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Abstract  

 

In striving for zero defects in flexible electronics production every aspect of the production 

process must be assessed for its impact on defect levels. Considerable efforts go into protecting the 

coating lines from environmental contamination and in cleaning the substrate. In contrast little 

research has been done on the contribution which individual components within the coating line 

make to defect levels. This paper will present analysis of the levels of contamination on process 

rollers within the coating line and introduce a novel, easy and effective method of cleaning the 

rollers to minimise contamination generated defects.  

 

 

Introduction 

 

To achieve zero defects from particulate contamination each source of particles has to be 

identified, the number of particles it generates measured and its impact quantified in order to assess 

the effect on production yield.  Only then can measures be properly targeted to reduce the impact of 

particles on yield.  This paper documents the outcomes of a series of tests designed to assess the 

number and sources of particles on a web being processed through a solution coating line for plastic 

electronics. The testing focused on three areas namely the ambient environment around the coating 

line, the amount of contamination on the incoming web and finally the effect of the rollers within 

the coating line itself. Each test analysed the number of particles greater than 2 microns in size 

which were deposited onto a square meter of the web during a pass through the coating line.  

Particles under 2 microns are not currently considered to generate many defects in the production of 

OLEDs or OPV. Particle sampling was carried out using PMC particle monitoring cards to collect 

the particles and a PartSens particle counter to quantify the number and size of particles 

For many years the environment in which processing takes place has been the subject of 

research.  Today most of the production of flexible electronics takes place under “Clean Room” 

conditions. Samples were taken from various points on the line and analysis identified that 

processing within a clean room was only responsible for 260 particles per m
2
. 

The quality of incoming plastic films can vary enormously in the degree of particulate 

contamination they contain with films purchased for flexible electronic applications being at the top 

end of quality.  However analysis of the film used in the tests showed that the incoming web 

contained 3750 particle per m
2 

indicating that the web itself is a much greater source of particles 

than the environment. 

 

 

Process Roller Particle Contribution Analysis 

 

In assessing the potential sources of the additional particles within the coating line, the major 

part of the investigation focused on the rollers within the line.  Each line contains a large number of 

different rollers which contact the substrate both on the front side and the back side.  In general 



front side contamination results in coating defects while back side particles can cause repeating 

defects when the film is rewound.  A diagram of the test line is shown in Figure 1 
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Figure 1   Diagram of typical solution coating line 

 

The number of particles on the front side rollers themselves was sampled.  The result was a 

surprisingly high concentration of particles at 10
6
 per m

2
.  The rollers were then cleaned using 

standard contact cleaning technology which resulted in a 90% reduction in the particles count on the 

roller surfaces as shown in the photographs in Figure 2.   

 

Figure 2   Particle reduction from cleaning process rollers with Contact Cleaning Rollers 

 

 These rollers had not been cleaned for a considerable time which may have accounted for the 

large number of particles present and so having cleaned them thoroughly, a controlled test was 

carried out on two different types of front side roller.  This test monitored the particle level over 

time.  The graph in Figure 3 shows the build up of the particles on the two rollers over time and also 

indicates the effect that cleaning the rollers has had. 



 
 

Figure 3   Build up of contamination on roller surfaces 

 

The chart in Table 1 shows the particle level on the rollers before  specific material runs and 

compares it with the particles added to the web during processing of that material.  No coating was 

applied during these test runs.  It is clear that there is a correlation between the number of particles 

on the front side rollers and the number of particles added to the web during its passage through the 

line. 

The level of particle contamination was then analysed on the back side rollers.  Seven rollers 

with different surfaces were measured and the results are shown in Table 2.  Backside roller particle 

levels are lower than front side rollers by a factor of almost 10.  This is largely because only non 

structured, PET foil comes in contact with the backside rollers while the front side rollers contact 

with the softer coated foil surface. 

 

Table 1 Correlation of particles on rollers         Table 2   Backside roller particles 

 
From Table 2 it can be deduced that smooth rollers are less dirty by a factor of more than 10 than 

rough rollers.  Most of the particles on the rollers are generated by microslip between the roller 

surface and the substrate surface. Micro-slip occurs between contacting surfaces when a frictional 

load is applied and the level of slip is dependent on the web material and also on the roller surface. 

Micro-slip results in abrasion of either the roller surface or the film, whichever is softer, which in 

turn results in particles which can transfer onto the web causing defects. A rough roller will abrade 

the substrate surface more generating more particles and the softer the substrate surface the more 

easily it will generate particles. 



Discussion 

 

From the investigation carried out it can be seen that a build up of particles on the process rollers 

increases the number of particles on the web resulting in higher defect level.   It is also clear that 

regular cleaning of all the process rollers is necessary to limit the number of defects.  However  this 

is not easy to achieve in an operational line where access to all the rollers, especially those within 

the oven, is difficult and the downtime necessary for adequate cleaning is substantial.   

While the investigation showed that contact cleaning, which is frequently used to clean backing 

rollers, is an effective method of removing the particles, the limited space available within the line 

and the cost of implementing the technology on every roller within the line is prohibitive.  To 

overcome this problem a new cleaning system, specifically for process rollers was developed 

 

 

The New Cleaning System 

 

The system uses a new cleaning elastomer similar to that  proven to work in roller form.  Instead 

of manufacturing a roller the elastomer is formed into a thin sheet around 1mm in thickness.  This 

sheet is then attached, using splicing tape, onto the surface of the web at the unwind of a new roll of 

material.  As the substrate passes through the coating line the cleaning sheet contacts the rollers 

removing particles from the roller surfaces.  When the leading edge of the substrate reaches the 

rewind station the cleaning sheet is removed. The sheet can then be cleaned using an adhesive roll 

and reused. 

The system was tested on a coating line in which the rollers had not been cleaned for a 

considerable time.  The particle counts on different rollers before and after cleaning are shown in 

Table 3.  Due to the build up of particles on the rollers it took 3 passes to bring the particle count 

down to an acceptable level but this level was maintained by regular use of the cleaning sheet.   

 

Location Uncleaned Pass 1 Pass 2 Pass 3 

Cleaning sheet 6       

F/S after Unwind 324 211 80 7 

F/S after Corona 70 23 19 7 

F/S under Coater 362 65 9 3 

Nip roller 94 15 9 2 

F/S after Splice 64 19 17 4 

F/S before Rewind 81 10 3 2 

 

Table 3  Cleaning Sheet Effectiveness 

 

Conclusions 

 

Regular cleaning of all process rollers to prevent the build up of contamination on their surface is 

essential in the journey towards zero defects. The use of this novel cleaning system means that 

every new roll of material passes over rollers which have just been cleaned.  This considerably 

reduces the number of particles on the web which in turn  lessens the  risk of particle generated 

defects and increases yield of the coated product. 
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