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Today, atmospheric pressure plasma processes are used in industry 

primarily for activating and cleaning surfaces. The Fraunhofer  

Institute for Surface Engineering and Thin Films IST develops 

customer orientated new techniques which allow the  

appropriate modification or coating of different surfaces, even of 

three-dimensional substrates. Areas of application include e. g. 

microsystems technology, medical technology, the packaging and 

capital goods industries, the electronics industry, the automotive 

sector and the aerospace industry.

Our range of services

 � Coating and process development

 � Coating characterization

 � Production and coating of demonstrators, prototypes  
and small batch series.

 � Support in industrial plant engineering projects

 � Consulting and feasibility studies 

Process development 

 � Cleaning, pretreatment and surface modification

 � Coating by means of plasma-assisted CVD at  
atmospheric pressure

 � Microplasmas, microstructuring, internal coating

 � Treatment of three-dimensional components

 � Plastic metallization

Coating development

 � Chemical functionalization of surfaces

 � Hydrophilic and (super-) hydrophobic coatings

 � Biocompatible coatings

 � Barrier layers on flexible substrates

 � Promotion of adhesion

 � Antireflection coatings

Coating/process characterization 

 � Infrared spectroscopy

 � Determination of the density of functional groups

 � Contact angle measurements, determination of  
free surface energy

 � In situ bond strength measurement

 � Scanning electron microscope/EDX

 � Optical emission spectroscopy

 � Adhesive strength measurements

Equipment technology

 � Atmospheric pressure plasma installations for cleaning,  
activation, functionalization and coating

 � RotoTEC equipment for the functionalization or activation  
of three-dimensional components

 � SÜSS bond aligner with plasma tool for pretreating silicon 
wafers in the clean room

 � Plasma printing units for the structured treatment of surfaces

 � Machine for coating components or disposable containers 
internally, e. g. bags or bottles
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1  Structured metallization 

for flexible circuit boards.

2  Plasma discharge in  

synthetic air.
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Functionalization and coating

The use of atmospheric pressure plasma processes for cleaning 

surfaces and for activating polymer films to improve wettability 

is already widespread in industry. Several technologies developed 

at the Fraunhofer IST allow the introduction of specific functional 

groups by suitable forms of process control. Hence, considerable 

improvements can be achieved e. g. in the adhesion of paints or 

adhesives since the surfaces can be directly adapted to the reactive 

coating system. On steel an adhesive coating of this kind may be 

clearly superior to classic types of surface modification.

Surface free energies can be set by means of coating processes 

operating at atmospheric pressure. That way hydrophilic, 

hydrophobic and even superhydrophobic surfaces can be created. 

With atmospheric pressure plasma processes it is also possible to 

apply barrier coatings to flexible substrates, for example to prevent 

plasticizers migrating from PVC. Applying a film just 300 nm thick 

can cut migration by 90 percent.

Plastic films, glass substrates, silicon wafers, textiles, porous subst-

rates and even objects with a three-dimensional geometry can be 

coated by atmospheric pressure plasma processes.

Microplasmas

Plasmas can be created at atmospheric pressure even in very small 

volumes with dimensions of just a few micrometers, thus allowing 

local functionalization of surfaces. One innovative technique for 

the local modification of surfaces is plasma printing. Cavities are 

formed temporarily upon contact of a structured dielectric with 

the substrate to be plasma printed and in these voids the plasma 

develops. These cavities typically measure between a few tens 

and a few hundreds of micrometers. With this method not only is 

area-selective modification of surfaces possible but also structured 

coating deposition or functionalization. Depending on the dis-

charge conditions selected, a wide range of functional groups can 

be printed on the substrate. Suitable substrates include polymers, 

glass or silicon. With plasma printing it is possible to generate 

structures of various geometries, for example, arrays of spots, with 

special surface properties such as hydrophilicity, hydrophobicity or 

with specific chemical functionalizations.

Local functionalization may be used in, for example, the creation 

of surfaces for biomedical applications (bio, DNA, protein or 

diagnostic chips) as well as for downstream local metallization, 

including circuit boards, RFID antennas or biosensor production. 

Plasma printing can be implemented not only in batch mode but 

also continuously in reel-to-reel processes.

OUR EXPERTISE
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Biofunctional surfaces 

In medical technology, plastics are being used more and more 

frequently, particularly in disposables. However, for many 

biological or medical applications the first step is to modify the 

various surfaces to enable a coating process as a second step. 

Disposable systems frequently need biocompatible surfaces to 

either promote or prevent cell growth. It is also possible to produce 

functional groups for the chemical docking of biomolecules. 

This pretreatment is needed - but in many cases it is also very 

expensive when conventional procedures are used. A cost-effective 

alternative to modify such surfaces is the use of atmospheric 

pressure plasma. The use of microplasmas also makes it possible to 

tailor the surfaces area-selectively or even to coat internal channels 

in microfluidic components. In addition, with atmospheric pressure 

plasma processes the surfaces of three-dimensional substrates, 

such as microtiter plates, PCR tubes or cell culture bags can be 

suitably modified. 

Bonding processes

New material combinations are of great importance for innovative 

processes and products particularly in the industrial sector. Joining 

is often the weak point of these products with adhesives poorly 

adhering to the materials. Further, in many cases adhesives have 

inadequate migration barriers, thereby limiting, among other 

things, the tendency to creep, migration and long-term stability.

One adhesive-free technique for joining both homogeneous and 

heterogeneous material composites is low-temperature bonding. 

At the Fraunhofer IST inorganic material composites such as silicon 

and glass as well as organic materials such as polymers have been 

bonded at low temperatures using atmospheric pressure plasmas. 

Here the surfaces are equipped with chemically reactive functional 

groups which react at elevated temperatures, thereby allowing the 

formation of permanent covalent bonds.

A new plasma pretreatment method for bonding silicon has been 

developed at the Fraunhofer IST. With this process the temperature 

can be lowered from 1000 °C to below 200 °C while the adhesive 

forces maintain within the range of silicon‘s breaking strength.  

With the low bonding temperature applied even heterogeneous 

material pairs with different thermal coefficients of expansion can 

be bonded.

3  Internal coating in a  

microfluidic component.

4  Plasma tool for a  

SÜSS bond aligner.

5  Internal coating of a bag.

6  Cell cultivation in the  

closed bag: (top) uncoated 

and (bottom) coated.

7  Complete system for the 

automated internal coating 

of bags.
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WHAT WE OFFER 
Application Processes/methods Substrates Purpose

Medical technology

Microtiter plates, 

specimen slides

Functionalization/coating Plastics, glass Control of cell adhesion 

and protein adsorption

Cell culture bags, 

microfluidic devices

Internal coating Plastics, glass Control of cell adhesion or wettability

Microsystem technology

Production of MEMS Direct bonding, local coating Silicon, glass Lowering of bond temperature,  

metallization, auxiliary bonding coatings

Aerospace

Removal of 

organic contamination

Cleaning Plastics, glass, metals, 

ceramics 

Improvement of wettability

Bonding/painting  

components

Functionalization/coating  Plastics, glass, metals, 

ceramics  

Adhesion promotion

Automotive industry

Bonding/painting  

components

Functionalization/coating Plastics, glass, metals, 

ceramics 

Adhesion promotion

Electronics industry

Production of flexible 

circuit boards, RFID antennas

Area-selective functionaliza-

tion

Plastics, glass, ceramics Activation for selective  

electroless metallization

Cleaning surfaces for 

soldering

Cleaning Plastics, glass, metals, 

ceramics 

Improvement of wettability

Plastics industry

Packaging sheeting, textiles Functionalization, 

activation, cleaning, coating

Plastics Improvement of 

wettability and adhesion
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