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Abstract  

The use of ionization is a well known and vital aspect of contamination control in flexible 

electronic production.  As the size of particles which cause defects moves into the nanometer range, 

the particles generated by erosion of the emitters in conventional ionisers becomes a cause of 

defects.  Very thin, low viscosity coatings are also susceptible to static charge on the substrate and 

standard ionizing bars can generate stripes in coatings due to differential charge concentrations 

around the emitter points.  This paper will describe ionizing products which have been developed to 

provide cleanliness down to the nanometer level combined with tight control of the charge balance. 

 

Introduction  

When materials contact and separate, electron exchange takes place resulting in the two surfaces 

becoming statically charged.  One surface will be negative and the other positive.  These charged 

surfaces attract particles from the surrounding environment onto the substrate.  These particles then 

cause defects in the final product. 

The most effective method for reducing or eliminating electrostatic effects in web or sheet 

applications today is ionization.  Ionisers typically produce  a high volume of ions of both polarities, 

in the order of 10 x 10
6
 ions per cubic centimeter per second via multiple emitter points. While air is 

the most commonly used gas  it is also possible to use other gases such as nitrogen.  Each emitter 

has a very high voltage but very low current applied to it to create a corona type of plasma at the 

point of the emitter pin.  Ions have either a negative or positive charge due to an extra or missing 

electron which is created by the application of a very high voltage (8-15kV) at the tip of the emitter 

pin.  Ionisation therefore provides a continuous bombardment of positive and  negative ions which 

effectively neutralize the individual charges present on the material. 

 

Ioniser Electric Field Effects   

The electric fields produced by the emitter points on standard ionisers have a field strength 

which reduces in proportion to the distance away from the point.  When the points are arranged 

along an ionizing bar spanning the web, this results in variation of the electric field across the width 

of the substrate.  Then, when very low viscosity coatings are applied or very thin coatings are 

deposited, this variation in field strength can cause “striping” of the coating on the substrate. The 

striping is due to differences of coating thickness which is unacceptable for functional coatings 

where homogeneous properties are required.  Due to careful design of the power supply and the 
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control circuitry, when placed at distances of 15cm or greater away from the substrate, the Model 

5635 emitter point fields have not been found to cause “striping” effects as it maintains a stable 

charge level down to +/- 25 volts.   

Another novel ionizer, the Model 5710, incorporates a wire electrode instead of a point 

electrode.  This generates a cylindrical electric field structure which makes it entirely immune to 

producing striping effects at any range due to the homogeneous field structure across the entire 

length of the ioniser. This electric field produces an equipotential  material surface instead of the 

differential charging produced by more conventional ionisers.  

  

Particle Contamination Effects   

The aim of reducing or eliminating electrostatic effects in manufacturing processes is to control 

levels of particulate contamination which can cause defects during subsequent processing such as 

coating or printing.  Particles within the environment near to a charged surface are powerfully 

attracted to that surface.  This is particularly a problem with airborne contamination  Also particles 

can build up on any surface, such as process rollers, which comes into contact with a substrate and 

can then transfer onto the substrate.  Keeping both substrates and rollers clean and charge free is 

vital to prevention of defects. Ionisation achieves this through neutralisation of the charge from both 

roller surfaces and product backside and frontsides.  Airborne particles are also charge neutralized 

to remove the dipole attraction with charged materials and surfaces. 

However, many ionisers are not appropriate for a high-cleanliness operation because they, 

themselves, produce significant amounts of particles in critical size ranges (typically 10nm and 

above).  This occurs predominantly through erosion of the emitter points while operating in high 

voltage fields.  If the emitter point material is metallic in composition, these castoff particles can 

cause additional manufacturing problems.  In addition, depending upon the ionisation technology 

used, many ionisers will accumulate and shed airborne particulate onto the very substrate they are 

tasked with protecting.  

The need for Ultra Clean processing has resulted in the development of International Standard 

ISO 14644. To meet this very demanding standard two approaches have been taken.  The first one 

is to eliminate metal emitter points and replace them with single crystal silicon emitter points.  The 

purity and high thermal conductivity of these silicon emitters, combined with new power and 

balance control technology, provide an ionizing solution which is resistant to erosion and eliminates 

any potential generation of metallic contamination.  They also offer the additional benefit of longer 

life for the emitters, removing the maintenance requirement to regularly replace the emitter pins or 

in most instances the complete bar.  The Model 5635 uses this approach.  

The second approach is to eliminate point emitters altogether and replace them with a wire 

emitter which does not generate the intensity of field which generates erosion of metal. Model 5710 

uses this technology. 

 

Ioniser Particle Performance Comparison 

 A comprehensive contamination test was undertaken which compared the performance of 

leading products in the clean ionization market from a variety of suppliers including the Model 

5635.  The test measured the generation of particles down to 10nm, which is the value specified in 

the ISO14644 Extended Class 1 specification, over a period of time.  The particle counters were 

CNC (Condensing Nucleus Counter).  The particle range measured was 10-100nm and the test 

environment was an enclosed overhead HEPA chamber.  A crossover test protocol was used to 



eliminate environmental bias.  The results are shown in Figure 1.  The specific results for the Model 

5635 are shown in Figure 2 . 

 

Figure 1  Comparison of Particle Generation 

The test data showed a cumulative particle count for the test period of 195 particles for the  

Model 5635.  This compares to 62,495 particles for the traditional emitter point bar. In addition, the 

traditional bar produced very large particle excursions of up to 6000 particles for some 10 minute 

periods.   

 

Figure 2  Specific Particle Generation Data for Model 5635 

 

The Model 5710 bar was also tested in a six (6) month controlled contamination test using a 

HEPA filtered chamber and a Laser Particle Counter (LPC).  The particle test range was 100nm and 

above.  The ISO Class 1 limit for particles at 0.1µm per cubic foot of air is 0.283.  After initial 

minor particle shedding, the 5710 operated within the ISO Class 1 limit. During the second half of 



the test period, the particle count was zero for nearly every sampling interval.  The results of this 

test are shown in Figure 3. 

 

Figure 3  Particle Generation Data for model 5710 

 

Conclusion  

     In contamination critical applications such as coating and printing of flexible electronic 

substrates it is important to consider ionizer performance as part of process optimization in order to 

reduce defects. Choosing products which meet ISO14644 Class 1 aids yield improvement through 

the control of particles.  To date only two products, Model 5635 and Model 5710, which were 

specifically developed for ultra clean Roll to Roll and flat panel applications have been found to 

meet the stringent requirements of this international standard.  Their power control system also is 

particularly stable enabling charge control to +/- 25 volts to be maintained across the substrate. 

 

 

 

 

 


