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Electric autmobiles have experienced a real boom in recent years. Due to an increasing 
change in thinking favoring environmentally friendlier behavior in everyday life, more 
and more people are buying electric cars or using car-sharing services. Those also are 
increasingly committed to fleets of electric cars. But electric cars still have a major 
shortcoming. Due to their long charging times, they are not a viable alternative yet for 
drivers who use their vehicles frequently, for people needing a lot of flexibility such as 
on-call services, for local public transport, and trucks. However, these cases can be 
handled another way. Hydrogen-powered vehicles require less than 5 minutes to refuel 
and are therefore a real alternative to the predominant propulsion systems.
 
Yet, there are still hurdles here. Hydrogen in combination with oxygen is extremely 
flammable and thus rapidly poses a danger. Its storage in hydrogen tanks is at pressures 
of over 700 bar in some cases. Extremely sensitive and accurate sensors are therefore 
required for precision monitoring. Hydrogen is extremely volatile due to its atomic 
structure. It even diffuses through steel. As a result, its storage and transfer require 
components with high corrosion resistance, temperature stability, high dielectric 
strength, protection from explosion and a good proton barrier.

In order to be able to implement reliable sensors for hydrogen technology, scientists at 
the Fraunhofer FEP have now developed a technique using reactive magnetron sputte-
ring for deposition of low-defect insulating layers characterized by minimal proton 
diffusion and excellent dielectric strength. The technique is based on nanofunctional 
materials.

Effective deposition of thin insulating layers for sensors 
in hydrogen technology

Scientists at the Fraunhofer Institute for Organic Electronics, Electron Beam and 
Plasma Technology FEP have investigated new approaches for depositing 
low-defect insulating layers, part of the joint project “NaFuSS“ (German Federal 
Ministry of Education and Research/BMBF promotional reference number 
13N13171). The aim is to increase the reliability and durability of pressure 
sensors for hydrogen technology, an area that is becoming increasingly import-
ant. The new approaches and results of the study will be presented at both the 
16th International Conference on Plasma Surface Engineering PSE in Garmisch- 
Partenkirchen, Germany, September 17-21, 2018 and at electronica 2018 (Booth 
426 in Hall C5) in Munich, Germany, November 13-16, 2018.
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It is now possible to deposit a system of insulating layers onto rough steel surfaces that 
has a dielectric strength of more than 2000 V and resistivity of more than 1 × 1015 Ωcm, 
meeting the requirements for explosion prevention in hydrogen technology. At the same 
time, a very effective proton barrier has been demonstrated that exceeds even layers of 
gold used previously. “The insulating layer produced in this way with these properties is 
unique. A comparable layer has not yet been economically realized in practice. Thanks to 
the new process, it is now possible to coat sensors at a deposition rate of approx. 2 nm/s 
and manufacture them on an industrial scale”, explains project manager Jan Hildisch.

The new approach for improving the dielectric strength consists of depositing insulation 
layers that have a smoothing effect. In this way, rough surfaces as well as structures and 
trenches up to an aspect ratio of 1:1 can be covered or filled. The combination of 
magnetron sputtering and other vacuum deposition techniques, in particular atomic 
layer deposition (ALD), additionally contributes to this development. Defects in a layer 
can be completely enveloped in this way as well as improving the dielectric strength.

The results should now provide the basis for further productive collaborations with 
industrial partners in order to jointly develop sensors for hydrogen technology and 
economically mass produce them. The scientists are currently working on further 
improvements to the technology and transferring it to other areas of application. 
Fraunhofer FEP scientists will be available for further discussions about development 
during PSE and electronica 2018. 

Schematic of a hydrogen filling station as an application 

scenario for pressure sensors with insulation layers
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SEM image of a stationary deposition of 

5 µm SiO2 on 3 µm silicon structures in 

cross-section
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The Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP works on innovative solutions in the fields of 
vacuum coating, surface treatment as well as organic semiconductors. The core competences electron beam technology, sputtering and plasma-ac-
tivated deposition, high-rate PECVD as well as technologies for the organic electronics and IC/system design provide a basis for these activities. 
Thus, Fraunhofer FEP offers a wide range of possibilities for research, development and pilot production, especially for the processing, sterilization, 
structuring and refining of surfaces as well as OLED microdisplays, organic and inorganic sensors, optical filters and flexible OLED lighting. Our aim 
is to seize the innovation potential of the electron beam, plasma technology and organic electronics for new production processes and devices and 
to make it available for our customers.

Fraunhofer FEP at the 16th International Conference on Plasma Surface  
Engineering PSE:

September 17-21, 2018
Congress Center, Garmisch-Partenkirchen, Germany

Industry Exhibit:
Booth No. 23 (Joint booth “Inplas“)

Poster:
Tuesday, September 18, 2018, 10:00 am - 10:00 pm
Session: Physical vapour deposition (PVD), PO2040
Application of the electron beam evaporation for high-rate coating of 3D-parts
Jens-Peter Heinß et. al., Fraunhofer FEP, Dresden, Germany

Wednesday, September 19, 2018, 3:15 pm - 4:45 pm
Session 3: Optical, electrical and magnetic coatings, PO3070
New approaches for improving isolation strength of magnetron sputtered dielec-
tric films
Jan Hildisch et. al., Fraunhofer FEP, Dresden, Germany

Study of sputter deposited silicon dioxide films for temperature compensation of 
frequency filters
Robert Rückriem1, Stefanie Rumbke1, Jan Hildisch2, Hagen Bartzsch2

1 scia Systems GmbH, Chemnitz, Germany, 
2 Fraunhofer FEP, Dresden, Germany

Thursday, September 20, 2018, 3:15 pm - 4:45 pm 
Session: Poster - Analytics of film structures and properties, PO4062
Mechanical characterization of silicon-containing plasma polymer coatings and 
the influence of environmental conditions
Michiel Top, Fraunhofer FEP, Dresden, Germany


