
SUBSTRATE CLEANING IN A HIGH VACUUM ENVIRONMENT 

 

INTRODUCTION 

Defects caused by particles result in significant yield loss in many areas where 

coating, printing and lamination are used.  The yield loss is particularly high in some 

of the emerging technologies like OLEDs and OPV where the functionality is 

provided by very thins films, often only nanometres thick. Particles down to 100nm in 

size can span across the thickness of the film and destroy its functionality. To make 

these technologies commercially viable it is essential that defects caused by 

particles, which form the largest segment of defects, are to a large degree 

eliminated.  The focus on reducing particles is such that the European Union under 

its Seventh Framework programme is funding a project entitled Clean4Yield to target 

ways to eliminate the impact of particles on yield in roll to roll processing of flexible 

films 

 

CLEAN4YIELD 

The objective of the Clean4Yield project is a holistic approach to the management of 

defects generated by particles of contamination in nanoscale layers of OLEDs, OPV 

and high barrier films which are deposited on flexible substrates in the Roll to Roll 

process.  To achieve its objective,  the Clean4Yield project works closely together 

with partners covering the entire supply chain and brings together multi-national 

companies, SME’s, Universities and research organisations.  By focusing on the 

various areas of detection, inspection, prevention and repair as well as cleaning 

itself, the project is targeting the development of a manufacturing process which 

provides high yields and the low cost essential for commercial viability in these high 

technology applications. 

As the project progressed it became clear was that one of the areas where cleaning 

was required but where there was no a suitable technology was in vacuum 

deposition. 

 

CHALLENGES OF VACUUM SYSTEMS 

Currently many of the functional coatings are deposited in a high vacuum 

environment by sputtering, PECVD or ALD.  These processes involve pumping out 

all the air from the vacuum chamber together with any substances which will 

volatilise at the very low pressures involved.  These substances l include water, oils 

and greases and any low molecular weight compounds.  This means that there are 



very significant restrictions on the types of products which can be used within a 

vacuum deposition system. 

These vacuum deposited coatings are extremely thin and so the substrate which is 

being coated must be very clean.  Inherently reels of plastic film have particles on 

the surfaces when they arrive at the vacuum coating line.  These particles could be 

from the environment in which they were coated, from the packaging and shipping 

operations or even designed to be within the film, such as anti-block particles, but 

which have come loose during transport.  These particles are taken into the vacuum 

chamber within the roll of film and must be removed before coating to avoid defects, 

such as pinholes in the coating, being generated.  To do this, cleaning needs to take 

place within the vacuum chamber after the film has been unwound and before it 

reaches the coating station. 

 

CLEANING OPTIONS 

By design there is no air within a vacuum chamber and the removal of even small 

amounts of water from the vacuum chamber greatly decrease the effectiveness of 

the pump down and increase the production time.  Because of this traditional wet 

cleaning methods and air-powered methods of particle removal cannot be used 

within a vacuum chamber. 

Contact cleaning  has been found to be a very effective cleaning method especially 

where particles of contamination are small.  This is shown in work done by a 

Japanese company who investigated the particle removal efficiency of several 

different cleaning techniques at different particle sizes.  The results are shown in 

Figure 1 below. 

 

Figure 1 Comparison of Cleaning Efficiency by Particle Size 



Contact cleaning, as shown in Figure 2,  involves the use of elastomer rubber rollers 

running in contact with the substrate to remove particles from the surface of the 

substrate through the force of adhesion applied by the roller contact being greater 

than the force holding the particle on the substrate.  The particle then stays 

preferentially on the elastomer.  Running continuously in contact with the elastomer 

roller is an adhesive roll, which is wound with the sticky side out.  The pressure 

sensitive adhesive then removes the particles from the elastomer and permanently 

captures them for later disposal. 

 

Figure 2 Teknek Contact Cleaning Technology 

 

In many cases the elastomer s used in contact cleaning are silicone based and 

during the manufacture of the roller not all low molecular weight silicones are 

removed from the compound.  These low molecular weight silicones or any other 

volatile compounds such as plasticisers can outgas from the elastomer in the 

vacuum environment coating the substrate and the vacuum unit in a fine layer of 

silicone.  This silicone layer renders the substrate unusable as nothing will adhere to 

the film of silicone, which is also a key component in release coatings.  The silicone 

is also incredibly difficult to remove from the vacuum chamber and all parts of the 

pumping and monitoring system. The vacuum deposition system may have to be 

taken out of use for several months and stripped completely down to allow all the 

parts to be thoroughly cleaned if this is indeed possible. 



 

DEVELOPMENT OF VACUUM COMPATIBLE CONTACT CLEANING SYSTEM 

Using its completely silicone free Nanocleen™  elastomer as the basis for 

development, Teknek worked on improving the compound  to make it compatible 

with use in a vacuum without compromising its cleaning efficiency.  Many contact 

cleaning elastomers use oils or plasticisers to enhance their cleaning ability.  Under 

vacuum these compounds would  volatilise and over time be removed from the 

cleaning roller leaving it dry and unable to clean.  It was vital that the improved 

Nanocleen™ would exhibit no outgassing and would continue to clean over its 

lifetime of use.  To complement the vacuum compatible elastomer a vacuum 

compatible pressure sensitive adhesive system was also developed which could be 

coated onto a plastic film base to form an adhesive roll with minimum water content.  

The adhesive roll does not use a traditional silicone release coating to allow a sheet 

at a time to be removed thus making the whole cleaning system completely silicone 

free. 

 

TESTING AND QUALIFICATION  

In order to prove the vacuum compatibility of both the new elastomer and its 

matching adhesive it was necessary to test both of these products in a vacuum 

system in a series of controlled tests.  One of the other partners within the 

Clean4Yield project is the Holst Centre based in Eindhoven in The Netherlands and 

they agreed to do the testing as part of the project. 

Samples of both the elastomer and of the adhesive were weighed before being 

subjected, separately to a vacuum pressure of Torr 10-6 for a period of 60 hours.  

The samples were then reweighted to establish if there was any weight loss.  At the 

same time the gas being pumped out from the vacuum chamber was analysed to 

establish which, if any, volatile compounds were being outgassed. 

The results of the Residual Gas Analysis (RGA) for the Nanocleen™ roller is given in 

Figure  3 

A common surface contaminant is silicone or polydimethylsiloxane, which has been 

found to result in a group of ion fragments serving as fingerprints (for example, 

positive secondary ions at m/z 28, 73, 147, 207, 221 and 281, which are assigned to 

Si+, SiC3H9
+, Si2C5H15O+,Si3C5H15O3

+,Si3C7H21O2
+and Si4C7H21O4

+, respectively).   

No evidence of PDMS was found. 

 

 

 



 

Figure 3  RGA Analysis of Nanocleen™ Elastomer Roller 

 

The results of the Residual Gas Analysis for the two types of adhesive tested are 

shown in Figure  4   

No silicone peak was found for either adhesive indicating no volatile release coating 

was present.  Both adhesive rolls initially contained quite a lot of water which is the 

signature shown in Figure 4  but after a short time all the water had been extracted 

from the Eco roll which is based on a plastic film while there was still water being 

extracted from the paper based product.  This would be expected given the 

absorbent nature of the paper. 

 

Figure 4 RGA Analysis of Two Types of Adhesive Roll 

 



As separate test was then carried out to assess the effect of the vacuum exposure 

on the cleaning efficiency of both the adhesive and the elastomer.  Currently there is 

no International standard for testing the cleaning efficiency of Elastomer rollers or 

adhesives however, drawing on its 30 years of experience in producing contact 

cleaning equipment, Teknek has developed its own test methodology, named PPU, 

for assessing particle removal efficiency using calibrated tungsten particles.  The 

Holst Centre used the PPU Test to measure the cleaning efficiency of both the 

adhesive and elastomer both before and after vacuum exposure.  The results are 

given in Figure 5 

 

 

Figure 5 Cleaning Efficiency Before and After Vacuum Exposure 

 

From the results of the testing at the Holst Centre it can be seen that the new contact 

cleaning core of elastomer and adhesive is suitable for use in a vacuum.  The final 

stage was to design the core system into a machine, manufactured entirely from 

vacuum compatible materials and which uses no pneumatic or electric actuation, 

making the system easy to operate within a vacuum deposition system. 

A photograph of this new cleaning system is shown in Figure 6 

Tungsten particles are put in oven tray (60degree) and after getting out of oven the rollers are rolled into the metal powder (6 times)

After tungsten particle pickup the roller is rolled over a 6"adhesive sheet. The weight of the sheet is measured before and after on a balance with readability 0.1gr

Width roller: 25mm. Rollers are stored in high vacuum system, adhesive sheets in a low and high vacuum system.
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nanocleen ambient ambient 4,3 4,6 0,3

1 weekend in vac (0.1 mbar) 4,3 4,5 0,2

18 hrs  in high vac (1e-6 mbar) 4,3 4,5 0,2

1 weekend in vac (1e-6mbar) ambient 4,3 4,5 0,2

1 weekend in vac (1e-6mbar) ambient 4,2 4,5 0,3

ultracleen ambient ambient 4,3 4,5 0,2

1 weekend in vac (0.1 mbar) 4,3 4,5 0,2

18hrs  in high vac (1e-6mbar) 4,3 4,5 0,2

1 weekend in vac (1e-6mbar) ambient 4,4 4,6 0,2

1 weekend in vac (1e-6mbar) ambient 4,3 4,5 0,2

Repeatability test (after cleaning roller repeat particle pickup measurement).

ultraclean ambient ambient 4,3 4,5 0,2

4,3 4,5 0.2

nanoclean ambient ambient 4,3 4,6 0,3

4,3 4,5 0,2

No difference in 
particle pickup for 
rollers  and/or 
adhesive sheets in 
vacuum or ambient 
conditions !!



 

Figure 6 New Vacuum Compatible Cleaning System 

 

APPLICATION AREAS 

There are several areas within the vacuum system where the new contact cleaner 

can be installed.  Firstly it can be used at the unwind station to clean the film before 

coating.  It can also be used at the rewind station to prevent any particles caused by 

the deposition being rewound into the roll and causing damage to the adjacent layers 

of film.  This is of particular relevance in barrier film coating where the deposited 

barrier layer is very brittle and might crack under pressure from an entrained particle 

when the film is under tension.  These cracks would then allow the transmission of 

water through the layer destroying its barrier properties.  The third common 

application area in vacuum is to clean the protective film which is increasingly being 



used to protect the surface of the thin, sensitive deposited layers from subsequent 

damage. 

 

CONCLUSION 

Working within the Clean4Yield project has allowed Teknek to identify a new  

opportunity for cleaning films within a high vacuum environment.  Having identified 

the opportunity, a new elastomer and adhesive cleaning core was developed which 

was both vacuum compatible and yet did not compromise on cleaning efficiency.  

This innovative system has been incorporated into a cleaning unit for installation into  

vacuum deposition systems targeted at depositing functional coatings for OLEDs, 

OPV and barrier films 



 


