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Metallization for i-TOPCon Solar Cells
Screen-printing of AgAl and Ag Pastes

◼ State-of-the-art metallization

◼ Screen printing

◼ Efficiency

◼ Champion cells well above 24%

◼ Production mean 23-24%

◼ Sustainability

◼ Bifacial i-TOPCon requires both sided 
Ag / AgAl screen printing
→ Twice as much Ag to PERC

◼ Demand per 1 GW: Ag ~20 t

AgAl

Ag
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Metallization for i-TOPCon Solar Cells
Ni/Cu/Ag Plating

◼ Alternative metallization approach

◼ Laser structuring + Ni/Cu/Ag electroplating

◼ Process sequence on industrial tools

◼ Efficiency

◼ Industrial Precursor: 23.3% @ ISE

◼ Not yet in production

◼ Sustainability

◼ Both sided Ni/Cu/Ag contacts

◼ Demands per 1 GW
Ni: 0.6 t , Cu: 15 t , Ag: 0.3 t

damage

curing

B. Grübel et al, SiliconPV, 2021
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Plating for i-TOPCon Solar Cells 
Process sequence @ ISE

◼ Plating sequence

◼ Single side plating of
front & rear side

◼ Electrical contact via 
temporary metal sheet

◼ Plating realized on modified
Rena InCellPlate tools

◼ Proof of concept @ ISE

B. Grübel et al, IEEE Journal of Photovoltaics, 2021
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Plating for i-TOPCon Solar Cells 
Process sequence @ ISE

◼ Contacting of the upside entire wafer area by a flexible conductive sheet and a metal plate 

I

Anode

Cathode

Solar Cell

Electrolyte

Flexible Conductive Sheet
Laser Opening (Grid Structure)

Metal Plate
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Plating for i-TOPCon Solar Cells
Properties of Ni/Cu/Ag Contacts

◼ Narrow contacts

◼ Contact width < 25µm 

◼ Ref. SP ~30µm → Plating less shading 

LCO Ni/Cu/Ag
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Plating for i-TOPCon Solar Cells
Properties of Ni/Cu/Ag Contacts

◼ Narrow contacts

◼ Contact width < 25µm

◼ Ref. SP ~30µm → Plating less shading 

◼ Superior res istance properties

◼ Contact resistivity < 1mcm²
→ on boron emitter & TOPCon

◼ Line resistance to bulk Cu
→ low grid resistance

110 /sq
Boron emitter
cont (mΩcm²)

TOPCon
cont (mΩcm²)

Screen printing 2.2 ± 0.2 2.8 ± 0.5

Ni/Cu/Ag plating 0.33 ± 0.05 0.31 ± 0.02
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Plating for i-TOPCon Solar Cells
Properties of Ni/Cu/Ag Contacts

◼ Narrow contacts

◼ Contact width < 25µm

◼ Ref. SP ~30µm → Plating less shading 

◼ Superior res istance properties

◼ Contact resistivity < 1mcm²
→ on boron emitter & TOPCon

◼ Line resistance to bulk Cu
→ low grid resistance

◼ Low contact recombination

◼ B-emitter contact recombination limiting

◼ Low J0,LCO even on thin TOPCon
→ Cost advantage & better bifaciality
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LCO and Plating Process Optimisation
Mitigation Strategy

◼ Enhanced contact recombination on the front limits cell performance

◼ Induced by laser damage during LCO on the boron-doped p+ emitter

◼ Mitigation stragegy

◼ Reduction of LCO line width and, thus, of damaged area

◼ Optimisation of HF pretreatment for a low Ni contact resistance
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LCO and Plating Process Optimisation
Contact Opening Width

◼ Use of industrial i-TOPCon solar cell
precursors

◼ Screen-printed reference fabricated
@industrial production line and 
measured @ISE
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LCO and Plating Process Optimisation
Contact Opening Width

◼ Use of industrial i-TOPCon solar cell
precursors

◼ Screen-printed reference fabricated
@industrial production line and 
measured @ISE

◼ Variation of laser contact
opening width 5.5-14 μm
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LCO and Plating Process Optimisation
Contact Opening Width

◼ Use of industrial i-TOPCon solar 
cell precursors

◼ Screen-printed reference
fabricated @industrial production
line and measured @ISE

◼ Variation of laser contact opening
width 5.5-14 μm

◼ Cross section SEM image of a 
Ni/Cu/Ag-plated contact finger on 
a 5 µm wide laser-opened line
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LCO and Plating Process Optimisation
HF Pretreatment Step

◼ Use of industrial i-TOPCon solar cell
precursors

◼ Screen-printed reference fabricated
@industrial production line and 
measured @ISE

◼ Variation of HF concentration

◼ Reduced c and Rs compared to
„standard“ (1%, 30s)

◼ Hence, 1.5%, 30s new pretreatment
step
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Plating for i-TOPCon Solar Cells
IV Results

◼ Use of industrial i-TOPCon solar cell
precursors

◼ Screen-printed reference fabricated
@industrial production line and 
measured @ISE

◼ Variation of laser contact
opening width 5.5-14 μm

◼ Application of optimized HF 
pretreatment step
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Plating for i-TOPCon Solar Cells
IV Results

◼ Use of industrial i-TOPCon solar cell
precursors

◼ Screen-printed reference fabricated
@industrial production line and 
measured @ISE

◼ Variation of laser contact opening
width 5.5-14 μm

◼ Application of optimized HF 
pretreatment step

◼ +0.4%abs efficiency gain compared to
screen-printed industrial reference

Metallization Voc

(mV)
Jsc

(mA·cm -2)
FF

(%)
η

(%)
Plating 709 40.9 82.2 23.84

Screen-Printing 708 40.4 82.0 23.46

Total area: 267.8 cm2

Confirmed at Fraunhofer ISE CalLab
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Plating for i-TOPCon Solar Cells 
Summary

◼ Plating allows Ag reduction compared to screen-printing

◼ Proof of concept of process sequence for industrial manufacturing 
of i-TOPCon solar cells

◼ Optimisation of HF pretreatment step

◼ Application of 5.5 µm wide laser contact openings on the front side

◼ Demonstration of 23.8% efficiency for plated bifacial 
i-TOPCon solar cells (on industrial precursor)
→ 0.4%abs improvement to screen-printed reference

◼ Potential for further evolution (e.g. bifaciality, J0,met, em)

Cell area (total)
267.8 cm²



(%)
Jsc

(mA/cm²)
Voc

(mV)
FF

(%)

Screen printing 23.46 40.4 708 82.0

Plating 23.84 40.9 709 82.2
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Feel free to contact me for further information:

christian.schmiga@ise.fraunhofer.de

Thank You for Your Attention!

mailto:sven.kluska@ise.fraunhofer.de

