opportunity to share the latest  developments in „coat ing 

f lex ib le mater ia ls“ with one another.

THE PRO FLEX CONFERENCE IS GAINING 
SIGNIFICANCE

CONTACT 

disregarded right from the start. Kobe Steel Ltd Japan is 

developing ways of minimising defects by using a multi-layer 

system. Still, there is demand for an online method of 

analysis with which defects of up to 1 μm and the quality of 

the substrate can be determined in a cost-effective way.

Thanks to the pro flex conference, Fraunhofer FEP succeeded 

in strengthening its position within the »Flexible Products« 

area and in creating sustainable contacts within Europe and 

beyond.

www.fep.fraunhofer.de/proflex

W E B S I T E

Annett Arnold

Phone +49 351 2586-452

the quality of the substrate, process stability or reproduci-

bility, still present a great challenge. Various organisations 

presented their approaches to deal with it.

Moreover, those participating in the conference had 

the opportunity to compare between roll-to-roll PECVD 

(plasma-enhanced chemical vapour deposition), ALD (atomic 

layer deposition) or PVD (physical vapour deposition) through 

presentations given on different technologies in order to find 

the best process methods for their application. To achieve the 

functions needed for coated films, the properties of individu-

al materials are taken into account as well as combinations of 

materials.

This time great attention was paid to coating of flexible glass. 

Flexible glass can be used in various ways in electronics since 

it is a material which combines the best properties of glass 

and plastics. However, there are still some remaining hurdles 

in the processing stages of this material which the research 

community is attempting to overcome.

Right at the heart of many presentations was the question 

of how to minimise the defects on substrates. And there are 

many different ways of doing this. Fraunhofer COMEDD, for 

example, is taking the approach whereby defects are selected 

and where those which do not affect the end product are 
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NAMEN, DATEN UND EREIGNISSE
NAMES, DATES AND EVENTS

A. Arnold
 � International Council for Coatings on Glass ICCG e. V.
 � Netzwerk »Dresden – Stadt der Wissenschaft«

H. Bartzsch
 � Europäische Forschungsgesellschaft Dünne Schichten e. V. (EFDS)
 � Silicon Saxony e. V.

J. Fahlteich
 � Fraunhofer-Allianz Polymere Oberflächen POLO

P. Frach
 � Fraunhofer-Allianz Photokatalyse
 � AMA Fachverband für Sensorik e. V.
 � Deutsche Gesellschaft für Galvano- und Oberflächentechnik 

e. V. (DGO)
 � Europäische Forschungsgesellschaft Dünne Schichten e. V. (EFDS) 

Fachausschuss »Oberflächen und Beschichtungen in der 

Bio- und Medizintechnik«
 � Photonic Net

F. Hoyer
 � Fraunhofer Social Media Netzwerk

V. Kirchhoff
 � Bundesverband mittelständische Wirtschaft (BVMW)
 � Europäische Forschungsgesellschaft Dünne Schichten e. V. 

(EFDS)
 � Fraunhofer-Verbund Light & Surfaces

H. Klostermann
 � Kompetenznetz Industrielle Plasma-Oberflächentechnik, 

AG Neuartige Plasmaquellen und Prozesse, INPLAS
 � Europäische Forschungsgesellschaft Dünne Schichten e. V. (EFDS)

Fachausschuss »Funktionalisierung von Kunststoffen«

G. Mattausch
 � Informationstechnische Gesellschaft (ITG) des VDE:  

Fachausschuss 8.6 »Vakuumtechnik und Displays«
 � Organizing Committee der »EBEAM – International Conferen-

ce on High-Power Electron Beam Technology«
 � Organizing Committee der »International Conference on Elec-

tron Beam Technologies – EBT« 

C. Metzner
 � Kompetenzzentrum Maschinenbau Chemnitz / Sachsen e. V. (KMC)

W. Nedon
 � Forschungsallianz Kulturerbe FALKE

F.-H. Rögner
 � Fraunhofer-Allianz Reinigungstechnik

N. Schiller
 � Technical Advisory Committee der »Annual Technical Confe-

rence« der »Society of Vacuum Coaters – SVC«
 � Fraunhofer-Allianz Batterien
 � Organic Electronics Saxony e. V. (OES)
 � Co-Chair of Board for AIMCAL Web Coating & Handling Con-

ference

C. Wetzel
 � Europäische Forschungsgesellschaft Dünne Schichten e. V. (EFDS) 

Fachausschuss »Oberflächen und Beschichtungen in der Bio- 

und Medizintechnik«
 � Netzwerk ProAnatomie
 � Netzwerk Sachsen Textil

J. Wieczoreck
 � WCMS Fachbeirat

O. Zywitzki
 � Dresdner Fraunhofer-Cluster Nanoanalytik (DFCNA)

M I T G L I E D S C H A F T  I N  G R E M I E N

US 8,470,140 B2
Method for the Production of an Ultra Barrier Layer System
FEP 183
Dr. C. Charton, Dr. M. Fahland, Dr. N. Schiller, S. Straach, M. Krug

JP 5150626 B2
Vorrichtung zum Elektronenstrahlverdampfen
FEP 214
Dr. G. Mattausch, J.-S. Liebig, L. Klose, Prof. V. Kirchhoff, Dr. J.-P. Heinß, 
H. Flaske

US 8,535,810 B2
Transparent plastic film for shielding electromagnetic waves and 
method for producing a plastic film of this type
FEP 215
Dr. M. Fahland, T. Vogt, Dr. N. Schiller, W. Schönberger, Dr. S. Günther,  
Dr. J. Fahlteich

EP 2 087 503 B1
Vorrichtung zum Vorbehandeln von Substraten
FEP 220
Dr. H. Morgner, Prof. C. Metzner, Dr. B. Scheffel, L. Klose, Prof. V. Kirch-
hoff, Dr. J.-P. Heinß

JP 5349455 B2
Transparente Barrierefolie und Verfahren zum Herstellen derselben
FEP 239
Dr. M. Fahland, Dr. J. Fahlteich, Dr. W. Schönberger, Dr. N. Schiller, T. Vogt

JP 5355150 B2
Licht erzeugendes Wandelement
FEP 245
Prof. V. Kirchhoff, Dr. T. Kopte, J. Kubusch

EP 2 288 646 B1
Verfahren zum Abscheiden einer Kratzschutzbeschichtung auf  
einem Kunststoffsubstrat
FEP 252
Prof. V. Kirchhoff, Dr. T. Kopte, J. Kubusch

EP 2 468 915 B1
Verfahren zum Abscheiden dielektrischer Schichten im Vakuum  
sowie Verwendung des Verfahrens
FEP 279 
Dr. H. Bartzsch, P. Pötschick, Dr. P. Frach, Dr. M. Fahland, C. Gottfried

P A T E N T E V O R T R Ä G E

F.-H. Rögner
ELektronenBEhandlung von SAATgut – Eine sächsische Erfindung auf 
Erfolgskurs
Symposium 15 Jahre ELBE SAAT 
Fraunhofer FEP
Dresden, Germany 
31. Januar 2013

M. Junghähnel
Herstellung, Eigenschaften und Anwendungen von transparenten, 
elektrisch leitfähigen Oxidschichten durch Hochrate-Sputtern von
oxidischen (Rohr-)Targets
VDI Arbeitskreis Wärmebehandlung und Werkstofftechnik Freiberg (AWT) 
Freiberg, Germany 
14. Februar 2013

M. Junghähnel
Gesputterte transparente, leitfähige TiO2:Nb-Schichten, Herstellung 
und Eigenschaften
11. Treffen des DGG-DKG Arbeitskreises
„Glasig-kristalline Multifunktionswerkstoffe“ 
Ilmenau, Germany 
21. – 22. Februar 2013

C. Metzner
Grundlagen der Elektronenstrahlverdampfung
OTTI-Seminar „Arc-Verfahren und Aufdampfen“ 
Dresden, Germany 
13. – 14. März 2013

H. Morgner
Plasmaaktivierte, reaktive Elektronenstrahlbedampfung
OTTI-Seminar „Arc-Verfahren und Aufdampfen“ 
Dresden, Germany 
13. – 14. März 2013

C. Metzner
Anwendungen der Elektronenstrahlbedampfung
OTTI-Seminar „Arc-Verfahren und Aufdampfen“ 
Dresden, Germany 
13. – 14. März 2013

N. Schiller, M. Fahland, J. Fahlteich, S. Günther, S. Straach
Vacuum roll-to-roll technologies for transparent barriers on polymer webs
ICE Europe 2013, Technical Conference 
München, Germany 
19. – 21. März 2013

N. Schiller
Functionalized polymer films for flexible organic electronics
1. Industry Partners Day 
Fraunhofer COMEDD
Dresden, Germany 
10. April 2013
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M. Fahland
Deposition technologies for functional coatings on polymer subst-
rates
VacuumTechExpo 2013, 8th International exhibition of vacuum machines, 
equipment and technologies 
Moscow, Russia 
16. – 18. April 2013

W. Schönberger
Precision coatings on industrial scale: requirements, implementati-
on, application
VacuumTechExpo 2013, 8th International exhibition of vacuum machines, 
equipment and technologies 
Moscow, Russia 
16. – 18. April 2013

B. Scheffel, T. Modes, C. Metzner
Spotless arc activated high-rate deposition using novel dual crucible 
technology for titanium dioxide coatings
56th Annual Technical Conference, SVC – Society of Vacuum Coaters
Rhode Island, USA 
20. – 25. April 2013

S. Günther, M. Fahland, J. Fahlteich, B. Meyer, S. Straach, N. Schiller
High rate low pressure PECVD for barrier and optical coatings
56th Annual Technical Conference, SVC – Society of Vacuum Coaters 
Rhode Island, USA 
20. – 25. April 2013

M. Junghähnel, T. Kopte
Advanced cost effective and substainable transparent conductors 
based on titania for large area applications
56th Annual Technical Conference, SVC – Society of Vacuum Coaters 
Rhode Island, USA 
20. – 25. April 2013

C. Metzner, B. Scheffel, O. Zywitzki
High-rate PECVD with metal strip magnetron for hard and other 
functional coatings
40th ICMCTF – International Conference on Metallurgical Coatings and 
Thin Films 
San Diego, USA 
29. April – 3. Mai 2013

M. Junghähnel, T. Kopte
Cost effective large area sputtering of transparent conductive 
TiO2:Nb by using rotatable magnetron systems with oxidic targets
8th International Symposium on Transparent Oxide and Related Materials 
for Electronics and Optics, TOEO-8 
Tokyo, Japan 
13. – 15. Mai 2013

J. Fahlteich
Ultra-High Barriers for Encapsulation of flexible Displays and Ligh-
ting Device
SID 2013 – International Symposium
Society for Information Display, Display Week 2013 
Vancouver, Canada 
19. – 24. Mai 2013

M. Fahland, B. Meyer, S. Günther, M. Junghähnel
Elektronenstrahlbehandlung zur Optimierung von transparenten 
leitfähigen Beschichtungen
EFDS Workshop „Transparente leitfähige Materialien (TCO / TCM) –
Festkörperphysikalische Grundlagen und Technologien“ 
Dresden, Germany 
04. – 05.Juni 2013

M. Junghähnel, F. Fietzke
Innovative Herstellungsverfahren zur Hochratebeschichtung von 
transparenten leitfähigen Materialien
EFDS Workshop „Transparente leitfähige Materialien (TCO / TCM) –
Festkörperphysikalische Grundlagen und Technologien“ 
Dresden, Germany 
04. – 05.Juni 2013

F.-H. Rögner
Electron treatment - enhancing safety in food production
XIII ISST National Seed Seminar 2013 
Bangalore, Indien 
08. – 11. Juni 2013

M. Junghähnel, T. Kopte
Advanced cost effective and sustainable low-emittance coatings 
based on titania for improved long wave radiation reflection in 
window applications
GPD Finland 2013 – Glass Performance Days 
Tampere, Finland 
11. – 15. Juni 2013

J. Fahlteich
Ultra-High Barriers for Encapsulation of flexible Displays and Ligh-
ting Device
LOPE-C 2013 – Large-area Organic Printed Electronics 
München, Germany 
11. – 13. Juni 2013

M. Maicu
Photocatalytic Properties of TiO2 Thin Films Modified by Ag and Pt 
Nanoparticles Synthesized by Gas Flow Condensation Process 
4th International Conference on Semiconductor Photochemistry 
Prag, Czech Republic 
23. – 27. Juni 2013

M. Junghähnel
Physikalische Dampfabscheidung von Dünnschichten, Basisprozess 
und ihre reaktiven Varianten
OTTI Fachforum Schichten auf Glas 
Regensburg, Germany 
25. – 26. Juni 2013

J. Fahlteich
Vacuum Deposited Functional Films for Flexible Electronics
6th International Symposium on flexible organic Electronics – ISFOE 2013 
Thessaloniki, Greece 
05. – 11. Juli 2013

S. Barth, H. Bartzsch, D. Glöß, P. Frach, T. Herzog, S. Walter, H. Heuer
Sputter deposition of stress controlled piezoelectric AIN and AIScN 
films for ultrasonic and energy harvesting applications
2013 IEEE International Ultrasonics Symposium 
Prag, Czech Republic 
21. – 25. Juli 2013

F.-H. Rögner
Elektronen – so vielseitig wie ein Schweizer Taschenmesser!
Tage der Wissenschaften am BSZ Radebeul 2013 
Dresden, Germany 
27. Juni 2013

F.-H. Rögner
Electron treatment of seed – an effective, environmental friendly, 
physical plant protection measure
ICPP - 10th International Congress of Plant Pathology 
Peking, China 
25. – 30. August 2013

F.-H. Rögner
Sterilization by low Energy Electrons – A Possibility of safe Producti-
on for Food, Feed and Medicine
Workshop at SDAS 
Jinan, Shandong, China 
31. August 2013

G. Gotzmann, J. Beckmann, B. Scholz, U. Herrmann, C. Wetzel
Entwicklung biofunktionaler, Diamond-Like Carbon (DLC) Schichten
ThGOT Thementage Grenz- und Oberflächentechnik gemeinsam mit dem 
9. Thüringer Biomaterial-Kolloquium 
Zeulenroda, Germany 
03. – 05. September 2013

V. Kirchhoff, C. Metzner, G. Mattausch
Novel Techniques and Tools for the Plasma-activated Electron Beam 
high-rate Deposition of dense Zirconia coatings
8th ALD Symposium China 2013
Suzhou, China
09. – 10. September 2013

M. Fahland
Roll-to-roll deposition of optical coatings using magnetized midfre-
quency powered plasma processes
19th IVC – International Vacuum Congress 
Paris, Frankreich 
09. – 13. September 2013
H. Klostermann, F. Fietzke, B. Krätzschmar
Deposition of mixed oxide coatings by pulsed reactive co-sputtering
19th IVC – International Vacuum Congress 
Paris, Frankreich 
09. – 13. September 2013

H. Bartzsch, S. Barth, D. Glöß, P. Frach, T. Herzog, G. Suchaneck, J. Juuti
Sputter deposition of AlN and AlScN piezoelectric films for energy 
harvesting and ultrasonic applications
19th IVC – International Vacuum Congress 
Paris, Frankreich 
09. – 13. September

C. Metzner, B. Scheffel, H. Morgner, O. Zywitzki
Neue nachhaltige Vakuumbeschichtungen auf metallischen Platten 
und Bändern
ZVO Oberflächentage 
Dresden, Germany 
18. – 20. September 2013

J.-P. Heinß
Crystallization of thin silicon layers by using axial electron beam 
sources
Workshop „Polycrystalline growth of Si – new insights from experiment 
and modeling“ 
Karlsruhe, Germany 
19. – 20. September 2013

H. Bartzsch
Reaktive Magnetron-Sputtertechnologien für Anwendungen in der 
Elektronik und Sensorik auf industriellem Niveau
8. Innovationstag 
Dresden, Germany 
25. September 2013

O. Zywitzki, T. Modes, H. Morgner, C. Metzner, B. Siepchen, B. Späth, 
C. Drost, V. Krishnakumar, S. Frauenstein
Effect of chlorine activation treatment on EBIC signal distribution of 
cadmium telluride thin film solar cells
28th European Photovoltaic Solar Energy Conference and Exhibition PVSEC
Paris, France 
30. September – 04. Oktober 2013

B. Scheffel, C. Metzner, O. Zywitzki
Plasmaaktivierte Hochratebedampfung für dünne YSZ-Feststoffelek-
trolyte
V2013 Vakuumbeschichtung und Plasmaoberflächentechnik
(Industrieausstellung & Workshop-Woche) 
Dresden, Germany 
14. – 17. Oktober 2013



5554

A N H A N G A N H A N G

T. Preußner, G. Hüttl, R. Blüthner, T. Kopte
Abscheidung dünner TiO2und Nb2O2 Schichten mittels Puls-Magnetron- 
Sputtern vom keramischen Rohrtarget
V2013 Vakuumbeschichtung und Plasmaoberflächentechnik
(Industrieausstellung & Workshop-Woche) 
Dresden, Germany 
14. – 17. Oktober 2013

O. Zywitzki, T. Modes, H. Morgner, C. Metzner, B. Siepchen, B. Späth, 
C. Drost, V. Krishnakumar, S. Frauenstein
Struktur und Eigenschaften von CdTe-Dünnschicht-Solarzellen
V2013 Vakuumbeschichtung und Plasmaoberflächentechnik
(Industrieausstellung & Workshop-Woche) 
Dresden, Germany 
14. – 17. Oktober 2013

F. Fietzke, B. Krätzschmar
Aluminium-basierte PVD-Schichten für den Korrosionsschutz von 
Schüttgut
V2013 Vakuumbeschichtung und Plasmaoberflächentechnik
(Industrieausstellung & Workshop-Woche) 
Dresden, Germany 
14. – 17. Oktober 2013

M. Junghähnel
Advanced Glass Refinement by Thin Films - Trends and Challenges 
of Thin Film Technologies for Windows and Facade Glasses
4th G.A.S.T. Conference “Energy Efficient Buildings” 
Singapore  
16. – 21. Oktober 2013

C. Wetzel
Möglichkeiten zur Verbesserung einzelner Gewebe-Banking-Prozesse
Workshop Translations-Forschung in der Gewebemedizin 
Dresden, Germany 
17. Oktober 2013

J.-P. Heinß, P. Lang
Ensuring of high deposition rates by increasing of cooling efficiency
AIMCAL Web Coating & Handling Conference 2013 
Konferenzbeitrag in Proceedings
Charleston (South Carolina), USA 
27. – 30. Oktober 2013 

C. Wetzel
Untersuchungsmodell zur Testung biophysikalischer Therapiegeräte
5. CIT Forschungs-Workshop 
Hamburg, Germany 
03. November 2013

F.-H. Rögner, C. Kleemann
New E-Beam steriliztion concept - a highly efficient way to sterilize 
on demand at health care processes in hospitals, medical centers 
and geriatric care
17th IMRP – International Meeting on Radiation Processing 
Shanghai, China  
05. – 08. November 2013

F.-H. Rögner, G. Mattausch
A novel Electron Beam Source for simplified irradiation of 3D-sha-
ped surfaces
17th IMRP – International Meeting on Radiation Processing 
Shanghai, China  
05. – 08. November 2013

N. Schiller
Plasmatechnologie - Beschichtung von flexiblen Kunststoffen und 
Metallbändern
Materialforum, Umicore AG & Co. KG 
Hanau, Germany 
09. Dezember 2013

J. Fahlteich, C. Steiner, S. Winkler, M. Fahland, S. Günther, N. Schiller
Ultra-High Permeation Barrier Films for the Encapsulation of Flexib-
le Electronic Devices
ISOS-6, 6th International Summit on Organic Photovoltaic Stability 
Chambery, France 
11. Dezember 2013

M. Fahland
Antireflexbeschichtung von Kunststofffolien im Vakuum
Galvanotechnik Nr. 2, 2013
S. 288-293

B. Scheffel, T. Modes, C. Metzner
Spotless arc activated high-rate deposition using novel dual crucible 
technology for titanium dioxide
Proceedings of 13th International Conference on Plasma Surface Engineering, 
PSE 2012
Garmisch-Partenkirchen, Germany 
10. – 14. September 2012 
p. 14 – 17

D. Glöß, P. Frach, M. Maicu, E. Holst, R. Schmittgens, G. Gerlach, C.H. Lu, 
T. Roch, M. Bieda, A. Lasagni, M. Beckmann
Plasma deposition of hydrophobic coatings on structured surfaces 
for condensation and heat transfer
Proceedings of 13th International Conference on Plasma Surface Engineering, 
PSE 2012
Garmisch-Partenkirchen, Germany 
10. – 14. September 2012 
p. 64 – 57

P. Frach, C. Gottfried, F. Fietzke, H. Klostermann, H. Bartzsch, D. Glöß
High Power Density Pulse Magnetron Sputtering – Process and Film 
Properties
Proceedings of 13th International Conference on Plasma Surface Engineering, 
PSE 2012
Garmisch-Partenkirchen, Germany 
10. – 14. September 2012 
p. 80 – 83

B. Zimmermann, F. Fietzke, H. Klostermann, J. Lehmann, F. Munnik, 
W. Möller
High rate PECVD of a-C:H coatings in a hollow cathode arc plasma
Proceedings of 13th International Conference on Plasma Surface Engineering, 
PSE 2012
Garmisch-Partenkirchen, Germany 
10. – 14. September 2012 
p. 392 – 394

S. Günther, M. Fahland, J. Fahlteich, B. Meyer, S. Straach, N. Schiller
High rate low pressure plasma-enhanced chemical vapor deposition 
for barrier and optical coatings
Thin Solid Films 
Vol. 532, 2013, p. 44 – 49

T. Prosek, M. Kouril, M. Dubus, M. Taube, V. Hubert, B. Scheffel, Y. Degres, 
M. Jouannic, D. Thierry
Real-time monitoring of indoor air corrosivity in cultural heritage 
institutions with metallic electrical resistance sensors
Studies in Conservation, 
Vol. 58, No. 2, 2013, p. 117 – 128

V E R Ö F F E N T L I C H U N G E N

F.-H. Rögner
Behandlung von Saatgut mit Elektronen
ACKER plus 
Vol. 07, 2013, Seite 38 – 41

J. Schönfelder, M. Valtink, L. Knels, R.H.W. Funk, K. Engelmann, C. Wetzel
Quality assessment of corneal storage media and their components
Graefes Arch Clin Exp Ophthalmol, CORNEA 
doi 10.1007/s00417-013-2482-5 
online: 22. Oktober 2013

O. Zywitzki, T. Modes, H. Morgner, C. Metzner, B. Siepchen, B. Späth, 
C. Drost, V. Krishnakumar, S. Frauenstein
Effect of chlorine activation treatment on electron beam induced 
current signal distribution of cadmium telluride thin film solar cells
Journal of Applied Physics  
Vol. 114, 2013, p. 163518
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R. Würz, F. Kessler, H. Morgner, S. Saager
Influence of hollow cathode plasma activation on the growth of 
Cu(In,Ga)Se2 thin films
537. Wilhelm and Else Heraeus Seminar
Dresden, Germany 
26. – 28. Juni 2013

B. Zimmermann, F. Fietzke, G. Mattausch
Hollow cathode arc enhancement in reactive PVD processes on the 
growth of Cu(In,Ga)Se2 thin films
537. Wilhelm and Else Heraeus Seminar 
Dresden, Germany 
26. – 28. Juni 2013

M. Maicu
Preparation and Characterization of Photocatalytically Active TiO2 
Thin Films by a Gas Flow Sputtering Process
3rd European Symposium on Photocatalysis JEP 2013 
Portoroz, Slowenien 
25. – 29. September 2013

S. Barth, D. Glöß, H. Bartzsch, P. Frach, T. Herzog, S. Walter, H. Heuer, 
G. Suchanek, G. Gerlach, J. Juuti, J. Palosaari
Sputter deposition of stress controlled piezoelectric AIN and AIScN 
films for ultrasonic and energy harvesting applications
6. Airportseminar 
Dresden, Germany 
06. November 2013

J. Schönfelder
Einfluss der Nanophotonentechnologie® auf Keratinozyten in vitro
Medica 
Düsseldorf, Germany 
23. November 2013

F A C H P O S T E R

M. Barthel
Herstellung von Nanopartikelbeschichteten Kohlenstofffasern und 
werkstoffmechanisch Charakterisierung von Verbunden mit be-
schichteten Fasern im Hinblick auf Impact-Anwendungen
Technischen Universität Dresden
Fakultät Maschinenwesen

E. Holst
Abscheidung hydrophober Dünnschichten durch Plasmapolymerisa-
tion von fluorbasierten Monomeren
Technischen Universität Dresden
Institut für Festkörperelektronik

J. Hou
Grundlagen Elektronenstrahl-assistierter Gasphasenätzprozesse auf 
Silizium-Oberflächen
Technischen Universität Berlin
Fakultät II-Mathematik und Naturwissenschaften

A. Schmidt
Aufstellungskonzept für eine Pilot-Anlage des Fraunhofer FEP unter 
besonderer Berücksichtigung der Forschungslogistik
Hochschule für Technik und Wirtschaft HTW Dresden
Fakultät Maschinenbau/Verfahrenstechnik
Studiengang Produktionstechnik

T. Treuholz
Einrichten einer Hochvakuumanlage für die Abscheidung amorpher 
Siliziumschichten mittels Axial-Elektronenstrahlverdampfung
Technische Hochschule Wildau
Fachbereich Ingenieurwesen/Wirtschaftsingeneurwesen
Studienrichtung Physikalische Technik

K. Bedrich
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