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AGENDA

 Introduction into FoilMet and its different 

approaches

 Combination of these approaches 

 Characterization of cells with the FoilMet

Combination
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What is FoilMet®

 Al-Foil as rear electrode for wafers

 Higher lateral conductance

 Lower environmental impact

 Roll to roll coating process to enable soldering

J.Nekarda et al. “Laser-based foil rear side metallization for crystalline silicon solar 

cells”. https://doi.org/10.1117/12.929639

Picture: https://m.media-amazon.com/images/I/31l4KS7TpPL._AC_.jpg
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LFC on Aluminium foil

Laser fired Contacts
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LFC on Aluminium foil

Laser fired Contacts

Pros:

 Cheaper than Screen Print

 high reflectance (airgap higher Jsc)

J. Nekarda et al. “Laser-based foil rear side metallization for crystalline silicon solar cells”. https://doi.org/10.1117/12.929639

J.Paschen “FoilMet®-Connect: A New Rear Metallization Upgrade for PERC”, 8th Workshop on Metallization & 

Interconnection for Crystalline Silicon Solar Cells 
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Cons:

 High laser damage (Trade off)

 Low mechanical adhesion
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Foilmet®-Connect
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Foilmet®-Connect

 Screen printed discs between foil and substrate

Pros:

 Saves up to 90% of SP-paste

 No silver

 high reflectance of FoilMet® 

 BSF

Cons:

 Low mechanical adhesion

Jan Paschen et al. “FoilMet® - Connect: A new rear metallization upgrade for PERC and other cell 

concepts”. AIP Conference Proceedings 2156.1 (2019), p. 020004. DOI: 10.1063/1.5125869.

eprint: https://aip.scitation.org/doi/pdf/10.1063/1.5125869
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LMB

Laser Metal Bonding

O. John et al., “Laser Metal Bonding (LMB) - low impact joining of thin aluminum foil to

silicon and silicon nitride surfaces,” Procedia CIRP, vol. 94, pp. 863–868, Sep. 2020, 

doi: 10.1016/j.procir.2020.09.109.
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LMB

Laser Metal Bonding

 Line contacts instead of point contacts

Pros:

 Strong mechanical bonds

 Substrate remains intact (electrical contact only 

on conductive surfaces). No penetration of 

dielectric layer  neglectable recombination

 Separation of electrical and mechanical contacts

O. John et al., „Laser Metal Bonding (LMB) - low impact joining of thin aluminum foil to silicon and silicon nitride surfaces,” Procedia CIRP, vol. 94, pp. 

863–868, Sep. 2020, doi: 10.1016/j.procir.2020.09.109.

J. Paschen et al., „FoilMet ® ‐Interconnect: Busbarless, electrically conductive adhesive‐free, and solder‐free aluminum interconnection for modules with 

shingled solar cells.” In Progress in Photovoltaics: Research and Applications. Wiley. https://doi.org/10.1002/pip.3470

10µm
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Combination of FoilMet® Connect and LMB
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Combination of FoilMet® Connect and LMB

 Optical properties from Al-foil

 Eletrical: FoilMet® connect delivers good electrical properties 

 Mechanical: LMBs provide mechanical strength
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Combination of FoilMet® Connect and LMB

 ddisc too big:

• Lower disc count

 high resistivity

 ddisc too small:

• Foil is not reaching the surface, LMBs not 

forming properly

 Low adhesion
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 90°-peeltest

 LMB area 0.1 mm²

 dLMB-disc > 0.75 mm the LMB are not affected 

by the disks

Finding ddisc

Tear-off force test
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Finding ddisc

relative Efficiency

 IV measurment of separated

minicells

 Considerable efficiency losses 

were measured for 

dLMB-disc > 0.5 mm
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Good LMBs

ddisc
1measured on an uncalibrated test setup.



© Fraunhofer ISE

15

FHG-SK: ISE-PUBLIC

Newly designed foil metallization pattern

= LMB

= Disc

ddisc = 1mm

ddisc = 0.5mm
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Cell performance

Front SP
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Rear SP - discs only Rear SP - full area
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SUMMARY

 FoilMet®-connect with LMB approach is capable of generating good 

electrical contacts while being Mechanically stable

 Capable of excellent cell results
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OUTLOOK

 Interconnection of Cells via Foil overlap (successful demonstration on shingled module)1

 LMB as electrical connection on passivated contacts (e.g. TOPCon)2

1J. Paschen et al., „FoilMet ® ‐Interconnect: Busbarless, electrically conductive adhesive‐free, and solder‐free aluminum interconnection for modules 

with shingled solar cells.” In Progress in Photovoltaics: Research and Applications. Wiley. https://doi.org/10.1002/pip.3470

2O. John et al., „Laser Metal Bonding (LMB) - low impact joining of thin aluminum foil to silicon and silicon nitride surfaces,” Procedia CIRP, vol. 94, pp. 

863–868, Sep. 2020, doi: 10.1016/j.procir.2020.09.109.

https://doi.org/10.1002/pip.3470


© Fraunhofer ISE

19

FHG-SK: ISE-PUBLIC

Thank you for your Attention!

Fraunhofer Institute for Solar Energy Systems ISE

Andreas Nägele

www.ise.fraunhofer.de

andreas.naegele@ise.fraunhofer.de


