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Abstract 
This Paper highlights the difficulties of combining two vital 
functional requirements, cleaning and static control, for the 
Display industry and will outline the novel approaches taken to 
overcome these difficulties.  This is particularly relevant in the 
OLED manufacturing process. 
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1. Introduction 
 There are two significant causes of defects in display manufacture 
namely particles of contamination and static charges which can 
damage very thin coatings and can reduce the functionality of 
electroactive materials.  

With higher pixel densities and the use of technologies such as 
COG, LTPS and oxide TFT, even very small particles of 
contamination can cause major defects and as functional layers get 
thinner their sensitivity to static discharge greatly increases. 

While contact cleaners, such as those made by Teknek are an 
industry standard for effective removal of particles, on the 
downside, they also generate large static charges through constant 
tribocharging of the cleaning rollers running over both the material 
and the adhesive rolls. 

 

2. Research Goal 
The challenge is to develop an efficient contact cleaner which 
generates very low levels of static.  ANSI/ESD S20.20 [1], Is a 
standard used primarily in the electronic assembly industry. It sets 
out a range of requirements which must be met to have a low static 
process.  Teknek have used these requirements as the foundation 
for an innovative approach to developing their new cleaner to 
provide its renowned high cleaning efficiency while being 
compliant with ANSI/ESD S20.20. thus minimising the risk of 
damage to displays, particularly OLEDS, during manufacture. 

 

3. Cleaning 
Contact cleaning has been incorporated into display manufacturing 
processes for many years, especially in backlight manufacture. 
However, its use in cleaning the glass substrates currently used in 
most display manufacture has been limited due to the highly 
insulative nature of glass, which is easily charged by the cleaning 
operation. Even with ionizing bars at the exit of the cleaning 
equipment the level of charge remaining causes issues, not only 
with re-attracting particles but also with subsequent coating 
processes. 

 

Cleaning Technology.: Contact cleaning, as shown in Figure 1, 
uses specially formulated elastomer rollers to run over the parts to 
be cleaned lifting off particles through controlled adhesion forces.  
An adhesive roll with the adhesive on the outside runs in contact 
with the elastomer rollers removing and permanently capturing the 
contamination. 

 

 
Figure 1. Contact cleaning 

 

Cleaning Effectiveness: The cleaning effectiveness is well 
established and is illustrated in Figures 2 and 3 below 

 

 

Figure 2.  Effectiveness of different cleaning methods 

 



 

Figure 3.  Impact of Contact cleaning on defects 

 

4. Electrostatic Charges  
While contact cleaners are an industry standard for removing 
particles, they also generate large static charges through constant 
tribocharging of the cleaning rollers on the part as well as charging 
between the cleaning rollers and the associated adhesive rolls. 

Tribocharging: This generates static charges when two materials 
which have been in contact are separated transferring electrons 
from one material to the other.  There are several factors affecting 
the level of charged generated: 

 The type of materials in contact 
 The speed of separation 
 The pressure between the materials 
 The adhesive forces between the materials 

ESD/EOS: Electrostatic Discharge (ESD) and Electrical 
Overstress (EOS) are two different failure modes both generated by 
electric fields.  While ESD can create significant defects, most of 
these can be identified at final test. Of more concern are latent 
defects which only become apparent during use by the end 
customer.  These defects are caused by EOS which has partially 
degraded parts of the display.  While it meets the design 
performance standards at final test, it then fails after a period in the 
field which is much shorter than the expected lifetime of the 
product. The difference between ESD and EOS is shown in Figure 
4 below. ESD is typified by a sharp spike in which the electric field 
rises above the maximum tolerance threshold and causes instant 
failure.  In EOS failures the electric field is raised above the normal 
operating specification for a period of time which weakens the part 
but does not trigger an immediate failure.  The latent defects caused 
by EOS result in significant level of customer dissatisfaction. 

 

 

Figure 4.  Comparison of ESD and EOS events 

 

As Figure 5 below shows EOS can generate considerably more 
failures than ESD 

 

 

Figure 5. Comparison of failure levels 

 

The current contact cleaning equipment generates very high 
electric fields within the machines.  The field strength is 
particularly high around the adhesive roll.  The field strengths in 
the equipment are shown in Figure 6. 

 

 
Figure 6. Static charge environment of current machine 



 

ANSI ESD S20.20:  For static control in electronic assembly the 
SMT industry has developed a standard designated ANSI ESD 
S20.20 which sets out some rules for charge management.  There 
are four key rules 

 Everything which touches the part during processing 
must have a surface resistance less than 109 Ohms 

 Impedance to ground must be less than 1Ohm 
 All non-essential insulators must be removed 
 Maximum electric field strength is 125V/25mm 

Teknek has adapted these rules to improve the static environment 
of the machine. 

 

5. Experimentation 
The current Teknek contact cleaning equipment was reviewed in 
light of each of the ANSI rules to identify areas for improvement. 

Non-Essential Insulators: Looking first at non-essential 
insulators, the polycarbonate screens on the side of the machines 
protecting the roller nip were removed. The current adhesive roll, 
with its plastic core and filmic construction is an excellent insulator 
but it is an essential part of the cleaning process.  As it is located 
about 30mm from the part, ANSI rules require the maximum 
electric field strength of less than 150V as compared to the 4500V 
currently generated. Using new adhesive formulations and different 
base materials to increase the conductivity of all parts of the 
adhesive roll and to reduce the adhesion forces between the 
elastomer cleaning rollers and the adhesive roll tribocharging was 
significantly reduced. 

Grounding:  To achieve the required impedance was a significant 
challenge as the rollers which touch the part have both to rotate and 
to be able to be withdrawn from the machine to allow for adhesive 
sheet change. See Figure 7. 

 

 

 

Figure 7. Roller cartridge withdrawn 

 

 

An innovative approach using spring loaded gold pins inserted into 
the ends of the roller as shown in Figure 8, achieve an impedance 
of less than 1 Ohm.  A patent application has been made for this 
grounding mechanism. 

 

 

Figure 8. Gold spring pins for grounding 

 

Surface Resistance of Materials: The current cleaning rollers 
are made from Silicone which is an insulator and so to meet the 
ANSI rules these rollers must be made conductive.  Most 
conductive silicones incorporate carbon powder to provide 
conductivity however these particles are not bound into the silicone 
and can come out of the rollers contaminating the part instead of 
cleaning it. Teknek, using nanotechnology, have developed 
conductive particles which are permanently bonded onto the 
silicone molecules giving the correct level of conductivity, between 
106 and 109 Ohms, to achieve compliance with ANSI ESD S20.20. 

 Reducing Tribocharging:  While the ANSI inspired measures 
effectively dissipate the static charges generated, it was also key to 
reduce the amount of static generated by tribocharging on the part 
being processed. Several measures were used to achieve this.  
Firstly, the nanoparticles used to provide conductivity also 
increased the shore hardness of the elastomer rollers. This reduces 
the adhesive forces which contribute to tribocharging. Secondly, 
the surface of the rollers was modified to reduce the contact area 
between the rollers and the part and also between the rollers and the 
adhesive roll. Thirdly, the pressure applied by the rollers to the part 
was reduced.  Finally, the composition of the adhesive roll was 
substantially modified to increase its conductivity and minimize its 
adhesion force to the elastomer cleaning rollers. 

Having both reduced the amount of static charges generated and 
also provided effective dissipation of those charged, the new design 
of equipment was tested to evaluate the cumulative effect of all the 
modifications. 

 

 

 

 

 

 

 



6. Results 
All the measures outlined above were incorporated into the new 
design of contact cleaning equipment and the equipment tested both 
internally and externally in customer applications.  The results 
showed a very significant reduction in the level of static charges.  
These results are shown in Figure 9 

 

 

Figure 9. Static environment of new design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The elastomer cleaning rollers dropped from a filed strength of 
300V to around 5V and the adhesive rolls reducing from 4500v to 
20V. 

 

7. Conclusions 
Guided by the requirements of ANSI/ESD S20.20 and using 
innovative design combined with completely new materials, 
Teknek has been able to develop contact cleaning machines which 
minimize the static charge developed by tribocharging without 
compromising the efficiency of the cleaning process. This 
equipment combines the benefits of static control and efficient 
particle removal to significantly reduce defects, increasing yields 
to make display manufacturing more cost effective. 
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