
figure 8: New Elastomer Cleaning Performance
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One of the key issues for the commercial viability of Plastic Electronics is the amount of waste 
generated by faulty product, often when a considerable amount of value has been added to the material 
before it is rejected.  One of the major causes of rejects is dust or other particulate contamination so a 

key step in improving yields is to improve cleanliness throughout the manufacturing process.

The information on this poster features the development of a new elastomer technology which has been 
formulated to address the specific issues of small particle removal from Plastic Electronic substrates..

1. Introduction

Having a clean substrate is paramount in achieving high yields in Plastic Electronics manufacture. In the Flat 
Panel Display Industry it is reckoned that 80% of defects come from particles on the substrate.  As tracks and 
gaps get smaller the size of particle which can cause a defect is also reducing and so cleaning techniques must 
be able to remove particles down to nanometer size. This is challenging for most cleaning techniques but 
can be achieved using the well proven method of Contact Cleaning but tailoring it’s elastomer and adhesive 
components specifically to this requirement. 

2. Traditional Cleaning Methods

The most common methods of cleaning substrates to remove 
particulate contamination are wet cleaning and brush and vacuum 
cleaning. Both of these methods can clean down to particle sizes of 
around 5 microns with small particles being removed if ultrasonics 
are added to the wet cleaning.

However these cleaning methods have their limitations when it comes 
to removing small particles from the large areas of flexible substrate 
used in Plastic Electronics manufacture and neither of the methods 
are particularly environmentally friendly.

Wet cleaning requires large volumes of water combined with 
substantial amounts of heat for drying the substrate and a flexible 
substrate can be distorted during the process and can suffer 
shrinkage which affects registration of conductor patterns.

Brush based systems can get contamination trapped within the 
brushes which causes scratching of sensitive coatings on the substrate.

3. Contact Cleaning

Several years ago a Contact Cleaning system was 
patented by Teknek.  This system,see Figure 1, uses a 
specially formulated elastomer roller to roll over the 
substrate and remove all loose particles down to 1 
micron.  

The elastomer roller then rolls in contact with 
a matched adhesive roll which captures the 
particles from the elastomer roll ensuring the 
elastomer is always clean when it touches the 
substrate.

When the surface of the adhesive becomes saturated 
with particles the outer layer of the roll is removed to 
reveal a fresh adhesive surface.

The effectiveness of the system is enhanced by the fact that the elastomer roller can penetrate the boundary layer of stationary 
air to physically contact the particles of contamination and hold them.  See Figure 2

This cleaning system has been widely adopted within the printed circuit industry and more recently into the wide web converting 
industry where it is used to clean film before coating for medical and food packaging applications and for optical films.  As can 
be seen from Figure 3 the system removes a higher percentage of smaller particles than the other methods.

4. Cleaning for Plastic Electronics

The technological demands of Plastic Electronics are such that even 
the current contact cleaning system cannot process the substrates 
sufficiently well.  The smaller geometries being developed are much 
more sensitive to very small particles, even down to nanometre size 
and it is necessary to remove these to enhance yield.
  

Sputtered substrates which have conductor patterns are particularly 
sensitive to static electricity and thin films can easily be destroyed 
by an uncontrolled static discharge.

The integrity of the surface is key to getting well bonded coatings 
so close control is needed of the surface energy of 
the substrate and any cleaning methodology 
should not affect the surface energy.

In order to improve the performance of the 
elastomer roller in the Contact Cleaning system 
it was necessary to study the forces holding the 
particles onto the substrate [1], see Figure 4.

The objective of the development was to design 
an elastomer and adhesive system which was 
optimised to be able to exert sufficient force 
on the particle to overcome the attraction to 
the surface without adversely affecting the 

5. New Elastomer Development

5.1. Silicone Free System

The current Contact Cleaning system uses a silicone based elastomer and even though it has been designed and independently tested to 
show that there is no leaching of any low molecular weight chains from the cured elastomer, users would prefer a non silicone system.

Polyurethane was considered to be the material of choice because of its chemical and wear resistance.  Initially 
standard off the shelf materials were tried without achieving satisfactory cleaning performance.

Various Shore Hardnesses were tried as it was believed that the softer the elastomer the better it would conform around the particle leading 
to better particle removal. In the end a unique elastomer formulation which offered a silicone free cleaning roller was developed.

A Contact Cleaning system cannot be totally silicone free without considering the impact of the adhesive roll.  The adhesive is traditiionally coated 
on a substrate which has a silcone based released coating on the back to allow the roll to unwind easily and consistently.  This silicone coating 
has a tendency to rub off and to migrate onto the surface of the adhesive with which it is in contact [2] and so it was necessary to develop 
a new adhesive system which would be both matched to the elastomer roll and able to unwind with no release coating at all.  

Matching the Adhesive to the new non-silicone elastomer was extremely difficult now that the release characteristics of the silicone were no longer 
present.  It was essential to ensure that the adhesive could not stick to the elastomer surface and so possibly transfer to the substrate being cleaned.  
FTIR analysis was used to ensure that after long term use no adhesive molecules were found on the roller surface.

5.2. Static and Surface Energy

One of the major disadvantages of the current Contact Cleaning system is that it generates a static charge on the substrate through the rolling friction and 
with Silicone being an insulator it is very difficult to ground the surface of the roller and so static bars are normally used at the exit of the cleaning 
system to reduce the static charge which can reattract airborne dust particles.

By altering both the formulation of the polyurethane and adopting a special curing technique a semi-conductive elastomer was produced with a conductivity 
of 1.89 1010ohm/cm instead of the normal 0.9x 1013.  this means that the roller does not generate the same level of static charge during use and can 
actually wick whatever is generated away, reducing the residual charge by a factor of 10 times.

The surface energy of the substrate is now only reduced by 1 dyne instead of the 7 dynes from the current system making coating easier
and more consistent by eliminating “spidering” of inks and “fish eyes” in coatings.

5.3. Removal of Smaller Particles

The initial cleaning performance of the new elastomer was not as good as 
the current version. See Figure 5

Further research was then carried out to establish the primary force responsible 
for the ability of the elastomer to overcome the attraction of small particles to 
substrates [4].  See Figure 6.

From analysis of the parameters involved in the equations underpinning the forces in the graph 
above it was identified that the one variable which could have a major impact upon the pick up 
force was the surface area in contact between the elastomer of the roller and the particle. 
Increasing the surface area of the particle in contact with the elastomer increases the 
adhesion force holding the particle to the roller.

While the overall surface area of the roller could be increased by roughening the surface 
however that would not ,per se, increase the area in contact with the individual 
particles themselves.

Following the work done by Beach et al [7] shown in Figure 7 it was decided to tailor the 
surface of the elastomer roller to specific particle size ranges by having matched 
depressions in the surface of the roller.

A special surface modification 
technique was developed to 
achieve a spread of different 
sized pores over the complete 
roller surface to optimise the 
range of sizes which could be 
picked up.

This resulted in a much 
improved cleaning performance 
which exceeded that of the 
current elastomer system.  
See the results for ESD in 
Figure 8.

The surface modification of the 
cleaning roller is subject to a 
Patent application and the 
efficiency in removing particles 
down to nanometre size has 
been verified independently by 
several customers.

Figure 9 shows the cleaning of 25 nanometre particles from a glass slide.  To achieve a thin 
coating of nanoparticles on the glass the particles were held in suspension in an alcohol

solution.  The glass slide was dipped into the solution and slowly withdrawn leaving a thin 
film on the surface of the glass.  After the film had been

dried to evaporate the solvent the new cleaning system
was used and the photographs show the roller and the

 adhesive with the nanoparticles transferred onto them.
  This indicates that the system can remove

nanoparticles from a glass surface.

6. Yield Improvements

While Contact Cleaning has offered significant yield 
improvements to various industry sector over the 
years the new elastomer technology has been utilised 
by some manufacturers of Plastic Electronics at 
various stages in their processes.  The benefits they 
were able to achieve include:-

15% increase in yield when printing conductive pastes 
on a polyester substrate

50% reduction in defects in flexible OLED production

90% defect reduction in flexible printed solar cells

7. Summary

There is the potential of significant increases in process yield within Plastic Electronics 
manufacture through the use of Contact Cleaning systems which have been optimised for 
the specific applications within the industry.

The new elastomer roller and its matching adhesive system not only remove smaller 
particles down to nanometre size but also significantly reduce the residual static charge 
on the substrate without negatively impacting the surface energy of the substrate.

This enable more effective cleaning and easier processing both vital to ensure the high 
yields necessary to make products commercially viable.
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figure 2: The Boundary Layer
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figure 9: Nano Cleaning
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figure 7: Surface Modification

 
figure 6: Examples of Adhesion Force [4].

figure 5: New Elastomer Cleaning Performance
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figure 3: Cleaning Efficiencies
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