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PLASMA ENHANCED CHEMICAL VAPOR DEPOSITION 
(PECVD) AND PHYSICAL VAPOR DEPOSITION (PVD)
We encounter functional coatings which improve materi-

al‘s properties almost everywhere in our everyday life. They 

vary from permeation barrier coatings to scratch and wear 

resistant layers for machining purposes. Coating functional-

ity obtains properties such as 

special reflectivity and wetta-

bility. Many of these thin films 

on nanometer scales are pro-

duced by different plasma 

deposition techniques such 

as plasma enhanced chemi-

cal vapor deposition (PECVD) 

or physical vapor deposition 

(PVD). Our research activi-

ties in this broad field focus 

on the following topics:

 ▪ Quartz-like SiOx barrier coatings on PET bottles. Gas per-

meation is reduced to improve the shelf life of beverages

 ▪ Hard and wear resistant layers on mechanical tools im-

prove their durability and therefore lower the costs and 

down time of machines

 ▪ Ferromagnetic films, which form the basis for magnetic 

random access memory (MRAM), which are developed for 

up-to-date microelectronics

Contact: coating@aept.rub.de

PLASMA COATING AND SPUTTERING

PLASMA ELECTROLYTIC OXIDATION (PEO)
Plasma Electrolytic Oxidation (PEO) is a plasma enhanced pro-

cess for the passivation of lightweight metals like aluminum, 

magnesium, titanium as well as their alloys. The goal of PEO 

is to create hard coatings with a typical thickness and good ad-

hesion to the substrate. These coatings are essential for the 

use of lightweight metals in a wide range of industrial applica-

tions like automotive, aerospace, electronics and biomedical. A 

unique characteristic of this process is the stochastic production 

and self-extinguishing of 

micro discharges. The 

process of film grow-

ing during PEO involves 

electrochemical reac-

tions, plasma-chemical 

reactions and thermal 

diffusion. Our research 

in this field is focused on: 

 ▪ Characterisation of the individual and collective behavior of 

produced micro discharges and their interplay with aggre-

gate interfaces on all time and length scales.

 ▪ Time and space resolved optical emission spectroscopy and 

fast current-voltage measurements for in-situ characterisa-

tion of micro discharges.

 ▪ Building a control loop depending on micro discharges 

analysis data from spectral line intensity and electrical mea-

surements to control the properties of the resulting film by 

changing electrical parameters.
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BIOMEDICAL AND ENVIRONMENTAL
APPLICATIONS

NON-THERMAL ATMOSPHERIC-PRESSURE PLASMAS
Non-thermal atmospheric-pressure 

plasmas, such as the employed di-

electric barrier discharges (DBD)  are 

advantageous for various types of 

biomedical and environmental ap-

plications depending on the used 

geometry. Volumetric dielectric barrier discharges are primarily 

used in the biomedical field as they make contact- and painless 

therapy possible and are known to 

promote wound healing. Surface 

dielectric barrier discharges, such 

as the presented one, are pref-

erably utilized to decontaminate 

airborne bacteria or volatile organ-

ic compounds. 

PLASMA STERILIZATION
The inactivation and removal of microbial contamination on sur-

faces is a major challenge in numerous settings, including food 

and pharmaceutical industries and hospitals to maintain pa-

tient safety or in spacecraft hardware assembly facilities in the 

search for life on other planets. Low-temperature plasmas are 

a promising alternative technique to conventional methods, as 

they enable gentle but efficient surface decontamination of a 

wide variety of equipment, including heat-sensitive materials 

and complex electronic instruments. Operated at one ten thou-

sandth of the pressure of the atmosphere, so-called low pressure 

plasmas can be realized on a large scale enabling the treatment 

of several objects at once in a few minutes. The mechanisms of 

how bacteria are inactivated by the plasma or protect themselves 

DIAGNOSTICS

OPTICAL EMISSION  AND ABSORPTION SPECTROSCOPY
For proper understanding of the plasma processes, detailed in-

sight into the discharge physics are mandatory. In the atmospheric 

pressure regime optical emission spectroscopy is the main tech-

nique for diagnosing plasmas. The (UV-) light emitted by the 

discharge is recorded using absolutely calibrated spectrometers 

with a high spectral resolution. The recorded spectra are further 

processed and analyzed using a collisional radiative model for 

molecular nitrogen excitation 

and de-excitation processes 

in conjunction with numerical 

simulations and current volt-

age measurements. Thus, the 

fundamental plasma param-

eters – i.e. gas temperature, 

electron velocity distribu-

tion function, reduced electric field and electron density are 

determined. Furthermore, using an intensified CCD camera with 

suitable optical filters allows for recording spatially resolved 

2d-images of the reduced electric field and the electron density. 

Classical optical absorption techniques - e.g. using the Beer-

Lambert law - and laser-based measurements in conjunction 

with suitable calibration procedures (LIF/TALIF) are used to de-

termine absolute densities of reactive species. These approaches 

have the advantage that they yield absolute species densities us-

ing no / less complicated models.

PROBE DIAGNOSTICS
Probes are used for spatially resolved, calibration-free mea-

surements of central plasma parameters. The Langmuir 

Probe (LP) is an electrostatic probe measuring a current 

for a given voltage ramp. It allows the measurement of 

density, temperature and energy distribution of the elec-

trons as well as floating and plasma potential. The LP needs 

a complex evaluation. An alternative system is the Multipole 

Resonance Probe (MRP) which measures the electron den-

sity and collision frequency very robustly and reliably. It is 

based on active plasma resonance spectroscopy and eval-

uates the system’s response on a radio frequency sweep.

HIGHSPEED IMAGING OF PLASMA IGNITIONS
The temporal behavior of a discharge is 

of high interest especially for inhomo-

geneous micro discharges such as PEO. 

The 4-channel iCCD camera is capable of 

taking four pictures in a row with an expo-

sure time in the nanosecond time scale.

MASS SPECTROMETRY
Mass spectrometry is an important diagnostic method to gain 

information about the chemistry in reactive plasmas. It can pro-

vide absolute densities of reactive species in a wide mass range 

and is independent of suitable optical transitions. To utilize this 

technique in atmospheric pressure plasmas such as DBDs, we 

use a differentially pumped molecular beam mass spectrometer.

FURTHER DIAGNOSTIC METHODS
 ▪ FTIR/FTIR-ATR

 ▪ Colorimetric assays

 ▪ Contact angle mea-

surements

 ▪ Scanning electron 

microscope

Contact: diagnostics@aept.rub.de
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against plasma compo-

nents are investigated 

in cooperation with the 

Institute of Aerospace 

Medicine of the German 

Aerospace Center (DLR 

e.V.). Therefore, both complex systems, the plasma and the 

bacteria, are analyzed in detail to link plasma components 

to changes induced on a macro molecular level to the bacte-

ria. By understanding the different inactivation and protection 

mechanisms the efficiency of the process can be increased, 

while also studying the possibility of the bacteria to develop 

a resistance to low-pressure plasma sterilization is possible. 

ELECTROSURGERY AND ARGON PLASMA COAGULATION 
(APC)
Electrosurgery is the use of radio-frequency electric current for 

the cutting and coagulation of biological tissue in order to resect 

tissue, e.g. malignant tissue such as tumors with less and even 

without bleeding. Furthermore, coagulation, the heating of tis-

sue without cutting, can be used 

for ablation or control of bleed-

ing (hemostasis) during surgery. 

For the surgeon, this leads to an 

enhanced overview to the oper-

ating site and to a lower blood 

loss for the patient. The plasma 

being generated during the electrosurgical procedure and the 

argon plasma coagulation is under investigation at our institute. 

Furthermore, new applications for diagnostic purposes are in the 

focus of our research.

Contact: biomed@aept.rub.de 
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