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The solar industry, despite the many proven benefits of renewable energy, has not 

been immune to the global recession.  Manufacturers of solar cells have made heavy 

capital investment in plant and facilities as well as R&D and  need to make a 

satisfactory return from this investment.  In times of falling sales the only opportunity 

to improve returns is through a reduction in manufacturing costs.   

 

The manufacture of first generation solar cell, ie those made from crystalline silicon 

wafers, is very capital intensive and uses large amounts of energy. 

The resulting cells are expensive and the industry has been constantly striving to 

reduce the cost as well to increase the efficiency of energy conversion. 

 

A second generation of cells has been developed using lower cost substrates such as 

glass, ceramic and steel instead of silcon .  To achieve the functionality   thin film 

coatings of various materials such as Cadmium Telluride are deposited in a vacuum 

chamber.  While the materials used are expensive  they are only used in very low 

volumes and so the material costs of the cells are much reduced.  However with lower 

costs comes lower efficiency due to inherent defects in the process. This method of 

producing cells is also very capital intensive but is approaching grid parity. 

 

In order to reduce the costs of the cells even futher, and to lower the capital 

investment required a third generation of cells is currently in development.     

This new cell technology can use very low cost plastic film substrates, which are 

coated with a wet suspension containing the functional elements which is then dried 

before having the collector circuitry screen printed on. The environmental barrier 

layer is then laminated on top.  All the manufacturing techniques used are low cost 

using equipment which is already in use in many other industries including the 

electronics industry. 

 

Driving material costs and processing costs down are not the only factors in reducing 

total cell manufacturing cost.  The other key factor is process yield. 

 

The electronics industry has been focused on yield improvement over many years.  As 

the processes and substrates which are used in solar cell manufacture are similar to 



those used to manufacture circuit boards there may be lessons to be learned in 

improving process yield 

 

One of the main causes of poor yield in manufacturing is the presence of dust and 

other contamination on the substrate being processed whether that is a silicon wafer, a 

sheet of glass or a plastic film.  Traditional washing is feasible for hard substrates 

such as silicon wafers steel or glass but cannot be used with plastic films, metallised 

substrates or materials such as EVA.  For these a dry approach is required which will 

not damage the surface. 

 

The electronics industry has embraced a technology called surface contact cleaning 

throughout the sector with significant benefit to yields and manufacturing costs.  The 

solar cell industry could also use this technique to improve their profitability. 

 

Contact cleaning is a very well established yield improvement technique used by 

many high technology manufacturing operations to increase competitiveness. The 

process was invented 25 years ago initially for the electronics industry and for many 

years the main applications were for various processes within printed circuit board 

manufacture.  As different configurations and widths of machine were developed the 

technology was incorporated into lines processing web materials such as food and 

medical packaging, photographic films and functional coatings on polyester and 

polycarbonate film.  In each of these applications users have benefitted from 

significant increases in yields through the removal of loose contamination from the 

substrates 

 

The basic principles of contact cleaning involve a specially formulated elastomer 

roller rotating in contact with the substrate.  Due to its special formulation the 

elastomer roller picks up all loose dirt and contamination from the substrate and 

transfers it to an adhesive roll ensuring that the surface of the elastomer which comes 

in contact with the web is always completely clean.  The adhesive comprises a paper 

or film base coated with a pressure sensitive adhesive and wound on a core with the 

adhesive side facing outwards.  It is essential that the properties of the pressure 

sensitive adhesive are tailored specifically for contact cleaning as it must be fully 

compatible with the elastomer and yet have sufficient adhesive and cohesive strength 



to ensure that there is no risk of transfer to the product being cleaned.  The elastomer 

must contain no plasticisers or surfactants which might migrate onto the product being 

processed.  This technique can be used to remove particles as small as 1 micron.  

 

In the solar industry there are four key processes which are particularly susceptible to 

contamination.  These are screen printing, wet coating, vacuum deposition and 

lamination.  Each of these processes is also used in the electronics industry. 

 

Screen printing using conductive paste is the most commonly used method for making 

the collector circuits on conventional crystalline cells.  This process is analogous to 

solder paste application on printed circuit boards prior to the assembly of the 

components.  The issues which arise in this process related to contamination include 

the screen or stencil apertures becoming blocked with dirt result in incomplete ink 

coverage.  If dirt becomes entrained within the ink deposit it can vaporise during high 

temperature curing giving blow holes and much reduced conductivity in the printed 

connector. This becomes a much more significant cause of defects as conductor 

widths get smaller in order to optimise the open area of the cell and boost efficiency. 

 

Similar issues  arise in the wet coating of dye based solar materials where electron 

mobility is impaired by particles of contaminant leading to lowered efficiency.  An 

additional defect generated by dirt in this application is called dewetting.  This 

happens when a particle of dirt alters the surface tension of the coating resulting in an 

area which is not covered.   

 

Vacuum deposition applies extremely thin layers of functional materials onto a 

substrate.  These thin layers are particularly sensitive to dust which in the coating.  

This is a particular concern in the application of barrier coatings where pinholes 

provide a path for moisture to penetrate the barrier.  Cleaning at unwind is key to 

minimising this type of defect. 

 

Cleaning before rewind  is also beneficial to ensure that any dirt particles are not 

going to cause dents or damage to the coating.  It is also essential that any rollers over 

which the film passes are free of particles which may cause scratching.  While contact 

cleaners are regularly used before the deposition process some companies actually 



install contact cleaning within the vacuum chamber to minimise contamination from 

within the chamber affecting the substrate. 

 

In the lamination process dirt on either surface is a potential site for failure of the 

bond as well as a visual defect which impairs the efficiency of the cell. 

The electronics industry uses contact cleaning to remove debris in the lamination 

process which applies dry film photosensitive resist prior to imaging and etching the 

circuit.  The automotive and architectural glass industries also use it during the 

lamination of the PVB between the two layers of glass. This is a similar process to 

encapsulating the solar cell in EVA film. 

 

In the electronics industry reduction in defects of over 30% can be achieved with the 

uses of contact cleaning and similar benefits would be available to the solar cell 

manufacturing industry in processes which are dust sensitive. 

 

The increase in yield from removing these defects will cover the costs of the cleaning 

technology in a very short period.  In some instances the payback period is around 3 

months making it a very good investment. 


