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COLD ATMOSPHERIC PRESSURE PLASMA 
FOR BIOLOGY, HYGIENE AND MEDICINE
The fields of life sciences such as biology, hygiene or medicine 

possess a huge demand for treating surfaces. The treatment 

often aims to control wettability or to apply certain chemical 

features to a surface, another aim is to accelerate healing 

processes or to kill germs. Environmentally-friendly processes 

that are easy to apply and can be used to treat heat sensitive 

materials such as plastics or skin are based on cold atmospheric 

pressure plasma technology. 

The films, processes and tools necessary in the fields of 

medicine, hygiene and medical engineering as well as in 

microbiology, cell culture technology and agricultural and 

grocery technology are developed by the Fraunhofer Institute 

for Surface Engineering and Thin Films IST with its department 

for Atmospheric Pressure Processes in Braunschweig and the 

Application Center for Plasma and Photonics in Göttingen. 

Our Offer

 � Film and process development

 � Fabrication and coating of demonstrators, prototypes and 

small series

 � Assistance in plant engineering and construction

 � Development of components and devices

 � Consulting and feasibility studies

 � Film characterization 

 � Test procedures for efficacy tests

 � Engineering partner for clinical plasma in therapeutic 

approach

Application Fields for Atmospheric Pressure Plasma

 � Medicine and hygiene

 � Antiseptic therapy 

 � Healing support for infectious skin diseases 

 � Dentistry

 � Hand hygiene

 � Surface degermination and disinfection 

 � Medical engineering

 � Microfluidics

 � Biosensors

 � Lab-on-a-chip

 � Internal coating of hoses, bottles and bags

 � Functionalization of disposables 

 � Cell culture technology and microbiology 

 � Controlling the cell adhesion and differentiation 

 � Controlling of protein adsorption 

 � Coupling of antibodies

 � Cell transfection and cell poration 

 � Agricultural and food technology

 � Pest control 

 � Decontamination of seeds and groceries 

 � Packing disinfection 

The Technology 

Directly from the surrounding atmosphere, physical plasma 

with high-energy electrons and ions is generated by strong 

electric fields. Highly reactive radicals and more stable reactive 

oxygen and nitrogen species are generated, which attack cell 

membranes and cell walls of bacteria and fungi in a synergistic 

interaction with free charge carriers. 

Using suitable gases and reagents, atmospheric pressure plas-

mas can as well be utilized to chemically functionalize surfaces 

with reactive groups. When needed, plasma can be generated 

in very small cavities. With the help of these so called micro 

plasmas, a selective local modification, such as for example the 

setting of a desired surface energy, is possible. 

Advantages of Cold Atmospheric Pressure Plasma 

 � Energy and resource efficient

 � Versatile, independent from material and geometry, easy to 
handle

 � Can easily be integrated in many existing process chains 

 � No changes in the base material

 � No thermal damage of the substrates

 � Selective local chemical modification of the surface

 � Generation of effective agents directly during the plasma 
treatment 

 � When applied in therapy: support of wound healing, 

 � Painless and so far without adverse effects for the patients 

 � Antibacterial efficacy independent from pharmaceutical 
resistances

Atmospheric pressure plasma processes  

at the Fraunhofer IST

The Fraunhofer Institute for Surface Engineering and Thin 

Films IST is an application oriented research and development 

service center in the field of thin film technology. Next to low 

pressure-plasma processes, the institute possesses expanded 

competencies in the fields of atmospheric pressure plasma 

technology and is continuously developing this scientific 

focus. 

Thus, the Fraunhofer IST operates the Fraunhofer Application 

Center for Plasma and Photonics in Göttingen, Germany, 

since 2012. The application center aims to utilize tailored 

plasma technology for the use of industry as well as small 

and medium-sized enterprises in the fields of environment, 

hygiene, health, production and energy. 

The institute strategic partners of the Fraunhofer IST in the 

fields of atmospheric pressure plasma are the Institute for 

Surface Technology of the Technical University in Braun-

schweig and the University of Applied Sciences and Arts in 

Göttingen. 

1  Cell culture in medium.

2 	Research	via	fluorescence	

microscopy.
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3 	Detail	of	a	sensor	card	

with	80	metallized	palladium	

sensors.	Layout	by	SensLab	Ge-

sellschaft	zur	Entwicklung	und	

Herstellung	bioelektrochem-

ischer	Sensoren	mbH

4 	Drops	of	water	(colored	

with	fuchsin)	on	a	super	hy-

drophobic	nonwoven	fabric.



Dermatology

Plasma medicine is a promising new discipline, especially in the 

field of dermatology. The treatment of chronic wounds like an 

“ulcerated leg” or skin diseases such as psoriasis or neuroder-

matitis does often reach the limits of available therapies. Low 

temperature plasma technology opens up new possibilities to 

develop new, pain free therapies without adverse reactions. 

Due to the plasma treatment, the undesired microorganisms 

on the skin or within a wound are inactivated or devitalized. 

At the same time plasma can be used for modulation of 

wound pH such that it can speed up the healing process. The 

treatment is done with a medical device (class IIa) developed in 

cooperation with the CINOGY GmbH.

Advantages

 � Pain free therapy without adverse reactions

 � Existing resistances, e.g. pharmaceutical antibiotics, are 
irrelevant

 � pH modulation of the wound environment

 � Fast and effective 

Our Offer

 � Evaluation of risk-benefit potentials for clinical studies

 � Individual fitting of all device versions as well as the process 
parameters for the dermatologic disease pattern

 � Technical partner for clinical therapeutic approaches with 
plasma
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Bacteria Samples

Staphylococcus aureus
Treatment for 30 s

Pseudomonas aeruginosa
Treatment for 30 s

Escherichia coli
Treatment for 10 s

Skin Fungus Samples

Candida albicans
Treatment for 60 s

Microsporum canis 
Treatment for 300 s

Live / dead assay to provide evidence of the plasma 

treatment. Living cells fluoresce in green, dead cells do in 

red. Left: untreated reference, right: sample after plasma 

treatment at 430 mW/cm².

Safe, Effective and Painless 

Up to now only limited knowledge is available in the field of the 

plasma treatment of human skin. Before plasma is used in clinical 

medicine, extensive studies need to be conducted on the possible 

health risks of the technology. Skin temperature during the treat-

ment only rises a few degrees. The leakage current which passes 

through the body as a result of the contact of the skin with the gas 

discharge is rated safe on the basis of the information given in the 

DIN EN 60601-1. With the standard plasma treatment of the skin 

lasting only a few minutes per day the UV dose can kept well below 

the values permitted by the health and safety regulations. Ozone, 

which is one of the major components of the “chemical plasma 

cocktail”, appears in a relatively high concentration in the plasma 

zone, where it displays its antimicrobial effects in combination 

with other reactive plasma components. Due to the small plasma 

volumes involved, within a distance of only a few centimeters from 

the active plasma zone the ozone concentration falls below the 

maximum immission concentrations (MIC values) for the protection 

of breathing organs (0.1 ppm average over a period of 8 hours).

Leakage current as a function of the electric current applied 

in the plasma treatment on porcine skin tissue.
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5 	Application	of	cold	atmo-

spheric	pressure	plasma	to	

the	human	skin.

6 	Use	of	the	PlasmaDerm®	of	

CINOGY	GmbH	in	dermatolo-

gy;	PlasmaDerm®	is	approved	

as medical device class II.

7 	Skin	germ	Staphylococcus	

epidermidis	before	(2)	and	

after	(3)	a	plasma	treatment	

with	1.8	J/cm²	(10 s).

8 	Thermal	imaging	of	a	fore-

arm:	after	60 s	of	treatment,	

the	temperature	difference	

to	the	untreated	areas	is	only	

3.5 °C.

86
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Surface Disinfection

The antimicrobial effect of low temperature plasmas opens 

up a huge variety of application fields also beyond the 

medical field. There is a little substrate heating and therefore 

also almost all thermosensitive materials can be disinfected. 

Examples include:

 � Treatment of seed for the improvement of germination 

capacity,

 � Elimination of fungal spores to protect wood and derived 

timber products,

 � Disinfection of food grade packaging material,

 � Direct treatment of food to improve product durability.

Plasma surface sterilization is fast, energy efficient and 

environmentally-friendly and can in many cases replace wet 

chemical processes, partly even those environmentally harmful.

Our Offer

 � Plant engineering and construction

 � Technology development for the disinfection of seeds, 
food, packaging and other temperature sensitive materials 

 Radial growth of a defined concentration of the mold 

fungus fusarium culmorum on nutritive media after different 

treatments.
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Pest Control

Pests and parasites in our living environment do not only 

lower our quality of life but are also a cause of sickness-related 

work absences, thus generating substantial economic 

losses. Typical parasites are house dust mites or mold fungi. 

They can weaken the immune system and cause allergies 

or asthma. Therefore, there is a demand for effective and 

environmentally-friendly methods and procedures to eliminate 

pests. Conventional methods currently used are mostly based 

on biocidal ingredients, which can be a potential hazard in 

households, in particular with those with children. When used 

careless or in a wrong way, biocides can enter final goods and 

with that our food chain.

Fighting parasites with atmospheric pressure plasma 

Plasma inactivates mites, aphids and even mold fungi system-

atically and effectively without negative effects for the host, 

the plasma technology user or the environment, and without 

leaving persistent, harmful residues. Moreover, the technology 

is cost-effective and easy to use.
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9 	Prototype	of	a	plasma	

comb	for	the	treatment	

of	human	hair,	animals	or	

plants.

10 	Intact	predatory	mite	of	

the	genus	Phytoseiulus	persi-

milis	before	and	after	a	two	

second	plasma	treatment.

11 Light	microscope	image	

of	a	usarium	culmorum	My-

zel:	reference	(above)	and	

after	360	s	plasma	treatment	

(down).

12 Germination	and	growth	

processes	of	untreated	(left)	

and	plasma	treated	(right)	

marrow	peas	(Pisum	sativum)	

ten	days	after	planting.

13 A	cold	atmospheric	pres-

sure	plasma	encloses	a	grain	

of	seed.

For the use in private homes, different prototypes of plasma 

treatment equipment are available. The technology features 

scalability. For instance, it is possible to develop equipment 

allowing plasma pest control on large scale for application, 

e.g. in agricultural engineering.

Our Offer

 � Technology development for a biocide free killing of 
ectoparasite and hygiene pests 

 � Mobile battery operated devices 
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Biofunctional Surfaces

Many low-cost materials have no suitable surface for biological 

applications. It is therefore necessary to modify the surface 

without changing the bulk material properties. Atmospheric 

pressure plasma processes offer a possibility to functionalize or 

coat the surfaces of various materials with various geometries. 

This »dry« process features short process times, and high flexi-

bily as well as the absence of solvents and vacuum equipment.

Generation of bio functional surfaces with atmospheric 

pressure plasma techniques

Dielectric barrier discharges (DBD) under atmospheric pressure 

offer manifold possibilities to modify inert surfaces in such a 

way, that they can be used for biomedical applications.

Depending on the requirements, surfaces can be modified as 

follows: 

 � Surface activation specifically to achieve improved wetting 

by polar media

 � Functionalization, i. e. generation of chemically reactive 

groups on the surface

 � Coating to obtain a surface with specific properties 

Desired surfaces changes can often be achieved with relatively 

short processing times. Further not only flat substrates but 

also substrates with complex geometries can be modified. 

Examples include PCR-tubes, microfluidic systems, cell culture 

bags, and cell scaffolds. Furthermore, there are only a few 

limitations with respect to the substrate material. Besides foil, 

glass, silicon wafers or metals it is possible to treat porous 

materials, textiles or leather. 

Analysis of functional groups 

Type and reactivity of the functional groups are as important 

as the layer function of the application under consideration. 

The chemically reactive groups are to interact directly with 

the bio-molecules or are the basis for subsequent further 

wet-chemical process steps where the substrates undergo 

further modification. 

The chemical groups cannot always be directly identified, 

so that specific detection reactions need to be used. The 

detection is then carried out via fluorescence investigations, 

FTIR-ATR spectroscopy, XPS or REM/EDX. 
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Application Examples

The corona treatment of microtiter plates or cell culture bottles 

to increase the surface wettability is already widely industrially 

used. Atmospheric pressure plasma processes have been de-

veloped to equip surfaces with a high density of nitrogeneous  

groups such as primary and secondary amino groups, offering 

a good ground for the adherent growth of cells. 

Another example is the coating of surfaces, for example to 

selectively control the adhesion of cells or proteins. Coatings 

are available to produce super-hydrophobic surfaces prevent-

ing protein growth. Furthermore, patterned surfaces can be 

produced with a structure that delivers specific area-selective 

functionality on microscale dimensions down to 10 μm. 

These processes play an important role in the production of 

biosensors or lab-on-a-chip products, e. g. for point-of-care 

diagnostics.

Our Competencies

 � Chemical surface functionalization

 � Functionalization with micro plasmas 

 � Controlling of cell and protein adsorption

 � Wettability control

Our Offer

 � Layer and process development 

 � Physical-chemical surface analytics

 � Secondary modification of surfaces with combination 
processes 

 � Cell adhesive and protein repellent coatings 

 � Wettability control

 � Control of protein and cell adsorption

14 	Amination	of	a	24-well	

microwell	plate	made	of	

polystyrene	with	atmospheric	

pressure	plasma	processes.

15 HeLa	cells	in	amino	

functionalized	polystyrene	

microwell	plate.

16 	Cell	adhesion	controlling	

on	a	PBT-PEOT	scaffold	

through	atmospheric	pres-

sure	plasma	coating.

17 MC3T3	cells	after	a	virus	

infection	on	day	12	of	cul-

tivation	on	plasma	treated	

PBTPEOT	scaffold.
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Microfluidic – Internal Coating

In complex, frequently miniaturized and specialized fluidic 

systems, great demands are made on the inner surfaces which 

are in contact with other media. Atmospheric pressure plasma 

processes enable the controlled adjustment of surface char-

acteristics. Hereby, products like disposables can be equipped 

with sophisticated features cost-effectively within seconds of 

treatment time. 

In fluidic systems made from dielectric materials, such as glass 

or plastics, cold plasmas can be generated at atmospheric 

pressure allowing an all-over coating of the inner channels. 

For the coating, the channel or tube is placed between two 

electrodes. Electric fields which excel the ignition field strength 

in the channel are generated with AC voltage. Applying an 

adequate gas or gas mixture streaming through the channels, 

inner surfaces can be coated or activated in a post processing. 

By using local electrodes, hydrophobic stops can be refined in 

hydrophilic channels, amongst other things. 

A local inner coating allows the separation of liquid 

multiphase systems using the specific surface tensions of the 

different phases. Corresponding separators need small channel 

dimensions or membrane structures, so that the individual 

liquid phases can get in contact with different surfaces. The 

phases can be separated by guiding the multiphase system 

through a channel structure which splits into hydrophobic 

and hydrophilic channels. The following applies: The better 

the channel structures are constructed and dimensioned, e.g. 

regarding surface, volume and aspect ratio, in view to the fluid 

segment diameter, viz. the droplets, the more complete the 

separation can be achieved. In combining micro structuring 

techniques and surface coating processes, such separating 

systems can be realized with a wide range of materials. 

Avantages

 � All-over coating of surfaces in tubes and capped channels

 � Realization of fluidic functions, such as “hydrophobic stop” 
and fluidic separation 

 � Possibilities to use more cheaper materials, for example 
plastics instead of glass

 � Seal surfaces of microfluidic systems stay uncoated

Our Offer

 � Hydrophobic and hydrophilic coatings

 � Coatings for droplet-based microfluidics, fluidic separators 
and hydrophobic stops

 � Consulting and prototype production

 � Chemically reactive coatings for the coupling of oligomers

 � Analytics, function tests, process and plant development 
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Cell Culture Technology – Plasma in a Bag

Living cells are increasingly being used in modern therapy 

methods such as blood transfusions, stem cell therapies and 

bone marrow transplantations, or in the regeneration of 

severe burns. The standard cultivation of these cells in open 

systems is associated with a high contamination risk, which 

can only be reduced with sophisticated equipment and corre-

spondingly high costs and a suitable laboratory infrastructure. 

Using closed bag systems as a cultivation vessel can provide 

relief. 

Common polymers usually do not provide a suitable surface 

for cultivation, since the cells cannot adhere. To gain adher-

ence, the surface has to be pre-treated or coated. Therefore, 

a special process based on an atmospheric pressure plasma 

technique was developed at Fraunhofer IST. The process 

enables an automatized coating in the interior of closed plastic 

bags. In order to achieve coating of the interior surfaces of the 

bag the latter is filled with a process gas containing a gaseous 

film-forming agent (”precursor”). On application of a voltage 

to two electrodes placed above and below the bag, the plas-

ma is ignited inside. The treatment is finished after only a few 

seconds and the bag can be used directly in cell cultivating 

after removal of the processgas. The coatings of Fraunhofer 

IST can be tailored for the cultivation of different human and 

animal cell lines as well as for human mesenchymal stem cells.

The precursor choice influences the surface properties 

obtained by the plasma treatment. It is possible to generate 

surfaces with chemically reactive groups such as primary 

amino groups, carboxyl groups or epoxides as well as surfaces 

with a defined wettability (hydrophilic, hydrophobic).

Advantages

 � Inside coating of closed synthetics bags without sterility loss 

 � Homogenous coatings on the interior surfaces of the bag

 � Solvent free coatings

 � Short process times 

 � Treatment is executed after heat-sealing

 � Modification of commercial systems is possible 

Our Offer

 � Wettability control for plastic surfaces (hydrophilic, 
hydrophobic)

 � Generation of chemically reactive functional groups

 � Coatings for an adherent cell cultivation in closed systems 

 � Surface analytics, process and plant development 

18-19 	 Separator	coating	

for	a	hydrophilisation	(1)	

COMSOL®	Multiphysics	sim-

ulation.	Only	branch	A	and	

a	part	of	the	main	channel	

are	coated	(white	in	2),	the	

red	colored	water	only	flows	

here	(3).

20 Coating	of	interior	sur-

faces	of	a	closed	plastic	bag	

using	atmospheric	pressure	

plasma	processes.

21 Cultivating	of	human	

mesenchymal	stem	cells	in	

coated	bags:	no	adherent	cell	

growth	is	occurred.

22 Bag	without	coating:	ad-

herent	cell	growth	cannot	be	

observed.
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Topics at the location Braunschweig

 � Cell culturing – plasma in a bag

 � Biofunctional surfaces 

 � Microfluidics

Contact 

Fraunhofer Institute for Surface Engineering and 

Thin Films IST

Department Atmospheric Pressure Processes

Bienroder Weg 54E 

38108 Braunschweig

GERMANY

www.ist.fraunhofer.de

Dr. Michael Thomas

Head of Department

Phone +49 531 2155-525

michael.thomas@ist.fraunhofer.de

Dr. Marko Eichler

Group Manager

Phone +49 531 2155-636

marko.eichler@ist.fraunhofer.de

Topics at the location Göttingen

 � Plasma medicine in dermatology

 � Surface sterilization and hygiene

 � Pest control and seed treatment 

Contact

Fraunhofer Application Center for Plasma and Photonics  

of the Fraunhofer Institute for Surface Engineering and 

Thin Films IST

Von-Ossietzky-Straße 100 

37085 Göttingen

GERMANY

www.plasmaundphotonik.fraunhofer.de

Prof. apl. Prof. Dr. Wolfgang Viöl

Head of the Application Center for Plasma and Photonics

Phone +49 551 3705-218 

wolfgang.vioel@ist.fraunhofer.de

Dr. Bernd Schieche

Innovation Manager

Phone +49 551 3705-219

bernd.schieche@ist.fraunhofer.de
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