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Understanding flexible moisture barrier layers 

Over the past decades, numerous applications of thin films have emerged in everyday life. The reason 
for the advancement in thin film technology is the broad range of film properties that can be accessed 
by understanding thin film growth. One of them is the practical application of functional films as an 
oxygen and water permeation barrier on a polymer substrate, for protecting flexible electronics like 
solar cells to food and medical packaging. By providing a thin functional barrier film the water vapour 
transmission rate (WVTR), which tells how effective the layer can block the moisture permeation, can 
be reduced by an order of 3–4 magnitude. This so called encapsulation layer must fulfill the 
requirements of being flexible, transparent, mechanically robust, scratch resistant, light weight and 
inexpensive to produce. Key factors in achieving an excellent performance of the protective barrier 
coatings are dense, defect free and smooth film properties. To make the application of such films 
economically viable we need to be able to precisely understand and control the growth process of the 
functional film in a low cost roll-to-roll production set up. 

Already for decades the dielectric barrier discharge type reactor as used for surface treatment 
applications is the subject of intense research efforts. In comparison to the well-established vacuum 
technology, atmospheric pressure plasma processing of materials has considerable advantages but 
also imposes serious challenges. In this research a roll-to-roll atmospheric pressure plasma enhanced 
chemical vapor deposition (AP-PECVD) reactor was utilized based on a glow-like dielectric barrier 
discharge as a deposition method of amorphous silica thin films on polymeric substrate. In such a 
reactor configuration the local deposition rate (DR) is highly non-uniform along the gas flow which is 
due to the depletion of the precursor and the spatio-temporal non uniformity of the discharge. Thus, 
we took a step back to study the locally resolved film microstructure and surface dynamic evolution in 
the PECVD reactor i.e. taking into account the growth stages that evolve under different local 
deposition rates without transportation of the substrate. 

An important finding of this work is a vertical chemical gradient in the film microstructure. It was 
discovered that the gradient film properties, inherently grown in the AP-PECVD process, produce a film 
that enables good adhesion as well as good moisture and oxygen barrier properties. A single step 
deposition process can thus produce dual layer functionality. This observation is particularly relevant 
for the architecture of the functional deposition of moisture barrier layers, because within the 
discharge region these variable film properties translate into a gradient in the deposited films. This 
could provide the means to control the properties of the layers, such as the network porosity, which 
has a direct correlation with the barrier properties of the films. And as shown that by tuning the carrier 
gas flow rate and effectively creating a bilayer architecture it is possible to decrease the network 
porosity induced permeation channels that negate moisture barrier function. Furthermore, the 
network porosity in the films was tailored by varying the carrier gas flow, i.e. controlling the convective 
transport of precursor fragments while keeping the energy cost of the process fixed. It was discovered 
that the overall silanol concentration decreased when the gas flow rate increased. 
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