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the leibniz-institute for plasma science and technology 
(INP) belongs to the leading European centers in the field 
of application-oriented basic research on low-temperature 
plasmas and their technological applications, which is based 
on a combination of excellent knowledge-oriented basic re-
search and application-oriented industrial feasibility.

interdisciplinary research is the key to accept technological 
challenges in this day and age. thus physicists, mathemati-
cians, chemists, biologists, engineers and pharmacists work 
closely together to gain a better understanding of the com-
plexity of processes under investigation. excellent facilities 
are crucial to do so. on this basis the inp was able to open 
up new fields of applications for plasma technology, i.e. in 
the field of life science. In parallel, the number of scientific 
publications raised and so the international visibility of the 
inp was increased. for securing this high level of research 
further education of young academics is of high priority for 
the inp greifswald.

We received an outstanding confirmation of the institutes’ 
efforts during the visit of our federal president Joachim 
gauck accompanied by the prime minister of mecklenburg-
Vorpommern erwin sellering on may 25th, 2013. the federal 
President concluded: “Such scientific lighthouses show, that 
the state does not drag behind, but acts on the forefront of 
progress”.

this remark made us proud of our achievements and let us 
look ahead highly motivated.

i wish you an interesting and inspiring reading of our bien-
nial report and i would be pleased to arouse your curiosity 
about our institute.

With best wishes

editoRial

Prof. Dr. Klaus-Dieter Weltmann
Director
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intRoduction

the key aspects of the inp were consolidated and combined 
based on the annual strategic revision and recommendation 
of the Scientific Advisory Council in 2012. Since 2013 the INP 
greifswald thematically and organizationally operates with 
two Research Divisions using their specific expertise. The 
Research divisions are responsible for further focusing of re-
search topics, their network and usage of resulting alliances.

the historical origin of gas discharges physics was a combi-
nation of electrical engineering and plasma technology. this 
unique combination of research fields is revived in the Re-
search division “plasmas for materials & energy” at the inp 
greifswald to allow new experimental and theoretical ap-
proaches. the capability of cross-linking is shown with the 
use of plasma surface technology to increase durability of 
electrotechnical installations or in the application of complex 
plasma models considering non-equilibrium characteristics 
to support the development of switchgear installations.

the Research division “plasmas for environment & health” 
focusses on interdisciplinary topics. collaborations between 
decontamination, plasma medicine, pollution degradation, 
Bioactive surfaces and Bioelectrics are based on atmospheric 
pressure plasma sources, which are extensively studied. this 
concept of a unique union of physicists, mathematicians, 
chemists, biologists, engineers and pharmacists is already 
copied in the Asian region, and intensified national coop-
erations with universities and colleges support the concept.

the realignment of the Research divisions resulted in a fur-
ther focusing on main topics and aims at achieving thematic 
leaderships in specific research areas, a consistent appoint-
ment of highly qualified scientists and top executives as a 
unique characteristic, an increased number of scientific ar-
ticles, successful transfer of research results into businesses 
and developing new research topics.

in the past two years the inp greifswald placed emphasis 
on creating equipment-related conditions for interdisciplin-
ary research.

the appointment of a second W3 professorship (prof. 
schoenemann) enabled us to provide laboratories with high-
voltage and high current equipment. especially a recently 
commissioned laboratory was equipped with two special 
high current generators for switching arcs investigations. 
developing state-of-the-art switch gears in regard to envi-
ronmental aspects is inconceivable without physically-based 
simulations of plasma and accompanying experiments.
a laboratory for generating ultrashort high-voltage pulses, 
high electric field strengths and pulsed plasmas including 
diagnostics to examine medical and environmental appli-
cations was established with the appointment of the W2 

professorship of Bioelectrics (prof. Kolb). the Research pro-
gramme Bioelectrics studies the interaction of cells with 
electrical stimuli. morphological and functional changes of 
cells, viable tissues and organs could be obtained depending 
on the applied method and selected parameter.

The new Scientific Department “Plasma Bioengineering” 
was founded on 1 January 2012. the team develops meth-
ods and procedures for the plasma-based decontamination 
and applications in plasma medicine. the main focus is on 
implementing the innovative procedures of plasma-based 
decontamination into industrial applications. they apply 
microbiological methods to quantify the efficiency of their 
developed procedures and examine new methodical ap-
proaches for plasma-diagnostics and analytics. the new sci-
entific Department is headed by the former head of “Plasma 
diagnostics”, dr. Jörg ehlbeck.

since 1 october 2012 the Research programme “Bioac-
tive surfaces” is headed by dr. martin polak. the team of 
“Bioactive surfaces” develops plasma-based processes for 
refinement of material surfaces for biomedical purposes 
like polymers, metal, ceramics and glass. the Research pro-
gramme “Welding/switching”, former headed by dr. dirk 
uhrlandt, was handed over to dr. sergej gorchakov on 1 
november 2012. the Research programme studies thermal 
plasmas and their technical applications. 

The INP Greifswald satisfies its claim to train also the insti-
tute’s own scientific leaders with these two promotions.

in 2013 the BmBf-funded major project “campus plas-
mamed”, a research association founded to explore promis-
ing and safe applications of atmospheric pressure plasmas in 
medical therapy, was successfully completed (see also page 
18). During the project 148 scientific articles were published 
by the research alliance. additionally a clinical study was 
successfully completed, and five laboratory prototypes and 
a certified medical device were developed in cooperation 
with external partners. in order to ensure the sustainability 
of the project, to pursue the scientific work and to remain 
and expand the center of plasma medicine in mecklenburg-
Vorpommern, the ministry of education, science and cul-
ture funds the inp greifswald with 1.5 mio euro. the project 
aims at an extension of scientifically accompanied and sup-
ported tests for therapeutical applications of atmospheric 
pressure plasma sources in dermatology and dentistry. the 
field of applications will be broadened with new areas like 
facial surgery and pulmonology. plasma pharmacy is also a 
new field of research, which will be further developed based 
on gained knowledge about the influence of liquids in medi-
ating biological plasma effects.
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General information

The	Leibniz	Institute	for	Plasma	Science	and	Technol-
ogy	e.V.	 (INP)	conducts	application-oriented	basic	re-
search	 in	 the	fields	 of	 low-temperature	 plasmas	 and	
plasma	 technologies	within	 the	 Research	 Division	 of	
Plasmas	 for	 Materials	 and	 Energy	 and	 the	 Research	
Division	of	Plasmas	for	Environment	and	Health.	The	
research	is	closely	linked	to	the	promotion	of	new	ap-
plications	that	can	be	brought	to	market	with	the	In-
stitute‘s	own	transfer	center.

inp greifswald e.V. is a member of the gottfried Wilhelm 
leibniz association (Wgl). the institutes of the leibniz asso-
ciation are independent scientific research institutes that are 
financed jointly by the German federal government and the 
federal states, as well as by independently raised third-party 
funds.

in its efforts, inp takes into account both the requirements in 
research and development and the market needs in industry. 
the institute has distinguished expertise and know-how for 
the realization of modern plasma applications and dedicates 
this competence to the research of socially relevant topics 
where plasma could offer solutions.

according to the motto „from idea to prototype“, basic re-
search is closely connected with the development of new ap-
plications. on one hand, innovative approaches are pursued 
until there is proof of technical feasibility. on the other hand, 
current problems in plasma technology serve for orientation 
and driving force for the pursuit of knowledge on the funda-
mental questions in plasma physics.

Core	expertise:

Scientific	Departments:
 � plasma surface technology
 � plasma process technology
 � plasma Radiation techniques
 � plasma diagnostics
 � plasma sources
 � plasma Bioengineering
 � plasma modelling

pRofile

Research	Division:	Plasmas	for	Materials	
and	Energy	with	the	Research	Programmes:
 � surfaces and thin films
 � catalytic materials
 � process monitoring
 � Welding and switching

Research	Division:	Plasmas	for	Environment	and	Health	
with	the	Research	Programmes:
 � Bioactive surfaces
 � plasma medicine and decontamination
 � pollutant degradation
 � Bioelectrics

Board of Trustees

the Board of trustees is the supervisory body of inp includ-
ing representatives from the state of mecklenburg-Western 
pomerania and the federal Republic of germany. the Board 
decides on all essential scientific, economic and organiza-
tional issues of inp.

Members	(Status	2013)
 

RD.	Nicole	Kraheck	(Chair)
federal ministry of education and Research

Woldemar	Venohr	(Deputy	Chair)
ministry of education, science and culture, 
mecklenburg-Western pomerania

Prof.	Dr.	Wolfgang	Schareck
university of Rostock

Prof.	Dr.	med.	Wolfgang	Motz
Karlsburg clinic

Dr.	Helmut	Goldmann
aesculap ag

Edgar	Dullni
aBB ag
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Scientific Advisory Council

The Scientific Advisory Council is the advisory body of INP. 
the members are internationally renowned scientists from 
university and non-university research and from industry 
who are active in the research areas of the institute. the 
Scientific Advisory Council advises the Board of Trustees and 
the Board of Directors in all relevant scientific and organi-
zational issues, particularly in long-term research planning.

Members	(Status	2013)
 

Prof.	Dr.	Thomas	Klinger	(Chair)
max planck institute for plasma physics
greifswald Branch

Prof.	Dr.	Holger	Kersten	(Deputy	Chair)
christian albrechts university of Kiel

Prof.	Dr.-Ing.	Peter	Awakowicz
Ruhr university Bochum

Prof.	Dr.	Kurt	Becker
polytechnic institute of new york university

Dr.	Uwe	Kaltenborn
maschinenfabrik Reinhausen gmbh, Regensburg

Prof.	Dr.	Jürgen	Meichsner
ernst moritz arndt university of greifswald, 
institute of physics

Ernst	Miklos
the linde group, unterschleißheim

Prof.	Dr.	Kerstin	Thurow
center for life science automation, Rostock

General Assembly

the general assembly is the highest decision-making body 
of inp and elects the Board of trustees, passes resolutions 
on amendments to the statutes, approves the report of the 
Board of directors on the status of inp and formally ap-
proves the actions of the Board.

Members	(Status	2013)
 

Mario	Kokowsky	(Chair)
technologiezentrum fördergesellschaft mbh Vorpommern, 
greifswald

RD.	Nicole	Kraheck
federal ministry of education and Research

Woldemar	Venohr
ministry of education, science and culture, 
mecklenburg-Western pomerania

Dr.	med.	Dagmar	Braun
Braun Beteiligungs gmbh, greifswald

Werner	Mlodzianowski
ttz Bremerhaven

Prof.	Dr.	Günter	Ecker
Ruhr university Bochum

Prof.	Dr.	Holger	Fehske	
ernst moritz arndt university of greifswald, 
institute of physics

Prof.	Dr.	Jürgen	Meichsner
ernst moritz arndt university of greifswald, 
institute of physics

Prof.	Dr.	Ulrich	Schempp
stralsund university of applied sciences

OB	Dr.	Arthur	König
university and hanseatic city of greifswald

Dr.	Ulrich	Kogelschatz
formerly at aBB ag

Prof.	Dr.	Rolf	Winkler
formerly at leibniz institute for plasma science 
and technology e.V.
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Services and infrastructure of INP

The Institute’s motto – From idea to prototype – not only 
describes the application-oriented basic research approach, 
but also the intended transfer of research results. in order to 
transfer technology, INP became the first Leibniz institute to 
establish its own company, neoplas gmbh.
www.neoplas.eu

inp greifswald e.V. has modern laboratories with excellent 
and, in part, unique equipment for the analysis of plasma 
processes and plasma sources, plasma-treated surfaces and 
special plasma applications such as biomedical applications 
and arc plasmas in switch gear and for cutting and welding.  
the equipment can be made available to external users and 
can partially be used for research on site.

 
Plasma	Diagnostics		
 � absorption spectroscopy  

in the uV-Vis mid-infrared range
 � Quantum cascade laser (Qcl)  

spectroscopy for plasma monitoring
 � laser-induced fluorescence (lif)
 � microwave interferometry
 � mass spectrometry
 � probe measurement
 � optical emission spectroscopy  

(oes in the uV-Vis range)

Surface	diagnostics
 � high-resolution x-ray photo-electron
 � spectroscopy (Xps)
 � energy-dispersive X-ray spectroscopy (edX)
 � ft-infrared spectroscopy
 � atomic force microscope (afm)
 � scanning electron microscope (sem)
 � profilometer
 � light microscope with 3d function

Arc	and	welding	arc	laboratory
 � test station for high-current arcs 
 � test station with fixed torch mounting
 � Vacuum chamber
 � spectrographs and high-speed  

camera technology and streak camera 
 � electrical measurement technology,  

optical sensors, thermography and pyrometry
 � X-ray computer tomography

Lighting	technology	laboratory
 � ulbricht sphere
 � compact spectrometer
 � luminance cameras

High-frequency	technology
 � Reflectometry
 � microwave plasmas with mini-mip and plexc
 � frequency-resolved microwave interferometry

Microbiological	S2	laboratory
 � phytopathogenic and human  

pathogenic micro-organisms in risk groups 1 and 2
 � sterile work benches, incubators, transmission micro-

scopes with ccd camera

the leibniz transfer portal can be used to retrieve other ser-
vice offers, equipment, methods, qualification offers and 
technologies, as well as patents.
www.leibniz-transfer.de
 

pRofile
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Facts and figures

Budget:
the entire budget in 2012 amounted to € 15.8 million. per-
sonnel expenditures amounted to € 7.5 million (2012); the 
cost for supplies was € 3.7 million (2012). in 2012, a total of 
€ 4.0 million was invested in capital equipment of inp.

pRofile

Budget (2012)

Third-party
funds

Budget 2012
15,8 Mio. € 

Main building (new building 1999)

Main floor space 3.700 sqm

130 workstations

41 laboratories

Extension building 540 sqm 
(30 workstations, 8 laboratories)

6,4 mill. € scientists/engineers   108

assistants/trainees   43

administration/infrastructure   26

marketing/assistance   12

guests 5

194 Employees (July 2013)

Staff (2013)

basic 
funding
9,4 Mio. €

incl. additional 
specific funding 

laboratories

Staff:
the inp had 194 employees as of July 2013.  this is including 
108 scientific and technical positions. The number of female 
employees is equivalent to 24.6 percent.  
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Board of Directors
Director: Prof. Weltmann

Deputy Director: Prof. Schoenemann & Dr. Uhrlandt

 Materials & Energy
Prof. Schoenemann

Environment & Health
Prof. Weltmann

Surfaces/
Thin Films

 
Dr. Foest

Catalytic
Materials

Dr. Brüser

Process
Monitoring

Prof. Röpcke

Welding/
Switching

Dr. Gorchakov

Bioactive
Surfaces

Dr. Polak

Pollutant 
Degradation

Dr. Brandenburg

Plasma Medicine/
Decontamination

Prof. v. Woedtke

Bioelectrics

Prof. Kolb

Management Support
Dr. Sawade

Administration
Mr. Berger (a.i.)

Leibniz Institute for Plasma Science and Technology

Administration and Support Departments

Scientific Departments

Plasma 
Bioengineering

 Dr. Ehlbeck

Plasma
Diagnostics 
Prof. Röpcke

Plasma
Modelling

 PD Dr. Loffhagen

Plasma 
Surface Technology

Dr. Fröhlich

Plasma
Process Technology

 Dr. Brüser

Plasma
Sources

Prof. Kolb

Plasma
Radiation Techniques

Dr. Uhrlandt

Research Divisions and Programmes

Board of Trustees
Chair: Mr. Venohr

Scientic Advisory Council
Chair: Prof. Klinger

General Assembly
Chair: Mr. Kokowsky

pRofile

Organizational chart  
of the INP Greifswald (2014).

Organizational	structure		
since 2004, the institute has adopted a matrix structure. 
this is to improve the implementation of the described guid-
ing principle linking fundamental research and applications. 
In addition an efficient and flexible exchange across differ-
ent Research programmes is facilitated. 

As shown in the organization chart, INP is scientifically divid-
ed into two Research divisions: “plasmas for materials and 
energy” and “plasmas for environment and health”. cur-
rently each Research division encompasses four Research 

programmes. the Research programmes are based on par-
ticularly attractive, application-oriented scientific issues at 
the present time and form the core of INP’s scientific work.
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Cooperation and networks

To	 carry	 out	 its	 tasks	 as	 a	 center	 of	 comprehensive	
competence	for	technological	applications	of	plasmas,	
INP	maintains	various	cooperative	relationships	and	is	
extensively	networked	on	national	and	 international	
level	with	different	university	institutes,	non-universi-
ty	research	institutes,	and	companies.	

Networking	with	universities	in	Germany	and	abroad
the institute has maintained long-standing cooperation 
agreements with universities and technical universities in the 
region, in germany and abroad. 
notable are in particular the close cooperation with the in-
stitute of physics at the Ernst	Moritz	Arndt	University	of	
Greifswald and the university medicine greifswald. inp 
offers lectures, as well as support for dissertations, under-
graduate, master and bachelor theses. interdisciplinary co-
operation with other departments at the ernst moritz arndt 
university of greifswald, such as medicine, pharmacy and 
mathematics, have made it possible to establish successful 
joint initiatives, such as “campus plasmamed”, the plasmatis 
centre for innovation competence (ziK plasmatis) and the 
project on the trace gas analytical study of human breath in 
the framework of the “study of health in pomerania (ship)”. 
Special recognition deserves the world’s first chair for plas-
ma medicine was set up in cooperation between university 
medicine greifswald and inp in 2011.

together with the institute of physics at the ernst moritz 
arndt university of greifswald, germany, and the max planck 
institute of plasma physics, greifswald Branch, inp had con-
ducted a graduate school that offered structured training 
for doctoral students since 2001. since 2012, this graduate 
school is a part of the “International	Helmholtz	Graduate	
School	for	Plasma	Physics”, and is jointly run by the max 
planck institute for plasma physics, the technical university of 
munich and the ernst moritz arndt university of greifswald 
in cooperation with the leibniz computer centre in garching 
and inp greifswald as associated partners.

the intensive cooperation with the University	of	Rostock 
has led to two joint appointments in 2011: a professorship 
for high-voltage and high-current engineering at the facul-
ty of computer science and electrical engineering, as well as 
a professorship for Bioelectrics in the field of applied phys-
ics in the faculty of mathematics and natural sciences at 
the university of Rostock. furthermore, there are long-term 
interdisciplinary research partnerships with scientific depart-
ments in biomedicine and the centre for life science auto-
mation (CELISCA). This cooperation is also reflected in the 
German Federal Ministry of Education and Research’s  Inno-
vative Regionale Growth Core called Centifluidic Technolo-
gies (2012 - 2014), in which INP cooperates with scientific 
departments at the universities of greifswald and Rostock. 

at Stralsund	University	of	Applied	Sciences, the plasma 
technology module was established in the master’s degree 
program for electrical engineering in 2005, with an honor-
ary professorship created and filled by a distinguished se-
nior scientist affiliated with the INP. Stralsund University of 
applied sciences is also contributing to the research cluster 
“campus plasmamed”. 

Relations with the following german institutions in the ar-
eas of plasma physics and plasma technology are particularly 
noteworthy:

 � Ruhr-universität Bochum (Ruhr university, Bochum)
 � christian albrechts university of Kiel
 � Rheinisch-Westfälische technische hochschule aachen 

(Rhine-Westphalia technical university of aachen) 
 � technische universität dresden (dresden university of 

technology) 
 � technische universität Berlin (technical university of 

Berlin)
 � institut für grenzflächenverfahrenstechnik und plas-

matechnologie der universität stuttgart (institute for 
interfacial process engineering and plasma technology 
at the university of stuttgart) 

Internationally,	inp maintains strong cooperative partnerships. 

 � université paul sabatier/cnRs toulouse, centre de phy-
sique des plasmas & des leurs applications, laboratoire 
de genie electrique, toulouse, france (paul sabatier/cnRs 
university of toulouse, centre of physics and plasma and 
their application, laboratory of electrotechnology) 

 � École polytechnique, palaiseau, france (palaiseau poly-
technical university)

 � cambridge university, chemical department, cam-
bridge, uK, 

 � eindhoven technical university, netherlands 
 � saint-petersburg state university, Russia 
 � masaryk university of Brno, czech Republic 
 � technical university of prague, czech Republic, and 
 � old dominion university, norfolk, Va, usa.  

the international relations include guest professorships at old 
dominion university, new york university and st. petersburg 
state university and an honorary professorship at st. peters-
burg state polytechnical university. there are also agreements 
that relate to the joint training of doctoral students and other 
qualifying degrees. the close cooperation with the universi-
ties of prague and Brno in the czech Republic also includes 
a joint training agreement, guest lectures and internships for 
junior scientists. 

inp is further paying attention to nations catching up in plas-
ma technology. these include china, south Korea and tai-

pRofile
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wan, which have developed or significantly expanded into 
these fields with the support of substantial government-fund-
ed program. cooperation partnerships in these countries are 
currently being initiated. a cooperation agreement has been 
signed with tsinghua university in Beijing and peking univer-
sity. Joint research projects have already been carried out with 
partners at national cheng Kung university tainan, taiwan.

Professors	at	INP

prof. dr. Klaus-dieter Weltmann  
 university of greifswald - experimental physics
 new york university (Visiting professor)

prof. dr. ing. thomas schoenemann
 university of Rostock - high Voltage and  
 high current engineering

prof. dr. thomas von Woedtke
 university of greifswald - plasma medicine 

prof. dr. Jürgen Kolb
 university of Rostock - Bioelectrics 
 old dominion university  
 (adjunct associate professor)
 
prof. dr. Jürgen Röpcke
 stralsund university of applied sciences  
 - plasma technology (honorary professor)
 
prof. (st. petersburg) dr. dirk uhrlandt 
 saint-petersburg state university  
 (honorary professor)
 saint-petersburg state polytechnical university  
 (Visiting professor) 

Networking	in	strategic	and	economic	initiatives

BalticNet-PlasmaTec	
the technology cluster Balticnet-plasmatec supports partners 
in establishing innovative commercial plasma technologies for 
the economy. the network operates as an incubator for inter-
national cooperation between research and the economy in 
the field of plasma technology in Northern Europe. One of the 
main goals of the cluster is to increase the visibility of plasma 
technologies in society. meanwhile, 57 partners from 12 coun-
tries, including more than half from industry, work under the 
umbrella of the cluster. overall, more than 25 projects have 
been initiated, accompanied or conducted, most of them with 
active participation of the inp.
www.balticnet-plasmatec.org

Network	 of	 Competence	 Industrial	 Plasma	 Surface	
Technology	(INPLAS)		
inplas is an alliance of industry and research for the pur-
pose of promoting the use and development of industrial 
plasma surface technology, in particular by increasing the 
competitiveness and reputation of members on the national 
and international level. since 2005, inp has been a member 
in the inplas network with the director of the inp also serv-
ing on the Board of directors of the alliance. as part of the 
network, inp is involved in round robin tests (a laboratory 
performance test for external quality assurance for measure-
ment procedures).
www.inplas.de

European	Society	of	Thin	Films	(EFDS)		
The European Society of Thin Films (EFDS) is a non-profit sci-
entific research society in the plasma-enhanced deposition 
and vacuum coating industry.
the european society of thin films promotes close collabora-
tion between industrial enterprises and research institutions 
and supports research activities and the application of plasma 
surface engineering and thin-film technologies in practice. We 
highly value your co-operation in achieving these objectives!

members of efds, namely companies, research institutions 
and individuals, are active in the fields of
• Process development
• Plant engineering
• Materials science
• Commercial coating, or
• Other surface engineering applications.

www.efds.org

Nationwide	Networks

senior inp employees act on the boards of important net-
works throughout germany. these include:
 � association for plasma physics (fachverband plasma-

physik) of the german physical society (dpg)  
www.dpg-physik.de

 � german society for plasma technology (dgpt) 
www.dgpt.eu

pRofile
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Nationales	 Zentrum	 für	Plasmamedizin	e.V.	 (National	
Centre	of	Plasma	medicine)
This national network of all research groups in the field of plasma 
medicine was founded in June 2013 at the initiative and with the 
cooperation of inp. the virtual center brings together compa-
nies, research institutes and universities in the fields of medicine, 
biology, pharmacy, physics and engineering. the association has 
the purpose to promote research and development of plasma 
medicine throughout germany.
www.plasma-medizin.de

Regionale	Wirtschaftsinitiative	Ost	Mecklenburg-Vor-
pommern	 e.V.	 (Regional	 economy	 initiative	 for	 the	
eastern	part	of	Mecklenburg-Vorpommern)
this association is a centerpiece of the regional manage-
ment office in the state of Mecklenburg-Western Pomera-
nia. its goal is the improvement of the regional economic 
structures, and inp is a member of this in the interest of 
close cooperation with the regional economy.  
www.rwi-online.de

Baltic	Green	HealthCare
The Baltic Green HealthCare Cluster is certified by the Eu-
ropean cluster innovation platform and wants to work with 
its members to promote a sustainable health care economy 
in the southern Baltic sea area and possibly in the entire 
Baltic Sea region in the future. The cluster’s areas include 
topics such as sustainable construction, energy efficiency, 
waste and sewage. since the middle of 2013, inp has been 
a member of the cluster.
www.eco4life.info/baltic-green-healthcare

International	Bioelectrics	Consortium
inp joined the competence network “international Bioelec-
trics consortium” in 2007. it achieves an exchange of infor-
mation and research personnel with and between the 12 
currently participating partners from germany, france, italy, 
czech Republic, slovenia, Japan and the united states.  
ww2.odu.edu/engr/bioelectrics/consortium

in an advisory capacity, inp is active in more than 8 working 
groups or technology alliances, and advises agencies and min-
istries, etc. the director of the institute is, inter alia, a mem-
ber of the advisory board for photonics/optical technologies 
at the german federal ministry of education and Research 
(BmBf). furthermore, inp takes active part in the Vdi (ger-
man association of engineers) standardization committee for 
air pollution.

pRofile

Associations  

inp is continuously active in a variety of national research proj-
ects that are funded by the federal government. during the 
reporting period, inp was responsible for the coordination of  

 � the research cluster “campus plasmamed”, funded by 
the german federal ministry of education and Re-
search’s (BMBF) programme “Spitzenforschung und 
innovation in den neuen ländern” (leading-edge Re-
search and innovation in the new german länder), 

 � the plasmatis centre for innovation competence (ziK 
plasmatis) with the two junior scientist groups “cellular 
effects” and “extracellular effects”,

 � the BMBF’s joint preliminary project “PT Grid – Plasma 
technology grid”,

 � the dfg-aif cluster “arc Welding”.

INP has intensified its activities in the acquisition of interna-
tional projects. it was involved in several eu projects during 
the reporting period.  

in the interreg IVb	project	“PlasTEP”, 15 partners from eight 
countries work to develop practical applications based on plas-
ma-based technologies for air and wastewater treatment. With-
in this project, inp managed a work package and was actively 
involved in four other work packages.

in the framework of the joint project “Plasma-based	cata-
lytic	 treatment	 of	 exhaust	 emissions	 of	marine	 diesel	
engines” of the eRa-net for maritime technologies (maR-
tec), inp worked with two other german and two polish 
partners on the reduction of nitrogen and sulfur oxides in the 
exhaust of marine diesel engines.

on 1 June 2013, the project “PlasmaShape” funded by the 
european union (2,46 mio euR) was launched at inp. the 
project’s aim is to expand networking efforts of the INP in 
europe through staff exchanges, investments in equipment, 
hiring of highly qualified scientists and targeted marketing ac-
tivities (see also page 16).
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in addition to the cooperation with universities, technical uni-
versities and universities of applied sciences, inp maintains 
close relations with non-university research institutes in ger-
many and abroad. the collaboration includes institutions in 
the leibniz association such as 

 � leibniz-institut für Katalyse e.V. an der universität Ros-
tock (leibniz institute for catalysis at the university of 
Rostock) 

 � leibniz-institut für Kristallzüchtung, Berlin (leibniz insti-
tute for crystal growing) 

 � leibniz-institut für agrartechnik potsdam-Bornim (leib-
niz institute for agricultural technology at potsdam-
Bornim) 

 � leibniz-institut für gewässerökologie und Binnenfisch-
erei (igB), Berlin (leibniz institute of freshwater ecology 
and inland fisheries), and 

 � ferdinand-Braun-institut, leibniz-institut für höchstfre-
quenztechnik, Berlin (ferdinand Braun institute, leibniz 
institute for high frequency technology)

institutes in the fraunhofer gesellschaft (fraunhofer society) 
such as

 � fraunhofer-institut für schicht- und oberflächentechnik 
in Braunschweig (fraunhofer institute for thin film and 
surface technology in Brunswick) 

 � fraunhofer-institut für fertigungstechnik und ange-
wandte materialforschung, Bremen (fraunhofer institute 
for manufacturing technology and advanced materials 
Research) 

 � fraunhofer-institut für angewandte optik und fein-
mechanik, Jena (fraunhofer institute for applied optics 
and precision engineering) and

 � fraunhofer-institut für Werkstoff- und strahltechnik, 
dresden (fraunhofer institute for material and Beam 
technology)

the helmholtz centers for
 
 � material and coastal Research in geesthacht 
 � materials and energy in Berlin, 

as well as the max planck institute for plasma physics, greif-
swald branch, which is an associated member of the helm-
holtz association.

Network	of	Leibniz	application	laboratories:	the	inter-
face	between	business	and	science
the rapid implementation of research results in products, 
processes and services is crucial to the competitiveness of 
companies on the market. leibniz institutes are interna-
tional leaders in many high-technology fields and promote 
this process by industry-related research and the transfer 
of technology. the applications laboratories implement re-
search results in practice-oriented, functional models and 
demonstrators, thereby creating active interfaces between 
business and science. the leibniz application laboratories 
work together nationally and thus offer a broad research 
portfolio for technology developments. they are funded by 
the german federal ministry of transport, Building and ur-
ban affairs in the framework of the innovation competition 
“economy meets science”. 

the application laboratory for surface technology is located 
at the leibniz institute for plasma science and technology 
in Greifswald (INP). Industry services are offered to find 
solutions for customer-specific problems. A wide range of 
low pressure and atmospheric pressure plasma processes is 
available. the application laboratory has already produced 
industry-standard products (including kinpen for plasma 
treatments under atmospheric pressure, surfactive one as 
an entry-level model for vacuum processes), which are sold 
through our spin-offs neoplas gmbh (www.neoplas.eu) and 
neoplas tools gmbh (www.neoplas-tools.eu).
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Appointments and Awards

Exceptional	entrepreneurial	ideas	in	the	UNIQUE	idea	
competition	in	Greifswald		

Dr. Jörg Ehlbeck from the Scientific Department of Plasma 
Bioengineering finished in third place and won € 1,000 in 
the uniQue idea competition. dr. ehlbeck was able to con-
vince the jury with his entrepreneurial idea for adding plas-
ma-based applications to medical equipment.

Bestowing	INP	research	awards

two female scientists were awarded the inaugural “inp Re-
search award” in 2013. the prize honors outstanding scien-
tific publications by scientists at INP each year. Dr. Magarita 
Baeva was distinguished (Baeva, m.; Kozakov, R.; gorchakov, 
s.; uhrlandt, d.:  two-temperature chemically non-equilibri-
um modelling of transferred arcs. plasma sources sci. tech-
nol. 21 (2012)) in the category “senior Research award”,
dr. Katja fricke was distinguished (fricke, K.; Koban, i.; tresp, 
h.; Jablonowski, l.; schröder, K.; Kramer, a.; Weltmann, 
K.-d.; von Woedtke, th.; Kocher, t.: atmospheric pressure 
Plasma: A High-Performance Tool for the Efficient Removal 
of Biofilms. PLoS One 7 (2012)) in the category “Junior Re-
search award“.

Appointments

the range of topics at the inp has been expanded due to 
two new appointments. prof. Jürgen Kolb was appointed 
a W2 professorship in the field of Bioelectrics and set up 
a laboratory for the generation of ultra short high-voltage 
pulses, high field strengths and pulsed plasmas (including 
diagnostics) for the investigation of medical and environ-
mentally relevant applications. 

prof. thomas schoenemann was appointed a W3 profes-
sorship in the area of high-voltage and high-current engi-
neering, with special focus on issues of plasma in electrical 
engineering (e.g. plasmas in switching devices, insulation 
materials). to this end inp build up laboratories with high-
voltage and high-current technology, in particular a labora-
tory with two special high-current generators for the study 
of switching arcs, which is still under construction.
 

Exhibitions

Participation	of	INP	at	Phänomenta	

in 2014 inp will exhibit at phänomenta in peenemünde with 
various exhibits and an easily understandable film on plasma 
medicine. the aim is to draw attention to the multifaceted 
topic and to increase public interest in plasma physics.

Strategy process

INP’s	 strategic	goal	 is	 to	be	THE	center	of	excellence	
with	 respect	 to	 the	 consistent	 and	 successful	 combi-
nation	of	basic	and	applied	research	 in	selected	core	
areas	of	plasma	research	in	Germany. 

Since 2013, INP has bundled fields of work and the asso-
ciated strategic orientation into two Research divisions: 
“plasmas for materials and energy” and “plasmas for envi-
ronment and health”. Both divisions will pursue a focus on 
scientific core topics, aiming for leadership in select areas as 
well as the development of new fields.

unique advantages of inp are:
 � exceptional combination of plasma science with biology 

and medicine, both as a subject of basic research and 
with respect to application;

 � consistent combination of scientifically sophisticated 
plasma modelling and spatially and temporally resolved 
diagnostics with application-oriented electric power 
engineering (e.g. arcs), supplemented by very modern 
experimental laboratories;

 � extension of the range of topics in plasma science to the 
field of bioelectrics utilizing pulsed electric fields and 
atmospheric pressure plasmas.

associated with all of these special interest areas, the inp 
has succeeded to appoint a professorship together with ei-
ther the university of greifswald or the university of Ros-
tock. As a result new socially and scientifically highly rel-
evant topics could be adopted and included in the portfolio 
of the Institute. Thus, scientifically and socially relevant is-
sues in the focus of research activities are now adequately 
staffed. in addition, this research strategy is complemented 
by a unique transfer strategy within the leibniz association 
(Wgl), which has led to three spin-offs. these companies 
successfully operate on the market in the areas of technol-
ogy transfer/technology marketing, analytical instrumenta-
tion/plasma sources and medical devices and have created 
additional jobs.
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Participation in Research Alliances  
and Working Groups of the  
Leibniz Association

the inp greifswald participates in three collaborative re-
search alliances formed by leibniz institutions. the alliances 
are designed for a period of five to 15 years and are open 
for collaboration with universities, other non-university re-
search institutions and infrastructure facilities as well as re-
search groups abroad. the research alliances use inter- and 
transdisciplinary approaches to address current scientific and 
socially-relevant issues.

Leibniz	Research	Alliance	for	Energy	Change	
the german energy system is facing the most serious change 
in its history: against the background of the nuclear phase-out 
and ambitious climate protection goals, the share of renew-
able energies will be greatly expanded, and energy efficiency 
as well as energy conservation will be drastically increased. 
the leibniz research network called “energy change”, in 
which inp greifswald is a partner, addresses questions of en-
ergy change in an interdisciplinary approach combining social 
science with natural sciences and engineering.

Leibniz	Research	Alliance	on	Sustainable	Food		
Production	and	Healthy	Nutrition
securing food supply is one of the greatest global challenges 
of the 21st century. there is a quantitative as well as a quali-
tative dimension to it. in order to organise the sustainable 
production of foodstuffs, it must be considered along the 
entire value chain. the second challenge is to provide society 
with a healthy diet. the alliance has skills in the natural sci-
ences, engineering, economics and the social sciences and is 
experienced in scientific political consultancy.

Leibniz	Research	Alliance	on	Medical	Engineering:		
Diagnosis,	Monitoring	and	Therapy
a valuable and reasonable medical care is especially in re-
gard to an ageing population an important challenge for 
our society and is therefore the focus of the leibniz research 
alliance “medical engineering: diagnosis, monitoring and 
therapy”. physicians, scientists and engineers work in close 
collaboration to ensure that the technical solution meets the 
requirements of the medical issue. social scientists study 
questions of marketability and the social acceptance of 
these innovations.

the inp greifswald actively participates within the leibniz 
association in several working groups to support the execu-
tive Boards for in-depth consideration of long-therm tasks 
of the entire scientific community.

Legal	Issues	Group:	this Working group was established 
in order to promote the exchange of experience with legal 
issues among the institutes of the leibniz association. since 

not every institute has a legal department the legal issues 
group is a platform for exchange of information and ex-
periences of all institutes. the legal issues Working group 
meets twice a year and is usually connected with the meet-
ings of the administrative committee.

International	Affairs	Working	Group: this Working group 
was officially launched on 27 November 2013 in order to clar-
ify strategic issues with respect to all international activities of 
institutes in the leibniz association. accordingly, it is address-
ing dedicated advisors who are responsible for such matters. 
the international affairs Working group should clarify the 
strategic objectives of the leibniz association in the area of 
international matters and provide participants with informa-
tion about forthcoming calls for proposals, projects and dead-
lines, and advise them on individual questions. the Working 
group meetings take place about every six months.

Finance	Working	Group: this Working group is an open 
group for administrative directors of different leibniz insti-
tutes. it pursues the following goals:
 � sharing of best practice with respect  

to financially relevant topics 
 � formulation of positioning to financially relevant issues
 � support of the executive Board, administrative commit-

tee and headquarters in financially related decisions
 � participation in trainings with financial topics

Press	and	Public	Outreach	Working	Group: this Working 
group helps to share experience on questions related to pub-
lic relations and develops concepts and methods for the inter-
nal and external communication of the leibniz association.

Europe	Working	 Group: this Working group offers eu 
liaisons, external funding managers, research coordinators 
and scientists a platform for the exchange of experience on 
all aspects of EU application filing and project management. 
the experience accumulated in the working group consti-
tutes the basis for opinions on the rules of the eu research 
funding programs. furthermore, the Working group is in-
volved in sharing of information with the Brussels office.

Sustainability	 Working	 Group: the aim of this Work-
ing group is to merge competencies and networking efforts 
among the leibniz institutes by assessing consequences and 
evaluating sustainability of the institutes’ activities. The “Work-
ing group for sustainability impact assessment (sia)” is a per-
manent working group assessing political, social and scientific 
consequences of strategies and instruments and their sustain-
ability. findings are provided to policy-makers and contribute to 
the decision making process of policy makers.
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PlasmaShape

plasmashape is funded in the framework of Research pro-
gramme 7 (Reg-pot-capacities) of the european commission 
and allows inp to hire internationally experienced scientists for 
two to three years. in addition, the acquisition of special labo-
ratory equipment provides the inp with unique instrumenta-
tion that is difficult to be found elsewhere in Germany. The 
equipment is also available to cooperation partners. Visits by 
cooperation partners, as well as delegations of inp scientists 
to cooperation partners, are also supported by plasmashape 
in order to expand existing partnerships and to initiate new 
strategic alliances. intellectual property for low temperature 
plasmas that is generated at the INP is supervised by INP’s 
own patent manager. the project is funded with euR 2.64 
million for the three years (6/2013-05/2016) and, with the de-
scribed strategies, should lead to a sustainable development 
of the Institute on European level. This is also of great benefit 
for the region and the business location of greifswald.
www.plasmashape.eu

Sonderforschungsbereich Transregio 24 
(SFB-TR 24 // Collaborative Research Cen-
tre) „Fundamentals of Complex Plasmas“: 
Third funding period approved success-
fully

the sonderforschungsbereich transregio 24 (tRR24 // col-
laborative Research centre) called “fundamentals of com-
plex plasmas” is focused on non-thermal, low-temperature 
plasmas, whereby “complex” includes both the embedding 
of electrically charged microparticles that form a strongly 
linked subsystem and the presence of negative ions and 
reactive atoms and molecules in interaction with surfaces. 
the combination of the expertise of leading scientists at the 
ernst moritz arndt university of greifswald, the christian al-
brechts university of Kiel and inp greifswald ensures tRR24 
to be a strong collaboration in this field of plasma research. 

in the third funding period (2013 - 2017), the participants 
in tRR24 are planning detailed studies on the new and im-
portant findings and developments from the second fund-
ing period, which will lead to a successful conclusion of the 
scientific objectives that were determined at the beginning 
of tRR24. for example, research will be done on crystal-
lization dynamics, defect structure or wave phenomena in 
the transition from cluster to bulk material, furthermore on 
the role of negative ions in plasma or in plasma interface 
layer. this strategy will be accompanied by a strengthening 
of application-oriented research in the field of nanosciences 
and includes simulations and experiments on the production 
of metal-polymer composites, the growth of nanoparticles 

in the initial phase, the formation of particulates in atmo-
spheric pressure discharges or experiments on the inclusion 
and dynamics of dust clouds in magnetized plasmas. the 
significant role of surface charges was identified as a new 
focus. the strategic objectives of the third funding period 
will stimulate the long-term development in this area of 
plasma research.
www.tr24.uni-greifswald.de

OGAPLAS: DFG/AIF Cluster „Optimization 
of gas utilization for atmospheric pressure 
plasma processes“

in the context of the research cluster ogaplas (optimisa-
tion of gas utilization foR atmospheRic pRessuRe 
plasma pRocesses), basic studies of various atmospheric 
pressure plasma processes (ap plasma processes) are per-
formed to support the dissemination of this technology and to 
support associated market opportunities. the potential areas 
of application for ap plasma processes range from electron-
ics to automotive manufacturing, photovoltaics and medicine.

objectives
 � Reduced gas consumption
 � more efficient use of raw materials
 � development of methods for gas recycling

for the achievement of the objectives, it is necessary to have 
the cooperation of interdisciplinary scientists within the clus-
ter in the areas of:
 � plasma physics and technology
 � surface technology
 � mechanical engineering
 � chemistry

the project management of the aif/dfg joint project is han-
dled by prof. eckhard Beyer from the institute for production 
engineering at the technical university of dresden (tud). 
the project managers of the eight subprojects are experi-
enced scientists who have already successfully run national 
and international projects.
AP plasmas are insufficiently used in industry to date, despite 
their high technological and economic potential and demon-
strated successful implementations in production processes. 
the main reason is a lack of understanding of the complex 
processes in plasma with respect to disadvantages such as 
high gas consumption, insufficient precursor utilization and 
poor reproducibility. the optimization of the plasma sources 
and reactors that are used, are based on basic studies of 
plasma processes and fluid dynamics, and permit signifi-
cantly improvements in the performance of this innovative 
technology - including resource efficiency. This approach is 
designed to provide the basis for a further dissemination of 
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ap technology in the areas of the glass industry, plastics, the 
steel industry, photovoltaics and biotechnology.
www.ogaplas.de

SafeFresh: Innovative monitoring and 
disinfection procedure for microbiological 
safety in the production chain for fresh 
foods of plant origin

motivated by the ehec epidemic in 2011 in germany, the 
first investigations on the inactivation of disease-causing 
germs by means of plasma processes were carried out in 
the friplas project (Ble/BmelV). promising results have led 
to the initiation of the safefresh project in the framework of 
the program Research for civil security.
the aim of the project safefresh is to generate the need-
based and goal-oriented implementation of innovative dis-
infection procedures to deal with epidemics or terrorist at-
tacks (food defense) through a novel form of monitoring. 
project partners include the fraunhofer institute for process 
engineering and packaging (fraunhofer-institut für Ver-
fahrenstechnik und Verpackung // iVV), the leibniz institute 
for agricultural engineering in potsdam-Bornim (leibniz-in-
stitut für agrartechnik potsdam-Bornim e.V. // atB), the com-
pany löhrke gmbh and the company Ripac-labor gmbh. 
the associated partner is the company gartenfrisch Jung 
gmbh. subcontractors are neoplas gmbh, inter 3 gmbh 
and the fu Berlin - institute for microbiology and animal 
diseases. inp is developing the plasma processed air (ppa) 
procedure as an innovative disinfection process. examples of 
the applications are shown in the figures.
www.safefresh-projekt.de
 

Treatment chamber for the Plasma Processed Air (PPA) procedure.

selected pRoJects

Inactivation kinetics for E. coli on agar plate with PPA procedure 

Microwave-excited remote plasma torch PLexc
 

Inactivation kinetics for E. coli on apple with PPA procedure
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Plasma medical research - New pharma-
ceutical and medical fields of application

synergies between research conducted within the BmBf-
funded project campus plasmamed and the “plasmatis” 
centre for innovation competence (ziK) “plasmatis – plasma 
plus cell” have led to the successful introduction of plasma-
based processes in medical research and practice. While the 
goals of campus plasmamed were application oriented, 
are the objectives of plasmatis dedicated to fundamental 
research. the institute is striving to further pursue the di-
rections of both projects. in particular ideas that could not 
be pursued on account different priorities defined in the 
framework of campus plasmamed can now be revisited and 
studied with respect to applications. the expected outcome 
is a sustainable basis for research based procedures and the 
transfer of results into medicine and pharmaceutics that will 
secure the unique position of plasma medicine in mecklen-
burg-Western pomerania in coming years.
The scientifically accompanied and supportive testing of 
the therapeutic application of atmospheric pressure plasma 
sources will be expanded in dentistry and extended to in-
clude the new fields of maxillofacial surgery and pulmonolo-
gy. The findings with respect to the role of liquids in the me-
diation of biological plasma effects are the basis for opening 
up the new field of plasma pharmacy. The project is being 
funded by the ministry of education, science and culture in 
the state of mecklenburg-Vorpommern over the next year 
and a half with 1.5 million euros.

Campus PlasmaMed -  
Sub-projects at INP

Bundling	and	developing	competencies	
in	plasma	medicine

campus plasmamed was supported by the german fed-
eral ministry of education and Research (BmBf). after the 
positive evaluation of the first funding period (2008-2010), 
the campus was extended in January 2011 into the second 
phase, which ran until september 2013. a main objective of 
this research alliance of many renowned and accomplished 
research institutes, universities, hospitals and companies 
was to research most promising and safe applications of at-
mospheric-pressure plasmas in medicine. these studies were 
based on systematic and interdisciplinary basic research on 
the interaction of individual plasma components with living 
organisms.

the collaboration included following partners:  
 � leibniz institute for plasma Research  

and technology (inp greifswald),
 � ernst moritz arndt university of greifswald,
 � university of Rostock,
 � stralsund university of applied sciences,
 � neubrandenburg university of applied sciences,
 � ferdinand Braun institute, leibniz institute  

for high frequency technology, Berlin
 � charité – university medicine Berlin,
 � unfallkrankenhaus Berlin (accident hospital Berlin),
 � forschungszentrum Wismar e. V.  

(Wismar Research centre),
 � haWK – hochschule für angewandte Wissenschaft  

und Kunst, göttingen (university of applied sciences 
and art) and

 � cinogy gmbh, duderstadt

Figure: Campus PlasmaMed: Partners and Industry Advisory Board 
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Figure: Thematic directions in the Campus PlasmaMed

the campus was divided into six main thematic directions, 
each covering a specific aspect of plasma medicine. In ad-
dition to the four main topics, which are directed at vari-
ous medical fields (PlasmaDerm for skin medicine, Plasma-
dent for dentistry, plasmaimp for implant medicine and 
plasmacure for wound healing), the two other main topics 
addressed the characterization of suitable plasma sources 
(plasma sources) as well as a detailed in-vitro study of bio-
logical plasma effects (plasmaVitro). 

a clinical study was successfully completed during the course 
of the project, and five laboratory prototypes and two certi-
fied medical devices were developed. The medical devices 
that received the first approval of a cold plasma instrument 
for wound healing in germany included the kinpen med®. 
In addition 148 scientific articles were published by the re-
search alliance.

two journals were founded by the Research programme of 
plasma medicine. campus plasmamed held the presidency 
of the international society for plasma medicine and was 
the organizer of the 3rd international conference on plasma 
medicine in 2010, which allowed for the combination of 
two independent conferences in the research field of Plasma 
medicine.

this initiative succeeded in getting the state of mecklen-
burg-Western pomerania and the Board of trustees for the 
healthcare industry in mecklenburg-Western pomerania to 
recognize that plasma medicine is not only a topic of great 
interest, but also a unique selling point and thus a great 
opportunity for the state of mecklenburg-Western pomera-
nia. the state-funded project within the framework of the 
invitation to tender for “healthcare industry mecklenburg-
Vorpommern” (gesundheitswirtschaft mV) made it possible 
to back this up and anchor the focal point of plasma medi-
cine in the 2020 master plan for the healthcare industry in 
mecklenburg-Western pomerania. 

Another great success was the establishment of the world’s 
first professorship for plasma medicine, which has been 
filled by Prof. Thomas von Woedtke.
campus plasmamed engaged in successful strategic collabo-
rations to establish an interdisciplinary, workable, overarch-
ing organization that let plasma medical research at inp to 
become one of the leading institutions – with the spin-off of 
the company neoplas tools gmbh – contributed to strength-
ening of the innovative potential of the region. 

the sustainability of the project is ensured by approved 
follow-up projects (€ 2.4 million) in addition to pending ap-
plications (€ 4.7 million). establishing the international soci-
ety for plasma medicine and the national centre for plasma 
Medicine allow to internationalize this field of research and 
to bring the most important research groups together that 
are active in the field of plasma medicine. In addition, new 
industrial cooperation partners were gained.

For the future, INP plans scientific projects in the area of 
dental medical applications and other clinical studies in the 
project “plasma medical Research – new pharmaceutical 
and medical fields of application”. for example, in the joint 
research project “normplas”, atmospheric pressure plasma 
sources for medical applications are standardized on the ba-
sis of obligatory general and application-based evaluation 
criteria. other funded projects deal with the microbial de-
contamination of food and should feed into bilateral indus-
trial projects.

www.campus-plasmamed.de
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Overview

this Research division addresses subjects involving the production of 
functional surfaces, thin films and catalytic materials by using plasma 
processes accompanied by diagnostic techniques for process monitoring 
as well as topics in electric power engineering and process technology, 
particularly in the field of arcs. The combination of electrical engineer-
ing and plasma technology can be considered as the historical origin of 
gas discharge physics. A unique aspect of the Research Division’s strat-
egy is the systematic linking of sophisticated scientific plasma modelling 
with diagnostic methods of spatial and temporal high resolution. experi-
mental studies on application-relevant issues in the aforementioned top-
ics are conducted in state of the art laboratories. the current focus of 
fundamental research carried out is directed to surface treatment using 
non-thermal plasmas and the interaction of thermal plasmas with the 
electrodes.

Research Programme Surfaces/Thin Films
 � fundamentals of functional films 
 � plasma and optical technologies 
 � tRR24 “fundamentals of complex plasmas”, sub-project:  

non-thermal, reactive atmospheric pressure plasma jet 

Research Programme Catalytic Materials
 � fundamentals of catalyst modification 
 � light2hydrogen 

Research Programme Process Monitoring
 � fundamentals of plasma chemistry  

– plasma wall interaction in molecular plasmas  
 � ultrasensitive optical detection of trace gases 
 � pecVd processes in silane-based plasmas 

Research Programme Welding/Switching
 � fundamentals of electrical arcs 
 � Welding arcs 
 � switching arcs 
 � loss of the night 

ReseaRch  
diVision

mateRials & 
eneRgy
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Contact

Dr.	Rüdiger	Foest
Research programme manager 
surfaces/thin films 
phone: +49 3834 / 554 3835 
foest@inp-greifswald.de 

ReseaRch pRogRamme - suRfaces/thin films

Introduction

today, plasmas are an indispensable tool for the production 
of high-quality functional films and the key to innovative 
surfaces and novel products

accordingly, the technological area of interest spans the 
range from tuning of interface properties, the modification 
of chemical-functional groups on the surface to the produc-
tion of thin films and their structuring on a wide range of 
materials and geometries. the diverse and much sought-af-
ter applications rely on a number of process-related advan-
tages of the plasma processes. those include low thermal 
load for the components, environmental friendliness, excel-
lent gap penetration, and also a low influence on the bulk 
material properties along with good suitability for the treat-
ment of chemically inert materials.

the Research programmeme already made fundamental 
contributions particularly in thin film deposition using non-
thermal atmospheric pressure plasma and in the production 
of high-quality optical thin films using plasma-ion-assist-
ed deposition. In both subject areas the findings relate to 
the fundamental characterization of the properties of the 
process plasma, with partially newly developed diagnostic 
techniques and the active control of the thin film deposition 
process.

in the atmospheric pressure range, progress was achieved 
in the local deposition of functional films on the basis of 
silicon-organic compounds films by means of non-thermal 
miniaturized plasma jets and in the experimental character-
ization of these plasmas.
for this purpose, a diagnostic method, laser-schlieren de-
flectometry, was described for the first time and successfully 
used to determine the temperature profile in the effluent of 
the micro-discharge.

Progress has been achieved in the simulation of fluid dy-
namics and kinetics in the single discharge filament that 
represent significant contributions to understanding the dis-
charge mechanisms.

other essential works in the area of atmospheric pressure 
plasmas are related to optimize the supply of reactive raw 
materials and to reduce the gas consumption. hence, they 
contribute to an improved sustainability of atmospheric 
pressure processes in surface technology.

in the low pressure area, the focus is on plasma processes 
to produce high-value optical films by using plasma-ion-
assisted deposition (piad). piad represents a well-proven 
method for the production of high-quality thin film systems 

and structured optical surfaces for precision optics such as 
laser mirrors with high reflectivity and interference filters. 
the plasma of the piad process has been characterized at 
an unrivalled degree of complexity. the space-dependent 
plasma parameters for electron and ion components along 
with the energy and particle fluxes to the growing film could 
be quantified. These efforts led to an improved method for 
control of thin film growth by an active process control. Im-
plemented for the first time, this novel process control ob-
tains its control signals from variables derived directly from 
plasma parameters. considerable improvement in repro-
ducibility and the transferability to other devices have been 
demonstrated

Application potential

Functional	coatings	with	plasma	CVD
 � increased scratch resistance 
 � control of the gas permeability
 � corrosion protection

Optical	films	by	PVD	and	ion-beam-
assisted	plasma	processes
 � oxide films
 � optical filters
 � anti-reflective coatings
 � photo-catalytic films

Plasma-chemical	surface	functionalization
 � for different materials: polymers, metals,  

dielectrics (also heat-sensitive materials)
 � production of hydrophilic/hydrophobic surfaces
 � Bonding properties and printability of chemically inert 

materials (plastics, cfK, gfK, metals)
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Problem

the plasma-assisted deposition of high-quality functional 
films requires the knowledge and systematic utilization of 
the processes evolving in these plasmas in order to achieve 
a controlled formation of the aspired chemical film struc-
ture at molecular level. this is considered the only way to 
consistently achieve well-defined coatings with the desired 
properties.
an existing change in the chemical structure of the condens-
ing film in lateral direction is often problematic with films 
produced by means of pe-cVd processes under atmospheric 
pressure (pe-cVd: plasma-enhanced chemical vapour de-
position). this can lead to an unintentional increase in the 
spatial inhomogeneity and thus to impaired quality (density, 
pin-holes, refractive index).

Problem-solving approach

pe-cVd processes under atmospheric pressure conditions 
are investigated for the production of SiOx films. This re-
search is conducted using non-thermal, miniaturized jet 
plasmas having been adapted to film deposition. The plas-
mas are operated in a discharge regime (locked mode) that 
is beneficial for the controllability of the film properties. The 
film deposition experiments are accompanied by a 2-dimen-
sional fluid model. For the first time, besides the already 
proven organo-silicon raw materials, so-called spherosilox-
anes are also studied, offering the potential to produce films 
with a complex, spatially regular molecular arrangement.
the detection of the controlled chemical composition takes 
place by the combining several complementary surface ana-
lytics methods.

Technological benefits

the obtained results offer the potential to produce function-
al films under atmospheric pressure in a previously unknown 
quality with respect to lateral homogeneity and a control-
lable chemical composition so that applications such as pas-
sivation film systems for complex (3D) components (such as 
sensors) and applications as permeation barriers or in corro-
sion protection become possible. Nanostructured films are 
relevant as surfaces for the heterogeneous catalysis.

other aspects required by the industry include the improve-
ment of the energy efficiency, the reduction of material us-
age and a reduction of the investment costs as well as the 
increase of the deposition rate.

Results in 2012/13

The reactive processes during thin film formation with the 
plasma jet were the object of both, experimental studies and 
simulations in fluid-dynamics. A discharge model was pro-
posed, which permitted a combined description of the plas-
ma formation, gas dynamics and thin film formation. This 
revealed the relation between plasma analytics, the resulting 
thin film properties and the process parameters. Ultimately, 
the spatial film homogeneity and the controllability of the 
chemical composition could be improved, as demonstrated 
for example for the carbon content of siox films.

For the first time, the formation of nanostructured SiOx films 
based on ttmss (tetrakis(trimethylsilyloxy)silane) under at-
mospheric pressure was demonstrated.
Also for the first time, laser-schlieren deflectometry was ap-
plied locally to these jet plasmas in order to determine their 
temperature profile.

Plans for 2014

 � systematic investigation of the deposition of films  
under atmospheric pressure with spherosiloxanes  
and their film structure

 � experimental investigation on the temperature field  
of a non-thermal jet plasma

 � deposition of a-c:h:X films in low pressure (X=si, f)

Fundamentals	of	functional	films	(core-funded	project)

Contact

Dr.	Rüdiger	Foest
phone: +49 3834 / 554 3835 
foest@inp-greifswald.de 

Project	partners:
university of Brno
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Problem

plasma-ion-assisted electron beam deposition (piad) repre-
sents a well-proven method to produce high-quality compo-
nents for thin film optics such as filters or dielectric mirrors 
in laser applications, telecommunications or measurement 
technology. however, the requirements placed on the repro-
ducibility of the film characteristics (refraction index, absorp-
tion, film thickness) in the per-thousand range are no longer 
to be fulfilled for complex film systems with a conventional, 
empirical approach. the in-situ monitoring of processes is 
currently limited to the determination of the optical thick-
ness. At present, the flux of plasma species to the growing 
film and their energy is not specified.

Problem-solving approach

the sub-project of the joint project “plasma and optical 
technologies” (pluto), which is funded by the german fed-
eral ministry of education and Research (BmBf), is dedicated 
to the quantitative measurement of plasma parameters in 
a PIAD industrial coater with magnetic field supported hot 
cathode dc glow discharge as plasma source. the proper-
ties of the volume plasma and the fluxes to the substrate are 
characterized experimentally. as a result, quantitative infor-
mation on the plasma is obtained for reference processes 
(single layers tio2, sio2, al2o3 and mgf2) for the first time 
and is correlated to the resulting film properties.

Technological benefits

By characterizing the process plasma a new level of quality in 
the control algorithms is achieved. Whereas formerly a con-
trol had been based usually on electrical system parameters, 
now as control parameter the plasma characteristics that are 
actually relevant for film growth become accessible. Hence, 
industrial demands regarding e.g. reproducibility, spatial uni-
formity, improved energy efficiency and enhanced deposi-
tion rates without sacrificing quality are met.

Results in 2012/13

the formation of the ion beam is based on a plasma ex-
pansion from the source region into the recipient. the ion 
energy distribution that is critical for the support of the film 
growth is essentially determined by the control parameters 
of the plasma source, which is subject to drifts on account 
of the state of the electrodes.

the assumption of a non-local electron energy distribution 
on account of the low pressure (p~20mPa) could be verified 
experimentally. furthermore, it was shown that convention-
al control procedures for the source can lead to a variation 
of the momentum and energy flux from the plasma towards 
the film surface, expressed by the ion beam power, up to a 
factor of 2. from the characterization of the plasma, a non-
linear relationship between the source parameters and the 
ion beam power was derived and used for the implementa-
tion of a new control algorithm. By actively compensating 
for the drifts of the source this approach achieves a high 
degree of reproducibility. the transferability to other coating 
systems has been demonstrated, which qualifies the algo-
rithm directly for industrial use.
 

Plasma	and	optical	technologies	(third-party	funded	project)
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Contact

Dr.	Rüdiger	Foest
phone: +49 3834 / 554 3835 
foest@inp-greifswald.de 

Sponsor:
german federal ministry of education  
and Research (BmBf)

TiO2 film on Si wafer produced by the PIAD process for measurement 
purposes  
 

Reproducibility despite dissimilar system status and for two different 
devices as demonstrated by the variation of the refractive index for TiO2 
depending on the ion beam power

Plans for 2014

 � the end of the period will be in april 2014.
 � Writing final report
 � planning of an industry-led follow-up project
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Problem

plasmas at atmospheric pressure are characterized by an 
increased collision rate, uV radiation by broadband conti-
nua and the formation of radicals by collisions with neutrals. 
With regard to their spatiotemporal behaviour, they are clas-
sified as highly non-stationary plasmas that appear both er-
ratic and periodically structured. for their description, in ad-
dition to diffusion, also convection and flow processes have 
to be considered. there is very little knowledge about the 
active plasma components relevant for surface treatment 
processes under atmospheric pressure, such as functional-
ization or film deposition.

Problem-solving approach

in the sub-project of the sonderforschungsbereich (col-
laborative Research centre) transregio 24 (tRR24) “funda-
mentals of complex plasmas”, the plasma properties of a 
non-thermal plasma jet operating under atmospheric pres-
sure are characterized experimentally by using spectroscopic 
methods, described by hydrodynamic modelling and con-
sidered in relation to the properties of deposited sio2 films.

Technological benefits

Discharge regimes are identified, leading to a film production 
process which is characterized by improved controllability of 
the properties of silicon-based film properties. Such films are 
used e.g. for adhesion promotion agents, permeation barri-
ers or as corrosion protective film. The atmospheric pressure 
process offers potential savings in terms of the investment 
costs and the local treatment of large areas.

Results in 2012/13

The dynamic behaviour of a discharge filament could be re-
corded by phase-resolved emission spectroscopy. the quasi-
stationary conditions present in this case are attributed to 
the excitation of metastable argon atoms, whose lifetime 
exceeds that of the hf period (27.12 mhz).
In the effluent of the plasma jet the temperature profile 
could be measured by the method of laser-schlieren deflec-
tometry, newly established at inp. for the characterization 
of the discharge in the individual filament, a self-consistent, 
spatially two-dimensional model was established that in-
cludes a description of the filament contraction. The calcu-
lated electron densities agree well with experimental values.

Non-thermal,	reactive	atmospheric	pressure	plasma	jet	 
(sub-project	of	TR24	“Fundamentals	of	Complex	Plasmas”)	

Model of the plasma jet (left), calculated current density of an individual fila-
ment (centre) and optical emission of 2 single filaments rotating azimuthally 
at 107 Hz. Measured at a fixed phase of the HF excitation (27.12 MHz) (right)

Plans for 2014

 � analysis of kinetic processes and parameters in reactive jet 
plasmas for film deposition with silicon-organic raw materials

 � establishment of a global model for the description of 
the pe-cVd of sio2 films 

Contact

Dr.	Rüdiger	Foest
phone: +49 3834 / 554 3835 
foest@inp-greifswald.de 

Sponsor:
german Research foundation (dfg)

Project	partners:
ernst moritz arndt university of greifswald,  
christian albrechts university of Kiel

ReseaRch pRogRamme - suRfaces/thin films
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ReseaRch pRogRamme - catalytic mateRials

Introduction

plasma technology has great potential for the production of 
catalytically active materials. suitable technologies are espe-
cially necessary for the equipping of system components for 
the use of renewable energy sources with catalyst layers in 
order to gain widespread use. 

of particular interest are the production of catalysts for fuel 
cells, photochemical water splitting, the connection of pho-
tosensitizers or catalysts to electrically conductive or semi-
conducting materials, the deposition of semiconductor ma-
terials and photosensitive films for photovoltaic cells.

the electrochemical conversions of hydrogen and oxygen 
to water, as well as the reverse reaction, are currently the 
greatest scientific challenges for the efficient and sustain-
able production and storage of energy.  technologies such 
as the proton exchange membrane fuel cell (pemfc) rep-
resent highly efficient and environmentally friendly energy 
processes. the optimization of the nanostructure of pre-
cious metal catalysts for the cathode side of the fuel cells, 
and an increase in the long-term stability makes a substan-
tial contribution to the efficiency of generating electricity 
from hydrogen. 

inp has developed and studied processes for the deposition 
of special titanium dioxide films in recent years. These coat-
ings represent a model system and form the basis for the 
development of structures for the light-driven and thus re-
newable production of hydrogen. however, in order to mar-
ket systems usable in practice with the levels of efficiency 
known in photovoltaic and a service life of up to ten years, 
new semiconductor systems are necessary. these must be 
additionally linked to other photoactive components known 
from the chemical catalysis. for successful implementation, 
however, technologies are required that – similar to those 
in photovoltaic (e.g. thin film solar cells) – ensure reliable, 
economically justifiable mass production methods. Here we 
view plasma technology to be in a key position.

Application potential

Customized	properties	for	nano-	and	micro-particles
 � additives for paints/inks 
 � additives for cosmetic products 
 � adhesion promotion in composite materials 
 � for controlling active ingredient release in  

pharmaceutical compositions

Innovative	catalysts
 � for fuel cells
 � for heterogeneous chemical catalysis
 � for sensor technology

Components	for	the	use	of	regenerative	energy
 � catalysts for light-driven water-splitting
 � Quantum dots for photovoltaic
 � gold and silver nanoparticles for plasmon  

resonance-enhanced hydrogen production
 � precious metal films for the anodic oxidation of naBh4 
 � nanostructured precious metal catalysts
 � electroactive metal polymer films

Surface	modification
 � corrosion protection
 � adsorption capacity of adsorbers
 � control of the wettability

Diagnostic	tools
 � thermal probe for the optimization  

of plasma processes and process management
 � microprobes in plasma (electrical, thermal, chemical)

Contact

Dr.	Volker	Brüser
Research programme manager 
catalytic materials
phone: +49 3834 / 554 3808 
brueser@inp-greifswald.de
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Problem

nanometer-sized semiconductors have unique properties 
due to quantum limitations, that make them interesting for 
pharmaceutical, biological and various physical applications 
such as photovoltaic. for technological use on a large scale, 
on one hand a higher throughput must be ensured, with a 
minimal amount of risky raw materials on the other hand. 
the two standard procedures for the production of nano-
crystals each lack one of these criteria at the present time. 
epitaxy has very low throughput, while wet-chemical pro-
cesses work with raw materials that are often harmful to 
health and harmful to the environment, so additional waste 
management is necessary and higher safety standards apply.

Problem-solving approach

there are plasma-based methods to deal with these limita-
tions, which are industry-tested and guarantee a high rate 
of throughput, and use non-toxic raw materials in a closed 
circuit. the application of pVd (physical vapour deposition) 
will allow for the deposition of photoactive nanocrystals on 
titanium dioxide films in order to demonstrate the feasibility 
of this new approach and to show the dependencies of the 
process parameters for the efficiency of light absorption and 
power generation.

Technological benefits

climate change requires the transition from the fossil fuel 
energy towards renewable energy sources. this is further 
reinforced by the rising prices in crude oil and natural gas 
sectors. photovoltaic offer a new inexhaustible source of 
energy, which must be used as efficiently as possible. The 
third-generation of nanocrystal-based solar cells meets the 
theoretical prerequisite of superseding the existing silicon-
based cells in terms of efficiency and thus ensuring the fu-
ture supply of energy.

Results in 2012/13

for the reactive plasma-based production of lead sulphide 
(pbs) nanocrystals, a plasma reactor was developed in which 
lead can be sputtered in a h2s reactive gas. they were de-
posited onto titanium dioxide, which was previously also 
produced in a reactive plasma process. it could be demon-
strated that nanocrystalline particles are formed and that 
they consist to a greater extend of pbs. the photo-activity 
of the films could be demonstrated. An improvement of the 
particle distribution could be achieved with a subsequent 
calcination:

TEM photo of PBS nanocrystals.  

Fundamentals	of	catalyst	modification	(core-funded	project)
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SEM photo of PBS on TiO2

Plans for 2014

 � improvement of the crystallinity efficiency
 � production of polythiophene films for the  

encapsulation of crystals.

Contact

Dr.	Volker	Brüser
phone: +49 3834 / 554 3808 
brueser@inp-greifswald.de

 
(Institute’s doctoral student post)

Project	partners:
university of gießen,  
leibniz institute for catalysis (liKat), Rostock
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Problem

hydrogen is one of the main carriers of energy carriers of 
the future. But it can only be used meaningfully for sustain-
able energy storage if it is generated from renewable energy 
sources, such as solar or wind, on an industrial scale. even 
though there are a number of different solar-to-hydrogen 
concepts, these are usually inefficient and expensive, so that 
over 95% of the global production of hydrogen is still made 
from natural gas at the present time. photo-electrochemical 
catalysis (pec) allows for the production of hydrogen from 
water in one step. The theoretically high efficiency of the 
process is limited by the currently available materials, since 
they exhibit low activity in the visible range of the solar 
spectrum and are unstable under the ambient conditions of 
water-splitting. currently, popular synthetic processes are 
complex and difficult to reproduce, which is why they are 
not suitable for industrial production. the l2h project chal-
lenges the INP to develop highly efficient catalyst films for 
the visible range by using processes that can be easily imple-
mented in industry. 

Problem-solving approach

the project work on new catalytic materials is closely linked 
to the project partner liKat. accordingly, the liKat-synthe-
sized high-efficiency water reduction and oxidation catalysts 
are fixed at the INP on nanostructured semiconductor thin 
films by plasma-polymerized allylamine (PAAM) encapsu-
lation in order to achieve high long-term stability for the 
catalysts. in 2013, the focus was mainly on the optimization 
of the thickness of the polymer encapsulation and the de-
velopment of tio2 semiconductor film as a substrate for the 
liKat dyes. the inp also concentrated on the development 
of plasma-assisted processes for the production of semicon-
ductor films that are effective in the visible solar range such 
as Wo3 and c3n4.

Technological benefits

the nanostructured inp-coating systems are initially ap-
plicable as efficient and stable new photocatalysts for the 
newly-emerging technological field of solar water-splitting, 
in particular for multi-layer stacks of catalytic materials. 
Other fields of application, some of which have also already 
penetrated the market, are dye-sensitized solar cells as well 
as photocatalytic wastewater and air purification.  

Scientific results in 2012/13

in addition to the successful results in the long-term stability 
of paam-encapsulated liKat dye/tio2 powder catalysts last 
year, now also a significant increase in photoefficiency in the 
visible range has been achieved (figure 1). 
 

Figure 1: Photoefficiency of LIKAT-FS/TiO2 catalyst structures  
with and without INP- plasma polymer encapsulation (λ = 430 nm).  

Light2Hydrogen	(L2H	//	third-party	funded	project)
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the pVd process for Wo3 semiconductor films was suc-
cessfully developed at room temperature initially, whereby 
a subsequent tempering step was necessary. subsequently, 
the pVd process was conducted at higher temperatures 
(200-500°c) and the sputter performance was optimized. 
The film homogeneity, however, is still not satisfactory and 
is currently being optimized. c3n4 films could not be suc-
cessfully produced by means of the current pVd process. 
Instead, there were N- doped carbon films with a high gra-
phene proportion, which exhibited attractive photocatalytic 
activity, in particular at low film thicknesses. The film ho-
mogeneity and stability in aqueous electrolytes must still be 
optimized. 

Plans for 2014

 � optimization of the pVd process for Wo3, particularly 
with regard to possible application as a photoanode in 
the l2h pec prototype (liKat)

 � optimization of the pVd process  
for the deposition of photocatalytic CN films.

 � development of a pVd process  
for the c-doped or n-doped Wo3 films.

 � production of tio2 and Wo3 films  
for l2h project partners. 

 � ppaam encapsulation of dye-sensitized  
tio2 films and N-doped graphene films

Contact

Dr.	Volker	Brüser
phone: +49 3834 / 554 3808
brueser@inp-greifswald.de

Dr.	Angela	Kruth
phone: +49 3834 / 554 3860 
angela.kruth@inp-greifswald.de

Sponsor:
german federal ministry of education  
and Research (BmBf)

Project	partners:
leibniz institute for catalysis (liKat), Rostock, uni-
versity of Rostock, stralsund university of applied 
sciences, technical university of Berlin, max planck 
institute for colloids and interfaces, and helmholtz 
centre Berlin

Subcontractors:	 
balticfuelcells gmbh, neoplas gmbh, Wasserstofftech-
nologie-initiative mecklenburg-Vorpommern e.V.
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Introduction

the Research programmeme process monitoring is focused 
on the investigation of (i) fundamental phenomena and of 
(ii) the technological potential of interaction processes be-
tween plasmas and surfaces. these studies are based on the 
application of highly sensitive diagnostic methods, which 
are in particular suited for the analysis of molecular plasmas. 
effective and sustainable use of resources, the degradation 
of hazardous substances and an efficient use of energy are 
in the centre of interest. An important scientific focus is the 
improved understanding of chemical phenomena in molec-
ular plasmas, particularly the kinetics of transient molecules. 
The influence of surface properties on plasma processes be-
comes increasingly important, whereby the transition from 
low pressure to atmospheric pressure plasmas is systemati-
cally performed. 

The present work, carried out in international scientific coop-
eration, has tremendous relevance not only for the plasma-
assisted destruction of harmful gases such as volatile organic 
compounds (Vocs), but also for the monitoring of techno-
logical plasmas as well as for process controlling in industry. 
in addition, plasma diagnostic methods are continuously 
developed, which are advantageous to study, e.g., plasma-
assisted deposition and etching processes, but which also 
have a potential to be used in medicine, for security systems, 
and for environmental monitoring.

Application potential

Investigating	the	role	of	plasma- 
stimulated	solid	surfaces
 � plasma-catalytic pollution abatement  

plasma-assisted surface treatment
 � optimization of atmospheric pressure discharges

Analysis	of	the	chemical	behaviour	of	higher	 
molecular	species	in	plasmas	and	gases
 � plasma technology (e.g. plasma etching in the  

semiconductor industry, deposition of si-based  
films in the solar industry)

 � Workplace and environmental monitoring
 � Breath gas analytics
 � safety aspects

ReseaRch pRogRamme - pRocess monitoRing

Contact

Prof.	Dr.	Jürgen	Röpcke	
Research programme manager 
process monitoring 
phone: +49 3834 / 554 444  
roepcke@inp-greifswald.de
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Problem

the plasma-assisted abatement of pollutants at atmospheric 
pressure is an alternative to conventional destruction meth-
ods. however, formations of unwanted by-products, as well 
as the insufficient selectivity of reaction pathways, are gen-
eral problems preventing further successful development 
of this technology. an improvement in the degradation of 
pollutants, in particular a reduced amount of unwanted by-
products, could be achieved using a combination of seri-
ally arranged reactor units. however, the main physical and 
chemical processes in multi-stage reactors are far from be-
ing understood.  

Problem-solving approach

Recently, dielectric packed-bed plasma reactors working at 
atmospheric pressure have proven to be a promising ap-
proach particularly for the plasma-assisted destruction of 
volatile organic compounds (Vocs). however, the produc-
tion of unwanted by-products, such as formaldehyde, in 
particular, remains an unsolved problem. the development 
of multi-stage reactors is a novel approach that not only 
ensures the almost complete and energy-efficient abate-
ment of the relevant Vocs but also has the potential for a 
significant decrease in the production of by-products. The 
study and optimization of these novel systems, in particular 
of the plasma-wall interactions that have become increas-

Fundamentals	of	plasma	chemistry	–	Plasma	wall	interaction	in	
molecular	plasmas	(core-funded	project)

ingly significant, require both a gas supply of high reproduc-
ibility and a highly-sensitive, quantitative multi-component 
diagnostic unit as such as a fourier transform infrared spec-
trometer (ftiR). figure 1 shows the basic structure of the 
multi-stage reactor with a gas supply and the analysis unit 
of the abatement of pollutants [1].

Technological benefits

the understanding of optimized dielectric packed-bed plas-
ma material reactors, particularly in their multi-stage design, 
has the potential to open up new approaches to plasma-
based substance conversion that are focused on the system-
atic production of reactive species such as vibrational ex-
cited nitrogen and ozone. the present study improves the 
understanding of the underlying phenomena of plasma-wall 
interactions.

Results in 2012/13

the plasma chemical destruction of ethylene, c2h4, as a 
model substance, could be widely understood on the basis 
of the monitoring of ten stable reaction products. the use 
of a multi-stage dielectric packed-bed plasma reactor has 
led to a significant reduction of the amount of unwanted 
by-products, such as formaldehyde, ch2o, and formic acid, 
ch2o2 [1]. this new result can be seen in figure 2.



39

ReseaRch pRogRamme - pRocess monitoRing

Plans for 2014

 � analysis of the time dependence of  
the plasma-wall interaction processes by  
studying surface absorptions at interfaces

 � Clarification of the role of select  
transient plasma components on the  
main paths of plasma-chemical processes

 � further development of laser-based diagnostic  
methods for multi-component detection

Figure 1: Basic structure of a multi-stage reactor for the degradation of 
pollutants with gas supply and analysis unit [1]. 

Figure 2: The production of CH2O, CH2O2 and NO2 during the destruction 
of C2H4 as a function of the power and the specific energy [1].

[1] M. Hübner, O. Guaitella, A. Rousseau, and J. Röpcke. 2013 J. Appl. 
Phys. 114 033301

Contact

Prof.	Dr.	Jürgen	Röpcke	
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Problem

for the development, optimization and control of techno-
logical processes, for monitoring of harmful emissions, in 
medical breath gas analysis, as well as for the detection of 
drugs and explosives, the analysis of trace gases has become 
highly significant. Classical detection methods are faced with 
problems of long measurement times, possible ambiguities, 
often too high detection limits and interference effects.  

Problem-solving approach

problem-solving approach
the method of optical absorption spectroscopy is free of 
such disadvantages if it is designed properly. at the inp 
greifswald in 2008, a prove-of-principle experiment in the 
field of trace gas detection was carried out on the basis of 
so-called cavity enhanced absorption spectroscopy (ceas). 
this method uses an optical resonator that is formed by a 
cavity between two highly reflective mirrors. For the first 
time, a very compact structure of the spectrometer was 
achieved at the inp greifswald. it combined a ceas measur-
ing cell that had a very long optical path for the achievement 
of a very low detection limit and an extremely low volume 
to ensure a short gas replacement time, with a quantum 
cascade laser working at room temperature and emitting in 
the mid-infrared spectral [1].

Technological benefits

the project validates the industrial potential of the ceas 
technology and verifies the possibility of using this technol-
ogy as a basis for the development of compact and robust 
sensors that are capable of detecting trace gases in situ and 
online with a detection limit in the sub-ppb range.

Results in 2012/13

a very sensitive ec-Qcl-ceas spectrometer was set up with 
an absorption length of 1780 m with an optical measur-
ing cell length of just 32 cm. the performance of this com-
pact system was demonstrated at the detection of traces of 
methane [2].

Figure 1: Schematic structure of the EC-QCL-CEAS spectrometer for trace 
gas detection [ 2].

Ultrasensitive	optical	detection	 
of	trace	gases	(BMBF-VIP	//	third-party	funded	project)

ReseaRch pRogRamme - pRocess monitoRing
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Figure 2: Allan plot of the noise-equivalent absorption in the trace gas 
measurement of methane [2]

[1] s. Welzel, g. lombardi, p.B. davies, R. engeln, d.c. sch-
ram, and J. Röpcke 2008 J. appl. phys. 104 093115
[2] J. h. van helden, n. lang, u. macherius, h. zimmermann, 
and J. Röpcke 2013 appl. phys. lett. 103 131114

Dr.	Norbert	Lang	
phone: +49 3834 / 554 3879
lang@inp-greifswald.de

Sponsor:
german federal ministry of education  
and Research (BmBf)
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Technological benefits

Knowledge of the fragmentation behaviour of silane al-
lows the optimization of plasma-chemical processes that 
lead to the deposition of a-Si:H and µc-Si:H silicon films. The 
experimental access supports existing simulations and thus 
facilitates the evaluation of process scaling for cost-effective, 
highly efficient thin film solar cell modules.

Results in 2012/13

Quantitative concentration monitoring of silane made it 
possible to achieve experimental access to the dissociation 
behaviour of the precursor for two different deposition re-
gimes (a-Si:H and µc-Si:H films). The derived fragmentation 
efficiencies provided the first experimental basis for the eval-
uation of the deposition process.

Figure 1: Schematic structure of the EC-QCL spectrometer for monitoring 

silane-containing PECVD processes [2].

ReseaRch pRogRamme - pRocess monitoRing

Problem

For the production of solar cells, silicon films are deposited 
by PECVD processes in silane plasmas. Nowadays, thin-film 
technology has made it possible to achieve the best efficien-
cy with the so-called tandem solar cells. however, the ef-
fective production of the amorphous (a-si:h) and microcrys-
talline (µc-Si:H) silicone films is still a challenge. For further 
optimization of the industrial production process as well as 
for a better effectiveness of such solar cells, a detailed un-
derstanding of the plasma chemical phenomena is required. 
the currently used diagnostic methods are not well suited 
for the quantitative monitoring of industrial deposition pro-
cesses in the plasma-technology-relevant pressure ranges.

Problem-solving approach

Quantum cascade laser absorption spectroscopy (Qclas) 
has the potential to quantitatively record molecule concen-
trations in a very sensitive manner, in-situ and time-resolved 
[1]. the inp has worked in close cooperation with the project 
partner oerlikon solar in trübbach (switzerland) to develop a 
Qclas design that would allow the monitoring of absolute 
silane concentrations under industrial deposition conditions. 
the aim was to quantitatively monitor the fragmentation be-
haviour of the silane precursor in relation to the plasma pa-
rameters.  

PECVD	processes	in	silane	plasmas	(industrial	project)



43

ReseaRch pRogRamme - pRocess monitoRing

Figure 2: View of the industrial PECVD reactor with optical access for the 

EC-QCL spectrometer. 

Figure 3: Monitoring of the silane concentration during a PECVD process 
for the deposition of a-Si:H films [2].  Gas inlet in phase a, plasma during 
phases b-c and pumping from phase d.  
   

[1] S. Welzel, F. Hempel, M. Hübner, N. Lang, P. B. Davies and J. Röpcke. 
2010 Sensors 10 6861. 
[2] N. Lang, S. Hamann, A. Salabas, and J. Röpcke, FLTPD 2013,  Rolduc, 
The Netherlands, Conf. Proc.
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Introduction

the Research programmeme Welding/switching is dedi-
cated to studies of thermal plasmas and their technologi-
cal applications. experimental and theoretical research work 
focuses on the application of arc plasmas in switchgears of 
high, medium and low voltage technology and in various 
production techniques such as arc welding, plasma hybrid 
welding and plasma cutting.  furthermore, the existing ex-
pertise in the diagnosis and characterization of the plasma 
light sources is being continued in studies on the biological 
aspects of lighting effects. 

the understanding of the basic physical mechanisms of the 
arc and its mechanisms relevant for operation in various 
applications form the core of the Research programmeme. 
more detailed knowledge of the properties and dynamics of 
the arc and their control mechanisms allow the derivation 
of new approaches to process and method improvement. 
for this purpose, in particular optical diagnostics are speci-
fied and appropriate evaluation methods are developed. The 
studies are carried out on both model systems as well as 
the real process. the experimental diagnostics are accompa-
nied by appropriate simulation and modelling. appropriate 
models of the arc or its subdivisions as well as complex pro-
cedures for the simulation of arc applications are being de-
veloped. Numerical simulation helps to significantly reduce 
the development times of devices and sources. 

the research programme primarily concentrates on plasma 
applications, which possess significant potential for the sav-
ing of energy and the safe distribution of energy due to their 
energy use and/or their range of application. in addition to 
improvements of the performance characteristics, including 
energy efficiency, process safety and lifetime of the systems, 
additional criteria are increasingly being investigated such 
as environmental impact and avoidance of health-damag-
ing effects. accordingly, for example, it is required to re-
duce harmful emissions in arc applications. future studies 
in the field of light sources will be dedicated to the aspects 
of health and human well-being that play, for instance, a 
special role in the case of night work.

Application potential

The	 research	methods	 for	 process	 improvement	 and	
the	 implementation	 of	 new	 approaches	 developed	
in	 the	Research	 Programmeme	 can	be	used	 in	many	
plasma-based	technologies	in	production	and	process	
technology.	Examples	are	
 � ..arc welding processes 
 � ..plasma welding processes 
 � ..plasma hybrid welding processes 
 � ..plasma torch for cutting 
 � ..torch for plasma spray technology 
 � ..torch for plasma-assisted vapour deposition 

In	electrical	power	engineering,	the	effective	energy	
dissipation	of	arcs	is	exploited	in	switchgears.	The	sim-
ulation	and	diagnostics	of	the	arc	supports
 � device development on circuit breakers in low- voltage 

and high-voltage technology 
 � development of approaches for new extinguishing 

principles

Experiences	 in	the	study	of	plasma	light	sources	sup-
port	the	development	of	radiation	sources	for	general	
lighting	and	special	applications,	taking	 into	account	
the	biological	effect	on
 � ecosystems
 � human health
 � safety by influencing the human factor

Contact

Dr.	Sergey	Gorchakov	
Research programme manager 
Welding/switching 
phone: +49 3834 / 554 3820 
gorchakov@inp-greifswald.de 
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Problem

thermal plasmas are the essential component in energy sup-
ply applications, particularly for switchgears in low, medium 
and high-voltage technology, as well as in many areas of 
process engineering, including arc welding, plasma, and 
hybrid welding and for plasma cutting. despite established 
technologies and many years of research work, the knowl-
edge about the properties and working mechanisms of the 
arc continue to be inadequate. this hinders technological 
innovations based on knowledge of the physical processes. 
the aim is increasingly to use models and simulations for de-
vice and process development. they must be developed and 
validated in experiments with sufficient detailed knowledge 
about the processes in the plasma and on the interaction 
with surfaces.  

Problem-solving approach 

a strengthening of the coupling between modelling and 
experiment is carried out by the construction and com-
missioning of the arc laboratory, which allows for detailed 
experiments using optical diagnostics on switching arcs. a 
deepening of the work on non-equilibrium models, particu-
larly for describing the plasma near interfaces and taking 
into account plasma-chemical reactions, leads to the devel-
opment of efficient realistic simulation instruments that can 
be used for design and parameter optimization.

the existing optical diagnostics to determine the tempera-
tures and species densities, as well as many other relevant 
properties in arcs, are used for the analysis of the plasma, 
including time-varying processes, and for the analysis of ra-
diant surfaces such as electrodes and melting.

Technological benefits 

Qualitative measurements and experimentally validated 
models increase the understanding of the physical processes 
and generate concepts for optimized or novel process man-
agement. simulations reduce the expenses for the design 
and development of the systems.  

Scientific Results in 2012/13 

the studies were carried out on a wide range of topics that 
produced, inter alia, the following results:
 � development of a new mhd model, taking into account 

the plasma electrode interaction, deviations from ther-
mal, chemical and ionisation balance for freely burning 
arcs in argon 

 � development of methods for time-resolved and spatial-
ly-resolved determination of temperature in arc plasmas 
based on high speed cinematography in combination 
with narrow-band optical filters (in cooperation with 
uniBw munich)  

 � preparation of models for emissivity and of methods for 
determining the surface temperature of molten  
surfaces in welding processes by using high-speed  
cinematography

Plans for 2014 

arc diagnostics will be further developed in order to better 
record the spatial structures and temporal dynamics in the 
plasma as well as the processes on the surfaces. the experi-
mental basis for the investigation of high current arcs is be-
ing expanded. developing models for thermal plasmas with 
deviations from the equilibrium continues with regard to the 
special aspect of melting electrodes.

Dr.	Sergey	Gorchakov	
phone: +49 3834 / 554 3820 
gorchakov@inp-greifswald.de 

Project	partners:
uniBw munich

Fundamentals	of	arcs	(core-funded	project)
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Problem

arc welding processes like gas metal arc welding (gmaW) 
and tungsten inert gas welding (tig), in particular, are widely 
used in metal processing. the processes require noticeable 
innovations in order to remain competitive as a cost-effective 
joining technology considering new materials and increased 
requirements. At the same time, process safety and efficiency 
take precedence. such innovations are only to be achieved on 
the basis of a detailed understanding of the mechanisms of 
action in the arc that previously did not exist sufficiently.  

Problem-solving approach 

in the follow-up to a joint venture involving six german in-
stitutions for the study of gma processes, it was possible to 
raise funds and start new projects related to fundamentals 
and applications with the partners tu dresden, uniBw mu-
nich, laser centre north (hamburg) and the laser centre in 
hanover. in the context of these projects, the inp uses meth-
ods of optical emission spectroscopy (oes) and high speed 
cinematography for the analysis of arc and material transi-
tion. in particular, there were studies of the fundamentals 
in tig processes, including the effect of lower power laser 
radiation. in addition, practical gma processes of steel un-
der the influence of various shielding gases were analyzed. 
one of the main focuses was the development of magne-
tohydrodynamic simulations of the arc while avoiding the 
assumption of the local thermodynamic equilibrium and the 
adjustment to the description of the electrode fall regions 
in the case of arc welding with non-consumable electrodes.  

Technological benefits 

the results from the research on the fundamentals have 
been incorporated into the development of innovative pro-
cess concepts such as laser-supported arc or plasma weld-
ing, as well as in the development of new control concepts. 
Both are primarily used to increase the stability and process 
reliability, as well as the efficiency of the welding process. 

Results in 2012/13 

 � calculation of the cathode fall voltage and electrode 
temperature in the tig process with the help of a non-
equilibrium model for free-burning arcs

 � explanation of the positive effect of laser radiation on 
the molten bath behaviour and the seam quality in laser-
assisted plasma welding

 � explanation of the arc attachment at the wire and the 
impact on the transfer of material for the dc-gma 
welding under different shielding gases

 � the model-related recording of the laser absorption in 
the arc for laser-assisted tig welding

Surface temperature (in K) of the molten bath in a GMA process for steel 
with short circuits as determined from a high-speed recording

Welding	arcs	(third-party	funded	project)
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Plans for 2014 

 � specification of non-equilibrium models  
on the simulation of gma processes 

 � study of the mechanisms of action and effectiveness for 
the use of complex shielding gas mixtures in the gma 
process 

 � experimental and theoretical analysis of the effect of 
laser radiation in laser-assisted tig welding 

ReseaRch pRogRamme - Welding/sWitching

Contact

Calculated temperature distribution in the TIG arc (right: electron tem-
perature, left: heavy particle temperature), as well as in the electrode and 
the work piece

Evidence of the formation of the needle hole effect for laser-assisted 
plasma welding with the aid of superimposed high-speed images 

Dr.	Dirk	Uhrlandt	
phone: +49 3834 / 554 461 
uhrl@inp-greifswald.de 

Sponsor:
german Research foundation - alliance for industrial 
Research (dfg-aif)

Project	partners:
tu dresden,  
uniBw munich,  
laser centre north (hamburg),  
laser centre hanover
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Problem

in a number of applications involving the supply of energy, 
thermal plasmas represent the essential functional compo-
nents. Research into the relevant plasma processes is the 
basis for a significant further development. The mastery of 
switching operations with higher electrical currents at all 
voltage levels (low, medium and high-voltage technology) 
requires the safe operation of equipment and systems. the 
development of switching devices at today’s technical level, 
and increasingly in light of environmental aspects, is no lon-
ger conceivable without physics-based simulations of the 
functional component plasma and accompanying experi-
mental studies.  

Problem-solving approach 

the often sophisticated arc dynamics make special demands 
on diagnostic methods. for the analysis of such objects, 
combinations of optical emission spectroscopy (oes) and 
high speed cinematography are used. 

strong electrode consumption was observed in the switch-
gears under realistic working conditions. for the example of 
a gas switch according to the self-blast principle, the emis-
sion spectrum of the plasma is determined by radiation of 
the eroding nozzle material and often also the eroded elec-
trode material. established oes evaluation methods are spe-
cialized either on optically thin plasmas (negligible absorp-
tion of the radiation) or for special cases on self-reversed 
line profiles. For the determination of plasma parameters in 

plasmas of high optical depth, combinations of spectrum 
simulation and analysis have been developed as a general 
solution approach, allowing for the study of not yet record-
able parameter ranges. 

Technological benefits 

the novel diagnostic methods of arc plasma lead to a deep-
er understanding of the physical processes as a prerequisite 
for new ideas and concepts for improved procedures. the 
use of such methods for parameter and design optimization 
will save significant time and costs in the development of 
switchgears.

Results in 2012/13

in joint research with RWth aachen, the temperature and 
pressure in a co2 model switchgear was determined for the 
first time with the aid of optical emission spectroscopy. The 
method was qualified in further studies for highly dynamic 
arc plasmas.

for the analysis of the radiation of arc plasmas with high op-
tical depth, a simulation-based method has been developed. 
This method helped provide the first insights into tempera-
ture and pressure distribution in metal vapour-dominated 
arc plasmas.

High-speed imaging of an arc through the heat crack in a model switch at the final phase of a half-wave
 

Switching	arcs	(core-funded	project)
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Plans for 2014 

 � transfer of existing optical  
diagnostic methods to vacuum arcs

 � characterization of metal vapour diffusion  
and the erosion behaviour in vacuum switches  
under variable conditions

 � development of non-equilibrium models  
for vacuum arcs 

 � adaptation of absorption-spectroscopic  
diagnostic procedures to arc plasmas

Spectrum with strongly widened copper atomic lines close to the cathode 
of a metal-vapour-dominated arc at 1.5 kA.

ReseaRch pRogRamme - Welding/sWitching
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Problem

Wide application of artificial lighting has a positive impact on 
security and prosperity and leads to an improvement in the 
quality of life. But these achievements are accompanied by 
significant adverse effects for the environment, nature and 
man. “light pollution” is increasing, with largely unknown 
effects on humans and nature. areas close to water are par-
ticularly affected. the transition zone of water - land is a 
unique area with a large number of endangered aquatic and 
terrestrial animal species (fish, birds, bats, insects, etc.).   The 
ecological, chrono-biological, cultural and socio-economic 
causes and effects of increasing lighting at night in aquatic 
and adjacent terrestrial habitats should be setting priorities 
for the protection of man and nature, as well as develop-
ing the first lighting concepts, while taking into account so-
cial, energy, health and environmental concerns, with the 
long-term goal of defining scientifically based indicators and 
guidelines for sustainable lighting.

Problem-solving approach 

a joint project by eight german institutions (aip potsdam, 
fu Berlin, ufz leipzig, ifado dortmund, inp greifswald, iRs 
erkner, izW Berlin, tu Berlin) was funded by the german 
federal ministry of education and Research (BmBf). in it, 
the extent and the causes of the loss of night were studied, 
and the ecological, health and social impact of light pollu-
tion on aquatic and adjacent terrestrial habitats (including 
their social construction) were analyzed. in laboratory and 
field trials, the impact of exterior lighting on ecosystems has 
been investigated. to achieve this, appropriate lighting sys-
tems had to be designed and characterized first. 

Technological benefits

The interdisciplinary scientific discussion on the importance 
of the night and its loss makes it possible to limit the nega-
tive ecological, physiological, health or socio-economic im-
pacts, and also develop sustainable lighting concepts for 
future limited nocturnal landscapes for the benefit of the 
environment, nature and man. 

Results in 2012/13 

Within the framework of the joint project, biological investi-
gations were accompanied by lighting technology. in West-
havelland, an outdoor experiment was set up. One field was 
lit with sodium vapour lamps; another field remained dark. 
in cooperation with the lighting technology department at 
Berlin Technical University, the illuminated field was charac-
terized in terms of lighting technology and the various per-
manently installed sensors for radiation measurement were 
evaluated. 

ReseaRch pRogRamme - Welding/sWitching

Loss	of	the	night	(third-party	funded	project)
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the photos of the lamps shown below were taken after one 
year of operation. the strength of the illumination below 
the lights was determined at ground level. an area between 
four lights was measured according to the standards for the 
characterization of street lighting. the results were com-
pared with simulations of the lighting. they allow for an ex-
trapolation of the illumination levels even for positions that 
were not explicitly measured.
 

an experimental lighting of aquariums was set up and mea-
sured at the leibnitz institute of freshwater ecology and in-
land fisheries in Berlin (igB Berlin). the secretion of melato-
nin by the fish into the aquarium water was mathematically 
modelled. 
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Overview
this Research division pursues interdisciplinary research at the interface of plas-
ma research and life sciences. it has been demonstrated that plasma technology 
in collaboration and exchange with other sciences (medicine, microbiology, mo-
lecular biology, chemistry, environmental sciences, etc.) has considerable poten-
tial to provide solutions for major societal challenges. the central and overarch-
ing competencies in INP’s research programmes of plasma sources and plasma 
diagnostics are combined with research area-specific competencies for the study 
of biological plasma effects as well as investigations in the field of liquid analyt-
ics. in this way, research results are obtained on topics that are highly relevant for 
the development of health care solutions and environmental technologies. ac-
cordingly, these topics constitute the research priorities of the Research program-
memes (Rp) on plasma medicine/decontamination, Bioactive surfaces, pollutant 
degradation and Bioelectrics. findings and results in these areas are expected to 
be transferred to practice-relevant applications in the future..

ReseaRch  
diVision 

enViRonment  
& health

Research Programme Bioactive Surfaces
 � fundamentals of the production of  

cell-adhesive surfaces through deposition with atmospheric pressure plasmas
 � infusion systems with microbicidal surface properties (centrifluidic technologies) 
 � anti-adhesive, plasma-chemical preparation of surfaces of temporary implants 

(campus plasmamed)

Research Programme Plasma Medicine/ 
Decontamination
 � plasma sources for biomedical research 
 � plasma-liquid interactions 
 � plasma and food 
 � ziK plasmatis (cellular effects and extracellular effects of plasma exposures) 

Research Programme Pollutant Degradation
 � fundamentals of filamented plasmas 
 � treatment of diesel exhaust
 � plastep

Research Programme Bioelectrics
 � fundamentals regarding the effects  

of pulsed electric fields on cells and tissues 
 � degradation of pharmaceutical residues in water
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Introduction

physical plasma processes are preferred for systematic con-
trol of the interface properties of different sized, complex 
components and materials by functionalization through the 
gas phase and also by the deposition of functional films. 
Respective processes are carried out under both low pres-
sure and atmospheric pressure conditions. the areas of ap-
plication vary widely and depend on the substrate properties 
and the necessary handling. in terms of process technology, 
plasma processes offer many advantages such as low ther-
mal stress and as a consequence a negligible effect on the 
properties of the base material, very good gap penetration, 
environmental benefits, a very low cost factor and easy han-
dling and integration into existing production chains and 
processes, in particular for plasmas at atmospheric pressure. 
nevertheless, the demands on such plasma processes are 
increasing, above all with respect to the development of 
new applications for outstanding quality surface function-
alization.

the Research programmeme Bioactive surfaces is concerned 
with the development of plasma-based processes for the 
treatment of material surfaces (polymers, metals, ceramics, 
and glasses) that are used in the biomedical field. Subject 
areas such as the equipping of surfaces with cell-adhesive or 
even anti-adhesive, as well as antimicrobial properties, and 
their combination by means of special mask processes, are 
the focus of the investigations. Other fields of research deal 
with protein-adherent and photocatalytic surfaces. 

Besides fulfilling high scientific expectations, the increasingly 
application-oriented Research programmeme is consistently 
striving for the transfer of results to industrial applications. 
for this reason, a variety of industry-related facilities and 

laboratories were set up during the reporting period. high 
purity and defined applications in low pressure were devel-
oped through a novel system for the combination of the 
film deposition in the HiPIMS mode with the enrichment of 
the substrate material by plasma immersion ion implanta-
tion, designed specifically for the homogeneous processing 
of complex-shaped 3d substrates. in order to meet the in-
dustrial expectation of an in-line process under atmospheric 
pressure, various systems and procedures for surface finish-
ing with jet plasmas and with dielectric barrier discharges 
were developed. in addition, the spectrum was expanded 
by adding a plasma spraying system and a system for the 
plasma-polishing of surfaces.

Homogeneous surface finishing of a hip joint.
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Application potential

Controlled	surface	finishing	
by	plasma-chemical	processes	for	
 � different materials, especially heat-sensitive  

materials (polymers, metals, ceramics, glass);
 � adjustment of hydrophilic/ 

hydrophobic surface properties;
 � 3d mouldings with complex structures.

Application	of	atmospheric	pressure	plasmas	 
(spot	type	and	two-dimensional)	for	 
the	processing	of	complex	3D	moulds	for	
 � cell-adhesive surfaces; anti-adhesive surfaces;
 � fine polishing of surfaces

Application	of	low	pressure	plasmas	 
(spot	type	and	two-dimensional)	for	 
the	processing	of	complex	3D	moulds	for
 � equipping of implant surfaces  

with antimicrobial properties;
 � oxidation, nitridation and hardening of surfaces;
 � cell-adhesive surfaces;
 � anti-adhesive surfaces;
 � structure-guided cell growth;
 � systematic control of corrosion;
 � protein-adherent surfaces;
 � photocatalytic surfaces.

Examples	for	applications:

disposables
 � cell culture chips
 � dna chips
 � biosensors
 � high throughput screening systems

therapeutic devices
 � catheters
 � dialyzers
 � pacemakers

implants
 � prostheses
 � tendons and ligaments
 � vascular grafts
 � stents
 � heart valves

Contact

Dr.	Martin	Polak	
Research programme manager 
Bioactive surfaces
phone: +49 3834 / 554 3819 
polak@inp-greifswald.de 
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Fundamentals	in	the	production	of	cell-adhesive	surfaces	by	means	
of	depositing	atmospheric	pressure	plasmas	(core-funded	project)

Problem

Biomaterials present in part chemically inert surfaces and 
thus often do not meet desired requirements for the growth 
of living cells. Plasma-assisted processes for surface modifi-
cation allow producing bioactive surfaces for medical tech-
nologies such as implants, medical devices and consumables 
for biomedical diagnostics. plasma-induced processes with 
process temperatures of less than 40°c are particularly suit-
ed for the modification of polymers and other heat-sensitive 
materials. Especially plasma-polymerized functional films are 
predestined to prepare materials with long-lasting desired 
properties. a considerable share of plasma processes that 
are used to this end are operated at low pressure. however, 
processes at atmospheric pressure promise a more straight-
forward implementation in existing in-line processes as well 
as easier handling. Moreover, surfaces can be modified se-
lectively by using locally-acting plasmas such as jet plasmas.

Problem-solving approach

The use of atmospheric pressure jet plasmas for film depo-
sition is being studied for the fabrication of cell-adhesive 
films. Using nitrogen precursors, the influence of different 
process parameters, such as the gas flow of carrier and pre-
cursor gas, is examined with respect to film deposition and 
composition.

Technological benefits

The plasma-modified surfaces can be used to optimize im-
plants or cell culture systems. the application for surface 
modification is not limited to flat substrates. For example, 
substrates with complex geometry as well as porous or oth-
erwise structured materials can be treated by plasma jets 
with very good depth penetration. the absence of vacuum 
technology makes the atmospheric pressure plasma technol-
ogy particularly interesting and advantageous.

Results in 2012/13

using a nitrogenous raw material made it possible to de-
posit a chemically homogeneous and locally limited film 
(ppc-n) by a plasma-assisted process. mass deposition rates 
of 0.1 - 0.6 µg/s and film growth rates of 0.3 - 3 nm/s were 
achieved. By varying the process parameters, both the thick-
ness of the film as well as the lateral expansion of the grow-
ing film can be controlled.

Derivatization techniques allowed for the verification of a 
high amino group density [nh2]/[c] of 6%, which can be 
crucial for the adhesion and proliferation of human cells.
  

ReseaRch pRogRamme - BioactiVe suRfaces
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Image of a PPC-N film deposited on a silicon wafer and the resulting wa-
ter contact angle of 21° (left). XPS line scan of the film for the tracking of 
the quantitative composition as a function of position (right). The graph 
shows a homogenous coating over a range of approximately 6 mm.

  
Influence of process parameters on the chemical composition of the 
PPC-N film (left). The corresponding gas flow allows control of the O/C 
and N/C ratios for the film. The C 1s signal shows four different bonding 
states that can be assigned to oxygen- containing and nitrogen-containing 
functional groups (right).

Plans for 2014

 � increase of the number of available atmospheric pres-
sure plasma sources for the generation of bioactive 
surfaces, in particular dielectric barrier discharges.

 � improvement of the film stability on different materials 
through conditioning of the plasma processes.

 � use plasma-diagnostic methods for the basic under-
standing of the deposition mechanisms.

 � cell-biological studies in order to test the biocompatibil-
ity of surfaces as well as the adhesion and cell prolifera-
tion of human cells.

ReseaRch pRogRamme - BioactiVe suRfaces
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Contact

Dr.	Katja	Fricke	
phone: +49 3834 / 554 3841 
k.fricke@inp-greifswald.de
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Problem

intravenous drip systems are indispensable in modern hospi-
tals. they are used for the administration of drugs, for the 
transfer of nutrients into the blood stream, but also for the 
taking of blood samples. intravenous drip systems consist of 
a variety of different components such as valves, lines, filters, 
connectors for the drip or the syringe needle, all the way to 
venous catheters, which produces a direct connection to the 
blood stream. these components are single-use systems and 
are completely exchanged every 24 hours to prevent infec-
tions from bacteria, viruses or fungi. 

The objectives of the “Centifluidic Technologies” growth cen-
tre are, on one hand, to reduce the risk of infections and, on 
the other hand, to extend the use of the infusion systems 
significantly. In this way it would even be possible to accom-
plish safe usage in outpatient settings and in the home care 
sector. this means not only drastic potential savings for the 
health care system, but foremost also an improvement in the 
patients’ quality of life. 
 

Problem-solving approach 

luer-lock connections and valves are at potential risk since 
there is a discontinuity in the sterile system in combination 
with contact to the clinical staff. in order to make these sites 
safer, they are prepared with antimicrobial surfaces. there-
fore, especially antimicrobial metals such as copper and sil-
ver can be used. With the help of plasma technology, the 
substrate material is either coated with these metals or the 
metals are introduced into the material. even a combination 
of the two processes is possible.

Technological benefits 

using the plasma-based procedure for the coating and en-
richment of the substrate material, and in particular the com-
bination of both methods, a wide variety of unique surface 
properties can be adjusted. this applies not only to the pre-
cise control of the initial release of the antimicrobial metals, 
but also to the antimicrobial long-term impact that can be 
predefined. The understanding of the physico-chemical pro-
cesses in the plasma and at the interface with the substrate 
also allows for a large number of new applications both in 
the biomedical area as well as in other high-tech areas.

Results in 2012/13 

it has been shown that in particular the combination of pro-
cesses for surface coating and enrichment has great applica-
tion potential. coatings are applied with 2 magnetron sput-
ter sources under high power pulse operation (hipims) – the 
plasma immersion ion implantation (piii) has been carried 
out in parallel with a pulse voltage of up to -15kV.

Both methods complement each other perfectly, because in 
the hipims method a very high ionisation rate of up to 80% 
can be achieved and simultaneously the production of in 
part up to 4-fold charged ions is possible.

the results of these studies have shown that the combina-
tion of the two procedures can considerably improve the 
film properties. The HiPIMS method allows producing very 
smooth surfaces. the combination of the procedures reduc-
es the roughness by another factor of 3. hipims allows for 
the production of crystallites in the film. The combination 
process increases not only the proportion of crystallites, but 
also their size by up to 50% for the same processing time. 
even though the deposition rate in the hipims mode alone 
is low when compared to other sputtering methods, this can 
be improved by the combination process.

Intravenous	drip	systems	with	microbicide	surface	properties	
(Centrifluidic	Technologies	//	third-party	funded	project)
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Comparison of the depth profiles of copper deposited on acrylonitrile-bu-
tadiene-styrene (ABS), by either HiPIMS method alone or by combination 
of HiPIMS and PIII methods.

due to the high deposition rate in the combination process, 
a sufficiently thick film can be deposited on surfaces within 
less than 1 minute with respect to the inactivation of the 
bacterium s. aureus by more than 6-log steps. the unique 
design of the plasma system developed at the inp greif-
swald also allows for the homogeneous processing of com-
plex 3d components up to a size of 20cm x 15cm.

Plans for 2014/2015 

in future work, a basic understanding of the combination 
process and also the application possibilities in the area of 
high performance films will be developed. 
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Problem

the use of metallic implants made from titanium and tita-
nium alloys in orthopaedic and trauma surgery are state-of-
the-art. implant surfaces should ideally be designed to sup-
port subsequent clinical therapies. temporary implants such 
as intra-medullary nails, screws or external fixators have to 
provide mechanical stabilization for bones. furthermore, 
they should grow into the bone as little as possible so that 
they can be removed without any difficulty after the heal-
ing of a fracture. cells or tissues should therefore adhere as 
little as possible to the interface. an anti-adhesive coating 
would be particularly advantageous for temporary implants 
in order to avoid biofilm formation and a build-up of cells. 

Problem-solving approach 

in the joint project campus plasmamed, low temperature 
plasma processes were used for the modification of titanium 
surfaces. A plasma fluorocarbon polymer (PFP) was deposited 
by means of a microwave plasma and using a mixture of fluo-
rinated hydrocarbon and hydrogen as precursor. ideal anti-
adhesive conditions that inhibit the growth of osteoblasts 
(bone cells) were achieved by creating a defined chemistry 
and specific functional groups on the surface. Close coop-
eration with the department for cell culture at the Rostock 
university medical center, a project partner in campus plas-
mamed, was indispensable for the optimization of the surface 
properties of metallic implants coated with pfp.

Anti-adhesive,	plasma-chemical	equipping	of	surfaces	of	tempo-
rary	implants	(Campus	PlasmaMed	//	third-party	funded	project)

Technological benefits 

the inp developed plasma-assisted processes within the 
framework of this project in order to modify metal surfaces 
in a cell-repellent way. Patients could directly benefit from 
the technology since complications during the healing pro-
cess after the removal of temporary implants could be pre-
vented.

Results in 2012/13 

a cW (continuous wave) microwave low pressure discharge 
allowed for the deposition of the desired anti-adhesive films, 
consisting of PFP on a titanium alloy. The hydrophobic films 
are still stable after 10 minutes of treatment in an ultrasonic 
bath. the water contact angle is 110o and the f/c ratio is 
1.5. The XPS-spectrum confirms a well cross-linked PFP-film.

in vitro experiments have shown that it is possible to use pfp 
to drastically reduce the cell count and size of mg-63 cells.

High resolution XPS-C 1s spectrum of a well cross-linked PFP-film Area covered with MG-63 osteoblasts on PFP after 24h
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Contact

Dr.	Birgit	Finke	
phone: +49 3834 / 554 3833 
finke@inp-greifswald.de 

Sponsor:
german federal ministry of education and Research 
(BmBf)

Project	partners:
campus plasmamed,  
esp. universitätsmedizin Rostock

 
MG-63 osteoblasts on polished Ti-6Al-4V (top), and on PFP (bottom);
Dimension of bar=100µm
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Introduction

The research of the influence of physical plasmas on cells 
and tissues with the aim of medical use is an innovative field 
of research, which has experienced significant growth for 
several years and is described now under the name of plas-
ma medicine. closely related to the interest in medical appli-
cations is the use of plasma for the inactivation of micro-or-
ganisms with the aim of decontaminating materials, surfaces 
and products. a prerequisite for a successful practical im-
plementation of both fields of research is the fundamental 
understanding of biological mechanisms that are induced 
by physical plasma. the Research programmeme of “plasma 
medicine / decontamination” will work in close cooperation 
with the inp-adjunct plasmatis centre for innovation com-
petence (ziK “plasmatis - plasma plus cell”) to conduct and 
coordinate research on the biological effects of atmospheric 
pressure plasmas and their possible applications.  

the following research is at the centre interest: 
 � design, development, characterisation and  application 

of atmospheric plasma sources for biomedical studies, 
clinical tests and therapies

 � Basic research on plasma-liquid interaction
 � Basic research on the effect of atmospheric pressure 

plasmas on microorganisms and cell cultures 
 � Basic and application-oriented research with respect 

to the antimicrobial efficacy of atmospheric pressures 
plasma processes with the goal of using them for de-
contamination/sterilization/antiseptics

 

Projects 2012/2013 

 � project plasma & cell on the fundamental  
interaction mechanisms 

 � Research network campus plasmamed, managing the 
activities with respect to of plasma sources and the  
sub-project plasmaVitro 

 � normplas - standardization of plasma sources  
for biomedical applications

 � friplas - application of plasma processes for gentle 
¬preservation of produce, using for example post-har-
vest perishable food products 

 � nanogiene - Renewable, hygienically effective nano-
coatings on complex medical devices 

 � safefresh – innovative monitoring and disinfection pro-
cedures to ensure microbiological safety in the produc-
tion chain of fresh foods derived from crops

 � leguan – innovative and holistic, value-added con-
cepts for functional food and feed from the local grain 
legumes 

 � eiplas – shell germ reduction for hatching and table 
eggs by means of atmospheric pressure plasma

 � plasmaWundtex – development of a novel wound treat-
ment system on the basis of plasma technologies and 
the use of large-scale textile plasma sources for mobile 
and stationary use
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Research on the inactivation of microorganisms by plasma processes is also becoming increasingly important for the treatment of 
foodstuffs and fresh produce. Here, the improvement of the durability and consumer protection is at the centre of interest.
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Application potential 

Plasma	sources	for	biomedical	applications:		
 � providing sources for biomedical experiments  

and clinical tests 
 � preparation of licenses and certifications  

for the approval as medical devices 
 � standardization  

Plasma-liquid	interactions	
 � production, optimization and/or stabilization  

of active substance liquids (plasma pharmacy) 

Plasma	cell	interactions		
 � characterization of biological effects of different plasma 

sources to provide  a scientific basis for biomedical ap-
plications and to minimize risks

Antimicrobial	plasma	effects	
 � decontamination/sterilization of packaging (food, phar-

maceuticals), medical devices (endoscopes), implants, as 
well as foodstuffs and fresh produce

Contact

Prof.	Thomas	von	Woedtke	
Research programme manager 
plasma medicine/
decontamination
phone: +49 3834 / 554 445 
woedtke@inp-greifswald.de 

Sponsor:
german federal ministry of education and Research 
(BmBf)

Project	partners:
see campusplasma med
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Problem

the funding agency of the research network “campus plas-
mamed” stipulated the development of plasma sources that 
meet the requirements for licensing as a medical device. the 
requirement profiles for atmospheric pressure plasma sourc-
es for biomedical applications are very much dependent on 
the specific application. In the development of sources, it 
is necessary to consider physical performance parameters, 
the biological efficacy and also scalability. In addition regula-
tory constraints play a major role, such as for example speci-
fied by the Medical Devices Act. The necessary qualifying 
examinations for plasma sources take place during product 
development in an iterative way and are therefore very time-
consuming.  

Plasma	sources	for	biomedical	research	(Campus	PlasmaMed	//	
third-party	funded	project)

Problem-solving approach 

the development of plasma sources for biomedical applica-
tions is based on different principles for the generation of 
plasma (dBd, corona, Jet, etc.). accordingly laboratory pro-
totypes were built at inp. the characterisation of the most 
important physical characteristics (temperature, electrical 
properties, and radiation) allows an evaluation of the gen-
eral suitability of a specific configuration for intended use 
and purpose. in order to treat larger surface areas, the jet 
principle was expanded into a multi-channel arrangement 
(triple jet). 

it is expected that results and experience gained during the 
process of the eventually successful licensing of kinpen med 
as a medical device can in principle be drawn upon also for 
the licensing of the triple jet.

Technological benefits 

plasma medicine offers new approaches to treat a wide va-
riety of diseases, in particular in the field of dermatology 
and dentistry. While scientific studies on the plasma-induced 
effects took precedence in the past, several manufacturers 
have now achieved the licensing of their devices as a medi-
cal device. this opens up a new market for medical devices. 
Based on the experience gained from the projects campus 
plasmamed and ziK plasmatis, inp now has the opportunity 
to design new sources in accordance with specific require-
ments and to explore their use in collaborations.
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Results in 2012/13 

 � electrical and optical characterization of the dynamics of 
a transient spark discharge by means of time-resolved 
and spatially-resolved diagnostics;

 � successful completion of the conformity assessment 
procedure for the plasma source kinpen med, and suc-
cessful licensing as a medical device;

 � transfer of the plasma jet source principle to a multi-
channel arrangement (triple jet) and basic characteriza-
tion of the physical performance parameters as well as 
biological effects.

Six regimes are identified in the spatially-resolved and phase-resolved 
radiation emission of the discharge generated at atmospheric pressure in 
a tip-plate arrangement

kINPen MED

Triple-Jet

Contact

Dr.	Rene	Bussiahn	
phone: +49 3834 / 554 3814 
bussiahn@inp-greifswald.de 

Sponsor:
german federal ministry of education and Research 
(BmBf) – campus plasmamed

Project	partners:
neoplas tools gmbh, 
cinogy gmbh
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Problem 

plasma cell interactions are generally mediated by processes 
involving the aqueous environment. highly reactive spe-
cies are the final products of complex response chains of 
plasma-gas-liquid interactions. These species are difficult to 
detect and thus their identification is a chemical-analytical 
challenge.  

Problem-solving approach 

the research work on the explanation of the mechanisms 
of plasma-liquid interactions and their impact on biological 
systems was carried out with respect to two basic issues:

1. Identification of the reactive species responsible 
 for biological plasma effects;
2. options for the practical application 
 of plasma-activated liquids.

the work was conducted in the framework of the funda-
mental project plasma&cell, and as part of the sub-project 
plasmaVitro in campus plasmamed. the surface dielectric 
barrier discharge (surface dBd) proved to be exceptionally 
suitable for the experimental investigations because  pure 
plasma phase, gas phase and liquid phase with and with-
out cells can be studied separately. the investigation of the 
plasma and gas phase was carried out by optical emission 
spectroscopy (oes) and by infrared spectroscopy (ftiR). 
spectrophotometric procedures in combination with colour 
reactions as well as ion chromatography were used for liquid 
analytics. Vegetative microorganisms were used as model 
systems for assessment of biological plasma effects. 

Surface DBD

Results in 2012/13 

A pivotal finding of the research work is the understand-
ing that biological plasma effects are generally mediated 
through changes in the liquid environment cells. primarily 
responsible are reactive oxygen and nitrogen species (Ros, 
Rns/Rons). this shows that the active parameters respon-
sible for biological plasma effects are the same as those that 
can be found in normal metabolitic processes in living tis-
sues. this makes the potential risks of medical plasma ap-
plications predictable and controllable, and also provides 
a solid scientific basis for plasma medical therapies (redox-
based wound healing). 

Plasma-liquid	interactions	(core-funded	project)

ReseaRch pRogRamme - plasma medicine/decontamination
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furthermore, it was shown that plasma treatment of water 
makes it possible to produce a temporarily effective anti-
microbial solution (“plasma-activated water”), the effective-
ness of which is based on RONS together with an acidifica-
tion of the liquid the strength and duration of action of such 
solutions can be varied within certain limits depending on 
the time of exposure to the plasma and the time of immer-
sion of microorganisms.
 

Plans for 2014 

 � explanation of antimicrobial mechanisms  
of plasma-treated water by transcriptome analysis,

 � identification of effective reactive species;
 � exploring practical fields of application  

for plasma-treated water.
 

Inactivation of E. coli by physiological saline solution that was treated with 
plasma for 3-6 min
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Contact

Prof.	Thomas	von	Woedtke	
phone: +49 3834 / 554 445 
woedtke@inp-greifswald.de 
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Problem 

Within the food production chain, there are often two core 
problems caused by microbiological contamination:  
 � harvesting and storage losses
 � food safety  

producers and retailers of fresh produce have to pay more 
attention to food safety in order to reduce harvest and stor-
age losses. this has been demonstrated dramatically by the 
problems with ehec contaminations in 2011. the existing 
methods for the establishment of hygiene are not effective 
to the required degree, are not approved or do not represent 
the current state of the art. the inactivation of micro-organ-
isms on vegetables and fruits while simultaneously retaining 
valuable ingredients in the plant matrix is a technological 
challenge that is still without solution. 

Problem-solving approach 

With the goal to keep expenditures for the process low, only 
relatively cost-effective methods are put to use. an upper 
limit in the method costs can be found in the high-pressure 
technology, as already seen for the industrial preparation of 
meat products. Vacuum processes with fresh produce are 
not possible due to the humidity. therefore, methods on 
the basis of atmospheric pressure plasmas are very promis-
ing alternatives. The basic idea is the efficient generation 
of antimicrobial reactive species, in particular radicals and 

Plasma	and	food	(third-party	funded	project)

ReseaRch pRogRamme - plasma medicine/decontamination

metastables, by means of plasma. these species remain mi-
crobiologically active only for typical processing times. con-
sequently, the potential impact on the product is minimised 
and a risk for the consumers can be excluded. plasma gen-
erators in the frequency range from khz to some ghz are 
used for the investigation. 

Technological benefits 

the successful development of new processes will lead to a 
more sustainable and more cost-effective agriculture. at the 
same time, consumer safety can be improved. furthermore, 
it is expected that the developed decontamination process-
es can be used in other areas, such as packaging materials, 
transport containers, equipment parts and medical devices. 
additionally, the results could have an impact on plasma 
chemistry.

Results in 2012/13

cooperation with the german Research foundation (dfg) 
senate commission for food safety (sKlm):
in cooperation with the senate commission for food safety, 
an opinion on the use of plasma processes for the treatment 
of food was prepared and published in molecular nutrition 
and food Research.1) 

Figure 1a) Meat treatment using PPA; b) Change over time in the total bacterial count for PPA-treated and untreated samples

pork meat
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Meat treatment [2,3]

the microbiological safety of meat is of great importance 
for the meat industry. meat is highly perishable and it reacts 
very sensitively to disinfection processes. the ppa processes 
(plasma processed air) based on the microwave-stimulated 
plasma source plexc allowed an examination of the change 
in the ability to store fresh pork (see fig. 1a). samples were 
provided both untreated and ppa-treated for storage at 5°c. 
On defined days, the total bacteria loads were calculated as 
described in fig.1b. the treatment for 2 x 2.5 min was suf-
ficient to keep the total bacterial count for the entire storage 
period of 16 days at 5°c at 2 log colony-forming units per 
gram (cfu/g). conversely, the total bacterial count of un-
treated meat samples rose to approximately 9.7 log cfu/g 
within the storage period.

[1] Oliver Schlüter, Jörg Ehlbeck, Christian Hertel, Michael Habermeyer, 
Angelika Roth,Karl-Heinz Engel, Thomas Holzhauser, Dietrich Knorr and 
Gerhard Eisenbrand: Opinion on the use of plasma processes for treat-
ment of foods, Mol. Nutr. Food Res. 57 (2013) 920-927
[2] A. Fröhling, J. Durek, U. Schnabel, J. Ehlbeck, J. Bolling, O. Schlüter: 
Indirect plasma treatment of fresh pork: Decontamination efficiency and 
effects on quality attributes, Innovative Food Science & Emerging Tech-
nologies 16 (2012) 381-390
[3] Antje Fröhling, Kai Reineke, Jörg Ehlbeck, Oliver Schlüter: Potentielle 
Anwendungsmöglichkeiten von kaltem Plasma in der Fleischverarbeitung 
Rundschau für Fleischhygiene und Lebensmittelüberwachung 9 (2013) 
327
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Contact

Dr.	Jörg	Ehlbeck	
phone: +49 3834 / 554 458
ehlbeck@inp-greifswald.de 

Sponsor:
german federal ministry of education and Research 
(BmBf)

Project	partners:
atB leibniz institute for agricultural engineering 
potsdam-Bornim e.V. ,  
fraunhofer institute for process engineering  
and packaging (iVV),  
company löhrke gmbh  
and ipac-labor gmbh
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Problem

previous cell-biological experiments in plasma medicine were 
not only conducted with various plasma sources, but also 
with different cells (and tissues and/or organisms) and for 
very different conditions (partially not documented). this led 
to an almost unmanageable flood of data over the course 
of the years, but results are often not comparable between 
different studies. thus, up to now, neither plasma sources 
nor effects on cells can be readily compared. 

the centre for innovation competence (ziK) “plasmatis - 
plasma plus cell” is aiming for a basic understanding of the 
interaction between physical plasma and cells regarding ap-
plication in plasma medicine. the interaction of plasma with 
cells is essentially determined by the reactive components 
formed by the plasma. 

Problem-solving approach

the route taken for the investigations is to take control of 
the physical parameters of the plasma in order to adjust the 
production of reactive components and the composition of 
the plasma and the treated cell culture media. this will allow 
for conclusions about the underlying processes.

ReseaRch pRogRamme - plasma medicine/decontamination

Figure 1: Plasma jet kINPen with the visualized gas 
flow of a developed shielding gas layer.

to this end, an appropriate integrated test system was set 
up, making it possible to compare various plasma sources, 
as well as different cells and tissues. an important step is 
the decoupling of the plasma jet from the environment (see 
fig. 1).

Technological benefits

With a view to medium-term applicability of cold physical 
plasmas in the treatment of various diseases, the establish-
ment of internationally agreed standards is indispensable. 
the creation of standardized treatment protocols is a neces-
sary tool for the comparison of different plasma treatments/
plasma sources – and is also an important step in the devel-
opment of therapy-specific plasma applications. The avail-
ability of tailor-made plasma allows for a variety of applica-
tions and patient specific therapies. 

Results in 2012/13

it was possible to establish a plasma-chemical, liquid and 
cellular test system for the plasma treatment of cells of vari-
ous origins. the system is based on the plasmatis centre of 
Innovation Competence’s fundamentally spatially-resolved 
and time-resolved plasma sources (kinpen09 and ceramic 
dBd). it is further including several molecular biological as 
well as physical diagnostics. many parameters have been 
recorded and summarized for the specifications of a stan-
dardized plasma treatment. it was found that important 
boundary conditions such as distance, time, temperature, 
humidity, ph value, cell density, cell culture media for a com-
parable plasma treatment of a pre-determined specific cell 
line must be defined first in order to reasonably compare the 
treatment with different plasma sources. similarly conditions 
must be determined to compare the effects on different cell 
types with a pre-determined plasma source. notable is the 
interdisciplinary cooperation between the two ziK-groups. 
competencies of the physics-oriented junior scientist group 
“extracellular effects” (ece) and the molecular-biological ex-
pertise of the junior scientist group “cellular effects” (pa) are 
effectively combined. this allowed for the discovery of the 
significance of the operating gas moisture with respect to 
reproducibility and stability of the cell biology experiments., 
it was further possible to discover individual biological re-

Plasmatis	Centre	for	Innovation	Competence	(Cellular	Effects	 
and	Extracellular	Effects	//	third-party	funded	project)
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actions by controlling plasma parameter. these necessary 
boundary conditions are now considered in future experi-
ments that are conducted by the two junior scientist groups, 
as well as the follow-up projects of campus plasmamed.

Based on the developed standardized protocols, gene ac-
tivation, protein changes and/or signal-forwarding that are 
observed for treatments with various cold plasmas are now 
examined. As a result, the first cellular signalling molecules 
that changed in their activity due to customized plasma 
treatments could already be addressed in detail. With this 
knowledge, it should be possible to describe different sig-
nalling cascades in order to control a systematic modulation 
of cellular activities, such as growth or secretion, by using 
cold physical plasmas.

Plans for 2014

 � analysis of the modulated gene activities, as well as the 
corresponding cellular proteins, with a focus on growth 
factors, enzymes and signalling molecules.

 � control of plasma generation and of plasma interactions 
with the environment, in order to systematically gener-
ate different active molecules.
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Figure 2: Workflow to find the plasma-
based effects in human cells

Contact

Dr.	Stephan	Reuter	
head of Junior Research group 
extracellular effects
phone: +49 3834 / 554 3323 
stephan.reuter@plasmatis.de 

Dr.	Kai	Masur	
head of Junior Research group 
cellular effects
phone: +49 3834 / 554 3322 
kai.masur@plasmatis.de 

Sponsor:
german federal ministry of education and Research 
(BmBf)
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Introduction

air pollution is an important societal issue, which is also re-
flected in increasingly strict statutory regulations for emis-
sions in germany (e.g. technische anleitung zur Reinhaltung 
der luft (ta luft). despite enormous progress in air pollution 
control, there are still a number of air pollutants with con-
centration that are too high.

plasmas show an effect on biological and chemical contami-
nations in gases, liquids and on surfaces, which offers po-
tential solutions for environmental and health protection. 

the special properties of plasmas in this context are:
 
 � the reduction or transformation of harmful gases takes 

place without significant heating of the gas. therefore 
the processes are intrinsically energy-efficient.

 � processes can be directly controlled by  
electrical operating parameters in a timely manner.

 � it is possible to achieve effects on gas molecules  
and particles. 

the work in this Research programme includes a wide range 
of environmental and health-related tasks. achievements 
and  results can be summarized as follows:

 � development and characterization of new plasma 
sources for waste gas and exhaust air treatment,  
including analysis of and for the speciation;

 � observation of plasma-chemical processes for the de-
composition of harmful species (nitrogen oxides, volatile 
organic compounds) and of synergies in combination 
with catalysts or adsorbers;

 � characterization of the effect of plasmas in application-
relevant situations within feasibility studies as well as 
field tests and bench  test trials;

 � diagnostics and simulation of filamented atmospheric 
pressure plasmas, in particular micro-discharges.

Regarding the last point, inp has a globally unique facilities 
and methods for the diagnostic of individual discharges.

Based on the findings on microdischarges, plasma sources 
and reactors are developed and investigated with respect 
to various tasks. here, the combination with other methods 
(catalysis, adsorption, gas scrubbing) increasingly plays an 
important role.  

Application potential

The	potential	 application	of	 non-thermal	 plasmas	 is,	
above	all,	the	controlled	degradation	or	conversion	of	
noxious	gases	in	contaminated	gas	streams,	for	example:		 

 � Reduction of volatile organic compounds (Vocs) and 
other noxious gases and odours from manufacturing 
processes in combination with  
catalytic converters and/or adsorbers; 

 � Reduction of nitrogen oxides from combustion process-
es (diesel engines) in combination  
with catalytic converters; 

 � Reduction of noxious gas molecules and particulates in 
air-hygiene and ventilation/exhaust-air treatments.

furthermore, discoveries in discharge physics can also make 
a contribution to the control and detection of partial dis-
charges (microdischarges) at insulating barriers.
 

Contact

Dr.	Ronny	Brandenburg	
Research programme manager 
pollutant degradation
phone: +49 3834 / 554 3818 
brandenburg@inp-greifswald.de
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Problem

the optimization of existing and/or the creation of new pro-
cedures for the degradation of pollutants require a compre-
hensive understanding of the relevant plasmas. this is a ma-
jor challenge for plasma diagnostic methods and simulation 
efforts due to the filamentary nature of microdischarges. 
the analysis is further complicated by erratic, transient and 
generally short-lived characteristics. as a result, there is a 
lack of comprehensive knowledge in the field of molecular 
and reactive gas mixtures with respect to the discharge pro-
cesses, their correlation with plasma-induced chemical reac-
tions and the knowledge on resulting plasma parameters.  

Problem-solving approach 

the control of the plasma chemical processes determines 
their efficiency and selectivity. INP has been conducting 
precise and high-resolution studies for some years to de-
scribe the spatio-temporal discharge development. a better 
understanding of the discharge physics provides access to 
plasma parameters and offers suggestions for further opti-
misation of processes (reactor geometry, electrical operating 
parameters).  

experimental investigations are complemented by hydro-
dynamic modelling and kinetic analysis of the electron 
components. the focus of the research that is part of the 
sonderforschungsbereich (collaborative Research centre) 
transregio 24 “fundamentals of complex plasma” in collab-
oration with the university of greifswald and the university 
of Kiel.  fundamentals of the formation of barrier discharges 
(diffuse and filamented regimes) are examined. In addition 
to the study of the discharge physics, the role of surface dis-
charges on the dielectric barriers is investigated.

Technological benefits 

 � optimization of existing plasma processes for pollutant 
degradation based on discharge physics;

 � new approaches for the effect of operating parameters 
on the plasma-chemical conversion efficiency 

Results in 2012/13 

the work on electrical breakdown and the spatio-temporal 
behaviour of pulse-operated barrier discharges was contin-
ued. the effect of the pulse width on the discharge that 
was observed for a unipolar, asymmetric square-wave volt-
age could also be confirmed for bipolar square-wave volt-
ages. The breakdown behaviour changes significantly for 
pulse widths that are on the order of the ion translation time 
(approximately 1 μs). They further affect initial breakdown 
phase (“townsend phase”) of individual discharges. 

1 
m

m

Test set-up for studying individual filaments

Fundamentals	of	filamentary	plasmas	(core-funded	project)
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Work on the diagnostic of dc-driven negative corona dis-
charges was completed. For the first time, it was possible 
to detect the existence of a cathode-directed streamer dur-
ing the development of trichel pulses experimentally. these 
findings could contribute to a standardization of the theo-
ries on electrical breakdown in electron-negative gases. fur-
thermore, the reduced electric field strength was success-
fully determined based on a kinetic model and calibration.
  

Spatially and temporally resolved development of the electrical field 
strengths of Trichel pulses in air based on measurements using time-
resolved individual photon counting  

Plans for 2014 

 � investigation and simulation of the spatial and temporal 
behaviour of discharges in reactive gas mixtures for a 
variation of gas temperature and gas composition;

 � investigation of the effect of polarity with respect to the 
dielectric barriers on microdischarge development;

 � experimental and theoretical analysis of the effect  
of edge steepness on discharge physics and  
plasma chemistry.

Contact

Dr.	Ronny	Brandenburg	
phone: +49 3834 / 554 3818 
brandenburg@inp-greifswald.de

Project	partners:
university of Brno (czech Republic),  
university of greifswald  
and university of pau (france)
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Problem

nitrogen oxides are major contributors to eutrophication 
and acidification of the oceans and seas. For this reason, 
diesel emissions of nitrogen oxides will be strictly limited by 
future legislation. this can already been observed in a grow-
ing number of emission-controlled sea areas. since internal 
engine technologies have reached their limits, exhaust gas 
after-treatment methods have moved into focus and are ex-
pected to solve the problem of nitrogen oxides in ships with 
diesel exhaust. solutions should be available for the entire 
range of gross registered tonnage and all equipment units.  

ReseaRch pRogRamme - pollutant degRadation

Problem-solving approach 

one way of reducing nitrogen oxide emissions is the oxi-
dation of nitrogen monoxide to nitrogen dioxide with a 
subsequent reduction to nitrogen and oxygen, by taking 
advantage of heterogeneous catalysis in both processes. 
since oxidation catalysts at low temperatures are inactive, 
the oxidative effect of non-thermal plasmas in the form of 
ac-driven dielectric barrier atmospheric pressure discharges 
at low temperatures, complemented by suitable catalyst 
material, should be used. another process optimization is 
achieved through the use of an additional oxidizing agent 
on a hydrocarbon basis. The efficiency and selectivity of this 
process are crucial for the application of such a system. for 
this reason, synthetic gas mixtures such as those emitted 
from marine diesel engines were treated in the laboratory in 
order to develop a complete filter system that was ultimately 
used in the bypass of a marine diesel engine.  

Technological benefits 

The technological benefit lies in the provision of filter tech-
nology for marine diesel engines which guarantees a signifi-
cant reduction in emissions of nitrogen oxides in accordance 
with the future requirements for the protection of the envi-
ronment and mankind. the solution should be cost-effective 
and save energy.

treatment of diesel exhaust (third-party funded project)
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Results in 2012/13 

a stack reactor that is based on a planar barrier discharge 
was used to examine the plasma effect in synthetic flue gas. 
parameters and conditions that have been investigated were 
the energy dissipated into the plasma, the flue gas tempera-
ture and the effect of individual flue gas components. For 
the latter in particular propene as an additional oxidizing 
agent was added. the principle of the stack reactor was 
then scaled up for bench test trials at the project partner’s 
site in szczecin.

Stack reactor for test bench trials (left); installation of bypass in a marine 
diesel engine (right)  

Previous laboratory results could be verified by the bench 
test. oxidation of no to no2 with moderate energy input 
was demonstrated. the admixture of propane increases the 
efficiency of the oxidation significantly. In addition, a signifi-
cant reduction of particulate pollutants (e.g. soot particles) 
was observed with for the plasma treatment.

NO oxidation and degradation of particles (PM particulate matter)  
in the test bench trials
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Contact

Dr.	Ralf	Basner	
phone: +49 3834 / 554 426 
basner@inp-greifswald.de 

Sponsor:
german federal ministry of economics  
and technology (BmWi)

Project	partners:
neoplas gmbh (np) greifswald,  
motoren- und energietechnik gmbh (met) Rostock, 
maritime university of szczecin,  
chair of technical thermodynamics at the university 
of Rostock,  
leibniz institute for catalysis (liKat) at the univer-
sity of Rostock. 
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PlasTEP	(third-party	 
funded	project)
the control of environmental pollution is an international is-
sue and thus also a strategic objective of the european union. 
This is reflected in the increasing stringency of exhaust gas 
emission standards, especially in countries in the Baltic sea 
area. the aim of the plastep project: “dissemination and 
fostering of plasma-based technological innovation for envi-
ronment protection in the Baltic sea region” is to explain the 
potential of plasma-assisted technologies for environmental 
protection to decision-makers in politics and industry. in ad-
dition the the obtained knowledge is promoted for the inte-
gration into the educational process of future generations. 
another goal is to encourage investments in plasma-based 
environmental technologies. accordingly plastep is lobbying 
decision-makers by demonstrating: plasma opens new doors 
plasma technology is ground-breaking and there is a chance 
of more environmentally-friendly industrialization.

the plastep project is conducted in the framework of the 
Baltic sea Region programme 2007 - 2013. this programme 
is part of the eu strategy for the Baltic sea region and is 
co-financed by the European Union (European Regional De-
velopment fund). 16 partners from 8 countries are working 
together in this project.

three thematic working groups were launched. demonstra-
tion models and prototypes are expected to be developed 
that are then used for specific demonstrations. These are 
aimed at the degradation of nitrogen oxides, sulphur oxides 
and volatile organic compounds, as well as particulates from 
exhaust gases. Water purification using plasmas is also con-
sidered.

in addition to the research work,  the sustainability of the 
plasma-based environmental protection technologies is dis-
cussed and their integration in education and training ef-
forts. accordingly, several workshops and three summer 
schools were set up.

Results in 2012/13 

a mobile plasma testing system was designed and built for 
field trial analytics for the detection of plasma-chemical ef-
fects was integrated together with the plasma technology. 
field trials have been conducted at different sites in poland, 
Estonia, Germany and Denmark. In some cases significant 
plasma effects were found. In addition to the field trials, inno-
vative approaches have been tested such as a so-called case 
film reactor for plasma-assisted gas scrubbing that allows for 
the degradation of toluene and undecane from gas currents. 
 

Contact

Alexander	Schwock	
phone: +49 3834 / 554 3902 
schwock@inp-greifswald.de 

Dr.	Ronny	Brandenburg	
phone: +49 3834 / 554 3818 
brandenburg@inp-greifswald.de

Sponsor:
interreg iVb Baltic sea Region (eu structure subsidy)

Project	partners:
technology centre of Western pomerania (tzV), Vdi 
mecklenburg Western pomerania (Vdi), Risø national 
laboratory for sustainable energy, tu of denmark 
(Risø), uppsala university, the Ångström labora-
tory (uua), lappeenranta university of technol-
ogy, astRal (lut), Riga technical university (Rtu), 
lithuanian energy institute (lei), Kaunas university 
of technology (Kut), Vilnius gediminas technical 
university (Vgtu), institute of nuclear chemistry and 
technology (inct), the szewalski institute of fluid 
flow machinery (imp), West pomeranian university 
of technology (sut), university of tartu (ut) and 
association of polish electrical engineers, szczecin 
Branch (sep)Image of the mobile testing facility for field trials (right)
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Introduction

the Research programme Bioelectrics investigates the ma-
nipulation of cells by electrical stimuli. stimuli of interest are 
non-thermal plasmas, preferably generated at atmospheric 
pressure in air or water, and pulsed electric fields. Morpho-
logical and functional changes in cells, tissues and organs 
can be achieved, depending on the method and respective 
operating parameters. plasmas are assumed to affect cells 
primarily by damaging cell membrane. likewise, exposures 
to electrical pulses with long duration, i.e. on the order of 
microseconds or milliseconds, have been found n to tem-
porarily or permanently permeabilize cell membranes – de-
pending on the strength of the electric field. The reversible 
permeabilization can be used for drug delivery into cells 
or for the extraction of substances that are the produced 
by the cell. The irreversible permeabilization is an efficient 
method to kill germs. conversely, strong, but short electric 
fields with durations of less than a microsecond can effec-
tively penetrate into the cell and thereby instigate sustained 
changes to cell functions. accordingly, organelles and even 
molecular structures can be affected. 

Corona plasmas generated in water with the dye methylene blue added.

the Research program Bioelectrics is also developing new 
procedures for the investigation of interactions between 
cells and matter that are exposed to short electrical fields 
and/or plasmas. as such, basic questions on the composi-
tion of cells and matter are explored. the Research program 
took up its work in september 2011 and has been in devel-
opment since then.

Application potential

 � Biological decontamination  
and sterilization of organic tissues

 � drinking water and wastewater treatment
 � tumour therapy
 � modification of cells and tissues,  

i.e. acceleration of wound healing
 � understanding the discharge build-up in water
 � understanding the structure and cohesion  

of cell membranes
 � understanding the interaction of plasmas  

and electric fields with cells

Overview of technologies used and topics investigated in the Research Pro-

gramme Bioelectrics with respect to different potential applications.

Contact

Prof.	Jürgen	Kolb	
Research programme manager
Bioelectrics
phone: +49 3834 / 554 3950 
juergen.kolb@inp-greifswald.de 
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Figure 1: Melanoma in a mouse immediately after (top) and two days 
after the first treatment (bottom) with nanosecond pulsed electric fields (2 
treatments, 100 pulse, 300 ns, 10 kV). The tumour has almost completely 
regressed.

Results in 2012/13 

cell lines that communicate with each other in a monolayer 
via gap junctions were determined (hacat, WB f344). in ad-
dition, methods for the investigation of cell-cell communica-
tion were established, such as scrape loading dye transfer 
(sldt) and microinjection. first results suggest that the com-
munication between cells is affected by the application of 
nspefs (figure 2).

ReseaRch pRogRamme - BioelectRics

Problem

Nanosecond pulsed electric fields (nsPEFs) can be used for 
the treatment of tumors. in animal studies it was shown that 
the treatment with nspefs can lead to complete regression 
of tumors (fig 1). experiments on single cells show that this 
is due to the induction of apoptosis. however, processes be-
tween cells in an alloplast or a tissue, i.e. cells interacting 
with each other, are not known.  

Problem-solving approach 

in order to understand the interaction of nspefs with tissue, 
the effects on cell monolayers are examined. the cells in a 
monolayer are directly connected with each other and can, 
equivalent to cells organized in tissues, communicate with 
each other via cell-cell connections (gap junctions).

Technological benefits 

an understanding of the interaction of nspefs with tissue 
will help to develop more effective tumour treatments and 
assess possible side effects.

 

Basic	mechanisms	regarding	the	effects	of	pulsed	electric	fields	
on	cells	and	tissues	(core-funded	project)
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Plans for 2014

 � further studies on the changes  
in cell-cell communication

 � measurement of membrane potential changes
 � comparison of the biomechanical properties of cells in 

a monolayer using afm measurements before and after 
the application of nspefs

Figure 2: SLDT in a HaCaT monolayer. Top: cells outside of the exposed 
area; bottom: cells between the electrodes i.e. exposed. The cells that 
were exposed to the electrical pulses (20 pulses, 100 ns, 10 kV/cm) show 
a more wide spread distribution of the dye across many cells, indicating 
enhanced communication activity between cells.

Contact

Anna	Steuer
phone: +49 3834 / 554 3972 
anna.steuer@inp-greifswald.de 
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Problem

modern pharmaceutical substances are increasingly found 
in the environment and drinking water due to their  per-
sistence to conventional water treatment technologies. 
also more advanced processes are challenged (uV treat-
ment is only possible for water with low turbidity; the 
addition of h2o2 is not economically efficient; the use of 
ozone is limited).

Problem-solving approach 

corona plasmas that are generated by the application of 
high voltage pulses: streamers can penetrate a large volume 
of the liquid to be treated and provide highly reactive radi-
cal species that are generated from the water itself and can 
break up residues.

Technological benefits 

Main advantages of the approach are:  high efficacy for the 
decomposition of stable compounds; energy efficiency (due 
to the pulsed operation); no dependency on turbidity; no 
need for toxic additives (e.g. chlor, hydrogen peroxide).

Results in 2012/13

a robust, modular reactor design was developed that allows 
for investigations under controlled conditions. changes in 
oxygen content, water conductivity, ph-value, and tempera-
ture of the solution to be treated can be tracked in real time. 
The transition from a “batch system” to a “continuous flow 
system” brought analytical advantages and now also allows 
the treatment of larger volumes. initial experiments on the 
characterization of corona plasmas that were generated for 
different operating parameters were carried out. dependen-
cies between conductance of the liquid to be treated, pulse 
duration and streamer length were identified with respect 
to guidance for future experiments selected pharmaceutical 
residues have been dissolved in water and have been suc-
cessfully decomposed by the system. 

 

Degradation	of	pharmaceutical	residues	 
in	water	(core-funded	project)

Methylene blue and carbamazepine (an antiepileptic drug) were both dis-
solved in water and treated in 3 independent trials with 6000 individual 
discharges (generated with about 10 Hz). Also shown is the endpoint of 
the experiments after the application of 33000 discharges.

Plans for 2014

 � determining the effectiveness of the reactors  
against different problematic pharmaceutics

 � measurement and quantification of the hydroxyl radicals 
that are probably responsible for the key reaction

 � testing of different pulse generators with the aim of 
increasing effectiveness

Contact

Robert	Banaschik	
phone: +49 3834 / 554 3824 
robert.banaschik@inp-
greifswald.de 
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Plasma	Radiation	Technology

scientific depaRtments

Key aspects

The Department’s work focusses on 
the experimental analysis of:
 � free-burning and wall-stabilized arcs
 � Vacuum arc discharges
 � dielectric barrier discharges 
 � ultraviolet (uV) and vacuum ultraviolet (VuV)  

plasma radiation sources 

Work objectives

 � plasmas in electrical engineering, particularly arcs  
in gas-insulated and vacuum switchgears

 � arcs in joining technology, particularly arc welding, 
plasma welding and plasma hybrid welding

 � filamentary plasmas in plasma-chemical applications, 
e.g. environmental technology

 � uV/VuV plasma radiation sources in particular  
for biological applications

Work equipment

 � high current laboratory for the analysis of arc plasmas in 
the ka range with different frequencies

 � setups with welding power sources for the study  of 
welding processes

 � specific diagnostics for arc plasmas and their electrodes, 
particularly optical emission spectroscopy including 
adapted methods for the determination of species den-
sities and plasma temperature

 � high-speed image recording for the dynamic analysis of 
arcs including ignition and material conversion

 � diagnostics for the time-resolved analysis of non-ther-
mal, filamentary atmospheric pressure plasmas

 � thermography and pyrometry for the determination of 
surface temperatures

 � X-ray diagnostics, including tomography
 � electrical metrology and methods for time series analysis
 � Radiometry and photometry diagnostics of light sources 
 � diagnostics for uV/VuV sources, particularly for the 

absolute measurement of uV/VuV radiance 

Medium-term focuses

the optical diagnostics of arcs and atmospheric pressure 
plasmas is a focal point over the medium term. currently, 
a laboratory is being set up for experimental investigations 
of switching arcs together with the establishment of the re-
quired expertise in electrical engineering.
methods of optical emission spectroscopy will be improved 
and completed by diode laser  absorption spectroscopy for 
the study of plasma regions of low self-emission. the meth-
ods will be improved in the directions:
 � higher sensitivity and spatial resolution to study plasma 

regions near surfaces in more detail
 � robustness against distortions in real applications
 � mobile and flexible use 
 � quantitative characterisation of plasma structures with 

high dynamics and without spatial symmetry.

the methodical developments will also result in concepts for 
non-invasive methods for online processes control.

Technological benefits

the diagnostic of electrical arcs and vacuum discharges 
serve, among other, for model improvement and validation 
of the simulation of switchgear. here, simulations contribute 
significantly to a reduction in development times. The stud-
ies of free-burning arcs will result e.g. in concepts for an 
increase of process safety and of the application range of 
arc welding processes. the analysis of non-thermal atmo-
spheric pressure plasmas has supported the development of 
new application concepts and sources for plasma-chemical 
substance conversion and surface modification.
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Plasma	Process	Technology

scientific depaRtments

Key aspects

 � Modification and synthesis of catalytically active materi-
als, particularly photosensitization of semi-conductor 
surfaces for regenerative hydrogen production 

 � fixation of catalysts on surfaces
 � Nanocomposite films
 � synthesis of adsorbents

Work objectives

 � plasma-assisted processes for surface treatment of 
small-scale materials (powders, granules, fibres)

 � Substrates with thin layers (semi-conductor films)
 � photo- and electro-catalytically active surfaces
 � Probes for the measurement of the energy flux on sub-

strates in plasma reactors

Work equipment

 � low pressure and atmospheric pressure plasmas and 
magnetron sputter sources combined with system for 
the fluidization of particles

 � plasma diagnostics, energy inflow measurements
 � diagnostics of surfaces with atomic fource microscope, 

Brunauer-emmet-teller method, thermodesorption and 
contact angle measurement devices

 � photo and electrochemical characterization methods
 � particle size measurements

Medium-term focuses

 � development of photoactive catalyst surfaces and elec-
trode catalysts for solar water splitting 

 � Development of metal-polymer composite films
 � development of chemical sensors
 � synthesis of new dielectric materials for capacitors 
 � development of adsorbers for gas scrubbing

Contribution of the INP  
to technological development 

the plasma based synthesis of new materials offers great po-
tential in applications of actual social relevance, in particular 
for the hydrogen technology, photovoltaics and material re-
cycling the study of plasma processes for the production of 
e.g. nanocomposite films and for surface modification sup-
ports the development of reliable and economically justifi-
able mass production methods. 
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Plasma	Surface	Technology

Key aspects

 � plasma functionalization and coating of surfaces
 � Refinement of plastics, metals, glasses and composite 

materials
 � control of plasma enhanced deposition processes
 � coatings for controlling the interaction with biological 

systems
 � Ion-assisted production of optical films

Work objectives

 � plasma-assisted processes for the control of interface 
properties

 � plasma- and ion-assisted processes for the development 
of functional thin films on plastics, bio-materials and 
composites with planar as well as 3d geometry

 � Investigations on processes and surface / film properties 
in combination with the respective  technology

Work equipment

 � several process systems with low pressure and atmo-
spheric pressure plasmas

 � several application-oriented plasma process systems 
for the industry-oriented running of plasma enhanced 
chemical Vapour deposition (pecVd), physical Vapour 
deposition (pVd), plasma immersion ion implantation 
(piii) and plasma ion assisted deposition (piad), also 
with higher number of units

 � a multi-reactor system, coupled with a clean room, for 
examinations under defined, most pure environmental 
conditions with simultaneous access for plasma and 
process diagnostic processes

 � process monitoring by plasma diagnostics e.g. spectros-
copy and probes

 � Surface and film analytics for the determination of 
chemical structure, topology and optical properties, 
among other, highly resolved scanning X-ray photoelec-
tron spectroscopy (Xps), in-situ Xps, infrared attenu-
ated Total Reflectance (ATR) microscopy, atomic force 
(atm), scanning tunnel (stm), scanning electron mi-
croscopy (sem) with energy dispersive X-ray (edX) and 
3d visualization, digital optic microscopy, ellipsometry, 
spectral photometry

Medium-term focuses

the focus of work will be on the investigation of plasmas pro-
cesses for film optics and for the deposition of thin functional 
surfaces based on organo-silicon compounds. furthermore, 
plasma-chemical surface functionalization will be examined 
for applications in biomedical technology. the department is 
increasingly emphasizing normal pressure plasma processes 
for surface treatment, and the results will be used in industry-
relevant projects. 

Technological benefits

Functional surfaces and films are the basis of many high-tech 
industries such as optics, semiconductor technology, biomedi-
cal engineering or microsystem technology. the subjects offer 
potential to produce functional films under atmospheric pres-
sure so that applications such as passivation film systems for 
complex (3d) components (e.g. sensors), corrosion protection 
films, barrier films, films for selective release of active substanc-
es, coatings for the control of wettability and antimicrobial ef-
fective coatings are possible both locally and for difficult-to-
reach geometries (such as edges, cavities).
A significantly more selective and density-controllable produc-
tion of covalent bonds on any material surfaces would be a 
breakthrough to a new level of quality in plasma-assisted sur-
face modification processes.
the process control based on the knowledge of plasma pa-
rameters results in new quality for the production process with 
regard to reproducibility, homogeneity, and an improvement in 
the energy efficiency. 

scientific depaRtments
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Plasma	Diagnostics

Key aspects

 � application of diagnostic methods  such as optical spec-
troscopy, including laser based techniques, complement-
ed by probe measurements and extracting techniques 
such as mass spectroscopy,  for basic research as well as 
for studies under industrial conditions

 � Focus on scientific and applied subjects relevant for the 
areas of materials, energy and surfaces

 � networking of the inp competencies
 � optimizing and further development of plasma diagnos-

tic methods

Work objectives

 � analysis of plasma chemical substance conversion in the 
gas phase

 � study of the kinetics of transient molecules
 � Investigation of specific plasma components and their 

effect on surfaces
 � optimization of plasma chemical industrial processes
 � investigation of mechanisms relevant for  heteroge-

neous, plasma-assisted catalysis and its influence on 
processes of substance conversion

 � in-situ monitoring of the properties of charge carriers in 
plasmas

 � development of technologies for ultra-sensitive optical 
trace gas detection

Work equipment

 � Various ultra-sensitive laser spectroscopy techniques 
based on lasers in a spectral range from 3 to 20 μm, 
as well as related detection technologies, e.g. infrared 
diode laser absorption spectroscopy

 � probe diagnostics, mass spectrometry and optical emis-
sion spectroscopy

 � process monitoring of various types of diagnostically ac-
cessible direct current , radio frequency and microwave 
plasmas

 � industry-related plasma reactors working in continu-
ous wave or pulsed operation appropriate for specific 
diagnostic tasks 

Medium-term focuses

 � linking of plasma-chemical basic research with plasma 
technology

 � control of industrial plasma reactors by the use of spec-
troscopic methods

 � development of innovative diagnostics to study the 
kinetics of transient molecules in plasmas and in interac-
tion with surfaces

 � development of new state-of-the art diagnostics for 
ultrasensitive trace gas detection

 � analysis of the role of plasma-stimulated solid surfaces

Technological benefits 

the application of modern methods of plasma diagnostics 
is the key for the understanding of  complex plasmas. mo-
lecular plasmas containing a variety of different species are 
characterized by a number of interesting and useful prop-
erties. their wide spread technological applications range 
from resource-protecting surface treatment, for example, in 
the semiconductor industry, to disinfection, sterilization, ex-
haust gas removal, gas scrubbing, particle degradation and 
the treatment of water, air and special waste.

scientific depaRtments
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Scientific	Department	for	Plasma	Modelling

Key aspects

 � self-consistent modelling of low temperature plasmas
 � Multi-fluid description and flow simulation
 � modelling of arc and jet plasmas
 � Kinetic description of charge carriers in non-thermal 

plasmas 
 � plasma chemistry and radiation transport
 � interaction of plasmas with walls and surfaces

Work objectives

The Scientific Department deals with the theoretical descrip-
tion and analysis of technologically and scientifically relevant 
low temperature plasmas. accordingly, both non-thermal 
and thermal plasmas are examined. to numerically model 
these plasmas adequately, it is necessary 
 � to develop an appropriate plasma model
 � to formulate hydrodynamic and kinetic equations, 

respectively, for the species of the plasma and to couple 
them with equations for the electric and magnetic field

 � to search and evaluate atomic data
 � to develop appropriate numerical methods for the solu-

tion of the resulting system of differential equations and 
to use commercial software packages, respectively

 � to determine solutions for selected parameter ranges as 
well as 

 � to visualize and interpret the results.
the complexity of the complete description requires that 
partial problems such as the kinetic description of individual 
plasma components, the treatment of radiation transport 
and the analysis of spectra are treated separately.

Work equipment

the description and analysis of the weakly ionized plasmas 
takes place by means of both numerical methods developed 
at inp and commercial software packages. the problem-
specifically adapted methods of INP are characterized by 
high efficiency, stability and accuracy. The model calcula-
tions are carried out on modern clusters, whose availability 
has made the theoretical description of the complex, multi-
dimensional problems possible in the first place. The studies 
are usually performed in close connection to experimental 
works and funded projects at inp as well as in cooperation 
with national and international partners from research insti-
tutions and industry.

Medium-term focuses

The focus of the Scientific Department over the medium term 
is on the realistic description and analysis of the properties 
and the behaviour of scientifically and technologically relevant 
low-temperature plasmas such as plasmas for the processing 
and coating of surfaces, for pollutant degradation, in switch-
ing devices and for cutting and welding. the investigations al-
low for a deeper physical understanding and the quantitative 
determination of

 � the temporal and spatial variation of the densities  
of individual plasma components,

 � the energy dissipation caused by collision and radiative 
processes,

 � the particle and energy transport processes in the 
plasma,

 � the electric and magnetic fields occurring in the plasma, 
and

 � the interaction of individual species with walls and 
surfaces.

Technological benefits

the research on the mechanisms and processes provides sig-
nificant contributions to the physical understanding of the 
complex behaviour of low temperature plasmas in experi-
mental arrangements and technological applications. on the 
basis of extensive parameter studies, the model calculations 
make a systematic optimization of technological plasmas pos-
sible, e.g. with regard to the electric power input of process 
plasmas and the plasma chemical process control for surface 
processing and pollutant degradation. predictive models for 
the simulation of switching devices can substantially reduce 
the expenses for the design and development of switchgears. 
such models also support the optimization of the design and 
operating conditions of plasma torches in joining technology 
and for surface treatment. the analysis of micro-discharges in 
dielectric barrier discharges aims at the generation of stable 
and well-defined atmospheric pressure plasmas for industrial 
applications. the modelling of capacitively coupled Rf atmo-
spheric pressure plasma jets contributes to the improvement 
of the uniformity of the deposited thin films. 

scientific depaRtments
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Scientific	Department	for	Plasma	Sources

Key aspects

development, characterization / diagnostics of atmospheric 
pressure plasma sources for applications for research and devel-
opment, such as e.g. for biomedical procedures and processes, 
gas and water treatment as well as surface modification

Work objectives

The Scientific Department’s task is to support both Research 
divisions at inp in the development and diagnostics of at-
mospheric pressure plasma sources of different kinds, in par-
ticular for 

 � biomedical applications
 � treatment of contaminated surfaces
 � treatment of contaminated gases
 � treatment of biologically and chemically polluted water

the additional focus is the fundamental characterization of 
the operating parameters as well as the study of the physical 
mechanisms of the different plasma sources. the impact of 
plasma treatments on cells, biological tissues (e.g. skin) and 
organisms is evaluated in cooperation with the Bioengineer-
ing department.

Work equipment

 � development laboratories for atmospheric pressure 
plasma sources including high voltage power supplies 
and high voltage metrology, thermal and spectroscopic 
characterization

 � diagnostics of plasma dynamics with streak- and ultra-
fast intensified charge-coupled device (iccd) cameras

 � laboratory for “experimental plasma medicine”
 � application laboratory for “pollutant degradation”
 � micro-discharge measurement setup with time-correlat-

ed individual photon counting and far-field iccd
 � diagnostics of plasma chemical reactions products using 

e.g. fourier transform infrared spectroscopy (ftiR) and 
flame ionisation detection  (fid) 

Medium-term focuses

the characterization of plasma sources by means of elec-
tric and spectroscopic diagnostics, in particular the micro-
discharge diagnostics in non-thermal atmospheric pressure 

plasmas, will be on focus point in the medium-term. in the 
development and optimization of plasma sources emphasis 
will be placed on exhaust gas and exhaust air treatment, 
drinking water and wastewater treatment as well as biomed-
ical applications. application oriented studies are planned 
for pollutant degradation in gases and liquids (e.g. by mobile 
units for field tests) and other issues where the interaction of 
plasmas with liquids and cells play a dominant role.

Technological benefits

atmospheric pressure plasmas have become a greater focus 
of technical applications due to their technical advantages 
(no vacuum technology, linear process). for new applica-
tions such as plasma medicine and chemical and microbi-
al decontamination of air and liquids, the further detailed 
study of discharge phenomena and  operation of plasma 
sources at atmospheric pressure is even indispensable. the 
applications always require the development of the plasma 
sources adapted to the respective task and the characteriza-
tion of the working and operating parameters. 

scientific depaRtments
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Plasma	Bioengineering

Key aspects

 � study and development of methods for plasma decon-
tamination for medical devices, packaging and food  

 � Investigation of the interaction of plasma and fluids, as 
well as their effect on micro-organisms and biofilms par-
ticularly for plasma medicine 

 � development of process diagnostics and high-frequency 
technology

Work objectives

 � microbiological assessment of plasma processes in 
particular for issues of plasma medicine and decontami-
nation

 � Development of specific plasma sources and processes 
for decontamination in food and medical applications 
on the basis of atmospheric pressure plasma sources, 
particularly microwave-excited plasmas

 � development of reversible antimicrobial coating systems 
based on nanoparticles 

 � adaption and improvement of methods  of laser absorp-
tion spectroscopy and microwave interferometry for the 
measurement of neutral and charged species densities 
in plasmas 

 � design and characterisation of microwave sources e.g. 
for plasma-based sensors for speciation analytics

Work equipment

 � microbiological laboratories of biosafety level s2
 � high-frequency and microwave excited plasma sources 

operating at low and atmospheric pressure 
 � setups for laser absorption spectroscopy (e.g. diode 

laser systems with acusto-optical modulators), systems 
for laser induced fluorescence measurements

 � high-frequency measurement technology (e.g. micro-
wave interferometry up to 150 ghz)

 � mass spectrometry and fourier transform infrared spec-
troscopy (ftiR) for process analysis

 � Methods for simulation of high-frequency field distribu-
tions

Medium-term focuses

 � consolidation of the interdisciplinary expertise in par-
ticular concerning the coupling of plasma physics and 
biochemistry and cell-biology 

 � support of the development of methods in plasma 
medicine and plasma pharmacy e.g. new methods for 
wound healing

 � development and analysis of reactors and processes for 
plasma cleaning and decontamination in food, pharma-
ceutical and medical device area

 � further development of interferometric methods and 
laser absorption spectroscopy for the determination of 
species densities particularly in atmospheric pressure 
plasmas

 � establishment of the microbiology standards for plasma 
medical treatments and decontamination 

Technological benefits

the targeted use of methods in plasma decontamination can 
open up new possibilities in food hygiene in the tension at-
mosphere between increasing globalization of trade flows 
and the increase in safety expectations for food hygiene. new 
technologies in the antimicrobial treatment of medical devices 
can help to reduce risks with an ageing society.
the area of experimental plasma medicine, initially dem-
onstrated in the example of wound healing, is increasingly 
showing additional application possibilities that could start to 
be used in the development of new medical devices. lacking 
standards must be developed independently of sectors and 
with a broad consensus.

scientific depaRtments
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management suppoRt & maRKeting

Fields of activity

 � acquisition and execution of public funded projects
 � preparation, submission and quality assurance  

of project proposals
 � project management and controlling
 � search for suitable cooperation partners consortium 

building in economy and science 
 � contract and intellectual property rights management
 � support in knowledge transfer
 � Review and distribution of public calls  

for equipment-tenders (internal)
 � network management and lobbying
 � marketing and public relations management  

for selected projects
 � distribution of scientific information 
 � supporting Boards

Competencies

 � many years of experience in the formulation  
and design of project applications

 � Knowledge of suitable sources of funding opportunities 
and their respective programmes

 � intensive expertise for identification  
and formulation of project ideas

 � Know-how of the entire application spectrum
 � legal and economic expertise (contracts, patents,  

calculation, controlling)
 � professional network management (initiation  

and management of cooperations, identification  
of specific topics) 

 � Raising visibility of the institute among sponsors, fund-
ing agencies and policy makers
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Medium-term objectives

 � increase of public and industrial funding
 � professionalization of processes  

and project management (internal)
 � increase the visibility of the inp  

in the funding community
 � intensify networking efforts of the inp on the national 

and international funding environment, as well as with 
industry and society in general

 � improve the patent licensing strategies

Research Management’s contribution  
to the structural development

the Research management is in particular responsible for 
the administrative and organizational support of the re-
search activities as well as the public image of the institute. 
due to this range of activities that are being covered by the 
research management, the scientists are able to focus on 
their core competences in the respective research fields. The 
research management of the INP considers that it’s an active 
and efficient service provider and acts in close cooperation 
with the management and the departments or the project 
managers, respectively.

in the science and funding community the inp acts as an ad-
vocate of plasma technology overall. the interest of public-
sector funding is justified by both the scientific-intellectual 
challenge and its economic potential at the inp. already 
in the run-up to specific call for proposals, the early inte-
gration of plasma technology is essential. the inp acts as 
a supporter for the implementation of individual initiatives 
within the plasma community with the help of the Research 
management. controlling and managing projects are very 
important, especially in industry cooperations.

INP’s administrative service for scientists is being constantly 
developed and strategically expanded for forming alliances 
and strategic partnerships.

Projects

KnoWledge eXploitation
With the project “Knowledge exploitation (WV²)”, an ex-
tended exploitation concept for the transfer of INP’s knowl-
edge is developed. The aim is to distinguish scientific knowl-
edge as an independent, valuable competency. a concept is 
being developed with a view to organizational assignments, 
processes, suitable project methodology skills and legal cer-
tainty. in order to increase the attention given to the sub-
ject of plasma physics, an exhibition for the plasma physics 
exhibit in 2014 is prepared in the framework of the science 
center phänomenta in peenemünde, . in addition, a gener-
ally understandable film about plasma medicine will be shot, 
emphasizing INP’s leadership role and making it accessible 
on www.youtube.com.

Funding: Federal Ministry of Education and Research (BMBF)
 

plasmamedicine mV
the project “plasma medicine – a lighthouse of healthcare 
industry in Mecklenburg-Vorpommern” exemplifies plasma 
medicine as a core competency of the healthcare industry 
in mecklenburg-Vorpommern and beyond. plasma medicine 
is a relatively young research area of medicine. the aim of 
the project is to systematically inform future customers and 
users about the possibilities of plasma medicine with a wide, 
target-group-specific media campaign. In close coopera-
tion with Klinikum Karlsburg numerous articles and reports 
have been placed in regional/national media (newspapers, 
magazines, tV) and various trade fairs, congresses and in-
formational evenings have been attended. the resonance 
is impressive, despite the early stage of the project: from 
“simple” patients to industrial partners, from regional doc-
tors to healthcare facilities outside europe: the demands are 
steadily increasing. 

Funding: Ministry of Education, Science and Culture in 
Mecklenburg-Vorpommern funded by the “European Re-
gional Development Fund (ERDF)”.

management suppoRt & maRKeting
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plasmashape
the project “plasmashape” is funded by the 7th framework 
program (Reg-pot capacities) of the european commission 
and its goal is to reinforce the scientific core competencies 
of inp (see also page 16). 

Funding: European Commission

inteRnational contacts
in order to integrate inp even better in the international 
research community, different preparatory measures have 
been undertaken with partners in the united states, Russia, 
the Baltic sea states and Vietnam. accordingly, it has been 
possible to develop a resilient network with partners for fu-
ture bilateral and public funded european projects.

Funding: International Bureau of the German Federal Minis-
try for Education and Research

Research marketing and 
public relations

the research-supporting marketing at inp makes its con-
tribution especially to the systematic advance planning an 
budget management of advertising and marketing activities, 
their coordination and control. in addition, internal and ex-
ternal communication with employees plays and important 
role in the daily work (e.g. internal employee, newspaper 
inpapier), customers, cooperation partners, interest asso-
ciations and state bodies, inculding reporting and tracking. 
The organization of internal events (e.g. light lecture or girls’ 
day), scientific meetings, workshops or trade fair appearanc-
es complement the tasks of the research-supporting mar-
keting and public relations work. other marketing-oriented 
tasks include the setting and printing of scientific posters, 
the preparation of presentations, illustrations, graphics and 
3D animations as well as the design of brochures or flyers or 
the creation, refinement and maintenance of INP and other 
project-related websites.

management suppoRt & maRKeting



97

administRation and infRastRuctuRe

Administration

an essential complement and form of organizational sup-
port for the scientific departments and groups is INP‘s „Ad-
ministration“ department. it primarily organizes smooth 
operations. Both areas - administration and infrastructure 
- are designed to be streamlined.

The Institute‘s Department of Administration / Infrastructure 
covers 4 areas: human resources, finance/controlling (with 
purchasing, accounting, equipment and external funding 
management and travel expenses), infrastructure and it. the 
area of infrastructure consists of the mechanical workshop, 
a glass blowing factory and an electronics shop, and also 
oversees the Institute‘s building technology, as well as all 
construction measures. for data processing, inp maintains a 
data network and further develops and maintains the con-
nection of the inp network to external networks. 

to ensure the work and health protection requirements and 
safety standards, subject-specific officers have been appoin-
ted (for hazardous materials, fire protection, electrical safety 
etc.). the coordination of the activities is carried out by the 
safety officer, who has the authority to give instructions on 
behalf of the Board of directors.
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coopeRations

Bilateral cooporations with industry are not listed

national coopeRations

 � albutec gmbh, Rostock 
fr. stange 
WK centifluidic 

 � Beckmann-institut für technologieentwicklung e.V., 
oelsnitz/erzgebirge 
dr. meyer 
WK centifluidic 

 � charité Berlin 
Klinik für dermatologie, Venerologie und allergologie 
prof. lademann  

 � christian-albrechts-universität zu Kiel 
institut für experimentelle und angewandte physik 
prof. Kersten 

 � cinogy gmbh, duderstedt 
dirk Wandke 

 � cytocentrics Bioscience gmbh, Rostock 
dr. huber 
WK centifluidic 

 � deutsche zentralbibliothek für Wirtschaftswissen-
schaften (zBW) 
prof. tochtermann 

 � dockweiler ag 
hr. neth 
WK centifluidic 

 � dst diagnostische systeme & technologien gmbh, 
schwerin 
hr. dangers 
WK centifluidic 

 � ernst-moritz-arndt-universität greifswald 
institut für mathematik und informatik 
prof. Kugelmann 

 � ernst-moritz-arndt-universität greifswald 
institut für physik 
prof. hippler, prof. meichsner, pd dr. Wagner, dr. Wulff, 
pd dr. Bronold, Jun prof. stollenwerk 

 � ernst-moritz-arndt-universität greifswald 
institut für physik, Bereich angewandte physik 
dr. salewski 

 � ernst-moritz-arndt-universität greifswald 
universitätsrechenzentrum 
prof. schneider 

 � ernst-moritz-arndt-universität greifswald 
institut für immunologie und transfusionsmedizin, abtg. 
immunologie 
prof. dr. med. Bröker 

 � ernst-moritz-arndt-universität greifswald 
Klinik und poliklinik für mund-Kiefer-gesichtschirurgie/
plastische operationen 
oa dr. Kindler 

 � ernst-moritz-arndt-universität greifswald 
institut für medizinische Biochemie und molekularbiologie  
prof. dr. rer. nat. habil. Walther 

 � ernst-moritz-arndt-universität greifswald 
institut für pharmazie 
prof. lindequist, pd dr. haertel 

 � ernst-moritz-arndt-universität greifswald 
institut für pharmakologie 
prof. siegmund 
WK centifluidic 

 � ernst-moritz-arndt-universität greifswald 
institut für Biochemie 
dr. Vock, dr. Kahlert 

 � ernst-moritz-arndt-universität greifswald 
institut für Biochemie 
dr. Kindermann 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
friedrich-loeffler-institut für medizinische mikrobiologie 
prof. steinmetz 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
institut für community medicine 
prof. Völzke 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
institut für medizinische Biochemie und molekularbiologie 
dr. schlosser 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
institut für hygiene und umweltmedizin 
prof. Kramer 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
Klinik und poliklinik für hals-, nasen-, ohrenkrankheiten, 
Kopf- und halschirurgie 
dr. scharf 

 � ernst-moritz-arndt-universität greifswald, universitätsmedizin 
Klinik und poliklinik für hautkrankheiten 
prof. Jünger 
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 coopeRations

 � ernst-moritz-arndt-universität greifswald, universitäts-
medizin 
zentrum für zahn-, mund- und Kieferheilkunde 
prof. Kocher 

 � ernst-moritz-arndt-universität greifswald, universitäts-
medizin 
Klinik und poliklinik für chirurgie 
prof. ekkernkamp, dr. hinz, pd dr. v. Bernstorff, dr. 
partecke 

 � fachhochschule stralsund 
simat (stralsund information management team) 
prof. Klotz 

 � fachhochschule stralsund 
fachbereich elektrotechnik und informatik 
prof. Wetenkamp 

 � fachhochschule stralsund 
fachbereich maschinenbau 
prof. Rossmanek 

 � fachhochschule stralsund 
fachbereich elektrotechnik und informatik 
prof. luschtinetz 

 � ferdinand-Braun-institut, leibniz-institut für höchstfre-
quenztechnik (fBh), Berlin 
dr. gesche 

 � forschungszentrum Wismar 
prof. Wienecke 

 � fraunhofer-center für nanoelektronische technologien, 
dresden 
dr. uhlig 

 � fraunhofer-institut für angewandte optik und fein-
mechanik, Jena 
optische schichten 
prof. Kaiser 

 � fraunhofer-institut für elektronische nanosysteme, 
chemnitz 
abteilung Back-end of line 
prof. schulz 

 � fraunhofer-institut für fertigungstechnik und ange-
wandte materialforschung, Bremen 
dr. lommatzsch 

 � fraunhofer-institut für schicht- und oberflächentechnik, 
Braunschweig 
dr. sittinger, dr. pflug 

 � fraunhofer-institut für Verfahrenstechnik und Verpack-
ung, freising 
lebensmittelqualität 
dr. muranyi 

 � fraunhofer-institut für Werkstoff- und strahltechnik, 
dresden 
dr. mäder 

 � georg-august-universität göttingen, universitätsmedizin 
abteilung dermatologie, Venerologie und allergologie 
prof. emmert 

 � görgen & Köller gmbh, Köln 
dr. Köller 

 � helmholtz-zentrum Berlin 
institut für heterogene materialsysteme 
dr. schedel-niedrig 

 � helmholtz-zentrum geesthacht 
institut für Küstenforschung 
dr. schroeder 

 � helmholtz-zentrum geesthacht 
institut für Werkstoffforschung 
prof. Willumeit 

 � hnp microsysteme gmbh, schwerin 
hr. Weisener 
WK centifluidic 

 � hochschule für angewandte Wissenschaft und Kunst, 
göttingen 
fakultät naturwissenschaften und technik 
prof. dr. Viöl 

 � hochschule neubrandenburg 
fachbereich agrarwirtschaft und lebensmittelwissen-
schaften 
prof. schöne 

 � iBa - institut für Bioprozess- und analysenmesstechnik 
e.V., heiligenstadt 
fachbereich Biowerkstoffe 
prof. liefeith 

 � ifs - institut für anwendungsorientierte forschung und 
klinische studien gmbh göttingen 
dr. ahmed 

 � innovation3, Wiesbaden 
hr. mattes 
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4. finke, B.; testrich, h.; Rebl, h.; nebe, B.; Bader, R.; 
Walschus, u.; schlosser, m.; Weltmann, K.-d.; meichsner, 
J.: Anti-adhesive	finishing	of	temporary	implant	sur-
faces	by	a	plasma-fluorocarbon-polymer. theRmec, 
las Vegas/usa 2013 

5. harhausen, J.; foest, R.; ohl, a.; gäbler, d.; Kaiser, 
n.; stenzel, o.;Brinkmann, R.-p.; schröder, B.; storch, R.; 
styrnoll t.: Diagnostik	und	Steuerung	von	PIAD-Proz-
essen.	dpg-frühjahrstagung plasmaphysik, Jena/germany 
2013 

6. Kersten, h.; schneider, V.; Basner, R.; schubert, g.; 
Wolter, m.; haass, m.; trottenberg, t.; fehske, h.: Micro	
Particles	as	Plasma	Probes.	31st icpig, granada/spain 
2013 

7. loffhagen, d.: Impact	of	small	molecular	admix-
tures	on	the	electron	drift	velocity	in	argon.	19th sapp 
conf., Vratna/slovakia 2013 

8. masur, K.; Wende, K.; schmidt, a.; hasse, s.; Barton, 
a.; Bundscherer, l.; Bekeschus, s.: Cold	atmospheric	
pressure	plasmas	in	Biology	and	Medicine	-	from	basic	
research	to	application.	3rd int. symp. for plasma Biosci-
ences, Jeju/Korea 2013 

9. Reuter, s.; Winter, J.; tresp, h.; dünnbier, m.; schmidt-
Bleker, a.; séni, s.; hammer, m.; Weltmann, K.-d.: Feed	
Gas	Humidity	Versus	Ambient	Humidity	-	What	Mat-
ters	More	in	Plasma	Medicine	and	What	Makes	Cells	
Care?.	40th icops and 19th ppc (ppps 2013), san fran-
cisco/california 2013 

10. Röpcke, J.: On	recent	progress	in	monitoring	of	
technological	plasmas.	16. fachtagung plasmatechnolo-
gie, greifswald/germany 2013 

11. Röpcke, J.; hamann, s.; hübner, m.; lang, n.; lopatik, 
d.; van helden, J. h.: On	recent	progress	in	studying	
plasma	chemical	phenomena	using	infrared	absorp-
tion	techniques.	5th central eur. symp. on plasma chem-
istry, Balatonalmadi/hungary 2013 

12. schäfer, J.: Temperature	diagnostics	of	a	non-
thermal	plasma	jet	at	atmospheric	pressure.	66th gec, 
princeton/usa 2013 

13. schwock, a.; Kolb, J.: New	approach	for	combined	
plasma	based	technologies	for	waste	water	treat-
ment.	iaea techn. meet., Vienna/austria 2013 

14. sigeneger, f.; schäfer, J.; foest, R.; loffhagen, d.; Welt-
mann, K.-d.: Modellierung	eines	rf-angeregten	Plas-
majets.	dpg-frühjahrstagung plasmaphysik, Jena/germany 
2013 

15. uhrlandt, d.; gött, g.; Kozakov, R.; methling, R.; fran-
ke, st.; Baeva, m.; schöpp, h.; schein, J.; Bachmann, B.: 
Study	of	radiation	of	high	pressure	arcs.	20th symp. on 
physics of switching arc, Brno/czech Republic 2013 

16. van helden, J. h.; lang, n.; Röpcke, J.: Cavity-en-
hanced	absorption	spectroscopy:	Transition	from	UV/
VIS	into	the	MIR	using	quantum	cascade	lasers.	16th 
lapd, madison/usa 2013 

17. von Woedtke, th.; Weltmann, K.-d.: Plasma	sources	
for	plasma	medicine:	basic	requirements	for	physical	
and	biological	characterization.	Jsap mRs Joint sympo-
sia, Kyoto/Japan 2013 

18. von Woedtke, th.; Weltmann, K.-d.: Physical	plasmas	
for	medical	application:	State	and	persepctives	2013.	
16. fachtagung plasmatechnologie, greifswald/germany 
2013 
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patents, phd thesis, diplom and masteR thesis

phd thesis 2012

1. fricke, Katja
„Non-thermal	plasma	processing	of	polymers	for	bio-
medical	application“
pharmacy – emau – prof. von Woedtke – september 
2008-dezember 2012

2. Vogelsang, andreas  (Beschäftigter inp, jedoch nicht mehr 
zum ende der promotion hin)
“Plasmapolymerisation	mit	einem	Atmosphärendruck-
Mikroplasma-Jet	zur	Bildung	funktioneller	Schichten”
physics – emau – prof. Weltmann – august 2007-dezember 
2012

3. chen, hsin-hung (kein Beschäftigter inp)
„Application	of	a	plasma	jet	on	the	treatment	of	or-

patents 2012

Patents	applied

1. grünwald, h.; foest, R.; schäfer, J.: 
Method	for	increasing	wipe	resistance	and	scratch	re-
sistance	 of	 plastic	 surfaces,	 PCT/EP2012/056934,	 WO	
2012143334	A1
2. Wiese, R.; Bartsch, R.: 
Active	Thermoprobe,	EP	2550517	A1
3. schöne, a.; fischer, J.; schröder, K.; steffen, h.; Besch, W.; 
Vogelsang, a.; Weltmann, K.-d.; nebe, B.: 
Process	 for	 preparing	 ceramic	 implants	 for	 medical	
purposes,	PCT/EP	2012/067286,	WO	2013/034583	A1
4. von Woedtke, th.; stieber, m.; Krafczyk, s.; Weltmann, 
K.-d.; Brandenburg, R.: 
Vorrichtung	zur	Plasmabehandlung	von	menschlichen,	
tierischen	 oder	 pflanzlichen	 Oberflächen,	 insbeson-
dere	 von	Haut	 oder	 Schleimhautarealen,	DE	 10	 2012	
207	750.2
5. horn, s.; foest, R.; stieber, m.; Weltmann, K.-d.; schäfer, 
J.; Brandenburg, R.: 
Device	 and	 method	 for	 producing	 a	 cold,	 homoge-
neous	plasma	under	atmospheric	pressure	conditions,	
PCT/EP2012/059939,	WO	2012163876	A1

Patents	filed	granted

1. ehlbeck, J.; Krohmann, u.; neumann, t.; Rackow, K.:
Method	and	device	for	igniting	and	generating	an	ex-
panding	 diffuse	microwave	 plasma	 and	method	 and	
device	for	plasma	treating	surfaces	and	substances	by	
using	this	plasma,	US	8232728	B2
2. müller, s.; Krüger, t.; mleczko, norman; Weltmann, K.-d.; 
zahn, R.-J.; Reich, W.; anklam, K.; harfenstein, i.; Koburger, 
t.; neudeck, d.: 
Process	for	textile	cleaning	and	disinfection	by	means	
of	plasma	and	plasma	lock,	EP	2175892	B1

patents 2013

Patents	applied

1. schäfer, J.; horn, s.; Brandenburg, R.; foest, R.; stieber, 
m.; Weltmann, K.-d.: 
Apparatus	and	method	for	producing	a	cold,	homoge-
neous	plasma	under	atmospheric	pressure	conditions,	
PCT/EP2012/059939,	 US-Anmeldenummer	 noch	 nicht	
bekannt
2. von Woedtke, th.; stieber, m.; Krafczyk, s.; Weltmann, 
K.-d.; Brandenburg, R.: 

Device	for	the	plasma	treatment	of	human,	animal	or	
plant	 surfaces,	 in	particular	of	 skin	or	mucous	mem-
brane	areas,	PCT/EP2013/059656,	WO	2013/167693	A1
3. stieber, m.; ehlbeck, J.; 
Weltmann,	K.-D.:	Verfahren	und	Vorrichtung	zur	Plas-
mabehandlung	von	Hohlkörpern,	DE	10	2013	203	648.5
4. Weltmann, K.-d.; Krömker, 
W.:	Plasma-Handdesinfektion,	DE	10	2013	109	777.4
5. Kolb, J.; Banaschik, R.; zhuang, J.: 
Verfahren	zur	Nutzung	gepulster,	in	Wasser	generiert-
er	Korona-Entladungen	zur	Desinfektion	und	Dekon-
tamination	von	Wasser,	DE	10	2013	105	917.1

Patents	filed	granted

1. Kaiser, n.; steffen, h.; gaebler, d.; schulz, u.; ohl, a.:
Plasmaionenquelle	 für	eine	Vakuumbeschichtungsan-
lage,	DE	10	2011	103	464	A1
2. ehlbeck, J.; foest, R.; Weltmann, K.-d.; lukowski, g.; Jül-
ich, W.-d.; schröder, K.: 
Method	 for	 coating	 surfaces	with	microparticles	 and	
nanoparticles	 with	 the	 aid	 of	 plasma	 methods,	 US	
8541065	B2
3. müller, s.; Krüger, t.; mleczko, norman; Weltmann, K.-d.; 
zahn, R.-J.; Reich, W.; anklam, K.; harfenstein, i.; Koburger, 
t.; neudeck, d.: 
Process	for	textile	cleaning	and	disinfection	by	means	
of	plasma	and	plasma	lock,	JP	2010-520545
4. von Woedtke, th.; stieber, m.; Weltmann, K.-d.; Wilke, 
ch.; ehrenberg, u.: Plasma	 Device	 for	 Selective	 Treat-
ment	of	Electropored	Cells,	EP	2254664	A1
5. von Woedtke, th.; stieber, m.; Weltmann, K.-d.; Wilke, 
ch.; ehrenberg, u.:	 Plasma	 Device	 for	 Selective	 Treat-
ment	of	Electropored	Cells,	JP	514814	A
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patents, phd thesis, diplom and masteR thesis

diplom and masteR thesis 2012

König, nicole
Untersuchung	 eines	 AOM-Lasers	 hinsichtlich	 seiner	
Eignung	für	die	Plasmadiagnostik	
01.01.2012

toropchin, artem
MHD-Simulation	of	Arc	and	Weldpool	in	GTA-Welding
Juni 12

ganic	compounds	an	characterization	of	the	jet	plume“
material science – national cheng Kung university tainan, 
Roc (=taiwan) – dr. foest/dr. schäfer – 2008-Januar 2012

4. hübner, marko
“An	 infrared	 absorption	 study	 of	 surface	 stimulated	
species	 conversion	 in	 low	 and	 atmospheric	 pressure	
plasmas”
physics – emau – prof. Röpcke – Januar 2008-august 2012

5. nastuta, andrei Vasile (kein Beschäftigter inp)
“The	 study	of	 interaction	processes	 of	 low	 tempera-
ture	plasmas	with	organic	materials	of	biomedical	in-
terest”
physics - al.i.cuza university, iasi, Romania – am inp: dr. 
Bussiahn – am inp: mai 2011-september 2011

6. Becker, markus
“Hydrodynamische	Modellierung	anisothermer	Plasmen“
physics – emau – pd dr. loffhagen – mai 2008-mai 2012

phd thesis 2013

1. Kolipaka, Karthika lakshmi
„Cobalt	 -	 plasma	 polymerized	 hexamethyldisilazane	
nanocomposites	prepared	by	hybrid	PVD/PECVD	pro-
cess”
materialwissenschaft – cau Kiel – prof. faupel/im inp: dr. 
Brüser – Januar 2009-märz 2013

2. Walter, christian
“Synthese	von	elektroaktiven	Metall-Polypyrrol-Kom-
positen	als	Kathodenkatalysatoren	für	Brennstoffzel-
len“
physics – emau – prof. Weltmann – mai 2009-februar 2013

3. lopatik, dmitry
“Kinetik	 transienter	Moleküle	 in	Nicht-Gleichgewich-
tplasmen“
physics – emau – prof. Röpcke – september 2009-Juni 2013

ziemann, paul
Modellreduktion	der	Reaktionskinetik	bei	der	Wasser-
stoffverbrennung	und	in	thermischen	Luftplasmen
17.08.2012

ottmüller, Katja
Non-thermal	plasma-induced	MAPK	and	p53	signaling	
in	keratinocytes	and	immune	cells
31.11.2012

diplom and masteR thesis 2013

forbrig, enrico
Experimente	zur	Wirkung	von	Plasmen	auf	die	Struk-
tur	und	Funktion	von	Lipiden
2013

Kupsch, sarah
Effects	of	 Tissue	Tolerable	Plasma	Treatment	on	Cel-
lular	Membrane
aug 13

Jatsch, lisa
Etablierung	 eines	 HPRT-Genmutationstests	 in	 V79-
Zellen	 für	 die	Untersuchung	 von	Atmosphärendruck-
Niedertemperaturplasmen
Jul 13

eckroth, Jacqueline
Reaktive	 Sauerstoff-	 und	 Stickstoffspezies	 sowie	 Zel-
lzyklus	 eukaryotischer	 Zellen	 unter	 dem	 Einfluss	 von	
nicht-thermischen	Plasmen
sommer 2013

Jarick, marcel
Redox-Proteomics	 von	 eukaryotischen	 Zellen	 unter	
Einwirkung	von	physikalischem	Plasma
sep 13
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