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Thin film technology in crystalline silicon solar cell production
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Increasing energy demand and climatic changes require the use of renewable energy

sources. One of them is photovoltaics, the direct conversion oflight into electricity by

means of solar cells. The functional principle of solar cells is well known for decades.

Within the last yearsa lot of efforts have been made to improve their light conversion

efficiency at simultaneously reducing the production costs.

Surface and bulk passivation of the silicon wafers are very effective means to improve

the efficiency of crystalline silicon solar cells. The coating of the cell front side with

silicon nitride for passivation and reduction of reflection by a PECVD process led to an

improvement of the efficiency from around 14% to more than 15,5% and became

standard in solar cell production. The efficiency can be further improved by the

passivation of the wafer rear side. Al
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 has been found to provide the best surface

passivation on p-type Si because of the high amount of negative fixed charges. An

efficiency gain of up to 1% can be reached by coating of the wafer rear side with a layer

stack of aluminium oxide and silicon nitride.

Furthermore, several novel high-efficiency and cost-effective solar cell concepts have

been developed using thin films to form the electrically active structures. In hetero

junction cells doped and intrinsic amorphous silicon layers - deposited by PECVD - are

used to form the pn junctions as well as for passivation and sputtered TCO layers

provide the electrical contacts on the front and rear side of the cell. Hetero junction cells

reach an efficiency of more than 20% due to their high degree of light utilization, better

temperature stability and excellent passivation properties.

A further challenge for plasma processes in photovoltaics is the required throughput as

the economy of scale is a very effective means to reduce costs. Modern production

lines have a throughput of 3.000 to 4.000 wafers per hour which is related to to a

coated area of 75 to 100 m² per hour. As solar cells are mass products their production

needs cheap and robust equipment solutions. In terms of suitable plasma process

equipment it means large area and high rate processes, high reliability and process

stability, high up-time as well as simple operation, easy maintenance and smart

automation solutions.
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